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Animal conservation - principles

* Maintain populations in the wild — recovery and reconstruction

‘ * Manage threats (fox/cat predation, cane toads, black rats on islands, fire) ‘

* Create secure new populations — translocations (wild, islands, enclosures)

*__Captive breeding if required

‘ * Multiple threats, multiple species ‘

* Focus on conservation estate
* JUCN status, iconic species, stakeholder interest, regional context

 Work in partnership, Traditional Owners

‘ e Science underpins conservation policy and practice ‘




Introduced and invasive animals

Mouse plague

House mouse

European rabbits
Feral foxes

o (B
Feral cats Rabbit damage -

Black rats

Cane toads

Feral cats




Biodiversity impacts of introduced invasive mammals
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Ongoing unraveling of a continental fauna: Decline
and extinction of Australian mammals since
European settlement
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This Feature Article is part of a series identified by the Editorial Board as reporting|

“...the loss of Australian land mammals is ... due primarily to predation
by introduced species, particularly the feral cat, Felis catus, and
European red fox, Vulpes vulpes ...”

Edited by Willlam J. Bond, University of Cape Town, Cape Town, South Africa, and|

The highly distinctive and mostly endemic Australian land mam-  tha)
mal fauna has suffered an extraordinary rate of extinction (>10%  naf
of the 273 endemic terestrial species) over the last ~200 y: in  ger

comparison, only one native land mammal from continental North
America became extinct since European settlement. A further 21%
of Australian endemic land mammal species are now assessed to
be threatened, indicating that the rate of loss (of one to two
extinctions per decade) is likely to continue. Australia’s marine
mammals have fared better overall, but status assessment for
them is seriously impeded by lack of info ion. Much of the loss
of Australian land mammal fauna (particularly in the vast deserts
and tropical savannas) has been in areas that are remote from
human population centers and recognized as relatively unmodi-
fied at global scale. In contrast to general patterns of extinction
on other continents where the main cause is habitat loss, |

typ)

Earlier Losses

European settlement at 1788 marks a particularly profound
historical landmark for the Australian environment, the opening
up of the continent to a diverse array of new factors, and an ap-
propriate baseline for measuring biodiversity change (9). However,
the continent was not then paradisiacal: its mammal fauna had
undergone profound changes before that date. The fossil record
attests to appreciable change in the Australian mammal fauna over
the previous hundred thousand years, most notably the loss of the

9.
and impacts of human development, particularly in areas of high
and increasing human population pi , the loss of Australian
land mammals is most likely due primarily to predation by intro-
duced species, particularly the feral cat, Felis catus, and European
red fox, Vulpes vulpes, and changed fire regimes.

conservation | biodiversity | marsupial | predation | feral animal

he world’s biodiversity is in decline as humans increasingly
use our planet’s natural resources and modify its environ-
ments (1). Much of the current biodiversity decline is occurring
in areas subject to the most rapid human population growth and
highest rate of habitat loss and transformation, and in countries

continent’s megaf: (10). The principal cause of these losses
remains sharply contested but most likely involved a combination of
rapid climate changes, environmental changes associated with the
establishment of Aboriginal fire management, and hunting by Ab-
original people (who arrived on the continent about 50,000 y ago)
(10-12). The arrival of the dingo, Canis lupus dingo, about 3,500 y
ago (13) most likely caused further dedine and change in the
abundance of many spedes, although its role in broadscale extir-
pations at and since that time remains debated (14-16).

Taking Stock: The Current Conservation Status of and
Outlook for the Australian Land Mammal Fauna

Our comprehensive review (7) concluded that 28 Australian
endemic land mammal species have become extinct since 1788,




Biodiversity impacts of introduced invasive mammals

Feral cats - primary driver of extinction R ARKcivE
and current declines of >100 species ‘ e
(30% of Australia’s mammal fauna)
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Current control

Integrated chemical / physical Western Shield ok i =
i . Wildlife ﬁﬁ%
management practices Fauna Conservation Program —recoveryv'

fox and feral cat baiting
over 3.8 m ha

Western Shield is one of
the biggest wildlife

e Poison baiting combined with

recovery programs ever
undertaken in Australia.

It is working to recover native
animal populations in the
wild through baiting to
reduce the threat of foxes
and feral cats across more than
3 million hectares of Parks and
Wildlife-managed lands.
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e Biological control: rabbits:
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Optimising control strategies

Non target impacts — assess risk to non-target species

* Laboratory and field trials, adapt to minimise exposure

Optimal deployment

* Determine the optimum time of year to conduct baiting and
trapping programs to maximise efficiency

* Examine baiting intensity to optimise control

* Examine baiting frequency required to provide sustained

effective control




Probait®

dried meat bait

toxin sodium monofluoroacetate (1080)
Gastrolobium plants

native species tolerant, co-evolved

bait every 3-4 months

Fox bait




Cat baits

Eradicat®

* moist sausage bait

4.5 mg of the toxin sodium monofluoroacetate (1080)
bait registered for operational use in Western Australia
16,000 km? aerially baited with Eradicat® baits

bait annually in autumn

Curiosity®
* based on the Eradicat® bait medium
 acid-soluble encapsulated pellet - ‘hard Hisstory
shell delivery vehicle’ (HSDV) * same bait matrix as Curiosity®
* 80 mg para-aminopropiophenone (PAPP) * contains 4.5 mg 1080 in the HSDV
 HSDV contains toxin, reduces exposure * currently being tested in field efficacy

trials in northern Australia



Ecological Restoration — Dirk Hartog Island

Dirk Hartog
caﬁ:::cgr:,"m Island Dirk Hartog Island Dirk Hartog Island
Urchin Point , Sammy’s Camp Cat Monitoring Sites Cat Monitoring Sites
“The Block' ¢ August 2013 August 2013
| - Island 63,000 Ha
\ Withnell Point . -
Ex pastoral lease,
%c'x-\
%A an: oi [
3 A National Park
Quoin Head Shark
Bay
L = Removal of sheep
SR s e
! g7 O * Eradication of goats
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Ferry Crossing -----

= Eradication of cats

= Reintroduction of
12 mammals

(Rufous hare wallabies,
Banded hare wallabies)




Emergency interventions

“Malo Tabby 4.9kg
*

Male Black 4.2kg
*

A Cattrap locations - June 2016
Cat captures - June 2016




Alternative practices

 Sterile males (invertebrates, carp)
* Virally vectored immuno-contraception
— mice, rabbits, foxes
* Gene drives and gene editing (eg. CRISPR-Cas9)
* species-specific
* non-lethal
* multiple applications
* disease resistance
* tolerance environmental toxins
* reduce toxin production

* disruption of a sex-determining gene to skew sex
ratios to drive population suppression or extirpation




Gene drive and Gene editing

= Normal rules of inheritance
* one allele from female and one allele from male
e pass on only one of these to each offspring

= Meiotic drives are unusual naturally occurring
genetic elements that distort the normal
inheritance and gene segregation, leading to
(theoretically) full transmission of the character

= CRISPR/Cas 9 gene editing - creates precision
breaks in DNA, repairing the break exploited to

Mendelian Inheritance

cause duplication of a gene drive cassette

= Precise editing of a single gene in the tens of
thousands that make up an animal’s DNA code

QHomozygous recessive (dd) mouse

QHeterozygous dominant (Dd) mouse
gHomozygous dominant (DD) mouse

QGene-drive modified mouse

Duplicate sex determining gene — skew sex ratio — population extirpation




Considerations - policy

Working Party on Biotechnology, Nanotechnology

THE NATIONAL ACADEMIES PRESS and Converging Technologies (BNCT)
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In addition, the workshop
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by gene editing, notably IP
issues and business and
financing models, with a
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DISCUSSION PAPER. NOVEMBER, 2016

INTRODUCTION

Gene drive mechanisms cause a gene to spread throughout a population at a rate higher than would be
predicted by Mendelian inheritance. Research on synthetic gene drives has accelerated recently due to

Principles for Funders of Gene Drive Research

oy gy (sw

8 Algriing Smrsh with Pt Claudia Emerson’, Stephanie James?, Katherine Littler’, *Fil Randazzo® significant advances in genome editing tools. Since 2015 scientists have published four proof of concept studies
. ; in yeast, mosquitoes and the fruit fly Drosophila to demanstrate the feasibility of using synthetic gene drives for
Insitute on Etics & Policy for Innovation, McMaster Universty, Canada; * Foundation for the National Insttutes of purposes such as combating vector-borne disease, ing pest or for introducing desired
Health (FNIH), USA; * Wellcome Trust,UK; * Bill & Melinda Gates Foundation, USA; characteristics into target organisms. The potential applications are far reaching, as are the potential impacts—
both intended and unintended-on public health, conservation and ecology. This rapidly developing area
“Cormesponding Author represents an additional method of manipulating populations alongsida traditional and other methods as listed
inTable L.
The recent outbreak of Zika virus in the Americas has renewed attention on the importance of vector The pace at which the science and technology field is moving has triggered international discussion on gene

drives (Nuffield, 2016; NAS, 20162). There is a need for governments and communities around the world to
consider if, when and how it will be permissible to release organisms with synthetic gene drive mechanisms into
the environment. Concerns have been raised in the scientific community s to whether organisms modified with
synthetic gene drives should be released, and there is significant discussion amongst scientists on best practice
and mitigation strategies.

control strategies to fight the many vector-borne diseases that continue to inflict suffering around the
world. In 2015, there were approximately 212 million infections and a death every minute from malaria
alone.! Gene drive technology has been proposed as a potentially durable and cost-effective strategy for

the i of deadly and debil vector-borne diseases that affect millions of
people worldwide, Additionally, it has also been proposed for various applications in conservation
biology, and as a highly specific and humane method for eliminating invasive species from sensitive
ecosystems.” Gene drive is an emerging technology that promotes the preferential inheritance of a gene
of interest, thereby increasing its prevalence in a population. A variety of gene drives occur in nature

This discussion paper is a contribution from the Australian Academy of Science, in which the Academy highlights:
(i) the benefits and risks of synthetic gene drives; (i) ways to minimise the potential risks of an nintentional
release of 2 gene drive modified organism; and, (ii) ways to limit the duration of the expression of the
modification in the environmant. This raport discusses ecological and environmental hazards, social and

that can cause genetic elements to spread throughout populations to varying degrees, and researchers economic issues (including trade implications) and governance issues from an Australian and international

are studying how to harness these mechanisms to solve some of society’s most intractable problems.” perspective. Our unique Australian environment generates a number of issues specific to our country and this

Aided by CRISPR gene editing technology, the rapid pace with which the technology is progressing is report reflects such benefits and problems. The Academy intends that this discussion paper will inform
by recent achi of gene drives in the laboratory.* government and community thinking and decisions about gene drive technology in Australia.
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Considerations - scientific
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cies The use of genome-modification tools in wild species must be properly By Omar S. Akbari*?, Hugo J. Bellen®*, Ethan Bier™*, Simon L. Bullock®, Austin Burt’,
Regulatory gaps must be filled before gene drives could be used in the wild i‘f-‘]‘; 2 governed to avoidirreversible damage to ecosystems, says Jeantine Lunshof. George M. Church®®, Kevin R. Cook™, Peter Duchek”, Owain R. Edwards™, Kevin M.
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Aided by technological advances, scientists are investigating how popu-  strated in the laboratory.

lations might be altered by adding. disrupting. or editing genes or sup-

pressed by propagating traits that reduce reproductive capacity (1, 2).  Environmental and security aspects
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PROCEEDINGS B Dodging silver bullets: good CRISPR

L . ispb royalsocietypublishing.org gene-drive design is critical for
Opinion: Is CRISPR-based gene drive eradicating exotic vertebrates

¥ a biocontrol silver bullet or global
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Gene drive technologies provide the ability to
disperse engineered genes throughout target
populations much more quickly than would

Organisation, Floreat, WA 6014, Australia; ®School of Plant Biology, University of Western

Dodging silver bullets: good CRISPR gene-drive ) TAAP, 0000-0002-4033-767X
Australia, Crawley, WA 6009, Australia; and “Health & Biosecurity, Commonwealth Scientific

design is citical for eradicating exotic

and Industrial Research Organisation, Brisbane, QLD 4001, Australia be possible via simple genetic inheritance (5). wertebrates. Proc. A, Soc. B 284: 20170799, Self-replicating gene drives that can spread deleterious alleles through animal
In nature, selfish genetic elements use a sim- http://dx.doi.org/10.1008/rspb.2017.0799 populations have been promoted as a much needed but controversial ‘silver
ilar strategy, generating multiple copies across bullet’ for controlling invasive alien species. Homing-based drives comprise

Scientists have recognized the potential for but whether we should. Here we explore
applying gene drive technologies to the con-  the implications of recent developments in

rh: genome to improve the chances that they
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Potential for pest management

Investigate gene editing as a = |dentify requirements of target species

sustainable and economic landscape- in risk framework
wide alternative to population * Knowledge
control of invasive species

* Desirable characteristics/features

= |dentify knowledge gaps to aid future

. : . research priorities
while understanding and addressing P

the ecological risks

Global Ecology and Conservation 13 (2017) e00363

°
Contents lists available at ScienceDirect

[
Global Ecology and Conservation

journal homepage: http://www.elsevier.com/locate/gecco
[

Review Paper

Identifying knowledge gaps for gene drive research to control
invasive animal species: The next CRISPR step

Dorian Moro **, Margaret Byrne *, Malcolm Kennedy °, Susan Campbell €,
Mark Tizard ¢

Target species

House mouse
European red fox
European rabbit
Feral cat

Black rat

Cane toad
European starling




Risk framework

* Sequence of target gene
* Husbandry

reproduction and breeding
of a target species

* Gene flow

* Reproductive biology
o Breedingseason
o Breedingstructure
o Mating systems

* Spatial ecology (including
dispersal)

Factors that influence

population survival

* Seasonal resources
* Translocation stress

the release environment

* Intraspecific breeding
with non-target speciesin
Australia

* Intraspecific breeding
with target speciesin
native home range
overseas (Border
biosecurity)

* Adverse community
changes following target
species control

Source Effect Effect Outcome
of target species |= = — == on target species | = = = = - on environment | = = = = = (Goal)
* Distribution Factors that may alter Factors that may impact on Management goal:

Reduction of target species
in specified area

¢ Previous control efforts

Modified from ‘Gene Drives on the Horizon.” National Academies of Sciences, Engineering, and Medicine 2016




Knowledge gaps

Life history and Clarify sex- | Density dependant | Border Community [ Invasion | Fertility
fecundity data determining | reproduction and | transport interactions | biology control
(age-specific genes mate selection pathways

and sex-specific)

House mouse v Mate v v X v X v
selection

Rabbit Mate

Feral cat

Fox

partial X X minimal X X




Considerations

= New control tools for controlling invasive
mammals in Australia are urgently needed

" Gene editing/gene drive is worth investigating

= Open discussion and evaluation, Community
acceptance

= Acknowledge risks of gene editing/gene drive
technologies and options for mitigation

= Baseline information on the biology and
ecology of target species is needed

m Risk assessment — framework for evaluation
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