
Master thesis in Sustainable Development 2017/12 

Examensarbete i Hållbar utveckling 

Engineering Nature under Climate 

Change – Implications of Assisted 

Migration on Sustainable 

Development in Mountain Ranges 

Katelin Markcrow 

DEPARTMENT OF 

EARTH SCIENCES  

I N S T I T U T I O N E N  F Ö R  

G E O V E T E N S K A P E R  





Master thesis in Sustainable Development 2017/12 

Examensarbete i Hållbar utveckling 

    Engineering Nature under Climate Change 

– Implications of Assisted Migration on 

Sustainable Development in Mountain 

Ranges 

Katelin Markcrow 

  Supervisor: Torsten Krause 

Evaluator: Matthew Low 



Copyright © Katelin Markcrow and the Department of Earth Sciences, Uppsala University 

Published at Department of Earth Sciences, Uppsala University (www.geo.uu.se), Uppsala, 2017 



Content 

1 Introduction ........................................................................................................................................... 1 
1.1 Problem Background ........................................................................................................................... 3 
1.2 Problem ................................................................................................................................................ 3 
1.2.1 Research and Knowledge Gap .......................................................................................................... 4 
1.3 Sustainable Development ..................................................................................................................... 6 
1.4 Values, Morals and Ethics ................................................................................................................... 7 
2 Aim and Research Questions ............................................................................................................... 9 
3 Assisted Migration ................................................................................................................................ 10 
3.1 Definition ............................................................................................................................................. 10 
3.2 The Debate(s) Surrounding Assisted Migration .................................................................................. 10 
3.2.1 Invasive Species ................................................................................................................................ 10 
3.2.2 Definition and Terminology.............................................................................................................. 11 
3.2.3 Ethical Implication of Assisted Migration ........................................................................................ 11 
4 Methods .................................................................................................................................................. 13 
4.1 Literature Selection .............................................................................................................................. 13 
4.2 The Literature Review Process ............................................................................................................ 13 
4.3 Limitations ........................................................................................................................................... 14 
5 Results .................................................................................................................................................... 15 
5.1 Current State of Assisted Migration Research ..................................................................................... 15 
5.2 Current State of the Assisted Migration Debate .................................................................................. 16 
5.3 Which Species is the ‘Right’ Candidate? ............................................................................................. 18 
5.4 Assisted Migration and Mountain Ranges ........................................................................................... 19 
5.5 Research Theme Focus ........................................................................................................................ 21 
5.6 Geographic Location of Research ........................................................................................................ 26 
6 Discussion............................................................................................................................................... 24 
6.1 Interpretation of Results ....................................................................................................................... 24 
6.1.1 Current State of Assisted Migration Research and Debate ............................................................... 24 
6.1.2 Assisted Migration and Mountain Ranges ........................................................................................ 25 
6.1.3 Which Species is the ‘Right’ Candidate? .......................................................................................... 25 
6.1.4 Ethics and Assisted Migration .......................................................................................................... 26 
6.2 Assisted Migration for Sustainable Development................................................................................ 28 
7 Conclusion ............................................................................................................................................. 30 
7.1 Suggestions for Future Research.......................................................................................................... 30 
8 Acknowledgments ................................................................................................................................. 32 
9 References .............................................................................................................................................. 33 
10 Appendix .............................................................................................................................................. 44 

ii 



List of Figures 

Fig. 1: Map showing the change in global surface temperature from 1901-2012, based on a linear 
regression analysis of one dataset .............................................................................................................. 1 

Fig. 2: Current state of nine planetary boundaries, showcasing which ones has surpassed a safe operating 
space ........................................................................................................................................................... 2 

Fig. 3: An adaptation of the figure created by Hewitt et al., (2011), showing the number of published 
articles mentioning assisted migration from 1985 until 2011. From the literature review I carried out, 
articles mentioning assisted migration were added from 2012-2017, to show research on AM continues to 
increase ...................................................................................................................................................... 4 

Fig. 4: Three pillars of sustainable development in the form of weak sustainability (left) and strong 
sustainability (right) ................................................................................................................................... 7 

Fig. 5: Number of articles published each year, based on the literature used in the content analysis ....... 15 

Fig. 6: Shows the predominant study method used in analyzed literature ................................................ 16 

Fig. 7: The number of articles that focus on plants, animals or have no species focus. ............................ 18 

Fig. 8: Shows the predominant taxonomic group represented in reviewed literature .............................................. 19 

Fig. 9: The number of articles under different categories in AM research ................................................ 21 

Fig. 10: Geographic locations showing where research on assisted migration is taking place ................. 22 

Fig. 11: World map showing the geographic locations of articles where assisted migration research is 
occurring .................................................................................................................................................... 23 

List of Tables 

Table 1: An overview of different features of AM in scientific literature ................................................ 5 
Table 2: Shows an overview of the literature review process ................................................................... 13 
Table 3: Showing those generally supportive of AM, expressing major concern/opposition towards AM, 
or no clear position on AM ........................................................................................................................ 17 
Table 4: A summary of the key information extracted from the 6 articles that focus on assisted migration 
in mountain ranges ..................................................................................................................................... 20 

List of Abbreviations 

AM  Assisted Migration 
SD  Sustainable Development  
SDMs Species Distribution Models 

iii 



Engineering Nature under Climate Change – Implications of 
Assisted Migration on Sustainable Development in Mountain 
Ranges

KATELIN MARKCROW

Markcrow, K., 2017: Engineering Nature under Climate Change – Implications of Assisted Migration on 
Sustainable Development in Mountain Ranges. Master thesis in Sustainable Development at Uppsala University, 
No. 2017/12, 45 pp, 30 ECTS/hp 

Abstract: The Planet has entered a new epoch - the Anthropocene; where human activities, such as mining for and 
burning of fossil fuels, land-use change, and industrialization are actively disrupting the planet’s state. The rate at 
which climate change is occurring as a result of human activity is unprecedented in recent millennia and poses many 
threats through drastic changes in rain fall patterns, rising sea level, retreating glaciers, and an increase in extreme 
weather events. Mountain ranges and the plant and animal species that thrive in specific ‘life zones’ on the mountain 
slope are particularly vulnerable to the threats posed by climate change. As temperatures increase, these ‘life zones’ 
will essentially shift upwards - and flora and fauna either adapt to warmer conditions, or migrate to avoid extinction. 
This begs the questions, where will species retreat to when there is nowhere further up the mountain to migrate? 
Assisted migration has been proposed as a potential solution for species unable to adapt to climate change or unable 
to migrate, and involves the deliberate interference of humans in relocating species to habitats, outside their historic 
range, in hopes of preventing the species from going extinct.  

I examined key patterns within assisted migration research from peer-reviewed literature, to highlight the current 
state of assisted migration research and debate. My aim is to identify whether research favored certain species or 
geographic locations, to highlight the ethical dilemmas associated with engineering nature, and the potential assisted 
migration has for sustainable development in mountain ranges. I conducted a literature review and content analysis 
of 68 journal articles. The results suggest that assisted migration research is heavily debated from scientific, ethical, 
political and economic perspectives; with a largely theoretical debate and with limited transfer into field 
experiments. Furthermore, there is an element of bias in research focusing on plant species of economic value as 
opposed to other species. Moreover, many ethical dilemmas in assisted migration research exist, but no consensus as 
to whether assisted migration is ethically justifiable. Lastly, I suggest there could be potential for assisted migration 
for sustainable development in mountain ranges, however there is a need for inter/transdisciplinary research to 
collaborate in implementing assisted migration.  

Keywords: Sustainable development, assisted migration, climate change, biodiversity, mountain ranges, ethics, 
debate 
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Popular Summary: The rate at which climate change is occurring as a result of human activity is unprecedented in 
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practices (such as mining or deforestation) continue as they are, irreversible environmental changes will become a 
reality, with severe consequences for humanity and biodiversity as we know it. Mountain ranges are vulnerable to 
the threats posed by climate change, particularly the plant and animal species that thrive in specific ‘life zones’ on 
the mountain slope. As the temperature increases, these ‘life zones’ will essentially shift upwards - meaning plants 
and animals either adapt to warmer conditions, or migrate to avoid extinction. This begs the questions, where will 
species retreat to when there is nowhere further up the mountain to go? Assisted migration has been proposed as a 
potential solution for species unable to adapt to climate change, and involves the deliberate interference of humans 
in relocating species to habitats, outside their historic range, in hopes of preventing the extinction of particular 
species. 

I examined key patterns within assisted migration research from peer-reviewed literature, to highlight the current 
state of assisted migration research and debate, to identify whether research favored certain species or geographic 
locations, to highlight the ethical dilemmas associated with engineering nature and the potential assisted migration 
has for sustainable development in mountain ranges. I conducted a literature review and content analysis of 68 
journal articles, and found that assisted migration research is heavily debated from scientific, ethical, political and 
economic perspectives; with the debate largely theoretical and a limited transfer into field experiments. I found there 
to be an element of bias in research focusing on plant species of economic value as opposed to other species. 
Moreover, there are many ethical dilemmas in assisted migration research, but no consensus as to whether assisted 
migration is ethically justifiable. Lastly, I suggest there could be potential for assisted migration for sustainable 
development in mountain ranges, however there is a need for different disciplines to collaborate together in 
implementing assisted migration. 
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1. Introduction

The planet has entered a new epoch - the Anthropocene; where human activities, such as mining for and 
burning of fossil fuels, land use change, deforestation, and industrialization are actively disrupting the 
Planet’s state (Trenberth et al., 2007; Steffen et al., 2015). While climate change itself is not an 
unprecedented phenomenon, the rate at which it is occurring as a result of human activity is 
unprecedented in recent decades (Steffen et al., 2015). Observations of the effect fossil fuels have on the 
planet date back to the early 19th Century, where the natural Greenhouse Effect was first described by 
French scientist, Joseph Fourier, in 1824 (Fourier, 1824). It was not until the late 19th Century that the 
Greenhouse Effect was proven by Swedish scientist, Svante Arrhenius in 1896 (Arrhenius, 1896). It is 
now widely accepted that climate change is caused by an accumulation of greenhouse gases (in particular 
carbon dioxide) in the atmosphere, which has subsequently increased the surface temperature at a global 
scale and is predicted to continue increasing unless widespread action is taken (Fig. 1) (IPCC, 2013). 

Fig. 1. Map showing the change in global surface temperature from 1901-2012, based on a linear regression analysis 
of one dataset (IPCC, 2013). 

Climate change is projected to increase the surface temperature by 2 degrees Celsius to possibly beyond 4 
degrees Celsius based on pre-industrial levels by 2100, if human activities are not reduced (IPCC, 2014). 
This bringing with it a cascade of consequences, for example - changes in precipitation, rising sea levels, 
melting ice caps and retreating glaciers, and an increase in extreme weather events (e.g. storms, flooding, 
storm surges, drought, landslides, fires, etc.) (IPCC, 2014). The consequences will have varying effects 
on different continents and regions. For instance, in Europe according to observations reported in the 5th 
Assessment Report by the IPCC (Kovats et al., 2014; IPCC, 2014), the average temperature has been 
increasing, with severity of warming depending on the region and season. Climate models provide 
significant support in warming scenarios, predicting an increase in magnitude and rate of warming 
throughout Europe, with Southern Europe experiencing the strongest warming during summer, and 
Northern Europe experiencing the strongest warming during winter (Goodess et al., 2009; Kjellström et 
al., 2011). In addition, recent projections for Europe mark an increase in climate extremes, such as 
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droughts, heat waves and increases in heavy precipitation events (Lenderink & Van Meijgaard, 2008; 
Nikulin et al., 2011; van den Besselaar et al., 2013), which can result in more rainfall and therefore less 
snowfall in mountainous regions (Steger et al., 2013). If destructive practices (such as mining or 
deforestation) continue as they are, the Earth will gradually approach a point of no return, a point where 
irreversible environmental changes will become a reality, with severe impacts for humanity (Rockström et 
al., 2009).  
 
According to a study published by Rockström et al. (2009) and recently updated in 2015 (Steffen et al., 
2015), nine planetary boundaries have been identified; climate change, biosphere integrity (previously, 
rate of biodiversity loss), ocean acidification, novel entities (previously, chemical pollution), atmospheric 
aerosol loading, stratospheric ozone depletion, biogeochemical flows (nitrogen and phosphorus), fresh 
water use (previously, global fresh water), and land system change. These boundaries outline a safe 
operating space for humanity while considering the fundamental functions of the planetary system. Of the 
nine boundaries, three have already surpassed a safe operating space, with biodiversity integrity and the 
nitrogen cycle reaching the high risk zone and climate change entering an increasing risk zone (Fig. 
2)(Rockström et al., 2009; Steffen et al., 2015).   
 

 
 

Fig. 2. Current state of nine planetary boundaries, showcasing which ones has surpassed a safe operating space 
(Steffen et al., 2015). 

 
The biodiversity integrity boundary surpassing a safe operating space comes as no surprise when looking 
at humanities history. Biodiversity is defined by the Convention of Biological Diversity (CBD) as, “the 
variability among living organisms from all sources including, inter alia, terrestrial, marine, and other 
aquatic ecosystems and the ecological complexes of which they are a part; this includes diversity within 
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species and of ecosystems”1. Losses in biodiversity at current rates represent the sixth mass extinction in 
Earth’s history (Chapin et al., 2000; Johnson et al., 2017). The devastating and permanent impacts of 
previous mass extinctions (for example, the extinction of dinosaurs) showcase just how the repercussions 
of biodiversity loss on vital ecosystem functions (Folke et al., 2004) and the ability of ecosystems to 
withstand disturbances such as disease or climate change (Rockström et al., 2009). Of known 
biodiversity, 25% is under threat of extinction by land-use change, species introductions, and more 
recently anthropogenic climate change (Rockström et al., 2009). Climate change, already affecting 
biodiversity, has the potential to exacerbate biodiversity loss, particularly in vulnerable ecosystems that 
rely heavily on specific conditions, for instance, in mountainous regions (Convention of Biological 
Diversity, UNEP, 2007; IUCN, 2016). Mountain region biodiversity combined amount to approximately 
half the globe’s known biodiversity hotspots, where 20% of the 4000 key biodiversity areas are officially 
protected, with many species on the IUCN Red List of Threatened Species2  (IUCN, 2016). Rare species 
are often characterized by low population size and restricted geographic distribution, and are particularly 
vulnerable to climate change, overexploitation, habitat destruction, and competition with invasive species 
(Mouillot et al., 2013).  
 
1.1. Problem Background  
 
Generally speaking, mountains are one of the most vulnerable environments on Earth (Diaz et al., 2003), 
containing vital water resources, ecosystem services and rich biological diversity, of which many flora, 
fauna and ecosystems are endemic (Korner, 2004; Woodwell, 2004; Viviroli & Weingartner, 2004). 
Containing approximately 13% of the world’s population (UNGA, 2016) and 25% of the world’s 
biodiversity (Nogués-Bravo et al., 2007; Spehn et al., 2010), mountains play a critical role for those who 
rely on them for freshwater, food and economic security through tourism, and agriculture (Nogués-Bravo 
et al., 2007; Spehn et al., 2010). Mountains face many pressures from the destructive activities mentioned 
above, with climate change posing an additional threat, having the potential to alter species distribution, 
hydrological cycles, promote glacial melting and reduce biodiversity (Nogués-Bravo et al., 2007); which 
in turn impacts the people relying on them.  
 
1.2. Problem 
  
In many mountainous regions, humans are directly dependent on the biodiversity within ecosystems and 
the services they provide to sustain human life and wellbeing, which is under threat from anthropogenic 
climate change. Many plant and animal species that inhabit mountain ranges thrive in ecosystems that 
have very specific conditions. With expected temperature increases, different ‘life zones’ on the mountain 
slope will essentially shift upwards - meaning flora and fauna either adapt to warmer conditions, or 
migrate to avoid extinction (Spehn et al., 2010). This begs the questions, where will species retreat to 
when there is nowhere further up the mountain to go? A potential solution, which I will critically analyze 
throughout my thesis, is Assisted Migration (AM). AM is a form of ‘nature engineering’ of species that 
are unable to adapt to climate change, given the rate of change over a relatively short time frame. It 
involves the deliberate interference of humans in relocating species to habitats, outside their historic 
range, in hopes of reestablishing the population to prevent the species from becoming extinct (Hewitt et 
al., 2011). 
 

1 See CBD Article 2. (http://www.cbd.int/)   

2 An advanced search carried out on the IUCN Red List of Threatened Species found of the assessed plant and 
animal species in rocky areas (i.e. inland cliffs or mountain peaks), 222 are threatened (either vulnerable, 
endangered, or critically endangered) directly from climate change and severe weather (Appendix A).  
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1.2.1. Research and Knowledge Gap  
 
Peters and Darling put the idea of AM forth in 1985, however the idea remained fairly absent from 
scientific literature up until 2007, when journal articles referring to AM peaked (Fig. 3) (Hewitt et al., 
2011, p. 2561).  
 

 
Fig. 3. An adaptation of the figure created by Hewitt et al., (2011), showing the number of published articles 
mentioning assisted migration from 1985 until 2011. From the literature review I carried out, articles mentioning 
assisted migration were added from 2012-2017, to show research on AM continues to increase. 
 
Since 2007, according to Fig. 3, over 150 articles on assisted migration have been published covering 
diverse aspects of AM (see Table 1 for explanation). However, of the available literature, very few focus 
on the application of assisted migration in mountain ranges. By identifying key patterns in the literature 
(i.e. species focus, arguments for/against AM, geographic location of studies etc.), I provide insights into 
assisted migration research and highlight the potential AM has in mountain ranges, as well as the 
potential implications of AM for sustainable development. 
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Table 1. An overview of different features of AM in scientific literature 
 

Features of 
AM 

Details Main Conclusions References 
Ethics Ethical/moral dilemmas and 

questions surrounding AM. 
Particular focus on views, 
values and perspectives of 
AM, as well as the value of 
species/ecosystems  

Clear values and objectives of AM need to 
be established; analyzing the ethical/value 
questions of species can help identify a AM 
candidate; there is risk and scientific 
uncertainty of ethical questions surrounding 
AM 

E.g. Sandler, 2010; Aubin 
et al., 2011; Albrecht et 
al., 2013; Ahteensuu & 
Lehvävirta, 2014; Palmer 
& Larson, 2014; Maier & 
Simberloff, 2016. 

Species 
Distribution 
Models 
(SDMs) 

Identify potential candidate 
species for AM or suitable 
habitats for species under 
climate change 

SDMs can provide insight for decision 
making processes; SDMs can identify 
whether a species could introduce 
disease/pathogens, competition or 
interbreeding; SDMs can be used to 
identify whether current habitats are 
suitable under the threat of climate change, 
however the uncertainty associated with 
SDMs is often noted. 

E.g. Ogawa-Onishi et al., 
2010; Payne & Jorgensen, 
2016; Hällfors et al., 
2016. 

Decision 
Framework 

Researches developing 
decision frameworks for AM, 
with focus on policy, ‘to AM 
or not to AM?’, and questions 
relating to where a species 
should be moved to, which 
species are candidates etc. 

AM should be addressed by policy makers, 
scientists and managers; frameworks can 
also identify which species would benefit 
from different conservation techniques (e.g. 
seed banks); frameworks can be broadly 
applied to support many habitats, such as 
mountainous areas; decision frameworks 
can complement existing guidelines and 
decision making processes. 

E.g. McLachlan et al., 
2007; Hewitt et al., 2011; 
Rout et al., 2013; 
Ferrarini et al., 2016; 
Payne & Jorgensen, 2016; 
Hällfors et al., 2017. 

Literature 
Review 

Literature reviews offering an 
overview of the assisted 
migration debate, and the 
various definitions and terms 
used, as well as 
commentary/reviews of AM. 

The numerous definitions and terms used in 
AM is a hindrance as it can create 
confusion in discussions; the AM debate is 
unlikely to be resolved by science alone, as 
a large portion of the debate surrounds the 
governance and control of AM; there is 
great uncertainty of species biology and 
ecology which impedes the acceptance of 
AM, as well as the risk a species could 
become invasive or bring disease/pathogens 
at the recipient site and the high cost 
associated with it. 

E.g. Hewitt et al., 2011; 
Klenk & Larson, 2013; 
Hancock & Gallagher, 
2014; Hällfors et al., 
2014. 

Field 
Experiments 
or Case 
Studies 

Case studies of AM in 
practice. All case studies 
focused on plant species, with 
2 of 3 case studies focusing on 
mountain ranges 

In many cases, AM was found to be a 
viable conservation option under the threat 
of climate change; through case studies, the 
techniques and results can contribute to 
existing scientific guidelines; case studies 
are critical for assessing the use of SDMs 
as conservation tools. 

E.g. Liu et al., 2012; 
McLane & Aitken, 2012; 
Castellanos-Acuña et al., 
2014. 
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1.3. Sustainable Development  
 
The term Sustainable Development (SD) became prominent in the late 1980s. The United Nations World 
Commission on Environment and Development (WCED) produced a report titled Our Common Future in 
1987 The report was put forth as a call for global action against destructive practices and to aim for a new 
era of economic growth that is both environmentally and socially sustainable. The authors, also known as 
the Brundtland Commission define SD as (WCED, 1987, p. 41): 
 

 “… development that meets the needs of the present generation without compromising the ability of 
future generations to meet their own needs.”  

 
Our Common Future, put the term sustainable development on the center stage and within five years of 
publishing it, 70 variations of the original definition were identified in the literature; with each definition 
interpreted differently based on what is to be sustained, the timeline and what is to be developed 
(Holmberg & Sandbrook, 1992). The definition was perhaps broad on purpose for its adaptability to 
different disciplines (i.e. social, economic, environmental, political etc.); however, it has been criticized 
for being vague and an oxymoron (i.e. increasing economic growth while sustaining the environment) 
(Robinson, 2004). Despite criticism, the term sustainable development has become a global ‘benchmark’ 
and is often represented by the ‘three pillars’ of sustainable development - economic, environment and 
social. Stating the economic, social and environmental aspects as ‘pillars’ implies that each pillar is given 
equal weight and importance when striving for sustainable development; however, this is not the case, 
with each being viewed differently based on the values and motivations of those interpreting it. This 
difference of opinion, which is evident by the number of definitions, illustrations and perspectives of SD, 
has sparked discussion within the sustainability discourse of ‘weak’ versus ‘strong’ versus ‘absurdly 
strong’ sustainability (Wu, 2013).  
 
Those with a weak sustainability position aim to merge the environment (i.e. minerals, ecosystems etc.) 
and economic growth and share a view where activities are sustainable as long as economic growth is 
increased or maintained (Wu, 2013)(Fig. 4). This view is prominent, particularly among neoclassical 
economists. However many environmental and social scientists consider that position unsustainable 
(Ekins & Simon 1999; Ekins et al., 2003; Wu, 2013; Huang et al., 2015). On the other end of the 
spectrum is absurdly strong sustainability, which argues from a position where environmental protection 
is of the utmost importance and nature should not be substituted, even where it can be (Holland, 1997). 
Daly (1995), interprets absurdly strong sustainability saying it essentially implies, “no species could ever 
go extinct, nor any nonrenewable resource should ever be taken from the ground, no matter how many 
people are starving”. Both weak and absurdly strong sustainability appear extreme, and with the need to 
find middle ground, strong sustainability entered the conversation. Strong sustainability stands from the 
position where economic activities are embedded within the social sphere, and both are constrained by the 
environment. In other words, all three pillars (economic, social and environment) aim to be 
complimentary, rather than substitutes (Fig. 4) (Daly, 1995). 
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Fig. 4. Three pillars of sustainable development in the form of weak sustainability (left) and strong sustainability 
(right) (Amitrano, 2009). 

 
Reaching sustainability will not be an easy undertaking due to the complexity and interconnectedness of 
issues it can be related to and the varying perspectives (weak, strong, absurdly strong etc.) on how to best 
‘solve’ an issue. For example, anthropogenic climate change is a global sustainability issue and due to its 
complexity, the solutions suggested are equally complex. For instance, climate change threatens 
biodiversity, where assisted migration has been proposed as a way to mitigate the threat posed by climate 
change on species unable to adapt or migrate themselves. While some see this as a scientifically sound 
option, others strongly disagree, leading to debate within the scientific community since the inception of 
AM more than 30 years ago.  
 
1.4. Values, Morals and Ethics  
 
There is a need to differentiate between values, morals and ethics, as these terms are often used 
interchangeably and while they are related, there are important distinctions that differentiate them. In a 
nutshell, values are the foundation of morals and ethical reflection and are an indication of what a person 
deems important or worthwhile. This is often influenced by culture, social background, family, religion, 
gender etc., and guides the actions of an individual (e.g. “life is precious”). Morals manifest themselves in 
a person’s behavior, or are codes of conduct that determine ones behavior, with the values of a person 
reflected in their actions or practices (i.e. based on the value that “life is precious”, a moral code would be 
“one should not kill”) (Redekop, 2017). Ethics is based on a rational approach to identify the appropriate 
course of action when faced with opposing choices, and is influenced by what is believed right or wrong, 
and whether certain actions are truly right or wrong given the information available. An example of an 
ethical dilemma, is if “life is precious” and “one should not kill”, can capital punishment be justifiable? 
(Kibert et al., 2011; Public Research Centre, 2011).  
 
To analyze an ethical dilemma, there are numerous ethical theories and perspectives that can be applied to 
a situation. However, for the purpose of this thesis only two theories will be outlined – Kantian and 
Bentham. Immanuel Kant (1724-1804) coined Deontology ethics, which stems from the Greek word 
deon, meaning ‘duty’. It is concerned with what people do, in that the action itself upholds correct rules or 
duties, the consequences of the action are irrelevant when making moral based decisions (Kibert et al., 
2011). In other words, acts are right or wrong and people have a duty to act accordingly, regardless of the 
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potential consequences. In contrast to deontological ethics, which also expands to include rights theory, is 
consequentialist/teleological ethics. This ethical theory stems from the Greek word telos, meaning ‘end’ 
and stands on the premise that the morality of actions are based on the consequences of a behavior. In 
other words, the outcome of a particular action is the focus rather than whether or not the person acts out 
of duty or rules. The most prominent model to come from consequentialist ethics theory is Utilitarianism, 
which was founded by philosopher Jeremy Bentham (1748-1832) and John Stuart Mills (1806-1873) 
(Kibert et al., 2011). Utilitarianism claims the goal of ethics is to create the greatest good for as many 
people as possible, with ‘good’ referring particularly to happiness in the context of pleasure (hedonistic). 
Mills expanded the work of Bentham, by diverging from happiness as the main goal and claimed there 
were higher forms of pleasure (i.e. intellectual) and lower forms of pleasure (i.e. sensual), and that higher 
pleasures are paramount to lower pleasures. This is in stark contrast to deontological ethics, with rights 
theorists pointing out these actions would be morally questionable, particularly for minority groups, as 
they could be justified in their positive outcome for majority groups. In relation to sustainability, many 
approaches follow utilitarian models, in the sense that selected goods (social, economic and/or 
environmental) are maximized for the largest groups of individuals, negating the need to identify ethical 
foundation (Kibert et al., 2011). In saying this, that would likely depend on the perspective of persons 
approaching sustainability, as there are those who approach sustainability from a strong sustainability 
perspective and reject the notion of ecosystem services all together, on the basis that it is largely a 
utilitarian perspective.  
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2. Aim and Research Questions 
 
The aim of my thesis is to identify key patterns within assisted migration research from peer-reviewed 
literature. A main objective is to not only focus on the history of assisted migration and how the concept 
has evolved but to see whether research favors certain species or geographic locations, what ethical 
dilemmas associated with engineering nature exist, and the implications assisted migration has for 
sustainable development. To achieve this aim, the following research questions will guide the research: 
 

• What is the current state of AM research? (I.e. publication trends, prominent study methods used, 
how has the debate progressed?)  

● How is AM carried out in mountain ranges? 
● To what extent is AM research biased in relation to which species is the ‘right’ candidate(s) for 

assisted migration? (I.e. flora vs. fauna, ‘survival of the cutest’). 
● What are the ethical implications of human intervention?  
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3.  Assisted Migration  
 
In this chapter I will present the definition of AM I use and continue to outline the key aspects of the 
debate surrounding AM. The three main aspects outlined relate to concerns that a species will become 
invasive in the recipient site, the numerous definitions and terminologies used in AM research which are 
argued to be a hindrance to AM application, and lastly the ethical implication of AM.   
 
3.1. Definition  

 
Peters & Darling (1985) coined the idea of Assisted Migration (AM) in 1985, as a potential management 
option for species threatened by climate change. They stated that preventing global warming would be the 
most effective response to conserve species. However acknowledging the complexity of this, Peters & 
Darling (1985) suggested maintaining certain conditions within a reserve could conserve some species; 
and if that were unsuccessful then some species may need to be transferred to new reserves. A decade 
later, the idea had numerous terms, such as human-assisted dispersal (Taylor & Hamilton, 1994), assisted 
migration (Whitlock & Milspaugh, 2001), assisted colonization (Holmes, 2007), managed relocation 
(Richardson et al., 2009), and assisted gene flow (Aitken & Whitlock, 2013). More recently, a study by 
Hällfors et al. (2014) found there to be 40 different terms for the idea after reviewing 868 journal articles, 
while also offering their own definition of assisted migration.  
 
Thus numerous terms emerged from the original idea, of which all are interpreted differently, there is a 
need to identify which definition of AM will be referenced in my thesis. While Peters & Darling did not 
coin the term assisted migration, their description can be interpreted as the intentional relocation of 
species outside their historic range to mitigate the actual or potential threat posed by anthropogenic 
climate change (Hewitt et al., 2011). I refer to this definition throughout my thesis as opposed to referring 
to numerous terms (i.e. synonyms) and definitions, as this would not fit the scope of this thesis. However, 
I acknowledge that focusing on one term and definition could restrict the method and exclude literature 
that essentially describe AM projects, but use a similar term.  
 
3.2. The Debate(s) Surrounding Assisted Migration  
 
3.2.1. Invasive Species  
 
Since the inception of AM in 1985 it has created controversy within the scientific community; particularly 
between conservationists who argue traditional techniques are sufficient in preventing biodiversity loss 
under climate change and those pushing for assisted migration as a means to manage and mitigate the 
effects of climate change (Hayward, 2009; Hagerman et al., 2010;). The debate began with this 
indifference, which brought about conflicting conservation objectives; for example, by moving one 
species outside its historic range to prevent extinction of that species, but in turn potentially putting an 
entire ecosystem at risk of the species becoming invasive, introducing diseases/pathogens, interrupting 
competition in the recipient site, or interbreeding (Schwartz, 1994; Gunn et al., 2009; Ricciardi & 
Simberloff, 2009; Ogawa-Onishi et al., 2010; Aubin et al., 2011). On the other hand some argue 
traditional conservation techniques are not adequate in addressing the issue alone and instead require 
risky and innovative techniques, such as assisted migration to mitigate and manage the effects of climate 
change (Heller & Zavaleta, 2009; Hunter et al., 2010).  
 
The risk that a species may become invasive is one of the main concerns associated with AM under 
climate change (Mueller & Hellmann, 2008; Ricciardi & Simberloff, 2009; Vitt et al., 2010). However, it 
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is argued that there is potential for AM species to control invasive species populations, which are 
expected to increase under climate change (IPCC, 2007; Walther et al., 2009). While Walther et al. 
(2009), acknowledge the threat of invasive species and do not negate the need to have measurements in 
place to mitigate potential consequences; they argue with ever-changing ecosystems and habitat structure 
under climate change, ‘new’ species could enrich biodiversity and potentially restore or maintain 
ecosystem functionality. Moreover, some species are less likely to become invasive in comparison to 
others due to a combination of factors. For instance, Palmer & Larson (2014), are in favor of the assisted 
migration of Whitebark Pine, a keystone species in the US, that provides an essential food source for 
montane species (e.g. grizzly bears), regulates runoff and enables the foundation of other species to 
germinate and grow by providing certain conditions at higher altitudes. Palmer & Larson (2014) argue 
against concerns the species would become invasive on the grounds that it has a slow reproductive 
maturation, its habitat specificity and poor competitiveness in comparison to other plant species. While 
some species are more or less likely to become invasive, scholars that share concerns are not unwarranted 
when considering the uncertainty/unpredictability of species introduced and the many examples of species 
introduced for one reason (as a biological control, for example) but then wreaked havoc on ecosystems 
resulting in high costs for mitigating the consequences (Ricciardi & Simberloff, 2009).  
 
3.2.2. Definition and Terminology  
 
The number of articles on assisted migration has increased since 2007 (Hewitt et al., 2011), and 
researchers use various terms and definitions when referring to AM (i.e. assisted colonization, 
translocation, assisted range expansion, managed relocation, etc.). The diversity of definitions and terms 
in the scientific literature indicates AM research is becoming prominent, however the inconsistency 
among definitions and terms used is argued to be a hindrance; particularly in relation to scientific 
discussion surrounding AM, decision making processes, and AM application in policy and law (Peters, 
1991; Shrader-Frechette, 1993; Regan, 2002; Jax, 2006; Hällfors et al., 2014). Articulating the definition 
and terms used in AM is necessary for application, but could it be counterproductive? If the definition 
were too specific, it could exclude disciplines that would likely need to be involved in its application; for 
example, if the definition of assisted migration was specific from a biological aspect, could it exclude 
disciplines from a political/legal/social perspective? Likewise if the definition were too broad could it 
include and apply to literally everything, rendering it meaningless?  

3.2.3. Ethical Implications of Assisted Migration 
 
AM is a multifaceted issue with the ethical aspects heavily debated in the literature, as it raises questions, 
which have scientific, economic, political and social implications (see, Minter & Collin, 2010; Albrecht et 
al., 2013; Ahteensuu & Lehvävirta, 2014; Maier & Simberloff, 2016; Neff & Carroll, 2016).  
 
Assisted migration has been proposed and framed as a means to prevent biodiversity loss under the threat 
of climate change (Peters & Darling, 1985; Palmer & Larson, 2014); however, framing AM in this light 
has been heavily criticized by Maier & Simberloff (2016). They argue that labeling AM as a way of 
saving biodiversity, negates moral questions surrounding the justification of relocating a handpicked 
number of organisms to a new ecosystem. Moreover, they refute advocates who argue AM would save 
biodiversity on the basis of utilitarian reasoning (i.e. ecosystem services), stating the majority of species 
would be excluded from this criteria, including rare and endangered species. Maier & Simberloff (2016), 
also touch upon the public response to AM, stating the public would likely favor “charismatic” animals, 
and oversee many plant species (such as fungi or bacteria) or species perceived as threatening; and if the 
aim of AM is to save biodiversity, then it is unlikely those species if selected based on scientific 
reliability and impartial moral justification would be favored in the economic and public eye.  
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From a generalist perspective, there are two options for species threatened by climate change: adapt or 
face extinction. Before even getting to the ethical issues surrounding AM, it could be argued it is negating 
the actual issue (being global warming) and the larger normative, political and economic questions it 
raises (Minter & Collins, 2010). Nevertheless, AM has been proposed as a potential solution to some 
effects of anthropogenic climate change which has sparked a fierce ethical debate - whether to take action 
through AM at the risk of introduced species disrupting the recipient ecosystem, versus taking no action 
with the possibility that species becomes extinct (McLachlan et al., 2007). The decision to take action 
raises many questions that need to be asked, for example (Minter & Collins, 2010): 
 

● What criteria should be used when identifying candidate species? 
● Who should make decisions surrounding AM and who manages the relocation? 
● How involved should the public be and should decision-making processes be open to the public? 
● What is the motive behind AM? Is it to save a species from anthropogenic climate change (i.e. 

Kantian – virtue/duty based ethics) or is it to maintain ecosystem services (Bentham – 
utilitarian/consequentialist)?  

 
The questions above are necessary, but still do not address whether AM should be carried out. Minteer & 
Collins (2010), suggest the need to shift from traditional preservation and conversation to more risky and 
interventionist techniques, such as AM in order to save species under climate change; however, Albrecht 
et al. (2013) point out that there is a fine line between this view and the hubris thinking that humans can 
manipulate, restructure and govern nature (Vitt et al., 2010), which in the past has led to an exploitative 
and authoritarian relationship with nature. 
 
The number of questions related to taking action with AM are endless and conclude suggesting further 
research is needed to fill gaps in knowledge (Schlaepfer et al., 2009; Hewitt et al., 2011; Miller et al., 
2012). Reducing scientific uncertainty in relation to AM is necessary and may dissipate the debate 
surrounding the issue. Nevertheless, the ‘further research’ argument is often paired with inaction, 
implying support of the status quo, which may have consequences that need to be included in an ethical 
evaluation of AM. For instance, from a political standpoint decisions may be needed before scientific 
consensus are available on assisted migration, which could subsequently result in a situation where 
climate change has reached a threshold and many species have become extinct (Ahteensuu & Lehvavirta, 
2014). Likewise, action could be taken through AM and potentially cause destruction to the recipient site 
(Ahteensuu & Lehvavirta, 2014). This tug-of-war between the risks associated with action versus inaction 
has led to AM being labeled as the lesser of two evils. This is heavily criticized by Maier & Simberloff, 
(2016), who argue referring to AM as the lesser of two evils is based off this ‘state of emergency’ logic, 
in which we are in a ‘crisis’ and must choose between dichotomous choices. The choices being either a) 
species face extinction unless AM is pursued and b) “saving biodiversity” through AM is better than 
converting natural ecosystems into engineered ecosystems. Maier & Simberloff (2016), continue to state 
both options are false and restrictive, given there are other choices to conserve species aside from AM and 
there is little reason to believe even the most elaborate AM program could “save biodiversity” when that 
claim would only refer to a specific few species. 
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4. Methods  
 
I collected data through a literature review using a search string in 3 databases (Appendix B): Scopus, 
Web of Science and ScienceDirect. A qualitative content analysis of literature was carried out, which is 
loosely based on the approach of Newig et al. (2009) and more recently Luederitz et al. (2015).  
 
4.1. Literature Selection 
 
The search string resulted in a total of 105 articles from the three databases. Once the initial literature 
pool was established, relevant articles were identified from the data pool based on a set of criteria, which 
included: 
 

1. A focus on assisted migration 
2. A focus on assisted migration in the context of mountain ranges 
3. What species (plant or animal) is the focus of assisted migration research and/or case studies 
4. The ethical considerations that surround assisted migration research and/or case studies 

 
Of the 105 articles, 37 were discarded as they did not suit the criteria, resulting in 68 articles that were 
used for content analysis (see Table 2 for explanation). 
 
4.2. The Literature Review Process 
 
Table 2. An overview of the literature review process. 
 

Steps Procedure Outcome 
1. Create 
Literature Pool 

A search string (Appendix B) was carried out on 3 databases: 
Scopus, Web of Science and ScienceDirect 

105 articles were 
collected (excluding 
duplicate articles). 

2. Literature 
Screening 

The title, abstract and keywords of the 105 articles were 
screened using the selection criteria as guiding questions: 

● Did the article focus on AM? 
● Did the article mention mountain ranges? 
● Did the article focus on a specific species? 
● Did the article mention ethical implications of AM? 

37 articles were 
discarded. 

3. Content 
Analysis 

The remaining 68 articles were read in their entirety, with key 
information entered into an excel sheet; the title, author, year, 
species focus, AM technique, author(s) position on AM, 
whether ethical aspects were mentioned and key quotes from 
each article. 

The content of 68 
articles were 
analyzed.  
 

4. Interpretation Information entered in the excel sheet was used to identify key 
patterns in the papers analyzed, which are graphically 
represented. 

See results in section 
5. 
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4.3. Limitations 
 

As I am the only person reviewing literature and interpreting the results there could be bias within the 
results, depending on my opinion of assisted migration and any preexisting assumptions I have related to 
the topic. For instance, I started this thesis with no knowledge on assisted migration, having never heard 
of the term. However, my background is in wildlife biology and so my initial thoughts on assisted 
migration were in line with concerns raised by conservation biologists (i.e. what if the species become 
invasive?). On the other hand, a counter thought I had was ‘where will species in mountain slopes retreat 
to when there is nowhere up the mountain to go?’ It is objectivity versus subjectivity, though I think 
author bias to some extent is unavoidable. An attempt to reduce any bias, I increased my own knowledge 
and understanding of the various viewpoints, perspectives, and arguments in assisted migration research, I 
have a more strengthened and informed standpoint of the complexities of assisted migration that in turn 
reduces assumptions and generalizations. 
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5. Results 
 
In this chapter, results of the content analysis of 68 journal articles are presented. Key patterns in the 
literature are highlighted, with particular focus on the current state of assisted migration research, species 
focus, theme focus (i.e. ethics, science, economy, policy etc.), geographic location, researches stance on 
AM, and the predominant arguments behind ones opinion on AM. 
 
5.1. Current State of Assisted Migration Research 
 
Fig. 5 below represents the 68 journal articles used in the content analysis and indicates a steady increase 
in the number of articles published in relation to AM research since 2007. In addition, the majority of 
papers have been published recently, with almost half of the articles (32) being published in the last 3 
years.  
 

 
Fig. 5. Number of articles published each year, based on the literature used in the content analysis. 

 
Each article was categorized according to the main study method used: review/opinion, models, 
interviews, field experiments, case studies, frameworks and surveys (Fig. 6). Of the 68 articles analyzed, 
reviews/opinion accounted for almost half, representing 48.5% (33), followed by models (i.e. species 
distribution models, climate models etc.) with 16.2% (11). Interviews and field experiments accounted for 
8.8% (6) respectively, followed by case studies and frameworks at 7.4% (5) respectively, and lastly 
surveys representing 2.9% (2).  
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Fig. 6. Shows the predominant study method used in analyzed literature 

 
5.2. Current State of the Assisted Migration Debate  
 
Overall, of the 68 articles reviewed in the content analysis, 54.41% (37) were generally supportive of 
assisted migration, 22.06% (15) raised major concern or opposed AM and 23.53% (16) had no clear 
position or it was not applicable (N/A) (Table 3). Those who are generally supportive were determined by 
different factors, for example, authors stating AM could be a viable strategy and benefit species (e.g. Vitt 
et al., 2010; Thomas, 2011; Liu et al., 2010); or using models, one could identify whether a species would 
benefit from AM (e.g. Hällfors et al., 2016; Ogawa-Onishi et al., 2010). Those who expressed major 
concern or opposed assisted migration were determined by explicitly stating concerns or opposition on the 
grounds of a lack of empirical evidence, ethical grounds or the risk of species becoming invasive (e.g. 
Loss et al., 2011; Sandler, 2010; Ricciardi & Simberloff, 2009).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
16 

 



Table 3. Presenting the main conclusion and associated literature generally supportive of AM, expressing 
major concern/opposition towards AM, or no clear position on AM.  
 

Stance on 
AM 

Main Conclusion(s) References Percentage  
(n = 68) 

Generally 
Supportive 
of AM 

● Decision frameworks are utilized to 
identify the potential need of AM, 
particularly in relation to policy 

● Models (e.g. SDMs) are used to 
identify candidate species, suitable 
habitats and the potential AM has 
as a conservation tool 

● Field experiments indicate AM as a 
viable strategy, particularly for 
species with limited dispersal 
abilities (such as plants) 

● Integrate traditional conservation 
techniques (e.g. corridors, 
restoration ecology) with assisted 
migration 

● AM is a viable option for keystone 
species, and in forest management 

● Risks and uncertainty in AM 
research is noted with a push for 
field experiments 

 

McLachlan et al., 2007; Mueller & Hellmann, 
2008; Caroll et al., 2009; Svenning et al., 
2009; Ogawa-Onishi et al., 2010; Seddon, 
2010; Vitt et al., 2010; Morueta-Holme et al., 
2010; Thomas, 2011; Ste-Marue et al., 2011; 
Gray et al., 2011; Kreyling et al., 2011; Liu et 
al., 2012; McLane & Aitken, 2012; Pedlar et 
al., 2012; Miller et al., 2012; Mekasha et al., 
2013; Albrecht et al., 2013; Lunt et al., 2013; 
Rout et al., 2013; Williams & Dumroese, 
2013; Chauvenet  et al., 2013; Ahteensuu & 
Lehvävirta, 2014; Castellanos-Acuña, 2014; 
Homburg et al., 2014; Palmer & Larson, 2014; 
Wilkening et al., 2015; Gallagher et al., 2015; 
Xiao et al., 2015; Benito-Garzon & 
Fernándex-Manjarrés, 2015; Heikkinen et al., 
2015; Sansilvestri et al., 2015; Hällfors et al., 
2016; Martin-Alcon et al., 2016; Fontaine & 
Larson, 2016; Vitt et al., 2016; Hällfors & 
Schulman, 2017 

54.41% 
(37) 

Major 
Concern or 
Oppose 
AM 

● High risk of species becoming 
invasive/introducing disease 

● AM lacks theory/empirical 
evidence 

● Scientific uncertainty  
● AM as a last resort with rigorous 

evaluation of potential candidate 
species  

● AM should have at most, a minor 
role as a conservation tool  

● The debate is predominantly 
scientific and needs to shift to 
policy/public 

● Traditional conservation techniques 
are preferred 

Ricciardi & Simberloff, 2009; Sandler, 2010 
Loss et al., 2011; Lawler & Olden, 2011; 
Frascaria-Lacoste & Fernández-Manjarrés, 
2012; Chauvenet et al., 2012; Benito-Garzón 
et al., 2013; Hancock & Gallagher, 2014; 
Hagerman & Satterfield, 2014; Maier & 
Simberloff, 2016; Christmas et al., 2016; 
Payne & Bro-Jørgensen, 2016; Ferrarini et al., 
2016; Pykälä, 2016; Bucharova, 2017 
 

22.06% 
(15) 

No Clear 
Position or 
N/A  

● Commentary on the debate and the 
ethics of AM offered 

● AM debate won’t be resolved by 
science alone and needs to 
incorporate policy, governance, 
non-technical perspectives (i.e. 
stakeholders/public) 
 

Minteer & Collins, 2010; Hewitt et al., 2011; 
Aubin et al., 2011; Moir et al., 2011 Klenk & 
Larson, 2013; Isaac-Renton et al., 2014; 
Hällfors et al., 2014; Neff & Larson, 2014; 
Koraleski et al., 2015; Klenk & Larson, 2015; 
Klenk, 2015; Dumroese et al., 2015; Hulme, 
2015; Neff & Carroll, 2016; Almas & 
Conway, 2016; Sansilvestri et al., 2016 

23.53% 
(16) 
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5.3. Which Species is the ‘Right’ Candidate?  
 
Each article was categorized as having a focus on plants, animals or no species focus. To identify whether 
a paper focused on plants or animals, the following were considering: examples and case studies or 
frequent mentioning of ‘plants’ or ‘animals’ throughout the article, species distribution models, or field 
experiments. An article was identified as having ‘no focus’, if the paper primarily looked at AM in a 
broader context, for example, a review on the debate surrounding AM, definition/terminology, or ethics. 
 
Of the 68 articles reviewed and analyzed, there was a predominant focus on plant species representing 
almost half the reviewed literature at 47% (32), followed by 36% (25) of articles having no species focus, 
and 16% (11) of articles focusing on animal species (Fig. 7). 
 
 

 
Fig. 7. The number of articles that focus on plants, animals or have no species focus. 

 
Of articles focusing on plants, the predominant taxonomic group examined was trees (e.g. conifer species) 
representing 35% (24), followed by herbaceous species (e.g. grasses, shrubs) with 7% (5), and more 
generally ‘plants’ with 4% (3). Of articles focusing on animals, the predominant taxonomic group was 
mammals and insects with 4% (3) respectively, followed by reptiles with 2.9% (2), and lastly bird, 
fish/crustaceans and more generally ‘animals’ accounting for 1.5% (1) respectively (Fig. 8). 
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Fig. 8. Shows the predominant taxonomic group represented in reviewed literature. 

 
5.4. Assisted Migration and Mountain Ranges 
 
Of the 68 articles analyzed, 8.8% (6) focused on assisted migration in the context of mountain ranges; of 
those 6, more than half focus on plant species at 66% (4), and 33% (2) focusing on animal species. Table 
4 below offers a summary of the key information extracted from each article, including: the justification 
of the study, species focus, location of the study, and outcome.  
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Table 4. A summary of the key information extracted from the 6 articles that focus on assisted migration in mountain ranges. 
 

Justification of Study Species Focus Location Study Method Outcome Reference 
Dispersal barriers, 
upward altitudinal shifts, 
risk of extinction 

25 conifer species Japan Ensemble Models AM as a potential strategy, 
risks need to be evaluated 

Ogawa-Onishi et al., 
2010 

Dispersal barriers 
(fragmentation, patches, 
grazing pressure), upward 
altitudinal shifts, risk of 
extinction 

67 grass and 
legume species 

Arsi 
Mountains 
(Ethiopia) 

Digital Elevation 
Model 

Management options 
should aid species upslope 
to avoid extinction. AM as 
a feasible solution 

Mekasha et al., 2013 

Barriers to dispersal, risk 
of extinction  

American Pika 
(Ochotona 
princeps) 

Rocky 
Mountains, 
Western USA 

Case Study AM should be considered 
on a case-by-case basis to 
preserve alpine biodiversity 

Wilkening et al., 
2015 

Barriers to dispersal 
(fragmented/isolated 
habitats on mountain top), 
restricted gene flow, risk 
of extinction 

Iris ensata Thunb. Tianmu 
Mountains, 
Zhejiang 
Province, 
China 
 

Field Sampling, 
models, DNA 
sequencing 

High priority of ex situ 
conservation, AM as an 
option 

Xiao et al., 2015 

Barriers to dispersal, 
dwell in very specific 
habitat and rely on 
specific food source, risk 
of extinction  

Australian 
Mountain Pygmy 
Possum 

South Eastern 
Australia 

Case Study (ethical 
focus) 

Focus of the paper was to 
add commentary on the 
ethics/value AM 

Albrecht et al., 2013 

Shifts in altitude range 
expected under climate 
change 

Mexican pine 
species (Pinus 
devoniana, P. 
leiophylla and P. 
pseudostrobus) 
 

Central-West 
region of the 
Mexican 
Trans-
Volcanic Belt 

Field experiment 
(garden tests – 
collect and plant) 

Results suggest an AM 
upward of 300m in altitude 
is viable strategy 

Castellanos-Acuña et 
al., 2014 
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5.5. Research Theme Focus 
 
Articles were categorized based on overarching themes, such as scientific/ecological, policy, industry, 
ethics and social. I determined which theme an article fell under, based primarily on the focus of the 
paper, methods and examples used, as well as the title and key words. For instance, a paper was 
categorized as ‘scientific’ if the author centered on the ecological risks of AM, modeling (i.e. species 
distribution models), traditional conservation techniques, scientific uncertainty, case studies or field 
experiments. To be labeled in the ‘policy’ category, the article focus was on decision frameworks on how 
to implement AM or identify candidates. A paper was categorized under ‘industry’ if the author’s 
predominant focus was on AM in the context of economic motive (i.e. forestry). A paper was categorized 
as ‘ethics’ if the author centered on the value of species, or the ethical questions that surround the AM 
debate (see section 3.2.3, for examples of these questions). To be labeled under the ‘social’ category, the 
article focused on stakeholder/public involvement through web based surveys or interviews on AM. 
 
Of the 68 articles reviewed and analyzed, articles were predominantly categorized under the 
scientific/ecological theme, representing more than half the reviewed literature with 57% (39), followed 
by policy at 17.6% (12), industry at 13.2% (9), ethics at 8.8% (6) and social with 2.9% (2) (Fig. 9).  

 

 
Fig. 9. The number of articles under different categories in AM research. 

 
5.6. Geographic Location of Research  
 
The geographic locations of articles were identified to show where research on assisted migration is 
taking place (Fig. 10), and to provide insight into where research is not occurring (Fig. 11). Of the 68 
articles analyzed, 50% (34) had no geographic significance (N/A) as the focus was primarily on literature 
or the debate surrounding AM, and so these papers have been excluded from this analysis. Of the 34 
articles that specified a location, a large portion of AM research has taken place in Canada representing 
20.6% (7). Equal to Canada with 20.6% (7) is the ‘Multiple Countries’ category, which represents articles 
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that had a focus on two or more countries (e.g. Canada and France, see Sansilvestri et al., 2016) or a 
continent-wide focus, for example, Africa or North Central Europe (see, Payne & Bro-Jørgensen, 2016; 
Hällfors et al., 2016). The United States represents 17.6% (6), followed by China and New Zealand with 
5.9% (2) respectively. Mexico, Ethiopia, Australia, Japan, Britain, Finland, Italy, Spain and Iberia 
represent 2.9% (1) respectively.  
 

 
Fig. 10. Geographic locations of articles, showing where research on assisted migration is taking place. 

 
Referring to Fig. 11, the majority of research is taking place in the ‘global north’, particularly in Canada, 
North America and Europe. 
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Fig. 11. Geographic locations showing where research on AM is taking place. For scale, red represents the highest 
number of papers focusing on assisted migration (Canada), followed by orange (United States), light green (China 
and New Zealand), and dark green (Mexico, Ethiopia Australia, Japan, Britain, Finland, Italy, Spain and Iberia). The 
‘Multiple Countries’ category was excluded from this figure, as individual countries could not be clearly identified 
from the specific articles. 
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6. Discussion 
 
In this chapter, I interpret and discuss the results of the content analysis to meet the aim and answer the 
four research questions outlined in Section 2. In addition, assisted migration is also discussed in relation 
to sustainable development.   
 
6.1. Interpretation of Results 
 
6.1.1. Current State of Assisted Migration Research and Debate 
 
In this section I aim to answer the first research question: ‘What is the current state of AM research?’ The 
results indicate that AM publications have increased since 2007, with the majority of research occurring 
within the last 3 years. This suggests that AM remains a topic of debate. In addition, the results indicate 
AM research is largely theoretical, with the majority of articles focusing on reviews, commentary or 
models, with a small proportion of articles focusing on field experiments (e.g. Liu et al., 2012; 
Castellanos-Acuña et al., 2014). On one hand, this comes as no surprise given the apparent lack of 
consensus around how to implement AM, how to identify candidate species, the potential risks associated 
with action versus inaction, and whether humans should engineer nature in the first place (e.g. Ricciardi 
& Simberloff, 2009; Loss et al., 2011; Maier & Simberloff, 2016;). However when looking at the results 
in Table 3, of the 68 articles analyzed, more than half (54.41%) were generally supportive of AM, with 
22.06% voicing major concern or opposition to AM. Despite the majority of research being generally 
supportive, there appears to be a lack of transfer from research supporting AM action to actually 
implementing AM through field experiments; which makes you question if AM is a perpetual cycle of 
one argument being refuted by another, while in the meantime species are increasingly being threatened 
by climate change. While the results indicate this pattern, it should be noted that the results cannot be 
generalized. This is particularly due to the specific criteria and search string used to create the literature 
pool, which focused on the term ‘assisted migration’ (Appendix B). This likely would have excluded 
literature that essentially describes AM projects, but use AM synonyms (i.e. reintroduction, translocation, 
etc.), and so these articles were not included in the literature pool and were not analyzed. Another 
limitation is in regard to excluding other forms of literature, such as government or NGO documents 
related to assisted migration and synonym terms. For instance, in New Zealand, there are over 1000 
examples of species translocations and/or reintroductions that are coordinated by the Department of 
Conservation, which are largely un-documented in scientific journals. In addition, since 2008 the IUCN 
Reintroduction Specialist Group showcases 290 translocation case studies, which are also largely un-
documented in journal articles. In 2016 alone there were 54 translocation case studies, which focused on 
numerous taxa (e.g. plants, mammals, birds, fish, reptiles, amphibians, etc.), of which the majority 
successfully established in the recipient site to some extent and three cases failed (Soorae, 2016). The 
examples in New Zealand along with the IUCN case studies suggest the opposite of what my results 
conclude in that action is taking place. It is more a matter of which terms/definitions are used to describe 
the movement of species and where information is collected from, that can influence how the results are 
interpreted. In future studies related to this thesis, perhaps the scope should expand to include additional 
terms in the search string as well as additional literature in the form of government or NGO documents, to 
increase the number of papers used in the content analysis, and thus be more representative of the current 
state of AM research. 
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When referring to section 5.6, particularly Figure 10 and 11, the majority of research is being carried out 
in the ‘global north’, primarily in Canada and North America, followed by numerous countries throughout 
Europe. This may appear as a bias in research, however it could be due to a language limitation, as I only 
included English literature in my content analysis. Figure 11 with the global surface temperature change 
from 1901 to 2012 (Fig. 1) (IPCC, 2013) insight into where AM programs should take place in the future 
can be offered. For instance, areas that experienced the highest temperature increase (2.5°C) were 
predominantly Russia, China, and South America, with scattered increases in Northern Canada and West 
Africa; yet only two articles focus on AM in China and AM research in South America and Russia is 
nonexistent. This is particularly surprising of South America and China, given these are biodiversity rich 
areas in the context of mountain ranges. For example, in South America, The Andes stand out as one of 
the most biological diverse places on the planet with rich plant and animal diversity (Pennington et al., 
2010; Hughes, 2016). In China’s Hengduan Mountains, also lies one of the world’s biodiversity hotspots 
(Boufford, 2014; Xing & Ree, 2016). The global surface temperature is anticipated to increase from 
observations found in Figure 1 (IPCC, 2013), which could indicate the need to shift the focus of AM 
research to locations which are predicted to experience higher increases in temperature, and are perhaps in 
greater need of AM. 

 
6.1.2. Assisted Migration and Mountain Ranges 
 
In this section I answer the second research question: ‘How is AM carried out in mountain ranges?’ Based 
on the results offered in Section 5.4 and in Table 4, there is a clear lack of AM research carried out in the 
context of mountain ranges. The results of the content analysis found AM research is primarily 
theoretical, with four of six papers focusing on case studies or models. Again, there appears to be a lack 
of transfer from research supporting AM to actually implementing AM through field experiments. 
However, of the two articles carrying out field experiments, both showed positive results for application 
of AM under climate change. The lack of AM research in mountain ranges is surprising given mountain 
ranges are one of the most vulnerable environments globally (Diaz et al., 2003), that provide ecosystem 
services to 13% of the world’s population (UNGA, 2016), and are the habitat for an estimated 25% of 
globally known biodiversity (Nogués-Bravo et al., 2007; Spehn et al., 2010). This result was also 
unexpected due to the limited options mountainous species have when facing climate change - either 
adapt to warming conditions or face extinction (Spehn et al., 2010). However, like in section 6.1.1, this 
apparent lack of research could also be attributed to the restricted search string and sole use of journal 
articles in the content analysis. 
  
Traditional conservation techniques could aid species unable to adapt to a warmer climate by enabling 
their migration to different habitats through corridors, but given the isolation of mountain ranges and 
natural/man-made barriers, it is likely species will need assisted migration under future climate scenarios. 
 
6.1.3. Which Species is the ‘Right’ Candidate? 
 
In this section I answer the third research question: ‘to what extent is AM research biased in relation to 
which species is the ‘right’ candidate(s) for assisted migration? (I.e. flora vs. fauna, ‘survival of the 
cutest’).’ The results in Figure 7 indicate there is a clear focus on plant species (47.1%) as opposed to 
animal species (16.2%) in AM research. However, this generalized view of ‘plants’ and ‘animals’, does 
not necessarily indicate a bias in research, as many researchers justified their focus on plant species 
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stating plants are particularly vulnerable to climate change due to limited dispersal ability and 
natural/man-made barriers (e.g. Ogawa-Onishi et al., 2010; Mekasha et al., 2013; Xiao et al., 2015). 
However, looking at Figure 8, which focused on the taxonomic group of plants and animals indicates 
some bias towards specific plant species. For instance, of the articles that focused on plants, 25 focused 
on trees species, of which many have economic value, indicating economic motive is an incentive when 
identifying a candidate for AM, as opposed to conservation benefits (Hewitt et al., 2011; Sansilvestri et 
al., 2016). This supports a utilitarian model on the grounds that selected ‘goods’, in this case, tree species 
of economic value, is prioritized over species that do not provide such an important provisioning 
ecosystem service. A main objective of AM, is to prevent biodiversity loss under climate change (Peters 
& Darling, 1985; Palmer & Larson, 2014), so could it be morally questionable for species of economic 
value to be categorized as candidate AM species in the first place? This, I think, greatly depends on the 
ethical foundation of those choosing candidate species. From a utilitarian perspective, species with 
economic value would continually be the ‘right’ candidate and would be prioritized over other species. 
Complicating this further, is scientists’ incomplete knowledge surrounding if a species is economically 
important, and if so, how and when is it important. For instance, perhaps a species in question is a 
keystone species without our knowledge that it is. In contrast to the utilitarian model, if a candidate 
species were chosen from a duty or virtue ethics perspective, one may act out of a sense of duty or 
responsibility for climate change and aim to protect species that are threatened regardless of what the 
species provides us (Kibert et al., 2011).  
 
In relation to ‘survival of the cutest’, it is unclear whether research is biased, based on the results shown 
in Figure 7 and 8, but perhaps that is due to the subjective view of AM. For instance, from one 
perspective the main incentive of AM programs could be economic motive and so trees within the 
forestry industry may be favored over ‘cute’ animal species. From a social aspect, according to Maier & 
Simberloff (2016), the public is likely to favor charismatic animals over plant species such as bacteria or 
fungi. Where from a scientific perspective, candidates for AM should be selected based on scientific 
certainty and a morally respectful foundation, which may not be favored by public or economic actors 
(Maier & Simberloff, 2016). With this is mind, choosing the right candidate for AM programs is not 
likely to be resolved by one perspective alone, but may require an integrated approach which considers 
different actors and incentives for the use of AM. 
 
6.1.4. Ethics and Assisted Migration 
 
In this section I answer the fourth research question: ‘What are the ethical implications of human 
intervention?’ The results in section 5.5, particularly Figure 9 indicate the ethical focus of AM research is 
minimal in comparison to other themes (e.g. science), representing 8.8% of analyzed literature. This in 
some ways is not surprising given assisted migration has conflicting conservation objectives, where on 
the one hand the aim is to prevent the extinction of one species, at the risk of the species causing harm to 
the recipient ecosystem (Schwartz, 1994). Though the majority of concern surrounding AM comes from a 
conservation/scientific perspective, with many ethical questions surrounding whether we should engineer 
nature in the first place, which stems from this historic hubris of thinking we are not a part of nature and 
can utilize and manipulate it how we please (Vitt et al., 2010). The main issue is actually climate change, 
so the question that should be asked is why mitigating anthropogenic climate change is not the priority? 
Yet debating a potential solution of the consequence caused by it for the last 32 years is – which in itself 
raises many ethical questions. 
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While further research on AM is necessary, it is questionable if research will provide answers on whether 
AM is ethically justifiable. If research cannot answer these larger ethical questions, does the onus then fall 
on society to negotiate and decide whether AM is ethically justifiable, how to implement AM and identify 
which resources to use in the process? Some state AM cannot be resolved by science alone but needs to 
incorporate the political, governance and non-technical perspectives (i.e. stakeholders/public) (Neff & 
Larson, 2014; Klenk, 2015; Klenk & Larson, 2015). Even if the focus of AM were to shift from a 
predominant scientific standpoint into the social sphere there are larger ethical issues surrounding climate 
change adaptation and mitigation that would need to be addressed as well (Albrecht et al., 2013). For 
instance, many species of current economic unimportance are the recipients of government/private 
funding for conservation, yet with climate change expected to exacerbate global poverty, maintaining that 
funding could give rise to ethical dilemmas, i.e. whether people or biodiversity should have precedence in 
areas of poverty (Sharachchandra et al., 2010). In addition, there are underlying value norms within 
society that could give rise to further ethical dilemmas, and exacerbate the AM debate. For instance, those 
who agree AM could be a viable strategy, could have deviating values that influence how to approach 
AM, depending on their motive to do so (Schlaepfer et al., 2009; Albrecht et al., 2013). An example of 
value-based tension could be concerning international policy in relation to ecosystems and climate change 
adaptation. From an ecosystem adaptations standpoint, conserving an entire ecosystem on the grounds it 
provides ecosystem services that in turn allow us to adapt to climate change (IUCN 2011). This is an 
argument used for why governments and interested parties should protect the environment, which 
supports a utilitarian model, where the ecosystem services we gain help us adapt to climate change, but 
protecting a snow leopard does not (Albrecht et al., 2013). Regardless of the norms within society, it does 
not negate the need to open the AM discussion to the public/society, particularly those who do not have 
invested interest in potential AM project (i.e. not only forestry mangers, for example). 
 
Many articles have suggested further research is needed to reduce uncertainty, with one article expressing 
major caution of AM based on the grounds it lacks empirical evidence and theory (Loss et al., 2011); yet 
if you were to look at conservation theory from when it first materialized, it is unlikely these techniques 
automatically had full support within the scientific/political community, and likely lacked theory and 
empirical evidence. Generally, science is based on trial and error and observation, so perhaps AM is in 
that infancy stage, where it is heavily debated before eventually being accepted. In saying this, there are 
some errors that should be avoided, and so some kind of pre-assessment and criteria should be followed. 
The precautionary principle is such a criteria, and is one of many ethical principles that form the basis of 
sustainability ethics, and aims to assist in developing suitable solutions that consider the risk and its 
consequences (Kibert et al., 2011). The precautionary principle was created to address projects of a 
scientific or technical nature that may affect public health or the environment. In a nutshell, it states if 
there is a lack of scientific consensus, that a specific action/policy must not cause harm to human or 
environmental health and that caution should be used if applying that policy or action. For example, the 
precautionary principle could restrict damaging activities, such as mining, if there is no certainty the 
damage could be reversed or it could prevent the use of a certain herbicide if the wider ecological effects 
are not known (Kibert et al., 2011). In relation to AM, there is a clear lack of scientific consensus, evident 
by the continuing debate, especially pertaining to the potential ecological risk of species in a recipient 
site, scientific uncertainty, and the plethora of ethical dilemmas. Given AM is still in its infancy and the 
topic is still heavily debated, one could argue it is possible AM could cause harm to the environment (i.e. 
invasive species) and perhaps depending on which species was relocated through AM programs, could 
cause harm to human health as well. For instance, if a species viewed as threatening/intimidating by the 
public (e.g. wolves) were to be relocated through AM, there could be a possibility of directly causing 
harm to human health, and indirectly through preying on livestock. The question then is if damage was 
caused by AM, could it be reversed? This, I think, then becomes a wider discussion for policy and the 
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public, particularly because remediation would be costly. 
 
Nevertheless, in order to reach consensus, further research is likely needed, although Ahteensuu & 
Lehvavirta (2014) found this recommendation often leads to inaction, which is evident from the results in 
section 6.1.1, showing research is largely theoretical with field experiments fairly absent from literature. 
Inaction coupled with an ongoing debate surrounding AM, makes you question if the debate is a perpetual 
loop of asking ourselves if we should and can engineer nature, while in the meantime no actual action 
against the threats posed by climate change are being addressed.  
 
6.2. Assisted Migration for Sustainable Development 

 
AM can be described as the intentional relocation of species outside their historic range to mitigate the 
actual or potential threat posed by anthropogenic climate change (Hewitt et al., 2011). Anthropogenic 
climate change is a global sustainability issue, as it threatens the foundation in which sustainable 
development is defined by, “development that meets the needs of the present generation without 
compromising the ability of future generations to meet their own needs” (WCED, 1987, p. 41). With such 
broad implications, SD was specified into three subcategories - weak, strong and absurdly strong 
sustainability; where weak sustainability centers on economic growth above environmental protection; 
absurdly strong centers on environmental protection to the exclusion of all others; and strong 
sustainability centers on environmental protection with the economic and social aspects relying on the 
environment (Daly, 1995; Holland, 1997; Wu, 2013). By definition, AM could align with strong 
sustainability, in that it is a potential solution for species threatened by climate change, and by extension 
aims to maintain ecosystem function of which current and future generations rely on. However, on the 
other hand AM may achieve the opposite due to the risk a species could disrupt the entire recipient 
ecosystems (Schwartz, 1994; Gunn et al., 2009; Ricciardi & Simberloff, 2009; Ogawa-Onishi et al., 2010; 
Aubin et al., 2011). The arguments ‘to AM or not to AM’ are many, but does inaction to combat the 
threats posed by climate change mean we are actively not striving for strong sustainability and that 
‘business as usual’ is acceptable?  
 
Many themes are covered in relation to AM research (Fig. 9), however no article focused on AM in the 
context of sustainable development, which suggests a significant divide and lack of integration between 
disciplines (scientific, policy etc.). This is somewhat not surprising given the lack of consensus on 
whether AM is a viable strategy to combat climate change in the first place. However given the 
complexity of AM perhaps an interdisciplinary approach is necessary, one that encourages collaboration 
between those that express major concern or oppose AM (e.g. Ricciardi & Simberloff, 2009; Loss et al., 
2011) and those that are generally supportive (e.g. Seddon, 2010; Miller et al., 2012; Rout et al., 2013). 
Some scholars argue that traditional conservation techniques are not adequate in addressing the threat 
posed by climate change and advocate the use of risky and innovative techniques like AM (Heller & 
Zavaleta, 2009; Hunter et al., 2010). Yet framing AM in this way may be counterproductive as it 
encourages this disposition of ‘AM versus traditional conservation’ or ‘either-or’. When given the 
complexity of issues threatening biodiversity, it is questionable whether a ‘one strategy fits all’ approach 
would be sufficient in preventing species from extinction, so perhaps what would be advantageous is 
integrating AM with traditional conservation (Lunt et al., 2013; Mekasha et al., 2013; Heikkinen et al., 
2015). In addition, one area lacking within the AM debate is the involvement of non-academic 
stakeholders, with research largely being academic, particularly from a scientific perspective. While some 
papers did interview stakeholders, these papers predominantly focused on participants with policy or 
conservation biology background, or those with interest in the forestry industry (i.e. forest managers) (e.g. 
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Hancock & Gallagher, 2014; Fontaine & Larson, 2016; Sansilvestri et al., 2016). Though input from 
policy and science is a necessary aspect of AM from a sustainability perspective, participation of various 
focus groups, including those of the ‘general’ public, should be a fundamental element of the discussion 
surrounding AM, particularly throughout the decision-making process. Due to the complexity of AM, it 
stands to reason conflicts may arise between interested groups. Following this logic, one would assume 
discussions surrounding AM implementation should be inclusive of as many different political, economic 
and social perspectives of which have academic and non-academic backgrounds to avoid conflict between 
groups, and to be as transparent as possible (Redpath et al., 2013).  
 
Despite the controversy and challenges surrounding AM, there could be potential for assisted migration to 
become a tool for sustainable development, particularly surrounding the conservation of biodiversity in 
mountain ranges (see Castellanos-Acuña et al., 2014 for a successful example of AM in mountain ranges). 
Given species are geographically bound and isolated in mountain ecosystems, species potentially face 
extinction from climate change without interjection from humans. This could in turn result in unforeseen 
consequence from a social perspective of those who rely on mountain biodiversity for ecosystem services 
(i.e. freshwater and food) and economic security (i.e. agriculture and tourism) (Nogués-Bravo et al., 2007; 
Spehn et al., 2010). The question then is perhaps when and under what conditions could AM be a tool for 
sustainable development in mountain ranges? It is likely it would depend greatly on the willingness of 
different actors from an economic, environmental and social perspective to work together towards a 
common goal. Yet one of the largest issues within AM research is that there is no consensus on the goal – 
is it to save species from climate change (virtue/duty based ethics)? Is it to uphold ecosystem services 
(utilitarian/consequentialist ethics)? Is it both? Without a common goal, AM lacks focus which will make 
it difficult to implement. Another issue with AM is perhaps that it is discussed in a too broad sense, that 
in order to be applied in mountain ranges (or elsewhere), the scope needs to hone in on specific regions, 
on a species-by-species basis, alongside scientists, policymakers and the greater community to better 
integrate and represent the social and environmental perspectives of sustainable development. As for 
when AM could be used as a tool for SD, Payne & Bro-Jørgensen (2016), point out, based on the 
precautionary principle, that AM could be used as a last resort, but when is that? Does a ‘last resort’ mean 
after all other techniques have been attempted or does it mean once climate change reaches a certain 
threshold? Anthropogenic climate change in relation to AM research appears to be written from a 
perspective as if it has yet to happen, i.e. “climate change is expected to…”. It is this illusive threat that is 
never here or there but it is always approaching. Take the example of AM when it was first coined in 
1985, climate change was portrayed as a looming threat, yet 32 years later, it is still portrayed in that way. 
AM research requires a paradigm shift from this notion that climate change is approaching, to climate 
change is here now, threatening the planet and action is needed to protect species threatened by it, 
whether through AM or not. 
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7. Conclusion 
 
Since its inception in 1985, assisted migration has been the focus of a heated debate, which has remained 
largely theoretical. Though the majority of researches generally support AM as a strategy to prevent 
species from extinction under climate change, there is limited transfer of this support into actual action 
through pilot studies or field experiments. However, this apparent lack of transfer could also be attributed 
to restricting the search string to ‘assisted migration’ and excluding synonyms (e.g. translocation and 
reintroduction). In addition, by restricting literature to journal articles this excluded literature from other 
sources (e.g. government and NGO documents) that highlight many translocation/reintroduction projects 
that essentially describe AM projects but use AM synonyms. In relation to mountain ranges, there is a 
lack of examples exploring the potential AM has for species threatened by climate change, despite these 
species being particularly vulnerable given their limited options and the ecological, social and economic 
significance mountains have globally. Of the research carried out there appears to be some bias in relation 
to plants of economic value being prioritized for AM, as opposed to other species, supporting a utilitarian 
model. To avoid this bias, an interdisciplinary approach may be required that considers various actors 
(both academic and non-academic) and their incentives when identifying a candidate AM species.  
 
The ethical questions raised in AM research are still debated among researchers, who still do not provide 
answers on whether AM is ethically justifiable. If not researchers, the onus may then fall on society to 
decide how to implement AM and identify what resources to use. This in itself raises larger ethical issues 
surrounding climate change and mitigation, particularly as climate change is expected to exacerbate 
poverty, giving rise to an ethical dilemma of whether people or biodiversity have precedence. In addition, 
underlying norms within society will also influence how one approaches AM and their motives to do so. 
For instance, governments and interested parties would protect the environment, with ecosystem services 
we gain helping us to adapt to climate change, where protecting a snow leopard does not, further 
supporting utilitarian ethics as opposed to a virtue/duty ethics. However, regardless of the value norms 
within society, it does not negate the need to open the AM discussion to the public/society.  
 
Finally, there is potential AM could be used as a tool for sustainable development, however it would 
depend greatly on the willingness of different actors from an economic, environmental and social 
perspective to work together towards a common goal. Given the current lack of consensus surrounding 
AM, a common goal will be difficult to identify, particular given the opposing ethical models that govern 
how AM is approached (i.e. virtue/duty ethics vs. utilitarian/consequentialist ethics). While AM research 
with a meta focus is beneficial to some extent, the scope of AM research needs to hone in on specific 
regions, on a species-by-species basis, alongside scientists, policymakers and the greater community to 
better integrate and represent the social and environmental perspectives of sustainable development. 
Finally, AM research requires a paradigm shift from this notion that climate change is coming, to climate 
change is here, and action is needed to protect species threatened by it, whether through AM or not.  
 
7.1. Suggestions for Future Research 
 
Current research on AM is largely divided based on discipline, however it is clear AM is multifaceted and 
cannot possibly be implemented from the standpoint of just ecology or policy, etc. I suggest research shift 
from this divided perspective and start focusing on AM from an interdisciplinary perspective, which 
considers the implications of AM from numerous points of view from both academic and non-academic 
perspectives. In addition, considering the debate has continued for the last 32 years, perhaps what is 
needed are more pilot studies, to create some theoretical and empirical precedence within the field of AM. 
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Furthermore, translocation/reintroduction research appears well established and can perhaps offer 
valuable insight for AM research to move beyond the current debate. 
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10. Appendix  

Appendix A. Shows the advanced literature search carried out on the IUCN Red List of Threatened 
Species website based on a set of criteria, to identify the number of assessed plant and animal species 
threatened directly by climate change in rocky areas (for instance mountain peaks or inland cliffs).  
 

 
      

Appendix B. Shows the search string used across all three data bases (Scopus, ScienceDirect and Web of 
Science) to create the initial literature pool. 
 
Assisted migration biodiversity  
Assisted migration mountains  
Assisted migration in Europe  
Assisted species migration  
Assisted species migration climate change  
Assisted species migration biodiversity  
Assisted migration sustainable development  
Assisted species migration sustainable development  
Assisted migration climate change  
Assisted migration ethics  
Assisted specie migration ethics  
Assisted species migration debate  
Assisted migration post conservation  
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