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Abstract

Climate change is radically altering the Earth’s natural ecosystems, with tempera-
ture/precipitation alterations resulting in mismatches between specific ecosystems and
their ‘new’ climatic profiles. Without political action to curb greenhouse gas emissions,
most plant/animal species will need to move to higher latitudes to ensure survival. Many
are incapable of migrating rapidly and will thus be reliant on human intervention to relo-
cate to new regions (assisted migration). The first hypothetical steps of assisted migration
are explored here, using the UK as a model. Urban parks/gardens have a history of hosting
non-native plant species and could be used to test the validity of moving non-native plants
and animals to regions of higher latitude. In this perspective paper, we added a small
experimental component to examine public attitudes to species introductions into urban
parks/gardens. Results showed support for using parks and gardens to protect both UK
native and non-native wildlife. Indeed, >50% of respondents favoured utilising urban
landscapes to conserve small non-native animals (e.g., tortoises and bee-eaters). These
results imply there may be some public acceptance of assisted migration. Thus, the paper
explores the potential to develop novel, but more sustainable ecosystems in new localities.

Keywords: assisted migration; biodiversity; climate change; conservation; non-native;
species translocation; sustainable ecosystems

1. Introduction

This perspective paper examines the mismatches between our understanding of cli-
mate change impacts and our actions to conserve biodiversity. It calls for ‘forward thinking’
and dialogue as to where active conservation should take place. This is a consequence of
equatorial regions becoming increasingly hot and the potential difficulties in sustaining
their natural ecosystems as the climate continues to warm. We discuss the potential of
assisted migration (moving species from one part of the globe to another through human
intervention) to help conserve plant and animal species and sustain ecosystem functionality
in the host site. We use the UK as a model system to propose that urban parks and gardens
could serve as transitional landscapes to test this assisted-migration process. We test public
opinion on the presence of more wild plant and animal communities in parks and gardens
through a short questionnaire. We use this data, the literature, and wider conceptual
issues to discuss the benefits and drawbacks of using urban landscapes to implement
assisted migration.
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Climate change is radically altering the world’s atmospheric processes and natural
ecosystems. Global temperatures have risen by 1.4 °C since the start of the Industrial
Revolution [1] and are currently predicted to reach 2-3 °C warming by 2100 [2] depending
on political action to curb further greenhouse gas emissions. Without such action, tem-
peratures are expected to exceed those after 2100 [3]. In an attempt to demonstrate more
tangibly what these scenarios mean in practice, Bastin et al. [4] indicated how individual
city climates by 2050 might change. For example, the climate of London, UK, would become
more like current-day Barcelona, Spain, i.e., moving from a temperate towards a Mediter-
ranean type climate. And, feasibly, without effective control of greenhouse gas emissions
after that, London would experience an even warmer climate—perhaps not unlike parts
of North Africa at present [3,5]. This would only be partly comparable, however, because
climate models suggest weather patterns will also be more variable and turbulent than
they currently are [6,7]. Hence, despite being within a new Mediterranean climatic region,
the London of 2100 could also experience, for example, severe flooding at intermittent
periods [8].

While it is acknowledged that many plant and animal species demonstrate significant
tolerance to abiotic and biotic pressures, it seems likely that numerous species living in
and around London at present would struggle to survive in the future due to such climatic
shifts and extremes [9-12]. This would be true of species across the globe [13]. To survive,
most species would need to migrate 2000-3000 km further away from the equator to find a
climate broadly comparable to that in which they are adapted. Already, many species have
been shifting their ranges to remain within their niche space, with movements towards the
poles and to higher altitudes [14], yet such adaptive responses are often insufficient [15] to
keep up with the pace of climate change [14,16-19]. Even when species have the capacity to
migrate, this is inhibited by both natural features (rivers, lakes, mountain ranges, etc.) and
anthropogenic actions, such as habitat loss and fragmentation from agricultural or urban
land use [20,21]. The reality is that many animal and plant populations face a high risk of
extinction this century [18].

Rapid climate change then raises the moral question: Should humans aid the move-
ment of species away from lower to higher latitudes (assisted migration) and develop
novel but supportive ecosystems in the new locations? The aim is to help conserve global
biodiversity and to retain ecosystem function at the host site, albeit through a range of
plant and animal species new to that location [22]. The processes involved in assisted
migration would be complex and challenging, and it needs to be stressed that the most
feasible means to protect the planet’s biodiversity remain effective policies and practices
that reduce human reliance on fossil fuels, e.g., [23,24]. Yet progress on this is currently
insufficient [25,26], and the scientific community, policymakers, and, indeed, society in
general need to start contemplating much more radical, alternative solutions to protect the
planet’s wildlife and ecosystems.

This perspective paper examines the controversial concept of assisted migration of
plants, animals, and even microbial species (e.g., in soil samples), the potential processes
involved, and their feasibility. Our discussions, though, assume that other factors are
in place to support the concept. For example, human society itself remains relatively
stable and is not undermined by food shortages or political instability due to mass human
migration and the resource shortages brought on by climate change [27-29]. The arguments
also relate to scenarios of net warming in the European region, not, for example, overall
cooling due to the Atlantic Meridional Overturning Circulation (AMOC) system collapsing,
as in [30]. The UK is used to provide a degree of context and focus to the discussions, but
many of the principles and processes are applicable globally. The UK provides a particularly
useful model, though, as it is a series of islands, and thus not easily colonised by terrestrial
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plants and animals naturally. It also has a strong cultural history of introducing novel,
non-native species, especially plants, to its landscapes [31,32]. Thus, there may arguably be
greater political and societal acceptance of such change in the UK than elsewhere.

1.1. Assisted Migration

Although the concept of assisted migration has been aired before, there has been, up
to now, a general reluctance to move species around the globe, out of fear of damaging
existing ecosystems. Assisted migration is a proactive strategy to physically move plant
and animal species to geographical locations with more favourable future climates [33-35].
This approach aims to conserve species and, as discussed here, to establish new ecosystems
and retain ecosystem functionality in new locations [36]. Assisted migration could be a
vital tool in preserving biodiversity and ecosystem health in a changing climate [37-39].
It has also been used in the past for economic gain—e.g., the introduction of new tree
species for silviculture [40-42] or for food crops or livestock [43-45]. The implementation of
assisted migration, however, involves several uncertainties and concerns. It is unclear how
effectively artificially introduced species can adapt to the new location (e.g., climate may
be comparable to the former species’ range, but other key factors may differ—photoperiod,
light intensity, soil type, magnetic field strength [e.g., important for bird navigation]). There
are potential significant risks of disrupting existing ecosystems and causing unforeseen
ecological imbalances [46—48].

Probably the greatest concern with assisted migration is the risk that individual species
may become invasive and overly dominant in the landscape. The introduction of non-native
plants and animals into new locations has a long history of causing damage to endemic
species native to the host region, as the introduced biota can become ‘invasive aliens’, i.e.,
exploiting new ecological niches and outcompeting the native flora and fauna [49]. Native
species possessing limited resistance to the introduced alien species, and the introduced
aliens are ‘freed’ from their normal regulating processes, such as natural predators or
pathogens. It is thought that 10% of introduced species can become invasive [50] and
radically alter existing stable ecosystems. Indeed, invasiveness is considered the third most
detrimental factor to global biodiversity [51], but also see [52], after habitat loss and climate
change. These factors are linked, of course, and climate change has been associated with
more species becoming invasive, and the colonisation potential increasing as ecosystems
become less resilient to external pressures.

In a review of assisted migration, Hewitt et al. cited additional concerns. Notably, it
is difficult to predict ecosystem impacts and interactions, genetic impacts, the diversion
of resources from other conservation activities, possible bias towards species that humans
deem important, and finally, socio-economic and cultural impacts [53]. Conversely the
benefits were cited as: preventing biodiversity loss/extinctions, helping species with
poor dispersal or other limiting life-history traits, a capacity to counteract the effects
of fragmented landscapes (e.g., polar/alpine distribution ranges), a capacity to retain
ecosystem services, improve genetic fitness (between separated populations of a given
species) and socio-economic and cultural benefits [53].

1.2. Pragmatic Points with Assisted Migration and Public Attitudes and Engagement

In practice, assisted migration is most common for plants (particularly trees), followed
by birds, and is less frequently implemented for other taxa [35]. Limited assisted migration
has been carried out for conservation purposes per se, with more case studies being
associated with research agendas, forestry requirements, and angling (e.g., moving fish
species to new lakes/rivers for recreational fishing). Specific examples of habitat loss or
climatic impacts include the translocation of Lepidoptera, Amphibia, and Reptilia. Most
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assisted movements tend to be within (65%) rather than outside (35%) species ranges [35].
In their review, Twardek et al. reported that the majority of assisted migration interventions
occurred in North America (n = 129), followed by Europe (n = 54), Oceania (n = 14), and
then Asia (n = 7) [35]. The lack of case studies and their recent implementation means
there is a dearth of knowledge about the longer-term population- and community-level
impacts [54].

While implementation of assisted migration for conservation purposes due to climate
change has been infrequent, pertinent information exists to help guide assisted migration
decisions, including various decision frameworks and protocols [55,56], methods to identify
priority species for introduction [57], and models to map suitable future habitat [58,59].

In terms of silviculture and urban tree selection, it is acknowledged that many tree
species can grow outside their natural distribution (e.g., in European cities such as Geneva,
Switzerland, 90% of trees present in the city are non-native [60]). When introduced to new
locations, practical tree management aspects, such as irrigation during establishment [19],
awareness of pest/pathogen pressures, and the use of protective nurse plant species to help
insulate and avoid herbivory of the desired trees, can aid their establishment.

Public acceptance of assisted migration is not clear. In Canada, in the context of
forestry, the principle of assisted migration (both within and outside natural ranges) was
supported. However, concerns were raised specifically for introductions outside natural
ranges, and 69% of respondents believed more research was needed before this could
be implemented [61]. Stakeholders emphasised the importance of the economic viability
of tree species introductions, public participation in decision-making, and transparency
in forestry processes [62]. In Chile, the movement of Liolaermus nigroviridis (black-green
lizard), a high-altitudinal species, was broadly accepted by alpine communities, but only if
translocated to public land on the new host mountain ranges. Private landowners, such
as farmers, were not in favour of introductions on their own land [63]. This report also
indicated that animal aesthetics were important for their acceptance as translocated species.

Assisted migration is often seen as an academic debate, with greater engagement with
policymakers and citizens required. Hewitt et al. recommend advancing the debate by
adopting strategies that carefully evaluate risks, benefits, and trade-offs, and by including
all stakeholders in decisions about whether to proceed with assisted migration [53]. They
argue that, if and when it is implemented, assisted migration needs to be conducted
experimentally, learning from experience and adjusting policies and plans accordingly [53].

1.3. Not Just Moving Individual Species—Moving Whole Ecosystems

Most of the literature on assisted migration has discussed moving individual species
of conservation concern or perhaps species with economic importance [44,54]. Surprisingly,
little literature deals with the issue of moving numerous species, or parts or whole ecosys-
tems. We anticipate that this will be exponentially more difficult. Although the introduction
of individual species has proven problematic for endemic species and ecosystems, it is less
clear what happens when a significant part, or even an entire ecosystem, moves from one
location to another. Do the transferred species remain in balance? Even if theoretically
possible, challenges remain in practice for artificially moving large numbers of species
from location A to B within a short period of time. Despite these huge logistical dilemmas
and the ethical considerations around mass species migration, such radical solutions will
likely need to be considered if much of the planet’s biodiversity is to be saved. The concept
being discussed here is problem-ridden and potentially unethical in a conventional context,
but in reality, it may be ‘the lesser of two evils’ in the long term. Traditional conservation
practices (especially those aligned with ‘location tied” nature reserves) are unlikely to save
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global biodiversity from a rapidly warming climate, e.g., [64]. However, radical thinking
around assisted migration of existing ecosystems just might provide a chance.

1.4. What Would Be the First Steps for Assisted Migration—Do Urban Parks and Gardens (Yards)
Provide a Possible Catalyst for Assisted Migration?

If the paradigms and concepts around assisted migration are challenging for con-
servation bodies (and stakeholders and communities—see above), the practicalities of
implementing it may be even more problematic. We foresee selecting scientifically impor-
tant nature reserves and translocating all the essential elements (soil samples, flora, and
fauna) 2000-3000 km further away from the equator would be fraught with problems, not
only logistically but also, probably, politically. Taking a specific example, such as the Site of
Scientific Interest (SSSI) at Wicken Fen, East Anglia, UK and moving all the key ecological
components 1700 km north to, for example, Svanatraskmyran in Sweden, then immediately
replacing those at Wicken Fen with microbiota, flora and animals from, for example, the
Guerbes wetlands in Algiers, imposes huge risks. Even within the context of a changing
climate and biodiversity concerns, it would be politically challenging to ‘strip out” all the
species from an SSSI and replace them with species from lower latitudes. There are two
landscape typologies, however, in which species have been artificially introduced from near
the equator (and indeed elsewhere) for the last 2-3 centuries, largely without significant
political outcry: namely parks and gardens (yards in North America). At least in terms
of plant biodiversity, parks and gardens are significant repositories for many non-native
species [65,66]. Thus, urban garden and park space could be utilised to test not only the
introduction of plants from lower latitudes, but also, progressively, the faunal associations
with such plant communities. In an urban context, this is likely to be, in the first place,
smaller animals and those less threatening to humans. If successful, the process could
be evolved to facilitate the introduction of larger or more culturally problematic animal
species into the wider rural landscape later. We believe this slower, progressive approach to
species introductions may have more socio-political support than the rapid transformations
in plant and animal communities over a very short timeframe. Some of these points echo
the advice from Butt et al. [33] and Van Meerbeek et al. [22] on assisted migration in general,
namely, focusing on species with the following properties: i. low invasion risk; ii. selecting
species with anticipated adaptation to both the new climate they are placed in and the
future climate predicted for that location; iii. attempting assisted migrations at small scales
(at least initially); iv. matching soil conditions (if plants); v. prioritising species that help
address functional gaps; vi. ensuring political and public support for any interventions.

Parks and gardens provide useful model systems. This is because there are arguably
fewer legal restrictions on what can be planted in such spaces than, e.g., in nature reserves
or the countryside in general. Parks and gardens are already novel ecosystems as they
combine flora from many parts of the planet [67] and can be biologically rich, at least
for some taxonomic groups [65,68]. They are also heavily managed [66,69,70]. Hence,
ecological developments could be observed and monitored closely, for example, through
citizen science approaches. Urban sites are notably warmer than their rural counterparts
due to the urban heat island effect [71]. Therefore, they could be at the forefront of this
research and provide early warning signs of potential ecological imbalances. They are small
in scale, allowing the microcosm (stepping stone) approach to testing new introductions
without necessarily leading to rapid, uncontrolled species spread. For example, park areas
could be physically restricted or isolated in the first instance, if required.
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Private (and public) garden styles vary widely but include numerous examples of
residents trying to encourage wildlife [72] (or even adopt urban rewilding principles,
e.g., encouraging ‘native plants and animals into urban infrastructure’ [73]). In addition,
in mid-latitudes such as northern Europe and northern USA, some garden managers
mimic Mediterranean-style plantings [74,75]. Thus, private gardens, as well as some
public gardens and parks, could become “living test-tubes” that represent components of
subtropical ecosystems, not simply collections of Mediterranean flora for aesthetic purposes.
In the UK, for example, frost episodes may disappear from southern and south-west regions
between 2070 and 2100 [76], thus radically increasing the sub-tropical plant flora that could
survive after that point. Although new entire ecosystems are envisaged, in reality, their
development would be carried out in steps over time, with checks and balances to minimise
overdominance or underrepresentation of key species. We propose that the process could
start with urban gardens and parks but then expand into non-agricultural land in the
rural environment.

1.5. Challenges and People’s Opinions on Non-Native Species Introductions

As outlined above, there is limited dialogue within society about the requirement for
assisted migration (with the possible exception within the forestry and urban tree sectors)
and how it might work in practice. We speculate that the most challenging aspects in terms
of public acceptance (for a country like the UK at least) of assisted migration would likely
be the introduction of the following:

Toxic plants

Venomous (to humans) invertebrates and vertebrates
Large, potentially dangerous herbivores

Apex predators

Although attitudinal studies have been carried out for species reintroductions, rewil-
ding principles, and climate-adapted vegetation [75,77], few studies have explored the
public’s attitudes to non-native introductions as a conservation measure. In light of this,
we were keen to explore how receptive people were, in principle, to non-native plants and
animals, especially in an urban context, where citizens might encounter these species more
readily. Thus, to better inform our arguments on assisted migration, we conducted a short
online questionnaire to test public acceptability of non-native species.

2. Experimental Component

2.1. Examining Attitudes to Urban Parks and Gardens Being Used as Refuge Sites for Native and
Non-Native Plants and Animals via Questionnaire

To engage public opinion on climate change and its impact on global biodiversity,
and specifically on people’s willingness to accommodate non-native ‘assisted’ species in
their “familiar” urban green spaces, we conducted a short online questionnaire with a UK
audience. To help distinguish views on non-native plants and animals and attitudes to
wildlife in general, we also asked questions about the acceptability of native species, both
those commonly found in urban settings and those less common.

The questionnaire was set up to test the following hypotheses.

1 Most people are concerned about climate change and its impacts.
Most people would welcome a wider range of native plants and animals in urban
parks and gardens.

3 Most people would not welcome the presence of non-native plant communities and
animals in urban parks and gardens.
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2.2. Materials and Methods for the Questionnaire

This study adopted a quantitative and qualitative, cross-sectional survey design. We
investigated the public appreciation of native and non-native species within urban green
spaces, including key plant communities and specific representative plant and animal taxa,
and the perceptions of their future viability in the context of climate change. A structured
online questionnaire was selected as the data collection instrument due to its efficiency in
reaching a broad and diverse audience [78].

The UK was used to provide context, and most responses, but not all, came from the
UK. The online questionnaire was distributed through social media platforms (Facebook,
X, LinkedIn, and TikTok), local community groups (including ‘friends of” local museums,
parks, and industrial heritage features), and student cohorts and clubs. While this method
does not guarantee a representative sample, it was a practical way to collect a large dataset
from individuals likely to be engaged with the topic [79]. Data was collected on Google
Forms, a platform recommended and approved by the host university. The questionnaire
was organised into four sections. First, a demographic section captured the sample’s
composition (age, gender, location, occupation type, and current area of residence). This
section was optional, except for a single mandatory item that asked respondents to indicate
their current area of residence. This was a single-choice question with non-identifying
response options to protect anonymity. The second section assessed public acknowledge-
ment/understanding of climate change, and the third section measured public appreciation
of native and non-native species. These sections combined nominal single-choice items
(e.g., Yes/No/Not sure) or Likert-scale statements measuring degrees of agreement or
concern [78]. Public responses to a range of native vegetation types in the UK and to
different plant communities associated with a Mediterranean climate were determined;
these varying in the level of greenery and flower colour. Animals and associated images
were chosen to reflect differences in size, colour, trophic level (herbivore, omnivore, car-
nivore) and possible responses based on biophilic or socio-cultural perceptions or biases
(colourful ‘harmless’ bird compared against ‘threatening’ medium sized carnivore), with
three familiar species in the UK and six species found in the region spanning from the
Mediterranean to central Africa, being selected (Figure 1). The rationale for more detailed
plant community and animal species selection is outlined in Table 1. Images were sourced
from free-to-use platforms (Microsoft Bing, with permission to ‘free to share and use’) and
from students/staff within the host Department. Copyright was obtained to use the images
in the questionnaire, but not necessarily to publish them. Thus, during the preparation of
this manuscript, the authors used either their own personal images or generated similar im-
ages with Adobe Al Firefly Image 5 to closely represent those in the questionnaire. The aim
here is to provide additional context for the reader; note that any comments on images in
the results refer to the images the participants actually viewed. The authors have reviewed
and edited the output and take full responsibility for the content of this publication. Finally,
in the fourth section of the questionnaire, open-ended questions explored the conditions
under which participants would welcome or oppose the introduction of non-native plants
and animals into urban green spaces. The questionnaire was piloted with a small group
before dissemination to check clarity, flow, and content validity. The questions are outlined
in Supplementary Materials 1.
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Rough grass * Scrub * Native woodland *
Native animals

Peacock butterfly Hedgehog (Erinaceus europaeus) * Otter (Lutra lutra) *
(Aglais io0) *
Examples of non-native plants and animals already established in the UK
ke

f O S A
Non-native plants Non-native animals
(e.g., Japanese cherry, Prunus x yedoensis) * (e.g., muntjac deer, Muntiacus reevesi) *

Mediterranean landscapes types

x

Mediterranean garden * Mediterranean woodland *
Non-native animals.

Northern carmine bee-eater Four-toed jerboa Hermann’s tortoise
(Merops nubicus) t (Scarturus tetradactylus) * (Testudo hermanni hermanni) *
7 B | . :

’ YT

o 2

European asp (Viper;é aspis)* Plains zebra (Equus quagga)* Sptted hyena (Crocuta crocuta)*

Figure 1. Representative images similar to those used in the questionnaire. Copyright was obtained
for the images to be used for research, but not subsequent publication. Thus, the use of representatives
here is for the reader’s benefit. Images used in parts of the questionnaire see later figures. * Image
from Cameron. @ Image from Farris. ' Image generated from AI Adobe Firefly Image 5.
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Table 1. The rationale for plant community and animal species selections within the questionnaire.

Plant/Plant Community Rationale

Native—Familiar aesthetic rural landscape, becoming more

Wildflower meadow .
common in urban parks

Native—Common ‘wild” landscape type—although potentially
Rough grass less aesthetically pleasing than meadow and associated with
low /little maintenance

Native—Common ‘wild” landscape type, including woody plants,
Scrub although potentially less aesthetically pleasing than meadow, and
associated with low /little maintenance

Native—Wild landscape, but one with potentially high public

Native woodland e
familiarity and acceptance

Non-native—Typical of many overseas urban plants appreciated for

Non-native plants (e.g., Japanese cherry, Prunus cv. Shirotae) their aesthetics

Non-native—Increasingly common garden and park planting style

Mediterranean garden .
as the climate warms

Non-native—Rarely planted style, but could become more common

Mediterranean woodland .
as the climate warms

Non-native—Rarely planted community but could become more
Dry Mediterranean landscape common as the climate warms. Arid nature may make it less
popular than other Mediterranean plant communities

Animal Rationale
Peacock butterfly (Aglais io) Native—Common familiar butterfly
Hedgehog (Erinaceus europaeus) Native—Familiar small mammal of increasing conservation concern

Native—Rare urban mammal—as a carnivore, potentially less

Otter (Lutra lutra) welcome in urban green space?

Non-native—Introduced -increasingly familiar mammal in

Muntjac deer (Muntiacus reevesi) rural locations

Northern carmine bee-eater Non-native—Attractive, charismatic bird, thus potentially
(Merops nubicus) welcomed by some?

Non-native—Small mammal—potentially less welcomed due to its

Four-toed jerboa (Scarturus tetradactylus) rodent classification?

Hermann'’s tortoise Non-native—Potentially familiar due to iconic and tropical
(Testudo hermanni hermanni) pet status

Non-native—Potentially less popular due to biophobic responses,

European asp (Vipera aspis) especially for those who understand it is a venomous reptile

Plains zebra Non-native—Familiar iconic wild horse species, but strongly
(Equus quaggn) associated with Africa

Non-native—Medium-sized apex predator, with potential risk

Spotted hyena (Crocuta crocuta) factors to humans

2.3. Data Analysis

The collected data were analysed using SPSS (Statistical Package for the Social Sci-
ences), version 29, and R, version 4.5.1 (R Foundation, Vienna, Austria). Demographic
descriptive analyses used frequency analysis [80]. The relationships between the responses
and demographic factors (gender, age group, current living environment) were explored
using multinomial logistic regression. The full multinomial model tables are reported in
Supplementary Materials 2. Some Likert scales were converted to numbers, e.g., No = -2,
Not sure = —1, Perhaps = 0, Yes = 1, and Yes, very much so = 2, and nonparametric
Kruskal-Wallis tests were used to determine significant differences between the median
values, with post hoc Bonferroni tests used to rank the medians.
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Ethical approval (No. 070341) was granted by the host university’s ethics administra-
tion on 3 July 2025. All participants consented to the Participant Consent Form and the
Participant Information Sheet before participating in any study procedure. All data were
pseudonymised and securely protected.

2.4. Results from the Questionnaire

There were 258 respondents to the online questionnaire over a 3-week period. These
comprised 122 females, 134 males, and 2 people who did not disclose their gender. The
demographics tended to represent younger age groups with the greatest number of partic-
ipants (1) aged from 18-25 years (n = 70) with 26-35 years (n = 53), 3645 years (1 = 56),
46-55 years (n = 44), 56-65 years (n = 25) and >65 years old (n = 9). Greater than 98%
of respondents were from the UK. Gender sometimes had a significant effect on the re-
sponses, and data for female/male comparisons are presented. Due to the low replication
among those who did not disclose any gender identity, this data was omitted from the
statistical analyses.

Within the female cohort, 76% believed climate change was occurring, 10% were
unsure, and 14% believed it was not occurring. In males, the percentages were 70%, 11%,
and 19%, respectively. Gender differences were not significant in the regression analysis
of this question, but males were more likely to say they were “not concerned” by climate
change than females (Odds Ratio = 1.30, Confidence Interval = 0.24-2.38, p = 0.02). Most
people expressed some concern about climate change (Figure 2), with females particularly
very concerned: over 20% indicated it could threaten humanity. In contrast, over 20% of
males considered it a myth, or its impacts were likely to be vastly exaggerated. This was
confirmed by the regression model: males were 3.8 times more likely than females to state
that climate change is a myth (Odds Ratio = 3.81, Confidence Interval = 0.31-2.31, p = 0.01).
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Figure 2. Percentage of female and male respondents concerned about climate change and humanity’s
capacity to deal with it.

Both genders were largely supportive of the notion of urban green space being used
more to support native wildlife (79% of females and 73% of males), although females were
stronger advocates for rewilding initiatives in such spaces (Question—"“Would you like
to see more green space ‘Rewilded’, for example, areas left ‘to nature” and not intensively
managed by humans?” Females—Yes = 69%, No = 18%; Males—Yes = 53%, No = 34%).
The regression analysis showed that males were at least twice as likely to answer “No” to
the question, compared with females (Odds Ratio = 2.66, Confidence Interval = 0.36-1.60,
p < 0.01). When asked if urban green space should be used to prioritise native plant species,
irrespective of what the future climate might be, the response was less strong, but still
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positive: Females, Yes and very much so = 53%, No = 12%; Males, Yes and very much
so = 47%, No = 9%. When asked about attitudes to specific vegetation types in urban
green space, people were most positive about colourful perennial flower meadows (60-74%
overall approval) and native woodland (67-80%), with more mixed results for arguably the
less aesthetically pleasing rough grassland (48-50% overall approval) and scrub (46-49%)
(Figure 3). Respondents were positive about the spaces supporting UK animal wildlife,
with overall approval rates of Aglais io [peacock butterfly] = 66-76%, Erinaceus europaeus
[hedgehog] = 66-71%, and Lutra lutra [otter] = 59-67% (Figure 4).
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Figure 3. The acceptance of different types of native vegetation more often used in urban parks and
gardens, as determined by female or male respondents.

70

Percentage (%)
w S o @
o o (=] o
1 Il Il 1

N
o
I

=
(=]
1

Peacock Peacock Hedgehog - Hedgehog - Otter-Female Otter - Male
butterfly - butterfly - Male Female Male
Female

ENo ONotsure O Perhaps BYes MBVerymuchso

Figure 4. The acceptance of different types of native animals present in urban parks and gardens,
as determined by female or male respondents. Peacock butterfly—Aglais io; hedgehog—Erinaceus
europaeus; otter—Lutra lutra.

When the concept of non-native wildlife being supported or introduced into urban
green spaces was suggested, there was a positive response to plants (61-65% approval),
but a more muted response to animals (42-49%) (Figure 5).
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Figure 5. The acceptance in principle of non-native plants and animals present in urban parks and
gardens, as determined by female or male respondents.

When asked specifically if urban green space should be used to grow Mediterranean
flora to reflect a warming climate, the majority of both females and males were in favour,
with Females—Yes and very much so = 69%, No = 6%; Males—Yes and very much so = 56%,
No = 11%.

Different types of Mediterranean plant communities met with mixed receptions
(Figure 6). The notion of a Mediterranean garden style proved popular (60-70% over-
all approval), with Mediterranean woodland intermediate (56-61% approval) and a drier
xeric Mediterranean plant community least popular (40-45% approval).
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Figure 6. The acceptance of different types of non-native plant communities more often used in urban
parks and gardens, as determined by female or male respondents.

The types of animals considered appropriate for introduction varied widely. Merops
nubicus [northern carmine bee-eater] (53-56% approval) and Testudo hermanni hermanni [Her-
mann’s tortoise] (57-58% approval) were accepted by a majority of participants (Figure 7).
There was some ambiguity about the introduction of Scarturus tetradactylus [four-toed
jerboa]—Females—Not sure 27%, Perhaps 21%; Males—Not sure 22%, Perhaps 27%, and
largely a negative reaction to the introduction of Vipera aspis [European asp] (64-73% No
or Not sure) or Crocuta crocuta [spotted hyena] (67-68% No or Not sure). Perhaps most
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surprisingly, 40-43% of participants were broadly in favour of the introduction of Equus
quagga [plains zebra], despite it being a large herbivore.
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Figure 7. The acceptance of different types of non-native animals in urban parks and gardens,
as determined by female and male respondents. Northern carmine bee-eater—Merops nubicus;
Hermann’s tortoise—Testudo hermanni hermanni; four-toed jerboa—Scarturus tetradactylus; European
asp—Vipera aspis; plains zebra—Equus quagga; spotted hyena—Crocuta crocuta.

Converting responses to ranked scores and applying a nonparametric Kruskal-Wallis
test revealed significant differences in median values across vegetation types (p < 0.01).
Wildflower meadows and native woodlands were ranked the highest in acceptance, with
Mediterranean gardens and Mediterranean woodlands intermediate, and native rough
grass, scrub, and dry Mediterranean plant communities the least popular (Figure 8).
Kruskal-Wallis tests were also significant for animals (p < 0.01), with the native animals
Aglais io [peacock butterfly], Erinaceus europaeus [hedgehog], and Lutra lutra [otter] sig-
nificantly more popular than Merops nubicus [bee eater] and Testudo hermanni hermanni
[tortoise], and these more popular than Scarturus tetradactylus [jerboa] and Equus quagga
[zebra], with Crocuta crocuta [hyena] and Vipera aspis [asp] least popular (Figure 9).
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Figure 8. Acceptance of vegetation types across questions. Median values (circles) and interquartile
range (bars) when responses were ranked as scores. Letters denote significant differences between
medians, from Bonferroni post hoc tests.
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Figure 9. Acceptance of animals across questions. Median values (circles) and interquartile range
(bars) when responses ranked as scores. Letters denote significant differences between medians, from
Bonferroni post hoc tests. Peacock butterfly—Aglais io; hedgehog—Erinaceus europaeus; otter—Lutra
lutra; Northern carmine bee-eater—Merops nubicus; Hermann's tortoise—Testudo hermanni hermanni;
four-toed jerboa—Scarturus tetradactylus; European asp—Vipera aspis; plains zebra—Equus quagga;
spotted hyena—Crocuta crocuta.

2.5. Key Points from the Questionnaire

The questionnaire found that most people believed climate change was occurring, and
that 66% of females and 54% of males were concerned or very concerned about it. Thus,
this data supports our initial hypothesis that most people are concerned about climate
change and its impacts. Perhaps more of a concern from a scientific/policy angle, however,
was a sizeable minority—almost one in five males —who did not believe climate change
was happening at all.

There was support for using urban green spaces more to protect UK native wildlife,
with over 50% of both genders open to the idea of parks and gardens being ‘rewilded’. There
was general support for such locations to support UK fauna, including animals as large as
Lutra lutra (otter). In terms of vegetation, there was a preference for native plant communi-
ties that provided colour (wildflower meadows) and greater structure (native woodlands)
over perhaps less aesthetically pleasing vegetation, such as rough grassland or scrub. The
woodland may have been popular, as the image presented showed blue Hyacinthoides non-
scripta [bluebell] in the ground flora—i.e., the image was relatively colourful. Flower colour
has been associated with interest and preference in the landscape [81,82]. These points
may relate to UK parks and gardens, which are often characterized by tidy, well-managed
plantings [83]. Overall, the data supported our second hypothesis—most people would
welcome a wider range of native plants and animals in urban parks and gardens.

Responses to non-native species being introduced were intriguing. Over 40% of respon-
dents were relatively positive about the introduction of Equus quagga (plains zebra), with
even more support for Testudo hermanni hermanni (Hermann'’s tortoise) (57-58% approval)
and Merops nubicus (northern carmine bee-eater) (53-56% approval). Somewhat less surpris-
ingly, potentially dangerous animals such as the venomous snake Vipera aspis (European
asp) and mammalian carnivore Crocuta crocuta (spotted hyena) were less popular. But even
here, notable minorities (15-20%) engaged positively with the notion of introductions of
these species.
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Resistance against non-native plants was even lower than that against non-native
animals (Figures 5 and 6), although there was a strong preference for plant communities
that represented Mediterranean garden styles (60-70% approval), with dry xeric flora being
the least popular (40-45% approval).

Overall, the data indicated high levels of tolerance/acceptance of non-native species
introductions. This was most strongly expressed with plants, and those animals considered
‘benign” and non-dangerous to humans (e.g., bee-eaters and tortoises). Nevertheless, this
acceptance of some non-native wildlife in a native landscape is an astounding point,
suggesting that citizens are concerned not only about native wildlife but also about the
fate of non-native species and their habitats. A concern that extends to altering urban
green spaces to serve as refugia for non-native species and potentially facilitating the
development of new ecosystems. Such concerns and thoughts (albeit from a largely lay
audience) contradict many current conservation policies in the UK and elsewhere, which
are often aimed at excluding non-native species [84,85]. Thus, issues around climate
change may be challenging long-held paradigms about what should be conserved and
where. Taken in the round, the data refutes our third hypothesis that most people would
not welcome the presence of non-native plants and animals in urban parks and gardens.
At least some—Mediterranean garden and woodland plant communities, tortoises, and
bee-eaters—are evidently welcomed by the majority of participants.

As indicated above, not all non-native species were equally welcomed, however. There
were obvious concerns about animals considered dangerous, perhaps reflecting a highly
urbanised society and a country with very few dangerous indigenous species. Our study
specifically addressed the context of urban green space, and future research should deter-
mine how opinions on the more dangerous species might vary in the rural environment or
in locations partially enclosed or semi-excluded from humans. Debates around rewilding
may help here. The return of locally extinct, but native predator species (e.g., Canis lupus
lupus—Eurasian wolf, Ursus arctos arctos—Eurasian brown bear, Lynx lynx—Eurasian lynx)
that may pose a threat to humans and their livestock has met with both tolerance and
resistance in recent years [77,86-88]. The aesthetics of the animals in question may also be
a factor [63]- colourful peacock butterflies and Northern carmine bee-eaters being particu-
larly popular in this study. Such emotional responses may also explain the difference in
popularity between the Mediterranean garden flora image (with elements of human design
and vernacular buildings present) and the flora of the more arid ‘wild” landscape [83].

In several instances, we observed differences in response strength between females
and males. Females showed greater interest in or support for landscapes that might allow
rewilding or support Mediterranean flora, and wildflower meadows and native wood-
land were relatively more popular with female participants than with male participants.
Other studies have suggested that females may be more pro-environmental in outlook
and attitudes, and may favour landscapes that prioritise emotional connection with na-
ture, whereas the functionality of the landscape may be a more important component for
males [89,90].

We believe these results on the general acceptance of (some) plants and animals are
important and relatively novel. We are not aware of a similar survey covering the range of
theoretical species/introductions represented. Most other studies focus on a single taxo-
nomic group or functional group, such as timber trees [62] or mangrove forests [91]. The
subjective nature of which species are preferred/accepted, however, is mirrored elsewhere,
e.g., in attitudes to control programmes for invasive or problematic species, i.e., the ‘cute-
ness’ factor—public resistance to control of attractive or iconic non-native species [92-94]
and to prioritise their conservation [63].
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2.6. Limitations to the Questionnaire

This questionnaire’s methodological approach has several limitations. Our survey was
conducted over a short time frame and used a gender-balanced, but relatively small, sample.
Further research should consider a larger population and wider targeting of more difficult-
to-access demographic groups. Our dataset was under-represented among older citizens
(>65 years), some of whom may hold more ‘conservative views” on both climate change
and species movement. The age disparity may relate to the mode of survey distribution,
with the internet and the routes for publicising it being less accessible for older citizens.
Although we approached groups often associated with older age demographics, e.g.,
‘friends of groups’, we should have offered the option of paper-based surveys in addition to
purely online electronic surveys. Future research should consider alternative distribution
methods for similar surveys. Despite this, there is no clear indication that the results
would necessarily differ with wider sampling. For example, we found gender differences
reported elsewhere, e.g., in concern for climate change [95]. Whilst the demographics are
skewed towards younger adults, this is not necessarily a great limitation in a study such
as this when the scenarios discussed are about the future, i.e., perhaps more relevant to
younger adults. Another potential limitation is that images were selected that represented
landscapes, plants, and animals relevant to the study. However, we cannot eliminate the
fact that other aspects of the images presented to participants could also have influenced
their responses—for example, colour, brightness, or additional ancillary factors within
the images.

3. Using Parks and Gardens for Assisted Migration
3.1. How Do the Results Presented Contribute to the Assisted Migration Debate?

The questionnaire data suggest that citizens understand the implications of climate
change for both native and non-native wildlife. There appeared to be strong support for
parks and gardens being used for ‘rewilding’ purposes in principle, with greater effective-
ness in species conservation. However, there was still a desire for landscapes that were
meadowlike, colourful, or composed of woodland [96,97]. Landscapes that were wildlife-
rich but also attractive to look at, perhaps offering a strong narrative for policymakers
and practitioners to consider, particularly at the earlier stages of landscape transitions.
However, it would be vital to stress when engaging with the public that a full suite of
species is required for a functional ecosystem, not just those that are visually attractive. The
educational process could help improve the popularity of less iconic species [98]. Overall,
there was surprising support for using these locations as refuge/conservation sites for
non-native plant communities (61-65%) and non-native animals (42-49%), indicating that
assisted migration of plants would be largely acceptable. If non-native plants are already
common in parks and gardens, then transposing plant taxa that represent entire (non-
native) ecological plant communities would seem to meet with public approval. This could
provide a platform for the subsequent establishment of non-native animals. Again, the data
largely suggested that smaller or more benign non-native animals could be moved from the
south and accepted in such landscapes. These data indicate that partial migration (plants
and benign animals) transposed progressively is more feasible than previously considered.
Of the two genders, females seemed the more conducive to rewilding approaches and
certain introductions, e.g., non-native plants. Thus, this demographic group may provide
more political support for both rewilding and assisted migration agendas in the future.

A less surprising result was the greater resistance/less tolerance to animal species
introduced into these locations that could prove dangerous to humans. This is a funda-
mental point, however, for such species are often keystone species, regulating, for exam-
ple, the number of herbivores and thus integral to an effective ecology for these ecosys-
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tems. Ecosystems without key predators, including apex predators (Panthera leo—lion,
Panthera pardus—leopard, Crocuta crocuta—spotted hyena, etc.), are unbalanced and will
be difficult to establish/maintain without their presence. The sustainability of the novel
ecosystems without these keystone species would be called into question. Dialogue and
debate are thus required regarding how such species integrate into the UK (and other
industrialised) societies.

3.2. Required Next Steps Before Assisted Migration Would Be Accepted and Implemented

Assisted migration, especially of an identified entire ecosystem, is immensely chal-
lenging and fraught with many practical and ethical issues. For such (radical) change to
be implemented, there would be a requirement to gain public and governmental support
beforehand; a point made by other studies [91,92]. We believe one key element is to make
the case for change. This, in turn, would involve a more comprehensive educational pro-
gramme and greater awareness of how climate change is likely to impact current native
flora and fauna, as well as threatened species in other parts of the globe. There is some
evidence that the full impacts of climate change are not fully understood in many sectors of
the public [99-101], and this would need to be addressed to help activate change. Sizeable
minorities in our study (e.g., 21% of men) who consider climate change a myth or its
impacts exaggerated confirm that this remains a challenging component before discussions
can move on to address assisted migration specifically. Current (and arguably ‘soon to be
outdated’) policies also need to change. There would need to be a broad consensus that
many policies focused on conserving native species shift to conserving global ecosystems
and species in their entirety, and that relocations are required. Modelling habitat suitability
and population dynamics, and other techniques used in existing species translocation
programmes, may be useful here [102-104], but would likely need to be scaled up and ad-
dress greater complexities—opening up opportunities for appropriate Artificial Intelligence
processes and procedures [105,106].

Further and ongoing research would be required to better understand not only how
a shifting climate impacts plant and animal communities, but also the anticipated in-
crease in climate turbulence. What would be the impact of more variable rainfall patterns,
greater storm frequency and strength, and more rapid oscillations in temperature on these
communities [66,101,107-109]? What resilience do plants and animals possess, and what
capacity do they have to adapt to these additional factors? We deem these aspects should
be given much greater research priority.

There are also huge logistical challenges in physically moving large numbers of species,
especially if there is a requirement to transpose a single ecosystem in a short period of
time. Much of the previous literature on assisted migration inadequately addresses the
concept of ecosystem migration, with the focus often on a single or a limited number of
species. With ecosystem migration, there would be winners and losers, just within the
process itself. Which species might struggle to survive the transportation, fail to establish
in the new location, or are just unfeasible to move in the first place? Even if it is possible
to translocate a species, its ecological profile is unlikely to be translocated. For example,
only small, juvenile examples of tree species are likely to be able to be relocated; hence, a
forest will have to survive for a period without its mature specimens, making it incomplete
for the whole assemblage of appropriate animals over the short term. Thus, moving entire
ecosystems would take time, and in the interim, only novel hybrid ecosystems would exist.

One potential first step toward evolving these ecosystem changes would be to start
‘small’, and we postulate that gardens and parks lend themselves to this transition, with
success here determining subsequent actions (Figure 10). As mentioned before, these
landscape typologies already host many non-native plant species (and the occasional non-
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native animal). However, the selection has been based on aesthetics and is random in its
choice of species by source location (native region), rather than systematically replicating a
particular ecosystem. It should also be noted that gardens and parks host many hybrids,
cultivated taxa that do not occur in the wild. The fact that garden and park managers
are relatively free to choose the plant taxa incorporated (with a few notable exceptions)
makes these environments prime trial sites for new plant introductions. Organisations in
the UK, such as the Royal Horticultural Society, Botanical Gardens, Urban Wildlife Trusts,
the Royal Society for the Protection of Birds, Urban Park management teams, and Park
Friends Groups, would be well placed to promote and guide these transitions.
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Figure 10. Potential process for species introductions—UK Model.

Many of these organisations have been promoting the idea of designing and planting
urban green spaces to help native wildlife over recent years (e.g., [110,111]). As such,
a precedent has been set to consider the needs of ‘nature’ when designing and manag-
ing parks and gardens. The current messages about supporting native wildlife could be
expanded to accommodate capacity for non-native species in due time. Step-by-step transi-
tions may be useful here; again, encouraging a more acceptable ‘evolutionary’ rather than
‘revolutionary” approach to park/garden design. For example, designing parks/gardens
that firstly provide resources for bird species that no longer migrate to lower latitudes in
winter [112], then secondly providing habitat and resources for mobile bird and inverte-
brate species moving to higher latitudes under their own vocation, and finally, adding
plant communities that support the less mobile animal species that ultimately need to
be translocated by humans (i.e., the points identified in Figure 10). The questionnaire
indicated that larger species, especially venomous and carnivorous animals, would be the
least acceptable to the public (e.g., UK). However, secure locations (for example, much
extended safari parks) or extensive rewilded areas may provide solutions here, but again,
only after extensive public consultation.

One of the most challenging factors in assisted migration is the fate of native species,
specifically the individual plants and animals that remain in their native regions. Would
assisted migration quicken their demise? Even if some specimens of a species are trans-
ported to locations/countries further north (or further south in the southern hemisphere),
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many other individuals of that species are left behind and at the mercy of the newly intro-
duced competitors and predators. This would raise many ethical issues. Perhaps again,
approaches along the lines of starting at the small scale and zoning off certain areas (e.g.,
providing specific sanctuaries for native species) could help lessen the impact on the species
being replaced, at least in the short term. There could be phased periods of introduction and
removals—allowing batches of individuals from a given area to be collected and moved,
before new competitors or predators moved in. This may preserve more individuals. But
the logistics of this would need careful consideration, and costs would increase.

4. Conclusions

Citizens need to embrace the likely changes climate change will bring and the implica-
tions for both human society and the natural world. The logical and most feasible route
away from a changing, warmer climate is to reduce human reliance on fossil fuels—and
whilst significant advances have been made in adopting renewable, sustainable ‘green’
energy sources, carbon dioxide and other greenhouse gas emissions remain too high. With-
out radical political action to curb these emissions, the climate will continue to warm,
making large landmasses unsuitable for the species that presently occupy them. Natural
migration rates are slow for some species and will be outpaced by the changing climate.
If such species and allied ecosystems are to survive, they will need to be transposed to
regions further north and south of the equator. Such assisted migration will be fraught
with pragmatic, political, and ethical problems, yet these need to be embraced and re-
solved if the planet’s biodiversity is to be secured. From a socio-political viewpoint, the
data from our questionnaire are noteworthy in that they suggest that introducing species
into new (non-native) regions is not discounted by the public. A large proportion of the
sample expressed concern about a changing climate and was open to introducing new
non-native plants and animals into urban green spaces. This was especially the case if the
plants and animals were deemed non-dangerous. Dialogue needs to commence about the
potential of parks and gardens to act as refuge ‘stepping stones’ for individual species and
communities, and their capacity to act as a platform for new and sustainable ecosystems
to be developed in both northern and southern latitudes. There is a responsibility on re-
searchers and policymakers to communicate more effectively the impacts of climate change
on global biodiversity and to raise the issues (pros and cons) around assisted migration.
The preliminary results reported here indicate that UK citizens are, in principle, prepared
to welcome non-native species into their home country, but further studies are required
to investigate this across broader demographic profiles and international audiences. The
wider components of assisted migration (e.g., costs, likely impacts to native flora and fauna,
land availability, balanced” species introductions, long-term sustainable populations, and
implications for agriculture and other land uses) need to be tested against both public
opinion and practical feasibility.
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