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Invasive predators are implicated in almost 60% of all
contemporary bird, mammal, and reptile extinctions
(Doherty et al. 2016). For many native species, the ar-
rival of invasive predators sets up a race between the pro-
cesses of adaptation and extinction, a race often won by
extinction (Woinarski et al. 2015). Indeed, many native
species have declined so precipitously that one of very
few options has been to move them into havens (i.e., is-
lands and fenced areas) free of invasive predators (Legge
et al. 2018). This action helps threatened taxa persist be-
cause it removes the demographic burden of predation,
but also blunts predator-imposed natural selection. The
species may be saved; however, it appears that moving
individuals to havens can also select for bold, hypercom-
petitive individuals, causing rapid evolutionary loss of an-
tipredator traits (Jolly et al. 2018a,b). This trait loss can
affect antipredator responses toward both invasive and
native predators. If this maladaptive evolution is occur-
ring in havens generally, it may dramatically undermine
the value of predator-free conservation havens.
Although the evolutionary concerns associated with
small, isolated populations are broadly discussed (Stock-
well et al. 2003; Frankham 2008), evolution in response
to predator exclusion is rarely considered by managers
(Hayward & Kerley 2009; Moseby et al. 2016). Where
it is considered, it is assumed (often implicitly) that
antipredator traits will be lost only very slowly, over
hundreds or thousands of generations. As such, the evo-
lutionary loss of antipredator traits is not seen as a press-
ing management problem. There are documented cases
of antipredator traits being retained over long periods in
the absence of predators (Carthey & Blumstein 2018);
if a trait is irrelevant to fitness, one would not expect it
to disappear rapidly (Lahti et al. 2009). There are also
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hypotheses (e.g., multipredator hypothesis [Blumstein
2006)) that help explain why traits might be maintained
in some circumstances. So, the assumption is that an-
tipredator traits will persist in predator-free havens. This
assumption, however, has rarely (if ever) been tested.

It is clear that most antipredator traits are ultimately
lost following long-term isolation from predators (Blum-
stein et al. 2004; Blumstein & Daniel 2005; Muralidhar
et al. 2019) and that in captive populations, antipreda-
tor traits can be lost quickly (McDougall et al. 2000).
Recently, we documented the rapid loss of antipredator
traits in an endangered population moved to an island
haven (Jolly et al. 2018a,b). Northern quolls (Dasyu-
rus ballucatus) moved to an offshore haven in 2003
had, by 2016, lost their response to a common natu-
ral predator (dingoes [Canis familiaris dingo)), render-
ing them ineffective for reintroduction programs (Jolly
et al. 2018a,b). This trait loss, in <13 generations, was
evolved: captive-reared mainland quolls respond to dingo
scent, but captive-reared island quolls do not. The speed
of this trait loss was surprising, but implies that there was
strong selection acting to remove antipredator traits in a
population conserved in isolation from its predators.

How would such selection arise? In the haven, because
there was no top-down regulation by predators, the quoll
population grew rapidly and overshot carrying capacity
within 4 years (Griffiths et al. 2017). This population
was then in a world in which predation vanished and
intraspecific competition for resources was the dominant
force of natural selection. Here, behaviors that might
save an individual from predation (vigilance, shyness,
and neophobia) are a clear disadvantage. In the absence
of predators, an individual that restricts foraging time to
protect against predators will be less competitive than
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Figure 1. The bypothetical relationship between competitive ability and antipredator traits in a predator-free
environment: (a) trade-off between antipredator traits and competitive ability and (b) under the scenario in (a),
the relationship between fitness and competitive ability (i.e., selection gradient).

an individual that does not adopt antipredator behavior.
In such a world, selection should act against antipreda-
tor traits. If correct, this mechanism is potentially a very
general one that sets up a fundamental trade-off between
competitive ability and antipredator traits (Fig. 1a). In the
case of havens, removal of predators relaxes the selec-
tion maintaining antipredator traits, but the demographic
response to predator release (i.e., high conspecific den-
sity and resource competition) sets conditions such that
antipredator traits are then actively selected against. In
such a scenario, the selection gradient (the relationship
between fitness and competitive ability) is strongly de-
pendent on predator density (Fig. 1b). The result is not
so much relaxed selection in havens as directional selec-
tion toward predator naivete.

Alarmingly, this very scenario could be playing out
globally across conservation havens (Hayward & Kerley
2009; Muralidhar et al. 2019). It is a common occurrence
that populations in havens rapidly increase to high den-
sities, to the point that haven managers have the per-
verse problem of too many animals in the haven (Ban-
nister et al. 2016). Such conditions may cause active
selection against antipredator traits. Despite investing
large amounts of conservation funding, fundamentally
important behavioral traits in the most threatened taxa
may have been lost or are progressing rapidly toward be-
ing lost.

Fenced havens are financially costly to erect and main-
tain (Hayward & Kerley 2009). The setup costs of con-
servation fences vary markedly among countries, land-
scapes, and the taxa intended for isolation. Set-up costs
of between US$8500 and 29,000/km of fence in Australia
(Moseby & Read 2006; Ruykys & Carter 2019) and up
to US$100,000/km (KRWSSC 1994; Hayward & Kerley
2009) in New Zealand have been reported. Maintenance
costs are variable, context-dependent, and largely un-
known but are required in perpetuity. The explicit objec-
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tive of conserving endangered species in havens is typi-
cally to lock them away until eradication of introduced
predators on a landscape or national scale becomes vi-
able (Ringma et al. 2018). The situation in predator-free
haven populations, however, may also cause populations
to lose responses to native predators with which they
coevolved (Jolly et al. 2018a,b). So, unless the ultimate
aim is to remove all predators (invasive and native) from
the landscape prior to reintroduction, policies need to
be enacted to mitigate the loss of important antipredator
traits from populations in predator-free havens. Without
such management, threatened species, once conserved
in isolation from predators, may require this level of hu-
man intervention forever.

Globally, the extinction crisis is accelerating. In many
cases, in situ conservation is difficult, if not impossi-
ble. Isolationist conservation measures, where threat-
ened species are removed from the threatening pro-
cess, are often necessary to halt the extinction of the
most critically endangered species. Thus, predator-free
havens are increasingly utilized as biodiversity becomes
more imperiled and the ability to ameliorate threats lags.
A greater mechanistic understanding of how evolution
drives the loss of antipredator traits may provide tools
that improve the ability to conserve threatened species
in havens without stymying their ability to return to the
wild. By maintaining some level of controlled predation
pressure from appropriate predatory archetypes (Blum-
stein 2006; Moseby et al. 2016, 2019; Carthey & Blum-
stein 2018; Blumstein et al. 2019) in havens, managers
may be able to maintain top-down control and prevent
rapid transition to systems dominated by bottom-up pres-
sures in which invaluable antipredator traits are selected
against (Fig. 1b). Alternatively, if the loss of antipreda-
tor traits is driven by intraspecific competition, reduc-
ing competition may be an alternative or complemen-
tary means of avoiding rapid antipredator trait loss in
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havens (Fig. 1a, b). Thus, population culling to prevent
breaching carrying capacities or supplemental feeding to
reduce the strength of intraspecific competition may al-
leviate some of the selective pressure acting on endan-
gered species in havens (Moseby et al. 2016).

Clearly, if conservation managers continue to conserve
endangered species away from threatening processes—
threats that may never be possible to eradicate—
evolutionary processes that act on populations in havens
need to be considered to ensure these populations
are one day capable of being freed from conservation
interventions. In the long-term, without careful plan-
ning, safe havens may prove as significant a threat to
endangered species as the threats they were intended
to protect against. Integration of evolutionary theory
into implementation of conservation havens is warranted
to ensure that havens do not become expensive features
of the conservation landscape into which threatened
species are relegated in perpetuity.
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