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We are currently in the midst of an anthropogenic
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Abstract

Predation of threatened fauna by native and introduced predators can drive
extinction and prevent population recovery. Most predator management
involves exclusion or culling. Evidence suggests that exclusion may have detri-
mental effects on a prey species’ predator awareness. At the same time, culling
can cause selection of control-resistant predators. There is increasing interest
in harnessing evolutionary processes to drive adaptation of threatened fauna
to cope, but there is limited attention on trying this from the predator direc-
tion. We need to shift the survival advantage away from predators that avoid
lethal control, and go on to kill, towards those that demonstrate behaviors that
reduce impact on threatened fauna. Instead of driving undesirable predator
selection, could we select through management actions desirable traits to
make them “less lethal” to threatened fauna? We draw on experimental
research on predator aversion that suggests there may be an alternative way to
mitigate the impacts of predators, while maintaining the learning opportuni-
ties of prey species. Using the case study of the invasive red fox in Australia,
we propose a conceptual framework within which future research and man-
agement could occur to select for these desirable traits in predators and

develop practical regimes for predator impact mitigation.

KEYWORDS
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the “Anthropocene defaunation” (Dirzo et al., 2014),
are direct harvest and overexploitation, habitat loss
and modification, invasive species (including diseases),
pollution and anthropogenic climate disruption

global biodiversity crisis, which includes population
declines and mass extinctions similar to those seen in
the previous five mass extinction events (Diaz
et al., 2019). The pervasive drivers of the current crisis,

(Young, McCauley, Galetti, & Dirzo, 2016). One key
driver, predation by invasive predator species, has
been identified as a contributing factor in 58% of all
bird, mammal and reptile extinctions, with endemic
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island fauna the most vulnerable to their impacts
(Doherty, Glen, Nimmo, Ritchie, & Dickman, 2016).
The most extensive damage has been caused by inva-
sive mammalian predators through a combination of
direct predation, competition, disease transmission
and facilitation (Doherty et al., 2016). In response to
this, there have been numerous attempts to manage
wildlife to arrest these declines and extinctions; some
successful and many not. Examples include managing
invasive exotic predators, such as red foxes (Vulpes
vulpes) and cats (Felis catus) in Australia (Saunders,
Gentle, & Dickman, 2010); stoats (Mustela ermine),
weasels (Mustela nivalis), cats, possums (Trichosurus
vulpecula) and rats (Rattus spp.) in New Zealand
(Innes, Kelly, Overton, & Gillies, 2010); and American
mink (Neovison vison) in Scotland (Bryce et al., 2011),
and the reintroduction of mammals to their former
ranges following local extinction (Armstrong,
Seddon, & Moehrenschlager, 2019).

Globally, control of predators—native or exotic—is a
widely used management tool to allow other species to
persist, or to protect animals with commercial value
(Treves & Karanth, 2003). For exotic predators, however,
total eradication is either difficult (technically or finan-
cially) or impossible. For native predators, control may
be undesirable because of the ecological or cultural value
of the species. These constraints lead to a key question:

Can we find ways for threatened native fauna to live
with predators, thereby achieving conservation or commer-
cial goals?

1.1 | Using evolutionary principles for
adaptation of prey species

In recent years, there has been growing interest in ways
to make native animals more likely to adapt and survive
following reintroduction. One proposed solution is to use
evolutionary principles of natural selection to drive
reintroduced animals towards predator resistance
(Blumstein, Letnic, & Moseby, 2019; Evans et al., 2021;
Moseby, Blumstein, & Letnic, 2016; Moseby, Letnic,
Blumstein, & West, 2018). It is thought that exposing
reintroduced animals to low levels of predation could
accelerate the selection for antipredator traits (behav-
ioral, morphological), allowing a viable population of
predator-resistant animals to survive in the presence
of exotic predators. Crucially, the level of predation
should be enough to drive directional selection towards
individuals that have predator-resistant traits, but low
enough that it does not threaten the viability of the prey
population (Evans et al., 2021; Moseby, Letnic,
Blumstein, & West, 2019; Osmond, Otto, &

Klausmeier, 2017). Finding this balance is challenging
and is the subject of increasing research interest.

1.2 | A potential missing piece of the
puzzle—Using evolutionary principles for
the adaptation of the predator species

Despite recent interest in driving the adaptation of prey
species, there is a conspicuous absence of discussion, and
research, on using the same evolutionary principles to
drive adaptation of the exotic predator species (though
there has been work on manipulating predator behavior;
see below). Here, we make the argument that we should
be approaching this problem of native species predation
from both directions—by adapting prey AND predators
for coexistence. We use the example of introduced preda-
tors in Australia to discuss the potential evolutionary
risks of current management techniques and argue for
more innovative thinking and strategies for managing
exotic predators over the long term.

There is no more unambiguous example of the extinc-
tion crisis than the case of Australia; a continent that,
globally, has suffered the worst rate of recent mammal
extinction (Woinarski, Burbidge, & Harrison, 2015). At
least 24 species have been lost since the 19th century,
and many only persist on off-shore islands, refugial habi-
tats or fenced sanctuaries (Legge et al., 2018; Woinarski
et al., 2015). One of the key drivers of these extinctions
events has been the devastating effect of introduced pred-
ators on “critical weight range” native mammals that fall
between 35 and 5,500 g in size (Johnson, 2006; Woinarski
et al., 2015). Introduced cats and foxes represent a signifi-
cant barrier to the restoration of native mammals
“beyond-the-fence,” that is, outside predator free islands
and fenced sanctuaries (Evans et al, 2021; Legge
et al., 2018). This is because of the difficulty of reducing
introduced predator populations, through lethal control,
to low enough levels, and at large enough scales, perma-
nently for native mammals to re-establish and persist
(Evans et al., 2021).

For many native species, the restoration of
populations outside predator-proof fenced reserves, in
the presence of introduced predators, currently seems
very challenging (though with some notable exceptions
e.g., Orell, 2004). While there are hopes of new solutions
that might lead to the total eradication of feral animals
from the continent, such as gene drives that make intro-
duced species infertile (Prowse et al., 2017), these are still
some way off. In the meantime, we have little choice but
to mitigate the impacts of introduced predators. Current
tools include total exclusion with predator-proof fences
(Legge et al., 2018) or methods of control (i.e., culling)
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through shooting, poisoning, trapping, den fumigation
and destruction, as well as bounty schemes to increase
culling through community participation (Saunders &
McLeod, 2007). Evidence suggests that none of these
tools of control will result in the total eradication of foxes
and cats from the continent of Australia, due to re-
invasion from outside control areas (Berry &
Kirkwood, 2010; Gentle, Saunders, & Dickman, 2007),
and the avoidance of control methods by a proportion of
the predator population (Allsop et al., 2017). Control
methods can, however, be wused to reduce and
control introduced predator populations and reduce
impacts in the short term (Allsop et al., 2017).

1.3 | Could current predator control
efforts be making the problem worse?

Many of the current approaches to controlling introduced
predators, could in fact, be making the problem worse in
the long term. The phenomenon of animal control driv-
ing selection is well understood for hunting (Allendorf &
Hard, 2009; Darimont et al., 2009; Stillfried, Belant,
Svoboda, Beyer, & Kramer-Schadt, 2015). In fact, human-
driven selection is considered one of the most rapid
drivers of selection, outpacing many other more “natu-
ral” drivers (Darimont et al., 2009). Yet, in the context of
introduced predator control, relatively little attention has
been paid to this process. While the impacts of conserva-
tion actions have been considered (Shefferson
et al., 2018), only a few studies have looked at examples
in introduced predators. For example, it has been shown
that red foxes shift their activity in response to human
disturbance (Diaz-Ruiz, Caro, Delibes-Mateos, Arroyo, &
Ferreras, 2016), and show compensatory birth effects as a
result of non-specific culling (Berry & Kirkwood, 2010;
Marlow, Thomson, Rose, & Kok, 2016). Migration in
response to culling has also been shown in the red fox
(Gentle et al.,, 2007; Lieury et al.,, 2015), resulting in
source-sink dynamics where animals in source
populations, outside of the control area, migrate to areas
of higher mortality, known as sinks, created by culling.
Other predators have demonstrated similar responses; for
example, culling of black-backed jackals (Canis
mesomelas) has been shown to lead to compensatory
birth effects, and increased migration into the control
areas (Minnie, Gaylard, & Kerley, 2016). Some prelimi-
nary evidence suggests that the most effective control
measures can select for animals that avoid that measure
(Allsop et al., 2017; Minnie et al., 2016); although the
response can be expected to be context-specific. Modeling
has shown that undesirable “education” of invasive pred-
ators can “create and maintain an uncatchable segment
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in the population with respect to a given control tool”
(p-1234; [Bischof & Zedrosser, 2009]). A logical adaptive
consequence of long-term fox control is “control-resis-
tant” or “bait-shy” foxes. That is, individuals that evade
each control method and survive, remain lethal to CWR
mammals, and can breed and pass on control-avoiding
traits to young. If resistance to control is passed on to
young, either genetically or through learned behavior, it
may mean that control methods reinforce control resis-
tance of fox populations. In short, control without total
eradication potentially selects for undesirable traits in
introduced predators that in turn makes restoration of
native mammals more difficult and expensive (Allsop
et al., 2017).

2 | APOTENTIAL SOLUTION?—
INTENTIONAL SELECTION TO
DRIVE ADAPTATION OF
PREDATORS

A successful reintroduction program consists of a suite of
animal- and environment-focused tactics (Batson,
Gordon, Fletcher, & Manning, 2015). The adaptation of
prey species discussed earlier falls within the animal-
focused category of tactics. Research in eliciting predator-
resistant traits in native Australian mammals is showing
some promise (Blumstein et al., 2019; Evans et al., 2021;
Moseby et al., 2016; Moseby et al., 2018). However, while
total eradication of introduced predators is a long way off
on mainland Australia, and tolerances of native animals
with lowered densities of predators are not well known,
it is not clear that only adapting native animals ex or in
situ will be enough to allow their long-term restoration at
a broad scale. This leads naturally to the question: what
environment-focused tactics (i.e., those that relate to mak-
ing the recipient ecosystems suitable to support the
reintroduction of a given species) can be employed to
improve the chances of conservation success? The next logi-
cal step, we believe, could be to apply the same evolution-
ary principles of driving adaptation of prey species
(animal-focused tactic) to the predator species (environ-
ment-focused tactic). If we accept that we cannot cull all
of the introduced predators in a population, could it be
possible to manipulate the remaining individuals to be
less lethal to native animals? The idea has been proposed
of creating “conditioned” wolf (Canis lupus) packs that
are less lethal to livestock (though shock-collar aversion)
and exclude other wolves that are not conditioned
(Mech, Fritts, & Nelson, 1996; Schultz, Jonas, Skuldt, &
Wydeven, 2005). Could this concept be extended to other
canids, like foxes, coyotes (Canis latrans) and dingos
(Canis familiaris dingo), at the population level? It has
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FIGURE 1 A “Bettering the devil” conceptual model for adapting foxes to be less lethal to threatened native fauna. Beginning with a
100% pool of foxes (Baseline), conventional culling methods are employed (as occurs regularly in many places in Australia). Though
essential to “knock-down” the population (Step 1 and 2), these techniques can select for “non-desirable” traits in foxes that are not killed.
The remaining sub-set of foxes are exposed to “aversive” technologies—that is, those that make them avoid the threatened native fauna of
interest such as conditioned taste aversion and shock-collars (Step 3)—reducing predation rates. At the same time, native founders will also
be selected/conditioned to be “predator aware.” Foxes that are resistant to aversion may go on to kill a native animal of interest containing a
toxic implant, but consequently die (Step 4). While this means one native animal dies, the fox cannot go on to kill more or pass on its genes
or behavior to offspring. Step 3 and 4 therefore select for individuals with desirable traits, and thus the only foxes that can reproduce in a
given area are “less lethal” to the threatened native fauna of interest. This does not mean that native fauna are not preyed upon, but that the
pressure on a restored population is lower, and the regime will drive adaptation in prey and predator. The scales over which this approach
would be effective would need to be determined by large-scale experimentation
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been established experimentally that it is possible to rap-
idly domesticate the red fox, that is, select for desirable
behavioral characteristics (Dugatkin, Trut, & Trut, 2017).
It has also been shown that occupation of urban environ-
ments by foxes can drive morphological divergence from
rural foxes, in a process with similarities to domestication
(Parsons et al., 2020). Given this evidence of behavioral
and morphological malleability, could this be harnessed
to drive desirable characteristics in free-living rural fox
populations? For example, if there is selection as a result
of control measures, could we select for desirable traits
(i.e., less lethal to native animals of concern), the most
obvious being an aversion to eating native animals,
rather than select for traits that make control measures
more difficult and costly, and that ultimately result in
failure? In short, we need to shift the survival advantage
away from predators that avoid lethal control, and go on
to kill, towards those that demonstrate behaviors that
reduce impact on threatened fauna.

2.1 | Bettering the devil? The fox in
australia

In Figure 1, we outline a conceptual framework for
adapting exotic red foxes in situ in the wild, to favor less
lethal individuals. Although we use the red fox in
Australia as an example, this framework could be
adapted to other predators and situations. The approach
aims to steer fox populations away from containing
“uncontrollable” individuals towards ones that have a
lower impact on species of concern (i.e., condition the
fox population). If successful, this approach could add to
the suite of tactics used to provide beyond-the-fence res-
toration of CWR species and facilitate their adaptation
to the presence of introduced predators. At the same
time, we note that logically, some predation of
reintroduced mammals by native and exotic predators
will be required for prey populations to be able to adapt
and survive beyond-the-fence (Moseby et al., 2019;
Osmond et al., 2017).

Currently, management efforts focus on control
(ie., culling). If we imagine the total pool of introduced
predators in a population (Figure 1, Baseline), under
standard pest management, a certain percentage will be
removed by the standard control methods (Figure 1, Step
1 and 2). The remaining pool of control-resistant foxes is
currently problematic for CWR mammals, other suscepti-
ble species and some livestock (Allsop et al., 2017). How-
ever, could these foxes be made averse to preying upon
the species of interest (Figure 1, Step 3)? Could this
remaining pool of foxes, be re-directed to “protect” the
prey from other predators through exclusion of
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conspecifics, as suggested for wolves (Mech et al., 1996;
Schultz et al., 2005)?

Two techniques that could elicit aversion (Step 3) to
predation of native animals are (a) electric shock-collars
and (b) conditioned taste aversion (CTA). Electric shock-
collars work by delivering an electric shock (and some-
times an accompanying warning noise) to the predator
before they approach livestock (or the farm on which
they live). The principle of averting livestock depredation
using electric shock collars has been demonstrated in
wolves (Schultz et al., 2005) and coyotes (Andelt, Phillips,
Gruver, & Guthrie, 1999; Linhart, Roberts, Schumake, &
Johnson, 1976). Interestingly, Linhart et al. (1976) elicited
coyote aversion to rabbits—an animal of a similar size to
many Australian CWR native species. While the technol-
ogy has been rather cumbersome in the past, develop-
ments in GPS, batteries and mobile technology could
make this a more feasible option to automate and deploy
at broader scales involving more predators in a popula-
tion. Fitting proximity collars (that initiate a warning
then shock if the predator approaches too close) on a por-
tion of the native animal population may also be neces-
sary to develop conditioning of the predator population.
The use of “geofences” (GPS delineated virtual fences
which cannot be approached without initiating a warning
and then a shock) to create “safe zones” for native
animals may also be an option. The concept is already
used for management of grazing animals (https://
nofence.no/en/).

Conditioned taste aversion is the phenomenon
whereby sub-lethal illness (nausea, vomiting, malaise), is
associated with a food or poison, following consumption
by an animal, which subsequently reduces or ceases con-
sumption of that particular food item (Cowan, Reynolds,
& Gill, 2000; Macdonald & Feber, 2015). The develop-
ment of toxins which cause nausea on ingestion has been
observed to reduce the level of predation on a prey spe-
cies in natural systems (Skelhorn & Rowe, 2007). While
this adaptation does not protect the individual consumed,
the negative symptoms a predator will experience reduces
the level of consumption of toxic prey. It has been shown
that a predator will learn and modify its level of con-
sumption of a prey species when the toxin burden for
that species is artificially altered (Skelhorn &
Rowe, 2007). While it will not prevent predation
completely, it will lead to predators eating a greater pro-
portion of other prey species where available (Carle &
Rowe, 2014; Gustavson, Garcia, Hankins, &
Rusiniak, 1974). This could be particularly useful where
the alternative prey is also an invasive species, such as
rabbits in Australia. This switch was demonstrated by
Gustavson et al. (1974) who were able to make coyotes
averse to eating sheep while maintaining predation of
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rabbits. Successful examples of artificially eliciting this
aversion to live prey with inanimate baits have also been
achieved in many species (Jolly, Kelly, Gillespie,
Phillips, & Webb, 2018; Nicolaus, Hoffman, &
Gustavson, 1982; O'Donnell, Webb, & Shine, 2010; Ward-
Fear, Thomas, Webb, Pearson, & Shine, 2017), including
canids (coyotes) (Ellins & Catalano, 1980; Ellins,
Catalano, & Schechinger, 1977; Gustavson et al., 1974).
Experiments have shown that fox behavior can be
modified with aversive baits containing lithium chloride,
with a reduction in San Clemente Island fox (Urocyon
littoralis clementae) recapture rates seen in comparison to
control baits, and reward removal (no bait) on San
Clemente Island, California (Phillips & Winchell, 2011).
Further, a controlled experiment in which red foxes were
fed meat containing chemicals that induce nausea
(e.g., levamisole) has shown that they become averse to
the meat afterwards (Massei, Lyon, & Cowan, 2003). Sim-
ilarly, Gustavson, Gustavson, and Holzer (1983) elicited
CTA in dingos and new Guinea wild dogs (Canis
familiaris hallstromi). Figure 2 shows a wild red fox
rejecting an untreated meat bait after baiting of a land-
scape with levamisole-treated bait (Andrewartha,
unpublished data). Varying success has been seen in tri-
als with wild fox populations, however, research has
shown significant reductions in fox depredation of eggs
through conditioned taste aversion (Gentle, Massei, &
Saunders, 2004; Maguire, Stojanovic, & Weston, 2009). A
reduction in fox depredation of eggs was also seen to

037247261100 06,4912

increase productivity in a population of partridges in
Europe (Tobajas, Descalzo, Mateo, & Ferreras, 2020).
Given this, could baits that smell of a native animal be
used to “train” wild fox populations to avoid CWR mam-
mals of interest? This has already been demonstrated
with free-living raccoons (Procyon lotor) (Nicolaus
et al., 1982), and an aversion to an overshadowing artifi-
cial odor (vanilla) has been demonstrated in captive
canids (dogs) (Tobajas et al., 2019), but it is an area that
requires further investigation for foxes. Such methods
could drive adaptation of less lethal foxes that avoid
native animals and, exclude through territoriality, more
lethal foxes from elsewhere in the landscape. Some foxes
are known to hold territories with an exclusive core
home range with little sharing between individuals
(Carter, Luck, & McDonald, 2012). If this territoriality
resulted in exclusion of nonaverse foxes by averse foxes,
even partially, it could augment the other control mea-
sures (and coupled with tactics that condition native
fauna to avoid predators), and could make the difference
between a successful and unsuccessful reintroduction.
Further, if aversion was passed on to the young, either
genetically or behaviorally, it could potentially have a
population-level effect on the introduced predator.
Gustavson et al. (1974) speculated that feeding habits of
mother coyotes might be transferred to young via milk
and early experience of food brought to the den. Such
mechanisms have been demonstrated in captive rats
(Rattus norvegicus domestica) (Galef & Clark, 1972;

FIGURE 2 Non-lethal
aversion treatment of wild fox
populations has potential to help
develop desirable behavioral
responses in a population, as
part of a multi-tactic
management framework.
Following treatment of a
landscape with levamisole-
treated baits, this sequence
shows a fox uncovering and
interacting (smelling) a bait,
before scent marking at the bait
station and leaving it
unconsumed (Andrewartha,
unpublished data). If this
response could be transferred to
live native animals, it could
assist in driving adaptation of
foxes to be less lethal to
threatened native fauna. Photos:

28201 149132 .
031257 2800 00,483 Tim Andrewartha
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Galef & Henderson, 1972), and it would be worth testing
this phenomenon with a range of predators in a free-
ranging situation because it could reinforce population-
level conditioning. This would make them less lethal to
the native mammals that they have been “conditioned”
not to attack. Another advantage of keeping “less lethal”
foxes in a given landscape, is that they could prevent
compensatory increases in female fox fecundity that has
been observed in situations where fox (Berry &
Kirkwood, 2010; Marlow et al., 2016) and black-backed
jackal (Minnie et al., 2016) numbers have been artificially
reduced.

We note that standard control methods (Figure 1,
Steps 1 and 2) are likely to continue to be necessary
whilst prey species are vulnerable to predation from
control-resistant predators. The hope would be that by
reducing the effectiveness of the predator and allowing
the prey to persist under a reduced predation pressure
could establish a balance between predator and prey all-
owing both to persist in the same landscape while reduc-
ing the amount of intervention needed (though this
would have to be tested through adaptive management).
This would help reduce the risk of selecting for control-
resistant foxes.

3 | WHAT ABOUT ANIMALS THAT
CANNOT BE CONTROLLED AND
CANNOT BE AVERTED? WILL WE
JUST SELECT FOR A SUPER-
LETHAL, IMPOSSIBLE-TO-

KILL FOX?

If individual introduced predators cannot be controlled
by conventional means, and cannot be taught to avoid
native mammals, there is a real risk of selecting for a
population of “super” predators that are the most difficult
to control that is, that cannot be culled (Step 1 and 2) or
“averted” (Step 3). It has already been suggested that
“problem animals” may be responsible for the majority of
predation events in some circumstances, and this may be
particularly damaging in small populations of a rare spe-
cies (Jaeger et al., 2001; Moseby, Peacock, & Read, 2015).
It is, therefore, essential to develop a technique that can
mitigate the impact of these animals (Figure 1, Step 4).
The concept of “Toxic Trojans” (Read, Peacock, Wayne, &
Moseby, 2016) could provide promise as an ultimate
means of removal of control resistant predators (e.g., cats
and foxes). This idea makes use of a microchip-sized
implant containing a toxicant and a protective coating
that can be injected subcutaneously into a native animal.
The coating renders the implant inert when under the
skin of the native animal, where it can remain stable

Consenetion snce end Poctes o, W[ LE Y7202
indefinitely. However, if the native animal is consumed
by a predator the implant is exposed to the acidic envi-
ronment of the predator's stomach, resulting in the disso-
lution of the implant's protective coating, and the release
of the poison, killing the consumer of the native animal.
While the individual native animal dies, so does the
predator—which prevents further killing of native ani-
mals, protects the remaining native animal population,
and selects against potential problem foxes.

We recognize that there are ethical, research and
development challenges to make this conceptual manage-
ment framework possible. Research needs include prov-
ing the in-field viability of adaptive techniques such as
aversion and Trojan technologies. Further, there would
need to be development of optimal regimes; for example,
how often would CTA baits need to be distributed in a
landscape to maintain the requisite level of aversion?
Aversion techniques are known to require ongoing rein-
forcement because effects can diminish over time
(Linhart et al.,, 1976; Macdonald & Feber, 2015). How
many individuals of a native species would have to be
implanted with Trojan implants to drive adaptation
towards less lethal foxes? Over what scale would such a
regime need to occur to be effective, and be resistant to
invasion of naive predators from surrounding areas (not-
ing that maintaining “less lethal” foxes within the control
area could theoretically reduce the “sink” caused by
lethal control)? Answering questions such as these will
require large-scale trials. Nevertheless, what is clear is
that new or enhanced strategies are needed to address
the difficult challenge of managing exotic predators for
threatened fauna restoration. Social license will need to
be explored as part of the implementation this framework
in the context of an overall benefit for the conservation of
threatened species.

Of course, our approach would only protect specific
individual native species. It would not protect other
native fauna. Arguably, however, other native fauna that
have persisted to the present day have been more resil-
ient to fox predation than CWR mammals that are cur-
rently locally extinct, and Steps 2 and 3 (Figure 1) would
benefit these species by reducing gross fox numbers
(Robley, Gormley, Forsyth, & Triggs, 2014). In addition,
the ability to reintroduce CWR mammals that bring with
them the return of important ecosystem processes may
bring greater overall net benefits for biodiversity and eco-
system health.

4 | CONCLUSION

With new technologies and regimes, it may be possible to
drive adaptation of predators so that they are less lethal
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to extant and reintroduced fauna. The fundamental dif-
ference between traditional predator management
through culling, and the “Bettering the Devil” conceptual
framework, is that the former aims to minimize the per-
centage of the population that has learned aversion
towards baits (Bischof & Zedrosser, 2009), whereas the
latter aims to maximize the proportion of a population
that has learned aversion towards the bait and/or associ-
ated live prey. Furthermore, our conceptual framework
aims to minimize the percentage of non-condition
averted predators in the population, that is, via elimina-
tion from consumption of a native animal containing a
Trojan implant, or through exclusion by an averted pred-
ator with an established territory. The need for more
research on the fundamental science of aversion and
impacts on behavior and field logistics has been recog-
nized (Cowan et al.,, 2000; Macdonald & Feber, 2015).
Our framework would enable such research and adaptive
practice. With the adaptation of foxes in our Australian
example, the only path an individual fox is given to per-
sist and have survival advantage in a landscape would be
to be averse to preying upon the native animal of interest.
This contrasts fundamentally with standard control mea-
sures where the only persisting foxes are those averse to
control techniques (i.e., those that get away). This idea of
desired selection rather than undesired selection
(Figure 1) is fundamental to our framework, that is, that
we should be approaching management from an evolu-
tionary perspective. Furthermore, approaches with
desired selection in mind might result in predator adapta-
tion that not only exists in the individual, but also poten-
tially in its offspring. This has been demonstrated in
carnivores, for example, where aversion to poisonous
cane toads (Rhinella marina) has been shown to be
genetically based in northern quolls (Dasyurus hal-
lucatus), a small Australian marsupial carnivore (Kelly &
Phillips, 2019).

Here we have given one example of the potential
framework that may drive desirable adaptation in preda-
tors. However, the concept of desired selection could be
applied to many more wildlife management contexts, for
example, management of stoats, weasels, cats, possums
and rats as threats to native New Zealand birds (Innes
et al.,, 2010), and American mink (Neovison vison) in
Scotland (Bryce et al., 2011) and bears (Ursus spp.),
wolves, lynx (Lynx spp.), cougars (Puma concolor) and
coyotes (Canis latrans) as threats to domesticated ani-
mals in the USA and Europe (Treves, Krofel, &
McManus, 2016). Our framework could also be adapted
to protect livestock from native or introduced predators,
or to adapt reintroduced native predators to minimize
conflicts with humans. We believe that research on
regimes that drive desirable adaptation could be a poten-
tially fruitful avenue for management of predators. This

perspective is timely in light of the growing interest in
harnessing ecological processes to drive ecosystem and
conservation outcomes and the broader rewilding agenda
(Pettorelli et al., 2019) where wildlife and human assets
such as livestock or animals of conservation concern, will
increasingly come into contact.
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