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What would successful deer management look like in Scotland? To some, flourishing

populations of native wild deer represent success. But to others, negative impacts

such as damage to woodlands and peatlands, agricultural and forestry losses, deer-

vehicle collisions, and facilitating Lyme disease spread represent failure. Conflicting

interests and incentives among people involved in deer management mean a common

definition of success, and therefore clear management targets, remain elusive. While

some environmental groups urgently call for an increase in the number of deer culled

(shot) each year, other stakeholders aim to maximize deer numbers. Overcoming

this governance failure will require clearly articulated, scientifically valid, and socially

acceptable socio-ecological objectives to be co-produced by a broad range of

stakeholders. Systematic monitoring of deer impacts will also be needed to evaluate the

ability of specific management interventions to achieve defined objectives. Reintroducing

Eurasian lynx (Lynx lynx) has been suggested as a means to reduce deer numbers

and their negative ecological and socioeconomic impacts. However, evidence of lynx

impacts on deer numbers, deer impacts, and social conflicts over deer suggest lynx

reintroduction alone would not effectively reduce negative impacts of deer in Scotland,

though it could be part of a broader solution. In the short-term, achieving sustainable

numbers of deer in Scotland will require a substantial increase in the number of deer

culled and effective changes to the way deer management is incentivized, regulated,

implemented, and monitored.
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DEER MANAGEMENT: A CONSERVATION CONFLICT

Scotland’s thriving wild deer populations, like those elsewhere in Europe and North America, are
at the center of a persistent conservation conflict. This conflict centers mostly around red deer
(Cervus elaphus), Scotland’s most ecologically, economically, and culturally important deer species,
but also concerns roe deer (Capreolus capreolus) (MacMillan and Phillip, 2010; Pepper et al., 2019).
In the absence of native large carnivores, Scotland’s deer populations have steadily expanded for
decades as disease, starvation, road kills, and stalking (shooting) have failed to keep numbers in
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check. Expanding deer populations are associated with ecological
and socio-economic costs, and conservationists are calling for a
drastic increase in the number of deer culled (shot) to address
associated negative impacts (Scottish Environment, 2020).

Deer can bring environmental and social benefits to rural
Scotland through seed dispersal, creation of microsites for seed
germination, job creation, income from hunting and tourism,
and their aesthetic and cultural appeal (Gill and Beardall, 2001;
PACEC, 2006; Dandy et al., 2009; Shaw et al., 2010). However,
large deer populations can negatively affect vegetation dynamics,
community composition, biodiversity and ecosystem process,
and threaten human health and the economy (Gill and Beardall,
2001; Côté et al., 2004; MacMillan and Phillip, 2008; Glenn
et al., 2019). Under high deer densities, many of Scotland’s
native tree species, such as Scots pine (Pinus sylvestris), rowan
(Sorbus aucuparia), juniper (Juniperus communis), and dwarf
birch (Betula nana) are failing to regenerate (Miller et al., 1982;
Scott, 2001; Tanentzap et al., 2013; Rao, 2017). Understory
shrubs, such as blaeberry (Vaccinium myrtillus), are consistently
cropped, generating knock-on effects for the species that rely on
them (Baines et al., 1994). Deer impacts extend beyond direct
consumption of primary producers. Deer browsing on downy
birch (Betula pubescens) impacts nutrient cycling by slowing
decomposition of leaf litter (Harrison and Bardgett, 2003). Deer
also affect carbon cycles by reducing plant biomass available
for photosynthesis and influencing litter decomposition (Hirst,
2021).

There is strong evidence that increases in deer populations are
facilitating the spread of ticks, such as Ixodes ricinus, the most
important vector for zoonotic pathogens in Europe, including
Lyme disease (Kirby et al., 2004; Scharlemann et al., 2008; Gilbert
et al., 2012). Expanding deer numbers are also associated with
an increase in deer-vehicle collisions, costing millions of pounds
a year in Scotland, and causing serious injuries and fatalities to
both humans and deer (Putman, 2012). Deer can significantly
damage grasses, cereal crops, and orchards and the forestry sector
must spend millions of pounds annually on deer management,
including culling and fencing, to enable forest regeneration
(Pepper et al., 2019).

Despite known socio-ecological costs associated with high
deer densities, attempts to create a sustainable system of deer
management in Scotland have largely been unsuccessful. At
the heart of this problem are competing values and objectives
among those responsible for deer management, as landowners,
deer stalkers, conservationists, and government officials have, for
decades, been unable to reach consensus over what successful
deer management in Scotland should look like. Although the
Scottish Government has legislative responsibility for ensuring
the sustainable management of deer, landowners, who own and
control hunting rights, often have objectives that can be in
tension with broader public interests (MacMillan and Leitch,
2008; Pepper et al., 2019). NatureScot, the government agency
responsible for enforcing deer legislation, has legal powers to
enforce deer culling, but relies largely on voluntary cooperation
from landowners to engage in deer culls. Individual landowners
set their own cull targets, but if they fail to meet targets,
NatureScot does not sanction them. With extensive areas of the

Scottish countryside managed as private deer stalking estates,
many landowners have economic and cultural incentives to
maximize deer abundance, particularly of red deer stags (males)
for trophy hunting (MacMillan and Leitch, 2008; Glass et al.,
2013, 2019). Consequently, many landowners set cull targets too
low to achieve sustainable deer numbers and impacts (Albon
et al., 2017; Pepper et al., 2019). Those who voluntary increase
cull levels to address the socio-ecological impacts of deer often
fail to impact deer at the landscape level where neighboring
properties pursue alternative objectives (Albon et al., 2017;
Pepper et al., 2019).

In the absence of clear and agreed socio-ecological
benchmarks for success, those involved in deer management
lack effective and reliable evaluation metrics. At present,
management outcomes are evaluated largely based on deer data,
such as density and cull numbers, at the individual property
level. However, cull numbers and population density alone are
often poor predictors of the impacts of deer at a landscape
level because of feedbacks among deer populations, altered
vegetation communities, ecosystem properties, and the presence
of other stressors (Putman et al., 2011; Tanentzap et al., 2012,
2013; Blossey et al., 2017). Some landowners do assess ecological
impacts of deer on their properties, but assessment protocols
often vary, making it difficult to make meaningful comparisons
and conclusions at landscape scales (Campbell and Marchbank,
2013; Armstrong and Holl, 2015). Furthermore, assessment data
are often not made publicly available, with evidence of deer
impacts on rare and sensitive species and ecosystems, such as
aspen, peatlands, and montane woodlands, particularly scarce.
Evidence of deer impacts therefore fails to provide an effective
tool for guiding management and policy decisions beyond the
very local scale.

A VISION FOR THE FUTURE:

CO-PRODUCING A DEFINITION OF

SUCCESS

In recent years, the Scottish Government has tried to encourage
landowners to increase the number of deer culled each year.
However, despite an increase in the number of deer culled in
recent years, deer densities continue to be too high to achieve
positive socio-ecological outcomes across much of Scotland
(Albon et al., 2017; Pepper et al., 2019). Incentive based
policies, such as culling or venison subsidies, taxing landowners
who do not meet targets, “tradeable obligations” that would
oblige landowners to shoot deer but allow them to trade their
“obligations” with other estates, or a “cull approval system,”
requiring landowners to obtain approval for their planned
cull prior to being given hunting permits, could encourage
landowners to shoot more deer (MacMillan, 2004; MacMillan
et al., 2010; Pepper et al., 2019). However, policy changes that
fail to address the underlying conflicting values and agendas
of affected stakeholders and power relations between them
could exacerbate tensions between these groups and undermine
potential for cooperation over deer, particularly among some
landowners and deer stalking communities (MacMillan, 2004;
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Hill, 2021). In the past, reluctance to create political fall-out
has prevented successive public agencies responsible for deer
management from exercising existing powers to enter properties
and cull deer in order to protect Scotland’s natural heritage
(MacMillan, 2004).

Sustainable solutions to the deer crisis must account for
deep histories of stakeholder conflict over deer (Hobbs,
2009; Phillip et al., 2009; MacMillan et al., 2010; Davies
and White, 2012). This will require greater clarity and,
where possible, consensus among relevant stakeholder groups
regarding desirable ecological and social outcomes from deer
management (Ceauşu et al., 2018). Here we refrain from
making specific recommendations on how to solve the deer
crisis in Scotland, because such recommendations should
emerge from a deliberative process through which a broad
range of stakeholders, including stalkers, landowners, scientists,
conservationists, and government officials, can co-produce a
definition of successful deer management (Redpath et al., 2015).
To be effective, this definition should include objectives for
ecological, socioeconomic, and human health outcomes that
are clearly articulated, informed by best available evidence, and
perceived to be legitimate by affected stakeholders (Forstchen
and Smith, 2014; Hare et al., 2017; Bennett and Satterfield,
2018; Pomeranz et al., 2021). Although objectives are unlikely
to fully satisfy all affected stakeholders all of the time, they will
be more legitimate, and therefore acceptable, if stakeholders and
the public more generally, perceive the process of identifying
them to be fair, and can accept that objectives reflect trade-offs
between multiple competing perspectives, interests, and values
(Forstchen and Smith, 2014; Ceauşu et al., 2018; Pomeranz and
Stedman, 2020). When subsequent deer management activities
make demonstrable progress toward these objectives, those
activities can be considered successful.

Adaptive, evidence-based deer management will require
consistent, reliable metrics, and protocols for evaluating whether
management options have successfully achieved articulated
objectives. Repeated and systematic collection of socio-ecological
deer impacts (e.g., incidences of Lyme disease and deer-vehicle
collision, browse rates, etc.) will need to complement data
collected on deer abundance and cull numbers as metrics for
evaluating success. These metrics will enable decision-makers to
review and adjust, where necessary, deer management and policy
decisions based on deer impacts. Data collected across ecological
and management contexts will need to be properly collated and
synthesized at a regional and national scale to serve as an effective
tool for informing management and policy-decisions across the
wider landscape.

LYNX REINTRODUCTION: SOLUTION OR

ILLUSION?

Some environmental groups argue for reintroduction of
extirpated native large carnivores, particularly Eurasian lynx
(Lynx lynx) (hereafter “lynx”), claiming that they would help
reduce deer numbers and negative impacts of deer (Amos, 2021).
Although lynx might be the least controversial of Scotland’s

native but extirpated large carnivores, lynx reintroduction
could exacerbate stakeholder conflicts, particularly among sheep
farmers, and those involved in deer hunting (Odden et al.,
2008; Breitenmoser et al., 2010; van Eeden et al., 2018). While
there are many ecological and economic arguments for and
against reintroducing lynx to Scotland, some pro-lynx interests
emphasize the capacity of lynx to help solve Scotland’s deer crisis
through directly consuming deer and indirectly benefiting plant
species that deer eat or trample. Whether lynx reintroduction to
Scotland would help achieve positive socio-ecological objectives
for deer management would depend on the impact of lynx on
deer numbers, deer impacts, and enduring social conflicts over
deer. Arguments that overstate potential impacts of lynx on deer
could generate unrealistic and unachievable expectations.

Evidence from elsewhere in Europe suggest that lynx would
do little to reduce red deer numbers in Scotland. Across their
European range, lynx have a strong association to woodland
habitat, making it unlikely that they would predate on red
deer in Scotland, which frequently occupy open hill habitats
(Breitenmoser et al., 2000; Jȩdrzejewski et al., 2002; Albon
et al., 2017). However, although lynx predation on red deer
is usually focused on calves, Scottish red deer are smaller
than those in mainland Europe and might therefore be more
manageable prey for lynx where they occupy woodland habitat
(Mitchell et al., 1977). Nevertheless, throughout their European
range, lynx display a strong preference for hunting roe deer
(Nowicki, 1997). Lynx can effectively limit roe deer populations,
particularly in harsh climates, and can significantly increase kill
rates and concentration of kills when encountering abundant
and potentially naïve prey (Breitenmoser and Haller, 1993;
Jȩdrzejewski et al., 1993; Okarma et al., 1997; Melis et al., 2009,
2010; Andrén and Liberg, 2015; Dula and Krofel, 2020). However,
this does not necessarily predict lynx-roe deer dynamics in
Scotland. The extent to which a lynx reintroduction could reduce
Scotland’s roe deer populations in the long term is not well-
understood.

Lynx ability to bring about a vegetation response through
consumptive and non-consumptive impacts on deer has been
poorly studied. Existing evidence of the behavioral responses of
roe deer to the presence of lynx suggests lynx may have some
non-consumptive effects on deer behavior, particularly when in
immediate risk of predation, but whether this can translate to a
vegetation response requires further study (Samelius et al., 2013;
Dupke et al., 2017; Eccard et al., 2017; Gehr et al., 2018; van Beeck
Calkoen et al., 2021). Detailedmonitoring of ungulate population
densities, behavior and their impact on vegetation throughout
all phases of a potential reintroduction to Scotland would be
essential for setting realistic objectives and evaluating progress
toward them. This holds true for anywhere that carnivore
reintroductions are being explored as a mechanism for reducing
or controlling ungulate populations.

Although we cannot fully predict the potential impacts of
lynx in Scotland, on the strength of existing evidence, it does
not appear that lynx reintroduction would provide a silver bullet
for overcoming Scotland’s deer crisis, though it may be helpful.
We are concerned that outsized expectations and promises that
lynx reintroduction would suffice to solve the deer crisis could
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undermine, rather than support, progress toward identifying,
and meeting broader conservation objectives, including those
associated with deer. With many of the stakeholders involved
in deer management likely to be those also most affected
by lynx reintroduction (e.g., hunters, conservationists, and
rural landowners), any eventual reintroduction predicated on
promises of positive ecological impacts could exacerbate fragile
cooperation among deer stakeholders if such impacts do not
materialize. Such an overpromising but underachieving scenario
could also undermine trust in conservation institutions (Crowley
et al., 2017). Conflict with hunters over the perceived threat
posed to roe deer by lynx is a significant driver of illegal
killing of lynx in Europe, and with a large amount of privately-
owned land in Scotland, poaching could be a significant threat
to any reintroduced population of lynx (Breitenmoser et al.,
2010). Though predation on game birds by lynx is relatively
uncommon in areas of high ungulate availability, populations
of game birds are maintained at high densities across much of
Scotland for sport hunting, and perceived impacts among hunters
could be another source of tension (Nowicki, 1997; Aebischer,
2019).

There are other arguments for the reintroduction of lynx to
Scotland beyond their impacts on deer. Restoring an extirpated
native species could be considered a worthwhile conservation
endeavor in its own right, as long as it is socially acceptable and
ecologically viable. Through selective hunting of deer in poor
condition, lynx could maintain healthy deer populations, they
could help limit numbers of mesopredators such as foxes, and
provide economic benefits to rural areas through ecotourism
(Helldin et al., 2006; Hetherington, 2006; Krofel et al., 2014).
Any eventual lynx reintroduction would need to consider the
likelihood of these impacts as part of a larger effort to identify
appropriate ecological and social objectives for defining and
evaluating success. Just as with the deer crisis, we recommend
a deliberative process to identify relevant ecological and social
benchmarks, clear indicators of success and accurate assessment
tools. This process would help gauge the overall acceptability of
lynx reintroduction to Scotland and identify social conflicts that
may arise and how to mitigate them.

A WAY FORWARD

Conservation conflicts often arise when stakeholders perceive
conservation objectives to threaten other objectives, such as
livelihood objectives (Redpath et al., 2015). They can also arise
when stakeholders perceive such objectives to be based on
external values imposed upon them. In Scotland, perceptions,
values, and expectations regarding deer management are multi-
faceted, deep rooted, and reflect cultures, traditions, and
preferences that extend far beyond deer (Hobbs, 2009;MacMillan
et al., 2010; Hare et al., 2021). We anticipate that overcoming
Scotland’s deer crisis will require a substantial increase in the
number of deer culled as part of a broader solution that
could include lynx reintroduction. However, opposition to these
changes, and conservation and rewilding more generally, might
have more to do with perceptions of illegitimacy and distrust
toward conservationists, rather than any specific conservation
aims and objectives (MacMillan and Leitch, 2008). Attempts to
establish a sustainable system of deer management in Scotland
that fail to address these underlying tensions seem unlikely to
succeed. We envision a process for co-producing definitions of
success and associated objectives and metrics that respects and
sensitively accounts for these differences. We hope this process
will pave the way toward more sustainable deer management
institutions in Scotland, which are grounded in evidence and
prioritize positive impacts on Scotland’s ecosystems and the
people who depend on them.
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