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Foreword

Pesst amimials ane those which threaten the agricultural, crvronmental and personal
resources humans value. Furopean settlement is mostly responsible for the large
number of such species in Australia today.

Beginning last century, many animals were released deliberately for food
production, game hunting, companionship or aesthetic seasons. Other species
establisled accidentally, originating from incidental immigrants or ane domestic
antmals which escaped to establish wild populations. Changes in land wse have
also caused some native animals to become pests

Dhesplibe concertesd effort to manage pest animals, their populations remain large
and widespread and cause considerable damage,

The Bureau of Resource Sciences recently reviewsed pest animal managemint
inAustralia and overseas. State and Territary pest management agencies, CSIRC),
Environment Australia and representative community groups including the
Mational Farmers” Federation, the Australian Conservation Foundation and the
Mational Consultative Committee on Animal Welfare callaborated in the
undertaking. The result is a series of national guldelines which outlines a revised,
strategic approach to the management of partivular pest animals, including feral
horses, rabhbits, foxes, feral goats, feral pigs and rodents.

The guidelines build on Australia’s sound understanding of the biology of
pests, and expertise in the development and application of pest control techniques.
They bring together the experiences of resource managers and researchers across
Adistralia and overseas, challenge old assamptions and ask how o do it better.

Australin’s Pest Amimrts draws on these guidelines and other sounces o give an
overview of pest animal problems in Australia and promote the use of scientifically
based strategic management that s humane, cost-cifective and integrated with
veologically sustainable land management. The book is written for a general
audience, It will assist farmers and natural resouree managers to deal with their
pest antmal problems. It represents a useful overview of pest animal management
in Australla for palicy-makers and 3 source reference for students,
Conservationists and other interested readers will gain better insight into one of
the most significant conservation issues in Australin. Nob least, the strategic
management approach advocated in Australin's Pest Amimals has application toa
range of other natural resource management issues.

Peter O'Brien

Evrvidlive Dircfaw
Fierestie of Ressime 5w



Preface

When I told a friend that [ was writing a book on vertebrate pest managemoent he
inquired whether it was about sheep. One thought led to another and it occurred
to me that this book is not about pest management at all, but about management
of people. It is people who decide whether an animal becomes a pest either by
moving it physically, by modifyving habitats or land uses or by altering their own
perceptions. It is people who decide whether an animal stavs a pest either by
managing it or by softening their perception of it. It is people who decide how,
when and where to manage a pest; and people who determine whether a
management program will be successful. 5o, this is a book about people managing
themselves and cooperating in order to better manage their environment, be it
farm or nature reserve, to minimise the damage caused by pests.

The book is based on the well-shaped principles, practical approaches and
read y-made examples, developed and espoused in the national guideline series
Managing Vertebrate Pests by the Bureau of Resource Sciences, with published
volumes written by Dave Berman, Mary Bomford, Mike Bravsher, John Burley,
Judy Caughley, David Choquenot, Brian Coman, Will Dobbie, Robert Henzell,
John Mcllroy, John Griffiths, Dana Kelly, Jack Kinnear, Terry Korn, lan Parer, Bob
Parker, John Parkes, Greg Pickles, Glen Saunders, Ron Sinclair and Kent Williams.

The preparation of Austrialia’s Pest Animals would have been immeasurably
harder without the generous contribution, enthusiasm and support of Mike
Bravsher. Much of the text was drafted by him and his philosophies on pest
management influenced the entire book.

A number of other people were generous with their knowledge and assistance.
CQuentin Hart gave valuable guidance at all stages of the preparation of the book
and was responsible for general compilation of text, figures and photos for
publication. Thorough reviews by John Parkes and Mary Bomford greatly
improved the manuscript. Ron Sinclair was particularly helpful with the
compilation of the case study on ravens, David Choquenot assisted with one on
pigs and CQuentin Hart prepared the study on the Sutton Grange project. Steve
MeLeod kindly drafted material on experimental design and population dynamics
and Sandy Thomas checked the section on biological control. Information on
immunocontraception and on mice was kindly provided by Lyn Hinds and Grant
Singleton. Graham Garmer gave advice on various sections and Dana Brad ford
helped with the boxes on introduced species. Thanks are also due to the various
photographers whose work adds colour, information and interest, and to Brett
Cullen for skilled preparation of the illustrations.

[am also grateful to Andrew Cockburn, Head of the Division of Botany and
Foology, Australian National University, where [ am a Research Fellow, for his
unstinting support.



Introduction

Drespite ongoing improvements in established pest control methods and the
development of new techniques, Australia has basically the same suite of pests
now as at the turn of the century; and animals that were critical pests then continue
tor cause concern. Each vear hundreds of thousands of foxes, rabbits, kangaroos,
poats, pigs, mice, cats, rats and parmots an: trapped, poisoned. shot or otherwise
destroved because of the agricultural losses and environmental harm they cause,

The hope has been that with lots of effort and the support of governments, pests

can be all but eliminated. Yet, although several native animals have become rare

or extinet because of human activities, pests continue to thrive. Clearly, it is time

o rewview the past, and o plan pest management that is smarer and mone

successful,

Effective pest management must be sensitive to the ever changing needs of
land managers and the wishes of the communily. In recont vears several
developments have changed the way in which Australians approach pest animal
management in particulars and land management, in general. These include:

s recognition that land systems should be managed as a whale and that pest
animals are only one factor influencing sustainable wse of the land and
protection of biodiversity;

= consistently declining commuodity prices—as primary producers are
mereasimgly negquined to compete on deregulated world markets—which place
even greater impaortange on the need for cost-etfective pest animal control;

= better understanding of the range of grovps—including community Landcare,
animal welfare and conservation groups, research organisations and financial
institutions—intensted in pest animal management and recognition of the need
o imvolve them in the planning and management of pest animals;

® concern over extensive reduction in native habitat, particularly in areas
converted to broad-scale cropland. This reduction results in many small,
fragmented habitat remnants which isolate native plant and animal
communities and make them more vulnerable to damage by pest animals;

® recognition that conservation of much of Australia’s biodiversity now depends
vn management of wildlife outside reserves, often on private land; and

o g decline in government assistance for pest animal control.

In the light of past experiences and present conditions, the Burean of Resource
Sciences recently reviewed pest animal management both in Australis and
oversens, State and Terrtory pest management agencies, CSIRO, Environment
Australia and representative community groups including the National Farmers’
Federation, the Australion Conservation Foundation and the National
Consultative Committer onAnimal Welfare collaborated in the undertaking. The



result is a series of national guidelines which outline an updated and strategic
approach to pest management. The guidelines build on Australia’s knowledge of
the biology of pests, and expertise in the development and use of pest control
techniques. They incorporate the wealth of experience of resource managers and
researchers across Australia and overseas, challenge old assumptions and ask
how to control pests better,

Austealia’s Pest Animals draws on the guidelines to give an overview of pest
problems in Australia, and describes the processes of better management in a
clear, thought-provoking way. The new approach to pest management is based
on a whole land system plan, and emphasises control of the damage that pests
cause rather than simple reduction in pest numbers. I is built around a central
framework of five interrelated steps that:

m define the problem in terms of pest damage;
n determine objectives;

o identify and evaluate management options;
m implement a management plan; and

» monitor and evaluate the outcome.

Pest control is not easy and there is still much to learn. For most pests there is
little good information about the type and amount of damage they cause. Without
accurate damage assessment, it is not possible to know what benefit to expect
from a given level of pest control. There is a need for basic research on these
issues and on biological, social and coonomic pest management systems in general,
but often there is neither the time nor the funds to spend on long-term research
before control begins. A quicker solution is to adapt management so that it
functions as a productive ongoing experiment, often in the hands of the land
managers. The outcomes are fed back into improving management. This adaptive
management, or “learning by doing’, combines observation, experience and
research to help land managers care for their land in a more sustainable and cost-
effective way.

Some of the answers to past failures and keys to future management can be
foumd in the attitudes of people o pests and in pests” special charactenistics; these
are discussed in the early chapters of this book. Later chapters deal with practical
management issues, from identifying the pest problem to choosing control
techmigques, and formulating and implementing a management plan. A series of
case studies illustrates the application of the five-step approach to a variety of
pest animal problems, and the final chapter speculates on future developments
and directions in pest management.
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What is a pest?

oo it il Mk cinteses eore b A gossd do o oaelued reseprce,

The wiord “pest” is generally used to describe an animal that conflices with human
interests. Such a pest may b destructive, o maisance, smelly, noisy, out of place or
simply not wanted. A more precise and workable definition includes only those
animals that cause serious damage toa valued resource. A pest may be an animal
that was originally spread by humans to new lands—this s particularly the case
in Australia. Or, it might be a native animal such as a kangaroo, prsstim or parmol

Itis important to note that people decide whether an animal isa pest. What is
a pest bo one person may be a valuable resource o another™ For example, a feral
pig might be worth S0 at the chiller, whene it is processed into game meat for
the European gourmaet market, and viewed as a valuable resournce by the hunters
anid meat processors. Othiers befiove that feral pigs anea menace (o the envimnment
and agriculture. Such diversity of opinion s one of the main neasons that past
prest control has had varving success

Attitude: origins of a problem

Wil 1t contes ibenes do dg a ovtline judgerent abond adether areaninml fits i anitle yore
T T T
Australians have inherited the consequences of past attitudies, which have left
almuost insurmountable pest problems. In the mid-1800s, settlers had a very
different attitude towand many of the animals now reganded as pests. Between




1840 and 18580 alone more than 60 species of vertebrate animals were introduced
into Australia,'™ Many werne brought in by English immigrants to bring a
semblance of England to the new colony. "' Same, such as the Song Thrush,
were comsidered superior songsters to the Australian natives and reminded the
settlers of home. The members of acclimatisation societies worked actively and
enthusiastically to spread the world's ‘useful and bountiful’ species."" Rabbats,
foes, trout and deer were released for sport or food and the mongoose imported
to comiral rats in sugar-cane. Other introductions were accidintal: captive stock,
such as horses, pigs, goats and camels; and pets and omamental species, such as
the cat and goldfinch, escaped and established feral populations,

Fortunately many introductions fadled despite the efforts of acclimatisation
societies,"™ but others prospered. ! About 96 species of birds have at one time or
another been introduced to Australia '™ Of these, 32 have become established in
the wild. a further 12 have probably established and 52 have died out. Butonlva
few of the successful introductions ane considered Lo be serfous pests,

Table 1.1 The Australian distribution of somme of the introduced species that have
established wild populations. Many are pests or have potential to baoome pests.

Species Geereertl istridmibim fn Asistrolia

Fish

Rainbsow Trowt sudsth-castern Australia

Atlantic Salmon south-castern highlands; southern socan
Broawn Tromal soth-vastern Australia

Brook Trout south-castern Australia

Guoldfish somath-eastern Australia

European Carp southesastern Australia

Ruoach south-vastern Austrabia

Tench sosth-eastern Australia

Topminnow (vosquito Fishd  southern and eastern Australiy Christmas [sland

European Perch (Redfind sonth-astern Ausiralia

Black Mangrove Cichlid Victoria, Quevnsland

Mosambique Tilapia Victoria, Queensland

Oriental Weather Loach M South Wales: Victoria

Anngrleifrizes

Cane Toad narth-vastern Australia

Reptiles

Hevaze | Barking) Gecko nesrthern Australia; Cocos (Kecling) fsland;
Clhirtstimas Island

Girass Skink Chrnstimas lsland

Birids

Commien Pheasant Rottnest Islamd, Wistern Australiay King lsbnd, Tasmania

Mallard south-castern Australia; Perth, Wistern Australia

Weka {Mew Zealand Woodhend  Macquarie Island
Rock Duove (Domestic Pigeond cities and owns, coastal eastern, southem and

south-westernAustralia

Senegal Turtledove sounth-western Western Australia

Spotted Turtledove sonth-weshern Wishern Australiag comstal northern
Cheensland 1 South Australia

Skylark stouthern and south-vastern Australia

Hemasie Sparrow southern and castern Australia Norfolk lsband

Eurasian Tree Sparrow stusth-sastern Australia

Nutmeg Manakin (Spice Finch)  pockets of the eastern coast

[ava Sparmw Clhirtstrmas Islund
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MORE THAMN AN ATTITUDE

PERCEPTIONSOF PESTS

Mevertheless, the attitudes that led to the successful introductbons had serious

repercussions. Rabbits, foxes and goats ane some of the better-known introduced
animals that wreak havoc on the environment, cause great losses to farmers, and
endless cost and effort in ongoing attempts at control, Tn somse Australian habitats,
the Commaon Starling steals scarce nesting sites in tree hollows from native birds
Huouase Sparrows, introduced to eat the caterpillars that were ruining the Bveliliood
of many farmers, themselves became minor pests that damage fruit. European
Carp, not even regarded as good fish for the table, dominate many waterways:
Australia, of course, is not alone in suffering the consequences of thie actions of
acclimatisation societies. The societies also introduced many Australian amimals
tor Mew Zealand, Including the endearing Commaon Brush-talled Possum. The
puossum is pow one of New Zealand’s most sericus pests,'™ [Ecarmies tubercalosis,
which is a menace to agriculbure, causes extreme damage to native forests and,
through predation and habitat changes, threatens populations of native animals

Table 1.2 A selection of Australian animals that have been introcduced suooessfully
New Zealand, some of which have become pests

Spwyivs

Amygelibians
Cireeen aned Casldien Bl Frisg
Brown Trew Frg

Hirils

Sulphur-crested Cockatoo
Eastern Kosclla

Langhing Kookaburra
Aunstralian Magpie

Maniiniuls

Common Brush-tailed Possam
Tamumar Wallaby

Parma Wallakwy

Rosd-meckend Wallaby
Brozh-tailed Rock-wallaby
Swamp Wallaby

witie

Abirndinnee

Cuvmimon
Commaoan

Rare

Common in north
Rare

Comman

Abmanakant

Liscally comman

O v small isdanid
Lawcally comman
Oione small island
Oomoopee sl isdand

Mesd alirkies

Nt regardod as o pesd
Murlsanoe

Nivt regarded s o pest
|'|.~rh.1'|'h a st
Linkmiown

Minar passi

Major pest

Minor pust

Nt regardiod s o pest
Minaor pest

Being eradicated

N regarded as a pest



AUSTRALIATS PEST ANIMALS

Australlans have also bevn greal transporters of their own wildlife around the
country. Platypus, Koalas, Common Brush-tailed Possums, Tammar Wallables,
Enmus, Australian Brush-turkeys, Cape Barren Gevse, Langhing Koobaburras and
perhaps Australian Magpies, are some of the species introduced suceessfully to
Kangaroo sland oif South Australia. Recently, the possums were found o be the
main reason for the poor breeding success of the endangened Kangaroo Island
Cllssy Black-Cockatoo, because they eat nestling="" and the Koalas have become
s0 numerous that they have stripped the cucalvpts on which they and other
animals depend for feod and shelter

Perceptions of pests

Aftitudes to animals, whether native or introduced, change with time and
clroumstance. An example is the ever changing fortunes of the kangaroo (see
bedonw “Ranganes: from curiosity to nesonnee’), Australia’s Mational Emblem. Even
today it = regarded by sections of the community as being any combination of
the following: a damaging pest to fences and pastures; a cause of road accidents;
ananimal to hunt; a source of commencial gain; a unique member of the Australian
fauna; an attractive animal with sights; and in nesd of conservation

Kangaroos: from curiosity to resource

Kangaroos embodied the earlivst European settlers’ neactions to the natune
of Australia: at vnce threateningly unfamiliar and fascinatingly unique,”
They were considered curiositios and dangenous to handle, but woene sl
kept as pets and put on display. By First Settlement, in the late elghteenth
century, they wene harvested to supply meat for public consumption. As the
colony became mone comfortable, clubs wene formed for the popular sport
ol hunting kangaroos and Dingoes. Aspecial kangaroo-dog was developed —
a cross between a swilt grevhound and @ mastifl or similar powerfully jawed
b

Such was the slaughter that even as early as 1822 concerns were expressed
about kangaroos” survival in the Blue Mountams: ‘the stockmen hunt them
and the catthe and sheep supplant them. Ina few vears, the kangaroo will be
as rare as the native burghers . This was echood by the famous evolutionary
biologist Charles Darwin® whao, in the 18305, after being taken on an
unsuccessiul hunting trip during which no kangaroos wene seen, observed
that, ‘Tt may not be long before these animals ane altogether exterminated.

While there are no reliable records o substantiate these pereeptions of a
serious decline bn kangaroo numbers, it s clear that by the mid-nineteenth
contury another change in attitude had socurred. The kangaroo had come
to e remardiad as avserions post that competed with stock for procious pastune,
In order to remove lirge numbers, a highly successtul technigue, called a
battue, was borrowsed from the Aboriginal people. This was an organtsed
round-up with the obpactive of heading kangaroos into an ambush, such as
a fenced enclosure or pit, where they wore gither clubbed to death or shol,
Slaughter for pest control soon developed into a commercial enterprise,
About one million kangarmops per vear were destroyed and there was a
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lucrative market for kangaroo products such as skins. In 1880, one firm in
America receivied SN0 kangaroo skins weekly, During the second half of
the nineteenth contury, the Melbourme market for skins alone accounted for
at least 00 000 animals per vear.

I thae I
wene concerns about the added pressure on populations from harvesting

s 19608, a severe drought reduced kangaroo numbers and there

An anti-harvesting lobby became influential in the United States (then the
majar importer of kanganso products), and in Australia, Both Red and Grey
Kangaroos wene placed on the USA threatened fauna [ist and an embargo
was placed on the import of kanganoo products, With muoch of thwe market
lowst, several commercial harvesters left the indusiry and for a time the hurvess
distlinesd dramatically

IJI'HPI!L' persdcution and exploitation and concerns that numbers wene
falling, muost authors believe that, since European settlement, kangamo
numbaers have increased substantially in Australia®s rangelands, al least in
the castern pastoral zone ™" Estimates made i 19580 showsed that the four
st commion specles of kangaroo numbened 8.6 million for the mangeland
areas of Mew South Wiales alone

Today, anly the langer, mone abundant species of kKangano can be harvestod
commencially and thene are three recognised objectives for their managoemesnt
The primary aim is to ensurne the conservation of all harvested spaeics and
tir maintain them over their natural ranges. Secondary abms include reducing
the damage they cause to rural production and, whene

ppropriibe, cnsuring

sustainabhe wse of the resource."™ Undier the Commio Ith Wildiife Protection

(Regulution of Experts and [meportsd Act 1982, commercial harvesting of
kangaroos for export requines prior Commonwealth approval of a kangamo
management program. Uinder approved management plans, the 1995 and
1996 natienal harvest of kamgaroos was just over 3 million annoally, and the
quodta for 1997 is 4.4 million

of sfefrn aof Ranganoos 15 confmpersaal; one ey oalived sfioe annmals

Fawip tonlaw

Iarpwsfabde presouirce oF comipelitors il sfiek ? s R
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In reality, the true status of an animal is often irrefevant—it is how the animal
is perovived that determines its pest status.™ A good example of this is the Cane
Toad, which has been branded a pest and has attracted the attention of the public
and miedia largely because it is unattractive, ok and highly visible. Yet there is
little reliable information about the damage it canses to native wildlife. Indeed,
the few studics that have been done indicate that Cane Toads have little or no
impact, The toad can kill family pets and nabive animals by exuding a poison
whon it 1= eaten or bitten, However, most pets learn (o avoid the toad, and in all
cates studicd, native animals appear fo recover o orginal popualation levelsina
relatively short time after the toad has invaded the area™ talso see ‘Cane Toads: a
real or percelved pest problem?, pages 82-84).

Until recently many Australions reganded cats as family pets that took the
oceasional bird or lizard. A public awareness campaign by Commonwealth and
State conserviathon agencies over the past docade dramatically changed this attitude.
Tosday caats are often presented in the media as a major threat to native wildlife, ™
even though there is litfle sound research to suppart this viewpoint.™

wrnree Ererinommesd Awstralls

Whercas Cane Toads and feral cats ane widely perceived (o be serious pests,
without good evidence one way or the other, some animals elicit more mixed
reactions. Indeed, st any one tme attitudes towands an animal can vary widely
(s Table 133, In the Flinders and Gammon Banges in South Australia, feral
goats are pests that threaten the survival of rare plants and animals in significant
national parks."™ Yet, in other parts of Australia they ane increasingly harvestod
for their meat and skins, "™ Mived feelimgs also exist for fish such as introduced
trout, which are prized by anglers but ane also environmental pests that devour
nativie agquatic life.™

Conermunily atbitides can determiine e success or fnifere of o pest comtood program.”

Although public understanding of pests and pest management is vartable, if is
generally poor”™ Mevertheless, commumity attitudies can determine the sucoess or
failure of a pest comtrol program. Initially, the debate that occureesd i the maedia
about propesisd culling of feral horses in thie Northern Territory tended o be adverse,
and public outcry might have brought an end to the proposed culling program.
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Fertunately, public input had been sought and considensd cane

v in the program
and the debate matuned into one about the damage caused by feral horses and the
need lo implement humane control. Most animal welfare organisations now accepl,
albeit reluctantly, that control of feral horses is necessary

Table L3 Some examples of the diversity of opinion about feral rabbits and their control

Legraly

IS landholders are compelled by law to suppress rabbit popualations

Ruabaf coapdrad daidliorrhivs rabbil control is mecesary and desirable

Caomcernest sfensny s T control 1= mecessary and desirable’

mieal durd

Limiome

v lordinildyrs mysiimationis 1 shill doing a gossd job; 1 will control my rabbits when my eighbours
vcontrol theirs: & few good rabbits are o] dor dog fousd that rablbin b et P sl
ol e B oy .||11'!1||ng_ thae next Ll:n'-ughr will kil them oft’

A LT l.|l|_.l'|'l.|||.l' i el properties ane boo largse and returns pet hectare o smmiall o make comitrol coonomac
ulilers

Lartvaliodifiers o Tiniral g5 Fean'l understand why somse people cannot control thetr ralsbits
wnsanidohl far ridits

Forpaders oontmal is cssential in voung F-I.ml.1'|1||||-.-
Hiskfour farimaer rabbibs? s bak ane they T
Natnupal park aubioriies contmol or eradication ks destrable bul isufilcient money 15 available; domage o

vegedation from a fow rablyits is insigniticant

Cetiserontfamisly U only gesond Fabibeit is & dead one

Cemrien sl rpesfers CSIRO ruimesd the inadustry by introducing mysonmatosis

Rerrvatbond ferinifyrs it winzld be gowsd bo s a lew more rabbits arounsd

Ciiw peoyrie 1°s pice b see thie odd rabbil but thene ame not as many as thene used o be; my father

Liveed on thvem durtng the deprssion

Gy g |l

21



AUSTRALIA S PEST AMIMALS

22

Attitudes to animal welfare

The Awstralien wed New Zealirnd Federation of Asinal Societies i comcermad alwt
Hie iapterest of all novr-Fum animts and j= amazed ot e ettt of Uhese andmale
ot Hlrent Tanwe been dibelled I oee comrernity as pests, A bk of public debate enatiles
el of Hrs breatmen! to persest afien reform s pessible ond ovll overdue '™

Tisday it is no longer acceptable to treat animals as objects without rights, There is
an increasing expoctation in many sectors af the community that all animals,
inglading pests, will be treated bumanely. Aside from the moral obligation, falune
to adequately consider animal wellare can cause mapor problems for pest control,
It may lead to bans om the introduction and use of certain techniques. During
1962 and 1993, the proposal to introduce mysomatosis to New Zealand for abbit
control sparked a major, protracted and often bitter debate™. The importance of
animal welfare was also recognised in the extensive treatment it recelved in the
regent assessmment of the costs and benefits of introducing rabbit calicivieos disease
(RCD) imtor Australia, ™

Failure to tmyprove the humane treatment of pest animals can also have major
implications for trade. For example, there has been pressure by animal welfare
organisations to ban the live export of goats, maost of which ane feral.

The Mational Consultative Committee onAnimal Welfare INCCAW), which is
compesed of both government and community representatives concerned with
animal weltane, recognises that pest animals cause extensive environmental and
agricultural damage and that their numbers need to be controlled. NCCAW also
understands that a judgement on a pest control program must take all factors
it account, not just animal welfare. They further recognize that in some coses it
may nol be possible to guarantes the bumaneness of contral methods for each
poest animal although this should be the goal *"

Pest control might be acceptable to the community inone place but catise greal
concern if it is carried out elsewhene, as this quote from the Director of the
Australian and New Zealand Federation of Animal Socicties demonstrates!
Rabbits dug burrows, fed in the open and were more or less contained by feral
cats, some winter flooding of burrows (and consequent death of [rabbig] kittens),
and the seeasional plecemeal control by land managers, But some cat control and
adry year recently led to the announced need to reduce rbbit numbsers to restorne
thee other valees of the area. There was a storm of protest from those living close
fov thee hamed, You see the land and the wild rbbits wene situated in the middle of
Centenmial Park in Svdney. Right under the neses of members of the public that
vsually do not even consider what their country cousins are doing to rabbits in
the semi-arid or grazing aneas of New South Wales. "

Often it = the pest control method that causes most animal welfare concems.
MNCCAW concluded that people concerned about some pest control methods are
not always well informed about them and that better information and mone open
debate might overcome their objections. Strategies for increasing public awarneness
amd the need (o consider animal welfane concerns in the context of the costs and
benefits of control are integral parts of suceessful pest management.

Any pest animal management program should be appropriately planned and
courdinated using the most effective, humane methods available. ™ Wherne
practicable, such programs should atso aim 1o reduce the nesd for extensive
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OREMNgE treatment.” Land managers have several '|\url'1'|li.'|||'n. corsl-ciiectinye
methods to reduce pest animal impact, each with different animal wellare
implications

& killing or removing by pobsoning. shooting, trapping or mustering:

m exclusion

® biological contr
u habitat manipulation; and

& other management practices (these ane explained in Chapter 43

It is not possible o quickly doevelop mew, humane technigues o replace those
that are questioned on animal welfare grounds Mevertheless, animal weltane
EOLps expect poest controlliers to be able o shoswe that the animal welfare costs
frovm controd can be justified in terms of the prodoction and envimnmental gains
I other weirds, i bechndgues ane used that couse poest animals to sutier, the resulling
reduction in pest damage must be clear

Cage traps for pigs ane considered humane as long as the traps are che ko
regularly and the trapped animals humanely destroved, Using dogs to control
pests such as feral pigs is considened to be inhumane, not only because of the
stress of captune and injuries inflicted on pigs prior o death, but also because of
thee risk of injury 1o Uhe dog.®

Shooting, from hl'lnupn':r- 15 an effective control technique for several pest
species and, partly doe to the influence of animal welfare groups, the
professionalism of shooters is generally very high. Shooting from helicopters is
considered ti be acceptable provided that control operations ane conducted by
traknasd arksmen and that there is.a follow-up mspection for any impaned animals
Although it can be humane, shooting pests from the ground has limited pest

control potential for smaller pests, such as rabbits and foses, brecause in miost
situations it removes only a small propartion of the population
Anather relatively humame method of controlling pests such as feral horses

donkeys, and goats is mustering, usually forsale for meat. However, the necessary

live transport of wild animals such as feral horses and goats to abattoirs can
cattse suffering, especially when they travel long distances,

Thee humaneness of poisening is variable because of difterences in poisons
and variation in the pest species’ response. Some poisons, specifically vellow

phosphorus (S5 and chlorpicnn, wsed on feral pigs and rabbits, nespectively,

23
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ane inhumang and should be phased out™ =" More humane alternatives ane
available and inchade pandone and cholecalciferal,

Concern over the suffering caused by mywomatosis is one reason that, in 1993,
the Mew Zealand government decided against the introduction of mysoma vinus
to control rabbits. The new rabbit calicivirus discase (RCD) is considered to be
musch mdome humane, in part because it kills more quickly and the rabbits show no
signs of suffering (see "RCD, a potential biological control agent for rabbits’, pages
P67},

It is important that governments and other organisations responsible for pest
animal control ensure that animal welfare concerns ane appropriately considered,
put into perspective and eifectively communicated to the community, Most States
and Territories have comprehensive animal welfane legislation. The relevant State
andd Territory agencies ansd national commiitiees, sach as NCCAW and the RSPCA,
have an important role in safeguarding the wellare of animals, including pests,
by developing Codes of Practice for the control of animals, Pest management
should be consistent with these codes, which inelude the Subcommuttes on Animal
Welfare's “Model Code of Practice for the Welfare of Animals, Feral Livestock
Animals (159971

The guidelines expressed in the “Australian Code of Practice for the Cane and
Lise of Animals for Sclentific Purposes™ " apply equally well to pest control: Tain
and distress cannot easily be evaluated in animals, and therefore investigators
must assume that animals experience pain in a manner similar o humans.
Decisions negarding their welfare inexperiments must be based on this assumption
unless there is evidence to the contrarny’

Attitudes of Aboriginal peoples

Feral mrimals conte into the contry wnd setle domen. Now Shey Delong lerne "™

Aboriginal peoples are major Australian landholders with an inereasing interest
in returming to or remaining on traditional lands. Among indigenous peoples,
attitudes Lo leral animals are as varied as these held by non-Aboriginal peoples,
Mevertholess, the prevailing view that introduced animals ane less valuable thian
native species is not shared by many Aboriginal people, '™ Indecd, feral species
are quite often perceived (o belong to the land and to have taken the place of the
amimals that disappeared when Europeans amived, Some introduced animals
have even been incorporated into Aboriginal law and spirituality —for examiple,
cats in some Central Australian Aboriginal communities.'= '™

Several Aboriginal communities depend on feral animals for subsistence.” For
example, teral pigs ane a favoured food of the indigenous communities on Cape
York; rabbits and cats are hunted by women in the Yuend umu-Willowra region
of Central Morthern Territory; and, after kangaroo, rabbit bs the meat most often
consumed by Aboriginal people on outstations in the Maralinga lands of South
Australia, Indigenous people are abso involvied in commercial exploitation of
introduced animals. For example, they are employved to hunt pigs to export as
game meat and they harvest buffalo for export and to sell to breeders and local
abattoirs.™

Conservation programs for native species such as the Bilby, which involve
control of cats, can conflict with Aboriginal peopls” use of the feral animals for
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foosd, Where feral species havie been removed (such as the buffalo which degraded
wetlands in Kakadu Natonal Park) an important resowrce to the indigenous
preople may also have disappeared. In Kakadu, to replace the feral buffalo,
traditional owners negotiated with the Australian National Parks and Wildlife
Service and are allowed W maintain a small herd of buffalo in the Park for their
use; they have also increased their harvest of estuarine crocodiles.

A review of the attitudes and perceptions of Central Australian Aboriginal
people to land management isspes'™
that terl animals belong to the country, feral animals are so numerous that they
should be used, and that there ane too many feral animals and o few native
animals. A common viewpoint was that feral animals ane a resource rather than
an environmental threat™ and better use of them is the most desirable
management option when they cause environmental damage.'* An example is
that of feral horses, which have a commaercial value fo some desert people who
bielbeve that, if horses ane to be controlled, they showld be killed in an abattoir and
mot on thie land where the carcass is wasted.™

uncovered a diversity of opinions, including

When introduced species are perceived to have a negabive impact on an
important wildlife resource, or to compete for food with cattle on Aboriginal
pastoral lanid, many Aboriginal people support thetr removal = Some Aboriginal
proples also recognise that introduced species can damage sacred sites

Murmy of Hee concerns of non-Aboryginnl Lid murmagiers ave mod stoved e Aborigimal
people. Explanations for the wature anad condit of fand o resources baoe theere root
i Alwrdgieal colltuene raffer tha o fhe covstern scienbific paradigem, This = an dssae of
great bnportaece dales lookiag af miry activities whicl foke place oo Abgrigom Lpd, "™

articularly where the wse of introduced species as a subsistence resource
conflicts with a need for their control fo conserve native species or prevent

environmental damage, and where rare or endangened species ane hunted, it is
impartant that the goals and aspirations of all concerned are considered in any
management initiatives Although the views of Aboriginal land managers stem
from greathy different cultural noots to those of non-Aboriginal peoples. a comman
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commitment to sustainable use of the land may help to reconcile the sometimaes
disparate perspectives. The Belief systems of indigenous peoples may promaote
sustainable use of the environment, and the people may be sympathetic fo pest
control if pests are shown to cause seriows damage to valued resources.”
Diiscussing the issue of pest management objectively, in terms of the damage pests
cause, may identify mutually accoptable solutions.

Attitudes of governments

In the past, pest animal control was often heavily subsidised by government,
which provided bountes and cheap equipment and labour, For example, in 1855
alome, the South Austratian Government spent 2.1 million as bounty on rabbit
.-nl'.}l.pr'-."- Between 1945 and 1959, the Queensland Governmeent '|_m||] bounties on
240 000 fox scalps at a cost of $1.15 million™ and, between 1901 and 1907, (o
prevent the westward movement of rabbits, the Western Australian Government
spent 533 million on a rabbit-proof fence 1700 kilometnes long.™" All of these
initiatives failed to control the pests

More recently, the Vietorian Government introdiced a bounty called Foxlotto
For vach fox scalp, hunters received a ticket in the Foxlotto poal prize. In 1962-93,
15 0001 fiorx scalps were received and in the next year 5600, This had no significant
effect on the population and the scheme was abandoned the following year ™

Governmients yererally recogiise tar franditiomal bohony schemis ire ineffeciive for
contrling pest amimals suclas pres®

It is now well accepted that bounties do not work.™"" One reason for this i
that, when someonie else is paving for control, there is little incentive o ensure
that the money is spent wisely o achicved desined tangets. Some scientists have
suggested that there may be a role for ‘smart bounties”. For example, farmers
could subsidise commercial feral antmal harvesters o reduce and hold the pest
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they were unassistid. Flowever, it is now angoed that even thise forms of payment
shoald not be seen as a bounty, but as part of overall farming costs

Caowernmaent agencies have a major role in pust animal management as
% ol areas such

legislators, mepresentatives of the wider commumity, and manag

as national parks. It is important that govemments do not encourage inappro
action by subsidising landholders” management practices, for example through
bounties. The costs of pest control on private land should be shared equitably
betwesn the private good (production) and the public good (conservation), [f
thene is no public benefit, there 15 no case for action by the government, Good
management can be encouraged through appropriote incentives which benefit
both the land manager and the public, and through research, education and
training,. If governments wish to subsidise the private good itis best done through
e on-poing funding. One way a government might assist

acthons that do not regu
is by providing a coordinator to help plan and oversee the implementation of
A pest management scheme developed by local privite and crown land managers,
as now occurs under the National Landeane Program. Another s by funding one-

off comtrol strategies such as biological control

27
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2 The changeable pest

The fluid nature of pest status

The previous chapter outlined how the pest status of an animal can change
considerably, depending on the way the animal is regarded by a particular
individual or group. In other words, humans decide whether an animal is a pest.
In this chapter, some of the reasons that the pest status of an animal can alter ane
explained in mone detail. For a variety of reasons, an animal may increase in
numbers or distribution and threaten a valued resduee, Introduced animals, and
even pets and native wildlife, in the wrong place at the wrong time, can become
pests, A harmless animal can beconw a pest when Land use ks changed or because
it i found to carry a disease of concern to humans, stock or wildlife. Conversely,
il a market is created, a harvestable pest can becomae a valued resource, and an
innovation in management may lessen pest animal damage to such an extent
that the animal is no longer reganded as a pest.

Change in the number of animals

The pest status of an animal can vary atong with its fortunes. A good example of
this is the infamous Black or Ship Rat, once feared as the carmier of human (bubonicl
plague, which spread around the world with humans to become a major threat to
a varfety of small animals. The rat is pow s6 scarce in England, where it was
introduced in pre-Roman times, that it may need protection.™ An Australion
example s the Long-billed Corella, which is regarded as a major pest in the
Victorian grain belt, However, its numbers have declined to the point whene it is
now considered endangered and in need of management for conservation.” The
question of how best to manage the corells and the damage [ causes s a magor
dilemma for farmers and conservation agencies.™

On the other hand, after several vears of high breeding success, animal
populations may reach a size where they begin to be reganded as pests, For
example, in south-east Australia, the House Mouse is mostly a relatively benign
creatune. However, with suitable seasonal conditions lusually every three to five
yearsh a plague occurs and with it 4 rapid rise in the mouse’s pest status.

Change in land use

Achange in land use often creates a new pest.An obvious example is that of the
conversion last century of the rangelands to pastoral land, particularly tor lamb
production. This soom put the Dinge, which had been in Australia for centuries
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before Europeans, at odds with the land managers (see "Exclusion of pests: the
Dingo fence’, page 631 Moreover, resullant management of predators and the
provision of permanent water have made the area more favourable to goats and
kangaroos, which ane also often regarded as pests

Cultivaticn of Bluegums for paper production is a rapidly developing industry
in south-western Australia. By the mid- 19905 40 (N0 hectares had been planted
and another 60 (00 hectanes ane planned (see Tmproved managemient to control
parrot damage to Bluegums', page 73). Until the gums were cultivated, Australian
Ringnecks wiere considensd a commion and attractive part of the local tind life
Mow these parmots are reganded as major pests that damage about 20 per cent of
thi: Bluegum plantation by stripping the bark from the branches, nipping off the
lead shoots and causing the trees 1o grow deformed

In tropical northern Awstralia, several native birds and two spectes of flving-
fore are considered to be pests of crops,'"* The animals were not regarded as a
problem until fruit crops such as rambutans were grown in the anea. Recently,
some growers have replaced rambuatans with crops such as mangoes that are
less suscoptible to damage.

Rice and Magpie Geese

Wiagpie Gevse werne originally Blamed by government and farmer alikoe for the failune of the ambatioons Humpty
oo Kice Development Scheme. Traditionally, the geese bred and fed on the foodplains of the Adelaide
River in the Top End of the Morthern Territory, The Humpty Doo Bice Scheme was in the middle of one of the
flood plains and the geese fed on the fce grain, ate the seedlings, and trampled the plants

Eventually it became evident that the geese wene a minor plaver in the failune of the Scheme: Rains and
Moods ruined the first crop i 1952 and drought thwarted the second attempt, Stem-boring moths, grasshoppers
and mats, as well as the Magpie Geese, attacked the crops, The nest decade was marked by erratic ramdall,
inadequate funding, inefficient processing, poor rice yvields, and high transport, Labour and equipment costs,
all of which contributed to its inevitable failure. The Magpie Geese are now a major tourist attraction on Fogg
and Harrison dams, both built for the abandoned rice scheme, !
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Pest or resource: the commercial use of pest animals

Mok surprisingly, the pest status of an anbmal can change with its commerial warth,

The value of feral goats for export, mainly to Asia, has increased significantly in
recent years, foabout $15 per head ot the Form gate in Chacensland. vany: farmers soe
harvesting of the goats as an important supplement to their farm income, especially
now' that thee impact of deregulated agnoulium] markets and other problems have
emded the return from traditional products such as wool, beef and lamb. Worth 529
ol b 190 =92, thae i

difficult to keep up with demand. 1F the value of goats was to mcrase to 825 per

il goat industry s growing rapidiy and exporters find i

animal, farmers would be tempted to reducoe their sheep focks and mum mone goats
In New Zealand, deer wiere introduced as game animals late last century and
seen as A recreabional resource until the 19208 when thelr damage to native fornests
amd competition with domestic stock led to massive, largely incffective, govermment-
funded control campaigns. During the 19005 a market for venison was developed
in Germany and, with the advent of helicopters from which to shoot and collect
devr, many hundreds of thousands of animals wesre killed or mons recently, captuned
alive to stock deer farms. Today the deer ane egarded as a resource by commiercial
and recreational harvesters, bul are viewed as a pest by conservation groups, and
by somee Earmers concerned that the deer may infect steck with bovine tuberculosis.!
Commercial harvest of Ausiralian pest animals, primarily for export, is worth
more than 100 million a vear ™ Species taken include feral horses, goats and
pligs, and, until the spread of rabbit calicivirus disease, rabbits, Particularly in the
rangelands, many farmers now harvest such pests as a way o diversify their
production base, This move has been aided by the promotion of game meat as
healthy because it i lean, free of chemical residues and low i cholesternsd
1ls such as feral

Some authors suggest that commercial harvesting of pest anir
horses, pigs and goats may help o manage the damage they case.® Howwever,
further studies are needed to determine whether this is the case. For other pusts,
such as rabbits and foxes, harvesting seems to be of htthe value. The density of

rabbits al which shooters will stop commercial harvest is thought to be well above
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that necessary to prevent significant damage.™ Similarly, harvest of foxes for fur,
even at its peak when Australia was exporting 350 000 pelts per vear, had Jile
apparent effect on their density,"™ Morvover, hunters removed animals where il
was casiest, not necessarily where control was most needed

Native animals as pests

Like exotics, native animals may also be sevn as pests if they conflict with human
intenests. Native animals rarel

* s environmental pmblrm.- unliss they have

been transplanted o o place where they do not eccur naturally, or whene the
environment has been altered first by other agents of change, such as vegetation
clearing or the provision of waler

Matlve animals such as kangaroos, wallabies, wombats, parrots and fruit bats
can cause damage (o crops, pasture and natural ecosystems, Even some rane
species, such as the Southern Hairy-nosed Wombat, and threatened species, such
s the Long-billed Corella, can be pests. This was acknowled ged by Australia’s
primary natune conservation body, the Australian and Mew Zealand Environment
and Conservation Councll LANZECC) in its recogmition of three aimes for ma naging
kangaroos:
® conservation of kangaro species;
o reduction of the damage kangaroos catse; and
n where possible, management of kangaroos as a renewable resournce

The damage control and harvesting aims ane permitted prowided that they do
not compromise the primary aim of conserving kangaroos,

MNative animals that have been moved to new habitats can also become pests
Two Western Australian examples are Laughing Kookaburras, which were
introduced as snake-killers, and Sulphur-crested Cockatoos, oniginally brought
1o the west as pets. Both have spread and compete with local species for scarce
nest hollows in trees, and the cockatoo s also an agricultural pest. As a result,
Wastern Australia has strict legislation to control the import of potential pests,
incliding many native animals, from east of the Nullarbor,

Whereas the approach to m
animals, it s usually more complex because of public concern about the balance
between conservation and control of native wildlife. The preferned strategy for
native pests fs to attempt o manage the damage they cause by habitat

i native pests s similar to that for introd uoed

manipulation or ather non-lethal technigues,'™

3t
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Table 21 Some native animals that ans sometimes considoned fo'be pests, and examples

ol l!w danup,r_lh-j.- Y Canise

Reprtiles
Saltwater Crocodili
Pobsinous snakes

Hirds

Em

Australian Brosh-turkey
Magpie Goose

Ducks, several species
Little Pled Cormorant
Cireat Cormaram
White-faced Heron
Red-tailed Black-Cockatoo
Yislbow-tailisd Black-Cockatoo
Galah

Lomg-billed Corella

Litthe Conella
Sulphur-crested Cockatoo
Rainbow Lokt
Australian Ringneck
Rainbow Bee-pater
Blue-aoed Honeveater
Yellow Oricde

Crows and Ravens
Currawings

Gt Bowerbind
Silvereye

Fighird

Maruvials

Southern Hairy-nosed Wombat
Cormmon Wimbsai
Agile Wallaby
Black-striped Wallalsy
Weestern Cirey Kangaroo
Eastern Grev Kanganoo
Whaptail Wallaby
Comumaon Walkaroo
Reud-pesc ki Wallaby
Swamp Wallaby

Hed Kangaroo

Black Flying-fon

Little Red Flymg-fos
Girasslaed Melomys
Canelield Ray

P'ale Ficld-rat

[hngo

death or injury o people, caftle
deth o people, pets, domestic animals

damage towheat, fences

damage to potatoes, fodder vats, lucerne
damage b grain crops, fruit, Nowers
damage to grain crops

damage to fish hatchieries and vabbie forms
damage to fish hatcherios and yablbie farms
damage (o fish hatcheries

damage to fiehd crops, Towers
damage to pine plantations

damage o playing fields, frait. nuts and grain
damage to grain

damage to grain, nubs, fruit

damage to grain, buildings, trees
damage to fruit vegetables, ficld cops, flowers
damage tot forest plantations

damage 1o bees

damage to freit

damage to b

damage to almonds, grain, fruit

damage to almaonds, grain, frut

damage to fruit, vegetables

damage to frui

damage to fruil

damage to fenees, land

it f fences, land

damage to pasturne

damage to pastune, field crops
damage (o grain crops, fenoes, pastune
damage o forest plantations, fences, pasture
damage to pasture

damage to pastune

damage to field crops, fonst plantithons
damage to foret plantations, seed crops
damage t field crops, lences, pastune
damage to orchands

damage to orchands

damage to sugarcane

damage to sugarcane

damage Lt Hoop Pine plantations
damage to livestock

Sonres 1) DR o, B 100 119 180 B, RE B0, 242

Potential pests: exotic animals and translocated
natives

Exotic animals with potential to become pests are frequently imported into
Australia® The Red-billed Quelea, a major pest of grain crops in Africa, is already
kepl in private collections in Australia,” Similarly, the African Rose-ringed
Parakeet is already in the country, has established feral populations in other parts
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ol the world where it i a serious pest in orchards, crops and coffee plantations,
and {5 suited to Australian conditions, There is the petential for some of thise
captive animals to escape and become pests in Australia, Indian Palm Squirmels
have escaped from Perth and Sydney £oos and established populations focally,
although the Svdney population has been eradicated. Ferrets, fong kept as pets
and used 1o hunt rabbils, appear to have establishoed only recently, near Launceston
in Tasmansa, butl =0 far have failed to spread beyond their establishment site
Agpressive camivores, fermets ane a major pest in New Zealand and, wene they te
extablish in Australia, pose a risk (o native fauna.” These mammal populations
are presently small and causing litthe damiage, but they may not remain so

European Perch stayed in a single waterbody m the Canberra region tor over
20} vears before the population suddenly expanded and spread to af least foor
other major water bowdies. "™ European Carp have bevn established in Australia
for over 100 vears. Their population and distribution were relatively smiall until
about 3 vears ago when a mone vigorous strain was released allowing the fish 1o
spread to most major waterways.'

Diespite their pofential to become pests, native animals.are still moved oaneas
outside their normal range, usually with Little consideration of the damage they
may canse, For example, native fish including Golden Perch, Silver Perch, and
Murray Cod, bred from fish taken in southern Australia, have béen stocked in
riviers and other water bodies throughout much of Queensland and New South
Wales. Similarly, governments ane still moving individuals of the southern race
of Koala into areas once, and maybe still, accupied by mone northern races of
kislas. The impact that these introductions have or will have on local populations
of the same species is not known.

Contrel over the import of animals including fish into Australia s partly
through the Cuaarenfone Act TR administened by the Australian Cuarantine and
Inspection Service (AQIS), partly through the Wildlife Protection (Rigulation of
Exports o Iopyrrtad Act 1982 adminkstersd by Environment Australin, and partly
igh State and Territory legislation. AQIS is mainly concermied with preventing,
thie Wilidlife Prodectan

of potential pests. State and Territory legistation 15 the major mechansm for

the introduction of disease, whe Act regulates the import

controlling the keeping, trade and movement of non-native animals once they
are in Australia,

33
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The pational Vertebrate Pests Committee provides advice on the import and
keeping of exotic animals, To assess the pest nsk of species, including exotic
animals proposed for impeort, the Commitbes uses ertteria developed by Bomford ™
{sew below ‘Criteria for assessing the pest potential of an introduced animal’),
who discusses a wide variety of factors that influence the chance that o wild
population of exodic animals will establish and cause damage. A knowledge of
some factors, such as the type of food the animals eat, their reproductive potential
andd their powers of dispersal, are obvious polnters to potential pest problems.
Othir predisposing factors ane less evident; for instance, exotic animals may
interact in unprediciable ways with native wildlife or may be better adapted to
Australian conditions than expected. Forexample, it woold have been difficult to
predict that feral cats would do so well on sub-antarctic Macquarie lsland, Becanse
af this uncertainty; it i= necessary to leave 4 wide mangin for error when assessing
thee risk that exotic animals will bevome pests The outcome of assessment may
e that cortain potential pest species ane found 1o pose oo high a risk to allow
import or may nequine high security enclosures.

Diespite these controls, new species ane continually being brought 1o Australia,
avften illegalle™ Exotic binds, snakes and fizands ane prime examples because they
bring high prices and ane relatively dasily smuggled. s nid unusual for Australian
Customs Service officers to discover a highly venomous snake in overseas post
articles they inspect.

tromically, Australin even has some feral animals that may nevd protection rather
than control. For example, there are healthy populations of Banteng Cattle on the
Cobourg Feninsuls in the Northern Territory, but in Java, whene they ane native,
wild Banteng are threatened, "™ In Awstralia, the Banteng live almost exclusively
in Grurig National Park whene it might be expected that thiey area potential threat
tor halwtat conservation, However, research there has shown that they do not canse
signiticant damage to mative habitat in Australia, even at high densities. ™

Criteria for assessing the pest potential of an
introduced animal

To standandise assessment of the pest polential of species a set of criferia based on
voogicnl principlis was developed ™ Four main issues were considered: the risk of
escapy; the likelihood that escapes will establish in the wikd; whether eradization of
the escaped pest bs possible; and the likelihood of the animal causing damage o
people, agriculture or the environment. When assessing a pew species proposed for
import, the risk of damage is balanced aganst any potential benelits such as
agricultural potential, scientific research and education. The comservation value i
also considened when a speciis is rareor endangenad o part of an inlermational captive
brvwding program. Whene scientific or economic information is not adequate lo assess
the risk to agriculture and the environment, a conservative nesponse s adopted,

Risk of escape from captivity

Many pets and domestic animals have established wild populations; some from
escapes, others from doliberate rebeases. When assessing the pest potential of exotic
animals it must beassumed that individuals wall evenaally escape or b rebeased.
Sevurity canonly minimise the risk. Eventssouch as varthguakes, storms and acoidents.,
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as well as deliberate refeases through vandallsm or by indivichuals concerned about
ankmaks beang beldd b captivity have neulted in the escape of animals, Hippopolamieses
at Tipperary Zoo in the Morthern Ternitory wen: bield im what was belaeved fobea very
high security, neinforoed cononele and steel enclosiene, However, g major stoem, oo
warters broske the gate and froed the ammaks. They wene recosvenesd ondy througgh use ol
the back-up secunty measurne of training the animals to respond to calls

Likelihood of survival and establishment in the wild

Theere are no definitive males that can be used to determine why some: animals

become ostablished and survive in new environments and others do not

Mevertheless, an assessment of species that have succosstully established can

provide insights, Facters influencing tha likelibhood of survival in the wald, from

Bomiford, ! include:

m timing of release in relation to factors such as weather, season, breeding season
of the animal;

a number of animals released
e likely it is that a population will establish (bt it should be noted thal

in general, the more animals that escape, the

Himalavan Thar, for -,-\.l.rn.ph:. eatablished thriving I.\I'Iﬂll.1||IH1'h in Mew Sealand
from less than W individuads);

® health of the released animals;

m whether or not the animal is wild-caught—individuals originally taken from
thee seild are more succesaful, as shown for rabbils in Australin where carly
releases of domestic breeds wene unsuccessful;

= ability to adapt and pre-exposure to an Australian-like environment—animals
that have the ability to adapt or that come from a climate similar to Australla
have more chance of establishing; for example, the burnnwing habit of rabhbits
enables thim b e W ith a range of lemperatune extnemes;

m suitability of the site—disturbed or otherwise modified environments, such as
Tand cleared to provide pasture, can assist somae animnals o establish;

& niche competition—animals that can fill mches troles) not occupied by native
species fend to be more sucoesshul; for example, Australia has relatively few

i5
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plant-cating native fish, a niche that European carp are able to exploit;

& distribution of the species—animals that have o wide distribution and have
established when introduced in other parts of the world are likely to be
successful colonisers;

m blology of the speches—ifor examiple, animals that becomme sesually mature sarly,
have a short gestation period and produce many voung ane at an advantage;

m diet of the species—for example, herbivorous animals are wsually more
succissiul than carnivores and omnivores;

& behaviour of the species—animals that ane adapted 1o living with humans, or
animals that are opportunists, or have a strong focking or herding behaviour,
tend ko be successful colomisers; and

m heterogeneity—animals that show a high varation in behavieur, diet and
nesting habits tend to be successful colomisers.,

Passibility for eradication In the event of escape or release

Despite enormaous effort. eradication of widely established populations of exotic
animals on any continent has never been achieved = I s often possible to cradicate
newly escaped animals, particulary if they are conspicuous or easily approached,
but timing s all-important. I they can be killed or caught immediately, then the
chances of success are good. However, it is extremely difficult to detect animals
at very low densities and there ane few technigues to control cscapees,

Potential impacts if feral populations establish

1 the species causes agricultural or environmental damage elsewhene, they may
do s they become established in Australia. Some of the potential damage that
exotic animals may cause if they become established include reduction of
agricultural productivity, spread of disease. competition with and predation on
mative species, and damage to infrastricture such as fences.

Pests as disease carriers

A animal species can bevome a pest the mament it is discovensd fo harbour disease
of importance to humans, Hvestock or wildlife. Many feral and native wild animals
are potential carners of exotic animal diseases such as foot-and-mouth discase (FMD,
see Table 2.2, should the disease ever reach Australia, Pests. such as feral pigs, feral
goats and feral horses, can carry the same diseases as their domesticated
counterparts. Some pests, such as the Eumopean Ried Fox, anea polential carrier of
rabries, a viral disease which is not yet present in Australian fox or dog, populations.™

Fusot-gind - nnoiath digense i probably the disease most fearsd in Austolea In primary
prodicers. food processors, exporters and peterinarians. Ay incirsivor of FAMD into
Hhis eernrrtew cooadd Rinew deoarstating econvmmic gl socidl effecks '

Should exvotic diseases bevome established in feral or native animals, they could
be difficult to detect and to eradicate. An outbreak of FMD in Australia could
immediately close down some 90 per cont of vur export market for animal
products,’™ and cost Australia up 1o 53 billion in lost export trade, even if the
disease was eradicated immadiately ™ 1f the outbreak persistod, continuing Josses



From pets to pests

Many Australans do not realise that some of vur common pels can become
serions pests if they are released or escape and become established in the

#‘:\‘% wild. When a pet is no longer wanted it is too often released; rather than
bf_? Li]bpa,r-.rﬂ of humanely. Thie (U ETER [TTRL TR fisr the environment can be dire
-

Aquarium fish are a major source of agquatic pests. The pest fishes Weather

Le
eatablished wild populations after being released from aquariums

and Tilapia Gand the aquatic weed Salvinial ane believid 1o have

Anothier |-1|'|?|||.u aguariam (ish, the Mosguito Fish, was released in the

i

misguided belief that it would control mesquitoes."= Its imtrodoction to
Edgbaston Springs in central Queensland has contributed to the demise of
at least one species of native fish, the endangened Red -finned Blue-eve, from

twos of the six springs it originally inhabited

Common (Indian) Myias were released deliberately in Canberra in the
ate 1960s because people liked them in their gardens and towns They
are now an established pest in the city, have begun to spread inte adjacent
wood land and to neighbouring towns, and are now considered impossibile
tveradicate. In the woodland, they compete with native species for breeding
hules and in the cities they can be a nuisance when thoy vuse hobes B buildings
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Table 2.2 Same enotic discases not ved in Australia that Tuve the potential o be
introduced, sproad and cawse b by humans, primany industry and native seldbife

Dhisrper Sitmtet wetlil antitviit] carriers Somy aviimnids afbechad
Fouot & mouth disense  Pigs, buitfabo, cattle. goats, Mot livestock
dicer

Sereww worm fly Mot feral animals Mot livestock, native mammals
Aupesky’s disease Pigs, goats, dogs, cats, fowes Migs

(pseudorabas)
Hog chaslera Tigs Pigs

{elnssical swine fever)
African swine fover 't Pigs
Swine vesicular discass  Tligs Figs
African hiorse sickniss Horse, donkes, dogs Horses, disnikisyvs, dogs
lembrana disease Cantle, buffalo Catile, bufialo
Ralbries Fosis, dogs. bais Pogs, humans, cattle and many

other warm-booded animals
Rinadetpest Feral herbivores, pigs, goats Maost livestock
Ritt Valley fever Fetal hetbivons, plgs, rats  Most livestock
Vesicular stommatitls Feral herbivons Musst livestock
Newcastle disease Foral piggeens, parnits Domestis pesaltry, native binds
and humamns

Fowl plague (virulent Waler birds Pouliry

avkan influsensa)
Viral havmarrhagic Salmanids Salmuonids

septicaemia

Semimers T S8 82, 500 10T Fuoele: D thimk ihe soomg Drss ALSAVTTTLAN. pes s, o199

could be between $0.3 and 4 billion a year, depending on whether the trade was
affected in just one State or country-wide.

Feral pigs are seen as the matn wild host for FMD and it has been estimated
that the disease could cover 10 000 (o 30 00 square kilometnes before it was first
detected.™ In some ways it is fortunate that, in most parts of Australia. feral pigs
are fn n.'iath-'uly close contact with hyvestock, which might aid carly detection of
an outbreak of FMD. The difficulty in detection also has trade implications it
would be hard 1o demonstrate to Australia’s trading partniers that all feral pigs
taken in the affected areas are free from FMDS

Reducing feral pig density toa level whene the disease could no longer survive
would be ditficult if not impessible. For some pig populations this may reguine a
reduction uf 93 per cent of the population" ™ yvet in three full-scale trial programs
in New South Wales, Northern Territory and Queensland, only a 40 to 80 per cent
reduction was achieved. In most cases, the most practical approach o an outbneak
of FMD would be to focus on managing the outbreak in domestic herds and to
contain it, rather than to attempt to eradicate it in wild animal carmers.™

Toxoplasmosds s an example of a disease that feral antmals, cats in this case,
beelp te maintain (Table 2.3). The protozosn that causes the disease needs a feline
host to complete its lifecvele. Native fauna that contract toxoplasmosis become
lethargic, poorly coordinated, blind and altimately many die. However, the extent
of the damage due to toxoplasmosis nationally is not known, =

T help prevent the introduction of exotic diseases, Australia has strict
quarantine regulations. Commuonwealth, State and Termitory health authorities
have also developed a nationally agreed approach for managing contingency
plans 1o control mapor exotic diseases such as FMD should they break out. The
plans were developed and are continually updated under the Australian
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Veterinary Emergency Plan IAUSTVETPLAND In most cases a ‘stamping out’
policy is used, Ideally, any disease outbreak would be contained within a small
area, affectied animals and those likely to have been in contact with them would
b slaughtered, and the dissase organism eradicated by cleaning, disinfocting
and resting the land ™ Where feral amimals are likely o be involved, the
contingency plans outline how these will be treated. In addition to action in the
event of anoutbreak and strict quarantine, esotic disease control [ sgpported by

other measures including surveillance of susceptible animals and, whene
appropriate, restrictions on the siting of abattoirs and other industries likely 1o
bt o source of infection.™

Table 2.3 Somie diseises of foral animals in Avstralia that atect humans, domestic
animuds or harvested fish

Diisisse Ferd wored vative mumurd corriers Some annmals affecind

Cattle tick & tick fever  Caltle, butfalo, horses Carttle, buifalo, lirses

Shewp liver fuke
Fascivda hepetica
Hyalathds

Eclrocicrnes gramdio

Leptumspirosis
Tricharminiasls &
vibriosis
Tomoplasmipsis
Tocvogasaina omlrd
Celever
(rickettsial dispisel
Ephemeral fever
Meliogddosis
Canine distemper
Fowleliolera

“slitacosis

EHNY (epizootic
haematopoditic
TS VIrEs)

Lvasa virus

Latmrimit ey prinaon

Ceiskidfish uleer ks
Acrorinns Sifmusnicidi

Rabbits, feral goats, kanganoos
WiHd dogs, kanganwes

Buffalo, pigs, goats
Cattle, buffals

Cais
Caaks

Cattle, butfale

Piges, guats

Dwrs, Dingnes

Stardings, sparnows. feral
Pigeems, rits

Feral pigeons, parrots,
magples

Evmopean Perch, salmpmids

Hats, possuma!
Evrapean Carp, Gaoldfish

!.IP.III.I.‘-H"(;vh“II-h

Sumitvne 85T W0 TR 11TTF3

Shewp, goabs
Shwvp, domestic dogs. humans

Buiialo, pigs. goals
Clbttlee, badfales

Many mative species, livestock,
humans
Croats, humans

Cattle, buifila

]'ERI-. s

Daomiestic diogs, [hngies
Pouliry. cagebdnds

Pouliry, humans

Beatrvi fish meluding
endangered Macquarie Ferch:
cultured fish

Sdative mamamals, huimsans
Sativee fish including Rivier
Blackfish and Murray Cod
Ciasldiash, qump;um L arp.
salmionids

9



3 Keys to control: understanding
pest biology and pest damage

Understanding pests

Pest animals continue o thrive despite the best efforts of humans toeradicate them

Explanations can be found not only in the fickle attitudes of people o pests, but
alsoin pests” special characteristics. Certain aspects of their biology, combined with
habitat changes that provide favourable conditions, and 3 scarcity of predatons
and diseases that might otherwise help to limi numbers, have contributed o pesss”
strocess in Australia (also see ‘Criteria for assessing the pest potential of an introduced
animal’, pages 34-36). For esample, animals that can consume a variety of different
foosds have great adaptability, which helps them o establish in pew areas. Such
adaptability may also create new, sometimes unespected, pest problems, Foxes in
the riverland area of South Australia, suffering a shortage of rabbits due to the
effects of rabbit calicivins disease, have become significant pests in avocado and
fruit crops whene they previously coesed fittle damage,

I thie past, litthe was known about the biology of pest animals and how they
responded to control. Even less was understood about the relationship between
pest numbers and damage. As a mesult, a lot of past pest management was an
attempt to reduce pest mumbers in the belief that any reduction would alleviate
the damage pests cause, This was a simplistic but reasonable assumption given
the limited knowledge at the tme. With th benefitof Rindsight, it is evident that
simple reduction in pest numbers is rarely the best approach talso see ‘Docs
increased pest control result in reduced pest damage?’, pages 54-550.

A thorough understanding of pest biology and damage is an essential element
of effective and cificient pest managemaent. Such knowledge not only aids control
directly but can also allow prediction and early management intervention to
prevent pests building up their numbers and becoming a problem. For example,
studies have shown that high survival of mice in winter and spring. a long
breeding season, and good condition of mice at the beginning of the breeding
seson lead to the formation of mouse plagues. These factors ase influenced by
weather, which affects food quality and quantity, Thies, information on mice and
climatic events can be used o make long-range forecasts of mouse eruptions.™

Population dynamics: high potential for increase

An important characteristic of many pest animals in Australia s their ability to
rapidly increase in numbers when conditions are favourable, This helps them to
establish in new arcas and to recover from high losses due o controd, drooghi or
other factors, Both reproductive rate and survival rate contribute to the potential



KEYS TO CONTROL UNDERSTANDING PEAT BIOLOGY AND PEST DAMAGE
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for pests Woancrease, InAustralia, rabbits produce on average 15 young per year,
but can more than double that in good yvears. ™ Compane this with the one or two
young produced per vear for Burrowing Bettongs™ and one to six for Bilbies,""
both rabbit-sived native mammals

Evien pests witha relatively low rate of reproduction may increase their numbsers
rapidly if survival s unusually high, Forexample, following a one-off 80 per cont
reduction in donkey numbers the increase in the donkey population was much
greater than that inan uncontrolled population nearby (see Table 3,10 This was
because thens was mone food for the reduced population, allowing mone of the
donkevs to breed and much higher survival of their young.

Table 3.1 Differences betvween donkey populations on two lirge properties in the
Morthern Territory, each with over 10 donkieys/ km®, after one popualation was redoced
by B0 per cent.

P S p— F.flxﬁwfﬁhrﬂ.n"-l'nl Latw-ilems ity bl
Treatment | 19531 M A% of donkieys shit
Density three vears after featment (19861 33 donkeys /e’ 15 donkeys /o’
Dherisity four vears after treatment (1987) A2 donkevs km' 1 8 donkevs  km?’
Change in population 1953 o 1987 Insignificant 205 incmease

% mabes sevually mature ot 2.5 years of age. 439 TiHrs

& females breeding at 25 vears of age L I

"L puvenibes surviving at b moniths of age J8% T

Switervr audapand dnom ba

Removal of large numbers of individual pests does not necessarily lead toa
significant reduction in their population size (or their damage). For example, in
Western Australia. the population of feral goats increased by 18 per cont each
yoar between 1987 and 1990, 1o neach 1.1 million, despite about 200 000 goats
being killed annually: Clearly, the rate of increase in the goat population exceedesd
the rate of culling. Indeed, feral goats have the potential to double their population
every Lo vearsil they are not controlled by humans, predators or other agents.'™
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Many pest management programs are carried out when pests are at high
numbers and the damage they cause s obvious, Unfortunately, especially lor
boom or bust species such as mdimits and rabbits, this is Hkely 1o be the wrong
time to apply control (see below 'Understanding population dynamics’). A better
strategy wiould be to weigh the potential of the pest population to recover and
the cost of control, and determine when it would be most cost-effective to apply

control (see "When s it worth managing 4 pest population™, page 97)

Understanding population dynamics

(Adapted from information supplicd by Steve MelLeod)

The density or side of a P|1P|.||.|I:.~|1. (3 -.h'pc,':ndrnl o BT e Priwesses
natality (births); mortality (deaths); immigration (arrivals); and emigration
I|,1|_"|_\|rr1|n--l |'1IPI.I|.H:1L'I-I-:- Increase becavse of natality and immigration, and
decline because of mortality and emigration. Linderlving these major
Pricesses are other factors, such as age structune, peneiic composition and
spatin] distribution, which influence population dynamics indirectly. Thus,
a suite of factors, whose influence may change depending on prevailing
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conditions, such as weather, affects the dynamics of any population. It is the
unpredictable nature of these changes that can make the result of pest
management practices difficult to forecast. Nonetheless, a thorough
understanding of the population dynamics of a pest species will help
managers o targel control at valnerable stages in the life of a pest, and at
the most effective point in the dynamics of the pest population, b maximise
the benefit of any management program.”

Asimplistic way to tllustrate and predict change inabundance of an animal
population over time is the logistic growth curve (see Figure 00), The
population increases rapidly and begins toslow after the point of inflexion,
until carrying capacity (K) is reached and the population levels off.
Population growth is a function of both population size and the rate of
tncrease tn the population. This form of population growth applees b animals
that are limited by resources, tsually food, but sometimes nest sites or space
{when crowding stppresses rocruitment into the population). In reality, few
pest populations follow the logistic maodel, in part because it assumes that
rate of renewal of resoumes is independent of pest density. However, it helps
o illustrate some of the reasons why simple removal of animals, without
consideration of population dynamics, rarely achieves effective management.
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Commaonly, the growth rate of a population is estimated by measuring its
sizw or density ab some Hime, then measuring it again after a certain period
of time has elapsed. From the difference between these two estimates the
population’s instantaneous rate of increase can be caleulated. This method
has been used to estimate the rate of increase in goats.”™ rabbits,"™ pigs®
and foxes.! ™ If the rate of increase can be commelated with some other variable,
suchas population density or food abundanee, then the population®s rate of
increase can be estimated for almost any situation, The estimation of
instantaneous rale of increase can be a powerful ool lor predicting the
outcome of various management actions, such as the rate at which a
population will recover alter control, or the number of animals that nost be
remiwed trom a population to suppress population growth,

The obpect of pest contril ks o redude pest impact, which is often achieved
through neducing the pest's population density. However, following reduction
it is likely that any individuals that remain will not be limited by resources,
and comsequently thetr rte of populition increase may be at the maximum
rate. When resources are not limiting and barth rates ane much higher than
death or dispersal rates, populations can exhibit spectacular growth mtes.
Huouse mice provide a prime example, Through o combination of lange litter
aee (average litter sive is six voung ) and a shor time between conception and
weaning (about 40 days), they are capableof almost exponential growth during
an eruption.* Although some dispersal may oocur in areas experiencing a
mitise eraption, there ane only Rmdted areas of suitable habsilat (nefugia and
crops) with sufficient food resources (grain) to maintain population growth.
Once suitable habitats have been colonised, the mice deplete their food
risources: birth rates decline and death rates increase due (o starvation and
reduced reststance o disease, The density of mice falls dramatically but not
before they have done substantial damage to the crop.

I addition to a high rate of increase in the local population, immigranis
may move into an anea of low population density and abundant resources
and exacerbate the rate of population increase. This effect has been noted
for many pest species, for example rabbits," foxes, "™ pigs" and goats.™ If
the goal of pest management is a sustained reduction in pest density, as
opporad to g targeted or ope-odl reduction {see pages 98-1000, then this ability
of pest populations to mecover s an important poist W consider, and ongoing
forms of control must be put into place.

How can this type of knowledge be put to use? To manage a hypothetical
pest, available knowledge on birth, death, immigration and emigration. and
perhaps the interactions bebween them, must be considensd and a decision
made about which process or combination of processes would best be
manipulated to achicve the management goals. If the pest has a high birth
rate but dispersal is not important, such as for mace i gram orops, then
management targeted at reducing the birth rate will have mone effect than
that preventing dispersal. Adternatively, iF the species is long-lived and has
a low rate of increase, as is the case for the One-humped Camel, then
increasing the death rate will significantly lower the lomg-term density of
the population,

If recolomsation (immigration) Is an iImportant process for the pest species,
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as it appears to be for rabbits, then either preventing immigration with a
fence or removing warrens and harbour so thal dispersing rabbits have no
place to live will reduce thetr mte of recolonisation. The ability of pest
populations to recover is illustrated by a study of recolunisation of six arcas
from which all rabbits had been removed ™ Within two years rabbit densitios
B returnisd 1o 26 b 81 per cent of pre-control levels. Itappeansd that rabbits
dispersing from adjacent, uncontrolled sites quickly neestablished the pest
inareas from which it had been removed. Similardy, immigration of goats
From areas where they were not controlled has been suggested for the failure
of a goat eradication program in Western Australia.'™

Ability to spread rapidly

T rattie of spervsiad of She bl i Adestradio toas the festest of any cileniaing muememil
anyrdere in the workd

Many pests are highly mobile which makes them great dispersers and eolonisers.
Foxes now inhabit much of Australia and they achieved this wide distribution
within 100 vears of thelr initial introduction into southern Victoria in about 1871,
Thelr rate of spread is exceeded by that of the rabbit in Australia, which holds the
record as the fastest eoloniser of any mamimal in the world. " Rabbits spread,
from the original introduction of four individoals m Victoria, at a rate which
varied from 10 to 15 kilometres a year in wet and forested country b 100 kilometres
A year inarid rangelands.

Tha impressive colonising ability of many pests has major implications for
pest control. A landholder conducting pest controd in isolation = unlikely to be
syccesstul due o rapid reinvasion of animals from neighbouring land (see
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‘Understanding population dynamics’, pages 42451 Similarly, even after massive
control programs, this ability o spoead often allows pests (o necalonise thetr formers
distribution.

Favourable habitat changes

The successful establishment of some pest animals in Australia was almost
certainly helped by the creation of disturbed halbitats. Rabbits spread by moving
up miver svstems, which were also the first arcas selected for settlement by
pastoralisis: The farmers felled trees o increase grassland and these provided
abundant harbour for rabbits. Gracing by domestic stock made the native grasses
more putritious and available W rbbits becawse they prefer shor-cropped pastune
1o rank grass = The introduction of mone nutritious annual grasses and fertilisation
of pastures also helped rabbits by providing high quality food ata time that fitted
in with their breeding cyele. The rabbit in turn helped the fox o spread by
providing the new invader with an abundant source of food, Simmlarly, the pastoral
nelusstry assisted the successiul establishment of other pests such as the feral
horse, donkey and goat by building dams and bopes which greatly increased the
availabitity of water.

Some of the disturbance to Australian habitats has made them less suitable for
native antmals and mone suitable for pests, Examples ane the changes in nutment
Tevels, salinity and water low patterns of many inland waterways, that have
benufitid European Carp and adversely affected native fish such as Golden Perch
and Murray Cod (also see ‘European Carp: problem or scapegoat?, pages 84-80).

Successful control of pests often involves management of habitats 1o make
them less favourable to the pest animal. For example, the House Mouse survives
well in the stubble left after a rice crop is harvested. Ploughing in the stubble and
heavy grazing of the hevee banks to remove additional refuges for the mice may
help 10 kevp numbers low.
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The importance of burrows

Thee Ewropean Rabbit s the only rabibit that builds and lives in burmws
This enables it to explobt open grassland habitats whoere the warrens providy
shetter from extremes of heat and dryness, and from predators, ™ Rabbits
wiotlld rather occupy other animals” burrows than dig their ovwn, "™ The
burrows of Bilbies, Burrowing Bettongs and several other native animals
once more commion and widespread than they are today, were readv-made
refuges for rabbits during their colonisation of Australia. Bilbies frequently
abandon their burrows when their food supply dwindles."" Adult rabbits,
o the other h.llll.1_ once thy |N."."||]"_'|' a burrow, tend 1o KAy as |\II‘FI:I:!|I11|.'|1|
re=idients

IThe importance of burrows bo rabbits is an aspect af their blology that
can be exploited for control. Indesd, destruction of warrens i one of the

mest effective control technigues

Few diseases and predators

Ohnes reason for thee success of some pust antmals in Australia is that there amne fiew
of their natural Agents of ontrol, such i !1r|_'|_j.||| iy, |,1n|1|P|-:|||-rn. aAnid |n_|rj1l|r:1-||a.
In the davs of settlement, the bong vovage o Australia acted as an effective
guaranting measure that weeded oul diseases and parasites of stock and of other
introduced animals destined to become pests. Today, one of Australia’s great
kol

many common diseases and parasites of domestic stock. However, the samae lack

advantages as a major international trader inagricultural products is the lag

of diseases and parasites may abso have helped many post animals o prosper. [1

follows that the introduction of pathogens may help to control pests, and the
introduction of disvases such as mvomatosis in 1951 and rabbit calicivims disease

n 199596 have met with some succiess

a7
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Similarly, thene ane few predators in Australia capable of capturing the langer
pust animals such as feral goats and pigs. These predators that ane here, were and
still are controlled to protect livestock. Indeed, in the carly days alter European
settlement, the persecution of native wildlife to protect introduced animals knew
few bounds, For example. at Barwon Mark where rabbits weee first released, the
shoating tally of native predators in 1866 included 448 hawks, 23 Wisdge-tailed
Eagles and 622 native cats.™ In addition, potential competitors of livestock, such
s kangarooes, were controlled to the indirect benefit of some pests

Today, there are farmers who believe that by leaving Dingoes uncontrolled
they have less of a problem with fowes and kangaroos. Dingoes were introduced
1o Townshend Island to successfully manage the large feral goal population.'
Other attiempts 1o use predators as a means of biological control—such as the
release of introduced cats and mongooses to control rabbits and the importation
of Cane Toads to control cane beetles—have been spectacular failures.
Mevertheless, predators can play a role in management when pest animal density
is low (spe *One-off management’, page 981,

Understanding how pests fit into a complex
environment

Settlers of the rangelands Last century and carly this contury were used to farm
life i the temperate and reliable climate of Europe. They found a land of fragile
and infertile soils, low and unreliable rainfall, and extromes of emperature, It
took a long time, but it is now known that many European farming practices ane
not sustainable for much of Australia. In the meantime pests wene often made the
scapegoats. Pest damage 1o the environment, to populations of native animals
and to farm production can be conspicuous, but in most cases pests ane not the
only contributing factor™

For example, it has long been believed that foxes have played a major role in
the decline of certain native species. The last wild colony of Rufous Harewallaby
iMala) was eliminated by a fox and, if left uncontraled, the fox could cause other
species such as the Numbat and the Black-footed Rock-wallaby to become extinct.
Huweveer, the decline of mediom-sized species of native mammals across Australin
was probably due to a range of factors including predation, changed land use,
and new fine peglimdes, s

Similarly, feral cats apparently contributed o the extinction of a subspecies of
the Kakariki on Macquarie Island. However, the two species had coexisted for 70
years and it was only after another predator, the Weka, and rabbits were introd e
that the parrot disappeared.® [t is thought that the Weka preyed on the parmot’s
eggsand young, and rabbits reduced the parmot’s habitat by grazing and provided
prev for the cats, which increased in numbers, In winter, when rabbits were scarce,
the cats may have turned to the parrots for food.

Although cats fand foxes) have been Blamed Tor many of the extinetions and
declines of native species, the evidence is not always clear™ ™ It has been difficult
to determine the impact of feral cats on native wildlife on the Australian
matnland ™ Dietary studies show clearly that feral cats kill many hundreds of
thousands of native animals. However, it is not known whether this level of
predation is a theeat to the survival of native fauna populations. Cats may simply



Wedge- tmibeid Eagles il

iher malie prodaha

drstrobyl o B

Herrar card I

la, 't e e

st Bowr i i

take a sustainable harvest of many of their prey specics ™ Most animal popualations
prosduce mone young than they need (o replace themselves and most of these
voung donot survive to become adults, Many populations can withstand a high
level of predation, particularly of these doomed voungsters. For instance,
hundreds of thousands of rabbits ane killed by humans, and many more by other
predators, without threatening the status of the rabbit in Australia. Thus, it may
be considered desirable, for example, to spend resources on cantrolling urban
cats tov stop ther killing of native wildlife, but it should be understood that, in

dioing =0, Hittle may be achieved for the conservation of native blodiversity

Indeed, lomg-term environmental change, particularly habitat ceaning, « oupled

with drought and competition. may have been the main causes of major

populations, cal predation is Bikely 1o be a severe threat. Nabive animals, such as

population declines of many native species." In the case of these very depl

esert=living Mala, that are slow bresding and have been contined to o few

tha
Isodated pockets ane most at risk,

Evropean Carpane blamed for damaging freshwaler ecosvatems, bt ome neson
that carp are successful is the changes humans have made to the aguatic
environment. Indeed, habitat disturbance s often a fundamental factor in the
establishment and distribution of exotic fish inAustralian walers, | uropean Carp,
Mosquito Fish, Goldiish and European Perch are favowred by the reduced fow

conditions of dams." Slow-moving waters and weedy conditions—especially
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exutic weeds—strangly favour these apportunistic fish while disadvantaging

malive species (see ‘Eu ropesan Carp ;1I'-.I'I'l|-| m oor scapegoal? pages B4-Bhi)

Topminpaow e also tolerant of heavy metal P-.-llll[ll.lr'. and even of thee I|'.11]l| WSO
rotenone. By contrast, survevs of undisturbed natural waterwavs have recorded

only native fishes or a predominance of native over exotic fish

LR LI
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Undoibend by, s poest spocies cavse significant damage. Flowever, mome often
than is necognised, they are just one of several contribuling factors. For success

managemaent of pests and pest damage needs 1o be considered in the contoxt of

rperating factors and |ng arporated mtoan mtegrated management |1|_||;

A devastating trio: overgrazing, drought and rabbits

The Roval Commission of 1901 examined the economic plight of
pastoralists in wiestern Mew South Wales and recorded eve witness accounts
of degradation of the land caused by overdocking with shevp, aided by
drought, rablits and erosion. Tha following sobering picturne emerged, When
settled around the mid-1800s and unti] about the st two decades of that
century, the western distrects had been open forest with natural grasses, forbs
and shrubs thriving in the soft, absorbent soll. In less than 20 vears, by the
time of the Commission, many trees had been rII:!.'r:Il.lrL1\|_ thae grownd covier
wits thinned and patchy, and much of the soil had already eroded, turned to
dust and Blvwn away, to cause drift, siltation and other problems elsew here.
Whint remained was hard, clavey ground that did not hold water and the
water ran off to cause further erosion, carrving with it seeds and PrecioLes
mutrients. The stocking capacity of the fragile land had been grossly
overstimated

Concermat thir time was for the poor stocking rate but many native animals
must also have suffered. By the turm of the contury—as predicted in 1866
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due b its extreme rarity and gross overstocking of its habitat with sheep ™ —
the Pig-foated Bandicoot was extinct in New South Wales and soon after the
last specimen was sighted, in South Australia. By then the rabbit had armvied
in western Moew South Wales in mumbsers but the fox, feral cat and feral goat
had not

High wool prices in the 15705 and 1880s Jed to a switch from cattle to
.--h(\-P and in 1891 there were 154 million sheep i the Western Division
Then, wool prices fell, rabbits spread acruss the Division and, in 1895, a
sevenevear drought began. The 1901 Commission tackled the major probilem
of overstocking and made rocommendations on other issues such as rabbits
ringbarking, drought, scrub regeneration and conflicts between small and
large landholders, The result was a mone realistic use of the Land and until
1950 the condition of the country apparently stabilised

W
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However, the post-war boom of the 1950s sent wool prices soaring and
new setthers to the Division. The imtrod uction of myvsomatisds reduced rabbits
and allwwed some recovery of pasture. But by the mid-1960s, besot by
drought, extensive fines, a partial ncovery of the rabbit population and falling
wiail prices, many propertics were no longer viable. In 1980, thene were less
thim 8 million sheep beft m the Division but land clearing continued

It wasn't until the passing of the Natiomal Marks and WilidTihe Act 1967 and
the setting astde of Sturt National Park, that wildlife was widely and seriously
considened. The report of the Select Committer in 1984 noted that 52 per
cent of native mammal species were believed o be extingt in the Division
and a later study identified six extinet bird species and o further 103 bird
species in decline in the megion

The rangelands of western New South Wales are in erisis,'™ Thaeir long-
terme ststainable use, including conservation of biodiversity, will be a

comples process involving propenty restructuring, lind wse that is based on

principles of ecologically sustainable development (see “Ecologically
Sustainable Development’, page 76), and appropriate management of
dwindling waler resounoes, '

Better land management, of which pest management ks just one vlement
s also essential for land restoration in the Western Division. Becovery of the
Fauna and Nora will be one measure of the sucdess of estoration eliores

Pest damage

AManaoeienl itevds md Wod fsl pesl i

Pest animals such as the goat, rabbit, fox and pig canse extensive damage to
Australia’s natural resources and agricultural production. Together, these
introduced antmals cost Australia hundreds of milllons of dollars annually in

fost agricultural production and conservation expenses.”
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Sirme of the most compelling evidencoe thal pests can cause significs

damage
comes from experiments where pests have been controlled or excluded. Foses
wiere removed from spme Black-footed Rock-wallaby colonies in Western
Australio, but not others. At the colomies subpect to predator control rock-wallaby

numbers increased five-fold; in the untreated areas they showed a shight

decline

Damage caused by introduced pests is often at its most obwvious on jslands,
where habitat and movement of native species are restricted. " Babbits introduced
o Lawsan Island in the Pacific Ocean, in 1903, caused the local extinction of three
endemic bird species and 22 of the 26 native plant species within about 30 vears
Mational parks or unclearsd patchies of native vegetation in a sea of agricultural
land camn also be considernsd islands vulnerable o the impact of pesis

Fomes and cats, in particularn, pose problems for captive breeding and nelease
programs ammed at conservation of threatened species.”™ The captive-bred stock

are often liberated into habitat islands where they ane particularly vulnerable to

predation. For example, despite baiting to remove foxes, reintroduction of the
Mumbat intoa Western Australian nature resierve was nol Che success that i had
bewn in wheatbelt areas, It appearsd that feral cats bad increased in numbers in
the absence of foxes and were limiting the increase of the Numbal population
Cat predation is also threatening the now very restricted population of the
endangensd Eastern Barred Bandicoot near Hamilton, Victoria =

U all the animals introduced 1o Australia, rabbits have E1r|l|l,1|.1-|l.' caused the

misd damage. They compete with native wildlife for food and shelter, and

contribute to the declineg in the numbsers of many notive plants and ammals: In
particular they have been closely implicated in the disappearance, late last century
and garlier this century of many medinm-sized ground-dwelling native mammals
At this time, the combined effect of sheep, rabbits and drought serously reduced
the carrving capacity of the land, and brought about a wave of extinetions and
severe population declines, Burrowing Bettongs, Brush-tailed Bettongs, Exstern
Harne-wallabies and Bridled Nailtail Wallabies disappeared trom much of ihe

mainland before the end of the nineteenth century
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Pists may also damage native vegetation, Lack of plant regencration, in part
due to grazing of seedlings by rabbits, is lkely to nesult in some native plant
commumnities dying of old age =

Rabbits are also believed 1o compete with livestock for the most nutritions
plants and seedlings and annual production losses to rabbits in the pastoral zone
of South Australia alone are estimated to be 517 million™ (see below “Does
increased pest control result in reduced pest damage?), Throughout most of
Australia, the introduced field or House Mouse is usually a relatively harmless
part of the environment. However, in the south-cast Australian groin belt, every
four vears or so mice reach plague proportions and cause tens (o hundreds of
millions of dollars of damage. "

Mative species also cause damage, Canefield Rats, and to a lesser extent the
Grassland Melomys, cause sevens damage o sugancane and cost farmens abool
524 million vach year. In other parts of northern Australio these native rats ane
considened a valuable part of the fauna. Likewise the Pale Fleld-rat, a valuable
companent of natural tropical ecosystems, is poasoncd in castern Australian Hoop
Pine plantations because it kills trees by ringbarking the roots and stems.*

Whereas there is abundant evidence that pests can severely damage the
environment and cause major losses to agricultune, only rarely is there a simple
relationship between pest numbers and the amount of damage they cause (see
below Thoes increased pest control result in reduced pest damage ), Ideally, the
focus of effective pest control should be on reduction of damage. However, much
remeains tos b learned about quantifying pest damage and relating it fo pest density
so that informed management decisions are possibile,

Does increased pest control result in reduced pest
damage?

Often litthe i known about the relationship between pest density and the
lewvel of damage caused. Usually, it is assumed that by red ucing the numbsers

of the pest. the degree of damage will also decline, However, this is not
necessarily so
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Some hypothetical relationships between pest animal density and the level
of damage are illustrated in Figure 00 below, The relationships shown ane
anly three of many possibilities. *A’ represents a situation where pest damage
remains high even at relatively low pest densitics, An example might be pig
predation of winter lambs in some areas where damage is due to a fow rogue
boars. "™ These are often the wily older animals that have learned o avoid
traps and shisders. Reducing overall pig density may fall to take most of
thee mygue Boars, so damage remains high even at low pig densities. Another
example of “A" might be rabbit browsing of negenerating native shrubs; even
at densities of kess than one per hectane rabbils can prevent regeneration of
some native plants such as wittles in the rangelands. Thus, reducing rabbits
fir b numbsers may make litele difference 1o negeneration,

W represents a dircct relationship between pest density and damage. An
example might be the competition for pasture that i assumesd o occur
between sheep and rabbits. Based on the average food consumption of wild
rabbits it is estimated that 16 rabbits ane cquivalent to one sheep ™ Thenefore,
redicing rabbit density should enable X/ 16 more shevp to be run whene X
is the number of rabbits remeoved from the property, However, this is
simplistic. There is evidence that, in the rangelands of New South Wales,
competition between shevp and rabbits occurs only when the amount of
pasture is less than 250 kilograms per hectare.™

Anexample of a 'C tvpe density-damage relationship might ocour whien
feral pigs at low densities eat only still-bom Limbs, but when pigs ane at
highir densities they begin o kill increasing numbers of healthy lambs.*
With this type of relationship, at high densities reduction of pig numbsers
should decrease lamb predation.

The aim of pest control {s o reduce and maintain pest density at a level
where the manager can maximise the benefits companed o the costs of control
fsee "When s it worth managing a pest poprulation™, page 970, In other words,
A farmuer or nature reserve manager wanis to know the expoected netum from
a given imvestment of financial and other resources into pest control. The
return may be in increased profits, greater Bexibility of farm managenment
and for protection of native plants and animals, However, sinee the level of
damage and the relationship between pest density and damage are rarely
accurately known, there is o degree of guesswork, albeit based on some
gooed scientific miormation, when deciding what level of pest control is
sensible.

Theow of sepverad pissible
aluthrslrips Delrviin pest density
arind gt dirimage tafler Chogaicmid
et il ), A nepreesints a sitietion
aideery sl divmaype reimains Irigl
vt relatioely fie pest
dlesesities; B shosies o direet
relitinrship beteevn prest dimstiy
ol diretvgee: sl fira 7 hog!
relithtership damags = neglegible
af foug! pesd ity It o

inereuspingly severr af Migh deirsify, Pest density ——=

Tolal damage ——=
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2 The changeable pest

The fluid nature of pest status

The previous chapter outlined how the pest status of an animal can change
considerably, depending on the way the animal is regarded by a particular
individual or group. In other words, humans decide whether an animal is a pest.
In this chapter, some of the reasons that the pest status of an animal can alter ane
explained in mone detail. For a variety of reasons, an animal may increase in
numbers or distribution and threaten a valued resduee, Introduced animals, and
even pets and native wildlife, in the wrong place at the wrong time, can become
pests, A harmless animal can beconw a pest when Land use ks changed or because
it i found to carry a disease of concern to humans, stock or wildlife. Conversely,
il a market is created, a harvestable pest can becomae a valued resource, and an
innovation in management may lessen pest animal damage to such an extent
that the animal is no longer reganded as a pest.

Change in the number of animals

The pest status of an animal can vary atong with its fortunes. A good example of
this is the infamous Black or Ship Rat, once feared as the carmier of human (bubonicl
plague, which spread around the world with humans to become a major threat to
a varfety of small animals. The rat is pow s6 scarce in England, where it was
introduced in pre-Roman times, that it may need protection.™ An Australion
example s the Long-billed Corella, which is regarded as a major pest in the
Victorian grain belt, However, its numbers have declined to the point whene it is
now considered endangered and in need of management for conservation.” The
question of how best to manage the corells and the damage [ causes s a magor
dilemma for farmers and conservation agencies.™

On the other hand, after several vears of high breeding success, animal
populations may reach a size where they begin to be reganded as pests, For
example, in south-east Australia, the House Mouse is mostly a relatively benign
creatune. However, with suitable seasonal conditions lusually every three to five
yearsh a plague occurs and with it 4 rapid rise in the mouse’s pest status.

Change in land use

Achange in land use often creates a new pest.An obvious example is that of the
conversion last century of the rangelands to pastoral land, particularly tor lamb
production. This soom put the Dinge, which had been in Australia for centuries



THE CHANGEABLE PEST

before Europeans, at odds with the land managers (see "Exclusion of pests: the
Dingo fence’, page 631 Moreover, resullant management of predators and the
provision of permanent water have made the area more favourable to goats and
kangaroos, which ane also often regarded as pests

Cultivaticn of Bluegums for paper production is a rapidly developing industry
in south-western Australia. By the mid- 19905 40 (N0 hectares had been planted
and another 60 (00 hectanes ane planned (see Tmproved managemient to control
parrot damage to Bluegums', page 73). Until the gums were cultivated, Australian
Ringnecks wiere considensd a commion and attractive part of the local tind life
Mow these parmots are reganded as major pests that damage about 20 per cent of
thi: Bluegum plantation by stripping the bark from the branches, nipping off the
lead shoots and causing the trees 1o grow deformed

In tropical northern Awstralia, several native birds and two spectes of flving-
fore are considered to be pests of crops,'"* The animals were not regarded as a
problem until fruit crops such as rambutans were grown in the anea. Recently,
some growers have replaced rambuatans with crops such as mangoes that are
less suscoptible to damage.

Rice and Magpie Geese

Wiagpie Gevse werne originally Blamed by government and farmer alikoe for the failune of the ambatioons Humpty
oo Kice Development Scheme. Traditionally, the geese bred and fed on the foodplains of the Adelaide
River in the Top End of the Morthern Territory, The Humpty Doo Bice Scheme was in the middle of one of the
flood plains and the geese fed on the fce grain, ate the seedlings, and trampled the plants

Eventually it became evident that the geese wene a minor plaver in the failune of the Scheme: Rains and
Moods ruined the first crop i 1952 and drought thwarted the second attempt, Stem-boring moths, grasshoppers
and mats, as well as the Magpie Geese, attacked the crops, The nest decade was marked by erratic ramdall,
inadequate funding, inefficient processing, poor rice yvields, and high transport, Labour and equipment costs,
all of which contributed to its inevitable failure. The Magpie Geese are now a major tourist attraction on Fogg
and Harrison dams, both built for the abandoned rice scheme, !

Winere Fhew comflics il foummimn
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Pest or resource: the commercial use of pest animals

Mok surprisingly, the pest status of an anbmal can change with its commerial warth,

The value of feral goats for export, mainly to Asia, has increased significantly in
recent years, foabout $15 per head ot the Form gate in Chacensland. vany: farmers soe
harvesting of the goats as an important supplement to their farm income, especially
now' that thee impact of deregulated agnoulium] markets and other problems have
emded the return from traditional products such as wool, beef and lamb. Worth 529
ol b 190 =92, thae i

difficult to keep up with demand. 1F the value of goats was to mcrase to 825 per

il goat industry s growing rapidiy and exporters find i

animal, farmers would be tempted to reducoe their sheep focks and mum mone goats
In New Zealand, deer wiere introduced as game animals late last century and
seen as A recreabional resource until the 19208 when thelr damage to native fornests
amd competition with domestic stock led to massive, largely incffective, govermment-
funded control campaigns. During the 19005 a market for venison was developed
in Germany and, with the advent of helicopters from which to shoot and collect
devr, many hundreds of thousands of animals wesre killed or mons recently, captuned
alive to stock deer farms. Today the deer ane egarded as a resource by commiercial
and recreational harvesters, bul are viewed as a pest by conservation groups, and
by somee Earmers concerned that the deer may infect steck with bovine tuberculosis.!
Commercial harvest of Ausiralian pest animals, primarily for export, is worth
more than 100 million a vear ™ Species taken include feral horses, goats and
pligs, and, until the spread of rabbit calicivirus disease, rabbits, Particularly in the
rangelands, many farmers now harvest such pests as a way o diversify their
production base, This move has been aided by the promotion of game meat as
healthy because it i lean, free of chemical residues and low i cholesternsd
1ls such as feral

Some authors suggest that commercial harvesting of pest anir
horses, pigs and goats may help o manage the damage they case.® Howwever,
further studies are needed to determine whether this is the case. For other pusts,
such as rabbits and foxes, harvesting seems to be of htthe value. The density of

rabbits al which shooters will stop commercial harvest is thought to be well above
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THE CHANGEABLE PEST

that necessary to prevent significant damage.™ Similarly, harvest of foxes for fur,
even at its peak when Australia was exporting 350 000 pelts per vear, had Jile
apparent effect on their density,"™ Morvover, hunters removed animals where il
was casiest, not necessarily where control was most needed

Native animals as pests

Like exotics, native animals may also be sevn as pests if they conflict with human
intenests. Native animals rarel

* s environmental pmblrm.- unliss they have

been transplanted o o place where they do not eccur naturally, or whene the
environment has been altered first by other agents of change, such as vegetation
clearing or the provision of waler

Matlve animals such as kangaroos, wallabies, wombats, parrots and fruit bats
can cause damage (o crops, pasture and natural ecosystems, Even some rane
species, such as the Southern Hairy-nosed Wombat, and threatened species, such
s the Long-billed Corella, can be pests. This was acknowled ged by Australia’s
primary natune conservation body, the Australian and Mew Zealand Environment
and Conservation Councll LANZECC) in its recogmition of three aimes for ma naging
kangaroos:
® conservation of kangaro species;
o reduction of the damage kangaroos catse; and
n where possible, management of kangaroos as a renewable resournce

The damage control and harvesting aims ane permitted prowided that they do
not compromise the primary aim of conserving kangaroos,

MNative animals that have been moved to new habitats can also become pests
Two Western Australian examples are Laughing Kookaburras, which were
introduced as snake-killers, and Sulphur-crested Cockatoos, oniginally brought
1o the west as pets. Both have spread and compete with local species for scarce
nest hollows in trees, and the cockatoo s also an agricultural pest. As a result,
Wastern Australia has strict legislation to control the import of potential pests,
incliding many native animals, from east of the Nullarbor,

Whereas the approach to m
animals, it s usually more complex because of public concern about the balance
between conservation and control of native wildlife. The preferned strategy for
native pests fs to attempt o manage the damage they cause by habitat

i native pests s similar to that for introd uoed

manipulation or ather non-lethal technigues,'™

3t
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Table 21 Some native animals that ans sometimes considoned fo'be pests, and examples

ol l!w danup,r_lh-j.- Y Canise

Reprtiles
Saltwater Crocodili
Pobsinous snakes

Hirds

Em

Australian Brosh-turkey
Magpie Goose

Ducks, several species
Little Pled Cormorant
Cireat Cormaram
White-faced Heron
Red-tailed Black-Cockatoo
Yislbow-tailisd Black-Cockatoo
Galah

Lomg-billed Corella

Litthe Conella
Sulphur-crested Cockatoo
Rainbow Lokt
Australian Ringneck
Rainbow Bee-pater
Blue-aoed Honeveater
Yellow Oricde

Crows and Ravens
Currawings

Gt Bowerbind
Silvereye

Fighird

Maruvials

Southern Hairy-nosed Wombat
Cormmon Wimbsai
Agile Wallaby
Black-striped Wallalsy
Weestern Cirey Kangaroo
Eastern Grev Kanganoo
Whaptail Wallaby
Comumaon Walkaroo
Reud-pesc ki Wallaby
Swamp Wallaby

Hed Kangaroo

Black Flying-fon

Little Red Flymg-fos
Girasslaed Melomys
Canelield Ray

P'ale Ficld-rat

[hngo

death or injury o people, caftle
deth o people, pets, domestic animals

damage towheat, fences

damage to potatoes, fodder vats, lucerne
damage b grain crops, fruit, Nowers
damage to grain crops

damage to fish hatchieries and vabbie forms
damage to fish hatcherios and yablbie farms
damage (o fish hatcheries

damage to fiehd crops, Towers
damage to pine plantations

damage o playing fields, frait. nuts and grain
damage to grain

damage to grain, nubs, fruit

damage to grain, buildings, trees
damage to fruit vegetables, ficld cops, flowers
damage tot forest plantations

damage 1o bees

damage to freit

damage to b

damage to almonds, grain, fruit

damage to almaonds, grain, frut

damage to fruit, vegetables

damage to frui

damage to fruil

damage to fenees, land

it f fences, land

damage to pasturne

damage to pastune, field crops
damage (o grain crops, fenoes, pastune
damage o forest plantations, fences, pasture
damage to pasture

damage to pastune

damage to field crops, fonst plantithons
damage to foret plantations, seed crops
damage t field crops, lences, pastune
damage to orchands

damage to orchands

damage to sugarcane

damage to sugarcane

damage Lt Hoop Pine plantations
damage to livestock

Sonres 1) DR o, B 100 119 180 B, RE B0, 242

Potential pests: exotic animals and translocated
natives

Exotic animals with potential to become pests are frequently imported into
Australia® The Red-billed Quelea, a major pest of grain crops in Africa, is already
kepl in private collections in Australia,” Similarly, the African Rose-ringed
Parakeet is already in the country, has established feral populations in other parts
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ol the world where it i a serious pest in orchards, crops and coffee plantations,
and {5 suited to Australian conditions, There is the petential for some of thise
captive animals to escape and become pests in Australia, Indian Palm Squirmels
have escaped from Perth and Sydney £oos and established populations focally,
although the Svdney population has been eradicated. Ferrets, fong kept as pets
and used 1o hunt rabbils, appear to have establishoed only recently, near Launceston
in Tasmansa, butl =0 far have failed to spread beyond their establishment site
Agpressive camivores, fermets ane a major pest in New Zealand and, wene they te
extablish in Australia, pose a risk (o native fauna.” These mammal populations
are presently small and causing litthe damiage, but they may not remain so

European Perch stayed in a single waterbody m the Canberra region tor over
20} vears before the population suddenly expanded and spread to af least foor
other major water bowdies. "™ European Carp have bevn established in Australia
for over 100 vears. Their population and distribution were relatively smiall until
about 3 vears ago when a mone vigorous strain was released allowing the fish 1o
spread to most major waterways.'

Diespite their pofential to become pests, native animals.are still moved oaneas
outside their normal range, usually with Little consideration of the damage they
may canse, For example, native fish including Golden Perch, Silver Perch, and
Murray Cod, bred from fish taken in southern Australia, have béen stocked in
riviers and other water bodies throughout much of Queensland and New South
Wales. Similarly, governments ane still moving individuals of the southern race
of Koala into areas once, and maybe still, accupied by mone northern races of
kislas. The impact that these introductions have or will have on local populations
of the same species is not known.

Contrel over the import of animals including fish into Australia s partly
through the Cuaarenfone Act TR administened by the Australian Cuarantine and
Inspection Service (AQIS), partly through the Wildlife Protection (Rigulation of
Exports o Iopyrrtad Act 1982 adminkstersd by Environment Australin, and partly
igh State and Territory legislation. AQIS is mainly concermied with preventing,
thie Wilidlife Prodectan

of potential pests. State and Territory legistation 15 the major mechansm for

the introduction of disease, whe Act regulates the import

controlling the keeping, trade and movement of non-native animals once they
are in Australia,

33
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The pational Vertebrate Pests Committee provides advice on the import and
keeping of exotic animals, To assess the pest nsk of species, including exotic
animals proposed for impeort, the Commitbes uses ertteria developed by Bomford ™
{sew below ‘Criteria for assessing the pest potential of an introduced animal’),
who discusses a wide variety of factors that influence the chance that o wild
population of exodic animals will establish and cause damage. A knowledge of
some factors, such as the type of food the animals eat, their reproductive potential
andd their powers of dispersal, are obvious polnters to potential pest problems.
Othir predisposing factors ane less evident; for instance, exotic animals may
interact in unprediciable ways with native wildlife or may be better adapted to
Australian conditions than expected. Forexample, it woold have been difficult to
predict that feral cats would do so well on sub-antarctic Macquarie lsland, Becanse
af this uncertainty; it i= necessary to leave 4 wide mangin for error when assessing
thee risk that exotic animals will bevome pests The outcome of assessment may
e that cortain potential pest species ane found 1o pose oo high a risk to allow
import or may nequine high security enclosures.

Diespite these controls, new species ane continually being brought 1o Australia,
avften illegalle™ Exotic binds, snakes and fizands ane prime examples because they
bring high prices and ane relatively dasily smuggled. s nid unusual for Australian
Customs Service officers to discover a highly venomous snake in overseas post
articles they inspect.

tromically, Australin even has some feral animals that may nevd protection rather
than control. For example, there are healthy populations of Banteng Cattle on the
Cobourg Feninsuls in the Northern Territory, but in Java, whene they ane native,
wild Banteng are threatened, "™ In Awstralia, the Banteng live almost exclusively
in Grurig National Park whene it might be expected that thiey area potential threat
tor halwtat conservation, However, research there has shown that they do not canse
signiticant damage to mative habitat in Australia, even at high densities. ™

Criteria for assessing the pest potential of an
introduced animal

To standandise assessment of the pest polential of species a set of criferia based on
voogicnl principlis was developed ™ Four main issues were considered: the risk of
escapy; the likelihood that escapes will establish in the wikd; whether eradization of
the escaped pest bs possible; and the likelihood of the animal causing damage o
people, agriculture or the environment. When assessing a pew species proposed for
import, the risk of damage is balanced aganst any potential benelits such as
agricultural potential, scientific research and education. The comservation value i
also considened when a speciis is rareor endangenad o part of an inlermational captive
brvwding program. Whene scientific or economic information is not adequate lo assess
the risk to agriculture and the environment, a conservative nesponse s adopted,

Risk of escape from captivity

Many pets and domestic animals have established wild populations; some from
escapes, others from doliberate rebeases. When assessing the pest potential of exotic
animals it must beassumed that individuals wall evenaally escape or b rebeased.
Sevurity canonly minimise the risk. Eventssouch as varthguakes, storms and acoidents.,
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as well as deliberate refeases through vandallsm or by indivichuals concerned about
ankmaks beang beldd b captivity have neulted in the escape of animals, Hippopolamieses
at Tipperary Zoo in the Morthern Ternitory wen: bield im what was belaeved fobea very
high security, neinforoed cononele and steel enclosiene, However, g major stoem, oo
warters broske the gate and froed the ammaks. They wene recosvenesd ondy througgh use ol
the back-up secunty measurne of training the animals to respond to calls

Likelihood of survival and establishment in the wild

Theere are no definitive males that can be used to determine why some: animals

become ostablished and survive in new environments and others do not

Mevertheless, an assessment of species that have succosstully established can

provide insights, Facters influencing tha likelibhood of survival in the wald, from

Bomiford, ! include:

m timing of release in relation to factors such as weather, season, breeding season
of the animal;

a number of animals released
e likely it is that a population will establish (bt it should be noted thal

in general, the more animals that escape, the

Himalavan Thar, for -,-\.l.rn.ph:. eatablished thriving I.\I'Iﬂll.1||IH1'h in Mew Sealand
from less than W individuads);

® health of the released animals;

m whether or not the animal is wild-caught—individuals originally taken from
thee seild are more succesaful, as shown for rabbils in Australin where carly
releases of domestic breeds wene unsuccessful;

= ability to adapt and pre-exposure to an Australian-like environment—animals
that have the ability to adapt or that come from a climate similar to Australla
have more chance of establishing; for example, the burnnwing habit of rabhbits
enables thim b e W ith a range of lemperatune extnemes;

m suitability of the site—disturbed or otherwise modified environments, such as
Tand cleared to provide pasture, can assist somae animnals o establish;

& niche competition—animals that can fill mches troles) not occupied by native
species fend to be more sucoesshul; for example, Australia has relatively few

i5
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plant-cating native fish, a niche that European carp are able to exploit;

& distribution of the species—animals that have o wide distribution and have
established when introduced in other parts of the world are likely to be
successful colonisers;

m blology of the speches—ifor examiple, animals that becomme sesually mature sarly,
have a short gestation period and produce many voung ane at an advantage;

m diet of the species—for example, herbivorous animals are wsually more
succissiul than carnivores and omnivores;

& behaviour of the species—animals that ane adapted 1o living with humans, or
animals that are opportunists, or have a strong focking or herding behaviour,
tend ko be successful colomisers; and

m heterogeneity—animals that show a high varation in behavieur, diet and
nesting habits tend to be successful colomisers.,

Passibility for eradication In the event of escape or release

Despite enormaous effort. eradication of widely established populations of exotic
animals on any continent has never been achieved = I s often possible to cradicate
newly escaped animals, particulary if they are conspicuous or easily approached,
but timing s all-important. I they can be killed or caught immediately, then the
chances of success are good. However, it is extremely difficult to detect animals
at very low densities and there ane few technigues to control cscapees,

Potential impacts if feral populations establish

1 the species causes agricultural or environmental damage elsewhene, they may
do s they become established in Australia. Some of the potential damage that
exotic animals may cause if they become established include reduction of
agricultural productivity, spread of disease. competition with and predation on
mative species, and damage to infrastricture such as fences.

Pests as disease carriers

A animal species can bevome a pest the mament it is discovensd fo harbour disease
of importance to humans, Hvestock or wildlife. Many feral and native wild animals
are potential carners of exotic animal diseases such as foot-and-mouth discase (FMD,
see Table 2.2, should the disease ever reach Australia, Pests. such as feral pigs, feral
goats and feral horses, can carry the same diseases as their domesticated
counterparts. Some pests, such as the Eumopean Ried Fox, anea polential carrier of
rabries, a viral disease which is not yet present in Australian fox or dog, populations.™

Fusot-gind - nnoiath digense i probably the disease most fearsd in Austolea In primary
prodicers. food processors, exporters and peterinarians. Ay incirsivor of FAMD into
Hhis eernrrtew cooadd Rinew deoarstating econvmmic gl socidl effecks '

Should exvotic diseases bevome established in feral or native animals, they could
be difficult to detect and to eradicate. An outbreak of FMD in Australia could
immediately close down some 90 per cont of vur export market for animal
products,’™ and cost Australia up 1o 53 billion in lost export trade, even if the
disease was eradicated immadiately ™ 1f the outbreak persistod, continuing Josses



From pets to pests

Many Australans do not realise that some of vur common pels can become
serions pests if they are released or escape and become established in the

#‘:\‘% wild. When a pet is no longer wanted it is too often released; rather than
bf_? Li]bpa,r-.rﬂ of humanely. Thie (U ETER [TTRL TR fisr the environment can be dire
-

Aquarium fish are a major source of agquatic pests. The pest fishes Weather

Le
eatablished wild populations after being released from aquariums

and Tilapia Gand the aquatic weed Salvinial ane believid 1o have

Anothier |-1|'|?|||.u aguariam (ish, the Mosguito Fish, was released in the

i

misguided belief that it would control mesquitoes."= Its imtrodoction to
Edgbaston Springs in central Queensland has contributed to the demise of
at least one species of native fish, the endangened Red -finned Blue-eve, from

twos of the six springs it originally inhabited

Common (Indian) Myias were released deliberately in Canberra in the
ate 1960s because people liked them in their gardens and towns They
are now an established pest in the city, have begun to spread inte adjacent
wood land and to neighbouring towns, and are now considered impossibile
tveradicate. In the woodland, they compete with native species for breeding
hules and in the cities they can be a nuisance when thoy vuse hobes B buildings
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Table 2.2 Same enotic discases not ved in Australia that Tuve the potential o be
introduced, sproad and cawse b by humans, primany industry and native seldbife

Dhisrper Sitmtet wetlil antitviit] carriers Somy aviimnids afbechad
Fouot & mouth disense  Pigs, buitfabo, cattle. goats, Mot livestock
dicer

Sereww worm fly Mot feral animals Mot livestock, native mammals
Aupesky’s disease Pigs, goats, dogs, cats, fowes Migs

(pseudorabas)
Hog chaslera Tigs Pigs

{elnssical swine fever)
African swine fover 't Pigs
Swine vesicular discass  Tligs Figs
African hiorse sickniss Horse, donkes, dogs Horses, disnikisyvs, dogs
lembrana disease Cantle, buffalo Catile, bufialo
Ralbries Fosis, dogs. bais Pogs, humans, cattle and many

other warm-booded animals
Rinadetpest Feral herbivores, pigs, goats Maost livestock
Ritt Valley fever Fetal hetbivons, plgs, rats  Most livestock
Vesicular stommatitls Feral herbivons Musst livestock
Newcastle disease Foral piggeens, parnits Domestis pesaltry, native binds
and humamns

Fowl plague (virulent Waler birds Pouliry

avkan influsensa)
Viral havmarrhagic Salmanids Salmuonids

septicaemia

Semimers T S8 82, 500 10T Fuoele: D thimk ihe soomg Drss ALSAVTTTLAN. pes s, o199

could be between $0.3 and 4 billion a year, depending on whether the trade was
affected in just one State or country-wide.

Feral pigs are seen as the matn wild host for FMD and it has been estimated
that the disease could cover 10 000 (o 30 00 square kilometnes before it was first
detected.™ In some ways it is fortunate that, in most parts of Australia. feral pigs
are fn n.'iath-'uly close contact with hyvestock, which might aid carly detection of
an outbreak of FMD. The difficulty in detection also has trade implications it
would be hard 1o demonstrate to Australia’s trading partniers that all feral pigs
taken in the affected areas are free from FMDS

Reducing feral pig density toa level whene the disease could no longer survive
would be ditficult if not impessible. For some pig populations this may reguine a
reduction uf 93 per cent of the population" ™ yvet in three full-scale trial programs
in New South Wales, Northern Territory and Queensland, only a 40 to 80 per cent
reduction was achieved. In most cases, the most practical approach o an outbneak
of FMD would be to focus on managing the outbreak in domestic herds and to
contain it, rather than to attempt to eradicate it in wild animal carmers.™

Toxoplasmosds s an example of a disease that feral antmals, cats in this case,
beelp te maintain (Table 2.3). The protozosn that causes the disease needs a feline
host to complete its lifecvele. Native fauna that contract toxoplasmosis become
lethargic, poorly coordinated, blind and altimately many die. However, the extent
of the damage due to toxoplasmosis nationally is not known, =

T help prevent the introduction of exotic diseases, Australia has strict
quarantine regulations. Commuonwealth, State and Termitory health authorities
have also developed a nationally agreed approach for managing contingency
plans 1o control mapor exotic diseases such as FMD should they break out. The
plans were developed and are continually updated under the Australian
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THE CHANGEABLE FEST

Veterinary Emergency Plan IAUSTVETPLAND In most cases a ‘stamping out’
policy is used, Ideally, any disease outbreak would be contained within a small
area, affectied animals and those likely to have been in contact with them would
b slaughtered, and the dissase organism eradicated by cleaning, disinfocting
and resting the land ™ Where feral amimals are likely o be involved, the
contingency plans outline how these will be treated. In addition to action in the
event of anoutbreak and strict quarantine, esotic disease control [ sgpported by

other measures including surveillance of susceptible animals and, whene
appropriate, restrictions on the siting of abattoirs and other industries likely 1o
bt o source of infection.™

Table 2.3 Somie diseises of foral animals in Avstralia that atect humans, domestic
animuds or harvested fish

Diisisse Ferd wored vative mumurd corriers Some annmals affecind

Cattle tick & tick fever  Caltle, butfalo, horses Carttle, buifalo, lirses

Shewp liver fuke
Fascivda hepetica
Hyalathds

Eclrocicrnes gramdio

Leptumspirosis
Tricharminiasls &
vibriosis
Tomoplasmipsis
Tocvogasaina omlrd
Celever
(rickettsial dispisel
Ephemeral fever
Meliogddosis
Canine distemper
Fowleliolera

“slitacosis

EHNY (epizootic
haematopoditic
TS VIrEs)

Lvasa virus

Latmrimit ey prinaon

Ceiskidfish uleer ks
Acrorinns Sifmusnicidi

Rabbits, feral goats, kanganoos
WiHd dogs, kanganwes

Buffalo, pigs, goats
Cattle, buffals

Cais
Caaks

Cattle, butfale

Piges, guats

Dwrs, Dingnes

Stardings, sparnows. feral
Pigeems, rits

Feral pigeons, parrots,
magples

Evmopean Perch, salmpmids

Hats, possuma!
Evrapean Carp, Gaoldfish

!.IP.III.I.‘-H"(;vh“II-h

Sumitvne 85T W0 TR 11TTF3

Shewp, goabs
Shwvp, domestic dogs. humans

Buiialo, pigs. goals
Clbttlee, badfales

Many mative species, livestock,
humans
Croats, humans

Cattle, buifila

]'ERI-. s

Daomiestic diogs, [hngies
Pouliry. cagebdnds

Pouliry, humans

Beatrvi fish meluding
endangered Macquarie Ferch:
cultured fish

Sdative mamamals, huimsans
Sativee fish including Rivier
Blackfish and Murray Cod
Ciasldiash, qump;um L arp.
salmionids

9



3 Keys to control: understanding
pest biology and pest damage

Understanding pests

Pest animals continue o thrive despite the best efforts of humans toeradicate them

Explanations can be found not only in the fickle attitudes of people o pests, but
alsoin pests” special characteristics. Certain aspects of their biology, combined with
habitat changes that provide favourable conditions, and 3 scarcity of predatons
and diseases that might otherwise help to limi numbers, have contributed o pesss”
strocess in Australia (also see ‘Criteria for assessing the pest potential of an introduced
animal’, pages 34-36). For esample, animals that can consume a variety of different
foosds have great adaptability, which helps them o establish in pew areas. Such
adaptability may also create new, sometimes unespected, pest problems, Foxes in
the riverland area of South Australia, suffering a shortage of rabbits due to the
effects of rabbit calicivins disease, have become significant pests in avocado and
fruit crops whene they previously coesed fittle damage,

I thie past, litthe was known about the biology of pest animals and how they
responded to control. Even less was understood about the relationship between
pest numbers and damage. As a mesult, a lot of past pest management was an
attempt to reduce pest mumbers in the belief that any reduction would alleviate
the damage pests cause, This was a simplistic but reasonable assumption given
the limited knowledge at the tme. With th benefitof Rindsight, it is evident that
simple reduction in pest numbers is rarely the best approach talso see ‘Docs
increased pest control result in reduced pest damage?’, pages 54-550.

A thorough understanding of pest biology and damage is an essential element
of effective and cificient pest managemaent. Such knowledge not only aids control
directly but can also allow prediction and early management intervention to
prevent pests building up their numbers and becoming a problem. For example,
studies have shown that high survival of mice in winter and spring. a long
breeding season, and good condition of mice at the beginning of the breeding
seson lead to the formation of mouse plagues. These factors ase influenced by
weather, which affects food quality and quantity, Thies, information on mice and
climatic events can be used o make long-range forecasts of mouse eruptions.™

Population dynamics: high potential for increase

An important characteristic of many pest animals in Australia s their ability to
rapidly increase in numbers when conditions are favourable, This helps them to
establish in new arcas and to recover from high losses due o controd, drooghi or
other factors, Both reproductive rate and survival rate contribute to the potential
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Wl
for pests Woancrease, InAustralia, rabbits produce on average 15 young per year,
but can more than double that in good yvears. ™ Compane this with the one or two
young produced per vear for Burrowing Bettongs™ and one to six for Bilbies,""
both rabbit-sived native mammals

Evien pests witha relatively low rate of reproduction may increase their numbsers
rapidly if survival s unusually high, Forexample, following a one-off 80 per cont
reduction in donkey numbers the increase in the donkey population was much
greater than that inan uncontrolled population nearby (see Table 3,10 This was
because thens was mone food for the reduced population, allowing mone of the
donkevs to breed and much higher survival of their young.

Table 3.1 Differences betvween donkey populations on two lirge properties in the
Morthern Territory, each with over 10 donkieys/ km®, after one popualation was redoced
by B0 per cent.

P S p— F.flxﬁwfﬁhrﬂ.n"-l'nl Latw-ilems ity bl
Treatment | 19531 M A% of donkieys shit
Density three vears after featment (19861 33 donkeys /e’ 15 donkeys /o’
Dherisity four vears after treatment (1987) A2 donkevs km' 1 8 donkevs  km?’
Change in population 1953 o 1987 Insignificant 205 incmease

% mabes sevually mature ot 2.5 years of age. 439 TiHrs

& females breeding at 25 vears of age L I

"L puvenibes surviving at b moniths of age J8% T

Switervr audapand dnom ba

Removal of large numbers of individual pests does not necessarily lead toa
significant reduction in their population size (or their damage). For example, in
Western Australia. the population of feral goats increased by 18 per cont each
yoar between 1987 and 1990, 1o neach 1.1 million, despite about 200 000 goats
being killed annually: Clearly, the rate of increase in the goat population exceedesd
the rate of culling. Indeed, feral goats have the potential to double their population
every Lo vearsil they are not controlled by humans, predators or other agents.'™
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Many pest management programs are carried out when pests are at high
numbers and the damage they cause s obvious, Unfortunately, especially lor
boom or bust species such as mdimits and rabbits, this is Hkely 1o be the wrong
time to apply control (see below 'Understanding population dynamics’). A better
strategy wiould be to weigh the potential of the pest population to recover and
the cost of control, and determine when it would be most cost-effective to apply

control (see "When s it worth managing 4 pest population™, page 97)

Understanding population dynamics

(Adapted from information supplicd by Steve MelLeod)

The density or side of a P|1P|.||.|I:.~|1. (3 -.h'pc,':ndrnl o BT e Priwesses
natality (births); mortality (deaths); immigration (arrivals); and emigration
I|,1|_"|_\|rr1|n--l |'1IPI.I|.H:1L'I-I-:- Increase becavse of natality and immigration, and
decline because of mortality and emigration. Linderlving these major
Pricesses are other factors, such as age structune, peneiic composition and
spatin] distribution, which influence population dynamics indirectly. Thus,
a suite of factors, whose influence may change depending on prevailing
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conditions, such as weather, affects the dynamics of any population. It is the
unpredictable nature of these changes that can make the result of pest
management practices difficult to forecast. Nonetheless, a thorough
understanding of the population dynamics of a pest species will help
managers o targel control at valnerable stages in the life of a pest, and at
the most effective point in the dynamics of the pest population, b maximise
the benefit of any management program.”

Asimplistic way to tllustrate and predict change inabundance of an animal
population over time is the logistic growth curve (see Figure 00), The
population increases rapidly and begins toslow after the point of inflexion,
until carrying capacity (K) is reached and the population levels off.
Population growth is a function of both population size and the rate of
tncrease tn the population. This form of population growth applees b animals
that are limited by resources, tsually food, but sometimes nest sites or space
{when crowding stppresses rocruitment into the population). In reality, few
pest populations follow the logistic maodel, in part because it assumes that
rate of renewal of resoumes is independent of pest density. However, it helps
o illustrate some of the reasons why simple removal of animals, without
consideration of population dynamics, rarely achieves effective management.
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Commaonly, the growth rate of a population is estimated by measuring its
sizw or density ab some Hime, then measuring it again after a certain period
of time has elapsed. From the difference between these two estimates the
population’s instantaneous rate of increase can be caleulated. This method
has been used to estimate the rate of increase in goats.”™ rabbits,"™ pigs®
and foxes.! ™ If the rate of increase can be commelated with some other variable,
suchas population density or food abundanee, then the population®s rate of
increase can be estimated for almost any situation, The estimation of
instantaneous rale of increase can be a powerful ool lor predicting the
outcome of various management actions, such as the rate at which a
population will recover alter control, or the number of animals that nost be
remiwed trom a population to suppress population growth,

The obpect of pest contril ks o redude pest impact, which is often achieved
through neducing the pest's population density. However, following reduction
it is likely that any individuals that remain will not be limited by resources,
and comsequently thetr rte of populition increase may be at the maximum
rate. When resources are not limiting and barth rates ane much higher than
death or dispersal rates, populations can exhibit spectacular growth mtes.
Huouse mice provide a prime example, Through o combination of lange litter
aee (average litter sive is six voung ) and a shor time between conception and
weaning (about 40 days), they are capableof almost exponential growth during
an eruption.* Although some dispersal may oocur in areas experiencing a
mitise eraption, there ane only Rmdted areas of suitable habsilat (nefugia and
crops) with sufficient food resources (grain) to maintain population growth.
Once suitable habitats have been colonised, the mice deplete their food
risources: birth rates decline and death rates increase due (o starvation and
reduced reststance o disease, The density of mice falls dramatically but not
before they have done substantial damage to the crop.

I addition to a high rate of increase in the local population, immigranis
may move into an anea of low population density and abundant resources
and exacerbate the rate of population increase. This effect has been noted
for many pest species, for example rabbits," foxes, "™ pigs" and goats.™ If
the goal of pest management is a sustained reduction in pest density, as
opporad to g targeted or ope-odl reduction {see pages 98-1000, then this ability
of pest populations to mecover s an important poist W consider, and ongoing
forms of control must be put into place.

How can this type of knowledge be put to use? To manage a hypothetical
pest, available knowledge on birth, death, immigration and emigration. and
perhaps the interactions bebween them, must be considensd and a decision
made about which process or combination of processes would best be
manipulated to achicve the management goals. If the pest has a high birth
rate but dispersal is not important, such as for mace i gram orops, then
management targeted at reducing the birth rate will have mone effect than
that preventing dispersal. Adternatively, iF the species is long-lived and has
a low rate of increase, as is the case for the One-humped Camel, then
increasing the death rate will significantly lower the lomg-term density of
the population,

If recolomsation (immigration) Is an iImportant process for the pest species,
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as it appears to be for rabbits, then either preventing immigration with a
fence or removing warrens and harbour so thal dispersing rabbits have no
place to live will reduce thetr mte of recolonisation. The ability of pest
populations to recover is illustrated by a study of recolunisation of six arcas
from which all rabbits had been removed ™ Within two years rabbit densitios
B returnisd 1o 26 b 81 per cent of pre-control levels. Itappeansd that rabbits
dispersing from adjacent, uncontrolled sites quickly neestablished the pest
inareas from which it had been removed. Similardy, immigration of goats
From areas where they were not controlled has been suggested for the failure
of a goat eradication program in Western Australia.'™

Ability to spread rapidly

T rattie of spervsiad of She bl i Adestradio toas the festest of any cileniaing muememil
anyrdere in the workd

Many pests are highly mobile which makes them great dispersers and eolonisers.
Foxes now inhabit much of Australia and they achieved this wide distribution
within 100 vears of thelr initial introduction into southern Victoria in about 1871,
Thelr rate of spread is exceeded by that of the rabbit in Australia, which holds the
record as the fastest eoloniser of any mamimal in the world. " Rabbits spread,
from the original introduction of four individoals m Victoria, at a rate which
varied from 10 to 15 kilometres a year in wet and forested country b 100 kilometres
A year inarid rangelands.

Tha impressive colonising ability of many pests has major implications for
pest control. A landholder conducting pest controd in isolation = unlikely to be
syccesstul due o rapid reinvasion of animals from neighbouring land (see
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‘Understanding population dynamics’, pages 42451 Similarly, even after massive
control programs, this ability o spoead often allows pests (o necalonise thetr formers
distribution.

Favourable habitat changes

The successful establishment of some pest animals in Australia was almost
certainly helped by the creation of disturbed halbitats. Rabbits spread by moving
up miver svstems, which were also the first arcas selected for settlement by
pastoralisis: The farmers felled trees o increase grassland and these provided
abundant harbour for rabbits. Gracing by domestic stock made the native grasses
more putritious and available W rbbits becawse they prefer shor-cropped pastune
1o rank grass = The introduction of mone nutritious annual grasses and fertilisation
of pastures also helped rabbits by providing high quality food ata time that fitted
in with their breeding cyele. The rabbit in turn helped the fox o spread by
providing the new invader with an abundant source of food, Simmlarly, the pastoral
nelusstry assisted the successiul establishment of other pests such as the feral
horse, donkey and goat by building dams and bopes which greatly increased the
availabitity of water.

Some of the disturbance to Australian habitats has made them less suitable for
native antmals and mone suitable for pests, Examples ane the changes in nutment
Tevels, salinity and water low patterns of many inland waterways, that have
benufitid European Carp and adversely affected native fish such as Golden Perch
and Murray Cod (also see ‘European Carp: problem or scapegoat?, pages 84-80).

Successful control of pests often involves management of habitats 1o make
them less favourable to the pest animal. For example, the House Mouse survives
well in the stubble left after a rice crop is harvested. Ploughing in the stubble and
heavy grazing of the hevee banks to remove additional refuges for the mice may
help 10 kevp numbers low.
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The importance of burrows

Thee Ewropean Rabbit s the only rabibit that builds and lives in burmws
This enables it to explobt open grassland habitats whoere the warrens providy
shetter from extremes of heat and dryness, and from predators, ™ Rabbits
wiotlld rather occupy other animals” burrows than dig their ovwn, "™ The
burrows of Bilbies, Burrowing Bettongs and several other native animals
once more commion and widespread than they are today, were readv-made
refuges for rabbits during their colonisation of Australia. Bilbies frequently
abandon their burrows when their food supply dwindles."" Adult rabbits,
o the other h.llll.1_ once thy |N."."||]"_'|' a burrow, tend 1o KAy as |\II‘FI:I:!|I11|.'|1|
re=idients

IThe importance of burrows bo rabbits is an aspect af their blology that
can be exploited for control. Indesd, destruction of warrens i one of the

mest effective control technigues

Few diseases and predators

Ohnes reason for thee success of some pust antmals in Australia is that there amne fiew
of their natural Agents of ontrol, such i !1r|_'|_j.||| iy, |,1n|1|P|-:|||-rn. aAnid |n_|rj1l|r:1-||a.
In the davs of settlement, the bong vovage o Australia acted as an effective
guaranting measure that weeded oul diseases and parasites of stock and of other
introduced animals destined to become pests. Today, one of Australia’s great
kol

many common diseases and parasites of domestic stock. However, the samae lack

advantages as a major international trader inagricultural products is the lag

of diseases and parasites may abso have helped many post animals o prosper. [1

follows that the introduction of pathogens may help to control pests, and the
introduction of disvases such as mvomatosis in 1951 and rabbit calicivims disease

n 199596 have met with some succiess
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Similarly, thene ane few predators in Australia capable of capturing the langer
pust animals such as feral goats and pigs. These predators that ane here, were and
still are controlled to protect livestock. Indeed, in the carly days alter European
settlement, the persecution of native wildlife to protect introduced animals knew
few bounds, For example. at Barwon Mark where rabbits weee first released, the
shoating tally of native predators in 1866 included 448 hawks, 23 Wisdge-tailed
Eagles and 622 native cats.™ In addition, potential competitors of livestock, such
s kangarooes, were controlled to the indirect benefit of some pests

Today, there are farmers who believe that by leaving Dingoes uncontrolled
they have less of a problem with fowes and kangaroos. Dingoes were introduced
1o Townshend Island to successfully manage the large feral goal population.'
Other attiempts 1o use predators as a means of biological control—such as the
release of introduced cats and mongooses to control rabbits and the importation
of Cane Toads to control cane beetles—have been spectacular failures.
Mevertheless, predators can play a role in management when pest animal density
is low (spe *One-off management’, page 981,

Understanding how pests fit into a complex
environment

Settlers of the rangelands Last century and carly this contury were used to farm
life i the temperate and reliable climate of Europe. They found a land of fragile
and infertile soils, low and unreliable rainfall, and extromes of emperature, It
took a long time, but it is now known that many European farming practices ane
not sustainable for much of Australia. In the meantime pests wene often made the
scapegoats. Pest damage 1o the environment, to populations of native animals
and to farm production can be conspicuous, but in most cases pests ane not the
only contributing factor™

For example, it has long been believed that foxes have played a major role in
the decline of certain native species. The last wild colony of Rufous Harewallaby
iMala) was eliminated by a fox and, if left uncontraled, the fox could cause other
species such as the Numbat and the Black-footed Rock-wallaby to become extinct.
Huweveer, the decline of mediom-sized species of native mammals across Australin
was probably due to a range of factors including predation, changed land use,
and new fine peglimdes, s

Similarly, feral cats apparently contributed o the extinction of a subspecies of
the Kakariki on Macquarie Island. However, the two species had coexisted for 70
years and it was only after another predator, the Weka, and rabbits were introd e
that the parrot disappeared.® [t is thought that the Weka preyed on the parmot’s
eggsand young, and rabbits reduced the parmot’s habitat by grazing and provided
prev for the cats, which increased in numbers, In winter, when rabbits were scarce,
the cats may have turned to the parrots for food.

Although cats fand foxes) have been Blamed Tor many of the extinetions and
declines of native species, the evidence is not always clear™ ™ It has been difficult
to determine the impact of feral cats on native wildlife on the Australian
matnland ™ Dietary studies show clearly that feral cats kill many hundreds of
thousands of native animals. However, it is not known whether this level of
predation is a theeat to the survival of native fauna populations. Cats may simply
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take a sustainable harvest of many of their prey specics ™ Most animal popualations
prosduce mone young than they need (o replace themselves and most of these
voung donot survive to become adults, Many populations can withstand a high
level of predation, particularly of these doomed voungsters. For instance,
hundreds of thousands of rabbits ane killed by humans, and many more by other
predators, without threatening the status of the rabbit in Australia. Thus, it may
be considered desirable, for example, to spend resources on cantrolling urban
cats tov stop ther killing of native wildlife, but it should be understood that, in

dioing =0, Hittle may be achieved for the conservation of native blodiversity

Indeed, lomg-term environmental change, particularly habitat ceaning, « oupled

with drought and competition. may have been the main causes of major

populations, cal predation is Bikely 1o be a severe threat. Nabive animals, such as

population declines of many native species." In the case of these very depl

esert=living Mala, that are slow bresding and have been contined to o few

tha
Isodated pockets ane most at risk,

Evropean Carpane blamed for damaging freshwaler ecosvatems, bt ome neson
that carp are successful is the changes humans have made to the aguatic
environment. Indeed, habitat disturbance s often a fundamental factor in the
establishment and distribution of exotic fish inAustralian walers, | uropean Carp,
Mosquito Fish, Goldiish and European Perch are favowred by the reduced fow

conditions of dams." Slow-moving waters and weedy conditions—especially
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exutic weeds—strangly favour these apportunistic fish while disadvantaging

malive species (see ‘Eu ropesan Carp ;1I'-.I'I'l|-| m oor scapegoal? pages B4-Bhi)

Topminpaow e also tolerant of heavy metal P-.-llll[ll.lr'. and even of thee I|'.11]l| WSO
rotenone. By contrast, survevs of undisturbed natural waterwavs have recorded

only native fishes or a predominance of native over exotic fish

LR LI
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Undoibend by, s poest spocies cavse significant damage. Flowever, mome often
than is necognised, they are just one of several contribuling factors. For success

managemaent of pests and pest damage needs 1o be considered in the contoxt of

rperating factors and |ng arporated mtoan mtegrated management |1|_||;

A devastating trio: overgrazing, drought and rabbits

The Roval Commission of 1901 examined the economic plight of
pastoralists in wiestern Mew South Wales and recorded eve witness accounts
of degradation of the land caused by overdocking with shevp, aided by
drought, rablits and erosion. Tha following sobering picturne emerged, When
settled around the mid-1800s and unti] about the st two decades of that
century, the western distrects had been open forest with natural grasses, forbs
and shrubs thriving in the soft, absorbent soll. In less than 20 vears, by the
time of the Commission, many trees had been rII:!.'r:Il.lrL1\|_ thae grownd covier
wits thinned and patchy, and much of the soil had already eroded, turned to
dust and Blvwn away, to cause drift, siltation and other problems elsew here.
Whint remained was hard, clavey ground that did not hold water and the
water ran off to cause further erosion, carrving with it seeds and PrecioLes
mutrients. The stocking capacity of the fragile land had been grossly
overstimated

Concermat thir time was for the poor stocking rate but many native animals
must also have suffered. By the turm of the contury—as predicted in 1866
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TR DE AMDING PEST BIOLDGY A
due b its extreme rarity and gross overstocking of its habitat with sheep ™ —
the Pig-foated Bandicoot was extinct in New South Wales and soon after the
last specimen was sighted, in South Australia. By then the rabbit had armvied
in western Moew South Wales in mumbsers but the fox, feral cat and feral goat
had not

High wool prices in the 15705 and 1880s Jed to a switch from cattle to
.--h(\-P and in 1891 there were 154 million sheep i the Western Division
Then, wool prices fell, rabbits spread acruss the Division and, in 1895, a
sevenevear drought began. The 1901 Commission tackled the major probilem
of overstocking and made rocommendations on other issues such as rabbits
ringbarking, drought, scrub regeneration and conflicts between small and
large landholders, The result was a mone realistic use of the Land and until
1950 the condition of the country apparently stabilised
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However, the post-war boom of the 1950s sent wool prices soaring and
new setthers to the Division. The imtrod uction of myvsomatisds reduced rabbits
and allwwed some recovery of pasture. But by the mid-1960s, besot by
drought, extensive fines, a partial ncovery of the rabbit population and falling
wiail prices, many propertics were no longer viable. In 1980, thene were less
thim 8 million sheep beft m the Division but land clearing continued

It wasn't until the passing of the Natiomal Marks and WilidTihe Act 1967 and
the setting astde of Sturt National Park, that wildlife was widely and seriously
considened. The report of the Select Committer in 1984 noted that 52 per
cent of native mammal species were believed o be extingt in the Division
and a later study identified six extinet bird species and o further 103 bird
species in decline in the megion

The rangelands of western New South Wales are in erisis,'™ Thaeir long-
terme ststainable use, including conservation of biodiversity, will be a

comples process involving propenty restructuring, lind wse that is based on

principles of ecologically sustainable development (see “Ecologically
Sustainable Development’, page 76), and appropriate management of
dwindling waler resounoes, '

Better land management, of which pest management ks just one vlement
s also essential for land restoration in the Western Division. Becovery of the
Fauna and Nora will be one measure of the sucdess of estoration eliores

Pest damage

AManaoeienl itevds md Wod fsl pesl i

Pest animals such as the goat, rabbit, fox and pig canse extensive damage to
Australia’s natural resources and agricultural production. Together, these
introduced antmals cost Australia hundreds of milllons of dollars annually in

fost agricultural production and conservation expenses.”
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Sirme of the most compelling evidencoe thal pests can cause significs

damage
comes from experiments where pests have been controlled or excluded. Foses
wiere removed from spme Black-footed Rock-wallaby colonies in Western
Australio, but not others. At the colomies subpect to predator control rock-wallaby

numbers increased five-fold; in the untreated areas they showed a shight

decline

Damage caused by introduced pests is often at its most obwvious on jslands,
where habitat and movement of native species are restricted. " Babbits introduced
o Lawsan Island in the Pacific Ocean, in 1903, caused the local extinction of three
endemic bird species and 22 of the 26 native plant species within about 30 vears
Mational parks or unclearsd patchies of native vegetation in a sea of agricultural
land camn also be considernsd islands vulnerable o the impact of pesis

Fomes and cats, in particularn, pose problems for captive breeding and nelease
programs ammed at conservation of threatened species.”™ The captive-bred stock

are often liberated into habitat islands where they ane particularly vulnerable to

predation. For example, despite baiting to remove foxes, reintroduction of the
Mumbat intoa Western Australian nature resierve was nol Che success that i had
bewn in wheatbelt areas, It appearsd that feral cats bad increased in numbers in
the absence of foxes and were limiting the increase of the Numbal population
Cat predation is also threatening the now very restricted population of the
endangensd Eastern Barred Bandicoot near Hamilton, Victoria =

U all the animals introduced 1o Australia, rabbits have E1r|l|l,1|.1-|l.' caused the

misd damage. They compete with native wildlife for food and shelter, and

contribute to the declineg in the numbsers of many notive plants and ammals: In
particular they have been closely implicated in the disappearance, late last century
and garlier this century of many medinm-sized ground-dwelling native mammals
At this time, the combined effect of sheep, rabbits and drought serously reduced
the carrving capacity of the land, and brought about a wave of extinetions and
severe population declines, Burrowing Bettongs, Brush-tailed Bettongs, Exstern
Harne-wallabies and Bridled Nailtail Wallabies disappeared trom much of ihe

mainland before the end of the nineteenth century
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Pists may also damage native vegetation, Lack of plant regencration, in part
due to grazing of seedlings by rabbits, is lkely to nesult in some native plant
commumnities dying of old age =

Rabbits are also believed 1o compete with livestock for the most nutritions
plants and seedlings and annual production losses to rabbits in the pastoral zone
of South Australia alone are estimated to be 517 million™ (see below “Does
increased pest control result in reduced pest damage?), Throughout most of
Australia, the introduced field or House Mouse is usually a relatively harmless
part of the environment. However, in the south-cast Australian groin belt, every
four vears or so mice reach plague proportions and cause tens (o hundreds of
millions of dollars of damage. "

Mative species also cause damage, Canefield Rats, and to a lesser extent the
Grassland Melomys, cause sevens damage o sugancane and cost farmens abool
524 million vach year. In other parts of northern Australio these native rats ane
considened a valuable part of the fauna. Likewise the Pale Fleld-rat, a valuable
companent of natural tropical ecosystems, is poasoncd in castern Australian Hoop
Pine plantations because it kills trees by ringbarking the roots and stems.*

Whereas there is abundant evidence that pests can severely damage the
environment and cause major losses to agricultune, only rarely is there a simple
relationship between pest numbers and the amount of damage they cause (see
below Thoes increased pest control result in reduced pest damage ), Ideally, the
focus of effective pest control should be on reduction of damage. However, much
remeains tos b learned about quantifying pest damage and relating it fo pest density
so that informed management decisions are possibile,

Does increased pest control result in reduced pest
damage?

Often litthe i known about the relationship between pest density and the
lewvel of damage caused. Usually, it is assumed that by red ucing the numbsers

of the pest. the degree of damage will also decline, However, this is not
necessarily so



KEYS TO CONTROL UNMDERSTAMNDING PEST BIDLOGY AND PEST DAMAGE

Some hypothetical relationships between pest animal density and the level
of damage are illustrated in Figure 00 below, The relationships shown ane
anly three of many possibilities. *A’ represents a situation where pest damage
remains high even at relatively low pest densitics, An example might be pig
predation of winter lambs in some areas where damage is due to a fow rogue
boars. "™ These are often the wily older animals that have learned o avoid
traps and shisders. Reducing overall pig density may fall to take most of
thee mygue Boars, so damage remains high even at low pig densities. Another
example of “A" might be rabbit browsing of negenerating native shrubs; even
at densities of kess than one per hectane rabbils can prevent regeneration of
some native plants such as wittles in the rangelands. Thus, reducing rabbits
fir b numbsers may make litele difference 1o negeneration,

W represents a dircct relationship between pest density and damage. An
example might be the competition for pasture that i assumesd o occur
between sheep and rabbits. Based on the average food consumption of wild
rabbits it is estimated that 16 rabbits ane cquivalent to one sheep ™ Thenefore,
redicing rabbit density should enable X/ 16 more shevp to be run whene X
is the number of rabbits remeoved from the property, However, this is
simplistic. There is evidence that, in the rangelands of New South Wales,
competition between shevp and rabbits occurs only when the amount of
pasture is less than 250 kilograms per hectare.™

Anexample of a 'C tvpe density-damage relationship might ocour whien
feral pigs at low densities eat only still-bom Limbs, but when pigs ane at
highir densities they begin o kill increasing numbers of healthy lambs.*
With this type of relationship, at high densities reduction of pig numbsers
should decrease lamb predation.

The aim of pest control {s o reduce and maintain pest density at a level
where the manager can maximise the benefits companed o the costs of control
fsee "When s it worth managing a pest poprulation™, page 970, In other words,
A farmuer or nature reserve manager wanis to know the expoected netum from
a given imvestment of financial and other resources into pest control. The
return may be in increased profits, greater Bexibility of farm managenment
and for protection of native plants and animals, However, sinee the level of
damage and the relationship between pest density and damage are rarely
accurately known, there is o degree of guesswork, albeit based on some
gooed scientific miormation, when deciding what level of pest control is
sensible.

Theow of sepverad pissible
aluthrslrips Delrviin pest density
arind gt dirimage tafler Chogaicmid
et il ), A nepreesints a sitietion
aideery sl divmaype reimains Irigl
vt relatioely fie pest
dlesesities; B shosies o direet
relitinrship beteevn prest dimstiy
ol diretvgee: sl fira 7 hog!
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4 pest control techniques

Choosing a control technique

The armory of technigues available for managing pest antmals is surprisingly

lirnited. This has a lol to do with some of the common characteristios of pests. s

techmically difficult and wsually expensive todevelop and apply technigques against

populations of animals that have greal powers of recovery, disperse readily and

are highly adaptable (see Chapter 3. Other concerns such as animal welfare,

harm to non-target animals or other resources, and contamination of =oil or

agricultural crops, further limit the number of techniques that can be used.
Currently, there are five approaches that ane sseful for the conteol of pest animal

damage:

killing, or remgwing by potsoning, shooting, rapping or mustering:

exchusion;

Eicslogical control:

habitat manipulation; and

other management practices.

Despite the relatively small range of suitable techniques, there ane many
examples of successtul control of pest animal damage. Tvpically, these have nelicd
un strategic application of technbgues at the maost eritical time in the agricultural
production evele and for when pests are most valnerable to control, such as after
their mambers have been reduced by drought.

It is essential to choose the appropriate control technigue or combination of
techniques to suit the management strategy. While a number of technigues may
be possible, some may not be practical in certain circumstances. Certain technigues
ane effective langely negandliess of pest density, while the sticcess of athers depends
on density. For example, ground shooting al waler points may be effective for
goat control when water s scarce, but only after other technigques such as
mustering or acrial shooting, which ane effective at higher pest densities; have
resduced the population toa low density, Some lechnbques ane suitable for frequent
application whereas others ane not.

For example, repeated warren ripping (destruction], to treat new warrens as
they appear. will not reduce the technigque’s effcctiveness for rabbit control,
whercas rabbits may begin to avoid 1080 baits (sew page 0 if they ane applied
tow elten. Similarly, trapping feral phgs may can be effective when first used inan
arva, but the pigs quickly learn to avoid the traps espectally if they are poorly st
and animals can escape,

A decision matrix can help managers determine which alernative technigues,
or combinations of techniques, are most workable and acceptable tsee Table 4.15,
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Table 4.1 A hypothetical decision muatrix 1o assess 10 possible options lee contralling fox damage on a sheep property, A
“yeu' indicates that that the control method meets the criterion and 4 spuestion mark appears where e ks insufficlent
information on which o base a decision. The desirable option, in this case poisoning. is that which mevts the mast criteria

Fary ool iyt kv Techmfcnlty WAIT f ek ? Econmirmically  Envinonmeritally Puiticiafly Secwily
poifale drprpibde? iesfrlife? aeevptabde? deeppdahle? aperptable?
Killing

Shooting Yes Na? Yis? Yes Yos Ye=
Teapping Yes No No No? M No
Possoming Yes Yes Yien? Yeu? Yis? Yim?
Fertility contral No r Vi Vs Yo Yim
Habbtat manipulatbon

Debioy dhems Yot T ? Yo s T
Exclusion

Electric tence Wi Ml N Yes? s Vs
Guard dogs Wien r Y= e Y Y=
Chther management practices

Switch to cattle Yew Yos Mol Yew Yo Yes
Lambang im a shed s Yo Mol s Yes s
Coordinate Lambing with Yes Yis? Y= Wi s Yis

nelghbours

S Afer Masriom

Killing or removal

Thiere are fiur means commonly used for killing or removing animals: potsoning,
shoating, trapping and mustering.

Poisoning

Pobsons were one of the first technigues used to control pests in Australia and
they remaim a primary method, A varety of polsons bave been wsed including
arsende, cvanide, strychning, vellow phosphorus (CSSP), anticoagulants such as
warfarin, bromodialone and pindone, and sodivm monoflumacetate or compound
1080, Similarly, poison has been delivered in baits ranging from chicken heads
and meat bo apples, coreal grains, thistle roots and even sandalwood twigs (laced
with strychnine), Adding potson fo water was also s commuon pest contrl practio.

Past methods were often indiscriminate and resulted in substantial losses of
native wildlife and considerable risk to humans and livestock. Befinements have
now made poisoning much more effective and pest specific. These include studies
of animal behaviour to determine how and when to poson, development of
poisons that tanget certain animal groups, and modifving the way poisons ane
delivered, such as the tse of more target-specific baits or bait stations.

Compound 1080 s an example of a relatively new poison that is used to control
avariety of pest animals. Tt is an acute metabolic poasan that blocks the energy
production pathway of animals usually resalting in death from heart or lung
failure, There is considerable variation in the susceptibility of animals to the poison:
dogs and foes ane extremely susceptible; rablbits, sheep, cattle and humans ane
maodierately susceptible: and birds and reptiles ane relatively tolerant.®

The active mgredient of 1080, Mumacelate, occurs naturally in some nabive
vegetation, especially in Western Austrafia, and some native animals have a high

57



AUSTRALIA'S PEST ANIMALS

58

natural resistance to the poison.™ This has enabled wider use of 1080 in that
State with Tittle risk to native non-target animals. The poison has the added
advantage that it is broken down rapidly by soil bactenia and fungi to non-toxic
compounds.” However, a major drawback to its use is that there is no known
antidote, This has led to the search for alternatives for use in areas when: there is
concern aboul non-target poisoning of pet dogs and cats, particularly in semi-
arid country where the compound breaks down relatively slowly, Pindone, for
which vitamin K is an antidote. is now the poion of choice in these areas.

Table 4.2 A compariscn of e commennly used rabbit podsons 1080 and Pindone and &
potential nesw podson, cholecaleifomo]

I}?{mh‘r‘mlﬁﬂu Jiiger Finutone Chudecalyifirml
Higzh tersicary fas rablsits Yis Yes Vs
Lowy boicity o odber mammals No Vs Probably
Lo okt bos beimds Yo Yes Probably
Causes painless death IProbably Mo Probably
Slw-acting® Mo Yes Yes
Has an effective antidote Mo Vs 7
Ohborless and tasteloss Yis i Probably
Do it mevquine pre-baiting N Yes Yis
Reaccepted readily Wi Y= s
Cumiilative M Yis !

In baits—has a long sheli-life Vs i 7

In baite—rusists min and diw M Yo Probably
Diows nosk persist b livestock, Wil Nir v
Diopgrides rapidly in dead rabibits Sommetims Mo Yis
Degradies rapidly in the feld s No 1]
Low cost i Nao Tes

tmariw asbagrind [ Wikl ot &l
*ahweaiting cain b & olisiralile s hardtensic bessise i kdves bune b apply s antidobe 1 Uhe posson @ il
P pwramirs o psmlarged ansmals, o enanmple, peis

The selectivity of a polsoning campaign can sometimes be enhanced by

B prebaitimg with unpoisoned bait and checking tracks and other signs to ensune
that enly the target animal i taking the bai;

8 using a bait thatis most altractive to the target animal—for example, feral pigs
are poisoned wsing a fermented wheat balt, which is not altractive i many
other animals;

® using the minimum concentration of poison sulficient to kill the target animal;

w placing the bait so that only the target animal s likely to ke it—for example,
in the prime feeding area of rabbits, by buryving baits for foses and feral pigs,
of by using bait stations for rodents that other animals cannot enter; and

& if practicable, collecting poisoned carcasses and buryving any exposed bait at
the end of the campaign.

A variation of poisoning s the use of fumigants to kill rabbits and foxes in
their dens. Chloropicrin and phostokin are commanly used fumigants, They ane
asually applicd using a pressure fumigator and kerosene is added to produce
white smoke that can help to locate all warren entrances so that they can be
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Blicked. Hivwe
similar dioubts about phostosin, Attention has recently turmed to the vse of carbon
monoxide a5 a more bumane altermative fumigant.™

f, chloropicrin is considered to be inhumane™ and there are

Shooting

Pest animials can be shot efthier from the ground of from the aic Although common,
ground shooting of pests is not considened to be a highly effective technigue for
mest pest animals because it is fime consuming and shooters can cover only a
relatively small arca. [t has been used suceesstully vo control feral goats in Mew
Lealand and to mop up goats that remain atter mustering and helicopter shooting
in the Gammon Ranges in South Australia, Local hunting groups have been co-
opted to shoot goats as they come to watering points.”™ Welfane concerns make
shooting unacceptable in arcas whene it is not possible o follow-upand dispose
of injured animals

Shooting from helicopters is used o manage a range of feral animals including
harses, donkeys, goats and pigs, Most often it is emploved atter the population
has already been reduced by other methods such as mustering and trapping. The
efficiency of helicopter shooting can be improved by enploving a spotter aircraft
o locate groups of pests and, using a Global Positioning Svstem, 1o accurately
pinpoint their position and relay it to the belicopter, The National Consultative
Committes an Animal Welfare reluctantly accepts helicopter shooting as an
efficient contral technique provided that it is done by trained shooters using
wizapons of a suitable calibre, and that there is immediate follow-up to dispose of
wirtmded animials.

The ‘Tudas animal’ technigue has been used to locate small groups of animals
that remain after the majonity have been removed. Thie Judas is a wild pest animal
that is trapped, fittes] with a radio-collar and released o join others of its Kind
The gromp is located from the air or sometimes the ground and shot, leaving the
Judas animal to join and betray another group. The technigue works most
effectively with animals that are strongly social. such as feral goats and donkeys
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Trapping

Avariety of traps has bevn used on pest animals, frim small break-back, leg-hold

or mesh cage traps to larger silo traps and fepoes around wate

g it

(e to concerns about animal welfare, steel-pwed (gin traps) traps for rabbits
and Foxes are now banned throughout maost of Australion, They ane sl used for
Pingo control although this s dechimmg: i Victora soft-catch triaps ame now used
for wild dog control. Small traps are not usually recommended for pest control
This i= mainly because they are expensive and time constuming to distribuate and
hawer nodt been shown to reduce damage by pests unless only a few individuals

A caiismge the st problem
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Larger, baited traps have been used for feral pigs, and seli-mustering traps set
at water points are commonly used for feral goat control. The increasing popularity
of large traps i partly due to Laind managers being able to see what they have
caughtand it atso allows them to supplement thetr income by selling the animals
In 1995, 3 45 kilogram dressed-weight feral pig was worth approximately S160 a1
the chiller. Trapping can be carvied out by the land manager and timed o it in
with routine property activities. Self-mustering traps have been found to be very

effective bn semi-arid country, especially mdey tmes when the animals ane forced
toventer to drink. The traps ane also useful for mostering sheep

In spite of these benefits large traps can be time consuming amd expensive to
construct and maintain, Animals quickly become trap-shy, especially if they enter
ap. For pest animals such as feral pigs,

and manage o escape from a poorly set

porksoning 1= wstially much more cost-effective”

Mustering

Like trapping. mustering large pest amimals such as feral horses and goats has
the advantage that the animals can be sold. The muster can be carried out from
o o

horseback, motorbike or helicopler or, as s often the case, by a combin
aerialand ground work. [t is usually elfective only when the pst is reasonalbly

common—above oneanimal per square Kilometne for feral goats.™" The efficiency

bl
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of mustering varies and in Western Australia an average muster vielded only 30

o 40 per cent of the feral goats. By contrast, in the Flinders Ranges of South
Australia, approximately 80 per cent of the population is taken in an average
muster, Cihaer control methods are used if the pest animal population nesds to be
reduced furthir

Mustering must be planned carcfully, using skilled operators to direct the
animals into appropriately located vards. Tame manes released amongst feral
horses can help to attract lead stallions and to settle the herd. Electric fencing to
exclude animals from all but a few watering points can help to concentrate the
herds and improve the effectiveness of the muster,

Exclusion

Simce the carly days of European settlement, fencing has been the most common
miethod wsed toexclude pests froman area, Probably the best known fence in the
world is the Dingo fence that stretches from Quieensland through New South
Wales and across South Acvstralia to the Great Awstralion Bight—at 5614 kilometres,
it i= 3374 kelometres longer than the Great Wall of China. The fence divades the
soutthern and eastern sheep grazing lands from cattle and Cingo country,

There are many types of fence used to exclude pests “* * They mclude
conventional stock fencing, electric fencing and purpose built fences to protect
mative animals in private zoos, Electric fencing is relatively cheap compared with

i ok fusbon of

comventhonal stock fencing. It s particalarly wseful for short-te
pests, such as the protection of a ripening melon crop-against feral pigs.™
Conventional feng TN 1S cxpensive; i oost MNZSIE (KK per kilometre 1o exclude
feral goats from an extensive area of native forest on Arapawa lsland, New
dealand. " Eventually, the goats broke through, highlighting the need to be sure
that the purpose and likely effectiveness af the fence is clear before committing
FUsOTCes Lo il

Mevertheless, fenoes can be an important component of etfective pest control
They have been used to psed to break up areas into manageable blocks for control
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of foral goats in Hawaii, and have also been used to exclude feral animals from
s wWatering polnts and so concentrate them al water whene traps ane sef.

They can also stow dispersal, making conteol on the protected sic
and economic

smane feasible

Foxes ane agile and

adaptable animals that are difficult to exclude with fences
Thisv have been know

vraise a litber within a fenced enclosurne, ;
scale o formidable electrified fence to b

d to regularly
aned retuen with food for thelr voung

Mevertheless, fencing has been used successfully to esclude foxes and feral cats
From o and

vate wildlife parks. The fence design wsually incorporites several
electric wines and a roof or overhang. Warrawong Sanctuary in South Australia
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hias sucoessiully excluded foxes using high netting fences with unstrained
overhanging tops, A pp.m-utll.' the Moppy nature of the upper section of the fence
provents foses from climbing it

The success of a good fence depends on appropriate construction, regular
maintenancy, frequent monitoring for breaches and gquick action to remove any
animals that broak through. This is particularly imporiant whene fenoes ane gsed
o exclude predators such as Toxes from valuable collections of native animals
a fox can kil many anemals ina very short l."l.'rlnl'~|

Coisid aquality long-lasting petting, to exclude birds, is the most effective
profection of grapes in vineyards " 1t must be correctly applied, draped over the
vines and gathered under thein, or with a skirt that may be covered with sodl, to
prevent birds entering from under the nek. The maesh should be 20 millimetres or
Jess in digmiter to prevent birds from becoming entangled, not only bevause of
animal wellare considerations but also because foxes may tear the dead binds
from the nets, Depending on the quality of the grapes and the previouws Teviel o
damage, costs can be recoversd In as litthe as a vear For low-value grapes, nets
may ok be eoonomai

Anpther method used to exclude pests from an area = guand dogs. In the
Muditerrancan, guard dogs are used suc vasfully to prrotect divmaiestic goals from
predators ™ Some lamb and goat producers inAustralia ane experimenbing with

'.'_u.'nld J.u;- and vven .\.||.".h'.ll-
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Exclusion of pests: the Dingo fence

The story of the Dingo fence that crosses southern Chacensland, north-western
Mew South Wales and South Australia is a fascinating insight into the lengths
farmers and governments go to in their attempts to control pest animal
damage.” Three State Dingo barriers link (o form the 5614 kilometne fenoe
which, until 19800 when the original Queensland barrier fence was re-routed,
spanned an incredible 8614 kilomatres,

The fence started life as series of barriers, completed in 1890, designed o
halt the spread of rabbats. They were failunes for a number of reasons, not
least because they were buill oo Tate, and eventoally fell into disrepaie By
the carly 190k, the Dingo had become as important a pest to the pastoral
industry as was the rabbit and it was apparent that the flourishing wool
indusiry would not survive without protection. The Wild Dogs Acrof 1912
st the land rate for fenced land at half that for unfenced land and successtully
encouraged construction of vermin barriers, The rabbit fenoes wene nepained
and thousands of kilometres of private barmiers enected —54 646 kilometres
inSouth Australia alone by the early 1930s. By then the Dingo had become
increasingly scarce in the south and east and a single barrier seomed the
most eoonomical way to prevent movement from the Central Australian catthe
arcas.

The Dingo fence helps o exclude Dingoes from sheep country. However,
it is expensive to monitor and maintain and is frequently breeched, washaed
away or covered by sand drifts, On top of this, properties that border the
fence need to conduct periodic wild dog control to nemove those animals
that break through, Nevertheless, the barrier bs probably the only solution if
sheep farming is to continue sast of the fence.

Another complication is that inskde the fence kangaroos and emus abound,
whereas outside they ane much less common, Some pastoralists wionder whether
shevp lesses due 1o wild dogs may be preferable to pasture damage caused by
high numbers of kangaroos and emus. By nestricting movement, the fenoe
probably also has a significant negative impact on some other native animals,

Biological control and anti-fertility agents

Biodogical control is the wseof one onganism, such as an agent of disease, tocontrol
another. The release of diseaseand fertility control ane often suggested to be the
ultimate answers to pest problems. Many see them as low cost, long term and, in
somae cases, humane alternatives o conventional pest control. = However, these
hopes ane seldom realised. In reality, the release of diseases o control pests is
rarcly the full solution and, at Teast in the short teem, the development of effective
fertility control agents for broadscale pest control appears unlikely:

The rabbit-specific myxoma vinas, which causes myxomatosis, was introduced
o Awstralia to control rabbits. When sild rabbits wene first exposesd to the virs
in 1951, 99 per cent of individuals that contracted the disease died. ™= In the
second vear 85 per cont died and in recent vears the death rate of rabbits that
contract myxomatosis hos often been less than 50 per cent, Nevertheless, it is
estimated that Australia’s rabbit population is now about half that before the
release of mysomatosis and, in conjunction with other technigues, the disease
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remains a valuable control agent. The recently introduced rabbit calicivins disease
(RCDY has caused some initial reduction in the rabbit population, but like
myxomatosis will not replace the need for ongoing rabbit management™* (siv
below ‘RCD, a patential bological control agent for rabbits'l,

Unfortumately, discases such as mywomatosis and RUD ane the exception rather
thar the rule ™ Many other discases that could be ised o help control feral animals
such as feral pigs and goats also affect important domestic stock of the same
specics.” Domestic animals could be vacemated against some diseases, but this
= likely 1o be expensive and may have unforesecn implications for overseas trade,
Another consideration s that some animals such as the fox and rabbit may be
pests in Australia, but an important caomponent of the fauna in their native
countries.”™ Biological control techniques being developed for introduced
Common Brush-tailed Possums in New Zealand, for example, if released in New
ZLealand. may spread to Australia where they could have devastating effects on
these and other native possums,

RCD, a potential biological control agent for rabbits

Rabbit calicivirus disease was first recagnised in China in 1984, It spread
throughout Europe and Asia and by 1992 had reached Britain, Typically,
RCD causes blood 1o clot in rabbits’ heard, lungs and kidneys and within a
few days of infection they die from heart or Tung failure, Overseas studies
show that in the labaratory the disease can kil over 99 per cont of infected
adult rabbits, ™

Australia and New Zealand began research into the potential for calicivins
disease to conteod rabbits in 1989." Risults of laboratory studies into the
virus® etfectiveness and species specificity wene promising and feld trials
commuenced in 1995, on Wardang Island off the South Australian coast. By
Oxctaber of that vear, the viras had escaped and was killing rabbits on the
matnland. Initially, the virus spread fast, sweeping north-cast from the
Flinders Ranges, Yunta and Point Pearce through the arid zone, leap-frogging
large distances and leaving areas with almost no rabbits. By varly 1997, aided
by deliberate releases, it had spread patehily across the entine distribution
of the rabbit. Its performance appears to have been greater in arid and semi-
arid arcas than in wetter arcas,

Before deviding to deliberately nelease RCD, Commonwealth, State and
Terntory governments madie thorough assessments, Public submissions wene
invited and the main concerns ratsed wiene the possibility that animals other
than rabbits might be infected, the potential threat 1o pative animals when
introduced predators were deprived of rabbits, and the likelihood of harm
to mative predators, mainly birds of prey that eat rablits. It was decided that
RCTwas specific to rabbits and effective in that it killed rabbits, and release
wis authorised,

The virus has not behaved as predicted based on European experionce
and there is much to learn about RED, The rate of spread in Australia, about
501 kilometnes per week eastwards and northwards from its ariginal outbreak,
was miuch faster thas the few hundned metres a month reported for Britain, ™
Although it i5 not known with certaimty, the main agents for the spread in
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Australia are thought to be flies. New technigues for effective delivery of
thie disease, such as a virus-laced bait, ane being tested, Some of the other
aspects under investigation include determining how the vires spreads and
identifying the vectors (lransmitting organisms), how it interacts with other
control methods such as myxoematosds, and whether it persists under
Australion conditions.

Comparisons with the myxoma vires, which is spread by rabbit fleas and
mosquitoes, are inevitable,” Myxomatosis, imported to Wardang [sland for
testing in the 1930k, escaped from tiest sites in the Murmay Valley in 1950
Imitially, 99 per cont of infected animals died and rabbit populations wene
reatly reduced. However, by the late 1950s resistance in rabbits and changes
in thie virus had bessened the virus” impact. Rabbit numbers increased again,
bt dbd nont retuen bo former numbers

Anti=fertility agents aim fo limit the reproductive success of pests and hence
reduce their numbsers, Effective fertility control of wild pests is hindened by high
comst, failune o treat enotggh animals, accidental treatment of non-target animals
and inability to administer repeat doses, These difficulties can be overcome for a
relatively small and confined population of pests where comtrol costs are not a
mapor consideration, such as the Eastern Grey Kangansos on the grounds of
Government House in Canberra, the males of which wene castrated surgically.
Hiwever, it would not be feasibbe to treat, for example, 300000 feral horses spread
across Australia®”

To be effective, fertility ©
m Lack of an effective delivery mechanism,

There i no practical method known to deliver a sterlising agent to a high

proportion of & wild pest population. Must tests that have achieved fertility

control relied on hand or dart gun injection oradministration of frequent doses
of the sterilising agent through food or drink
m Behavioural and biological Resibility in the pest

There ane a namber of biological and behavioural mechanisms by which pests

can modify the effectiveness of an infertility agent. For example, pests may

il needs to overcomae the folloswing difficulbes:"

simply avaid the bait or any other mechanism used to deliver the agenl
Compensatory changes in a population subject 1o fertility control may also
limit any reduction in pest density by the fertility agent. These include increased
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survival of voung animals, increased immigration, and increased birth rate in
the remaining fertile animals. Young animals may also reach sexual maturity
earlier and so produce more young, All these responses have been seen in
animal populations subgect to control and could compensatee for meduced fertifity

& Humaneness of fertility drugs.
Many fertility drugs are humane, but some have undesimble side-effects or
are poisonous at high doses.

& Specificity to the target animal.
Unfortunately, few fertility control drogs ane specific to the tanget pest species.
The genetically enginevred sterility agents being developed may overcome this
problem for some pests, but are unlikely to do so for feral animals such as
goats, pigs and horses that are also kept as livestock. Similarly, fertility control
agents are unlikely to be suitable for wild dogs and feral cats because of the
risk to pets.

& Environmental acceptability.
Fertility drugs usually have low environmental risks, but residuoes in baits could
enter the food chain and affect native wildlife, livestock and people.

a Cost effectiveness.
Compared with other pest control technigues, fertility control using currently
available technology is extremely expensive for widespread and abundant

PE'SLE..

At present, chemical fertility control techniques, such as administration of
synthetie oestrogen b cause temporary sterility or sterold hormones to induce
abortion, appear to have fitthe chanoe of success as pest control agents.™

Genetically manipulated vireses that cawse sterility have some potential for
pest control, but research is still at an ecarly stage (see below Tmmunosterlity o
control foxes, rabbits and house mice’). Even if a virus or other suitable agent can
b fowmnd, i will be many vears befone it will be fully developed and ready for
field trials. First, the technological difficulties associated with developing a
genetically enginevred immunocontraceptive agent misst be overcome. Then it
must be demonstrated that the agent has the desined effect and only affects the
targed pest, The possibility that the pest will develop genetic reststance, and social
and ethical implications anc some of the other ssues that have to be addnessed,

Immunosterility to control foxes, rabbits and house mice

The Conperative Research Centre for the Biological Control of Vertebrate
Pest Popalations i attempting to develop genetically engineerned viruses o
control pests by immunosterlisation.™ "5 Immunesterilisation i= a
captivating idea. The aim is bo use a virus, or some other vector, bo carry an
agent that stimulates an auto-tmmune response in the pest animal and
renders it sterile. The agent can be a protein from the pest animal’s
reprosductive system, which is introduced fnto the vires' genetic material,
Wheen the virns infects thie pest animal and multiplies, it also replicates the
protein. The immune system identifies the viros, and protein, as foreign
amd attacks the protein even whiere it ocours in the animal’s own reproductive
systom, making the animal sterile. The hope ts that reduced fertility of the
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infected population will result in lower pest density and reduced pest
damiage. There ane several components to this research.

s Locating a suilable vector,

It the sterilising agent & to b spread by a vinus, one must be found that is
specific to the tanget animal. For House Mice, the mousepos or Ectromelia
wvirus is being used for initial development of the technique, but it is not
specific 1o mice and will never be used in the field. Mouse megalovirns,
already prosent fn the wild mouse population, may prove o be more suitable,
Thie mvxoma virus, which only affects rabbits. has been chosen as a possible
vector for rabbits. To date a virus specific to foxes has not been found as
promising candidates also infect dogs. Thus, for fones, the possibility of
distributing a nop-viral antifertility agent through baits, rather than through
a selfspreading virus, is being researched, Once a suitable virus has been
identified, some of its genetic sequence must be determined and a site located
into which the antifertility protein can be inserted.

m  Locating a suitable anti-fertility protein and conducting laboratory
trials.

Asearch is being made for a protein ansperm or o the female reproductive
tract of the pest animal that can be wsed to stimulate an antibody attack.
Several likely candidates have been located and some have been shown to
cause an immure response and intertility when inpected into the pest aninal,
Recent laboratory trials with altered Ectrnmelio virus have dramatically
lowerned fertility in female laboratory mice and ane the first indication that
virally vectoned immunocontracepthon could work.

s Investigating the biological effects of sterility and behaviour of the
virus in the wild,

The atm of this component of the research bs to best the effects of sterility on
pest animal populations. To achieve this, immunosterility is mimicked by
tying the fallopian tubes of femalies. This sterilises the female but does not
inhibit normal hormone function and hence, hopefully, normal =ocial
behaviour, The response of the pest animal population to different levels of
sterility is being tested. Preliminary results indicate that 50 per cont or mone

Sibilie G CF fenill
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of the sexually mature females in the rabbit population may nesd to be
sterilised before the population will fall sigmificantlv™ Other aspects of this
research include monitoring changes in the behaviour of the sterilised
animals and estimating the likely reduction in damage due to any redoced
densities of the pest animal, Transmission and survival of the virs in an
etfective form in the wild will also need to be researched.

Habitat manipulation

Habital manipulation can be an effective way o lessen pest damage. The principle
5 to mos iy Uhe halbitat so fhat it is less favourable for the pest or more favourable
for the threatened native plant or animal.

Habitat manipalation is.a commin technigque in rabbit control, Rabbits regquine
nutritious, short-croprped grass both for food and e that they can see potential
ground predators such as foxes and cats. They also relv on cover, whether it bea
warren or surface logs and vegetation clumps, for protection from bemperatun
extremes and from predators. Rabbit density con be reduced by removing surface
harbour and destroving warrens by rlpping or blasting,

Revovery of a rabbit population after control can be inhibited by allowing the
height of vegetation to increase. This may not be a practical solution for a grazing
property but may be possible ian o natore reserve, 1t was used o vidually eliminatie
rabbits from a high swamp in Namadgi National Park in the Australian Capital
Territory™" Habitat change, including warren collapse and vegetation changes,
fellowing the initial spread of myxomatisis is belevied to be thie major reason for
the virtual disappearance of rabbits from large ancas of the Rivering District of
MNew South Wales,™ ™

Awustralia s considered tobe the driest inhabited continent. Proviston of water
throviagh artissian bores has been essential toopening up the interior to pastoralism.
I western New South Wales and south-western Cueensland thene are very few
areas that ane mone than 1 kilometoe friom a water souroe, ™ Many of the bores ane
not capped and provide water across extensive arcas, The water has not only
benefited stock but alse native grazers, such as kangaroos, and feral amimals,
stch as goats, pigs, horses and donkeys, The States and the Commonwealth are
cooperating to close or cap most of the bones in the Great Artisian Basin both Lo
conserve water and to better control grazing pressune on the already degraded
native pastures. One other major benefit from this exercise is likely fo be a major
reduction in the density of feral antmals, most of which depend on water for
survival.

Halitat manipulation is also a useful means o reduce pest damage o native
animals. Faxes ane a major predator of native wildlife in south-western Western
Australia, including the Western Ringtail Possum."™ Usually these possums move
from e to tree through the canopy. However, whene tracks and logging have
opened the canopy they come to the ground whene they ane vulnerable to fox
predation, Long-term protection of the Western Ringtail can be assisted by initial
control of fowes until the canopy can be closed by revegetation. Fox predation of
normally arboreal animals occurs across much of Australia. Habitat modification,
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Habitat modification to reduce native rat damage to
sugarcane

The Canefield Rat and Grassland Melomys ane native rats that cause
extensive damage to sugarcane crops in north Queensland. Both rats live in
grassy anvas such as drain and creek lines, along fences and in pasture
paddocks. These grassy areas provide them with essential protein and cover
and protection from predators, Grassland rats breed prolifically when thene
i= an abundance of weeds and only invade cane crops when their prefermed
cover can no longer support the growing population. However, the rats will
not stay and colonise the cane if thene are no grass and weeds in the crop.

The key o managing grassland rats is to manage their preferresd habitat
andd also minke the canefields less attractive. Effective weed contral in cane,
by slashing and herbicides, robs the rats of thedr essential source of prein,”
Where herbicides were used to exclude weeds, crop damage by rats was
reduced by as much as 60 per cent.™ Revegeration of the creek lines is also
proving effective. The natural vegetation in the reglon before it was cleared
for sugar cane was fropical rainfonest and pockets of forest still exist nest o
thie cane crops. Studics showed that replacing cane grass with rainfonst
greatly reduced the density of the rats, by as much as 75 per cent within one
vear of planting.”™ The habitat modification is supported by strategic
porsoning of rats i seasons when necessary, carly in the breeding ovele,
betore their mumbers build up.

Mot only has habitat manipulation reduced damage to cane, it has also
benefited the local fauna by providing creek-line corridors linking blocks of
rainforest, and the local drop in sales of rodenticide may lessen the sk of
porsoming non-target animals,

including closing and revegetating unnecessary tracks and roads, may have an
important robe in helping o conserve many of these animals,

Rock-wallabies are believed o be particularly at risk from fox and feral cat
predation. Many remaining colonies of mok-wallabics ane now confined to rock
stacks where they are safer from fox predation. However, these areas are
considensd to be marginal habitat for the wallabies which ane mainly grasers.
There is good evidence that in the past they were much more widely dispersed
and grazed on pastures away from the rock stacks" Predator removal enables
the wallabies to use the mone favoured gracing sites and increase their numbers.

The ultimate in habitat manipulation to protect native animals from pestanimals
15 the establishment of populations on pest-free islands. Both Australia and New
Fealand have used this method (o help conserve many represeatatives of their
endangered and threatened fauni. An example is the Black-footed Rock-wallaby,
which was once abundant and widespread over much of central and western
Australia. The wallaby declined dramatically on the mainland, where it is now
found only in small numbers at isolated locations. In the 19705, it was imtroduced
tor fon-Eree Thistle and Wedge Islands in South Australla, where it is apparently
thriving ™
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Other management practices

As well as pest removal and exclusion, and habitat manipulation, many Land
managers are beginning to wse other management practices to reduoe the damage
caused by pest amimals. Lamb producers have been especially effective in this
area;'™ some have used smaller lambing paddocks P|:.1L|'Li close (o the house to
make it easier o monitor the flock and 1o reduce the chance of young lambs
bemg ledt wnattended by the mother. The ultimate in this approach is shed-lambing,
although this is likely to be economically sensible only to protect high-value stock
such as the young of stud animals

Mlirst prodatons of lamb= only kil Limbs up to few weeks of age. The availability
of lambs o the predator can be reduced by concentrating Evmibring toa short period
The effectiveness of this strategy can be improved by coordinating lambing with
neighbours so that predators such as feral pigs and foxes ane saturated with
[ tential prey. Timing of limbing can also becritical; Lamib losses could be reduced
by lambing in early spring when the density of foses i lowest, young foxes have
shoppisd dispersing and breeding has not yet started. Selection of flocks or '-hl.'l.'i‘
bresds with more profective ewes can alge help, Merine and Merino-cross sheep
are usually much poorer mothers than other breeds and may be better replaced
by other breeds when lamb production s the main objective

Another management technigue s to switch to an altermative product o
farming ||-|,'|1|1|1||||' thaat is hess susceptible to pest animal damage. For example,
lamb producers can switch to cattle andd grain growers can plant their seed more
deeply when a mouse plague bs likelv Some Quernsland sorghum producers
pick the crop early and shed-ripen the crop when mice ane plaguing, However,
the capacity to switch crops or the type of stock s limited and, usually, there 1s 2
significant cost Ufor example, planting ceneal seed deeper can reduce vield)

All management practices involve risk. Managers need to weigh up the costs
and benefits of switching crops or changing practices that are likely to affect their
retums.
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Improved management to control parrot damage to Bluegums

Cultivating Bluegums for wood for the production of paper is a new and rapidly developing industry in
south-western Australia. Bluegums grow rapidly and can be harvested on rotation about every 10 years.
Much of the planting is on farmland where the trees help reduce salinity, waterlogging, and erosion, are an
excellent shelter belt for stock and crops, and provide an additional supplement to farm income.
Approximately 40 000 hectares of Bluegums had been planted by 1995, The estimated gross annual value to
producers frim a projected planting of 100 000 hoctanes i= $90 millon ==

Australian Ringnecks cause significant damage 1o the crop; it is estimated these parrots will cause major
damage to an area of trees covering about 200 per cemt of the land suitable for Bluegum plantings. The binds
atrip the bark from the branches and cut the lead shoots, deforming tmees. Losses occur in total wood valume,
loss of log quality, inereased debarking and other hapdling costs for deformed trees, and increased costs
froam harvesting highly forked trees. The trees are maost susceptible to parrot damage during about the first
18 months, after which losses ane relatively small,

Several salutions were proposed to neduce thie damage. They included killing the binds, using repellents, planting
decoy crops to attract the birds away from the main crop and silvicullure practices to rectify the damage after it
has ocourmed, OF thisse only silvicultune and o decoy crop of songhum and sova bean planted near the plantation
uncler threat seem li be successiul, Shooting did not reduce the damage ™ Indeed, indiscriminate shooting can
imerase th damage in some crops, as has boen found with sunflower crops.” Parmots feeding on the crop will
drop the sunflower head in response o the gunshot and pick off a new head when they return.

Silvicultural techmigues for recovening losses include thinning deformed trees to give remaining trees
more room o grow, and prunng the multiple leaders caused by parrots back to one. Trals showed that the
benefit gained (rom silvicultune was 25 bo 5 times the cost, =

Ty viwe of sifsendtiere o fessen perrof damage L -
tit Bluegumts gronr fior fimber proufiction
fafter Ritson™ b, If the gumes ane prined at
Hheew pesars of age (), so thaet By anne Left il Foninig

i pesatin stem e ano featoder aetinch puierints caet —_—r————
alimaipe. b 10 wewrs Thew prafice a oy of
profered beagtl Gk gl can be Bigped with
only ore sow cut anl borws little waste. By

contrist, the umprioned dnees rjuiee Hiree cuts
fall. vt i Hie harse fog does st imect smiminti T prre—
Ty fetimells 2 peciifications if i weshod alimg
with the fisrk crutch R g I
™ "
g V0 R 18
g
N rﬂi H. T SR T
[y Ry e Pt Ty g
U a BT e

73



Introducing the strategic
approach

Preads et plisd o of sty faptors
Hiart ey influenoe sastainafle
Linined e st mviesd D comsddersd
Iy londf mamngers, afectlier om Hie
Sirrmy o fle matbieret reserve Gl
Senilarly, pest prsdiems st be
vienedd i the eottext of il Hee
iyl aifoersities ampering

comserivitnam of emdnargerad species

o camimnrities fl

74

A whole system approach to land management

Pest management is much more complicated than simply reducing pest numbers.
It i= fust ome element of o complex ecological, economic and social system that
farmers and land managers operate within, Thus, pest management is best
approached as part of the whole system of Lind management.

Pest ammal management cannot be fully effective without considering other
factors that influence sustainable use of the land. For a farmer these might include
choosing the rght type and variety of crop, level of fertiliser and marketing
strategy, or the need for a better water distribution system. A high lamb marking
percentage, an aim of a profitable far lamb enterprise, might depend on ram
fertility, climatic cond itions, food quality, disease status of the evwes and cover for
newborn lambs, as well as the level of predation by foses, For a nature reserve
manager, factors that affect the conservation of native wildlife in the reserve
include the size and effectiveness of the buffer zone between the reserve and
undesirable outside influences such as pests and stock, disturbanoe by visitors,
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INTRODUCING THE STRATEGIC APPROACH

the fire management regime, weeds, the effectiveness of wildlife dispersal
corridors, the size of the breeding populations of the animals 1o be conserved, as
well as the effectiveness of pest control programs.,

Tinrasfterse, costly Boet doapprogerdate contbrod sbraltegies aee adogefed i nmging Beth for
oo fion aod consermation.™

For effective, sustainable land management three major elements should be
considened which greatly influence the approach Lo and effectiveness of pest
animal management:

8 Ecological—pest management that tikes into account the relationship between
organisms and their environment, specifically, the interrelationship between
communities of animals and plants, soil and water resouroes, and other tactors;

8 Economic—relating to the costs and benefits of various pest management
stratigies;

& Social—covering a multitude of factors, from the attitude of nelghbours 1o
copperative pest control and the attitude of individuals to pest animals (for
example, ‘| just want to get id of them') to the impact of commumity groups
through restrictions on technigues and practices due toconeerns about animal
wiellane, as well as any political considerations

Many individuals and groups have an interest in pest animal management.
They include farmers, nature reserve managers, government agencies, banks,
animal wellare and nature conservation groups. Failune to adequately consull
and take into account the views of all major plavers when determining the best
apprach to pest animal management, may hinder effective management of pest
damage. For example, i a neighbour has littde imterest or is opposed 0 some
forms of pest animal control, they are unlikely to cooperate.
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An integrated planning system sech as o Noture Reserve Management Plan or
a Property Management Plan is a good way 1o analyse the interrelationship
between the factors that determine the proditability of an enterprise. The Paoperty
Management Mlanning progran is a joint initiative between the Commonwealth
and State and Territory governments. 1t aims to assist farmers and their advisors
to improve their business and natural pesource management skills, including short-
and long-term planning, risk assessment, and drought and pest management.
Increasingly, individual farm management plans are being linked through Total
Catchment Management Mans or Reglonal Management Plans. Advice on farm
and regional management planning can be obtained from local Landeare or Total
Catehment Management coordinators
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Key principles of pest management

Several key principles underpin sustainable pest animal management, Since the
main aim of most pest control is lo reduce pest animal damage and promote
sustainable production or the conservation of biodiversity (the presdrvation of
the natural variety of native fora, fauna and habitats), it is not surprising that
many of the principles are the same as those for Ecologically Sustainable
Development (ESD, see below,

The main alm of ESD is o provide future generations with an environment

that ts at least as healthy diverse and productive as that expenenosd by the present
generalion.

16

Ecologically Sustainable Development

The idea of sustainable development was crvstallised in the 1987 repaort of
the World Commission on Environment and Development, the Brundtland
Report, This report defined sustainable development as that which ‘mests
the needs of the present without compromising the ability of futune
penerations o mevt thiir own needs”. In 1990-91 the Commonwealth, in
covperation with the States and Torritories, business, farmers and the
community developed an Ecologically Sustainable Development (ESD)
strategy for Australia,

There are a number of principles that guide ESD." Thaese that ane of major
concern (o sustainable land management and pest animal control in
particular ane:

& ensuring that the nest generation is left with an environment that is as
least as healthy and productive as that experienced by the present
pencration;

& protecting the diversity of our native plants and animals and maintaining
the ecological process and life suppart systems. An example is ensuring
that our waterways are not degraded;

m taking info aocount the real value of environmental and natural resources,
As far as possible, the price placed on natural resources should reflect the
full social and envirenmental costs of their use. However, theee is no simple
formula for valuing natural resources that are not normally bought and
sold. Economists have developed technigues such as Hedonic Pricing and
Contingent Valuation in an attempt to value these natural assets == They
are based mainly on estimates of how much people would be willing to
pay 1o protect or improve the environment. The fear is that our natural
assets will be lost or irreversibly damaged befone they can be accurately
valued;

m applving the precautionary principle to land management practices. This
requires that risk and urcertainty are deall with cautiously and care is
taken with actions that have reversible consequences, An example would
be to err on the side of caution when considering whether to allow the
import into Australia of a new animal that could becomae a pest,
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Other key principles that underpin the new approach o managing pest animals
inchude taking account of animal welfare concems fsee *Adtitudis o animal welfane,
pages 22-24), adopting & whole system approach to management (see pages 74—
751 and invalving all major interest groups in dealing with the pest management
Issue (see Chapter 81 Three additional principles are important: beneficiany-pays,
the rule of legislation, and the management of total grazing pressure,

Beneficiary-pays

The Commonwealth, States and Territories have endorsed the principle of
beneficiary-pays. "™ For land management, the trend bs to ensure that the full costs
of pest animal control are identified and. where appropriate, assigned 1o the
individual or group of individuals that benefit from the pest control. Benefits are
nod omly fimancial gains, but can also be non-market benefits, such as improved
protection for a threatened native plant or animal

The identification of beneficlaries and true costs of management have
tmplications for all arvas of land management, it Least for conserving Ausiralia‘s
natural heritage. Formal nature reserves and national parks alone will never be
adequate to conserve binlogical diversity because many species ans not representod
on reserves.” ' Several reserve sysbems are fragmented by other land management
practices such as urban development and farming. This is especially true of the
soutlwestern slopes of eastern Australin and the wheat belis of South and Western
Australia. Protection of natural biodiversity should e an objective for none
protected arcas such as agricultural and forestey Tand that contains important
matural habitat.™ 1

Many landholders ane willing to pay for some of the additional management
costs involved in controlling predatiors such as the fox to a greater extent than s
necessary to protect agricultural production. However, where the cost s likely to
be significant and the landholder is not the main beneficiary (it may be the
community in generall, mechanisms should be developed to identify the major
beneliclaries and ensure that they contribute to the management costs. For
example, a grazier might control rabbits to protect the land resource base and 1o
Timit damage o production. However, to ensume successiul regeneration of native
vegetation, rabbits may need 1o be kept at much Jower densities. Protection of
native plants has a community benetit, and in principle, the community should
contribute to the additional control costs. Ideally managers necd to know how
much damage a pest bs causing, and the cost of controlling the damage, <o that
the community contribution can be determined. However, this information (s
rarely available (also see Test damage’. pages 32-550,

The role of legislation

Legislation and its enforcement are important components of pest animal
management, especially whene they apply (o responsibilities such as the control
of access toand appropriate use of poisons, However, legislation that directs land
managers o carry out certain actions, such as rabbit control, s being replaced
with begislation that assists rather than requires appropriate management action.
The older form of legislation, often called the command-and-control legislation,
is applied increasingly by governments only as a last resort. For example, it has
been used to encourage farmers who for one reason or another refuse to undertake
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pest control and cooperate with their neighbours, o meet agresd community
objectives for managing pest animal damage.

The major role of legislation should be fo encourage appropriate management. ™
Tt should state the overall management philosophy and the resource values to be
protected, The Sondl Awstralianr Pastoral and Liond Marsagesent Ack 1989 §s an
example of the pew approach to legislation. The Act and associated policy
documents establish objectives for managing leasebold and pastoral land, and
provide for negotisted property plans that aim for sustainable land manageawnt.
This includes control of excessive grazing by both domestic and wild animals, As
a backup, penaltics can be used against those whis fail to abide by property
agreements to protect the land.

Managing total grazing pressure

Omneof the most important elements in any gracing svstem s the stocking rate™
Excessive grazing pressune can case severe land degradation through loss of
vegetation and sulsiquent sofl erosion. Degradation occurs in the improved
pasture lands, which are located mainly in higher rainfall arcas, and the
unimproved or native pastunes of the rangeland, located mainly in semi-arid and
arid areas. Damage due to excessive gracing can be treated mone readily in
improved pastures than in the rangeland, consequently, further discussion is
concentrated on the rangeland.

Almaost 75 per cent of Australia is rangeland, most of which & in the arid
interior.™ The majority is controlled by pastoralists or is Aboriginal land, Tt hasa
rich assemblage of native flora and fauna including what is believed to be the
world's most diverse reptile fauna ™ Across the rangeland, especially whene it
has been wsed for pastoralism, many native species, particularly native mammals,
have become extingt or been reduced to small isolated populations. ' While some
States and Territories have reserved significant sections of rangeland, sarvival of
native plants and animals also depends on appropriate management of native
plants and animals on privately managed rangeland, '

Much of Australia’s rangeland is degraded, due mainly to grazing pressure
from domestic animals ™" 55 Much of this damage was unintentional. Past
management practices, adopted from those used for more stable systems in
Europe, ane now known to be unsuitable for fragile, infertile rangeland that is
alsosubject to extended droughts and intermittent perfods of high raintall.

Continued overstocking of rangelands leads to destabilisation of natural
pastures, mainly grasses in the north, and shrubs in the winter rainfall aneas™
MNatural pastures help to stabilise the grazing svstem and anc essential habitat for
much of the rangeland’s native ground animals, Graging pastures more beavily
than they can sustain, espectally during drought, can cause them to be replaced
with less stable annual plants, most of which are weeds,

To maintain native pastures, total grazing pressure, including that of stock,
fieral amimals and native gracems, must be limited, Indeed, such control ks essential
if the three recommended primary management goals for the rangeland are to be
achieved:

& protection of the vegetation base and soll nesource;
m maintenance of natural biodiversity; and
® sustatnable pastoral production™,
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INTRODUCING THE Y\TRATEGIC APPROACH

The strategic approach to pest management

The strategic approach is 4 process of planning, action and evaluation, dev elorpod

to help land managers address pest management problems. It was developed by

the Bureau of Resource Sciences in cooperation with States, Territories, CSIRO

and national farmer and nature conservation groups.™ The basic steps in the

approach ane

a define the problem in terms of alleviating the damage caused by the prst isee
Chapter &, pages 81-93);

u determine the objectives of the pest managoment plan (Chapter 7, pajges 94-95);

u identify and evaluate the management options and develop the management
plan (see Chapter 7, pages 95-107):

& implement thie management plan (see Chapter 8, pages 10581171 and

m monitor progress and evaluate the results against the stated objectives (see
Chapler 8, pages 117-118), If necessary, return to the first step and redefine the
problem

For most management situations, best practice management will develop as
the L:1LH\-‘!I.\J;'_1;;;.|IM~.| by ex F\'r‘il"l'u. s 111nlqn|r.|||_~|_| invbor the el strategy,
Using the management system in this way, o refine pest management strategics
i called adaptive management or ‘learning by doing’. Land managers learn from
thuir past successes and mistakes, and those of others in similar situations, and
combinge them with rescarch findings and technical information to continually
improve management and care for thetr land in o mone sustainable and cost-
effective way

e
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4 pest control techniques

Choosing a control technique

The armory of technigues available for managing pest antmals is surprisingly

lirnited. This has a lol to do with some of the common characteristios of pests. s

techmically difficult and wsually expensive todevelop and apply technigques against

populations of animals that have greal powers of recovery, disperse readily and

are highly adaptable (see Chapter 3. Other concerns such as animal welfare,

harm to non-target animals or other resources, and contamination of =oil or

agricultural crops, further limit the number of techniques that can be used.
Currently, there are five approaches that ane sseful for the conteol of pest animal

damage:

killing, or remgwing by potsoning, shooting, rapping or mustering:

exchusion;

Eicslogical control:

habitat manipulation; and

other management practices.

Despite the relatively small range of suitable techniques, there ane many
examples of successtul control of pest animal damage. Tvpically, these have nelicd
un strategic application of technbgues at the maost eritical time in the agricultural
production evele and for when pests are most valnerable to control, such as after
their mambers have been reduced by drought.

It is essential to choose the appropriate control technigue or combination of
techniques to suit the management strategy. While a number of technigues may
be possible, some may not be practical in certain circumstances. Certain technigues
ane effective langely negandliess of pest density, while the sticcess of athers depends
on density. For example, ground shooting al waler points may be effective for
goat control when water s scarce, but only after other technigques such as
mustering or acrial shooting, which ane effective at higher pest densities; have
resduced the population toa low density, Some lechnbques ane suitable for frequent
application whereas others ane not.

For example, repeated warren ripping (destruction], to treat new warrens as
they appear. will not reduce the technigque’s effcctiveness for rabbit control,
whercas rabbits may begin to avoid 1080 baits (sew page 0 if they ane applied
tow elten. Similarly, trapping feral phgs may can be effective when first used inan
arva, but the pigs quickly learn to avoid the traps espectally if they are poorly st
and animals can escape,

A decision matrix can help managers determine which alernative technigues,
or combinations of techniques, are most workable and acceptable tsee Table 4.15,
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Table 4.1 A hypothetical decision muatrix 1o assess 10 possible options lee contralling fox damage on a sheep property, A
“yeu' indicates that that the control method meets the criterion and 4 spuestion mark appears where e ks insufficlent
information on which o base a decision. The desirable option, in this case poisoning. is that which mevts the mast criteria

Fary ool iyt kv Techmfcnlty WAIT f ek ? Econmirmically  Envinonmeritally Puiticiafly Secwily
poifale drprpibde? iesfrlife? aeevptabde? deeppdahle? aperptable?
Killing

Shooting Yes Na? Yis? Yes Yos Ye=
Teapping Yes No No No? M No
Possoming Yes Yes Yien? Yeu? Yis? Yim?
Fertility contral No r Vi Vs Yo Yim
Habbtat manipulatbon

Debioy dhems Yot T ? Yo s T
Exclusion

Electric tence Wi Ml N Yes? s Vs
Guard dogs Wien r Y= e Y Y=
Chther management practices

Switch to cattle Yew Yos Mol Yew Yo Yes
Lambang im a shed s Yo Mol s Yes s
Coordinate Lambing with Yes Yis? Y= Wi s Yis

nelghbours

S Afer Masriom

Killing or removal

Thiere are fiur means commonly used for killing or removing animals: potsoning,
shoating, trapping and mustering.

Poisoning

Pobsons were one of the first technigues used to control pests in Australia and
they remaim a primary method, A varety of polsons bave been wsed including
arsende, cvanide, strychning, vellow phosphorus (CSSP), anticoagulants such as
warfarin, bromodialone and pindone, and sodivm monoflumacetate or compound
1080, Similarly, poison has been delivered in baits ranging from chicken heads
and meat bo apples, coreal grains, thistle roots and even sandalwood twigs (laced
with strychnine), Adding potson fo water was also s commuon pest contrl practio.

Past methods were often indiscriminate and resulted in substantial losses of
native wildlife and considerable risk to humans and livestock. Befinements have
now made poisoning much more effective and pest specific. These include studies
of animal behaviour to determine how and when to poson, development of
poisons that tanget certain animal groups, and modifving the way poisons ane
delivered, such as the tse of more target-specific baits or bait stations.

Compound 1080 s an example of a relatively new poison that is used to control
avariety of pest animals. Tt is an acute metabolic poasan that blocks the energy
production pathway of animals usually resalting in death from heart or lung
failure, There is considerable variation in the susceptibility of animals to the poison:
dogs and foes ane extremely susceptible; rablbits, sheep, cattle and humans ane
maodierately susceptible: and birds and reptiles ane relatively tolerant.®

The active mgredient of 1080, Mumacelate, occurs naturally in some nabive
vegetation, especially in Western Austrafia, and some native animals have a high
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natural resistance to the poison.™ This has enabled wider use of 1080 in that
State with Tittle risk to native non-target animals. The poison has the added
advantage that it is broken down rapidly by soil bactenia and fungi to non-toxic
compounds.” However, a major drawback to its use is that there is no known
antidote, This has led to the search for alternatives for use in areas when: there is
concern aboul non-target poisoning of pet dogs and cats, particularly in semi-
arid country where the compound breaks down relatively slowly, Pindone, for
which vitamin K is an antidote. is now the poion of choice in these areas.

Table 4.2 A compariscn of e commennly used rabbit podsons 1080 and Pindone and &
potential nesw podson, cholecaleifomo]

I}?{mh‘r‘mlﬁﬂu Jiiger Finutone Chudecalyifirml
Higzh tersicary fas rablsits Yis Yes Vs
Lowy boicity o odber mammals No Vs Probably
Lo okt bos beimds Yo Yes Probably
Causes painless death IProbably Mo Probably
Slw-acting® Mo Yes Yes
Has an effective antidote Mo Vs 7
Ohborless and tasteloss Yis i Probably
Do it mevquine pre-baiting N Yes Yis
Reaccepted readily Wi Y= s
Cumiilative M Yis !

In baits—has a long sheli-life Vs i 7

In baite—rusists min and diw M Yo Probably
Diows nosk persist b livestock, Wil Nir v
Diopgrides rapidly in dead rabibits Sommetims Mo Yis
Degradies rapidly in the feld s No 1]
Low cost i Nao Tes

tmariw asbagrind [ Wikl ot &l
*ahweaiting cain b & olisiralile s hardtensic bessise i kdves bune b apply s antidobe 1 Uhe posson @ il
P pwramirs o psmlarged ansmals, o enanmple, peis

The selectivity of a polsoning campaign can sometimes be enhanced by

B prebaitimg with unpoisoned bait and checking tracks and other signs to ensune
that enly the target animal i taking the bai;

8 using a bait thatis most altractive to the target animal—for example, feral pigs
are poisoned wsing a fermented wheat balt, which is not altractive i many
other animals;

® using the minimum concentration of poison sulficient to kill the target animal;

w placing the bait so that only the target animal s likely to ke it—for example,
in the prime feeding area of rabbits, by buryving baits for foses and feral pigs,
of by using bait stations for rodents that other animals cannot enter; and

& if practicable, collecting poisoned carcasses and buryving any exposed bait at
the end of the campaign.

A variation of poisoning s the use of fumigants to kill rabbits and foxes in
their dens. Chloropicrin and phostokin are commanly used fumigants, They ane
asually applicd using a pressure fumigator and kerosene is added to produce
white smoke that can help to locate all warren entrances so that they can be
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Blicked. Hivwe
similar dioubts about phostosin, Attention has recently turmed to the vse of carbon
monoxide a5 a more bumane altermative fumigant.™

f, chloropicrin is considered to be inhumane™ and there are

Shooting

Pest animials can be shot efthier from the ground of from the aic Although common,
ground shooting of pests is not considened to be a highly effective technigue for
mest pest animals because it is fime consuming and shooters can cover only a
relatively small arca. [t has been used suceesstully vo control feral goats in Mew
Lealand and to mop up goats that remain atter mustering and helicopter shooting
in the Gammon Ranges in South Australia, Local hunting groups have been co-
opted to shoot goats as they come to watering points.”™ Welfane concerns make
shooting unacceptable in arcas whene it is not possible o follow-upand dispose
of injured animals

Shooting from helicopters is used o manage a range of feral animals including
harses, donkeys, goats and pigs, Most often it is emploved atter the population
has already been reduced by other methods such as mustering and trapping. The
efficiency of helicopter shooting can be improved by enploving a spotter aircraft
o locate groups of pests and, using a Global Positioning Svstem, 1o accurately
pinpoint their position and relay it to the belicopter, The National Consultative
Committes an Animal Welfare reluctantly accepts helicopter shooting as an
efficient contral technique provided that it is done by trained shooters using
wizapons of a suitable calibre, and that there is immediate follow-up to dispose of
wirtmded animials.

The ‘Tudas animal’ technigue has been used to locate small groups of animals
that remain after the majonity have been removed. Thie Judas is a wild pest animal
that is trapped, fittes] with a radio-collar and released o join others of its Kind
The gromp is located from the air or sometimes the ground and shot, leaving the
Judas animal to join and betray another group. The technigue works most
effectively with animals that are strongly social. such as feral goats and donkeys
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Trapping

Avariety of traps has bevn used on pest animals, frim small break-back, leg-hold

or mesh cage traps to larger silo traps and fepoes around wate

g it

(e to concerns about animal welfare, steel-pwed (gin traps) traps for rabbits
and Foxes are now banned throughout maost of Australion, They ane sl used for
Pingo control although this s dechimmg: i Victora soft-catch triaps ame now used
for wild dog control. Small traps are not usually recommended for pest control
This i= mainly because they are expensive and time constuming to distribuate and
hawer nodt been shown to reduce damage by pests unless only a few individuals

A caiismge the st problem
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Larger, baited traps have been used for feral pigs, and seli-mustering traps set
at water points are commonly used for feral goat control. The increasing popularity
of large traps i partly due to Laind managers being able to see what they have
caughtand it atso allows them to supplement thetr income by selling the animals
In 1995, 3 45 kilogram dressed-weight feral pig was worth approximately S160 a1
the chiller. Trapping can be carvied out by the land manager and timed o it in
with routine property activities. Self-mustering traps have been found to be very

effective bn semi-arid country, especially mdey tmes when the animals ane forced
toventer to drink. The traps ane also useful for mostering sheep

In spite of these benefits large traps can be time consuming amd expensive to
construct and maintain, Animals quickly become trap-shy, especially if they enter
ap. For pest animals such as feral pigs,

and manage o escape from a poorly set

porksoning 1= wstially much more cost-effective”

Mustering

Like trapping. mustering large pest amimals such as feral horses and goats has
the advantage that the animals can be sold. The muster can be carried out from
o o

horseback, motorbike or helicopler or, as s often the case, by a combin
aerialand ground work. [t is usually elfective only when the pst is reasonalbly

common—above oneanimal per square Kilometne for feral goats.™" The efficiency

bl
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of mustering varies and in Western Australia an average muster vielded only 30

o 40 per cent of the feral goats. By contrast, in the Flinders Ranges of South
Australia, approximately 80 per cent of the population is taken in an average
muster, Cihaer control methods are used if the pest animal population nesds to be
reduced furthir

Mustering must be planned carcfully, using skilled operators to direct the
animals into appropriately located vards. Tame manes released amongst feral
horses can help to attract lead stallions and to settle the herd. Electric fencing to
exclude animals from all but a few watering points can help to concentrate the
herds and improve the effectiveness of the muster,

Exclusion

Simce the carly days of European settlement, fencing has been the most common
miethod wsed toexclude pests froman area, Probably the best known fence in the
world is the Dingo fence that stretches from Quieensland through New South
Wales and across South Acvstralia to the Great Awstralion Bight—at 5614 kilometres,
it i= 3374 kelometres longer than the Great Wall of China. The fence divades the
soutthern and eastern sheep grazing lands from cattle and Cingo country,

There are many types of fence used to exclude pests “* * They mclude
conventional stock fencing, electric fencing and purpose built fences to protect
mative animals in private zoos, Electric fencing is relatively cheap compared with

i ok fusbon of

comventhonal stock fencing. It s particalarly wseful for short-te
pests, such as the protection of a ripening melon crop-against feral pigs.™
Conventional feng TN 1S cxpensive; i oost MNZSIE (KK per kilometre 1o exclude
feral goats from an extensive area of native forest on Arapawa lsland, New
dealand. " Eventually, the goats broke through, highlighting the need to be sure
that the purpose and likely effectiveness af the fence is clear before committing
FUsOTCes Lo il

Mevertheless, fenoes can be an important component of etfective pest control
They have been used to psed to break up areas into manageable blocks for control



The [h
bl af 5

e Arrrfchvs for

I
Wlinke

Thist Dhiniss

EMargines from f

e Pl
1 el
eursbers shieep grezing lands

{ arriss Sondh Anstrnlia

\'.
\
| J VW Mow Gous
v N 4l Wikt Fi
T = A
S~
-
3 ¥
'
'-{ L —
L=

of foral goats in Hawaii, and have also been used to exclude feral animals from
s wWatering polnts and so concentrate them al water whene traps ane sef.

They can also stow dispersal, making conteol on the protected sic
and economic

smane feasible

Foxes ane agile and

adaptable animals that are difficult to exclude with fences
Thisv have been know

vraise a litber within a fenced enclosurne, ;
scale o formidable electrified fence to b

d to regularly
aned retuen with food for thelr voung

Mevertheless, fencing has been used successfully to esclude foxes and feral cats
From o and

vate wildlife parks. The fence design wsually incorporites several
electric wines and a roof or overhang. Warrawong Sanctuary in South Australia
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hias sucoessiully excluded foxes using high netting fences with unstrained
overhanging tops, A pp.m-utll.' the Moppy nature of the upper section of the fence
provents foses from climbing it

The success of a good fence depends on appropriate construction, regular
maintenancy, frequent monitoring for breaches and gquick action to remove any
animals that broak through. This is particularly imporiant whene fenoes ane gsed
o exclude predators such as Toxes from valuable collections of native animals
a fox can kil many anemals ina very short l."l.'rlnl'~|

Coisid aquality long-lasting petting, to exclude birds, is the most effective
profection of grapes in vineyards " 1t must be correctly applied, draped over the
vines and gathered under thein, or with a skirt that may be covered with sodl, to
prevent birds entering from under the nek. The maesh should be 20 millimetres or
Jess in digmiter to prevent birds from becoming entangled, not only bevause of
animal wellare considerations but also because foxes may tear the dead binds
from the nets, Depending on the quality of the grapes and the previouws Teviel o
damage, costs can be recoversd In as litthe as a vear For low-value grapes, nets
may ok be eoonomai

Anpther method used to exclude pests from an area = guand dogs. In the
Muditerrancan, guard dogs are used suc vasfully to prrotect divmaiestic goals from
predators ™ Some lamb and goat producers inAustralia ane experimenbing with

'.'_u.'nld J.u;- and vven .\.||.".h'.ll-
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Exclusion of pests: the Dingo fence

The story of the Dingo fence that crosses southern Chacensland, north-western
Mew South Wales and South Australia is a fascinating insight into the lengths
farmers and governments go to in their attempts to control pest animal
damage.” Three State Dingo barriers link (o form the 5614 kilometne fenoe
which, until 19800 when the original Queensland barrier fence was re-routed,
spanned an incredible 8614 kilomatres,

The fence started life as series of barriers, completed in 1890, designed o
halt the spread of rabbats. They were failunes for a number of reasons, not
least because they were buill oo Tate, and eventoally fell into disrepaie By
the carly 190k, the Dingo had become as important a pest to the pastoral
industry as was the rabbit and it was apparent that the flourishing wool
indusiry would not survive without protection. The Wild Dogs Acrof 1912
st the land rate for fenced land at half that for unfenced land and successtully
encouraged construction of vermin barriers, The rabbit fenoes wene nepained
and thousands of kilometres of private barmiers enected —54 646 kilometres
inSouth Australia alone by the early 1930s. By then the Dingo had become
increasingly scarce in the south and east and a single barrier seomed the
most eoonomical way to prevent movement from the Central Australian catthe
arcas.

The Dingo fence helps o exclude Dingoes from sheep country. However,
it is expensive to monitor and maintain and is frequently breeched, washaed
away or covered by sand drifts, On top of this, properties that border the
fence need to conduct periodic wild dog control to nemove those animals
that break through, Nevertheless, the barrier bs probably the only solution if
sheep farming is to continue sast of the fence.

Another complication is that inskde the fence kangaroos and emus abound,
whereas outside they ane much less common, Some pastoralists wionder whether
shevp lesses due 1o wild dogs may be preferable to pasture damage caused by
high numbers of kangaroos and emus. By nestricting movement, the fenoe
probably also has a significant negative impact on some other native animals,

Biological control and anti-fertility agents

Biodogical control is the wseof one onganism, such as an agent of disease, tocontrol
another. The release of diseaseand fertility control ane often suggested to be the
ultimate answers to pest problems. Many see them as low cost, long term and, in
somae cases, humane alternatives o conventional pest control. = However, these
hopes ane seldom realised. In reality, the release of diseases o control pests is
rarcly the full solution and, at Teast in the short teem, the development of effective
fertility control agents for broadscale pest control appears unlikely:

The rabbit-specific myxoma vinas, which causes myxomatosis, was introduced
o Awstralia to control rabbits. When sild rabbits wene first exposesd to the virs
in 1951, 99 per cent of individuals that contracted the disease died. ™= In the
second vear 85 per cont died and in recent vears the death rate of rabbits that
contract myxomatosis hos often been less than 50 per cent, Nevertheless, it is
estimated that Australia’s rabbit population is now about half that before the
release of mysomatosis and, in conjunction with other technigues, the disease
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remains a valuable control agent. The recently introduced rabbit calicivins disease
(RCDY has caused some initial reduction in the rabbit population, but like
myxomatosis will not replace the need for ongoing rabbit management™* (siv
below ‘RCD, a patential bological control agent for rabbits'l,

Unfortumately, discases such as mywomatosis and RUD ane the exception rather
thar the rule ™ Many other discases that could be ised o help control feral animals
such as feral pigs and goats also affect important domestic stock of the same
specics.” Domestic animals could be vacemated against some diseases, but this
= likely 1o be expensive and may have unforesecn implications for overseas trade,
Another consideration s that some animals such as the fox and rabbit may be
pests in Australia, but an important caomponent of the fauna in their native
countries.”™ Biological control techniques being developed for introduced
Common Brush-tailed Possums in New Zealand, for example, if released in New
ZLealand. may spread to Australia where they could have devastating effects on
these and other native possums,

RCD, a potential biological control agent for rabbits

Rabbit calicivirus disease was first recagnised in China in 1984, It spread
throughout Europe and Asia and by 1992 had reached Britain, Typically,
RCD causes blood 1o clot in rabbits’ heard, lungs and kidneys and within a
few days of infection they die from heart or Tung failure, Overseas studies
show that in the labaratory the disease can kil over 99 per cont of infected
adult rabbits, ™

Australia and New Zealand began research into the potential for calicivins
disease to conteod rabbits in 1989." Risults of laboratory studies into the
virus® etfectiveness and species specificity wene promising and feld trials
commuenced in 1995, on Wardang Island off the South Australian coast. By
Oxctaber of that vear, the viras had escaped and was killing rabbits on the
matnland. Initially, the virus spread fast, sweeping north-cast from the
Flinders Ranges, Yunta and Point Pearce through the arid zone, leap-frogging
large distances and leaving areas with almost no rabbits. By varly 1997, aided
by deliberate releases, it had spread patehily across the entine distribution
of the rabbit. Its performance appears to have been greater in arid and semi-
arid arcas than in wetter arcas,

Before deviding to deliberately nelease RCD, Commonwealth, State and
Terntory governments madie thorough assessments, Public submissions wene
invited and the main concerns ratsed wiene the possibility that animals other
than rabbits might be infected, the potential threat 1o pative animals when
introduced predators were deprived of rabbits, and the likelihood of harm
to mative predators, mainly birds of prey that eat rablits. It was decided that
RCTwas specific to rabbits and effective in that it killed rabbits, and release
wis authorised,

The virus has not behaved as predicted based on European experionce
and there is much to learn about RED, The rate of spread in Australia, about
501 kilometnes per week eastwards and northwards from its ariginal outbreak,
was miuch faster thas the few hundned metres a month reported for Britain, ™
Although it i5 not known with certaimty, the main agents for the spread in
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Australia are thought to be flies. New technigues for effective delivery of
thie disease, such as a virus-laced bait, ane being tested, Some of the other
aspects under investigation include determining how the vires spreads and
identifying the vectors (lransmitting organisms), how it interacts with other
control methods such as myxoematosds, and whether it persists under
Australion conditions.

Comparisons with the myxoma vires, which is spread by rabbit fleas and
mosquitoes, are inevitable,” Myxomatosis, imported to Wardang [sland for
testing in the 1930k, escaped from tiest sites in the Murmay Valley in 1950
Imitially, 99 per cont of infected animals died and rabbit populations wene
reatly reduced. However, by the late 1950s resistance in rabbits and changes
in thie virus had bessened the virus” impact. Rabbit numbers increased again,
bt dbd nont retuen bo former numbers

Anti=fertility agents aim fo limit the reproductive success of pests and hence
reduce their numbsers, Effective fertility control of wild pests is hindened by high
comst, failune o treat enotggh animals, accidental treatment of non-target animals
and inability to administer repeat doses, These difficulties can be overcome for a
relatively small and confined population of pests where comtrol costs are not a
mapor consideration, such as the Eastern Grey Kangansos on the grounds of
Government House in Canberra, the males of which wene castrated surgically.
Hiwever, it would not be feasibbe to treat, for example, 300000 feral horses spread
across Australia®”

To be effective, fertility ©
m Lack of an effective delivery mechanism,

There i no practical method known to deliver a sterlising agent to a high

proportion of & wild pest population. Must tests that have achieved fertility

control relied on hand or dart gun injection oradministration of frequent doses
of the sterilising agent through food or drink
m Behavioural and biological Resibility in the pest

There ane a namber of biological and behavioural mechanisms by which pests

can modify the effectiveness of an infertility agent. For example, pests may

il needs to overcomae the folloswing difficulbes:"

simply avaid the bait or any other mechanism used to deliver the agenl
Compensatory changes in a population subject 1o fertility control may also
limit any reduction in pest density by the fertility agent. These include increased
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survival of voung animals, increased immigration, and increased birth rate in
the remaining fertile animals. Young animals may also reach sexual maturity
earlier and so produce more young, All these responses have been seen in
animal populations subgect to control and could compensatee for meduced fertifity

& Humaneness of fertility drugs.
Many fertility drugs are humane, but some have undesimble side-effects or
are poisonous at high doses.

& Specificity to the target animal.
Unfortunately, few fertility control drogs ane specific to the tanget pest species.
The genetically enginevred sterility agents being developed may overcome this
problem for some pests, but are unlikely to do so for feral animals such as
goats, pigs and horses that are also kept as livestock. Similarly, fertility control
agents are unlikely to be suitable for wild dogs and feral cats because of the
risk to pets.

& Environmental acceptability.
Fertility drugs usually have low environmental risks, but residuoes in baits could
enter the food chain and affect native wildlife, livestock and people.

a Cost effectiveness.
Compared with other pest control technigues, fertility control using currently
available technology is extremely expensive for widespread and abundant

PE'SLE..

At present, chemical fertility control techniques, such as administration of
synthetie oestrogen b cause temporary sterility or sterold hormones to induce
abortion, appear to have fitthe chanoe of success as pest control agents.™

Genetically manipulated vireses that cawse sterility have some potential for
pest control, but research is still at an ecarly stage (see below Tmmunosterlity o
control foxes, rabbits and house mice’). Even if a virus or other suitable agent can
b fowmnd, i will be many vears befone it will be fully developed and ready for
field trials. First, the technological difficulties associated with developing a
genetically enginevred immunocontraceptive agent misst be overcome. Then it
must be demonstrated that the agent has the desined effect and only affects the
targed pest, The possibility that the pest will develop genetic reststance, and social
and ethical implications anc some of the other ssues that have to be addnessed,

Immunosterility to control foxes, rabbits and house mice

The Conperative Research Centre for the Biological Control of Vertebrate
Pest Popalations i attempting to develop genetically engineerned viruses o
control pests by immunosterlisation.™ "5 Immunesterilisation i= a
captivating idea. The aim is bo use a virus, or some other vector, bo carry an
agent that stimulates an auto-tmmune response in the pest animal and
renders it sterile. The agent can be a protein from the pest animal’s
reprosductive system, which is introduced fnto the vires' genetic material,
Wheen the virns infects thie pest animal and multiplies, it also replicates the
protein. The immune system identifies the viros, and protein, as foreign
amd attacks the protein even whiere it ocours in the animal’s own reproductive
systom, making the animal sterile. The hope ts that reduced fertility of the
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infected population will result in lower pest density and reduced pest
damiage. There ane several components to this research.

s Locating a suilable vector,

It the sterilising agent & to b spread by a vinus, one must be found that is
specific to the tanget animal. For House Mice, the mousepos or Ectromelia
wvirus is being used for initial development of the technique, but it is not
specific 1o mice and will never be used in the field. Mouse megalovirns,
already prosent fn the wild mouse population, may prove o be more suitable,
Thie mvxoma virus, which only affects rabbits. has been chosen as a possible
vector for rabbits. To date a virus specific to foxes has not been found as
promising candidates also infect dogs. Thus, for fones, the possibility of
distributing a nop-viral antifertility agent through baits, rather than through
a selfspreading virus, is being researched, Once a suitable virus has been
identified, some of its genetic sequence must be determined and a site located
into which the antifertility protein can be inserted.

m  Locating a suitable anti-fertility protein and conducting laboratory
trials.

Asearch is being made for a protein ansperm or o the female reproductive
tract of the pest animal that can be wsed to stimulate an antibody attack.
Several likely candidates have been located and some have been shown to
cause an immure response and intertility when inpected into the pest aninal,
Recent laboratory trials with altered Ectrnmelio virus have dramatically
lowerned fertility in female laboratory mice and ane the first indication that
virally vectoned immunocontracepthon could work.

s Investigating the biological effects of sterility and behaviour of the
virus in the wild,

The atm of this component of the research bs to best the effects of sterility on
pest animal populations. To achieve this, immunosterility is mimicked by
tying the fallopian tubes of femalies. This sterilises the female but does not
inhibit normal hormone function and hence, hopefully, normal =ocial
behaviour, The response of the pest animal population to different levels of
sterility is being tested. Preliminary results indicate that 50 per cont or mone

Sibilie G CF fenill
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of the sexually mature females in the rabbit population may nesd to be
sterilised before the population will fall sigmificantlv™ Other aspects of this
research include monitoring changes in the behaviour of the sterilised
animals and estimating the likely reduction in damage due to any redoced
densities of the pest animal, Transmission and survival of the virs in an
etfective form in the wild will also need to be researched.

Habitat manipulation

Habital manipulation can be an effective way o lessen pest damage. The principle
5 to mos iy Uhe halbitat so fhat it is less favourable for the pest or more favourable
for the threatened native plant or animal.

Habitat manipalation is.a commin technigque in rabbit control, Rabbits regquine
nutritious, short-croprped grass both for food and e that they can see potential
ground predators such as foxes and cats. They also relv on cover, whether it bea
warren or surface logs and vegetation clumps, for protection from bemperatun
extremes and from predators. Rabbit density con be reduced by removing surface
harbour and destroving warrens by rlpping or blasting,

Revovery of a rabbit population after control can be inhibited by allowing the
height of vegetation to increase. This may not be a practical solution for a grazing
property but may be possible ian o natore reserve, 1t was used o vidually eliminatie
rabbits from a high swamp in Namadgi National Park in the Australian Capital
Territory™" Habitat change, including warren collapse and vegetation changes,
fellowing the initial spread of myxomatisis is belevied to be thie major reason for
the virtual disappearance of rabbits from large ancas of the Rivering District of
MNew South Wales,™ ™

Awustralia s considered tobe the driest inhabited continent. Proviston of water
throviagh artissian bores has been essential toopening up the interior to pastoralism.
I western New South Wales and south-western Cueensland thene are very few
areas that ane mone than 1 kilometoe friom a water souroe, ™ Many of the bores ane
not capped and provide water across extensive arcas, The water has not only
benefited stock but alse native grazers, such as kangaroos, and feral amimals,
stch as goats, pigs, horses and donkeys, The States and the Commonwealth are
cooperating to close or cap most of the bones in the Great Artisian Basin both Lo
conserve water and to better control grazing pressune on the already degraded
native pastures. One other major benefit from this exercise is likely fo be a major
reduction in the density of feral antmals, most of which depend on water for
survival.

Halitat manipulation is also a useful means o reduce pest damage o native
animals. Faxes ane a major predator of native wildlife in south-western Western
Australia, including the Western Ringtail Possum."™ Usually these possums move
from e to tree through the canopy. However, whene tracks and logging have
opened the canopy they come to the ground whene they ane vulnerable to fox
predation, Long-term protection of the Western Ringtail can be assisted by initial
control of fowes until the canopy can be closed by revegetation. Fox predation of
normally arboreal animals occurs across much of Australia. Habitat modification,
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Habitat modification to reduce native rat damage to
sugarcane

The Canefield Rat and Grassland Melomys ane native rats that cause
extensive damage to sugarcane crops in north Queensland. Both rats live in
grassy anvas such as drain and creek lines, along fences and in pasture
paddocks. These grassy areas provide them with essential protein and cover
and protection from predators, Grassland rats breed prolifically when thene
i= an abundance of weeds and only invade cane crops when their prefermed
cover can no longer support the growing population. However, the rats will
not stay and colonise the cane if thene are no grass and weeds in the crop.

The key o managing grassland rats is to manage their preferresd habitat
andd also minke the canefields less attractive. Effective weed contral in cane,
by slashing and herbicides, robs the rats of thedr essential source of prein,”
Where herbicides were used to exclude weeds, crop damage by rats was
reduced by as much as 60 per cent.™ Revegeration of the creek lines is also
proving effective. The natural vegetation in the reglon before it was cleared
for sugar cane was fropical rainfonest and pockets of forest still exist nest o
thie cane crops. Studics showed that replacing cane grass with rainfonst
greatly reduced the density of the rats, by as much as 75 per cent within one
vear of planting.”™ The habitat modification is supported by strategic
porsoning of rats i seasons when necessary, carly in the breeding ovele,
betore their mumbers build up.

Mot only has habitat manipulation reduced damage to cane, it has also
benefited the local fauna by providing creek-line corridors linking blocks of
rainforest, and the local drop in sales of rodenticide may lessen the sk of
porsoming non-target animals,

including closing and revegetating unnecessary tracks and roads, may have an
important robe in helping o conserve many of these animals,

Rock-wallabies are believed o be particularly at risk from fox and feral cat
predation. Many remaining colonies of mok-wallabics ane now confined to rock
stacks where they are safer from fox predation. However, these areas are
considensd to be marginal habitat for the wallabies which ane mainly grasers.
There is good evidence that in the past they were much more widely dispersed
and grazed on pastures away from the rock stacks" Predator removal enables
the wallabies to use the mone favoured gracing sites and increase their numbers.

The ultimate in habitat manipulation to protect native animals from pestanimals
15 the establishment of populations on pest-free islands. Both Australia and New
Fealand have used this method (o help conserve many represeatatives of their
endangered and threatened fauni. An example is the Black-footed Rock-wallaby,
which was once abundant and widespread over much of central and western
Australia. The wallaby declined dramatically on the mainland, where it is now
found only in small numbers at isolated locations. In the 19705, it was imtroduced
tor fon-Eree Thistle and Wedge Islands in South Australla, where it is apparently
thriving ™
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Other management practices

As well as pest removal and exclusion, and habitat manipulation, many Land
managers are beginning to wse other management practices to reduoe the damage
caused by pest amimals. Lamb producers have been especially effective in this
area;'™ some have used smaller lambing paddocks P|:.1L|'Li close (o the house to
make it easier o monitor the flock and 1o reduce the chance of young lambs
bemg ledt wnattended by the mother. The ultimate in this approach is shed-lambing,
although this is likely to be economically sensible only to protect high-value stock
such as the young of stud animals

Mlirst prodatons of lamb= only kil Limbs up to few weeks of age. The availability
of lambs o the predator can be reduced by concentrating Evmibring toa short period
The effectiveness of this strategy can be improved by coordinating lambing with
neighbours so that predators such as feral pigs and foxes ane saturated with
[ tential prey. Timing of limbing can also becritical; Lamib losses could be reduced
by lambing in early spring when the density of foses i lowest, young foxes have
shoppisd dispersing and breeding has not yet started. Selection of flocks or '-hl.'l.'i‘
bresds with more profective ewes can alge help, Merine and Merino-cross sheep
are usually much poorer mothers than other breeds and may be better replaced
by other breeds when lamb production s the main objective

Another management technigue s to switch to an altermative product o
farming ||-|,'|1|1|1||||' thaat is hess susceptible to pest animal damage. For example,
lamb producers can switch to cattle andd grain growers can plant their seed more
deeply when a mouse plague bs likelv Some Quernsland sorghum producers
pick the crop early and shed-ripen the crop when mice ane plaguing, However,
the capacity to switch crops or the type of stock s limited and, usually, there 1s 2
significant cost Ufor example, planting ceneal seed deeper can reduce vield)

All management practices involve risk. Managers need to weigh up the costs
and benefits of switching crops or changing practices that are likely to affect their
retums.
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Improved management to control parrot damage to Bluegums

Cultivating Bluegums for wood for the production of paper is a new and rapidly developing industry in
south-western Australia. Bluegums grow rapidly and can be harvested on rotation about every 10 years.
Much of the planting is on farmland where the trees help reduce salinity, waterlogging, and erosion, are an
excellent shelter belt for stock and crops, and provide an additional supplement to farm income.
Approximately 40 000 hectares of Bluegums had been planted by 1995, The estimated gross annual value to
producers frim a projected planting of 100 000 hoctanes i= $90 millon ==

Australian Ringnecks cause significant damage 1o the crop; it is estimated these parrots will cause major
damage to an area of trees covering about 200 per cemt of the land suitable for Bluegum plantings. The binds
atrip the bark from the branches and cut the lead shoots, deforming tmees. Losses occur in total wood valume,
loss of log quality, inereased debarking and other hapdling costs for deformed trees, and increased costs
froam harvesting highly forked trees. The trees are maost susceptible to parrot damage during about the first
18 months, after which losses ane relatively small,

Several salutions were proposed to neduce thie damage. They included killing the binds, using repellents, planting
decoy crops to attract the birds away from the main crop and silvicullure practices to rectify the damage after it
has ocourmed, OF thisse only silvicultune and o decoy crop of songhum and sova bean planted near the plantation
uncler threat seem li be successiul, Shooting did not reduce the damage ™ Indeed, indiscriminate shooting can
imerase th damage in some crops, as has boen found with sunflower crops.” Parmots feeding on the crop will
drop the sunflower head in response o the gunshot and pick off a new head when they return.

Silvicultural techmigues for recovening losses include thinning deformed trees to give remaining trees
more room o grow, and prunng the multiple leaders caused by parrots back to one. Trals showed that the
benefit gained (rom silvicultune was 25 bo 5 times the cost, =
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A whole system approach to land management

Pest management is much more complicated than simply reducing pest numbers.
It i= fust ome element of o complex ecological, economic and social system that
farmers and land managers operate within, Thus, pest management is best
approached as part of the whole system of Lind management.

Pest ammal management cannot be fully effective without considering other
factors that influence sustainable use of the land. For a farmer these might include
choosing the rght type and variety of crop, level of fertiliser and marketing
strategy, or the need for a better water distribution system. A high lamb marking
percentage, an aim of a profitable far lamb enterprise, might depend on ram
fertility, climatic cond itions, food quality, disease status of the evwes and cover for
newborn lambs, as well as the level of predation by foses, For a nature reserve
manager, factors that affect the conservation of native wildlife in the reserve
include the size and effectiveness of the buffer zone between the reserve and
undesirable outside influences such as pests and stock, disturbanoe by visitors,

fal
Wi
Pt anmahl l Dbl nurvcmg
\*4 : /
il s ngamend (Capstal mwmatmant
TR Samnati
wnduse |
A T
Walnr rmanagarmee i m G pricen
l\
Flmardall ARar i elo i opbing
[
Compattcsy lor food & shailes
(namye & Focuced)
Charce vl *
(Saeass, lne. M\'\‘ Pradulon [nathe & infroduced)
| Conssrvson
Lard chearvrg -~ a Lows of genet dvmrity
h i wmall populatinns
Landusea prossune
BTt s Gurm




Just mime of the nnrge of plhoers
Fheat pinry Dt e dndderest B o pest
mnintgvrend peiert et are best
irepulossd fromm Hre isiebset

INTRODUCING THE STRATEGIC APPROACH

the fire management regime, weeds, the effectiveness of wildlife dispersal
corridors, the size of the breeding populations of the animals 1o be conserved, as
well as the effectiveness of pest control programs.,

Tinrasfterse, costly Boet doapprogerdate contbrod sbraltegies aee adogefed i nmging Beth for
oo fion aod consermation.™

For effective, sustainable land management three major elements should be
considened which greatly influence the approach Lo and effectiveness of pest
animal management:

8 Ecological—pest management that tikes into account the relationship between
organisms and their environment, specifically, the interrelationship between
communities of animals and plants, soil and water resouroes, and other tactors;

8 Economic—relating to the costs and benefits of various pest management
stratigies;

& Social—covering a multitude of factors, from the attitude of nelghbours 1o
copperative pest control and the attitude of individuals to pest animals (for
example, ‘| just want to get id of them') to the impact of commumity groups
through restrictions on technigues and practices due toconeerns about animal
wiellane, as well as any political considerations

Many individuals and groups have an interest in pest animal management.
They include farmers, nature reserve managers, government agencies, banks,
animal wellare and nature conservation groups. Failune to adequately consull
and take into account the views of all major plavers when determining the best
apprach to pest animal management, may hinder effective management of pest
damage. For example, i a neighbour has littde imterest or is opposed 0 some
forms of pest animal control, they are unlikely to cooperate.
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An integrated planning system sech as o Noture Reserve Management Plan or
a Property Management Plan is a good way 1o analyse the interrelationship
between the factors that determine the proditability of an enterprise. The Paoperty
Management Mlanning progran is a joint initiative between the Commonwealth
and State and Territory governments. 1t aims to assist farmers and their advisors
to improve their business and natural pesource management skills, including short-
and long-term planning, risk assessment, and drought and pest management.
Increasingly, individual farm management plans are being linked through Total
Catchment Management Mans or Reglonal Management Plans. Advice on farm
and regional management planning can be obtained from local Landeare or Total
Catehment Management coordinators
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Key principles of pest management

Several key principles underpin sustainable pest animal management, Since the
main aim of most pest control is lo reduce pest animal damage and promote
sustainable production or the conservation of biodiversity (the presdrvation of
the natural variety of native fora, fauna and habitats), it is not surprising that
many of the principles are the same as those for Ecologically Sustainable
Development (ESD, see below,

The main alm of ESD is o provide future generations with an environment

that ts at least as healthy diverse and productive as that expenenosd by the present
generalion.

16

Ecologically Sustainable Development

The idea of sustainable development was crvstallised in the 1987 repaort of
the World Commission on Environment and Development, the Brundtland
Report, This report defined sustainable development as that which ‘mests
the needs of the present without compromising the ability of futune
penerations o mevt thiir own needs”. In 1990-91 the Commonwealth, in
covperation with the States and Torritories, business, farmers and the
community developed an Ecologically Sustainable Development (ESD)
strategy for Australia,

There are a number of principles that guide ESD." Thaese that ane of major
concern (o sustainable land management and pest animal control in
particular ane:

& ensuring that the nest generation is left with an environment that is as
least as healthy and productive as that experienced by the present
pencration;

& protecting the diversity of our native plants and animals and maintaining
the ecological process and life suppart systems. An example is ensuring
that our waterways are not degraded;

m taking info aocount the real value of environmental and natural resources,
As far as possible, the price placed on natural resources should reflect the
full social and envirenmental costs of their use. However, theee is no simple
formula for valuing natural resources that are not normally bought and
sold. Economists have developed technigues such as Hedonic Pricing and
Contingent Valuation in an attempt to value these natural assets == They
are based mainly on estimates of how much people would be willing to
pay 1o protect or improve the environment. The fear is that our natural
assets will be lost or irreversibly damaged befone they can be accurately
valued;

m applving the precautionary principle to land management practices. This
requires that risk and urcertainty are deall with cautiously and care is
taken with actions that have reversible consequences, An example would
be to err on the side of caution when considering whether to allow the
import into Australia of a new animal that could becomae a pest,
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Other key principles that underpin the new approach o managing pest animals
inchude taking account of animal welfare concems fsee *Adtitudis o animal welfane,
pages 22-24), adopting & whole system approach to management (see pages 74—
751 and invalving all major interest groups in dealing with the pest management
Issue (see Chapter 81 Three additional principles are important: beneficiany-pays,
the rule of legislation, and the management of total grazing pressure,

Beneficiary-pays

The Commonwealth, States and Territories have endorsed the principle of
beneficiary-pays. "™ For land management, the trend bs to ensure that the full costs
of pest animal control are identified and. where appropriate, assigned 1o the
individual or group of individuals that benefit from the pest control. Benefits are
nod omly fimancial gains, but can also be non-market benefits, such as improved
protection for a threatened native plant or animal

The identification of beneficlaries and true costs of management have
tmplications for all arvas of land management, it Least for conserving Ausiralia‘s
natural heritage. Formal nature reserves and national parks alone will never be
adequate to conserve binlogical diversity because many species ans not representod
on reserves.” ' Several reserve sysbems are fragmented by other land management
practices such as urban development and farming. This is especially true of the
soutlwestern slopes of eastern Australin and the wheat belis of South and Western
Australia. Protection of natural biodiversity should e an objective for none
protected arcas such as agricultural and forestey Tand that contains important
matural habitat.™ 1

Many landholders ane willing to pay for some of the additional management
costs involved in controlling predatiors such as the fox to a greater extent than s
necessary to protect agricultural production. However, where the cost s likely to
be significant and the landholder is not the main beneficiary (it may be the
community in generall, mechanisms should be developed to identify the major
beneliclaries and ensure that they contribute to the management costs. For
example, a grazier might control rabbits to protect the land resource base and 1o
Timit damage o production. However, to ensume successiul regeneration of native
vegetation, rabbits may need 1o be kept at much Jower densities. Protection of
native plants has a community benetit, and in principle, the community should
contribute to the additional control costs. Ideally managers necd to know how
much damage a pest bs causing, and the cost of controlling the damage, <o that
the community contribution can be determined. However, this information (s
rarely available (also see Test damage’. pages 32-550,

The role of legislation

Legislation and its enforcement are important components of pest animal
management, especially whene they apply (o responsibilities such as the control
of access toand appropriate use of poisons, However, legislation that directs land
managers o carry out certain actions, such as rabbit control, s being replaced
with begislation that assists rather than requires appropriate management action.
The older form of legislation, often called the command-and-control legislation,
is applied increasingly by governments only as a last resort. For example, it has
been used to encourage farmers who for one reason or another refuse to undertake

FEd
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pest control and cooperate with their neighbours, o meet agresd community
objectives for managing pest animal damage.

The major role of legislation should be fo encourage appropriate management. ™
Tt should state the overall management philosophy and the resource values to be
protected, The Sondl Awstralianr Pastoral and Liond Marsagesent Ack 1989 §s an
example of the pew approach to legislation. The Act and associated policy
documents establish objectives for managing leasebold and pastoral land, and
provide for negotisted property plans that aim for sustainable land manageawnt.
This includes control of excessive grazing by both domestic and wild animals, As
a backup, penaltics can be used against those whis fail to abide by property
agreements to protect the land.

Managing total grazing pressure

Omneof the most important elements in any gracing svstem s the stocking rate™
Excessive grazing pressune can case severe land degradation through loss of
vegetation and sulsiquent sofl erosion. Degradation occurs in the improved
pasture lands, which are located mainly in higher rainfall arcas, and the
unimproved or native pastunes of the rangeland, located mainly in semi-arid and
arid areas. Damage due to excessive gracing can be treated mone readily in
improved pastures than in the rangeland, consequently, further discussion is
concentrated on the rangeland.

Almaost 75 per cent of Australia is rangeland, most of which & in the arid
interior.™ The majority is controlled by pastoralists or is Aboriginal land, Tt hasa
rich assemblage of native flora and fauna including what is believed to be the
world's most diverse reptile fauna ™ Across the rangeland, especially whene it
has been wsed for pastoralism, many native species, particularly native mammals,
have become extingt or been reduced to small isolated populations. ' While some
States and Territories have reserved significant sections of rangeland, sarvival of
native plants and animals also depends on appropriate management of native
plants and animals on privately managed rangeland, '

Much of Australia’s rangeland is degraded, due mainly to grazing pressure
from domestic animals ™" 55 Much of this damage was unintentional. Past
management practices, adopted from those used for more stable systems in
Europe, ane now known to be unsuitable for fragile, infertile rangeland that is
alsosubject to extended droughts and intermittent perfods of high raintall.

Continued overstocking of rangelands leads to destabilisation of natural
pastures, mainly grasses in the north, and shrubs in the winter rainfall aneas™
MNatural pastures help to stabilise the grazing svstem and anc essential habitat for
much of the rangeland’s native ground animals, Graging pastures more beavily
than they can sustain, espectally during drought, can cause them to be replaced
with less stable annual plants, most of which are weeds,

To maintain native pastures, total grazing pressure, including that of stock,
fieral amimals and native gracems, must be limited, Indeed, such control ks essential
if the three recommended primary management goals for the rangeland are to be
achieved:

& protection of the vegetation base and soll nesource;
m maintenance of natural biodiversity; and
® sustatnable pastoral production™,
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The strategic approach to pest management

The strategic approach is 4 process of planning, action and evaluation, dev elorpod

to help land managers address pest management problems. It was developed by

the Bureau of Resource Sciences in cooperation with States, Territories, CSIRO

and national farmer and nature conservation groups.™ The basic steps in the

approach ane

a define the problem in terms of alleviating the damage caused by the prst isee
Chapter &, pages 81-93);

u determine the objectives of the pest managoment plan (Chapter 7, pajges 94-95);

u identify and evaluate the management options and develop the management
plan (see Chapter 7, pages 95-107):

& implement thie management plan (see Chapter 8, pages 10581171 and

m monitor progress and evaluate the results against the stated objectives (see
Chapler 8, pages 117-118), If necessary, return to the first step and redefine the
problem

For most management situations, best practice management will develop as
the L:1LH\-‘!I.\J;'_1;;;.|IM~.| by ex F\'r‘il"l'u. s 111nlqn|r.|||_~|_| invbor the el strategy,
Using the management system in this way, o refine pest management strategics
i called adaptive management or ‘learning by doing’. Land managers learn from
thuir past successes and mistakes, and those of others in similar situations, and
combinge them with rescarch findings and technical information to continually
improve management and care for thetr land in o mone sustainable and cost-
effective way

e
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6 Defining the problem

Defining the pest problem

Thae first step in the strategic approach s to define the problem and identify the
causes, This requins an assessment af the available information o determine
whuether pests are the real culprit or just perceived o cause damage and, when
pests ane a problem, whether other factors arealso involved | Assessing the extent
of the damage—deciding when and where it nocurs and how severe it is—and
identifying who is alfected or has an interest, ane also part of this process. 1t s
also advisable to investigate the economics of thee pest probliem at this stage (see
"When is it worth managing a pest population?, page 97,

From the management perspective, the pest animal problem s best stated in
terms of the desired outcome sought from pest damage control; in other words,
the expected conservation or production benetit. To illustrate, from a reduction
in rabbit damage a sheep grazier might expect any of the following outcomes or
A combination of these:

n increased wool production;

m redduced sofl erosion;

8 protection of native vegetation;

m better management of the effects of drought,

m assisting nelghbours to control their rabbits;

m ridding their farm of a pest that they do not like

Is there a problem?

In many cases pests ans of real concern (see case studices, pages 119-139). For
instance, feral pigs take as many as 40 per cent of lambs born in the lamb
production areas of western New South Wales,"™ and rabbits, even al densities of
less than 1 per hectane, can prevent the regeneration of some native plants. ™
Nevertheless, in some situations there may pot be g problem or pest animals
may not be the main cause of damage, Prodation by rats has contributed to the
decline of several bind populations on islands and seemed to be the obwvious canse
of the extreme rarity. of the Lord Howe Woodhen, which ts found only on Lord
Howe Island, New South Wales. However, careful assessment of the situation
shonwed that feral pigs wene to blame, Reduction in pig numbers eventually lued
tovan increase in wood hens, from about 10 6o 60 breeding pairs A situation whien
a pest animal may be incorrectly blamed for production losses is that of poor
lambing success attributed mainly o fox predation, when other factors such as
poor ram management, ram infertility or infertile pasture ane the major causes
For example, in a recent study at Boorowa on the Southern Tablelands of New

&1
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South Wales, fox predation ol lambs accounted for less than 2 per cent of lambs

born. Foses took a number of lambs, bub most of these died or would have died

from other causes such as difficult birth, exposure to cold. poor mothering or low
birth welght " In this case, the farmer is likely to obain a greater gain in lamb
prodduction from treating these other couses of lamb loss rather than from fox
control Inother Limb production areas, primary predation by foxes may be more
important and deserve a higher management priority: Each case must be assessed
individually

Rat damage to Hawaiian macadamia nuts: a perceived
rather than a real problem

Hawaii has substantial macadamia nut plantations. Farmers noticed that
the introduced Black Rat damaged many of the nuts and this was confirmed
by studies which showesd that up 1015 per cent of the nuts were damaged
by rats. Expensive annual rat removal sucoessfully reduced nut damage. In
order to better understand the problem, the United States Department of
Agriculiure set up experiments to measure the nut vield from macadamia
trevs in crops whene most of the rats were removed compared with trees
whene there was no ral control ™ Rat removal greatly sediced damage (o
the developing nuts, However, when the vield of macadamia nuts from the
protectied tnees was compared with that from the unprotected trees, there
was virtually no difference.

I the next stage of the experiment, rat damage to developing macadamia
nuts was mimicked by artificially removing nuls at varous stages of
developmient. It was discovened that trees could fully recover loss of
individual nuts in the developing crop wp to 150 days after seed set. Thisis
not surprising, as most frod trees prodoce a similar weight of frui, and
often larger and better quality frult, when excess developing fruit ane
removed, Thus, although rats were damaging developing nuts, they were
not affecting the vield, rather they were pruning the excess fruit.

Rat damagse o macadamia nuts is an example of o perceived rather than
areal pest problem, Resouroes devited 1o rat control would have been better
spent on improving other aspects of the production and marketing of
macadamia niits.

Cane Toads: a real or perceived pest problem?

The South American Cane Toad was intreduced to Queensland to help
comtmol cane beetles, which damage sugar cane, In 1935, 62 (00 captive-bred
toadlets wene released. ™ They took to their new home with enthusiasm and
ane oW common acress a lange part of eastern Queensland, have extended
inte northern Mew South Wales and are invading the Northers Territory at
the rate of about 30 kilometres per vear® However, they do little to control
cane bevtles

The toads are predators of native invertebrates, such as aguatic insects
and tadpoles of native frogs. When alarmed, they produce a toxic poison



DEFINING THE PROBLEM

from glands in their shoulders, and theeir tad pales ane also poisonous, Cats
and other pets and some native animals such as goannas and native suolls
can die i they eat Cane Toads,™ " For this reason the toads are considercd a
major pest and blamed for contributing to the decline of some native animals.
Undoubtedly the cause of the Cane Toad has not been helped by their
unattractive appearance. As a result of these concerns, extensive funds have
been spent dieveloping methods to control the toads, a task that so far has
proved unsuccessful,

However, after Cane Toads invaded the habitat of four species of native
frog, no damage could be detected ™ Indeed, when the researchers artificially
reduced the numbers of one common species of native frog, their numbaers
recovered despite the presence of Cane Toads, In another study, invading
Cane Toads caused an initial decline in the numbers of goannas and
prodatory snakes, However, a few years later populations of both species
had recovered to the levels they were at before the oads invaded **

Ome of the problems in assuming that Cane Toads have caused thee decline
of some native animals, and in focussing a considerable proportion of
available resources on atlempts at control, i that the real canse of the decline
may be overlooked. For example, boss of suitable habitat rather than Cane
Toads has probably bieen a major cause of the decline of the Spotted-tailed
CQuoll in Queensiand. ="

This Is it to say that no action should be taken to control the spread of
Cane Toads. Consistent with adopting the precautionary principle (see
*Ecologically Sustainable Development’, page 76), whene practical, the toad
should be prevented from invading new habitat. However, unless studies
can show that it is a significant pest in arcas where it is well established,
attempts al control are Hkely 1o be futile and of Bitle value 1o conservation.

S
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I Cane Toads are not a conservation problem, how should community
concerns be addressed?  An extensive public awaneness and information
campaign may be needed. I, after this, the community still wishes to support
reseanch and action to control Cane Toads, then at least they ane more awane
of the likely costs and benefits,

European Carp: problem or scapegoat?

European Carp ane comman in many of Australia’s rver systems. In the
Murray and Murrumbidges River systems thiev have been blamed for the
rectuction in the numbers of trout and native fish suchas Murmay Cod, Golden
Perch and Silver Perch. There s increasing pressune to control carp and, if
possible, eradicate them. However, it is highly unlikely that they can be
eliminated or indeed even that suitable control methods can be identified
More importantly, closer examination indicates that carp may not be o magor
problem to native fish, at least compared to other modifications of the
Murmay / Murrumbidiges System

The Murray and Murrumbidges Rivers form southern Australia’s major
river svstem, The river basin, the Murray Darding Basin, produces around
M per cont of Australia®s primary production, As might be expected for
such an important production area, there have been extensive changes to
the environment which include:

Wiater diversam

Seventy per cent of the available water in the system is negulabed; 90 per
centof this is diverted for frrigation. Water use has increased rapidly and, as
a result, between 1988 and 1994 alone there was a 12 per cent reduction in
the amount of water that reached the sea " Consequently, thene is less water
tior flush imparities from the system and foods ane less frequent and wsaally
smialler. This in tuen reduces the capacity of native fish to bresd since many
rely on floods to provide the stimules and the correct environment for
breeding

Salinity
Salination is 4 major problem in the basin. Between Yarrawonga in Vietoria
and Morgan in South Australia salinity in the Murrav River increases 12-
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fold and salt levels are so high that lower parts of the river can no longer be
usedd b irrigate certatn crops such as apricots. ™ Carp are relatively tolerant
of salimity but most native fish ane not well adapted to saline water.

Nutrterts

Nutrient inflow to the system is unnaturally high, for example, there has
been a 250 per cent increase on the phosphate level of the river between
Albury in New South Wales and Morgan in South Australia,'™ Frequently,
nubrients ane discharged from town sewage treatment plants and carried in
run-off from farms into the rivers. The increased nutrient level has led o
algal blooms which decay and cause low oxyvgen levels im the water, Unlike
native fish, European Carp havea high tolerance to water with a low oxygen
leved. High mutrient levels can alsp inensase vegetation on which carp feed,
but which most native species do not eat.

Pesticides anwd herbicides

The level of persistent pesticides and herbicides and their breakdown
products in the rivers of the basin has dsen significantly as the level of
irrigation along the rvers has increased.”™ While the impact on fish and
other aquatic Fauna is not clear, it s likely to bave neduced the bealth of the
system. For example, some of the organochlorine pesticides may cause
feminisation of fish and reptiles,”" that is, they may cause males to take on
feminine characteristics or change sex

Datimys anel wies

Many dams and weirs have been constructed along the system and this has
affected native fish in two main ways: First, it prevents their up-river
migration, which is considered important for the long-term survival of
species such as Golden Pereh." Second, water is usually released from the
bottom of dams where it s cold and wsually low in oxygen. The temperatun
of the water for a considerable distance below dams is too cold to stimulate
native fish to breed, but European Carp can breed at much lower water
femperatunes than can native fish.

Rl of frecs and smags

There has been extensive clearing of vegetation along the riverbanks, as well
as removal of trevs from the river beds to improve river flow, Tree removal,
combined with the access of stock to the river, has led to extensive slumping
of the banks. The effect on many native fish has been o reduce the amount
of habitat available to lay their eggs. For example, unlike European Carp,
Murray Cod must attach their eggs to underwater objects such as the roots
of trees and underwater snags.

CHlrer introdueced fish

Beside European Carp, several other species of fish have been introduced to
the rivers. These include trout, European (Redfind Perch and Topminnow
{Mosquito Fish), Both trout and perch are voracious predators and there s
good evidence that trout have caused declines in populations of several
species of native fish,™

BS



Commercil wnd recrentionnl fishing

Although the catch of mative fish has declined consideralbdy in revent vears due
1o the decling in stocks, both native and introduced Gshane still commercially
harvested from the system, putting further pressoee on native fish populations

These are pust some of the profound changes that have occurred in the
Murmmumbidgee and Murrav Rivers as the result of human activities, Many
of the

rations have been highly detrimental to native fish. While carp
may canse somie problems, such as increased turbsidity and removal of bottom
vegetation, these impacts need tobe considened in comparison with thie other
major changes that have been wronght on the svstem. Viewed in context of
these wider problems, carp may not be a major problem for the survival of
native fish. Even though carp constitute an average of 80 per cent of fish
biomass over the entine Murray Darling Basin,™ it is likely that they are
simply taking advantage of an altered river svstem to which they are better
spited than are native species. Unless the other impacts can be reduced,
native fish stocks ame unlikely to improve even it European Carp can be
controlled. Thus carpane lkely to bea symptom of a degraded river system
not a mapor cause of declining native fish stocks
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Clearly, it is important to determine the importance of pest damage companed

with other factors so that available resournces can be used o maxinuem benefie 1t

must also be kept in mind that situations often change. For example; feral pigs
capse a significant neduction in cattle production in the Mary River catchment (see
below), However, many other factors also conbribute to cattle lsses, and changing
land-use will affect the future dynamics of pest management in the ansa,

Feral pig damage In the Mary River catchment

In the Mary River catchment, about 100 kilometres south of Darwin in the

Morthern Territory, cattle producers are concormed about feral pig damage

to fences and pasture. Pastoralists claim that feral pigs oot up pastune and

brreak fences, causing them to lose about 10cattle per property per vear. The

Muorthern Territory Parks and Wildlife Commission is also coneerned about

the damage pigs canse to local wetlands. Discussions with farmers and the

local Landcane group indicated that the problem = much mone complex than
simple damage caused by the pigs, The following are just some of the
irnportant issues that wene raised:

1. The aquatic weed AMimosa pigra has established in local waterwavs and
begun toanvade properties, reducing the availability of productive Land;

2. Salt water has intruded far up the Mary River, killing large areas of native
pasture and threatening native plants, Damage to ooastal barmers by
Buffalo is believed o have been a major cause;

3. Wild dogs take and injure many calves;

4. Salt-water crocodiles in the Mary River ane a major towrist attraction but
they also take several head of stock each vear from properties bordering
the river;

3 Recreational feral pig hunters cause loss of stock whien they cut fences to
pain acciess to feral pigs:

6. Although considered o pest. teral pigs are also the basis of a growing
commercial game industry and an important source of altermative income
toy pastoralists;

7. Returns for pastoralists that rely on free-range Herelond cattle ane poor
because of declining beef prices. There s pressurne to upgrade their herds
toy Brahman-cross cattle for the live export trade but the capital investment
to change s very high:

8. Large tracts of neighbouring land ane being developed for nut and tropical
fruit erops. The managers of these Lands are likely 0 have different
problems with feral pigs and other pests than do thie pastoralisis.

Effective control of feral pigs s unlikely, withoot caneful planning o
determine how it relates to other land uses in the arca and to the futune of
thae bocal catthe imadustry. All the key plavers, including pastoralists, the tourist
imdustry, national parks, horticulturists and commercial pig hunters need
to be consulted. Future trends in land vse also newd to be considered: if
pastoralists change to higher value Brahoman cattle, calf bosses to wild diogs
may become a much more significant problem than pig damage,
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Assessing the scope of the problem

It is important to obtain a broad perspective of the pest management problem
Onee the problem is defined, its scope should be clarifisd. Key questions that
assist this process include

® Who has the problem?

® Where is the problem!?

® How severe is the problem?

o Will the problem change with time? For esample, is it likely to continue af its

present level, increase, or decrease”

A definition of the scope of the pest problem should put it in its economic
environmental and social context, Some environmental contexts wene discussed
in thie previous section | Is there a problem™ ). Consideration should be given to
whether it is evonomically desirable to manage the pest problem and, if so, at
what point it i= most economical to proceed (see "When is it worth managing a
pst population™, page 970 To _|I-|.||,'|_'- the problem in its social confext, the most
impartant playviers should be identified and involved. Some, such as farmers and
natune reserve managers, ane casy o fdentify becawse they stand 1o benedit most
fromm effective pest control. But others, such as policy regulators, animal welfare
groups, commercial harvesters, hunters and conservation groups can' also
influcnee pest management. [n this process it is wseful o determine e importance
of these groups, how they are involved, and 1o ne

enise any inconsistencies

between them. Misunderstanding or inefflcient or conflicting management of a
resouree mav resilt when the main objectives of the groups do not colncide
Discussions with the key plavers can alse help put the problem info its proper
contest (s Feral pig damage in the Mary River calc hmwent”, pages 87581, Where
they exist, regional or Catchment Management Plans anea great aid to planning
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DEFINING THE PROBLEM

Who has the problem?

All major interest groups should be involved in defining the extent of the pest
problem. Pests rarely respect property boundaries tunbess a pest-prood fence is
erected land, in generl, successiul control reyuires a coordinated approach acmoss
a wide arca. For effective pest management, land and nature reserve managers
need to talk to and work cooperatively with their nelghbours and other interest
groups. Stakeholders include all these affected by the pest cither through the
damage caused or because they must pay for the pest control. These may include
other farmaers, hobby orabsentee farmers, natlonal park managers, fonesters, water
catchment managers, miners or semi-urban dwellers. The ditferent groups ane
likely to have widely differing attitudes, approaches and levels of nsources
Consequently, it s important that all stakeholders meet and discuss openly the
various aspects of the problem, and contribute to the plan of action and its
implementation.

Community-based groups, such as Landcare, and Total Catchment
Management groups can help, especially if there is an effective coordinator/
tacilitator i the group, Meetings do not hisve to be highly structured, An informal
mevting in a work shed or a kitchen can be very effective. On the other hand, o
mione structured meeting may be the appropriate way to discuss pest animal
management when it concerns many plavers from a wide area (e A coond inated
group approach to management’, page 18-1101,

Where Is the problem?
Murps shonp the extent of prodienss g may Ielp bo udicate solutions =

Maps help to define the scope of the problem and pinpoint priority ancas. They
can be of various types, from simple hand-drawn charts to topographic maps,
lang system or land unit maps, acrial photographs and sophisticated interactive
comprulerised geopraphic information systems. The chidoe depends on resources,
scale of the treatment and the type and extent of the problem.
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For example, when planming fox control, the map may recond tracks, trails,
fence lines, lambing paddocks, refuge habitats for important native animals

property boundane=, natural boundanes, areas infested with rabbits, fow cormdors

relationship between pest animal damage

and dens and fox refuges. Mapping the
and landuse, perhaps using overlays, may help determine where moanagement
should be targebted. In the fox example, mapping may indicate where lambing

paddocks coincide with areas where fox damage is greatest and thus whene control

15 best focussed

Measuring the problem

Crhvce it is established that the pest is the real cause of the problem, the amaount of

damage it causes, such as the percentage of lamb production lost fo loxes or the
reduction i prisduction due to rabbits, needs to be determined. However, this is

rarely vasy even whien there are good records of farm production, and it s still

more difficult when assessing the level of damage coused to native plants and
animials

Designing experiments w quantity pest animal damage s also often difficull

P “Thae lowe and funchion ol |.'\|l|'r::|1||.'|'|l- an 1'~.'||'|'|p||.' |,".'l;.:.l'*-“1 531 1 ATEC

j AL
._-“-,-“111._-“1_;!1|||||-‘ and several |..'|~||..|I|---1-I each ireatment ane oflen reguined to
ensune that chaney events such as fine and disease do not complicate interpretation

of the results. Even if suitable experiments can be conducted, it may be a long

time before the results of pest control become clear For example; it may lnke

many years for a rock-wallaby population to recover once the loss from fox

P wation 1= halted . Moreover, other factors may 1|II:I‘|'|I|I~ At interpretation of the
information, One example s that of Malleefow] which wene believed o be
threatened by fox predation I a stud v desiened to demonsteate the damage

joxes couse o Mallesfowl, thene was little recovery m Mallevfow ] nambers

following predator control. Later research showed that, although foses wene
important, Malleefow! did not increase because the necessary food For chick
survival was not avallable. Thus, ag well as the essential control of foues,
management of grarzing by domestic stock, feral woats and rabbits was also
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DEFINING THE PROBLEM

The logic and function of experiments: an example
(Based on a draft by Steve MeLead)

To gain better knowledge of pest biology or evaluate the effectiveness of
management techniques, experiments ane often regquired. Well designed
experiments follow a logical procedure (see figure overleaf). The first step
invalves making an observation of a pattern or a departurne from a pattern,
An observation could be as simple as "More lambs are produced in arcas
where rabbit density s low than in areas where density is high' (Step 10
Once the observation has been clearly defined, the experimenter attempts
tor explain the observation with theories, which can be simple or complex
and must always support the onginal observation. Several different theories
can be put forward, each equally capable of explaining the ohservation, but
differing fundamentally from the next, One theory that could explain the
observed difference in lamb production is that ‘Rabbits affect the food that
limits successful lambing (s Step 20 Another theory might be There ane
fewer foxes in areas whiene rabbit density is low thanin aneas whene density
is high". Thiz two distinet theorivs concern food and predation. At this stage
both theories are regarded as valid,

During the third step, hypothesis building, specitic predictions are made
from the competing theories. The experimenter predicts some new avd
unesamined set of observations (Step 3), and then sets out o prove the valug
of the theory by showing that its predictions ane true, If the predictions ane
not true, then the thoory was in some way incormect. From the theory that
lamb production is limited by rabbits’ effect on food, the prediction would
b that if supplemental food wene given to ewes in areas with high rabbit
density, more lambs would be barn, 1t is important to note that if lamb
production i= langely dependent on the rate of fox predation, then simply
manipulating the amount of food is unlikely 10 have any effect. Most
hypotheses are constructed in the positive form, that is they make the
prediction that there will be a difference betwomn treatments, However, before
the hypothesis can be lested statistically it is vsually restated in a negative
form, calbed the null by pothesis (Step 4), which usually states that there will
be no difference between experimental treatmints.

Once the null hypothesis has boen elearly stated it can be tested by an
experiment (Step 50 Al this stage the experimenter must consider such things
as replication, experimental treatments and controls, allocation of
experimental units, what dita need to be collected, sampling intensity, and
appropriate statistical analyses. The data needed 1o test the null hypothesis
are then collected., 1F the data do not support the null hypothesis then the
hypothesis is upheld and, if the hypothesis was logically constructed, the
theory k= supported (Step 6. However even if the null hvpothesis is nepected,
that is, the theory that relates to food is shown to be cormect. the other theory
cannot be dismissed, Lamb production may be poor whene rabbil density is
high both because thene 1 less food and foxes kill lambs.

Thie st step s to refine the original theory, making it better able to predict
nature, either at o mone comples scale, or by making it more general and
able to predict at a broader scale. This can be done by experiments designed

@1
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b etablish whether predation is important and whether food and predation
interact. Further, rabbits may affect the food of sheep by competition for
Food and /or by thie habitat degradation they cause, and it may be useful o
explore these theories. Aliernatively, i the null hypothesis is not rejected
thien there is evidence that the original theory was wrong, Whatever the
outcome, the rescarcher goes back towand the start of the procedurne: to the
theory (Step 20 il the nuldl hypothesis was rejected. or to the observation
stage (Step 11 the null hypothiesis was retained, Thus, experimentation isa
process of continual refinement, evolution and, occasionally, revalution.

Mt problems in interpreting experimental results stem [rom the
hypothesis stage (Step 3) or the testing stage (Step 51, 1 hypotheses were
ambiguotsly stated there is a chance that more than one theory could be
supported by the experiment, However, more typically, inconclusive
experimental results ane a conssquence of problems during the testing stage,
st commonly: 1} lack of experimental controls (the word control is used
here in the experimental sense, to mean an untreated site); 20 inadequate
replication; 31 lack of interspersion of treatments and controls; 40 overall
lack of statistical power: or 5) errors in statistical analysis and interpretation.™
In this expertment the control is a set of untreated sites with high rabbit
density, similar to those where food supplementation takes place. The use
of control areas lessens the risk of obtaining a misleading result if, for
example, there are good rains and Lamb production increesis regardless of
the provision of extra food.

There ane many excellent guides to the correct design and interpreation
of experiments (for general tests see Cochran and Cox;™ Winer et al
Manly;'™ for texts with an ecological slant see Caughley and Sinclair™
Scheiner and Gurevitch™ ).

Appropriate monitoring of the eHectiveness of the pest control will assist land
managers o determine whether their estimate of pest damage was cormect or
whether the problem meeds to be reassessed. It can also indicate whether the pest
problem changes over time. The National Pest Animal Guidelines explain
technigues that can be used to determine the extent of pest animal damagye (see
listing inside front cover), State and Territory natune conservation and agriculture
agencies may also be able to help. Estimates of the level of damage, based on the
best available information, will need to be used when there are no reliable
muasures, However, if damage estimates are not available, the only useful guide
ta thee likely level of pest damage may be an estimate of pest density,
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/ The management plan:
objectives and options

Developing a management plan

Omee the pest management problem has been identitied and the social, economic
and ensironmental boundaries determined (see Chapter 6, pages 81=-4%3), the nea
st is to plan how best to address the problem. For langer scale problemes, this
should be a joint exercise with key interest groaps and is best based on cooperative
action at the local or regional level. Developing the pest management plan involves
sieveral steps:

& setting clear objectives;

® jdentifving the appropriate manageément option or combination of options;
m selecting control techniquea(s);

m establishing criteria to measure effectiveness of control and designing a
MOTILOFINE Program;

deciding which regions form management units (sev "Defining management
unlts”, page 102 and

® bringing all the elements together W complete the management plan.

Once objectives are sel, and the management option amd the technigque or
combination of technbgues (s Chapter 4, pages 56731 has been selected, the
manager in consultation with other key players can put the management plan
together. This requines deciding when, where and how the management prigram
will be conducted. However, the management plan is nol complete without a
monitoring and evaluation component (see the section on “Monitoring and
evaluation’, pages 117-118), which establishes criteria to measuee the effectiveness
of control and sets out a monitoring program,

Setting objectives

Effective pest animal management should have clear objectivies aimed at reducing
pestanimal damage to an acceptable level, Where practicable, the obpectives should
also be measurable and Hime-limited. The level of reduction sought will be
determined mainly by the value of the resource affectod by the pest, and the cost
of pest control.

Fur.a Iigh value crop, such as a pine plantation, the objective may be to reduce
losses causad by rabbits (o less than 2 per cent of the total crop value within one
vear Meeting this objective will be expensive but the value of the product may
pastify the high cost of control, An objective for a fiox management program might
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be to improve Limb marking by 20 per cent after two years of fox control, For 3
nature reserve, the manager may aim o increase the population of rock-wallabies
by 200 per cent after four vears of fox contmal,

However, often the level of pest animal damage is not known or poarly known
and land managers need to make some assumptions. They might assume that
the level of damage bs directly related to pest density, as is sometimes the case
{sew Does increased pest control result in reduced pest damage™, pages 34-55),
The objective of pest animal control can then be stated in the form of reduced
density of the pest, An example for rabbit control o enable mulga regencration
in semi-arid areas may b the objective of a %0 per cent reduction, within one
year, of rabbits seen on a spotlight transect. However, it is important 1o bear in
mind that, unless the nelationship between pest density and the level of damage
is known, the abjective of a reduction in numbers is only an indicator of th desined
sutcome—a reduction in rabbit damage. Tt is possible that even a 90 per cont
reduction in rabbit numbers may fail to significantly reduce mulga losses

Management options

There are three main options for pest control: eradication, short- or long-term
management or no actien. With the exception of islands or isolated populations of
e, complete eradication i rarely feasible or economically sensible. Usually L
managiers ot either for short-term control at a critical time such as at lambing or for
beepnggeer b sustained pest control. The most appropriate option will depend on local
circumstances, including the nesource under threal, the natune of the land, available
techniques, the attitude of neighbours and the availability of financial and other
reources Galso see “When s it worth managing a pest population?’, page 97), To
protect a visluable vegetable crop from rabbits, 4 farmer may choose intensive control
b o comirination of potsoning, warmen ripping and fumigation followed by the
erection of a rabshit-proof fence o prevent reinvasion. By contrast, the manager of a
pastoral lease in the far north-west of New South Wales may only be able to afford
warren destruction on the most prodioctive parts of the propery and decide to leave
rabbits uncontrolled in the harsher limestone outcrops.

Mire specifically, the options for addressing pest animal damage include the
following:
® local eradication;
® sirategic management: one-off management, sustained management, and

targeted management;
| crisis management;
® commercial management; and
L] “l‘l‘l'l'lﬂﬂﬂ]."l."ﬂ'ﬂ."l'll.

When determining the appropriste management oplion or combination of
options, the following factors need 1o be considersd:
& the level of curnent and future resources available for pest control;
® the reduction requined in the pest population to achieve the desired reduction
in damage; and
® the availability and practicability of control technigues,
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Depending on the dynamics of the situation and nestrictions on the use of certain
control techniques, 4 land manager may choose only one or a combination of
technigues (see Chapter 4 pages 56-73). Forexample, because of the risk of killing
domestic pets, 1080 poisoning of rabbits is rarely possible near lowns and an
alternative poison such as pindone, that has an antidote, may need to be used in
Jocations whene pets anc at risk,

Each situation needs to be assessed individually and the appropriate
mansgement option or combination of options identified. Too often, costly but
inappropriate steategics are adopted in managing pest animal damage o
production and wildlife conservation values.

Tor help managers decide how to allocate scarce resources, the Department of
Conservation in New Zealand uses a process which ranks areas acconding to their
priveity for pest management (see Appendix 1. The process may seem comiplex
but i basically simple: given a finite level of nesources allocated o pest management.
i s il best spent on a farm or nature reserve? In essence, it 15 a mapping exercise
{also see ‘Where is the problem?, page B9-%7) that considers the following
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When is It worth managing a pest population?

Thie aim of economic pest management is to reduce the pest population o
a level below which further reductions give no additional cost-effective
benefit, that is, below which any extra benefits do not exceed the exira
costs of control. This is often called the evonomic infury level (EILL™ The
comts are the cost of the initial reduction to the regquined population density
and the cost of maintaining that density, The costs of short torm, tangeted
management, such as baiting of foxes just before lambing, ane likely to
diffier from those for sustained management b, say, protect an endangered
bettong population from foxes. The relatiomship between pest numbers
anl pest damage is also important (see Does increased pest control resull
in reduced pest damage’. page 54-55); there may need 1o be a greater
reduction ina fox population to conservie bettongs than to protect lambs.
Thus, for the same pest, in this case the fox, the EIL may differ acconding
tor the resource being damaged and the managernent strategy adopted.
The cost of the same management strategy may also vary according (o
conditions, For example, management may be less costly and more
effective when applicd in droughts companed to good seasons and when
disease or predation is having an impact on the pest population comparced
with when the population s unaffected by these.

The Figure illustrates the concept of EIL for a hypothetical pest. The
EIL is greater than zero density (eradication) and because the pest animal
population often exceeds this level it is reganded as a pest. In theory, any
attempt at eradication or control when the pest density is lower than the
EIL generally will not be profitable.

Hivwever, although it s a useful way to view pest problems, the E1L
concept has several shorteomings, In particular, if the population i to be
kept below the EIL then action nust be taken at some lower pest density
bocause it lakes time for control actions to have an effiect. 1 s this lower
level—the pest density at which action should be taken to avoid an
impending pest problem by proventing the population from exceeding
its ElL—that is often most important for practival pest managemoent.

'EI

Populaton uire

L] T —
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Aburrtence ficretsis agiely when the popabition size 5 smull sl saacises ao apeildriogm
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a8

whare ame the pests?

where ane thi: most important resources being damaged by pests?

where is thie worst pest damage?

how much money or other resources are available for pest management?
whit dises pest management cost per hoectane to be eifective?

how many hectares can be treated?

Local eradication

Complite and permanent emoval of a pest from a reglon is rarely possible except
on a local scale, and usually at high cost {see 'Eradication s rarely possible’, pages
10107, Neverthaeless, it has beven used sucoessfully inAustralia to eradicate rabbits
and goats from several small offshore islands.™ % On Townshend [sland,
Queenstand, a small hend of milking goats lef bebmd when the sobe graeer moved
from the sland grew to about 2000 in number and was having a large impact on
the mative vegetation. In 1993, 16 Dingodes wene introduccd and within 15 months
thiy hod reduced the goat population to 200 and the vegetation had begun o
recover? After 21 months, 21 goats remained. Six months later only four survived
on a rugged partof the skand and these were sht.' The Dingoss wene then removed,

Beefore attempting local eradication of a pest, managers should critically assess
whether the eriteria for eradication can be met (see ‘Criteria for local eradication’,
pages 104-106). For mainland Australia, local eradication is likely to be successtul
only wherne there s o permanent barrier to reinvasion, such as a wide band of
unsuitable habitat between the potential imvaders and the treated area, or a fenoe,

The Western Australian Government for example, has successtully eradicated
Searlings from the State, Pockets of Starlings were shot and trapped, and a team
established to regularly patrol caves and other potential moosts sites on the
Mullarbor Flain, therely maintaining an effective barricr o potential immigrants
from eastern Australia.

Strategic management

When local eradication is not practicable, strategic managemoent is the most
popular aption, There are three possible forms: one-ofl management; targeled
mianagement; and sustained management.

One-olf management

Long-term or permanent reduction in the damage coused by some pests may be
possibli with oni action or st of actions, such as some biological control, erecting
appropriate fencing. or mudilving habitat =o that it is les suitable lor pests. For
evamiple, in some areas itappears that the release of myxomatosis sevenely naduced
rabbit numbers and the habitat subsequently became much less suitable for rabbits,
limitimg retwvasion,” Thres 160 squane kibomietne properties in the castern Biverina
district of MNew South Wales were surveyved for abbits before the release of
mvomatosts in 1950-51 and after release in 1975, Despite litle other control the
estimates of rabbit infestation on the three sites dropped from 38, 26 and 52 per cent
b (126, 0004 aned 13 per cent, rspectively. Habilt changes betwen the carly and later
survieys included collapse of established warnens and talker vegetation that no konger
provided suitabile food and blocked vigilanee for approaching predators.
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Sustained management

Ideally, sustaimed management is when pest animal density 1s reduced and then
maintained at, or near, a threshold density at which thene is no iherease in benefil
{damage naduction) from additional control. This option usually involves bwao
steps: an initial knockdown aimed at removing a high proportion of the
population; followed by periodic maintenance control foslow or prevent reoavery,
The threshold density for a pest s likely to vary according to many tactors
including the relationship between pest damage and densdty, the region, climate
anvd B waset (s s “Dhoes increased pest control result in neduced pest damage™,
pages 34-55 and “When is it worth managing a pest population?, page 971 It is
therefore complex and often difficult to implement, not least because the
relationship between pestammal density and the level of damage is rarely known,
Allernatively, a manager may choose an arbitrary level of pest damage or pest
density that they find acceptablie and manage the pest to maintain damage or
density at, or below, that level.

Maintenance is an important element of sustained control. For examiple,
between 1979 and 1988, 3892 goats were shot in Mount Pirongea Forest Park,
MNew Fealand, to prodect native plants, at a cost of S500 (0, Most of this was
wasted as goats were ol held at 3 sufficlently low level, long enough 1o allow
regeneration of the native plants and animals being damaged ™

How often maintenance control is needed depends on how quickly the pests
recover and cause unacceptable damage. A variation of sustained controd,
intermittent control, is used periodically to reduce a pest papulation to low levels
b enable other factors o come into play. For example, it has been suggested thal
sorine animal species may be keptat low numbers by o predator, inowhal is known
asa “predator pit”. ™ It may be possible to control rabbits or feral pigs by reducing
their density o a Tevel where their primary. predators, foxes and wild dogs
respectively, could slow or prevent their return to former densities.

This approach can also be considered in the reverse to protect native animals,
In the case of Numbats threatenied by fox predation, if the fox population is
reduced for a sufficient period, Numbats may be able o build up their numbers
tosuch anextent that they can withstand further predation. This may reduce the
need for mone fox control, unless the population of Numbats again drops fo low
leviels due to chance factors such as large-scale fires, '™

Targeted management

Targeted mamagement is where action is directed at the individuals or group of
indivichuals that caise the majority of the damage, or applied at that time when
damage is most critical. For example, in the sheep country of Western Australia,
it appears that most sheep kills are caused by younger, dispersing feral dogs.*" It
is also belioved that the older, more wily foxes are the primary predators of
Mallevfow] chicks near nest mounds.' ™ Contmol targeted at these problem animals
may be more effective than aiming to reduce the overall density of the pest
population,

Hivwever, a targeted approach is not always practicable. Usually it requines a
good pnderstanding of the behavtour and biology of the pest to determine which
invdividuals ane the key animals o target, In addition, it is ofton the problem animals
that are more experivnced and avord conventional control fechnbgues.
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A varlation of tbargeted management is to conduct conbrol only at critical times,
such as baiting (poisoning} foxes just betore lambing, Similariy, some pests such
as House Mice cavse little damage until seasonal conditions become favourable
and they build 1o plagee levels. Models can now help to predict when a plague is
likely and asstst farmers to farget mouse control st prior o the major population
bruild-up.

Crisis management

All oo often (armers and reserve managers underake pest control only whon
the pest animals or their damage become oo abvious to fgnone this is crists
management. Thene i no chear objective for the control other than to kil pests
and comtrol efforts ane Largely wasted because the damage has already been done.
Crisis management is not a desirable management strategy. The poisoning of
mce al the helght of an outbreak, when the mice ane ot high density, have spread
widely and caused massive damage, 1= an cxample of orists managemaent

Commercial management

Many pests an harvested vither by recreational hus

srs oF for commercial gam™'
and it is argued that they should be seen as a resource as well as o pesg ==
Commiercial pest harvesting industries in Australia ane vatimated toeam in excess
of S100 millicn a vear, mostly from export products, and are growing rapldiy.
Thie value of commuereial harvesting of pest animals as a means to control pest
damage has been questioned. Commuercial use is bkely to play Bitthe or no rale in
the management of some species such as rabbits and wild dogs. However, it has
potential for other species such as feral horses, goats and pigs. For example,

harvesting in the form of :111|-l.*rir||.1 and H"'”IBF. the animals i= a L”ITI-F‘“I'IL'I“ ot
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o

spme comtrol programs for feral goats and horses and any profit can be wsed o
orffset the cost of follow-up control. Nevertheless, commercial harvisting is ranely
built into pest management plans, Indeed commuescial harvesting is quite often

carried out independently of other control action, as is the case for most feral pig

harvesting in Queensland and New South Wales. The effectivensss of this type of
controd in reducing pest impact has rarely been deternuned, and should be assessed
For mode sttiabions

Commurcial harvesting as it is curmently practioed is usually concentrated
relatively close o processing plants in arcas where the past is abundant, and
Ehese muy not be the arvas whene control is most needed. Nevertheless, there ane
advances which may make the commercial harvesting of species such as feral
poats and other large feral animals more effective as a managemoent option. These
include the development of larger and more reliable overseas amd domestic
product markets which add stability to the industry, and Large portable chilliers

which enable harvesters toowork in maone remaole arcas.

No management

Many post animials, including feral cats, foves, camels, starlings and feral pigs,
are not managed over much of their range, especially in conservation anvas. This
situation i likely to continue due (o limited resources. A consequence is that in
somie aneas certain land uses are not possible, such as wool production outside
wild doy fences or re-establishment of small endangened native mammals

Reserve managers may nist have the resoumces to control pests over the whaole
reserve o they may not regard pests as a major problem. Nevertheless, when
assessing the costs and benefits of pest control, they have a responsibility 1o
consider the impact of pests dispersing onto neighbouring lind_ A compromise
v be that st management s carmi of ot 11 the buffier 2one whore the eserve
adjoins tarming Land
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Defining management units

Maps and a process of ranking according o pest management priority, such
as that wsed by the Department of Conservation in MNew Zealand™ ™™ can
I vsed to identify practical units for pest animal management. [n the past,
alot of pest animal management has been based on inappropriate
management units: Too often, fox control was carried out on imdividual
properties or natune reserves with little coordination between neighbours,
andd was of limited success due mainly b refnvasion by foves,

Around Mildura, bird damage to sultana grapes is generally insignificant
because they ane grown over a vast ar and ripen al the same time, By
comparison, the scattered vineyards in the Barossa Valley, adjoining sorub
or other timbered areas, suffer mone damage, The greatest losses ocour in
the Riverland of South Awstralia where vinevards, mived orchards and
horticultural areas border croplands, offering pest birds 3 vear-round
simorgasbond. Clearly, the scale of the managemaent units will differ for cach
of the ancas,

Thesiee of the management unit can also be influenced by the timesframe
over which comtrol is required. For example, protecting a lambing paddock
for one month just before and after lambing would be a much smaller
operation than ensurng the survival of an endangenesd species that was under
comstant threat of prodation in a lnge natune reserve, In the case of the reserve,
it s Dikoely that comtrol of dispersang foxes ina buffer zone between the eserve
and neighbouring farmland, as well as action in the reserve itself, would be
nevessary: This would reguine coondinated management involving several
land managers and greatly increase the size of the pest management unit.

Incomplete knowledge: dealing with risk

There is often litthe good imformation about the amount of damage pests cause
and the Tikely benefits from a given lovel of pest control. As o resull there is
considerable risk involved in deciding the level of resources that should e
allocated o pest contral. Most land managers, but especially farmers, understand
the comoept of risk because itis a daily part of management; a farmer may weigh
up the risis and benefits of planting canola instead of wheat or of delaying winter
planting i the season is late, Comparimg the nsks and benefits of various levels
of pest control against diverfing the resources toother aspects of 3 tarm operation
is a similar assessment process.

The attitude of the land manager to risk will affect how they are likely to
approach pest control. I farmers are risk-averse, they are likely o choose o pest
management option that offers them the least losses due Bo pest animals even in
the: worst situation, or, alternatively, by deciding not 1o spend money on control
until the problem becomes very obwvious (erisis management), By choosing a sale
option they usually reduce their chanees of achieving a much more economical
and beneticial ouleame

Aconsrrvation example of the impact of nsk on pest managemaent s the contmol
oof o predation on mative animals. Studics in Western Australia hivve shown that
intensive fox control over Linge arcas often allows an increase in threatenasd native
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mammals such as Mumbats and Brush-tail Bettongs. Intensive fox control js
expensive, but it may be possible to lower costs by reducing the fregquency of fox
baiting when the native ammal population reaches a higher bevel. The theory is
that a larger Numbat or bettong population will produce more young and be
able to withstand an increased level of fox prsdation. A rsk-averse reservie
manager would not risk any increased losses of Numbats and bettongs and would
continue intensive fox control.

However, the potential benefits from choosing the more misky option of reducing
the fresquency of fox balting bs that resources saved on fox comtrol in one arca
cotthd be directed to controlling foxes or other pests inother reservies. Thie possibile
losses from adopting the more risky approach can be reduced by appropriate
monitoring of changes in the bettong and Mumbat populations in response to the
changed frequency of fox baiting, If the decline is too geeat, fox baiting can be
inerensed again,

Management opticns for feral pig impact on lamb
production: considering risk

Feral pig predation can cawse an coonamically significant loss of winter limbs
in western New South Wales, ™' To reduce lamb predation, several posible
acthons e available, eithir alope or in combination, and each his economic
costs andd associnted risks, A manager s objective is o maximbse benefit whike
taking appropriate account of associated risks. For pig control, somie of the
possible actions and associated risks a manager might consider ane:

m Action: pokson o trap pigs in late summer toearly autimn bo reduce winter
density,

Risks: pigs can be difficull 1o polson or trap outside winter, a few rogue
boars that take the majority of lambs may not be emoved,'™ and motivation
b st early, before the problem becomes evident, may be lacking,

a Actior: coordinate lambing with neighbours to spread losses.

Risis: neighbours may not cooperate because feral pig distribution is patchy,
and chance weather fuctuations may devastabe all distriet lamb production,
o Acting: change lambing to spring when allermative foods.are available o plgs.
Risk=: poorer lamb prices, and more lambs may div or be stunted because
rainfall in spring is less reliable than in winter,

& Action: erect electric fence around lamb padidock o exclude pigs,

Risks: a short-term break ata eritbeal time could result in high loss of lambs,
and the fence mav not exclude rogue boars.

u Action: implement control only when damage occurs.

Risks: losses may be unacceptable before action s taken and by then the
range of control sptions is reduced.

® Actioi: no control.

Risks: losses may be unacceptably high.

Managers must identify and evaluate potential actions or combinations
of actions, and welgh the associated risks and benefits to dotermine which
actions are most suitable, A deciston matrix to determine if options ane
practicable, feasible and economically desirable can hetp.™
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Eradication is rarely possible

The hiope behind maost pest animal control campaigns has been eradication—the
complete and permanent removal of a pest. ests have been destroved by shooting,
poisoning or trapping, by fencing them in or oul, or, in the case of rabbiis. by
encouraging the spread of disease, and cats and other predators such as mongoose,
The methods were often applied with little concern about non-target effects. For
example, chemicals such as carbon disulphide and yellow phosphors wene
spread indbcnminately o control rabbits, but often killed many non-tanget native
animals. They were also very dangerous bo e user ™

Eradication is appealing because it requines no understanding of the relationship
between pest density and the level of damage. Also there are no ongoing costs. The
restil b iof eracdication are always assumied 1o be beneficial, but this i= not mecessarily
s, Rabbits were eradicated from Bowen Island, o 100 hectare island in Jervis Bay,
Mew South Wales, primarity to increase the amount of nesting burmow habitat
available to Litthe Penguins and nesting shearwaters, After rabbit emoval, kikuyu
grass,an mtroduced weed formerly graced by rabbits, spread and prevented some
penguins frum reaching their burrows and feeding their chicks. Expensive kikuyu
control had to be conducted to correct the imbalance. ™

It is sobering 1o note that, despite vears of offort no widely established, commaon
pest animal has been eradicated from Australia. Given (that most established pests
are widespread and common, and that there are relatively few techniques (o
control them, istally the best management goal is b reduce the level of damage
fo an acceptable level rather than to attempt eradication, Killing more pests than
is nevdied 1o achheve this goal is expensive and wasteful when budgets ane limited.

Criteria for local eradication

Eradication of established pest animals s possible only on a local scale, To
determine whether eradication ks Hikely to be successful, six criteria can be applied:
three essential for the achiovement of eradication and three to indicale whether
eradication is proferable o ongoing contral =

Essential

Pests can v killiod ad o faster rade than they con reploce themseloes,

This seems obviows but it is ditficalt to achieve in practice. There ane bwo main
reasons, First, many pest populations have a high natural rate of increase, Second,
as the density of a pest declines, it lakes progasssively mone time and more expense
1o locate and remove the last few animals.
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Treervrigrartion can by prevented

1t animals can recolonise an area from nearby populations or by escape from
captive populations such as domestic herds of goats and pigs, elimination of the
pest will at best be temporary, This criterion can be met for islands, but is often
difficult to achieve on the mainland,

Immigration to o local area may be prevented where fencing and control, at
ongoeing cost, cneales 3 perfect barrier An example is the successtul campaign to
prevent the Common Starling from crossing the Nullarbor Mlain bo south-western
Australia. However, this does not come cheap, It costs the Western Australian
Covernment about S350 000 each vear to kill the 1000 or so starlings annuoally
that attempt o migrate into the south-west. Given the damage Starfings could
cause lo crops and native species tis is probably money well spent.

Al reprodncteoe individuals are at risk from Hhe apailable techoniques.

It is not necessary to remove all pest animals at the first attempt, However, all
reproductive or potentially reproductive members of the pest population must
be able to be taken by the techniques available, This is rarely possible in part
becavse there is onty a limited armory of wechnigues. 18, for example, somie animials
become trap-shy or avodd poisomed baits then those animals cannot be removed
and eradication will nit be achieved. Trap-shyniss, bait-avoidance and nesistance
100 purlsins, are Common among pest animals.

Desarable

Tire pest con b snsnifored af oeey fino densities.

It the animal cannot be detected at very low densities, then there i no way of
knowing whether all animals have been eliminated. However, most population
assessment technigques cannot detect animals atvery low densities. The difficulty
in meeting this criterion is ilustrated by the attempts 0 remove rabbits from
Philtip lsland; a small population of rabbits was found on the island two vears
after it was thought that all of them had been removed (see Eradication of rabbits
on Phillip sland”, page 1061,

The socto-pelifteal enpiromment sugnaorts eraadicition,
Even when all the technical problems can be met, social and political factors may
prevent successiul eradication. Community attitudes may oppose killing Lange
numbers of animals on moral, emotional or culiural grounds (refier o Chapler 1,
pages 15-27) Also, eradication is expensive. Molitical factors may withdraw funds
from the program before eradication is achieved.

The highe costs of eralication can be frstified.

It is appealing to think that the value of perpetual freedom from o pest s very
high, but this may not be so. Future benefits such as those obtained from
eradicating pests have a lower economic value than benefits that ane available
immuediately, This is because the value of futune benefits is discounted. Calculating
discount rates involvies the reverse of the equation to calculate interest rates on
imviested money. Lising a bvpothetical model of the costs and benetits of eradication
it was shown that when the discount rite was set ot zero, eradication became cost
eifective after 28 years.™ Setting o very low discount rate of 3.5 per cent made
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eradication cost elfective alter 47 years, bul, at 10 per conl, eradication never
became cost effective

The practice of discounting the value of future benefits assumies that land
managers act inan economically rational manner. However, pests seem o evoke
strong emotional responses o the extent that management aims and expenditune
are often far from rational. The resource being protected alse has to have 4

monetary value allocated to it in order to determine whether eradication is

economic. Yet the monetary value of conservation and biodiversity is difficult 1o
assess. There are methods to do so, such as contingent valuation. but their
usefulness is debatable, ™

Eradication of rabbits on Phillip Island

The combined impact of rabbits, goats and pigs caused almest complete
elimination of the vegetation on Phillip lsland in the tiny Norfolk Island Group,
an Australian territory in the south-west Pacific. During the 1800s the slands’
denise forest was Joggaed for timber and the animals wene introduced s food
for the convicts and sport for the officers of the penal setthement on Norfolk
Island. At their peak, the pigs alone wene said o number $000-3000 on the
190 hectare island, "™ By 1912, when the pigs had gone and only the rabbit
survived innumbers, they had created a bizammely beautiful, barmen Lindscape.

The original vegetation and fauna was poorly doctmented, so the full exient
of the boss will never be known. At least one plant species s extinet, 17 have
been lost from the tsland and only single specimens remain of several others.
Since setthement, twoof the Island group's 14 endemic Lind binds have become
rare and one has niol been seen for several years dispite considerable efforts
1o finad i1, Six bind spocies have become extinct and of these o parrot, the Norfolk
Island Kaka, was last seen on Phillip sland in 1851, Convicts and settlers
probably hunted the parrot and a pigeon to extinction, but habital destnuction
threugh clearing and the impacts of introduced animals may have contributed
to their demise and that of the other species

Thwe isband has significant natural values and in the 19805 it was considensd
economically, socially and politically desirable to eradicate thee rabbits, A
rabbit flea carrying a virulent strain of myxomatosts was released and
reduced the population for a time; when numbers began to build up again,
poisored baits were laid, and the remainder of the rabbits were shot. Rabbits
even Hved on ledges on sea cliffs on the rugged island, thus it was not
surprising that the ‘last rabbit” was eliminated twice—once in 1986 and again
in 1988, Thee eftort requined o remove the rablbits from this 190 hectare island
wars high: in human resources alone it took the equivalent of seven people
each working for 10 days,

During the century when pest animals wese present, it is estimated that
owiet 4 metres of soil was eroded from the island. Nevertholess, since rabbits
weneeliminated, revegetation has begun, mainly i the gullies and crevices
where soil remains. The Phillip Island Hibiscus, formerly on the brink of
extinction,” has started to re-establish itseli and another plant, the Norfolk
Island Abutilon, not seen since 1912, has also recolonised several patches on
the island.™
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6 Defining the problem

Defining the pest problem

Thae first step in the strategic approach s to define the problem and identify the
causes, This requins an assessment af the available information o determine
whuether pests are the real culprit or just perceived o cause damage and, when
pests ane a problem, whether other factors arealso involved | Assessing the extent
of the damage—deciding when and where it nocurs and how severe it is—and
identifying who is alfected or has an interest, ane also part of this process. 1t s
also advisable to investigate the economics of thee pest probliem at this stage (see
"When is it worth managing a pest population?, page 97,

From the management perspective, the pest animal problem s best stated in
terms of the desired outcome sought from pest damage control; in other words,
the expected conservation or production benetit. To illustrate, from a reduction
in rabbit damage a sheep grazier might expect any of the following outcomes or
A combination of these:

n increased wool production;

m redduced sofl erosion;

8 protection of native vegetation;

m better management of the effects of drought,

m assisting nelghbours to control their rabbits;

m ridding their farm of a pest that they do not like

Is there a problem?

In many cases pests ans of real concern (see case studices, pages 119-139). For
instance, feral pigs take as many as 40 per cent of lambs born in the lamb
production areas of western New South Wales,"™ and rabbits, even al densities of
less than 1 per hectane, can prevent the regeneration of some native plants. ™
Nevertheless, in some situations there may pot be g problem or pest animals
may not be the main cause of damage, Prodation by rats has contributed to the
decline of several bind populations on islands and seemed to be the obwvious canse
of the extreme rarity. of the Lord Howe Woodhen, which ts found only on Lord
Howe Island, New South Wales. However, careful assessment of the situation
shonwed that feral pigs wene to blame, Reduction in pig numbers eventually lued
tovan increase in wood hens, from about 10 6o 60 breeding pairs A situation whien
a pest animal may be incorrectly blamed for production losses is that of poor
lambing success attributed mainly o fox predation, when other factors such as
poor ram management, ram infertility or infertile pasture ane the major causes
For example, in a recent study at Boorowa on the Southern Tablelands of New
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South Wales, fox predation ol lambs accounted for less than 2 per cent of lambs

born. Foses took a number of lambs, bub most of these died or would have died

from other causes such as difficult birth, exposure to cold. poor mothering or low
birth welght " In this case, the farmer is likely to obain a greater gain in lamb
prodduction from treating these other couses of lamb loss rather than from fox
control Inother Limb production areas, primary predation by foxes may be more
important and deserve a higher management priority: Each case must be assessed
individually

Rat damage to Hawaiian macadamia nuts: a perceived
rather than a real problem

Hawaii has substantial macadamia nut plantations. Farmers noticed that
the introduced Black Rat damaged many of the nuts and this was confirmed
by studies which showesd that up 1015 per cent of the nuts were damaged
by rats. Expensive annual rat removal sucoessfully reduced nut damage. In
order to better understand the problem, the United States Department of
Agriculiure set up experiments to measure the nut vield from macadamia
trevs in crops whene most of the rats were removed compared with trees
whene there was no ral control ™ Rat removal greatly sediced damage (o
the developing nuts, However, when the vield of macadamia nuts from the
protectied tnees was compared with that from the unprotected trees, there
was virtually no difference.

I the next stage of the experiment, rat damage to developing macadamia
nuts was mimicked by artificially removing nuls at varous stages of
developmient. It was discovened that trees could fully recover loss of
individual nuts in the developing crop wp to 150 days after seed set. Thisis
not surprising, as most frod trees prodoce a similar weight of frui, and
often larger and better quality frult, when excess developing fruit ane
removed, Thus, although rats were damaging developing nuts, they were
not affecting the vield, rather they were pruning the excess fruit.

Rat damagse o macadamia nuts is an example of o perceived rather than
areal pest problem, Resouroes devited 1o rat control would have been better
spent on improving other aspects of the production and marketing of
macadamia niits.

Cane Toads: a real or perceived pest problem?

The South American Cane Toad was intreduced to Queensland to help
comtmol cane beetles, which damage sugar cane, In 1935, 62 (00 captive-bred
toadlets wene released. ™ They took to their new home with enthusiasm and
ane oW common acress a lange part of eastern Queensland, have extended
inte northern Mew South Wales and are invading the Northers Territory at
the rate of about 30 kilometres per vear® However, they do little to control
cane bevtles

The toads are predators of native invertebrates, such as aguatic insects
and tadpoles of native frogs. When alarmed, they produce a toxic poison
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from glands in their shoulders, and theeir tad pales ane also poisonous, Cats
and other pets and some native animals such as goannas and native suolls
can die i they eat Cane Toads,™ " For this reason the toads are considercd a
major pest and blamed for contributing to the decline of some native animals.
Undoubtedly the cause of the Cane Toad has not been helped by their
unattractive appearance. As a result of these concerns, extensive funds have
been spent dieveloping methods to control the toads, a task that so far has
proved unsuccessful,

However, after Cane Toads invaded the habitat of four species of native
frog, no damage could be detected ™ Indeed, when the researchers artificially
reduced the numbers of one common species of native frog, their numbaers
recovered despite the presence of Cane Toads, In another study, invading
Cane Toads caused an initial decline in the numbers of goannas and
prodatory snakes, However, a few years later populations of both species
had recovered to the levels they were at before the oads invaded **

Ome of the problems in assuming that Cane Toads have caused thee decline
of some native animals, and in focussing a considerable proportion of
available resources on atlempts at control, i that the real canse of the decline
may be overlooked. For example, boss of suitable habitat rather than Cane
Toads has probably bieen a major cause of the decline of the Spotted-tailed
CQuoll in Queensiand. ="

This Is it to say that no action should be taken to control the spread of
Cane Toads. Consistent with adopting the precautionary principle (see
*Ecologically Sustainable Development’, page 76), whene practical, the toad
should be prevented from invading new habitat. However, unless studies
can show that it is a significant pest in arcas where it is well established,
attempts al control are Hkely 1o be futile and of Bitle value 1o conservation.

S
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I Cane Toads are not a conservation problem, how should community
concerns be addressed?  An extensive public awaneness and information
campaign may be needed. I, after this, the community still wishes to support
reseanch and action to control Cane Toads, then at least they ane more awane
of the likely costs and benefits,

European Carp: problem or scapegoat?

European Carp ane comman in many of Australia’s rver systems. In the
Murray and Murrumbidges River systems thiev have been blamed for the
rectuction in the numbers of trout and native fish suchas Murmay Cod, Golden
Perch and Silver Perch. There s increasing pressune to control carp and, if
possible, eradicate them. However, it is highly unlikely that they can be
eliminated or indeed even that suitable control methods can be identified
More importantly, closer examination indicates that carp may not be o magor
problem to native fish, at least compared to other modifications of the
Murmay / Murrumbidiges System

The Murray and Murrumbidges Rivers form southern Australia’s major
river svstem, The river basin, the Murray Darding Basin, produces around
M per cont of Australia®s primary production, As might be expected for
such an important production area, there have been extensive changes to
the environment which include:

Wiater diversam

Seventy per cent of the available water in the system is negulabed; 90 per
centof this is diverted for frrigation. Water use has increased rapidly and, as
a result, between 1988 and 1994 alone there was a 12 per cent reduction in
the amount of water that reached the sea " Consequently, thene is less water
tior flush imparities from the system and foods ane less frequent and wsaally
smialler. This in tuen reduces the capacity of native fish to bresd since many
rely on floods to provide the stimules and the correct environment for
breeding

Salinity
Salination is 4 major problem in the basin. Between Yarrawonga in Vietoria
and Morgan in South Australia salinity in the Murrav River increases 12-
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fold and salt levels are so high that lower parts of the river can no longer be
usedd b irrigate certatn crops such as apricots. ™ Carp are relatively tolerant
of salimity but most native fish ane not well adapted to saline water.

Nutrterts

Nutrient inflow to the system is unnaturally high, for example, there has
been a 250 per cent increase on the phosphate level of the river between
Albury in New South Wales and Morgan in South Australia,'™ Frequently,
nubrients ane discharged from town sewage treatment plants and carried in
run-off from farms into the rivers. The increased nutrient level has led o
algal blooms which decay and cause low oxyvgen levels im the water, Unlike
native fish, European Carp havea high tolerance to water with a low oxygen
leved. High mutrient levels can alsp inensase vegetation on which carp feed,
but which most native species do not eat.

Pesticides anwd herbicides

The level of persistent pesticides and herbicides and their breakdown
products in the rivers of the basin has dsen significantly as the level of
irrigation along the rvers has increased.”™ While the impact on fish and
other aquatic Fauna is not clear, it s likely to bave neduced the bealth of the
system. For example, some of the organochlorine pesticides may cause
feminisation of fish and reptiles,”" that is, they may cause males to take on
feminine characteristics or change sex

Datimys anel wies

Many dams and weirs have been constructed along the system and this has
affected native fish in two main ways: First, it prevents their up-river
migration, which is considered important for the long-term survival of
species such as Golden Pereh." Second, water is usually released from the
bottom of dams where it s cold and wsually low in oxygen. The temperatun
of the water for a considerable distance below dams is too cold to stimulate
native fish to breed, but European Carp can breed at much lower water
femperatunes than can native fish.

Rl of frecs and smags

There has been extensive clearing of vegetation along the riverbanks, as well
as removal of trevs from the river beds to improve river flow, Tree removal,
combined with the access of stock to the river, has led to extensive slumping
of the banks. The effect on many native fish has been o reduce the amount
of habitat available to lay their eggs. For example, unlike European Carp,
Murray Cod must attach their eggs to underwater objects such as the roots
of trees and underwater snags.

CHlrer introdueced fish

Beside European Carp, several other species of fish have been introduced to
the rivers. These include trout, European (Redfind Perch and Topminnow
{Mosquito Fish), Both trout and perch are voracious predators and there s
good evidence that trout have caused declines in populations of several
species of native fish,™
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Commercil wnd recrentionnl fishing

Although the catch of mative fish has declined consideralbdy in revent vears due
1o the decling in stocks, both native and introduced Gshane still commercially
harvested from the system, putting further pressoee on native fish populations

These are pust some of the profound changes that have occurred in the
Murmmumbidgee and Murrav Rivers as the result of human activities, Many
of the

rations have been highly detrimental to native fish. While carp
may canse somie problems, such as increased turbsidity and removal of bottom
vegetation, these impacts need tobe considened in comparison with thie other
major changes that have been wronght on the svstem. Viewed in context of
these wider problems, carp may not be a major problem for the survival of
native fish. Even though carp constitute an average of 80 per cent of fish
biomass over the entine Murray Darling Basin,™ it is likely that they are
simply taking advantage of an altered river svstem to which they are better
spited than are native species. Unless the other impacts can be reduced,
native fish stocks ame unlikely to improve even it European Carp can be
controlled. Thus carpane lkely to bea symptom of a degraded river system
not a mapor cause of declining native fish stocks
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Clearly, it is important to determine the importance of pest damage companed

with other factors so that available resournces can be used o maxinuem benefie 1t

must also be kept in mind that situations often change. For example; feral pigs
capse a significant neduction in cattle production in the Mary River catchment (see
below), However, many other factors also conbribute to cattle lsses, and changing
land-use will affect the future dynamics of pest management in the ansa,

Feral pig damage In the Mary River catchment

In the Mary River catchment, about 100 kilometres south of Darwin in the

Morthern Territory, cattle producers are concormed about feral pig damage

to fences and pasture. Pastoralists claim that feral pigs oot up pastune and

brreak fences, causing them to lose about 10cattle per property per vear. The

Muorthern Territory Parks and Wildlife Commission is also coneerned about

the damage pigs canse to local wetlands. Discussions with farmers and the

local Landcane group indicated that the problem = much mone complex than
simple damage caused by the pigs, The following are just some of the
irnportant issues that wene raised:

1. The aquatic weed AMimosa pigra has established in local waterwavs and
begun toanvade properties, reducing the availability of productive Land;

2. Salt water has intruded far up the Mary River, killing large areas of native
pasture and threatening native plants, Damage to ooastal barmers by
Buffalo is believed o have been a major cause;

3. Wild dogs take and injure many calves;

4. Salt-water crocodiles in the Mary River ane a major towrist attraction but
they also take several head of stock each vear from properties bordering
the river;

3 Recreational feral pig hunters cause loss of stock whien they cut fences to
pain acciess to feral pigs:

6. Although considered o pest. teral pigs are also the basis of a growing
commercial game industry and an important source of altermative income
toy pastoralists;

7. Returns for pastoralists that rely on free-range Herelond cattle ane poor
because of declining beef prices. There s pressurne to upgrade their herds
toy Brahman-cross cattle for the live export trade but the capital investment
to change s very high:

8. Large tracts of neighbouring land ane being developed for nut and tropical
fruit erops. The managers of these Lands are likely 0 have different
problems with feral pigs and other pests than do thie pastoralisis.

Effective control of feral pigs s unlikely, withoot caneful planning o
determine how it relates to other land uses in the arca and to the futune of
thae bocal catthe imadustry. All the key plavers, including pastoralists, the tourist
imdustry, national parks, horticulturists and commercial pig hunters need
to be consulted. Future trends in land vse also newd to be considered: if
pastoralists change to higher value Brahoman cattle, calf bosses to wild diogs
may become a much more significant problem than pig damage,
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Assessing the scope of the problem

It is important to obtain a broad perspective of the pest management problem
Onee the problem is defined, its scope should be clarifisd. Key questions that
assist this process include

® Who has the problem?

® Where is the problem!?

® How severe is the problem?

o Will the problem change with time? For esample, is it likely to continue af its

present level, increase, or decrease”

A definition of the scope of the pest problem should put it in its economic
environmental and social context, Some environmental contexts wene discussed
in thie previous section | Is there a problem™ ). Consideration should be given to
whether it is evonomically desirable to manage the pest problem and, if so, at
what point it i= most economical to proceed (see "When is it worth managing a
pst population™, page 970 To _|I-|.||,'|_'- the problem in its social confext, the most
impartant playviers should be identified and involved. Some, such as farmers and
natune reserve managers, ane casy o fdentify becawse they stand 1o benedit most
fromm effective pest control. But others, such as policy regulators, animal welfare
groups, commercial harvesters, hunters and conservation groups can' also
influcnee pest management. [n this process it is wseful o determine e importance
of these groups, how they are involved, and 1o ne

enise any inconsistencies

between them. Misunderstanding or inefflcient or conflicting management of a
resouree mav resilt when the main objectives of the groups do not colncide
Discussions with the key plavers can alse help put the problem info its proper
contest (s Feral pig damage in the Mary River calc hmwent”, pages 87581, Where
they exist, regional or Catchment Management Plans anea great aid to planning
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DEFINING THE PROBLEM

Who has the problem?

All major interest groups should be involved in defining the extent of the pest
problem. Pests rarely respect property boundaries tunbess a pest-prood fence is
erected land, in generl, successiul control reyuires a coordinated approach acmoss
a wide arca. For effective pest management, land and nature reserve managers
need to talk to and work cooperatively with their nelghbours and other interest
groups. Stakeholders include all these affected by the pest cither through the
damage caused or because they must pay for the pest control. These may include
other farmaers, hobby orabsentee farmers, natlonal park managers, fonesters, water
catchment managers, miners or semi-urban dwellers. The ditferent groups ane
likely to have widely differing attitudes, approaches and levels of nsources
Consequently, it s important that all stakeholders meet and discuss openly the
various aspects of the problem, and contribute to the plan of action and its
implementation.

Community-based groups, such as Landcare, and Total Catchment
Management groups can help, especially if there is an effective coordinator/
tacilitator i the group, Meetings do not hisve to be highly structured, An informal
mevting in a work shed or a kitchen can be very effective. On the other hand, o
mione structured meeting may be the appropriate way to discuss pest animal
management when it concerns many plavers from a wide area (e A coond inated
group approach to management’, page 18-1101,

Where Is the problem?
Murps shonp the extent of prodienss g may Ielp bo udicate solutions =

Maps help to define the scope of the problem and pinpoint priority ancas. They
can be of various types, from simple hand-drawn charts to topographic maps,
lang system or land unit maps, acrial photographs and sophisticated interactive
comprulerised geopraphic information systems. The chidoe depends on resources,
scale of the treatment and the type and extent of the problem.
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For example, when planming fox control, the map may recond tracks, trails,
fence lines, lambing paddocks, refuge habitats for important native animals

property boundane=, natural boundanes, areas infested with rabbits, fow cormdors

relationship between pest animal damage

and dens and fox refuges. Mapping the
and landuse, perhaps using overlays, may help determine where moanagement
should be targebted. In the fox example, mapping may indicate where lambing

paddocks coincide with areas where fox damage is greatest and thus whene control

15 best focussed

Measuring the problem

Crhvce it is established that the pest is the real cause of the problem, the amaount of

damage it causes, such as the percentage of lamb production lost fo loxes or the
reduction i prisduction due to rabbits, needs to be determined. However, this is

rarely vasy even whien there are good records of farm production, and it s still

more difficult when assessing the level of damage coused to native plants and
animials

Designing experiments w quantity pest animal damage s also often difficull

P “Thae lowe and funchion ol |.'\|l|'r::|1||.'|'|l- an 1'~.'||'|'|p||.' |,".'l;.:.l'*-“1 531 1 ATEC

j AL
._-“-,-“111._-“1_;!1|||||-‘ and several |..'|~||..|I|---1-I each ireatment ane oflen reguined to
ensune that chaney events such as fine and disease do not complicate interpretation

of the results. Even if suitable experiments can be conducted, it may be a long

time before the results of pest control become clear For example; it may lnke

many years for a rock-wallaby population to recover once the loss from fox

P wation 1= halted . Moreover, other factors may 1|II:I‘|'|I|I~ At interpretation of the
information, One example s that of Malleefow] which wene believed o be
threatened by fox predation I a stud v desiened to demonsteate the damage

joxes couse o Mallesfowl, thene was little recovery m Mallevfow ] nambers

following predator control. Later research showed that, although foses wene
important, Malleefow! did not increase because the necessary food For chick
survival was not avallable. Thus, ag well as the essential control of foues,
management of grarzing by domestic stock, feral woats and rabbits was also

PHACSSATY




DEFINING THE PROBLEM

The logic and function of experiments: an example
(Based on a draft by Steve MeLead)

To gain better knowledge of pest biology or evaluate the effectiveness of
management techniques, experiments ane often regquired. Well designed
experiments follow a logical procedure (see figure overleaf). The first step
invalves making an observation of a pattern or a departurne from a pattern,
An observation could be as simple as "More lambs are produced in arcas
where rabbit density s low than in areas where density is high' (Step 10
Once the observation has been clearly defined, the experimenter attempts
tor explain the observation with theories, which can be simple or complex
and must always support the onginal observation. Several different theories
can be put forward, each equally capable of explaining the ohservation, but
differing fundamentally from the next, One theory that could explain the
observed difference in lamb production is that ‘Rabbits affect the food that
limits successful lambing (s Step 20 Another theory might be There ane
fewer foxes in areas whiene rabbit density is low thanin aneas whene density
is high". Thiz two distinet theorivs concern food and predation. At this stage
both theories are regarded as valid,

During the third step, hypothesis building, specitic predictions are made
from the competing theories. The experimenter predicts some new avd
unesamined set of observations (Step 3), and then sets out o prove the valug
of the theory by showing that its predictions ane true, If the predictions ane
not true, then the thoory was in some way incormect. From the theory that
lamb production is limited by rabbits’ effect on food, the prediction would
b that if supplemental food wene given to ewes in areas with high rabbit
density, more lambs would be barn, 1t is important to note that if lamb
production i= langely dependent on the rate of fox predation, then simply
manipulating the amount of food is unlikely 10 have any effect. Most
hypotheses are constructed in the positive form, that is they make the
prediction that there will be a difference betwomn treatments, However, before
the hypothesis can be lested statistically it is vsually restated in a negative
form, calbed the null by pothesis (Step 4), which usually states that there will
be no difference between experimental treatmints.

Once the null hypothesis has boen elearly stated it can be tested by an
experiment (Step 50 Al this stage the experimenter must consider such things
as replication, experimental treatments and controls, allocation of
experimental units, what dita need to be collected, sampling intensity, and
appropriate statistical analyses. The data needed 1o test the null hypothesis
are then collected., 1F the data do not support the null hypothesis then the
hypothesis is upheld and, if the hypothesis was logically constructed, the
theory k= supported (Step 6. However even if the null hvpothesis is nepected,
that is, the theory that relates to food is shown to be cormect. the other theory
cannot be dismissed, Lamb production may be poor whene rabbil density is
high both because thene 1 less food and foxes kill lambs.

Thie st step s to refine the original theory, making it better able to predict
nature, either at o mone comples scale, or by making it more general and
able to predict at a broader scale. This can be done by experiments designed

@1
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DEFINING THE PROBLEM

b etablish whether predation is important and whether food and predation
interact. Further, rabbits may affect the food of sheep by competition for
Food and /or by thie habitat degradation they cause, and it may be useful o
explore these theories. Aliernatively, i the null hypothesis is not rejected
thien there is evidence that the original theory was wrong, Whatever the
outcome, the rescarcher goes back towand the start of the procedurne: to the
theory (Step 20 il the nuldl hypothesis was rejected. or to the observation
stage (Step 11 the null hypothiesis was retained, Thus, experimentation isa
process of continual refinement, evolution and, occasionally, revalution.

Mt problems in interpreting experimental results stem [rom the
hypothesis stage (Step 3) or the testing stage (Step 51, 1 hypotheses were
ambiguotsly stated there is a chance that more than one theory could be
supported by the experiment, However, more typically, inconclusive
experimental results ane a conssquence of problems during the testing stage,
st commonly: 1} lack of experimental controls (the word control is used
here in the experimental sense, to mean an untreated site); 20 inadequate
replication; 31 lack of interspersion of treatments and controls; 40 overall
lack of statistical power: or 5) errors in statistical analysis and interpretation.™
In this expertment the control is a set of untreated sites with high rabbit
density, similar to those where food supplementation takes place. The use
of control areas lessens the risk of obtaining a misleading result if, for
example, there are good rains and Lamb production increesis regardless of
the provision of extra food.

There ane many excellent guides to the correct design and interpreation
of experiments (for general tests see Cochran and Cox;™ Winer et al
Manly;'™ for texts with an ecological slant see Caughley and Sinclair™
Scheiner and Gurevitch™ ).

Appropriate monitoring of the eHectiveness of the pest control will assist land
managers o determine whether their estimate of pest damage was cormect or
whether the problem meeds to be reassessed. It can also indicate whether the pest
problem changes over time. The National Pest Animal Guidelines explain
technigues that can be used to determine the extent of pest animal damagye (see
listing inside front cover), State and Territory natune conservation and agriculture
agencies may also be able to help. Estimates of the level of damage, based on the
best available information, will need to be used when there are no reliable
muasures, However, if damage estimates are not available, the only useful guide
ta thee likely level of pest damage may be an estimate of pest density,
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/ The management plan:
objectives and options

Developing a management plan

Omee the pest management problem has been identitied and the social, economic
and ensironmental boundaries determined (see Chapter 6, pages 81=-4%3), the nea
st is to plan how best to address the problem. For langer scale problemes, this
should be a joint exercise with key interest groaps and is best based on cooperative
action at the local or regional level. Developing the pest management plan involves
sieveral steps:

& setting clear objectives;

® jdentifving the appropriate manageément option or combination of options;
m selecting control techniquea(s);

m establishing criteria to measure effectiveness of control and designing a
MOTILOFINE Program;

deciding which regions form management units (sev "Defining management
unlts”, page 102 and

® bringing all the elements together W complete the management plan.

Once objectives are sel, and the management option amd the technigque or
combination of technbgues (s Chapter 4, pages 56731 has been selected, the
manager in consultation with other key players can put the management plan
together. This requines deciding when, where and how the management prigram
will be conducted. However, the management plan is nol complete without a
monitoring and evaluation component (see the section on “Monitoring and
evaluation’, pages 117-118), which establishes criteria to measuee the effectiveness
of control and sets out a monitoring program,

Setting objectives

Effective pest animal management should have clear objectivies aimed at reducing
pestanimal damage to an acceptable level, Where practicable, the obpectives should
also be measurable and Hime-limited. The level of reduction sought will be
determined mainly by the value of the resource affectod by the pest, and the cost
of pest control.

Fur.a Iigh value crop, such as a pine plantation, the objective may be to reduce
losses causad by rabbits (o less than 2 per cent of the total crop value within one
vear Meeting this objective will be expensive but the value of the product may
pastify the high cost of control, An objective for a fiox management program might
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be to improve Limb marking by 20 per cent after two years of fox control, For 3
nature reserve, the manager may aim o increase the population of rock-wallabies
by 200 per cent after four vears of fox contmal,

However, often the level of pest animal damage is not known or poarly known
and land managers need to make some assumptions. They might assume that
the level of damage bs directly related to pest density, as is sometimes the case
{sew Does increased pest control result in reduced pest damage™, pages 34-55),
The objective of pest animal control can then be stated in the form of reduced
density of the pest, An example for rabbit control o enable mulga regencration
in semi-arid areas may b the objective of a %0 per cent reduction, within one
year, of rabbits seen on a spotlight transect. However, it is important 1o bear in
mind that, unless the nelationship between pest density and the level of damage
is known, the abjective of a reduction in numbers is only an indicator of th desined
sutcome—a reduction in rabbit damage. Tt is possible that even a 90 per cont
reduction in rabbit numbers may fail to significantly reduce mulga losses

Management options

There are three main options for pest control: eradication, short- or long-term
management or no actien. With the exception of islands or isolated populations of
e, complete eradication i rarely feasible or economically sensible. Usually L
managiers ot either for short-term control at a critical time such as at lambing or for
beepnggeer b sustained pest control. The most appropriate option will depend on local
circumstances, including the nesource under threal, the natune of the land, available
techniques, the attitude of neighbours and the availability of financial and other
reources Galso see “When s it worth managing a pest population?’, page 97), To
protect a visluable vegetable crop from rabbits, 4 farmer may choose intensive control
b o comirination of potsoning, warmen ripping and fumigation followed by the
erection of a rabshit-proof fence o prevent reinvasion. By contrast, the manager of a
pastoral lease in the far north-west of New South Wales may only be able to afford
warren destruction on the most prodioctive parts of the propery and decide to leave
rabbits uncontrolled in the harsher limestone outcrops.

Mire specifically, the options for addressing pest animal damage include the
following:
® local eradication;
® sirategic management: one-off management, sustained management, and

targeted management;
| crisis management;
® commercial management; and
L] “l‘l‘l'l'lﬂﬂﬂ]."l."ﬂ'ﬂ."l'll.

When determining the appropriste management oplion or combination of
options, the following factors need 1o be considersd:
& the level of curnent and future resources available for pest control;
® the reduction requined in the pest population to achieve the desired reduction
in damage; and
® the availability and practicability of control technigues,
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Depending on the dynamics of the situation and nestrictions on the use of certain
control techniques, 4 land manager may choose only one or a combination of
technigues (see Chapter 4 pages 56-73). Forexample, because of the risk of killing
domestic pets, 1080 poisoning of rabbits is rarely possible near lowns and an
alternative poison such as pindone, that has an antidote, may need to be used in
Jocations whene pets anc at risk,

Each situation needs to be assessed individually and the appropriate
mansgement option or combination of options identified. Too often, costly but
inappropriate steategics are adopted in managing pest animal damage o
production and wildlife conservation values.

Tor help managers decide how to allocate scarce resources, the Department of
Conservation in New Zealand uses a process which ranks areas acconding to their
priveity for pest management (see Appendix 1. The process may seem comiplex
but i basically simple: given a finite level of nesources allocated o pest management.
i s il best spent on a farm or nature reserve? In essence, it 15 a mapping exercise
{also see ‘Where is the problem?, page B9-%7) that considers the following
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THE MANAGEMENT FLAN: OHJECTIVES AND OFTIONS

When is It worth managing a pest population?

Thie aim of economic pest management is to reduce the pest population o
a level below which further reductions give no additional cost-effective
benefit, that is, below which any extra benefits do not exceed the exira
costs of control. This is often called the evonomic infury level (EILL™ The
comts are the cost of the initial reduction to the regquined population density
and the cost of maintaining that density, The costs of short torm, tangeted
management, such as baiting of foxes just before lambing, ane likely to
diffier from those for sustained management b, say, protect an endangered
bettong population from foxes. The relatiomship between pest numbers
anl pest damage is also important (see Does increased pest control resull
in reduced pest damage’. page 54-55); there may need 1o be a greater
reduction ina fox population to conservie bettongs than to protect lambs.
Thus, for the same pest, in this case the fox, the EIL may differ acconding
tor the resource being damaged and the managernent strategy adopted.
The cost of the same management strategy may also vary according (o
conditions, For example, management may be less costly and more
effective when applicd in droughts companed to good seasons and when
disease or predation is having an impact on the pest population comparced
with when the population s unaffected by these.

The Figure illustrates the concept of EIL for a hypothetical pest. The
EIL is greater than zero density (eradication) and because the pest animal
population often exceeds this level it is reganded as a pest. In theory, any
attempt at eradication or control when the pest density is lower than the
EIL generally will not be profitable.

Hivwever, although it s a useful way to view pest problems, the E1L
concept has several shorteomings, In particular, if the population i to be
kept below the EIL then action nust be taken at some lower pest density
bocause it lakes time for control actions to have an effiect. 1 s this lower
level—the pest density at which action should be taken to avoid an
impending pest problem by proventing the population from exceeding
its ElL—that is often most important for practival pest managemoent.
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a8

whare ame the pests?

where ane thi: most important resources being damaged by pests?

where is thie worst pest damage?

how much money or other resources are available for pest management?
whit dises pest management cost per hoectane to be eifective?

how many hectares can be treated?

Local eradication

Complite and permanent emoval of a pest from a reglon is rarely possible except
on a local scale, and usually at high cost {see 'Eradication s rarely possible’, pages
10107, Neverthaeless, it has beven used sucoessfully inAustralia to eradicate rabbits
and goats from several small offshore islands.™ % On Townshend [sland,
Queenstand, a small hend of milking goats lef bebmd when the sobe graeer moved
from the sland grew to about 2000 in number and was having a large impact on
the mative vegetation. In 1993, 16 Dingodes wene introduccd and within 15 months
thiy hod reduced the goat population to 200 and the vegetation had begun o
recover? After 21 months, 21 goats remained. Six months later only four survived
on a rugged partof the skand and these were sht.' The Dingoss wene then removed,

Beefore attempting local eradication of a pest, managers should critically assess
whether the eriteria for eradication can be met (see ‘Criteria for local eradication’,
pages 104-106). For mainland Australia, local eradication is likely to be successtul
only wherne there s o permanent barrier to reinvasion, such as a wide band of
unsuitable habitat between the potential imvaders and the treated area, or a fenoe,

The Western Australian Government for example, has successtully eradicated
Searlings from the State, Pockets of Starlings were shot and trapped, and a team
established to regularly patrol caves and other potential moosts sites on the
Mullarbor Flain, therely maintaining an effective barricr o potential immigrants
from eastern Australia.

Strategic management

When local eradication is not practicable, strategic managemoent is the most
popular aption, There are three possible forms: one-ofl management; targeled
mianagement; and sustained management.

One-olf management

Long-term or permanent reduction in the damage coused by some pests may be
possibli with oni action or st of actions, such as some biological control, erecting
appropriate fencing. or mudilving habitat =o that it is les suitable lor pests. For
evamiple, in some areas itappears that the release of myxomatosis sevenely naduced
rabbit numbers and the habitat subsequently became much less suitable for rabbits,
limitimg retwvasion,” Thres 160 squane kibomietne properties in the castern Biverina
district of MNew South Wales were surveyved for abbits before the release of
mvomatosts in 1950-51 and after release in 1975, Despite litle other control the
estimates of rabbit infestation on the three sites dropped from 38, 26 and 52 per cent
b (126, 0004 aned 13 per cent, rspectively. Habilt changes betwen the carly and later
survieys included collapse of established warnens and talker vegetation that no konger
provided suitabile food and blocked vigilanee for approaching predators.
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Sustained management

Ideally, sustaimed management is when pest animal density 1s reduced and then
maintained at, or near, a threshold density at which thene is no iherease in benefil
{damage naduction) from additional control. This option usually involves bwao
steps: an initial knockdown aimed at removing a high proportion of the
population; followed by periodic maintenance control foslow or prevent reoavery,
The threshold density for a pest s likely to vary according to many tactors
including the relationship between pest damage and densdty, the region, climate
anvd B waset (s s “Dhoes increased pest control result in neduced pest damage™,
pages 34-55 and “When is it worth managing a pest population?, page 971 It is
therefore complex and often difficult to implement, not least because the
relationship between pestammal density and the level of damage is rarely known,
Allernatively, a manager may choose an arbitrary level of pest damage or pest
density that they find acceptablie and manage the pest to maintain damage or
density at, or below, that level.

Maintenance is an important element of sustained control. For examiple,
between 1979 and 1988, 3892 goats were shot in Mount Pirongea Forest Park,
MNew Fealand, to prodect native plants, at a cost of S500 (0, Most of this was
wasted as goats were ol held at 3 sufficlently low level, long enough 1o allow
regeneration of the native plants and animals being damaged ™

How often maintenance control is needed depends on how quickly the pests
recover and cause unacceptable damage. A variation of sustained controd,
intermittent control, is used periodically to reduce a pest papulation to low levels
b enable other factors o come into play. For example, it has been suggested thal
sorine animal species may be keptat low numbers by o predator, inowhal is known
asa “predator pit”. ™ It may be possible to control rabbits or feral pigs by reducing
their density o a Tevel where their primary. predators, foxes and wild dogs
respectively, could slow or prevent their return to former densities.

This approach can also be considered in the reverse to protect native animals,
In the case of Numbats threatenied by fox predation, if the fox population is
reduced for a sufficient period, Numbats may be able o build up their numbers
tosuch anextent that they can withstand further predation. This may reduce the
need for mone fox control, unless the population of Numbats again drops fo low
leviels due to chance factors such as large-scale fires, '™

Targeted management

Targeted mamagement is where action is directed at the individuals or group of
indivichuals that caise the majority of the damage, or applied at that time when
damage is most critical. For example, in the sheep country of Western Australia,
it appears that most sheep kills are caused by younger, dispersing feral dogs.*" It
is also belioved that the older, more wily foxes are the primary predators of
Mallevfow] chicks near nest mounds.' ™ Contmol targeted at these problem animals
may be more effective than aiming to reduce the overall density of the pest
population,

Hivwever, a targeted approach is not always practicable. Usually it requines a
good pnderstanding of the behavtour and biology of the pest to determine which
invdividuals ane the key animals o target, In addition, it is ofton the problem animals
that are more experivnced and avord conventional control fechnbgues.
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A varlation of tbargeted management is to conduct conbrol only at critical times,
such as baiting (poisoning} foxes just betore lambing, Similariy, some pests such
as House Mice cavse little damage until seasonal conditions become favourable
and they build 1o plagee levels. Models can now help to predict when a plague is
likely and asstst farmers to farget mouse control st prior o the major population
bruild-up.

Crisis management

All oo often (armers and reserve managers underake pest control only whon
the pest animals or their damage become oo abvious to fgnone this is crists
management. Thene i no chear objective for the control other than to kil pests
and comtrol efforts ane Largely wasted because the damage has already been done.
Crisis management is not a desirable management strategy. The poisoning of
mce al the helght of an outbreak, when the mice ane ot high density, have spread
widely and caused massive damage, 1= an cxample of orists managemaent

Commercial management

Many pests an harvested vither by recreational hus

srs oF for commercial gam™'
and it is argued that they should be seen as a resource as well as o pesg ==
Commiercial pest harvesting industries in Australia ane vatimated toeam in excess
of S100 millicn a vear, mostly from export products, and are growing rapldiy.
Thie value of commuereial harvesting of pest animals as a means to control pest
damage has been questioned. Commuercial use is bkely to play Bitthe or no rale in
the management of some species such as rabbits and wild dogs. However, it has
potential for other species such as feral horses, goats and pigs. For example,

harvesting in the form of :111|-l.*rir||.1 and H"'”IBF. the animals i= a L”ITI-F‘“I'IL'I“ ot
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spme comtrol programs for feral goats and horses and any profit can be wsed o
orffset the cost of follow-up control. Nevertheless, commercial harvisting is ranely
built into pest management plans, Indeed commuescial harvesting is quite often

carried out independently of other control action, as is the case for most feral pig

harvesting in Queensland and New South Wales. The effectivensss of this type of
controd in reducing pest impact has rarely been deternuned, and should be assessed
For mode sttiabions

Commurcial harvesting as it is curmently practioed is usually concentrated
relatively close o processing plants in arcas where the past is abundant, and
Ehese muy not be the arvas whene control is most needed. Nevertheless, there ane
advances which may make the commercial harvesting of species such as feral
poats and other large feral animals more effective as a managemoent option. These
include the development of larger and more reliable overseas amd domestic
product markets which add stability to the industry, and Large portable chilliers

which enable harvesters toowork in maone remaole arcas.

No management

Many post animials, including feral cats, foves, camels, starlings and feral pigs,
are not managed over much of their range, especially in conservation anvas. This
situation i likely to continue due (o limited resources. A consequence is that in
somie aneas certain land uses are not possible, such as wool production outside
wild doy fences or re-establishment of small endangened native mammals

Reserve managers may nist have the resoumces to control pests over the whaole
reserve o they may not regard pests as a major problem. Nevertheless, when
assessing the costs and benefits of pest control, they have a responsibility 1o
consider the impact of pests dispersing onto neighbouring lind_ A compromise
v be that st management s carmi of ot 11 the buffier 2one whore the eserve
adjoins tarming Land
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Defining management units

Maps and a process of ranking according o pest management priority, such
as that wsed by the Department of Conservation in MNew Zealand™ ™™ can
I vsed to identify practical units for pest animal management. [n the past,
alot of pest animal management has been based on inappropriate
management units: Too often, fox control was carried out on imdividual
properties or natune reserves with little coordination between neighbours,
andd was of limited success due mainly b refnvasion by foves,

Around Mildura, bird damage to sultana grapes is generally insignificant
because they ane grown over a vast ar and ripen al the same time, By
comparison, the scattered vineyards in the Barossa Valley, adjoining sorub
or other timbered areas, suffer mone damage, The greatest losses ocour in
the Riverland of South Awstralia where vinevards, mived orchards and
horticultural areas border croplands, offering pest birds 3 vear-round
simorgasbond. Clearly, the scale of the managemaent units will differ for cach
of the ancas,

Thesiee of the management unit can also be influenced by the timesframe
over which comtrol is required. For example, protecting a lambing paddock
for one month just before and after lambing would be a much smaller
operation than ensurng the survival of an endangenesd species that was under
comstant threat of prodation in a lnge natune reserve, In the case of the reserve,
it s Dikoely that comtrol of dispersang foxes ina buffer zone between the eserve
and neighbouring farmland, as well as action in the reserve itself, would be
nevessary: This would reguine coondinated management involving several
land managers and greatly increase the size of the pest management unit.

Incomplete knowledge: dealing with risk

There is often litthe good imformation about the amount of damage pests cause
and the Tikely benefits from a given lovel of pest control. As o resull there is
considerable risk involved in deciding the level of resources that should e
allocated o pest contral. Most land managers, but especially farmers, understand
the comoept of risk because itis a daily part of management; a farmer may weigh
up the risis and benefits of planting canola instead of wheat or of delaying winter
planting i the season is late, Comparimg the nsks and benefits of various levels
of pest control against diverfing the resources toother aspects of 3 tarm operation
is a similar assessment process.

The attitude of the land manager to risk will affect how they are likely to
approach pest control. I farmers are risk-averse, they are likely o choose o pest
management option that offers them the least losses due Bo pest animals even in
the: worst situation, or, alternatively, by deciding not 1o spend money on control
until the problem becomes very obwvious (erisis management), By choosing a sale
option they usually reduce their chanees of achieving a much more economical
and beneticial ouleame

Aconsrrvation example of the impact of nsk on pest managemaent s the contmol
oof o predation on mative animals. Studics in Western Australia hivve shown that
intensive fox control over Linge arcas often allows an increase in threatenasd native



THE MANAGEMENT PLAN. OBIECTIVES AND OPFTIONS

mammals such as Mumbats and Brush-tail Bettongs. Intensive fox control js
expensive, but it may be possible to lower costs by reducing the fregquency of fox
baiting when the native ammal population reaches a higher bevel. The theory is
that a larger Numbat or bettong population will produce more young and be
able to withstand an increased level of fox prsdation. A rsk-averse reservie
manager would not risk any increased losses of Numbats and bettongs and would
continue intensive fox control.

However, the potential benefits from choosing the more misky option of reducing
the fresquency of fox balting bs that resources saved on fox comtrol in one arca
cotthd be directed to controlling foxes or other pests inother reservies. Thie possibile
losses from adopting the more risky approach can be reduced by appropriate
monitoring of changes in the bettong and Mumbat populations in response to the
changed frequency of fox baiting, If the decline is too geeat, fox baiting can be
inerensed again,

Management opticns for feral pig impact on lamb
production: considering risk

Feral pig predation can cawse an coonamically significant loss of winter limbs
in western New South Wales, ™' To reduce lamb predation, several posible
acthons e available, eithir alope or in combination, and each his economic
costs andd associnted risks, A manager s objective is o maximbse benefit whike
taking appropriate account of associated risks. For pig control, somie of the
possible actions and associated risks a manager might consider ane:

m Action: pokson o trap pigs in late summer toearly autimn bo reduce winter
density,

Risks: pigs can be difficull 1o polson or trap outside winter, a few rogue
boars that take the majority of lambs may not be emoved,'™ and motivation
b st early, before the problem becomes evident, may be lacking,

a Actior: coordinate lambing with neighbours to spread losses.

Risis: neighbours may not cooperate because feral pig distribution is patchy,
and chance weather fuctuations may devastabe all distriet lamb production,
o Acting: change lambing to spring when allermative foods.are available o plgs.
Risk=: poorer lamb prices, and more lambs may div or be stunted because
rainfall in spring is less reliable than in winter,

& Action: erect electric fence around lamb padidock o exclude pigs,

Risks: a short-term break ata eritbeal time could result in high loss of lambs,
and the fence mav not exclude rogue boars.

u Action: implement control only when damage occurs.

Risks: losses may be unacceptable before action s taken and by then the
range of control sptions is reduced.

® Actioi: no control.

Risks: losses may be unacceptably high.

Managers must identify and evaluate potential actions or combinations
of actions, and welgh the associated risks and benefits to dotermine which
actions are most suitable, A deciston matrix to determine if options ane
practicable, feasible and economically desirable can hetp.™
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Eradication is rarely possible

The hiope behind maost pest animal control campaigns has been eradication—the
complete and permanent removal of a pest. ests have been destroved by shooting,
poisoning or trapping, by fencing them in or oul, or, in the case of rabbiis. by
encouraging the spread of disease, and cats and other predators such as mongoose,
The methods were often applied with little concern about non-target effects. For
example, chemicals such as carbon disulphide and yellow phosphors wene
spread indbcnminately o control rabbits, but often killed many non-tanget native
animals. They were also very dangerous bo e user ™

Eradication is appealing because it requines no understanding of the relationship
between pest density and the level of damage. Also there are no ongoing costs. The
restil b iof eracdication are always assumied 1o be beneficial, but this i= not mecessarily
s, Rabbits were eradicated from Bowen Island, o 100 hectare island in Jervis Bay,
Mew South Wales, primarity to increase the amount of nesting burmow habitat
available to Litthe Penguins and nesting shearwaters, After rabbit emoval, kikuyu
grass,an mtroduced weed formerly graced by rabbits, spread and prevented some
penguins frum reaching their burrows and feeding their chicks. Expensive kikuyu
control had to be conducted to correct the imbalance. ™

It is sobering 1o note that, despite vears of offort no widely established, commaon
pest animal has been eradicated from Australia. Given (that most established pests
are widespread and common, and that there are relatively few techniques (o
control them, istally the best management goal is b reduce the level of damage
fo an acceptable level rather than to attempt eradication, Killing more pests than
is nevdied 1o achheve this goal is expensive and wasteful when budgets ane limited.

Criteria for local eradication

Eradication of established pest animals s possible only on a local scale, To
determine whether eradication ks Hikely to be successful, six criteria can be applied:
three essential for the achiovement of eradication and three to indicale whether
eradication is proferable o ongoing contral =

Essential

Pests can v killiod ad o faster rade than they con reploce themseloes,

This seems obviows but it is ditficalt to achieve in practice. There ane bwo main
reasons, First, many pest populations have a high natural rate of increase, Second,
as the density of a pest declines, it lakes progasssively mone time and more expense
1o locate and remove the last few animals.
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Treervrigrartion can by prevented

1t animals can recolonise an area from nearby populations or by escape from
captive populations such as domestic herds of goats and pigs, elimination of the
pest will at best be temporary, This criterion can be met for islands, but is often
difficult to achieve on the mainland,

Immigration to o local area may be prevented where fencing and control, at
ongoeing cost, cneales 3 perfect barrier An example is the successtul campaign to
prevent the Common Starling from crossing the Nullarbor Mlain bo south-western
Australia. However, this does not come cheap, It costs the Western Australian
Covernment about S350 000 each vear to kill the 1000 or so starlings annuoally
that attempt o migrate into the south-west. Given the damage Starfings could
cause lo crops and native species tis is probably money well spent.

Al reprodncteoe individuals are at risk from Hhe apailable techoniques.

It is not necessary to remove all pest animals at the first attempt, However, all
reproductive or potentially reproductive members of the pest population must
be able to be taken by the techniques available, This is rarely possible in part
becavse there is onty a limited armory of wechnigues. 18, for example, somie animials
become trap-shy or avodd poisomed baits then those animals cannot be removed
and eradication will nit be achieved. Trap-shyniss, bait-avoidance and nesistance
100 purlsins, are Common among pest animals.

Desarable

Tire pest con b snsnifored af oeey fino densities.

It the animal cannot be detected at very low densities, then there i no way of
knowing whether all animals have been eliminated. However, most population
assessment technigques cannot detect animals atvery low densities. The difficulty
in meeting this criterion is ilustrated by the attempts 0 remove rabbits from
Philtip lsland; a small population of rabbits was found on the island two vears
after it was thought that all of them had been removed (see Eradication of rabbits
on Phillip sland”, page 1061,

The socto-pelifteal enpiromment sugnaorts eraadicition,
Even when all the technical problems can be met, social and political factors may
prevent successiul eradication. Community attitudes may oppose killing Lange
numbers of animals on moral, emotional or culiural grounds (refier o Chapler 1,
pages 15-27) Also, eradication is expensive. Molitical factors may withdraw funds
from the program before eradication is achieved.

The highe costs of eralication can be frstified.

It is appealing to think that the value of perpetual freedom from o pest s very
high, but this may not be so. Future benefits such as those obtained from
eradicating pests have a lower economic value than benefits that ane available
immuediately, This is because the value of futune benefits is discounted. Calculating
discount rates involvies the reverse of the equation to calculate interest rates on
imviested money. Lising a bvpothetical model of the costs and benetits of eradication
it was shown that when the discount rite was set ot zero, eradication became cost
eifective after 28 years.™ Setting o very low discount rate of 3.5 per cent made

105



AUSTRALIAS PEST ANIMALS

106

eradication cost elfective alter 47 years, bul, at 10 per conl, eradication never
became cost effective

The practice of discounting the value of future benefits assumies that land
managers act inan economically rational manner. However, pests seem o evoke
strong emotional responses o the extent that management aims and expenditune
are often far from rational. The resource being protected alse has to have 4

monetary value allocated to it in order to determine whether eradication is

economic. Yet the monetary value of conservation and biodiversity is difficult 1o
assess. There are methods to do so, such as contingent valuation. but their
usefulness is debatable, ™

Eradication of rabbits on Phillip Island

The combined impact of rabbits, goats and pigs caused almest complete
elimination of the vegetation on Phillip lsland in the tiny Norfolk Island Group,
an Australian territory in the south-west Pacific. During the 1800s the slands’
denise forest was Joggaed for timber and the animals wene introduced s food
for the convicts and sport for the officers of the penal setthement on Norfolk
Island. At their peak, the pigs alone wene said o number $000-3000 on the
190 hectare island, "™ By 1912, when the pigs had gone and only the rabbit
survived innumbers, they had created a bizammely beautiful, barmen Lindscape.

The original vegetation and fauna was poorly doctmented, so the full exient
of the boss will never be known. At least one plant species s extinet, 17 have
been lost from the tsland and only single specimens remain of several others.
Since setthement, twoof the Island group's 14 endemic Lind binds have become
rare and one has niol been seen for several years dispite considerable efforts
1o finad i1, Six bind spocies have become extinct and of these o parrot, the Norfolk
Island Kaka, was last seen on Phillip sland in 1851, Convicts and settlers
probably hunted the parrot and a pigeon to extinction, but habital destnuction
threugh clearing and the impacts of introduced animals may have contributed
to their demise and that of the other species

Thwe isband has significant natural values and in the 19805 it was considensd
economically, socially and politically desirable to eradicate thee rabbits, A
rabbit flea carrying a virulent strain of myxomatosts was released and
reduced the population for a time; when numbers began to build up again,
poisored baits were laid, and the remainder of the rabbits were shot. Rabbits
even Hved on ledges on sea cliffs on the rugged island, thus it was not
surprising that the ‘last rabbit” was eliminated twice—once in 1986 and again
in 1988, Thee eftort requined o remove the rablbits from this 190 hectare island
wars high: in human resources alone it took the equivalent of seven people
each working for 10 days,

During the century when pest animals wese present, it is estimated that
owiet 4 metres of soil was eroded from the island. Nevertholess, since rabbits
weneeliminated, revegetation has begun, mainly i the gullies and crevices
where soil remains. The Phillip Island Hibiscus, formerly on the brink of
extinction,” has started to re-establish itseli and another plant, the Norfolk
Island Abutilon, not seen since 1912, has also recolonised several patches on
the island.™
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Implementing and evaluating
the management plan

Putting the plan into practice

Once a management plan has been completed the individual land manager may
simply put it into practice. Most often, however, some cooperation is needed.
This may merely involve informing the neighbours where and when baits are to
be laid, but for most pest animal problems group action is essential to the
development and implementation of an effective management plan. Ideally,
groups are made up of representatives of stakeholders with a key interest in natural
resource management and the impact of pest animals within a region. They include
local landholders, government land managers such as national park and forest
reserve managers, animal welfare groups and conservationists. Such partnerships
encourage identification and understanding of the issues and ownership of the
management plan.

The successful implementation of any plan depends largely on the enthusiasm
and commitment of the stakeholders and the availability of adequate technical
and financial resources. Additional support may be needed with coordination
and facilitation to help stakeholders manage their own problems and develop
solutions. State agencies often have extension officers to assist with group
problems and provide information and advice on best practice pest management.
The agencies sometimes run coordinated programs for pest animal management.
National agencies have a role to play on Commonwealth land, such as national
parks and defence force land, and where the national interest is at stake.

New South Wales reviewed its approach to pest animal management in 1992
and one outcome was to establish a Pest Animal Council made up of
representatives from key government and community groups with an interest in
pest animal management. A diversity of interest groups are represented: New
South Wales Agriculture; National Parks and Wildlife Service; Land and Water
Conservation; Environment Protection Authority; State Forests; Rural Lands
Protection Boards; Landcare Australia; CSIRO; New South Wales Farmers’
Association; Royal Society for the Prevention of Cruelty to Animals; and Nature
Conservation Council of New South Wales. The Council is an important means
for liaison between relevant Ministers and key interest groups concerned with
pest animal management. The Council provides high level policy advice, and
representative groups, working at the local level are responsible for planning
and carrying out pest control programs.



In many cases a coflaborative
group approach to pest
management is more effective than
individual action. Government can
assist with the formation and
maintenance of land management
Qronps.

Sonrce: Noel Preece & Peany van Oosterzee

IMPLEMENTING AND EVALUATING THE MANAGEMENT PLAN

A coordinated group approach to management

Successful pest management programs are based on an understanding of the nature

and extent of the problent and identification of clear shared goals 1™

Itis often stated that coordinated management of pest animals will result in more
effective control. However, in some cases coordinated action is unnecessary. For
example, individual land managers can apply techniques such as silviculture (tree
management, including thinning) to minimise parrot damage to Bluegum crops,
or netting to protect grapes from birds. Nevertheless, in most cases a broad-scale
cooperative approach is more effective than individual action. Some of the reasons
for this concern the characteristics of pest animals—such as their high mobility
and high reproductive potential—or relate to the economics of scale. To illustrate,
feral pigs have large home ranges and will readily move considerable distances
when food or water is scarce, or if continually disturbed. Therefore, an effective
management program must be directed at an area at least the size of the maximum
average home range of feral pigs in that location. In western New South Wales,
control areas need to be at least 50 square kilometres, but in the southern highlands
35 square kilometres will suffice.™ Similarly, fox control by an individual farmer
to protect his lambs or protection of wildlife by a reserve manager can be quickly
negated by rapid invasion of animals from surrounding properties. Thus, to protect
endangered native animals in a national park it is recommended that fox density
is kept low, not only in the park, but in a buffer zone of up to 20 kilometres
around the boundary. "

A coordinated group approach to pest management is also likely to be
advantageous' because it:
= makes effective use of resources such as traps, bait-laying devices, helicopters

and bulldozers, and local skills and experience;
m cnables the pestanimal problem to be tackled over a larger area and facilitates

more strategic and usually longer term management of the damage;
® encourages strong ownership of the problem by the group through the

cohesiveness that develops;
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m oftenallows underlying conflicts about pest animals or other issues to be raised,
openly discussed and often resolved;

m can encourage others who may be reluctant to undertake pest control to be
involved through peer pressure; and

m promotes a greater interest and awareness within the group and local
community of the problem and the potential solutions.

Formation and maintenance of management
groups

The formation and maintenance of groups is often difficult. At least some group
members need to have good negotiation, leadership, chairperson and conflict
resolution skills. It is often difficult to find these skills among a group of land
managers, and even if they can be found, the whole process can be time consuming.
This is where government can assist at State, Territory and Commonwealth level
(see ‘Feral goat management in south-western Queensland: encouraging
participation and ownership’, pages 111-112).

Most State and Territory agencies have extension officers trained in
communication skills; their role is to act as facilitators and coordinators for
management groups and associated stakeholders as well as to provide information
and advice. Under the National Landcare Program, groups often have access to
experienced group facilitators and they can employ coordinators. Facilitators help
groups make best use of people both within the group and between the group
and outside sources of information and assistance. Most facilitators are skilled
listeners, asking the right question of the right people at the right time. They
challenge farmers and other land managers to open their minds to new possibilities
and new ways of looking at problems. The whole process is time consuming and
often intimidating to the inexperienced, but the facilitator’s role may be critical
to achieving a successful outcome.

Like facilitators, coordinators have a major role in group formation and
maintenance, but they tend to work at the local scale, often with one or two groups.
Typically, they are employed when the activities of the group become too much
for volunteers alone. Coordinators sustain the momentum of the group, help to
keep members interested and involved and ensure that pest management or other
plans are implemented. They also organise meetings, lead the planning and
management of group projects and locate sources of advice and assistance.

The role and importance of facilitators and coordinators in pest animal control
and other aspects of sustainable land management has recently received
considerable attention. Government officers are being trained in the use of better
communication strategies and group processes (see “The role of extension in pest
animal management’, pages 112-114). However, there is still a long way to go,
especially as many government agencies are reducing their field resources which
places greater pressure on those officers who remain.
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Feral goat management in south-western Queensland:
encouraging participation and ownership
(Adapted from Kelly'™)

Uncontrolled feral goats are regarded as a major impediment to sustainable
use of the mulga lands of south-western Queensland. However, they are
only one of several factors affecting the viability of farms, including falling
prices for wool and meat, weeds, insufficient property size and reduced soil
fertility. Given the complexity of issues, the former Queensland Department
of Lands commenced a participatory process aimed at developing a
partnership between government and local producers to address the feral
goat problem. The Participatory Problem Solving model'™ was used: it is a
cyclical process to assist land managers and other stakeholders to identify
problems, plan actions and trial solutions before evaluating whether they
have enhanced their problem solving skills and knowledge of the issue.

The aim of participation in the cyclical process is to enhance the
effectiveness of learning for both the producers and government
representatives, and to encourage action and provide for evaluation and
feedback. The Participatory Problem Solving model promotes continual
feedback to participants which allows them to adapt to changing
circumstances such as fluctuating markets, unexpected weather or new
information. It can deal with relevant environmental, social and economic
issues and a key principle in the process is learning by doing.

Inthe mulga land feral goat project, a Mulga Land Advisory Group formed
by producers first identified the feral goat problems. The Department of
Lands organised public meetings with producers, scientists and
representatives of the commercial feral goat industry to flesh out other aspects
of the issue and this formed the base information for the project.

The Department of Lands in consultation with producer organisations
then identified suitable properties to test various strategies for controlling

Uneonttrolled feral goats are regarded as a major impediment to sustainable use of
Australia’s rangelands. Source: Robert Henzell, APCC
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feral goats. Management units of six to eight neighbouring properties were
chosen as the optimum size to maximise discussion and learning
opportunities.

Government took the lead in bringing people together to talk about goats.
As one grazier explained, no-one wanted to initiate the group for fear of
being seen as the leader and trying to control their peers. Using a trained
government facilitator also helped to mediate between different social groups
within the area. The study team found people who had lived in the area for
20 years who had never crossed the main river to visit people on the other
side even though they had met each other in other situations. The social
boundaries of the participants did not correspond to the best boundaries for
managing feral goats. Although individual producers had been involved
up to this point, they still did not feel any ownership of the project.

The next stage was to determine local best practice for managing feral
goats and to develop ownership of the solution. In the first part of this stage
of the process, meetings were held with producers and other key players to
discuss and record perceptions of feral goats and how they could best be
managed. These meetings were informal and on-site, often in the house of a
local producer. Opinions were respected and no judgement placed on
whether the suggestions were wrong or right.

In the second part of this stage, information on feral goat management
was gathered from experts who had worked on feral goats in Queensland,
New South Wales, South Australia and Western Australia. This was presented
to producers and other players, again in informal meetings. In addition,
reports from discussions in the first stage were checked for accuracy with
participants. Based on discussion of the expert information and their own
ideas, the participants for each area developed and committed themselves
to a management plan to manage feral goats in their area for the life of the
project. The Department of Lands maintained overall coordination of the
project and monitored the benefits and costs of the different management
strategies.

The process developed strong participation and commitment to the project
and its outcomes. An important issue that emerged was for facilitators to be
aware of their tendency to take over the meeting and push participants in
certain directions. Extension officers and researchers should realise that often
complex social changes are needed at the local and regional level and that
these may take time. It is essential that managers make the decisions and
are not pushed into them. Only then will they own them; and only with
ownership is there likely to be adoption of new practices.

The role of extension in pest animal management

The role of the extension officer in vertebrate pest management is often broader
than the provision of information.*

For many years State and Territory pest animal agencies have used extension
officers to broadcast information about how best to manage pest animals to
farmers and other land managers. Traditionally this has been a top down
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approach where the officers take government policy and results from research

and pass them on to the end user through field days, pamphlets and meetings.
However, extension is now seen as more than simple dissemination of

knowledge; it also promotes cooperation, coordination and change.

Accordingly, it is broken down into several sub-elements:

m raising awareness of the issue;

m developing understanding of the issue;

m changing attitudes toward the issue; and

m encouraging adoption of new practices.

Extension officers now focus less on telling managers what to do and
more on providing the information and decision-making framework from
which managers can draw their own conclusions. Hopefully, in this way,
both government and land managers will have greater understanding of
the complexity of pest management problems and the possible solutions.
This participatory learning approach also provides land managers with
ownership of the problems and solutions. Extension workers and researchers
need to understand the goals, motivation and constraints that land managers
work within as well as the biology of pest animals and techniques for their
control.

Often, dealing with the diversity of human issues connected with pest
animal problems can be more important than coping with the pest itself,
One challenge to the extension worker is that not all groups require the
same level of understanding of the issue. City dwellers need merely be aware
of rabbit damage and what action should be taken. Farmers may need to
have a much greater understanding of rabbit biology, the damage rabbits
cause and the options for control, as well as feeling confident that any change
in practice will be to their benefit. Social factors may prevent a new desirable
management practice being adopted. Some groups might be reluctant to
follow a practice because it is not widely used or understood by the wider
community. Each audience and aspect requires a different approach from
the extension officer.

One of the reasons that extension has had variable success is that scientists
often work independently of the other groups. The risk from this is that
their research may have little relevance to the end user. An example is the
tarbaby technique developed by CSIRO for rabbit control. The technique
involves placing 1080-poisoned grease at the entrance of rabbit warrens.
Rabbits entering or leaving the warren pick up some of the grease on their
bodies and ingest the poison when they groom themselves. CSIRO showed
that the technique was highly specific to rabbits and effectively reduced
their numbers. However, when farmers and national park workers tried to
use tarbaby they had little success, and in some cases rabbit numbers even
increased despite its use." The problem was that for the technique to be
successful all warren entrances had to be treated. While researchers were
particular about this, most farm and reserve workers missed several
entrances that the rabbits then used to avoid the grease. Despite several
vears of development, tarbaby was quickly abandoned as impractical for
wide-scale control of rabbits.
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According to Hart and Kelly,” extension should:

® offer a range of options rather than dictating what should be done;

m take a whole property management approach by recognising that
managers allocate budgets to deal with many risks and opportunities
and are rarely able to fund pest control at the optimal level;

m offer concise information that is relevant to regional needs;

m provide a framework for making management decisions built on broader

based information combined with local observation;

m take into account the regional availability of pest management tools such
as bulldozers and Global Positioning Systems so that recommended
control techniques are appropriate;

m ideally, implement local field trials, and from these coordinate regional
pest management strategies to achieve optimal adoption and effectiveness;
and

m facilitate communication between policy makers and researchers and land
managers and others with an interest in pest management.

Computer technology may be a partial solution to the decreasing
government resources available for extension. It will enable pest animal
information to be provided electronically and readily updated. The
information could be linked to decision support systems to provide land
managers with a ‘step-by-step’ process to self-assess their problem and
determine the best strategy for their particular situation. Of course, the
usefulness of such an electronic extension service would be dependent on
the extent to which land managers adopt computer technology.

Successful group approaches

The success of the National Landcare Program shows the benefit of using a group
approach to address broadscale community problems. Landcare is a government
supported but relatively unstructured movement of community groups based
mainly in rural areas. [t started in the early 1980s when voluntary groups formed
to tackle problems such as salinity, rabbit control and weeds on a broad scale. The
groups were encouraged by State government agencies such as soil conservation
departments. The movement became particularly strong in Victoria where, in
1986, groups were encouraged to register under the Landcare program through
which they could receive government assistance.” In 1990, an historic agreement
to foster a national land management program was made between the National
Farmers’ Federation and the Australian Conservation Foundation. This resulted
in the establishment of the National Decade of Landcare Program and a
commitment to provide over $320 million for landcare and related tree planting,
and conservation of remnant vegetation.

The Landcare movement has grown rapidly and in 1994 there were 2700
registered groups, representing about a third of all farming families.” Landcare
groups usually involve less than 100 members, most commonly 20 to 30, and
cover an area from a few thousand hectares up to several million hectares in the
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arid centre. Most groups form to address a particular issue such as woody weed
control, rabbit control or salinity. However, as the group develops more confidence
they often broaden their attention to a range of land degradation issues. Common
activities of Landcare groups include field days, demonstration projects,
development of catchment or district plans, and coordination of the purchase
and use of resources such as soil conservation equipment.

On the whole, Landcare is not directed by government, although the guidelines
for funding projects under the National Landcare Program strongly influence
the activities of the groups. Nevertheless, Landcare groups determine their
membership, the boundaries of their group, the priority areas that they want to
address and how they want to go about it.

The National Landcare Program is now encouraging groups to work together
to develop strategic regional plans that take an integrated approach to the
management of land, water and natural biodiversity. Ideally plans should be in
line with National and State strategies for managing the natural environment,
such as the National Strategy for the Conservation of Australia’s Biodiversity,
National Strategy for Ecologically Sustainable Development and the National
Feral Animal Control Strategy. Landcare has great potential to assist communities
to address land degradation and other problems including pest animal damage.

Some of the advantages of adopting a coordinated group approach are
demonstrated by a rabbit management project undertaken by the Sutton Grange
Landcare Group near Bendigo, Victoria (see “An unsuccessful group approach to
rabbit management’, pages 136-139). The group decided to treat the area
sequentially, using a combination of harbour removal, warren ripping, poisoning
and fumigation. Part way through the program, an archaeologist who was
surveying the district for Aboriginal sites discovered that some Aboriginal
middens had been ripped inadvertently. Apparently, rabbits favour the softer
soils and north and east facing sites of kitchen middens for their burrows. The
issue had potential to cause major problems between the farmers and the local
Aboriginal community and threatened the rabbit control program. However,
because of the good communications and cooperation developed by the Landcare
group, the group coordinator and community leaders were able to quickly
organise a meeting between farmers, the archaeologist and the local Djadja
Wurrung Aboriginal Community to discuss the issue. An agreement was
developed whereby rabbit infested middens were covered with rabbit-proof
netting. This met the farmers’ needs and also protected the middens from rabbit
damage. An additional benefit was the assistance farmers gave the archacologist
and the local Aboriginal people in locating additional Aboeriginal sites.

Such cooperative approaches to managing the diverse impacts of pest animals
are becoming more common. Another example is the joint government and
community program to control rabbit and fox damage to cereal crops and
Malleefowl] in the South Australian mallee* (see below ‘Implementing a group
management plan to protect Malleefowl’).

| )
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Implementing a group management plan to protect
Malleefowl

It is now widely recognised that the reservation of large tracts of suitable
habitat is not sufficient to conserve native biodiversity.”/#!% Off-reserve
management, much of it on private land, is also essential to maintain
Australia’s biological heritage, but governments do not have sufficient funds
to purchase all the necessary habitat and manage it appropriately.

In South Australia, the government and a local community are cooperating
to conserve natural resources on private land.”™ An example concerns
Malleefowl] which, in the South Australian mallee, are threatened by habitat
fragmentation, introduced predators and rabbit damage to vegetation.
Remaining Malleefowl populations are on both private land and nature
reserve. The traditional approach to conserving them has been to purchase
the private land, develop extensive networks of native habitat to connect
remaining fragments, and to control rabbits, foxes and feral cats. This is an
expensive undertaking both in initial land acquisition and ongoing
management.

Following the introduction of native vegetation clearance controls in South
Australia in the 1980s, the management of remnant habitats has become a
focus for community land management and conservation effort. In the
Mantung/Maggea district of the Murray mallee, landholders have
established a land management group to implement a district conservation
plan. A major goal of the plan is to protect Malleefow] and manage their
habitat, although control of rabbit and fox damage to local farming is also a
concern. Shared objectives were developed between officers of the South
Australian National Parks and Wildlite Service managing reserved land and
farmers and their families from 11 adjoining properties. A major task for the
group was to coordinate fox and rabbit control across the Malleefow!] habitat.
The group approach has helped the Mantung/Maggea farmers to:
obtain government grants;
develop and coordinate pest management to protect Malleefowl;
provide a structure to test fox-baiting techniques and strategies; and

gﬂil'\ easier access to advice and assistance from relevant governmeut

departments.

Group approaches
to the management
of the damage that
pests cause, such as
protection of
Malleefow! from fox
predation, can be
successful if all the
key players are
actively involved.

Sowrce: Noel Preece
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Since it was formed in 1989, the group has made significant progress.
Neighbouring landholders are seeking to join the group, which has already
expanded to cover an area of 580 square kilometres. The conservation plan
shows promise as a useful model. Its effectiveness will be assessed by
landholders and the South Australian National Parks and Wildlife Service
monitoring of both the Malleefowl population and the regeneration of native
vegetation. The success of the program has been due primarily to the
conscious effort to involve all players as equal partners from the start. Spin-
offs include better acceptance of government officers by the local community,
wider involvement of community members in local matters, and the
recognition by scientists that farmers have much to offer in the research and
management of wildlife.

Monitoring and evaluation

A management plan is not complete without a monitoring and evaluation
program. Operational monitoring, and performance monitoring and evaluation
are often forgotten but essential aspects of a pest management program. Both
forms of monitoring provide information that can be used lo improve the
effectiveness of the control strategy, or if necessary, to modify the objectives.
Operational monitoring aims to assess the efficiency of the control operation. It
is concerned with the actual pest control operation and addresses such questions
as what was done, where and at what cost. The New South Wales government has
developed a pest animal control system (PACS) that has been adopted by some
Rural Land Protection Boards and can assist monitoring of pest control operations.
Performance monitoring aims to assess the effectiveness of the control strategy
(see below ‘Assessing progress: the use of indicators’) and asks whether the
management strategy reduced the damage to an acceptable level. For example,
was the lambing percentage increased by 20 per cent following fox control? If the
objective was not met, the management strategy may need to be modified or the
initial pest problem reassessed to determine whether factors other than fox
predation were the cause of poor lambing success. A study of 3000 lamb carcasses
in New South Wales found that about half were mutilated by predators. However,
foxes, pigs, dogs and native predators were the primary cause of death for only
10 per cent of the lambs. The remainder of the lambs were already dead or dying
from other causes such as mismothering. Further analysis suggested that all
predators together took only 2 per cent of total lamb production in the area.
Monitoring is not simple and can require considerable effort; as a consequence
it is often poorly done or not attempted at all. For fox control, depending on the
objectives, monitoring may measure changes to lambing rates, the distribution
and abundance of native prey species, or fox density or activity. Ideally, monitoring
programs should compare treated sites (for example, sites where poison is used
for pest control) with untreated sites (for example, non-poisoned site) and
accurately measure the damage, but this is not always feasible. For a farmer,
techniques may need to be madified so that they are compatible with the resources
and skills available. Of course they also need to fit within the normal farming
operation. The national guidelines for rabbits and foxes give examples.'"2*
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Assessing progress: the use of indicators

Indicators are a means to monitor progress towards achieving the set
objectives of the management plan, or to warn of imminent failure. Ideally
they should be measurable and directly related to the outcome expected
from the management program—for example, expressed as trends in the
size of the population of endangered plants or animals (see ‘Understanding
population dynamics’, pages 42-45), as increase in production or profit, or
decrease in land degradation. If the objective is to reduce bird damage to a
crop by 90 per cent between one season and the next, then the performance
indicator could be the actual percentage by which damage is reduced in the
given time. If recovery of a population of a rare animal under threat from
fox predation is the objective, then the indicator might be the number of
breeding pairs of the rare species present at the beginning of each breeding
season, expressed as a percentage of the desired number at the end of the
nominated period.

Often it is difficult to accurately measure progress toward achieving the
outcome, especially for land managers with little formal training in scientific
methodology and without access to scientific equipment. In these cases
pastoralists may decide to use indicators of trends such as less pest animals
seen, or taking regular photographs of the same area of vegetation. These
checks can often be incorporated into the daily rounds of the property. Success
of goat control at Arkaroola-Gammons in the Flinders Ranges of South
Australia was determined by visually gauging the reduction in the impact
of goats on vegetation, especially the obvious regeneration of native perennial
vegetation, and by an apparent reduction in goat numbers and a decrease in
complaints about the presence of goats.'™

If indicators reveal a lack of progress, such as the achievement of only a 10
per cent reduction in parrot damage or minimal increase in the rare animal

population, it may be time to reassess or even abandon the management plan.

Grazing of seedlings by rabbits is preventing r
Western Anstralin. The success of rabbit inanagement could be measured by counts of seedlings
in marked plots, before control and at vegular time intervals thereafter, and by comparison with
similar areas where rabbits are uncontrolled. Source: Noel Precce & Peny van Qosterzoe



9 Case studies

Previous chapters explained the process for developing and implementing a plan
o manage pest animal damage, In this chapter, case studies illostrate the key
elements of the process. They are based on a whaole land system plan, and
emphasise control of the damage that pests cause rather than simple reduction in
pest numbers. Each example runs through the five key steps for effective
management:

m defing the problem in terms of pest damage;

determine objectives:

identify and evaluate management options;

implement a management plan; and

monitor and evaluate the outcome

The first case study deals with the management of feral pig damage to production
and conservation values in the tropics (adapted from Chogquenat et al.)* another
examines management of fox damage to mck-wallalies (adapted from Saunders
et al)'™=, and a thind compans four strategics lor managing feral pig damage to
shewp production in the rangelands (adapted from Choguendt ot al.1* The fourth
study centres on control of feral goats in a national park and pastoral Land in the
Flingders Ranges of South Australia tadaptod fom Parkes oL aL) " These four studies
are hypothetical, but contain elements of actual pest control programs. The fifth
stuly is an example of learning by doing on an almond farm, whene Literal thinking
anid somie non-lethal control techniques were effective in controlling raven damage
(eompiled from information supplicd by B Sinclair) ™ The final study describes a
group propct aimaed at managing rabbit damage, and llustrates some of the pitfalls
of pest management, particularly mantaining motivation of land managers, even
whin resources.ane adequate (adapted from Hunter & Coman:™ also see Suceessiul
group approaches’, pagis 114-117)

Case study 1

Management of feral pig damage in the wet
tropics of North Queensiand

(Adapted from Choguenot et al. )™

Thee wet tropical 2one of North Queensland covers about 125000 sguane kilometres

between Townsville and Cooklown. It is made up of three major geomorphic
areas—a belt of coastal lowlands, an intermediate Great Escarpment, and the

e
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tablelands of the Great Divide. Mean annual rainfall varies throughout the region
feom 1200 centimetres on (e western ed ge to over 400 centimoetres near the coast,
and occurs mainly during the wel season (December 1o Aprill, The native
vegetation is predominantly rainforest, which occurs largely as a continuous belt
along thie Great Escarprient, with pockets on the tablelands and coastal lowlands.
Most of the forest aneas, which represent about 80 per cent of the remaining
rainforest in Cueensland and contain many plants and animals unigue to the
region, are included within a World Heritage Arca (WHA)L Most of the adjacent
towlands ane used for production of sugar cane, bananas and other tropical fruits.
There anca number of lourist resorts along the coast and the anea is only a few
hours by road from an international airport.

Feral pags occur throughout the region, and during the wiet season are mainly
confined to the forests, but during the dry season roam more widely into sugar
cane and tropical fruit crops in search of food.

Defining the problem

Feral pigs are estimated (o cause a least 0.5 million damage to sugar cane crops
in the reglon cach vear, as well as an unmeasunesd amount of damage to bananas
and other crops. They area threat to WHA values, particularly the conservation
and rehabilitation of native minforest associations, although the extent of the
damage there 1s nob quantified. Pigs may also pose a dinect threat to wildlife,
particularly ground-nesting birds. In addition. they carry several diseases and
parasites of stock and humans, as well as being a potential host for exotic diseases
such as foot-and-mouth discase, should it ever enter Australia. Indecd tropical
northern Australia is considered o be one of the prime entry sites for foot-and-
bl disease,

The loscal cane and tropical fruit growers callisd a meeting to discuss the problem.
They invited the loecal tourist industry, the Cassowary Conservation group,
recreational and commercial pig hunters, the Wit Tropics Management Authority
and the Queensland Department of Natural Resources. Farmers adjolning the
WHA saw it as the main source of feral pigs, although in discussion it was agreed
that feral pigs also occurred on the farmland and would not be as commaon if they
could not feed on the crops during the dry season. 1L was also dicided thal any
control would need to be focussed on the cropping land as the elongated shape
and dense vegetation of the WHA made it almost impossible o conduct pig
control, Because of concerns about non-target kills from poisoning and the high
value of feral pigs it was decided that live trapping was the best control option.
The key plavers agreed that they would cooperate to control feral pig damage in
the WHA and the production aneas and maintain it at or below a maximum
acceprable level.

Management objectives

Meither the farmers noar the Wet Tropics Management Authority wene sure about
the level of damage feral pigs caused but they both agreed to set measurable
abectives to be achieved from feral pig control. The sugar cane farmers and tropical
fruit growers aimed o reduce thedr losses o feral pigs by 70 per cent. Because the
bevel of pig damage in the WHA was not well known, the aim for this area was to
reduce obvieus sign of pig moting by 60 per cent.
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It ws aggroeed that studies and careful monitoring of the benefits from the contrl
wiere needed to obtain a more accurate measure of feral pig damage so that the
optimum level of control could be determined. Modeling of the likely outcomes
from outbreaks of exotic diseases in feral pigs in the region, and greater education
of the public on the risks of infection by diseases and parasites from eating or
handing feral plgs was also deemed necessary:

Management units

Bcause of the large size of the area, it was broken into seven sub-units based on
natural boundaries such as rivers, high mountain ridges and major roads. Within
each area, sites of particular concern were identificd. These included an area of
rainforest which cassowaries seemaed to prefer for nesting, a creek flood-out in
which feral pigs had recently startesd to wallow that contained two endangered
species of native frog. and some high-value melon crops. Each anea had its own
sub-plan for pig control, for example, the melon crops were protected by
temporary electric fencing during the period that they were most vulnerable to

feral pigs.

Management options

The group agresd that it was not possible to eradicate feral pigs in the anea. Much
of the country was inacoessible and even if complete removal could be achieved,
it was considered likely that more pigs would be neleased due (o strong hunter
interest in the region,

It wits aggreisd that the aim would be strategie control Largeted at the time and
sitis where pigs were causing significant damage. These were the high value
conservation and melon crop arcas identified in the planning stage and also al
the margins of the tropical fruit and sugar cane crops. Control would be
concentrated during the dry period when feral pigs were most actively searching
for fouod,

A variety of technigquis was available to control the pigs. Ground hunting of
plgs. with or without dogs, is generally considened to be incifective and the dogs
often take non-targel animals, such as cassowaries. Fencing, including electric
fencing. is probably only cost effective around small ecologically significant arcas
on, in some fnstances, for endangered species protection. [ was thought to be
wsetul lo direct feral pigs o areas where they could be trapped, and for temporary
protection of the melons. Although potentially the single most effective technigue
for the region, poistning was not acceplable in the WHA because of concerns
about prasonimg of pon-target animals. It was also unsuitable for use on adjoining
properties, where captimed or shot pigs were sometimes subsequently used for
foodd, 1t was decidid to trinl poisoning in certain areas such as the margins of the
WHA If suitable poisans, baits and delivery svstems could be identified. However,
over most of the units, live trapping was the prefermed technigue.

Extensive free-teeding prior (o trapping is necessary o attract pigs o traps,
and traps are very labour intensive and often impractical for larger, more remote
areas, Nevertheless, they were considensd Lo be effective for many small areas or
local situations, particularly as part of coordinated prgrams between government
authorities and landholders. Because of concerns by the Cassowary Conservation
Group and the Wet Tropies Management Authority, traps set in areas containing
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cassowaries were moddified so that these endangered birds could not trip the door
and become entrapped. This reduced their effectiveness but was considened
essential as experience had shown that trapped cassowaries can severely damage

thsmiselvis

Implementation

The management group agreed that o be effective, feral pig control had to be

coond inated across the region. An aerial map ol the district was used to determine
the sites at which traps would be located, fences erected and the poisoning trial
undertaken. Alocal tropical fruit farmer, along with an extension officer from the
II

comstruction of traps and distribution of non-commercial bananas as bait

Cueensland Department of Matural Resources, coondinated the purchase and

Monitoring and evaluation

Measurements of damage and indices of pig density before and alter the control
programs helped to determine threshold pig densities and evaluate whether the
programs were achieving their goals. I the goals were not being achieved, then
improved strategios and community involvement would have been pecessary

Mimnitoring and evaluation also indicated which techniques wene most effective
provided motivation and direction o control efforts, and helped promulgate
research results, such as new trap designs and baits, It also indicated whether
there was a need for further research on, say, the rate of increase of pigs after
different levels of population control, including any effects of environmental
factors such as delavs in the onset of the wet season or poor fruiting in the
rainforests. Such imformation, along with that on the relationship between effor
expended on control and thee resulting reduction in damage, was wsed o evaluate
the differ

strategies for sustamed control or local exclusion in cach of the

different mana Brmant units
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Case study 2
Control of fox predation on rock-wallabies
{Adapted from Saunders et al)'™

This case study is set in a 3000 hectane national park in the Grampian Ranges of
Victoria. The park consists mostly of dry sclerophyll forest and contains a number
of granite outcrops that ane known to harbour the threatened Brush-tailed Rock-
wallaby. Other important native animals present include the Southern Brown
Bandicomt and Spotted-tailed Cuoll. Foses and feral cats are often seen and rabbits
are common in the more open arcas. The park is surrounded by open woodland
interspersed with farms that produce lambs and wheat,

Information collected when prepanng the management plan for the park
suggested that rock-wallaby populations were much smaller than might be
expectond from historical reconds. Thene was evidence that they previously sooapied
a much wider range of habitats than the salated rocky outerops to which they
wete now confined, Similar declines and local extinctions in this and other species
of rock-wallabies had been recorded in other parts of Australia and there was
prood evidence that tox predation wis a major couse,

Defining the problem

In response o these observations, the Parks and Wildlife Service conducted

prefiminary surveys of all mock-wallaby populistions within the park. This showed

that:

m the populations were small and declining and three out of the five sites
supported less than ten individuals:

® the populations were confined 10 areas where the rocks were fragmented,
forming break-aways which provided protective cover from environmental
and pridation stresses, and Larger areas of suitable habitat were niot being used;

o brush-tailed nock-wallaby hair was found in two fox scats collected in the park;

s periodic assessments revealed thal many populations were declining even
though most females wene carrving pouched voung, Recruttment was low and
there were few independent young animals;

& the animals wene i good condition even during a drought-declared vear; and

® there was no evidence of disease,

The prefiminary survieyvs revealid a population of fit and healthy animals,
unaffected by food shortages or disease and apparently not cccupying all suitable
habitat within the park. Thev were carrving voung and therefore possessing
potential for growth, vet thene was no population increase. From the available
evidence it was concluded that foxes, through their heavy predation of voung
wallabies, wene the greatest thoeat to rock wallaby conservation within the park
Other factors such as the lack of an essential habitat requirement may have been
contributing to the lack of growth, but these could not be detected unless the
threat of predation was first removed, 18 was therelore decided that a fos
management program should be implemented.

Because foxes were also common outside the park, 1o prevent reinvasion the
manager decided that fox control would be needed ina buffer zone around the
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park. The manager called a mecting of key stakeholders, including local lamb
and wheat farmers, the Departiment of Agriculiure, the local shire council and

lowal Lanies

e coordinators, 11 was agreed that a coprdinated fox control program

was necessary within the park and in a 20 kilomi
raised that fox control coubd lead to an increase in rabbit densities and rabbit

buffer sone. The point was

damage both within the park and on surmounding farms. Hence it was agreed
that rabbit control was also required in the area where foxes were to be controlled

Management objective

The extent o which fox predation was suppressing mock-wallaby dimsities was
not accurately known but was considened to be significant. Providing the wallabies
wene able to use additional habitats in the atwence of fox predation, it was decided
that a realistic objective was tor thetr population within the park to increase by
2000 per comit ovier the ensuing four years. The main measune of performance towand
miceting this objective was set as the percentage increase in the rock-wallaby
population, based on a continued consus, The participation of all adjocent Land
managers ina parallel rabbit and fox management program was identitied as a
supplementary obpective

Management aptions

Tey re-establish the rock wallaby populations, strategic sustained fox and rabbit
management (= "Sirabeme management’, pages Bl DY weies considered Lo e
the most feasible option within the park. Local eradication, the preferned option,
wits ot realistic unless a very expensive rabbit- and fos-proof fence could be
constructied and maintained amound the park. Similarly, given the limited nesoonces
ol the surrounding farmers, strategic fox and rabbit management in the bulfer
zone was the appropriate choice

Advice was sought on control technigues and it was decided that programs of
sustained baiting with 1080 were the most effective means of alleviating fox
predation in conservation areas.”™ The technigques used (o prepare and deliver

1080 baits for fox contrml varded between States and with local cireamstances. In
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Victoria, for example, baits must be buried to a depth of at least 8 centimetres,
This resquirement is mainly to protect non-tanget species such as the Tiger Quaoll
and farm dogs. In Western Australia, whene native wildlife have a relatively high
tolerance to 1080 which occurs naturally in local plants, aerial baiting 1s possible
in national parks,

Manufactured baits were chosen for the program because of their ease of use
and safety: Sustained management of foxes requines regular, ongoing poisoning
of fowes for the foreseeable future. The extent to which this can be maintained
will depend on long-term resources. This in turm will influence the size of the
area to be treated and the intensity of baiting.

It was discided that baits would be put out in the park and buffer sone at least
every three months. The poisoning was to be supplemented by den fumigation
during the breeding season and by spotlight shooting if time permitted. Fox control
on surmounding agricultural land was usually targeted to protect production (for
example, lambs) at the appropriate time of the year However, to protect the park
troan reinvasion by foses, control was also reeded during the peak dispersal period
of foxes (autumn),

The wheat producers agreed 1o lay poisonced fox baits if the Parks Service
provided the baits. Only the lamb producers agreed (o pay the full cost of fox
control in the bulfer 2one, but all farmers agreed o conduct simuliancous rabbit
control at their own expense,

For rabbit control, similar strategies were planned for both agriculiueal and
conseTvation areas. In areas of low conservation value the technigue was to remaove
surface harbour, destroy warrens by ripping and follow up with further ripping
or fumigation. The use of 1080 poison i control rabbits was considered to be
useful on agricultural Land becayse it would also kill foxes through secondary
poisoning. However, it was not an option for the park because of potential non-
target effects, particularly secondary potsoning of Tiger Quolls,

Implementation

The fox and rabbit management program was conducted simultaneously by the
park managers and farmers on surrounding agricaltural land. The entire park
was a4 management unit for fox management. Mapping of tracks and trails
provided a useful guide to bait placement and also assisted in the relocation of
baits on 4 regular basis <o that those that were removed could be replaced, The
same applied o neighbouring agricultural land. Previously selected rabbit
management units were treated in onder of priority, and adjacent units wiene treated
in sequence because this has been found to minimise the level of recolonisation =

Maonitoring and evaluation

The effectiveness of the program was determined by a regular survey of the rock-
wallaby population. An increase in numbers or in habitat utilisation by the
wallabies was to be used as an indicator of the elfectiveness of the program. It
was also considened essential to monitor fox density within the park becanse of
concerns about the effectivensss of the fox control lechmigues. Concerns included
poor poison success due o incorrect baiting techabgue or bait shyness by foxes,
and immigration of foxes from (B buffer zone. I fox denrsity did not decrease,
thiese ssues would need to be addressed.
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1 the rock-wallaby population did not increase despite an effective fox control
program, the next step would be look at other factors that might be limiting the
population. It may be that competition with feral goats for nutritious feed and
shelter sites ks important. Supplementary feiding or the reduction of goat numbers
may be useful means of determining whether any such competition is important.

Case study 3

A comparison of four strategies to control feral
pig damage to lamb production in the
rangelands

{Adapted from Choguenot et al. )™

Acomputer simulation wis used 1o comparne the costs and benefits of four different
strategics for managing lamb predation by feral pigs on identical wool-growing
propettics in western New South Wales rangelands. Each property was 45 (00
hectares, 22 000 of which was riverine floodplain on which feral pigs frequently
reached very high densities. The floodplains were also the only part of the
properties that had sutfickent forage during drought to allow ewes to succestully
wean their lambs, When the biomass of forage was greater than 300 kilograms
per hectare, ewes could be lambed away from the foodplain, thus greatly reducing
predation by feral pigs.

The following assumptions were made for cach property, All lambing ocourmed
churing sprimg and the stocking rate was 1.5 ewes per hectare giving 4 total ewe
population of 18000, OF these 17 00095 per cent) lambed cach vear with 21 per
cent giving birth to twins, for a potential annual lamb drop of 20 691,

Defining the problem

The potential farm losses due to feral pigs were a reduction in lamb production

and the cost of feral pig control, The costs of feral pig control on the pig-prone

floodplain were estimated based on the feral pig control fechnigque selected for
each property.

Comtrol costs waere caleulated by multiplving the cost of removing each pig
whiich varied with the density of pigs, and was cheaper at higher densities. When
poison was used. the manager also needed alternative pasture 1o spell the ewes
from the paddocks where polsoned baits were laid.

The benefits of control werne exprissed g« the dollar value of any reduction in
total lambs lost to predation. Loss of lambs due to other factors such as
mismothering, difficult birth and lack of cover was assumed to be constant at a
level of 20 per cent for each property. Loss of lambs could affect property income
in twio ways:

& if pig predation was extreme, the woolgrower may not have had enough
hoggets o replace unproductive ewes and henoe may have needesd to purchase
more shewp; and

& woolgrowers may have lost any income they would have received from the
sale of lambs that were killed by feral prigs,
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Replacement cost or income lost per Lamb, at S0 por head, was assumed 1o be
the same for cach property, The rate of feral pig predation in any given year was
drawn randomly from the probability distribution associated with the current
density of feral pigs. To make allowance for the reduced level of pig control when
grazhers wene able to lamb away from the pig-prone foodplain, the estimated
rate of predation was reduced by 50 per cont when pasture biomass was greater
than 300 kilograms per hectane,

The computer-generated models for each property considercd the costs and
benefits over 100 yvears of simulated vardation in rainfall and associated pasture
conditions. For each property, the costs and benedits were averaged lor five runs
of the model.

Management objective
The objective of each priperty manager was ts maximise their sconomic returns.

Management options

None of the managers measured the level of damage, instead they used their
perception of the problem o help them decide which type of pig control to use.
Ideally, they wouldl have kept good records of the costs and beneflts of past pig
control strategies as a guide. Nevertheless, they were aware that losses of lambs
to feral pigs could be as high as 40 per cent of all lambs born.

The mamager of Dontcare Downs conducted no pig contral, believing that thene
wiould be no gain from any form of control. The manager of Pragmatic Park chose
to contrel plgs when they exceeded moderate densities. The woolgrower on
Killemall prefermed Lo try o reduce and maintain pigs at very low densities, and
the owner of Doubleup decided to attempt local eradication.

The enly suitable control techniques were shooting from helicoplers and 1080
poisoning. The manager of Pragmatic Park decided to shoot once per vear. The
neighbours agreed fo participatee in the annual shoots, which reduced the cost of
ferrying the helicopter to S500 per year. Because of the high cost, the manager
decided to shool in parts of the farm where pigs were concentrated (mainly on
the Mloadplaint and o stop shooking when the kill rate per hour of helicopler
time began to drop dramatically; this occurmed when a threshold of about four to
five pigs per square kilomaetre was reached. Because it was difficult to decide
exactly when to stop, o be sure that the kill rate had declined they continued 1o
shoed for thiee hours after the pig density dropped below the theeshold, Although
they did not need to shoot in years when pig density was below the threshold,
they did nol know what the density was until they commenced the operation.
Hemee even i these years there was a minimum expenditiune based on the cost of
ferrying the helicopter and three hours of shooting,

The manager of Killemall decided bo poison feral pigs whenever pastune biomass
dropped below about 730 kilograms per hectane, At this density these was sufficient
feed 1o put sheep on alternative paddocks until thee 1080 poison degraded. The
process riquined an initial free-feed of unpobsoned bait to see whether there were
sufficient feral pigs—judiged to be when a minimom of 30 per cent of balts wene
taken—to warranl laying poisoned bait for the next three days. The cost of the
free-feed program on the pig-prone country was ST199. The cost of polsoning
was the same, 1199 per day plus the additional cost of poisoned bait to replace
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the bait taken by pigs. Poisoned bait cost $3.93 per 200 kilograms including the
purchase of warning signs
At Doublewp the manager decided to conduct o helicopter shoot each winter
b recduce feral pig density to about four pigs perhectivne, [n years when the pasture
omass was less than 7530 kilograms per hectare, shooting was followed up with

a frvefeeding program to determine whether it was sensible to follow up by
poisoning. The costs for sheoting and poisoning wene the same as for the other

properties

Implementation

The managers decided to work independently but two agreed to shane cost of
ferrying the helicopter

Monitoring and evaluation

Because thime was no control on Domteare Downs, pig numbers varied acconding
to seasonal conditions, which in turn influenced the rate of pig predation. The
results of simulation predicted that the loss of lambs and hence income was
considerable, with an average loss in value of 515 658 annually (sev Table 9.1}
Clearly, adopting a no-control strategy greatly reduced potential property income,
Thie simulated cost of sustained control to reduce pigs o moderate densities
across the whole of Pragmatic Park was $1547 per vear with the result that the
value of lambs lost was reduced toon average of $10 178, Shooting, from helicopterns
was a relatively cheap form of control, although the cost of reducing pigs to low
levisls in the first vear of control, approximately S8400, was fairdy high
Polsoning, as used on Killemall, was more expensive than shooting but it

achisved a much greater reduction in feral pig density, The average value of lambs
Jost was reduced to about 53556 per year, However, at about 517 360, the cost of
the initial knockdown, in the first year, was high

The intensive feral pig control on Doubleup was the most expensive
managemant strategy but only marginally so, and the value of lambs saved was
nit much better than poisoning alone could achieve, as on Killemall

To determine which of the three active strategies produced the best retum per
cost of control, the benefit was divided by the cost, All strategles produced a
at Killemall to reduce feral pigs
1o Jow density gavie the best benefil to cost ratio (4.71), followed by Doubleup

positive benefit to cost ratia, Overall, poisonin

Prosfiefiour frg feral pugs G o
sgmificant bmb i
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Table 9.1 Comparrson of annual oosts and benefits from four different pig contnol sirategies

Dhreidcare [owrs Pragrnrkic 1Yerk K ilbrainal]
Management strategy Mo control Sustaimed control Sustained control
Managed for pig density thal s Uncontrolled Minderate Laovw!
Control fochmigue Mone Shooting Porsasming
Resulting pigs per square kilometn: M [ LA L]
Comd il comtred (51 Nil 1 547 252
Lamibs Josst to plats 7H3 5 178
Walue of lambs lost (51 15 h5s 10178 55
Benefit as lambs saved (53 n 5490 22

BenetitCimt . i 471

S slapiedt b hisjusrnit of o1

CASE 5TUDIES

[hgleunge

Lowal eraadication
Livw
Showding / poisoning
(N} &

374
174
3470
12188
106

el Tha valie ol Lammbs aawd ¢ilee Pt ool womimds was caloslated as (e difhenemoe Bytrors the sabhe of imbs kst of Timicare Dosme, s bere there wis e
e osiigrd, riad had 40w il e otfier theey firogartios. St o Bl valines & sl cossilerilde S jear b vear Tuiseen amly b fiotages ot ahuidn

whene helicopter shooting, followed by poisoning when necessary, was used (o
keep pigs at a marginally lower average density (3903, The benefit to cost ratio

for Pragmatic Park was the poomest (3.54),

1t may seem counter-intuitive that, compared with a strategy that keeps pigs
at avr belowy moderate diensits, the overall benefits increase when pigs ane held ot
low density but do not continue W increase when eradication is attempted. This
i brecause (hi benefit to cost ratlo begins to declioe when pig densitios fall tovery
T Tewels, below abotst 0,18 pigs per squarne kilometre. 1t takes a huge effort and
cust Jo find and perove the last few piigs and this cost far outweighs the benefits
in extra lambs savied. Thus, in this example, it was not economically sensible o
try for eradication, nor was it wise W leave pigs uncontrolled.

Case study 4

Management of feral goats in a national park

and surrounding pastoral land
tAdapted from Parkes et al 1™

This case study is set ina 1500 squane kilometre national park and surrounding
pastoral leases vsed for sheep grazing in the northern Flinders Ranges. In the
park, jagged mountains and densely shrubbyed platvaus ane flanked by precipitous
goriges and scree-slopes with intervening vallevs and walercoursies. Most of the
vepetation s sdapled b hot and dry conditions, whereas the goolier dlevated areas
and the moist shady gorges provide refuges for relict populations of ferns, other
plants, and native animals such as the Yellow-footed Rock-wallaby: The park has
outstanding avsthetie, biegeographical and conservation values amd conservation
is thae preimary management aim, However, the rugged termin with its permanent
sprrings and waterhobes and still-abundant perenmial vegetation sapports vigorous
popilations of exotic animals including feral goats, rabbits and foses, Feral animals
are also common in the surrounding pastoral land, which is primarily chenopod
shrubland dominated by saltbush. There the land 15 flat and the only reliable

water b from capped bores and associated water troughs.
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Defining the problem

Feral goats wene not considened 1o be a problem in the arca until after Dingoes
were excluded in the late 19505, The goats wene controlled on most properties in
the porthern Flinders Ranges and the surmounding pastoral leases, including the
national park, by mustering, netting-off waler hioles, shooting and, occasionally,
by poisoning. However, in the early 19705, goat numbers nose to unprecedented
Tewels throughout the Dingo-tnee pastoral ansas south of the Dingo fence, due
matnly to excellent seasonnl conditions and a general decline in the number of
people (and bence potential miusterers) on pastoral leases. At this time, goal
populations in the adpining national park wene estimated aba peak of 120 000,
assisted by a fhush in vegetation due to the emoval of domestic livestock in part
of the park thiat was once a pastoral lease,

By 19908, the goat problem was such that it prompled a meeting of the local
land managers, convened under the smbrella of the North Flinders Soll
Conservation Boand. Local pastoralists, the manager and staff of the national
park. as well as a scientist from the South Australian Animal and Plant Control
Commission who had undertaken an extensive study of feral goars in the area,
attendesd, Because muster of goals was seen s 4 primary management technigue,
the manager of the company that bought feral goats from the anca was also
invited.

The pastoralists complained that any effort they undertook to control goats
wias thwarted by rapid reinvasion from the national park. The park staiff
acknowledged the concerns but polnted out that there were tmes when feral
gaonats had al=o reinvaded the park, from the surrounding pastoral leases, The
scientist then explained the damage caused by feral goats, based partly on an
assessment of changes in vegetation reconded in arcas from which goats had been
exncluded. In goat infested arcas, regenerating penennial plants grew past the
seedling stage but wene kept less than 2 metres high by goat browsing and highly
palatable plant spocies were severely atfected or killed. OF particular concem
was the lomg-term survival of the wattle Acacis anngeoss which is on the List of
endangered plants for South Australio

Tt was comcludied that without adequate control of goat grazing, several specics
ol palatable plants were at risk in the national park and that the floriste
composition on the pastoral leases would shift towand species inedible to stock.
Boased on other studies, it was concluded that the shift was being hastened by the
relatively high density of rabbits on the pastoral leases and in the national park.

Another coneern was the impact of feral goat dung on the Jocal waterholes
wherne, in places, a carpet of dung several centimetoes deep had been necorded.
Thie dung, and the diecomposing bodies of goats that had fallen into the water
amd perished, polluted the water especially during dey times, when goats
congregated around remaining water As well as fouling water used by large
native animals such as wallabies and birds, freshwater plants, fish, fngs and
invertebrate amimals were also severely affected,

I addiitiisn b the comcerns about feral goats and rabbits, the meeting agreed
that fox predation of native wildlife, especially the rane Yellow-footed Rock-
wallaby, needed attention.

Although a range of technigues had been used o control feral goats in the
past, the meeting agreed that they had achieved only lmited success because:
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o control was extremely difficult in some areas—goals could not be mustered in
maost of gonge country:

o resonroes devoted o the task, espeaally people to help muster goats, had been
insulficient;

o commercial mustering had reduced feral goat density in the park and on
pastoral land in the late 1970 and early 1980, but virtually ceased in the late
1980s when goat prices fell;

& goatcontrol operations on neighbounng properties and the national park wene
often out of phase—goats reinvaded properties on which they had been
controlled, discouraging and frustrating Land managers whe had sttaimed high
levels of control; and

® some landholders failed o control their goats, or clandestinely “farmed” them
by allowing their numbers o build up in order to increase the mumber hat
could be sobd vach vear and fo reduce the unit mustenng cost.

The meeting agreed to develop and implement a ot plan o manage feral
gosts on the national park and surrounding pastoral leases covernsd by the North
Flinders Soil Conservation Board. Ibwas agreed Fiest to concentrate on feral goats
and then to develop a separate management strategy for rabhbits and foves,

Management objectives

The main objective of goat conteol in the national park was o redwce the impact

of feral goats to the point that

u there was significant regeneration of palatable native plants including the
vulnerable A, erticosit;

o feral goat fouling of the major permanent waters was efiminated within iwio
wears; and

8 complaints by visitors to the national park about feral goat damage and
numbers wiere reduced to less than five per vear within two vears,

The vbjective for the pastoral land was to roverse the shift in pasturne
compsosition so that thene were mone edible perenmal plants and fewer inedible
annuals. Bevause it might take many vears and a good growth season betone this
pasture improvement could be demonstrited, it was decided o neduee feral goats
demsity o thie point whene less than one goat was seen at each bore during the
wierkly bore run on each lease.

Management options

The managers of both the pastoral leases and the conservation lands decidid 1o
adopt strategle sustabned management (nefer o the section Strategic management’,
Pages 8= 1000 AL managers agneed to first conduct a series of coordinatied musters
until commercinlly viable loads of goats could no longer be mustered,

The area to be treated was mapped and broken into units of about 500 squane
Kilometres for the musters. For the natiomal park, boundaries wene determined
by topographical features such as gorges and moumtain ranges. Wiaerne possible,
thise were also used for the pastoral leases although well-maintained fenoes
Pl ped v divade the anea into managealle umits
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In the pational park, access by leral goats 1o several key walerpoints was
temvpararily blocked with an electric fenoe a woeek befone the muster to concentrate
the goats around remaining waters and henoe improve the effectivencss of the
muster. Onoe mustering was no Jonger efficient, o helicopter was used to further
rduce goat density to the point where less than 15 goats could be fecated and
shot per hour, The efffciency of the operation was improved by using a fived
winged aircraft with a Global Positioning Svstem to locate mobs of goats and to
transfer the locations b the helicopter shooting team.

At this poant two ather fechnigues wene used o further reduce feral goat density
in kamy areas of the park. In the prime sites for A aramessd, three goats wiene cought
andd fitted with radio transmitters and released to join other goats missed n e
varlier shoots (see Shooting', pages 59-600). After a woeek these Judas animials
wiere focated and the goats that they had joined were shot and the Judas goars len
o poan another mob. To reduce feral goats further in the gorge country, canefully
sereened volunteers from the Hunting and Conservation Branch of the Spurting
Shooters’ Association of Australia undertook a well-organised ground-shool
around the permanent waters,

O the pastoral leases, self-mustering traps were establishid around the bores
Feral goats were held and fed in the traps until there wene sutficient ammals for
Acommoercial load, The return from the sale of goats—512 per head alter muster
costs—was used o pay for the traps, After commercial boads could no longer be
caplured, the population was maintained at a low density by the managers
shooting animals at bores during the weekly bone run,

Implementation

A sequential, coordinated group approach o mustering was used o minimise
refnvasion and to ensune that the commencial buyer was not sseamped with goats
At the start of the program. To organise and coordinate the program, the North
Flinders Soil Conservation Board employed a coordinator, partly fundid under
the Mational Landeare Program. Technical advice and thee radio transmitters and
receivers for the Judas goats were supplied by the Animal and Plant Control
Commission.

Monitoring and evaluation

To monitor changes in vegetabion following goat control, a serles of sites wene
established on which detailed measures of quantity and composition of pastune
wene conducted every six months. Special sites were established (o monitor
changes in the regeneration of the wattle A, o,

Estimates of feral goat density were conducted during the annual aerial
mimitoring of kangaros density, In the park and on each of the leases, reconds
wiere kept of the number of feral goats removied, costs involved and returns from
sale of goats,

Evaluation of the varly results indicated that the decline in palatable plane
species seermed o have been halted, although it may ke several seasors to assess
lomg-term changes. Aeral counts showed that feral goat density in the
comservation arcas was less than 0.5 per square kilometre and less than 03 per
sqquane kilometre on most of the surmounding pastoral leases, However, there waene
several pockets in both the leased land and the conservalion areas where feral



goal density was greater than five per square Kilometne and a mesting was planned
o discuss control ophions for these arcas, The cosndinator reviewed costs and

rettirns, which showed considerable variation in efficiency between the varkous

groups. Some of the differences could be explalned by differences in accessibility

Eos thar wnits, Bot somme al=o sevmssd bobe due to the skills of the indis idual operators

muster in a nelghbouring distrnct and to swap

A field day s planned o obserye s

bleas about technbgues and strate

Case study 5
Management of raven damage to an almond
crop

(Compiled trom information supplied by Bon Sinclairy™

This case study examines the benefits of fexible management nim as an ongs g
experiment. The study is <ot on a 20 hectare onchard similar to those at Lindsay
[Moimt, Victoria, devoled solely o the production of almonds. I adjoins a national

e amd riverflats, a cercal Tnem with patches of malles and another

park with mal
similar 2000 hectare orchand. In the general area there are several horticaltural

farms which produce stome frults, citrus fruits, nuts and cercal crops
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anted in rosw's of two of one

is grown in Blocks and the two later varietios ane
variety then a row of the other variely. Thene s no other significant timbier on the

property. The almond variétics ripen sequentially, beginning in Febrar

Defining the problem

The farmer estimated that the average annual foss o bird damage was about 3

percent or 560000, This was despite pest control costs of about S22 000, 2pent on

shooters and gas guns
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Observations indicated that Little Ravens caused most of the damage. Other
Brirdds that fed in the orchard incluoded Galahs, Crimson (vellow) Rosellas, Major
Mitchell's Cockatoos and, less often, Little Corellas, Sulphur-crested Cockatoos
and, rarely, Australian Ringnecks, but the damage they catsed was considered
imsignificant, The ravens damagead the crop by knocking the almonds from the
trew with their beaks or by flapping thelr wings. They hopped to the ground to
fredd and hammered open many of the almonds—preferning the softer variety—
but ate only the small pieces of the shattered nut, leaving the largest preces to be
cleanid up by flocks of starlings.

The orchiard was vulnerable for about 100 days a vear. The birds caused most
damage carly in the season when the almonds were Fragile and casily removed.
Although uneaten nuts knocked from the troes wene harvested, they wene low-
grade due to their small size. The trees did not appear lo compensate for losses
by putting more nesources into the remaining nuts so that they grew larger (also
s “Rat damage o Hawaiian macadamiba nuts: a perceivisd rather than a real
problem’, page 521

Adter harvest, the orchandist encouraged ravens to visit the orchard by Laying
out carrion, The ravens cleancd remaining almonds from the trees, which
previented disease amed mimimised carob moth damage. This saved the farmer an
estimatied S100 000 in hesses o disease and moth damage and almaost eliminated
spray costs for moth control,

The orchardist sought advice from the Animal and Plant Control Commission,
South Australia, Togain a better understanding of the situation they arsanged for
astudent to study the biology of the ravens, It was discovened that the birds fed
on nativie vegetation in the nearby riverflats fird thing each morning befone
muwing inbo the crop later in thee day, The ravens entered the crop stealthily, at
particular points where their movements were hidden, such as through a strip il
mallew in the national park and by flying low along a small valley,

Management objective

Tor reduce annual losses in almond vields due 1o bind damage o insignificant
levels without increasing the costs of control

Management options

The orchandist had used a light aircraft, ata cost of about ST00 000 8 vear, o herd
and scare away the ravens, bub it was decided that this was not cost effective.
Moreover, it might have caused more damage because the ravens may have needed
1o eat more o make up for increased energy spent avoiding the aircraft, Bird
netting was considered expensive and impractical.

Complete removal of the ravens, even i it was possible, was undesirable
because they were useful after harves), replacements would have arrived quickly,
and it was considered Better to train the residents o Keep ot of the crop at the
critical imes. Gas guns toscare the binds and shooting of the sccasional bird asa
deterrent were useful in the short term, but the ravens quickly became used to
these devices, It was dechded to stay with these lemporary deternents, but o keep
them novel by monitoring the birds” reactions and changing the technigues and
their placement when they began to be less effoctive.

It was also decided w lay out decoy food during the time when the almonds



were vulnerable. At first old sheep and kangaroo carcasses wene left on the

riverflats identificd by the student, about 700 metres from Uthe orchard, in the

haovpe that this would lessen the need for the ravens to feed in the crop and totram
them to come to a particular site to feed. Later, the abundant waste from the
almond processing plant, which would otherwise have been taken b the dump,
was put out as a decoy food. To prevent Emus from cating the food, a temporary,
Inexpensive clectric fence was erected. The almond waste was Laid in a line so
that all the ravens were able 1o feed and was replenished at the same time daily
by thae same person in the same clothes, toavaid scaring the binds. Mo determence
was carried oul pear the decoy Teeding site

Shooting was carrbed out at the few points where the student had noted the
birds entering the orcharnd. The ravens began o recognise and avoid the shiser,
s0 it was decided 1o dress the shooter v a distinctivie risd T=shart, The ravens

quickly came to associate the red shirt with shooting, so other farm workers also

weonre redd bodleter the bied s Adter a short while, the shooter changed the colour of

his shirt until the birds became wary of him again. This arrangement was altered
comtinually so that the binds did not have a chanoe to habituate. Several scanomws
complete with guns, were dressed i oned and were moved requentiv, Al tmes

ris. Hecpuse the

even the gas bottles on the gas guns were clothed inored T
ravens also recoginised the motorbike and fled at the sound of it approsching, the
shooter socasionally drove the ubility normally used by other farm workers so

that the ravens became wary of the utility, Ove nally, and unpredictably, the

s gruns were wsed as supplementary scaners. The guns wore miotmted on wheels
=0 they could be quickly and easily moved, and when in operation, fired at low
1“'\|III"rIi,|| AT ER AR Y '\-Illll'\-i"\']' IIII-IIrI Fes mmvinimse |i‘|l,' ralicad ]\.1]1:1|||I|1||||1

Rawven managemint was necessary anly for the the months when the almaonds

wene vulnerable, During this period, the main plan was to keep the pattern of use
of deterrents unpredictable, so that the ravens did not becomee accustomed to any
of the techniguees, and to encotrage the ravens fo feed in the “safe’ amea on the

riverflats rather than in the crop
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Implementation

The archardist paid the student and the shooter for about thiee months’ work.
All farm workers reported their experiences with mvens and the feedback was
wsedd by the student to direct management and keep it flud and effective

Monitering and evaluation

The student monitored almond losses by counting damaged nuts in quadranis
under 4 random sample of trees of each variety and the orchardist was able to
compare past with present losses. As the result of the new management plan,
lomsas o almond production to birds werne msignificant. Expenditune on labour
and other costs, such as fencing and petrol, was about the same as it was prior to
implementation of the plan, but there were considerable savings in not using the
fixed-wing aircraft and pilot. Any additional expenses, such as the cost of red
shirts and of fitting wheels to the gas gune, wene largely offsel by savings on
wastee disposal and reduced use of gas guns.

Case study 6

An unsuccessful group approach to rabbit
management

(adapted from Hunter & Coman™ by Caentin Hart)

This case study outlines the Sutton Grange Landeane Group’s endeavours to
manage a rabbit problem near Bendigo in Victora. The area consists of rolling to
steep granitic hills and creek (lats, Although there is some remnant native
vegetation, improved and unimproved pasture predominates and provides
grazing for shoep and cattle. Rainfall is 650 millimetres and there is a distinet
summor dry season,

Once the ground cover is disturbed, the undulating topography of the ansa
makes il subject to seil erosion and this is often exacerbated by rabbit activity:
Rabbsit control ks difficult due o the rnge of refuge kabitats available, including
remmant vegetation, madside verges and rocky outcrops. As a resull, rabbits were
recoggnised as a major management problem and this prompted the formation of
the Sutton Grange Landeare Group, which is concermed with a range of local
land management 1ssues.

Defining the problem

The Group formed in 1990 and, after several meetings, identifiod a range of likely
rabbit damage, including grazing pressure, contribution to soil eroston with
resultant reservoir siltation, and reduced regeneration of native vegetation. They
were unable to quantify the rabbit problem in lerms of damage because il was
difficull to measure competition between rabbits and grazing stock and 1o assess
the relative contribution of rabbits to soil and pasture degradation. In general,
significant competition between rabbits and stock occurs only when pasture
availability falls below a certain level, such as in winter and during drought.
Altheugh there is usually Tittle direct competition between rabbits and Bvestock
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inspring when pasture growth is abundant, any increased grazing pressure by
rabbits during this ime may reduce the amount of fodder neserves for stock o
carry them through summer and autumn.

The Group believed that a benefit of strategic, group rabbit mansgement would
b o redduction in control costs and poison wse in the long term. They agreed o
developand implement a coordinated plan to manage rabbits in the anea. In 19694,
they prepared a sucoessful proposal to the Burcau of Resounse Sciences for the
funding of a group rabbit management program.

Management objective

In keeping with the notion that strategic pest management is best based on
reduction in pest damage. the long-term objective of rabbit management in the
arca was improved pastune avalability and quality, neduced sail ension and
consequent increase in long-term stock production. However, there was no giod
information on cither the level of rabbit damage or the nelationship between rabbil
numbers and damage. Therefore, it was decided that the immediate objective
wotild be to reduce rabbits to very low densities—the assumption being that this
would result in an increase in production which was worth more than the cost of
initial and ongoing rablbit control,

Initial spotlight transect counts indicated rabbit numbers of mone than 10 per
spotlight kilometre. Based on existing knowledge of rabbits in this and other
areas, it was considened that the ability of the rabbit population o recover (o
former numbers would be bow of they wene reduced toa donsity of 0.5 rabbits per
kilometre. Whereas, at a density index of two to three rabbits per kilometre, or
highier, rabbits could increase o problem numbers in one good season. Thus, the
Group decided that the initial aim would be o reduoce the number of rabbits o
(L5 poer kilometoe over thie next three yvoars, The loager term atm wais o maintain
this low density.

Management options

The Group then selected the management options they belioved would achivve
and maintain the desined population reduction in a cost-eifective manner, They
agrovsd 1o carry out the following program:

® initial wseof high-cost technigques (poison baits, warnen fumigation and ripping)
b pesluace rabbit mambers bo less than four per kilometee;

® then medivme-cost, follow-up control—treating re-opened warnens and warmens
in areas which could not be acevssed with large ipping machinery—to neduce
rabbit numbers to less than one per kilometre;

m followed by low-cost ongiing matntenance control—regular maintenance using
a contracted maintenance control team to reduce rabbits, abbit warmens and
harbour—to reduce rabbit numbers o less than 05 per kilomotre and hold
them there,

They developed o management structune and plan which included the
following tasks and objectives;
® establish a core group of landholders to plan and coordinate the propect;
s obtain commitment from landholders and local land management bodics to
the program;
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& allocate management units using a computerised Land Information System
{see Dhefining management unils’, page 102); and

® developand implement an appropriate monitoring steategy, including the use
of spodlight transect counts and stock production records (see Monitoring and
evaluation’, pages 117-118},

Implementation

The Croup established a representative committee, appointed a coordinator, and
this wider landholder community was sent an open letter of invitation, Becanse
thie Group was already well establishisd, this letter was sufficient to obtain a high
lewel af involvement. Meetings, training davs and consultations helped toinform
participants of the details of implemantation of the plan,

The management arca was broken up into three management units so that
adeguati equipment and human resources could be concentrated on key ansas al
eritheal stages of the program.

Monitoring and evaluation

The participation level of 80 per cent of land managers lor about 70 andholders
over 25 (HK) hectares), was an indication of the success of the project in achieving
wide initial cooperation and commitment. However, despite the bigh participation
rate. low rabbit numbers were not achivved and for maintained across the
management anea. This was partly because initial population reduction in some
apeas was inadequate, making follow-up maintenance less effective. Nevertheless,
anumber of lindholders were able to achieve rabiit numbersof less than one per
kilometre despite managing country whene rabbit control was ditficult due o
poor machinery access, It was concluded that the eifectiveness of rabbit
management in the area was mone dependenton bindholder motivation o resolve
the rabbit problem than the technical ability to do so. This loss of commitment to
ther prrojisct became more evident after the release of rabbib calicivinus (RO

The balance between the costs and benefils (costs:benefitsi of any rabbit control
depends on a numboer of factors inclueding the value of any increased production,
susceptibility of the property to erosion, and ditficulty, and thiss cost, of neducing
rabbit mumbers and maintaining them at sufliciently low levels to reduce damage.
The Grrrp estimated that with adequate population reduction measuns, such as
warren ripping and harbour destruction, ongoing maintenance controd could be
as low as 513 per annum per hectane. Given the high value of many of the grazing
enterprises in the anea, for example, line wool production and rasing high-value
cattle such as Belgiom Blues, it is gquite likely that such management would be
ecomumic, although initial population reduction costs also nesd o be considened.

A number of landholders involved in the project believe that rabbit control in
the area is cost-effective and ane continuing to pay for the services of the contricted
team o maintain low rabbil numbers beyvond the life of the original project.
Ongomg monitoring of rabbit numbers, stock production pecords and any
increasisd regeneration of native plants should indicate whether significant benefits
are realised in the longer term,

The Sutton Crange rabbit management project was unwsual in several respects,
1t was based on an existing well established group, already committed to doing
something about the pest problem, External tunding supported the high costs of
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initial reduction in rabbit numbers and also allowed appointment of a coordinator,
which is eritical to the success of group pest management schemes. Even with
these apparent advantages, the main objective was not met across the management
area. Futune group initiatives wisuld be wise to address the issue of the ‘rugged
individualism’ of land holders, cited as a major impediment to wider success in
reduction of rabbit numbers. Nevertheless, the project was a success in terms of

initial participation and interest, and several landholders have opted to continue
at thir own expense
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10 pest management for the
future

What is the future of pest management?

The final question is whene to now? Much has been learnt from Australia’s past
pest animal problems, The new approach recommended in this book is based on
sustainable land management which involves all the key stakeholders and places
emphasis on reduction in the damage that pests cause father than reduction in
pest numbers. 15 i bullt around five interrelated steps:

define the problem in terms of pest damage;

determine objechives:

identify and evaluate management options:

implement a management plan: and

monitor and evaluate the outeome (including, if necessary, redefining the
problemi

Asimilar approach can be used to deal with other langd managemoent problems,
such as weeds, soil acidification and dryland salinity, In this final chaptor, some
of the issues that can assist adoption of this approach. and improve ils
effectiveness, ane discussed

Although it is unlikely that all the infornation necessary for precise planning
of management will ever be available. Adaptive management or ‘learning by
dotmg’ will help to continually improve management practices, and the increasing
potential for rapid dissemination of knowledge will facilitate this flexible
approach, [ is essential that all key players work together to understand the full
dimension of a pest problem and plan a coonperative approach to its management.
Thiues, many of the barriers between groups that traditionally have not workesd
tisgether need o be broken down, The success of the Landcare Program and
associited increase in wse of a strategic regional approach 1w sustunable land
management demonstraties what can be achieved. Mew techniques, new nesearch
Al improved commumication systems can only enbanee thi= dynamic approach
L pest management,

Research: new approaches, new directions
Hirze reseatrchrers bevr asking e right questions alvout pest mrinmals?

It i= not clear that our approach to rabbil management has evolved significantly
i the past 30 years, At Australia’s National Vertebrate Pest Conferences there
e been more papers presented on rabbits and rabbit control than oo any other
topic. The national guidelines formanaging rabbits contains 550 references, mostly
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abinit rabbits. Yel, despile extensive rescarch, there s still Bittle good information
about the level of rabbit damage or the relationship between rabbit density amd
the hevel of damage. ™ Consequently, it is difficult for managers to determine the
return they can expect from a given effort of rabbit control. It could be asked
whether researchers have been addressing the right questions. At the time it was
thoughl so, but with the beneiit of hindsight it seems apparent that mone effort
should have gone into quantifving pest animal damage and developing an
imtegrated and strategic approach to managing rabbits and other pest animals.

Aot of past research has concentrated on understanding the biology of the
pestanimal and the interaction between the pest and its environment. As.a nesull,
knowledge of the links between rabbit reproduction, nutrition and the type of
plants they prefer, for example, is excellent. Researchers now neesd 1o tackle the
eronomics of pest animal management, attitudes to pest control, and how best to
integrate the environmental, social and economic aspects of pest control for
sustainable land management. Not only do researchers need o reassess their
resesarch fopics, they should also consider how they conduct research. One example
is that of enclosure studies which showed that 16 rabbits eal as much as one
sheep. ™ This led tocstimates that pastoralists could stock X/ 16 mone sheep where
X s the number of rabbits remaved in control programs. However, studies in the
field often failed o show anywhene near this level of benefit from rabbit control,
It b= nowy kv that on a larger scale the situation is much more complex. Much
ol thee time, pasture systems prosiuce more feed than grazing animals can cat. As
anexample, in wostern New South Wales, it is not until the pasture biomass falls
below about 250 kilograms per hectare that there i significant competition for
pasture between sheep ansd other grazers such as rabbits, feral goats and
kanganios ™

Tos better understand the melationship bebwern pest control and damage
mitigation, more studics ane requined at the farm management level rather than,
as i the past, concentrating on intensive studics of parts of the system. For
example, o msearcher whoe wants to determine the benefit to lamb production
fromm different levels of fox contral would not study in detail the behaviour of a
group ol foves and lambing ewes, Rather they would compare the lamb marking
percentage between similar properties that were subject to different levels of fox
control. This is not o say that these detailed studies are no longer necessary, but
they need 1o be balanced by a more adaptive approach to pest management.
Adaptive management is based on a whole system approach on the property or
othier Land management unit that & most appropriate,

Not only are larger scale studies nevessary, bul wherever practicable, all key
players should be fully consulted in the planning, conduct and analvsis of the
research. Failure to divso canoften lead toresearch that is ot bost poorly understood
by thome whis are meant o benefit on at worst, leads to research that has little
relevanee bo the end tser (see tarbaby” example in The role of extension in pest
animal management’, pages 112-114% Furthermon, thene is fitthe use inconducting
applied research i the results are presented only at conforences or left to adorn
the shelves of libraries, rather than disseminated o the appropriate end users.

The inclusion of lind managers as coresearchers has several benefits, Co-opted
managers ane more likely to make theie land avatlable for nsearch and o maintain
a treatment regime throughout the course of the study. They can also contribute
thetr knowledge and experience W the experimental disign and ensune that control
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strategies will (it in with essential management operations. For instance, ifa pest
control strategy needs to be applicd at o particular Hme, bul the Himing eoincides
with shearing and drenching, it may be useless to the woolgrower. Managers are
mare likely to understand and feel ownership of the results of the study, and
hence adopt i, i they have been consultid.

Hinwever, thire ane also problems assoclated with lange-scale studies, not least
the requirement Lo establish and maintain a sound experimental design. To assess
different pest management strategies, an appropriate experimental procedurn is
important (see the section “The logic and function of experiments: an example’,
pages 91-93), Nevertheless, it can be ditficult to achieve and maintain if it conflices
with the land manager's neesd o ruin the farm or natune reserve, Also, sconomic
constraints or chance events such as drought may lead land managers to pross
for change to the experimental treatments before the end of the study. There isno
simple splution, but some scientists ry o compensate land managers for any
lossiss duee o the experiments and are able to bulld an allowance for compensation
intir thee costs for the study,

There ane other problems for scientists, not least thal many donot have the time
andd /or the necessary communication skills neguined to fully involve lind managers
i the udy, Ome way around this s o use trained tacilitators and coordinators
{see 'Feral goat management in south-western Queensland”, pages 111-112)

Despite these difficulties, thene is a pressing nevd for nesearch that compares
different pest management strategles using large-scale studies based on a
functioning svstem and with close nvolvement of the lind manager. Such an
approach is more likely 1o yield practical, meanimgful results that ane mone widely
adopted than ks often been the case in the past.

Improved planning

When the aim of pest control was totry and get rid of as many animals as possible,
the templation was often to get out there and do as much oa-ground control as
possible. Mlanning was often seen as coumer-productive. Why spend the time
planning, when it could be better spent getting rid of the pests! Even it pest contmol
wis as simple as this, planning could have greatly assisted the effechivencss of a
pest contml program, However, pest animals are but one factor in a comples
envirpnmental, coonomic and social system that noeds to be strategically managed
terachivve desired land management owtcomes, whother for production or nature
coRservation.

Increasingly, land managers ane being encouraged through Natlonal and State
programs o take a catchment or reglonal approach Lo land management issues
including pest animal control. An example is the regional approach o sustainable
tand management under the Notural Heritage Trust isee below Natural Heritage
Trust: am integrated approach to sustainable land management's, At the local level,
Property Management Planning can help land managers address the comples of
isstes, However, managers will need consfderable assistance with both levels of
planning, For Property Managemont Manning. modules that ane relevant to the
local region need to be developed and must cover the various key elements
including soil structure, acidity and salinity, weeds, pest amimals, farm business
plans, lvestock acquisition, and conservation of biodiversity. A process for



assessing and integrating thie components then nesds to be folleswed. A mistune
of semi-formal courses such as might be run by a College of Technical and Further
Educatiom and less formal workshops can assist planning, Skilled and trained
tacilitators and presenters are also regquined; therr role is o work with the diverse
range of plavers which may be involved, such as banks, financal and legal
adwvisors as well as others mone directly concermed w ith }\1--.1 AT

Thet need for botter planning is becoming widely accepted, it considerable
ehtort is necded to equip people with the necessary knowledee and skills.,

MNatural Heritage Trust: an integrated approach to
sustainable land management

Australia has a comprehensive array of national strategices that set goals and
prionty action b mprove the environment and promote sustaimable land
management. These include Ecologically Sustainable Development (seo
Ecologically Sustainable [ hevilopment’, page 761, National Strategy for the
LConservation of Australia’s Biodiversity, National Water Quality
Management Strategy and the National Weeds Strategy:

The Matural Heritage Trust (NHT s a five year program that commenced
by DOG=0T ™ It aims tostimulate activibies i the national interest that achieve
conservation, sustainable use and re pabr of Australia’s natural environmaent

The specific objiectives of the NHT are
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® o provide a framework for strategic copital investment and stimulate
additional investment in the natural environment;

s o achivve complementary environment protection, natural resource
management and sustainable agriculune outoomes conststent with agreed
national strategles: and

m to provide a framework for cooperative partnerships between
communitics, industry and all levels of government,

Tha benger berm outcomes sought from the NHT ance:

® o develop and implement integrated approaches e the ecologically
sustainable management of land, water and marine resources and
environments,

m o arrest biodiversity losses and improve long-term protection and
managemient of native vegetation and representative coosystems;

& o maintain and improve the sustainable productivee capacity of Australia’s
environmental and natueal nesource base; and

8 to empower people o take responsibility for ecologically sustainable
management,

There are four main elements to the NHT, the Mational Vegetation
Initiativee, the National Landcane FMrogram, the National Rivercan Initiative
amel the Murray-Parling 2000 Initiative. In addition there are several other
smaller programs such as the Natonal Feral Ammal Control Program and
the National Weeds Strategy.

A primary goal of the NHT s to develop neglonal strateggies. Reglons lemd
1o b areas of common interest that may be based around o catchment, a
land vegetation vpe or a socic-economic group, within which sustainable
management requines an integrated approach across a range of issues. Much
of pest animal management fits this regional scale, especially for managing
pest animal damage Lo natun: conservation values,

Improved communication

A ot of past communication betwern rescarchers and end users was through
extension officers and various forms of pamphlcts and brochumes such as AgFicts.
Ofren neither the extension officer nor the end user was consulted or fully
understosd the research and its relevance o their problem,

In recent years, there has been muoch greater attention given to how best to
deliver the message (o the end user (see ‘Formation and maintenance of
management groups’, pages 110-114), The emphasis of State and Territory pest
animal extension officers s changing from the wp-down approach of telling
managers what todo, often supported by strict legislation, to working with them
Thee abm now is to provide land managers with the best available information on
pest animal management and (o help them plan and manage their pest problems.
Ultimately, farmers and other land managers are responsible for managing their
Landd and, as an advisor, the role of the extension officer i to guide and assist, ot
to dictate what should be done. The longer term goal is for land managers o
have the commitment, knowledge and methodology o adapt their pest
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conditions in which they are operating

Effective information transtor relics on several key factors
W A

& information that is important and likely to deliver tangible

lear understanding of the target andience and their necds;

wnefits; and
® delivery ina form appropriate to the end user

n odficers and athers involved in information transier

This revquines that ext

have a range of skills including sound sclentific and technical know le

understanding of the broader aspects of the farm or other land management
svstem, amnd good communmication, facilitation and negottation =kills. The
Vertebrate Pests Committee of the Standing Committee on Agricultuee and
Resource Management is developing a st of core competencivs (skills and
Ky ||\|!_'_-.'l lior st Amarral A geITent advisors, Onee diey |_-i|-| w1 s mpsertand
that the recommendations be incorporated into a curmiculum for use by agrcultural

and esthier relevant tertiary training instibutions

New technology

There are several technological developments that are beginning to help
dissemimate information and assist managers fo I"'I.H'I thewr maAnagement ol |"|"|'.
animal damage. An arca that shisws great proamise s the development of computer

e abm s b commeimicaty

assisted learming and declsion support technok
knowledge, skills and principles of pest management to s wide audience which

includes prmluu'r‘- exbension officers, students, research workers andd [l by

makers. A key compenent 15 the development of expenence-based decision
support packages. These are user-frendly programs thal lead farmers and other

wrluibiinms

managers through the process of identifving their problem and finding

Lo it The packages include images and video clips that aid with identification

anad help to explain concepts. The packages can be usad by advisors or by managers

with the appropriate computer technology and basic computer skills, They are
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simple to wse and inferactive, requesting users to enter their own information,
They ane also relatively cheap to produce and can be readily updated with a now
computer disc or through the Internet. The CSIRCY Division of Wildlife and Ecology
is currently developing such a package to help grain producers predict and deal
with mouse plagues.

Although still relatively new, Decision Support Systems, CO-Rom technology
and other digital information systems such as the Internet are becoming
increasingly mone accessible and are likely play an important mole in assisting
managers o better plan and manage their pest problems, The Internet cin also be
wsad a4 bulletin board for land managers o share experiences about pest animal
management.

Another relatively new technological dovelopment, Global Positioning Systens
(G5 are smiall, often hand-held umits that use satellites to accurately determine
the coordinaties of a location. They can be purchased for less than S1000 and have
bewen tsd tn various aspects of pest animal management including helping to
prpare maps. In programs involving shooting from helicopters, one innovation
has been (o use a spotter plane and a GPS to Jocate and transmit to the helicopter
the exact location of animals. This greatly increases efficiency and lowers the cost
ol thee program. Similarly, GI'S have bevn used W inemease the efficiency of ripping
rabbit warrens, The GPS is wsed to locate warrens and the information s
transferred to a computer on board the bulldozer undertaking the npping. A
computer program plots the most efficient course for the bulldoser to follow from
one warren fo the next.

CGeagraphic Information Systems (GIS) use data from satellites o develop base
maps of an area which can be upgraded with additional information to produce
comprehiensive regional resource maps. The value of the svstem is that it is
relatively cheap, accurate and can also be used to track changes in the vegetation
and other parameders in responsy o management action,

New control techniques and new pests

Thie sarch dor the perfect pest control techmigqoe continies fsee Blological control’,
pages 653700 1t is acknowledged that some current methods are inhumane;
chloropricrin for fumigating rabbits is a classic example, ™ Al present there ane
few alternatives to some of these questionable techniques. However, there is
potential to develop more bumane and effective methods, such as carbon
manoxide for fumigating rabbit warmens and fox dens, Another technigue being
invistigated is the development of haiting strategies that incorporale a quick-
acting narcotic o reduce any suffering

There are likely 1o be new pests in the future. They may be animals that are
already present but which become pests due to changing land use, For example,
high quality fruits for export ane now being grown in new areas such as the western
goldfields of Western Australia and Central Australia. As the industry develops,
it is possible that local native and non-nativie animals may cause problems (o
thise developing mdustries. The decision-making framework oullined in this
book will help managers to deal with these emerging problems.

Other pests may come from new arrivals or releases or escapes from caplivity.
Australia has a system to screen animals proposed for import acconding fo their
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agriculiural and environmwental pest potential and to regulate the keeping of
amimals that are of concern (see Totential pests: exotic animals and translocated
mitivies', pages 32-340 These systems need o be continually evaluated and refined
teensure that they are effective. Contingency plans b deal quickly with sscapess
are being developead

Newly detected diseases can turn their animal vectors into pests. Lyssa virus
oneof the same group of virnses as rabies, his recontly been detectd inAustralian

bats and has killed a waldlfe nehabilitator bitten by one of her patients: lis PrESene

iy burn possums and bats into pests because they ane suspects b the main

CATTINTS

Conclusion

Pest animal management 15 4 comples and dynamic scene. In the fubure, it s
likely that changes in lamd use and new crops will provide native and exotis
animals with new opportunities to become pests. Pest management must become
smarter and more sensitive, and adapt to the everchanging needs of land
managiers and the desires of the commumity, 1t s hoped that this book will plav a
role in encouraging the adoption of a flexible, strategic approach to the

management of pest ammals, This can be achieved by the use of scientifically

based procedures that ane humane, cost-eifective and integrated with coologhoally

supstainable land management
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Selecting a management option

When evaluating management options, each situation needs to be assessed and
the appropriate management option or combimation of options identified. Too
often, costly but inappropriate strategies are adopted in managing for both
proscduction and wild1ife conservation values,

To help decide how best to allocate scarce resources, the Department of
Conservation in New Zealand use a process for ranking anmeas acconding fo ther
priority for pest control @ 7 0

First, conservation areas are divided into management units based on features
suich as catchments, vegetation types, or limits to the distibution of threatened
plants ar animals. Large ancas are broken into smaller sub-sections whereas very
stmtall peserves may be grouped for ranking,

Todeternuine the primary conservation score, the management units ane ranked
according to thedr conservation value, Thine ane three steps in this process. First,
the it is scored om thie value of its threatened native plants and animals, Plant
and animal values are ranked on the following eriteria: a high score of six for
threatened plants or animals of national significance; five for those of exceptional
value; four for those of very high value; three for high value; two tor moderate
value; and one for plants of animals of potential value, Factors considensd include
rarity, whether the species ocours elsew here and the impartance of the population
as a representative of specices throughout New Zealand.

Sevond, the unit is scored according o its valnerability fo pest animal damage.
Seores vary Irom one for a unil in which the current bevel of pest damage is
considened to be of no immediate theeat, to 3.5 fora unit where a plant or animal
spevies s considened B be at risk of pational extinction due to pest animal damage

Last, the primary scon: for each management unit is calculated by multiplving
the highest score for native wildlife, whether it be a plant or an animal, by
vulnerability to pest animal damage, Fora management unit with a plant seone
of five, an animal score of four and a valnerability weighting of three the scone is
15, This is calculated by multiplyving the highest score (live, for plants) by the
vulnerability rating (threel,

I necessary, management units with equal ranking can be sorted using a
hieranchy of land attnbutes, Factors considensd include the security of Land tenune,
presence of other valued native plants and animals, cultural heritage values, case
ol access for control, absenee of other pests and previous management action on
the pests.

Those reserves where eradication is possible are assessed separately, according
to criteria for eradication (see 'Criteria for local eradication’, page 104-106),



Appendix 2

List of scientific names of species

mentioned in the text
Arranged in alphabetical order, according to commaon
name.

Plants

Aunstralian hoop pines Anrcrm spp
Blackberry Rulus frufidosus

Bluegum Encalugius globmlis

Morfolk Island Abutibon Abvtifon julinae
Phdlbip bsband Hibbscus Hirboocts prsecares
saltbush Atriplir spp

wiabtles Adus i spop,

Insects
Blowilies Calliphynt spp

Fish

Atlantic Salmon Selin saber

Black Mangrowe Chehlid Tilapian prarioe

Bevok Trout Safeeliines foittinelis

Browwn Tromet Sl trutin

Eviropean Carp Cyjrrinis cirpun

Everopean Perch (Redfind Peroa fluenitiles

Cioldben Perch Maeprari il

Carletfizh Cirrassizs uraties

Muambigue Tilapia Oraschnmis mossmining s
Murray Cod Maccalochells macguricids

Cyriental Weather Loach Mrsgurmns anguilliomndinfins
Rainbow Trout Ciscorfigiicliong mghtss

Redd-flvned Blueye Soatariganichthys ovrmeliprm
Roach Rutiliis rutilis

Silver Perch Biduisies bl

Tench Thec fiticat

Topminnew (dosquito Fish) Gasmlusio affres

Amphibians

Brown Trew Frogt Lidora agimmgis
Ciana Toad Bufo maropes
Green and Golden Bell Frog Lifers dusme

Reptiles

pisaninas Virenns spp

Cirass Skink Liyosivm boseriogii

Hinuse (Rarking ) Gevko Hemidachelus fremdfus
Partsarnonss snakes Fhapids

Saltwater Crocodile Crvodilus porsss

Birds

Australian Brosh:turkey Abetin it

Australian Magpde Gyramarfio filicen

Australian Ringreck Bersianfies 2o

Hlack Swan Cugnsis atnabis

Bli-faced Honpveater Enfomuyzin cyanshis

Cape Barren Gosse Ceéroapads gl s

Common Blackbind Tiirdus mernfe

Commion Mynas Acridotlivees fristis

Common Pheasant Phirsénius colelionm

Commion Starting Sturis culgiris

Crimsim Rosiella Maweemces dlegits

crows andd ravens Cirrns spp,

cutrawolgs Singenl spp.

Dramaeng Feretail Embenma gutfafo

duchs, several spochs

Eastern Bosella Platuoencis exomiie

Ermu Dhvomurines ot mafisne

Esirasian Tree Sparmow Posder sminbiities

Europran Goldfineh Corduehis carduifis

European Creentinch Carduelis clilirfs

Figbird Spheoothenes pirmdis

Galah Circarbira risaticupilla

Corvat Bowerbind Clrlanudens srchulis

Cereat Cormuorant Mlidlacnacontt carfa

]'Itulu-.‘i'-p.imlw Phpsaer dimiesPrcis

Java Sparnow Lanciuerne ongziang

Kakoriki Coanoramphis miosezelandioe cryfirotis

Kangaroo lsland Glosay Black-Cockaton Calyptochynchis
ltinrmer hafraburrivns

Laughing Kiokatmarra Divelo misssginnae

Little Coorella Corcatbina s

Little Penguins Ewdyprialy oo

Litthe Plod Cormorant Plarlacrooore mefinmbeaigos

Little Raven Corous picflie

Lang-billesd Cornella Cinyefiéa tenmirostres

Lord Howe Woodbem Gallirallus sidoesteos

Magrpie Gowme Auscrmas semplpnita

Major Mitchell's Cockaton Cavabu fradivaten

Mallard Anas platwrlipnos
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Malleviowl Legw perfliate

Mankeen Might Heron Nechiosay onledanious
Norfolk [=land Kaka Nestor prvductss
Muteney Manakin (Spice Fiech) Lo pruectulate
Kainbow Bev-cater Merops ormatis

Rivinbow Lorikevt Trichoglossus faconehndios
Hed-billed Chusdea (il gl

Rt -Railed Black-Coclatoo Colysorfrcing ks
Red-Whiskered Bulbwl Pucrmisdiis wesirs
Fowk Dy { Domustic Pigeont Coliomba livia
Rorse=ringgend Parakeet Pattacile bramers
Senegal Turtledove Strephapefio sonegabensts
shisarwaters Puffinios spp

Silvereye Zosterys befentle

Skylark Alewds arrvnsis

Somjg Thrush Tindus plitomeles

Spotted Turtledove Strephopetioe ciimemrss
Sulphur-crested Cockatoo Cicetis galerita
Wedge-tatled Eagle Agquila anidar

Wirka Gallirelhes aristralis

White-taced Heron Egnetti mimsanhillondiar
Yelbow Orlale Ovidus Tt us

Yelbow tailed Black-Cockatoo Catygtonirchies fitereus

Marmimals

Agzile Wallalby Mg agilis

Alpaca Lanur pucis

Bali Banteng Bos jaeanicies

Hilhy Macrobid bgotis

Black tShip) Rat Raftous ratfns

Black Flving-fox Plempues alech

Hlack-footed Rock-wallaly Pernsgle biteniles
Black-striped Wallaby Aacrogius dursalis
Bridled Nailtail Wallaby Chrpclrogilea fracmala
Brown Hare Lepis cigrirss

Browen Bat Ratfuy sisrowg o

Brush-tailed Bettong Bettongi eaicillio
Brush-tailed Rock-wallaltsy Petrogale peaiciliatd
Burrowing Bettong Befougi lesuenr
Canefield Rat Battis sivdidies
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Pest AnimaLs cause losses worth many millions of dollars
to Australia’s agricultural production each year. They also
contribute to land degradation and pose a major threat to
some endangered native plants and animals, Rabbits, foxes,
feral cats, horses, goats, pigs, carp and even mice all damage
our agricultural and ecological communities, Yet many of
these pest animals were introduced with the best intentions
last century, in the belief that they would be an asset.

Why were such mistakes made? Can we stop it
happening again? Can we contral the damage caused by
pests? This book looks at these questions, and the advances
science has made in the field of pest control, and presents
some new approaches and solutions.

Australin’s Pest Animals is written for a general audience
and no scientific training is needed to understand it. Dr
Penny Olsen's writing is mostly non-technical and always
easy to read. Yet, it describes sophisticated, scientifically-
based technigues and strategies for pest animal control.

These techniques are humane, cost-effective and fully

consistent with the principles of ecologically sustainable
land management.

This book will help farmers and natural resource man-
agers to successfully reduce damage caused by pest animals.
As a comprehensive overview of pest animal problems and
their management, the book is also an important reference
for policy-makers, teachers and students. Land managers,
conservationists and other interested readers will gain fresh
insights into one of the most significant environmental and
agricultural protection issues in Australia today.

T5EN O-&LW1T7-ADA-5
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