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delimitation of its frontiers or boundaries. These maps have been prepared or used for the sole 

purpose of facilitating the assessment of the broad biogeographical areas represented therein. 

 

Schematic and adapted figures can be found in the following Zenodo repository: 

https://doi.org/10.5281/zenodo.7009828  
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Executive Summary  

 

Changes in economic development, population growth, societal values and demands, as well as 

environmental and climate change, make the sustainable use of wild species a challenging and 

dynamic process that requires adaptive management and that will benefit from the use of 

scenarios. 

 

1) Scenarios depict plausible futures for indirect and direct drivers, alternative 

policies and human development strategies that may affect the sustainability of 

wild species use. Options for sustainable use can be conceptualized as multiple 

pathways and trajectories {5.2} which depend on social, technological, economic, 

environmental, political, and cultural factors. This chapter performs a systematic review 

and assessment {5.3} of the sustainable use of wild species scenario literature for 

individual practices {5.4} and considers the integration of indigenous peoples and local 

communities and indigenous and local knowledge in scenarios {5.5}. Based on the 

review, it then evaluates the literature in the context of scenario frameworks and other 

relevant conceptual lenses, including archetypal scenarios {5.6}, the nature futures 

framework {5.7}, transformative change and leverage points {5.8}, and inequality 

issues {5.9}. Finally, knowledge gaps arising from the synthesis are identified {5.10}. 

 

2) Scenario analyses indicate that climate change poses a challenge to sustainable use 

across all practices (well established) {5.4}. Impacts can include changes in species 

distributions and ecology, increased uncertainty around both biological change and 

management outcomes into the future, and an increase in extreme events. Scenario 

analyses also indicate that for many practices, demand is linked to demographic trends 

and consumption rates, and thus indicate increasing pressure into the future as the 

human population increases. In some cases, however, this can be moderated by effective 

governance, policy, and institutional performance, and through changing social or 

cultural norms (well established) {5.4}. 

 

3) Technological advances are likely to make many extractive practices more efficient 

and may contribute to overexploitation; however, they are also likely to contribute 

to an enhanced ability to conduct monitoring, surveillance, and enforcement, in 

addition to, in some instances, reducing environmental impacts (well established) 

{5.4}. 

 

4)  Fishing: production is expected to remain at high levels, global fish demand and 

consumption is expected to increase, against a backdrop of climate change 

impacting catch potential and food-security for fisheries-dependent communities 

in some regions (e.g., more substantially in the tropics) (well established) {5.4}. 

Effective management measures, such as harvest control rules and recovery plans, may 

also help to buffer against some climate change impacts, though climate hazards are 

likely to pose threats to nutritional, social, economic, and environmental incomes 
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worldwide, especially for wild-capture fisheries in the Global South. Small-scale 

fisheries will likely play an important role in those regions. Demand will also be affected 

by the balance of global food production between agriculture, aquaculture, and wild 

capture fisheries. 

 

5) Gathering: scenarios and projections for wild gathered products are relatively 

limited (well established) {5.4}. A lack of baseline data in many cases makes it difficult 

to determine trends, although sustainability under exploitation depends greatly on the 

individual species and context (well established). Long-term unsustainable harvesting 

can negatively affect livelihoods of local people with low socio-economic status 

(established but incomplete). Climate change is likely to affect many of the conditions 

that affect sustainability of gathering into the future, including impacts on species 

distributions and wildfires (well established). Changes in land-use and land-cover will 

also have an important impact (well established). Policies that support gathering as a 

contribution to food security and the well-being of communities will be of benefit to 

both people and conservation, as will identifying and correcting regulations that mis-

match current or future conditions (well established). Gathering has and will continue 

to play an important cultural role for many peoples, including indigenous and local 

peoples, with their knowledge playing an important role in the sustainability of practices 

(well established). Localized models and scenarios, as well as monitoring and 

assessment, can help to inform policy and practice (well established). 

 

6) Terrestrial animal harvesting: scenarios and projections around sustainable use 

for terrestrial animal harvesting are limited, but key factors affecting sustainable 

use include legislation and regulation, values, illegal hunting and poaching, 

institutions, technological drivers, and climate change (well established) {5.4}. The 

limited presence of scenario/projection studies in hunting is a clear knowledge gap; most 

studies are around drivers per se rather than scenarios. Attitudes towards terrestrial 

animal harvesting are evolving, including those around the social acceptability of 

hunting, legislation and hunting bans, and poaching. Technological drivers are also 

likely to continue to evolve, with improved technology both for hunting but also for 

surveillance and detection of illegal hunting (established but incomplete) {5.4}. Climate 

change has implications for both hunting practices and underlying population dynamics 

(e.g., changing sea ice conditions). The demand for wild meat products shows differing 

regional trends with projected increases in some areas but declines in others due to 

changing cultural norms, social acceptability, values, and preferences. 

 

7) Logging: future changes in food production and agricultural practices, population 

increases in rural areas, and climate change are all likely to affect forest cover (well 

established) {5.4}. There is a continuing reduction in global forest cover, despite 

increasing forest restoration, suggesting a trend of net forest loss and fragmentation. In 

the future, land conversion and deforestation rates will be affected by changes in 

agricultural practices and rural population densities. Furthermore, the demand for wood-
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based bioenergy continues to increase. Forest plantations may meet some of this 

growing demand. Scenario studies suggest that climate change may increase tree 

mortality and change forest composition but that integrated management including 

sustainable practices, multi-use forests, and food systems transformation can help to 

support sustainable use (well established) {5.4}. There are likely to be trade-offs 

between intensified logging, such as for bioenergy, and reduced logging to preserve 

biodiversity. Technological innovations that enhance efficiency and reduce waste may 

help with sustainable use, as may economic and political initiatives; however, 

customary and tenure rights, as well as land-use rights for local communities, also need 

to be integrated. 

 

8) Non-extractive practices: there is very limited exploration of sustainable use with 

specific regard to non-extractive practices in the scenario literature, leading to 

considerable uncertainty, particularly around generalizations (well established) 

{5.4}. While scenarios exist of sustainable tourism more broadly, those that directly and 

specifically incorporate the sustainable use of wild species in non-extractive practices 

are much rarer. However, there is an expectation that the non-extractive use of wild 

species will continue to grow and rebound from the COVID-19 pandemic. This 

expectation is based on global trends including economic growth, media impacts, 

increasing environmental awareness, and the feasibility of travel (established but 

incomplete) {5.4}. The demand for both connectedness to nature and for visiting natural 

areas is affected by socio-cultural trends such as increasing urbanization. Technological 

changes in information and communication technologies have the potential to help 

enable sustainable non-extractive wild species use, such as through virtual wild species 

viewing. Wild species tourism represents an important source of income for many 

communities and regions, and may generate funds for conservation. However, nature-

based tourism itself can contribute to negative environmental trends. Thus, projections 

of increasing tourism suggest that significant additional efforts will be necessary to 

mitigate negative impacts (well established). Climate-driven impacts on wild species 

and ecosystems may also affect tourism potential in many regions. 

 

9) Scenarios from indigenous peoples and local communities, currently still scarce, 

will play a significant role in exploring sustainable futures for wild species use at 

the local and regional levels, promoting collective and participatory co-creation of 

sustainable futures rooted in local cultures (well established) {5.5}. 

 

10) Linking the literature review for each practice to a set of archetype scenarios 

suggests there may be multiple pathways and solutions that can lead to more 

sustainable use of wild species, but that this understanding is limited due to the 

substantial knowledge gaps that remain in the exploration of archetypes focusing 

on sustainable use (well established) {5.6}. The mechanisms by which sustainable use 

can be reached are very different for different practices, but generally include 

sustainable solutions that appear to benefit from market or policy support, even when 
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solutions are bottom-up or technological in nature, and empowering local communities 

to help moving towards sustainable use irrespective of the practice. There is limited 

exploration of transformative change and radically different futures around sustainable 

use. In general, it is easier to link fishing and logging practices to archetypes due to their 

greater prevalence in the relevant scenarios’ literature. Non-extractive practices have 

distinctively different example solutions in relation to extractive practices. 

 

11) The decision to follow specific management strategies at any time is complex and 

must be regularly reviewed and updated as environmental and socioeconomic 

conditions evolve. That is where scenarios represent important contributions to 

envision outcomes (well established) {5.2.3}. 

 

12) Regardless of the future trajectory of society, archetypical scenario exploration 

indicates that some actions can be taken to contribute towards the sustainable use 

of wild species (well established) {5.6}. 

 

13) Transformative change in the sustainable use of wild species may also be feasible 

through identifying and acting on multiple leverage points, identifying an outcome-

based vision for nature and people, political prioritization of nature, aligning 

incentives, and changing social norms, among other approaches (established but 

incomplete) {5.8}. These approaches must be effected within the context of clearly 

understanding cost-benefit trade-offs, particularly in terms of who benefits and who 

pays, and how interventions can enhance or exacerbate these trade-offs. They must also 

integrate transparent, participatory processes and adaptive management to help enhance 

transformative change. Consideration of a plurality of values, especially from 

indigenous peoples and local communities, is also needed. 

 

14) The nature futures framework can be applied to the sustainable use of wild species 

to help envisage positive futures centered around human-nature relationships and 

multiple values. By promoting participatory and inclusive approaches to scenario 

development through co-creating narratives and frameworks with stakeholders, the 

nature futures framework can help facilitate and enable transformative change 

(established but incomplete) {5.7}. 

 

15) Critical reflection on social equity issues is crucial for the interpretation and 

evaluation of scenarios exploring the future of wild species use, and potential 

trajectories towards sustainability (well established) {5.9}. Issues around social 

marginalization and exclusion, lack of alternatives to wild species use, market-based 

resource management, and inequity of wealth distribution may all tamper efforts to 

move towards sustainability. 

 

16) Substantial knowledge gaps remain in the literature of scenarios of sustainable 

wild species use (well established) {5.4, 5.6}. Examples of scenarios that assess the 
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future of sustainable use are limited in number, but also in diversity. There are scenarios 

on fishing and logging, yet other practices remain greatly under-represented in the 

literature, for example around terrestrial animal harvesting, indigenous and local 

knowledge, non-extractive practices and gathering of plants, algae and fungi. There is 

also a deficit of scenarios that explore cultural aspects and equity issues. In addition, 

while there are many scenario studies around the future of biodiversity and ecosystems 

per se, studies focused on sustainable use that are embedded within these broader futures 

remain less prevalent (well established) {5.4, 5.6}. Thus, there is a need for a greater 

focus on scenarios of sustainable use within the context of more integrated solutions, 

and consideration of how sustainable use interacts with conservation and other elements 

of a sustainable society. Issues around inequalities and people in vulnerable situation 

who are dependent upon wild species are also not well represented in the scenarios’ 

literature. 
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5.1 Background and introduction 

 

5.1.1 Focus and structure of the chapter  
 

Chapter 5 assesses pathways toward sustainable futures and examines a range of future 

scenarios for the drivers of sustainable use and their effects on the conservation and 

management of wild species in their wider social-ecological context. Specifically, this chapter: 

 Examines the literature on modelling and scenarios of drivers of sustainable use and 

policy responses across a wide range of practices to synthesize information on pathways 

towards the sustainable use of wild populations, potential tipping points, and areas in 

which further scientific understanding and knowledge generation is needed.  

 Assesses the implications and trade-offs of these driver trajectories for the future levels 

of wild species use. 

 Explores the implications of various levels of use for the future of wild species 

populations and the future contributions of wild species to people.  

 Examines how scenarios might be used in decision-making under uncertainty and given 

the gaps identified herein. 

 Explores visions for transformative change through synthesizing the scientific 

knowledge into archetypal scenarios, recommending leverage points and positive 

actions to enhance the sustainable use of wild species. 

 Integrates visions for transformative change and leverage points for the sustainable use 

of wild species in plausible futures. 

 Explore issues of equity, indigenous peoples and local communities and indigenous and 

local knowledge, and their representation in scenarios. 

 

The objectives of this chapter are therefore to review the available range of knowledge on future 

scenarios and modelling of the drivers of sustainable use of wild species, including indigenous 

and local knowledge and the scientific consensus when such exists, and draw lessons for future 

transformative change. The different practices considered in the assessment will be treated in 

detail in order to critically examine the specific drivers of sustainable use that affect each one. 

This chapter also explores the IPBES scenarios and models frameworks, and in particular the 

nature futures framework (being developed by the IPBES task force on scenarios and models), 

through the lens of the sustainable use of wild species. The conceptual structure of the chapter 

is depicted in Figure 5.1. 

 



 

7 

 

 
Figure 5.1 Conceptual outline of Chapter 5. Numbers refer to chapter sections. 

 

5.1.2 Framing within IPBES assessments and the assessment of the sustainable 

use of wild species as a whole 

 

The chapter builds on the chapters of the IPBES Global Assessment of Biodiversity and 

Ecosystem Services on scenarios and transformative change towards sustainability (IPBES, 

2019), IPBES Regional Assessments (e.g., IPBES, 2018), and the Methodological Assessment 

Report on Scenarios and Models of Biodiversity and Ecosystem Services (IPBES, 2016). It 

draws on Chapter 4 of the IPBES Global Assessment of Biodiversity and Ecosystem Services 

(particularly the archetype scenarios) and attempts, where possible, to mirror the structure of 

that chapter. It also makes use of the examples, models and data from the IPBES Global 

Assessment, where applicable. The chapter differs from the IPBES Global Assessment in two 

respects: 

i) The IPBES Global Assessment examined published global scenarios of biodiversity 

change and projected their future interactions with nature, nature's contribution to people and 

good quality of life. In particular, the IPBES Global Assessment focused on direct drivers of 

biodiversity change, such as climate change and changes in land use, and indirect drivers such 

as demography, economics, and governance. In contrast, this chapter considers scenarios of the 

underlying drivers of sustainable use of wild species rather than biodiversity change, which are 

in places equivalent to the indirect drivers in the global assessment, since they are frequently 

management or policy actions or socio-economic changes. In part, this is because the 

approaches needed to ensure sustainable use across multiple sectors result from addressing 
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these underlying societal drivers in policies and strategies. In common with IPBES Global 

Assessment, however, the downstream impacts of changes in drivers of sustainable use are 

considered, as well as the interventions (levers) to generate sustainable use.  

ii) While the IPBES Global Assessment predominantly assessed global scenarios of 

biodiversity, this chapter also includes scenarios of and impacts on the sustainable use of wild 

species at multiple scales, including local and national levels.  

Within the IPBES assessment of the sustainable use of wild species, the chapter draws 

on Chapter 3 (status of and trends in the use of wild species, the environment and people) – 

particularly for the present status of and historical trends in the sustainable use of wild species. 

It also draws heavily on Chapter 4 (drivers of the sustainable use of wild species) to identify 

the influencing factors that affect extractive and non-extractive practices and how they 

influence nature, nature contributions to people and good quality of life. The archetype 

scenarios described herein are used to develop plausible futures for these drivers wherever 

possible. Chapter 5 also provides material around scenarios and the futures of sustainable use 

to help inform the governance strategies and policy options explored in Chapter 6. 

 

5.2 What is meant by scenarios 

 

With the increase of the use of scenarios and the number of publications reporting on them, the 

number of definitions of what a “scenario” is also increased. Some scholars treat scenarios as 

being tightly connected to models, and therefore use both terms inseparably. This chapter 

follows the definition of scenarios as provided in the IPBES Methodological Assessment Report 

on Scenarios and Models of Biodiversity and Ecosystem Services: “Scenarios are 

representations of possible futures for one or more components of a system, particularly, in this 

assessment, for drivers of change in nature and nature’s benefits, including alternative policy 

or management options” (IPBES, 2016). It is important to highlight the last part of this 

definition, as it points at a crucial distinction that most scholars acknowledge (e.g., Börjeson, 

Höjer, Dreborg, Ekvall, & Finnveden, 2006; Kok et al. 2011), namely between exploratory 

scenarios and target-seeking scenarios. This fundamental division is also highlighted in several 

IPBES assessments, notably the Methodological Assessment Report on Scenarios and Models, 

where four types of scenarios are discerned, three of which are of importance here: (i) 

“exploratory scenarios”, which represent different plausible futures, often based on storylines; 

(ii) “target-seeking scenarios”, also known as “normative scenarios”, which represent an 

agreed-upon future target and scenarios that provide alternative pathways for reaching this 

target; and (iii) “policy-screening scenarios”, also known as “ex-ante scenarios”, which 

represent various policy options under consideration (IPBES, 2016). 
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Figure 5.2 Scenarios in the spectrum of complexity and uncertainty. Source: Zurek & 

Henrichs (2007) © 2006 Elsevier Inc., license number 5154260505736. 

 

Scenarios are distinguished from other approaches to future assessment, such as 

forecasting and risk assessment, by being specifically intended for situations in which the 

factors shaping the future are highly uncertain and largely uncontrollable (Biggs et al., 2008; 

see Figure 5.2). Scenarios thus serve to structure the uncertainty of future developments of 

complex systems, and to provide a palette of plausible futures and possible actions.  

In this chapter, scenarios are used both to explore what could happen (exploratory 

scenarios) and to present strategies and actions for what should happen (target-seeking and 

policy-screening scenarios). Analyses of the scenarios’ literature based on the different 

projections and plurality of visions were conducted to evaluate what drives sustainable use in 

general. Section 5.2.1 elaborates on the most important aspects of scenarios and how to 

understand them in this chapter. 
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5.2.1 Types of scenarios included 

 

5.2.1.1 Terminology 

 

The term “scenario” is used by many different communities across scientific domains, scales, 

as well as in policy and practice. The scenario literature is therefore, vast, rapidly increasing, 

and in partial disagreement on what a scenario is, what it can be used for, what methods are 

most appropriate, and what results it generates. In general, the term “scenario” is most often 

used by those that set out to develop exploratory scenarios and translate those into model 

projections. It is reasonable to assume that papers included in this assessment will largely 

belong to the category of model-based explorations. More importantly, target seeking scenarios 

are often not referred to as scenarios. Particularly at local scales, normative scenarios are mostly 

referred to as “pathways”. When it concerns policy screening scenarios, a range of other terms 

is often used to describe them, including strategies, plans, policies, options, or actions. It is also 

reasonable to assume that the papers included in this assessment might not have picked up on 

all the target-seeking scenarios. A number of keywords were added to the search string to ensure 

that the database was not limited by terminological differences. 

 

5.2.1.2 Exploratory scenarios 

 

Exploratory scenarios (Van Notten et al., 2003; Van der Heijden, 2005; Avin & Goodspeed, 

2020) examine plausible futures, based on potential trajectories of drivers, either indirect (e.g., 

socio-political, economic and technological factors) or direct (e.g., habitat conversion and 

climate change). Exploratory scenarios can illuminate the discourse on specific problems, by 

illustrating various potential futures starting from the current point in time. Despite the 

relatively short history of developing exploratory scenarios – that started with the publication 

of the Global Scenario Group scenarios (Gallopin et al., 1997; P. Raskin et al., 2002) – an 

enormous number of scenarios have been developed across the full range of scales from local 

to global (e.g., Hunt et al. (2012); Amer et al., (2013); Priess & Hauck (2014); Rothman (2008); 

Rounsevell & Metzger (2010). Influential global scenarios include those of the Global 

Environment Outlook 3 and 4 (United Nations Environment Programme & Earthscan, 2002; 

United Nations Environment Programme, 2007), the Intergovernmental Panel on Climate 

Change Special Report on Emissions Scenarios (Nakicenovic et al., 2000), the shared socio-

economic pathways-representative concentration pathways (SSP-RCP; van Vuuren et al., 2011; 

O’Neill et al., 2013), and perhaps most relevant in this context, those developed within the 

Millennium Ecosystem Assessment (Cork et al. 2006). Likewise, there are a large variety of 

(global) models that provide quantifications of one or more of the sets of storylines. Examples 

of sectoral models that address environmental change include, water (WaterGAP; Alcamo et 

al., 2003), agriculture (IMPACT; Rosegrant 2012; GLOBIOM, Havlik et al., 2011), natural 

vegetation (LPJ; Smith, Prentice, & Sykes, 2001), and biodiversity (GLOBIO; (Alkemade et 

al., 2009). In summary, there are a large and growing number of initiatives that have developed 

qualitative stories and/or quantitative models to explore what could happen to a range of 

environmental issues, including biodiversity and nature’s contributions to people. 
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5.2.1.3 Exploratory scenario archetypes 
  

“Scenario archetypes” describe different general patterns of future developments and can be 

useful in summarizing and harmonizing the overwhelming amount of information in individual 

sets of scenarios. The scenario archetype approach (IPBES, 2016) has been recognized by 

IPBES as a way to help to synthesize findings from scenarios for the IPBES Global Assessment 

of Biodiversity and Ecosystem Services (IPBES, 2019) and throughout the four IPBES 

Regional Assessment Reports. A set of six global scenario archetypes was used, based on 

scenario families described by van Vuuren et al., 2012. In the regional assessments, these six 

archetypes were also used, although in some cases with slight modifications. In the IPBES 

Regional Assessment on Biodiversity and Ecosystem Services for Europe and Central Asia, for 

example, “reformed markets” was omitted as a separate archetype, and another sixth archetype 

was added (“inequality”).  

In this chapter, a set of four main archetypes is used, most of which are further 

subdivided into 2 or 3 subtypes (Box 5.1). This set does not completely match any earlier 

proposed set, but it does include all archetypes used in the global and regional assessments. The 

main reason for deviation from previous sets is the fact that they will not be used on their own, 

but in combination with target-seeking scenarios. This set was seen as the best option to 

facilitate combination with normative scenarios, while maintaining a similar selection. 

 

Box 5.1 The 8 types of scenarios considered 

 

1. Market forces. Global developments steered by economic growth result in a strong dominance 

of international markets with a decreasing degree of regulation. Environmental problems are only 

dealt with when solutions are of economic interest. This archetype includes two recurrent variants: 

   1a. A less extreme variant includes business-as-usual and reference type of scenarios, as well as 

those scenarios typified as strongly market-driven. All assume current trends to continue without 

strong, nonlinear changes. Typical examples: Shared socioeconomic pathway 2 (O’Neill et al., 

2017) and Markets first (from the Global Environment Outlook 3, United Nations Environment 

Programme & Earthscan, 2002). 

   1b. A more extreme variant of market-led environmental management with highly equal and 

healthy societies. In terms of biodiversity and nature’s contributions to people, this archetype can 

range from devastating (environmental destruction) to positive (economically viable nature-based 

solutions). Typical example: Shared socioeconomic pathway 5 (O’Neill et al., 2017). 

 

2. New sustainability paradigm. A world with an increasingly proactive attitude of policymakers 

and the public at large towards environmental issues and a high level of regulation. All variants of 

this archetype are beneficial for biodiversity, either through behavioral change, top-down “green” 

policies, or through green technology development. In all cases, this is reinforced by a proactive 

attitude to dealing with environmental problems. Three main variants can be discerned: 
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   2a. Technological solutions with strong technological development in all sectors, including for 

example engineered ecosystems to deliver ecosystem services. Typical example: TechnoGarden 

(Cork et al., 2006). 

   2b. Global sustainable development with strong, mostly top-down, governance structures that 

are effective in realizing a more sustainable world. Typical example: Policy first (from the Global 

Environment Outlook 3, United Nations Environment Programme & Earthscan, 2002). 

   2c. Regional sustainability with fundamental change being initiated by a broadly supported, and 

bottom-up enforced paradigm shift, often accompanied by a dematerialization process and a “back 

to nature” attitude. Typical example: Rural revival (in OpenNESS scenarios, Priess et al., 2018) or 

B2 (Intergovernmental Panel on Climate Change Special Report on Emissions Scenarios, IPCC, 

2000). 

3. Fortress world. A regionalized world based on economic development. The market mechanism 

fails, leading to a growing gap between the rich and the poor. In turn, this results in increasing 

problems with crime, violence and terrorism, which eventuate in strong trade and other barriers. 

Two variants exist: 

   3a. Regional economic growth. A less extreme variant where, despite strong barriers, the quality 

of life for most is secured and most problems are dealt with adequately. Typical example: Order 

from strength (Cork et al., 2006; Millenium Ecosystem Assessment, 2005).  

   3b. Breakdown. A more extreme variant, where organized crime and terrorism eventually lead 

to institutional disintegration and economic collapse. This variant is rarely elaborated in the 

literature. Typical example: Breakdown (Gallopin et al., 1997). 

The effects on the environment and biodiversity are mixed. Overall, there is a tendency towards 

increased security, which can either be positive (protect biodiversity) or negative (intensify 

agricultural production). Particularly in low-income countries, deforestation and loss of natural 

areas is a risk. 

 

4. Inequality. A world of growing inequalities, both within and between countries. The increasingly 

powerful elite takes environmental responsibility, while the large lower class is poor but kept 

satisfied. The effects on the environment differ greatly, depending on location and type of issue. 

Importantly, the global “green” elite actively combats globally important issues, such as climate 

change, which has a positive impact on biodiversity. Although increasing inequalities have negative 

consequences for economic and social development, biodiversity and ecosystems by and large 

benefit. Typical example: Shared socioeconomic Pathway 4 (O’Neill et al., 2017). 

 

Of particular relevance to the focus of this assessment, the exploratory archetypes 

encompass important obstacles and limitations for sustainable use, such as follows:  

1. Market forces: there is a lack of interest in the environment. Sustainable development is not 

a focus and many wild species that generate less direct economic revenue might not be protected 

sufficiently.  

2a. Technological solutions: there is a very strong emphasis on technological “end-of-pipe” 

solutions. Not all wild species can be used sustainably this way, and technological solutions are 

likely to have a limited scope.  
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2b. Global sustainability: top-down enforcement of laws and regulations might be ineffective 

for many local-specific contexts. 

2c. Regional sustainability: bottom-up solutions will hamper those aspects that need global 

coordination, such as climate change mitigation; pandemics; or ecological corridors.  

3 & 4. Fortress world and inequality: in these archetypes, social and human problems will 

worsen, including increased poverty and inequality. This is likely to strongly inhibit sustainable 

development, because of a lack of financial support, lack of public and political interests, and/or 

lack of general importance. 

In this chapter, the archetypes will be used in an overarching way, but the analysis is 

not confined to these archetypes. As these scenario archetypes are constructed to categorize 

exploratory scenarios, the set as shown above cannot be directly adopted, but needs to be linked 

and combined with target-seeking scenarios. The procedure used to do this will be explained in 

section 5.2.1.6. 

 

5.2.1.4 Intervention scenarios: target-seeking and policy scenarios 

 

“Intervention scenarios” evaluate alternative policy or management options, by developing 

either “target-seeking” or “policy-screening” scenarios. In policy-screening scenarios, a policy, 

or set of policies, is applied and an assessment of how the policy modifies the future is carried 

out. Target-seeking scenarios (also known as “normative scenarios”) are a valuable tool for 

examining the viability and effectiveness of alternative pathways to the desired outcome. They 

start with the definition of a clear objective or a set of objectives that can either be specified in 

terms of achievable targets or as an objective function to be optimized. Both have in common 

the search for effective policies or actions to reach a commonly agreed (normative) target. In 

contrast to exploratory scenarios, intervention scenarios are much less developed at the global 

level, and as a result, there is a much larger diversity. This is due to the disconnectedness of 

communities of practices, but also the more diverse set of locally or regionally contextualized 

issues that need to be addressed. As a result, it is much more difficult to provide a concise 

overview or attempt to categorize that overview into a limited number of archetypical 

descriptions. To illustrate this diversity, this chapter refers to the different IPBES Regional 

Assessment Reports, all of which include a section on pathways and other normative scenarios.  

 

5.2.1.5 Pathway archetypes 
 

To illustrate an attempt to categorize archetypes at the regional level, the IPBES Regional 

Assessment Report on Biodiversity and Ecosystem Services for Europe and Central Asia 

recognizes four “clusters of internally consistent pathways” based on Luederitz et al. (2017):  

 The “green economy” pathway addresses transitions toward decreased environmental 

degradation and resource depletion through green growth supported by policy 

instruments that stimulate specific economic activities. 
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 The “low carbon transformation” pathway encompasses all pathways focusing primarily 

on mitigating climate change and adapting to climate change impacts, locally and 

globally.  

 The “ecotopian solutions” pathway addresses transitions towards increased social-

ecological integrity. It does this by challenging current belief systems, lifestyles and 

living spaces with bottom-up, politically alternative initiatives of self-organization at 

the community or neighborhood level to work towards local-scale, self-sufficiency.  

 The “transition movements” pathway also focuses on fundamental individual and social 

changes, but in contrast to ecotopian solutions, transition movements aim to scale-up to 

a whole system transformation. 

 

5.2.1.6 Integrated scenarios and pathways 

 

Exploratory scenarios, target-seeking pathways and intervention scenarios provide a palette of 

plausible futures and possible policies, actions, and other management options. Often, they are 

used together in what is referred to as “scenario planning”. Exploratory scenarios sketch future 

possibilities and are used as multiple baselines against which the effectiveness of policies and 

pathways can be tested. This approach yields “robust” or “no-regret” policies that would work 

in all plausible different future outlooks. 

Here, this chapter takes a different approach by combining exploratory and normative 

scenarios in one set of integrated archetypes. The starting point is the exploratory scenario 

archetypes that are combined with the pathway archetypes by indicating whether or not a 

specific pathway of interventions is compatible with the archetype (Table 5.1). There are strong 

matches between the market forces and green economy archetypes as well as between regional 

sustainability and ecotopian solutions. The low carbon society could be combined with many 

archetypes but is less relevant for the assessment of the sustainability of use of wild species, 

while the transition archetype combines top-down and bottom-up elements from almost all 

archetypes and would thus partly work in all archetypes. 
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Table 5.1 Combining exploratory and normative archetypes. The symbols indicate the 

degree of matching (xxx=strong; xx=medium; x=weak; -=no match) 

 

Archetype Green 

economy 

Low carbon Ecotopian Transition 

Market forces xxx xx - x 

New sustainability 

Technology 

Global 

Regional 

  

xxx 

xx 

x 

  

xx 

xxx 

x 

  

- 

- 

xxx 

  

x 

x 

xx 

Fortress world - - x x 

Inequality - xx xx x 

This set of plausible changes and possible intervention archetypes will be the starting 

point for the elaboration of the scenarios in this chapter. 

 

5.2.2  Methodological considerations for scenario development 

 

This chapter assesses the scenarios and interventions that have been proposed in the literature, 

thus focusing on the resulting future outlooks and measures, and much less on the process and 

methods that were used to develop the scenarios. There are, however, a number of 

methodological aspects that are strongly tied to the outcome of this assessment. The methods 

employed can also facilitate processes of change that can be part of the solution. Scenarios can 

be co-created with stakeholders and this participatory process offers the possibility to aim for, 

among others, social learning, conflict management, or understanding of multiple perspectives. 

As such, scenarios can be a platform for public participation, and the process of deliberation 

and negotiation (Patel et al., 2007; Reed et al., 2013; Rounsevell & Metzger, 2010). This 

transdisciplinary process of stakeholder engagement resonates well with the regional 

sustainability/ecotopian pathway archetype and is often seen as essential for its implementation. 

Box 5.2 elaborates on an example of multi-scale participatory scenario development.  

Many scenario-development methods advocate the development of multi-scale 

scenarios. Kok et al. (2016) advise on an overall strategy for incorporating multiple scales in 

IPBES assessments. In a landmark paper, based on the experience within the Millennium 

Ecosystem Assessment, Zurek & Henrichs (2007) provide an overview of the degree to which 

scenarios can be linked across scales. The process of multi-scale scenario development can 

either be predominantly top-down (e.g., Millennium Ecosystem Assessment, see Biggs et al., 

2007; Kok, Biggs, & Zurek, 2007) or predominantly bottom-up (e.g., Seeds of a good 

Anthropocene, Bennett et al., 2016). Top-down scenarios can easily be classified as they are 

linked to higher-level, often global, scenarios. Local scenarios developed through bottom-up 
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processes can benefit from alignment with scenario archetypes to facilitate comparison and 

synthesis. The fact that many scenarios are either bottom-up or stand-alone studies, was an 

important justification for the consideration of scenario archetypes in this chapter. 

One essential feature of scenarios is their ability to integrate. This can be across scale, 

sectors, actor groups, or topics. Particularly when combining narratives and models, scenarios 

are an excellent tool to deal with the complexity of the entire social-ecological system under 

study. The level of integration increases further when exploratory and target-seeking scenarios 

are combined. Not all scenario studies make use of the potential for integration – many 

modelling studies use a single, sectoral model and scenario to provide model input – but here 

scenario archetypes are combined with other approaches to sketch a more complete picture of 

potential futures.  

 

Box 5.2 Co-creation and participatory processes in scenarios of sustainable use 

 

Scenarios and scenario planning have a long history, initiated by the Rand cooperation in the 1950s 

(Kahn & Wiener, 1967; Bradfield et al., 2005), and extensively used by oil companies, such as 

Royal Dutch Shell (Wack, 1985). Up to 75% of all Fortune 100 companies were using scenario 

techniques in the 1980s (Rounsevell & Metzger, 2010); however, despite early environmental 

studies – notably the Limits to Growth report in 1972 (Meadows, 1972) and follow-up reports for 

the Rio Summits in 1992 and 2012 – scenarios only became popular as a tool to assess 

environmental change around the turn of the century. Global scenarios published by the Global 

Scenario Group (Gallopin et al., 1997; P. Raskin et al., 2002) and the Intergovernmental Panel on 

Climate Change (IPCC, 2000) were quickly followed by the Global Environment Outlook (United 

Nations Environment Programme & Earthscan, 2002; United Nations Environment Programme, 

2007; United Nations Environment Programme, 2012), the Millenium Ecosystem Assessment 

(2005) and others. These early practitioners paved the way by showing the power of scenario 

assessments (Raskin, 2005), which also contributed to a rapid expansion of national and local 

scenario studies, for example through the sub-global assessments of the Millennium Ecosystem 

Assessment (Lebel et al., 2006).  

With this increase in use came an equally swift increase in the number of different methods 

employed to develop scenarios. An important dichotomy was the choice between qualitative and 

quantitative approaches. Recognizing their complementarity, Alcamo (2009) described an approach 

to develop scenarios by combining and integrating qualitative stories and quantitative models. This 

story-and-simulation approach shows how stakeholders can be involved in a participatory process 

of storyline development, and how stories can be translated into model inputs and outputs that can 

be discussed with the stakeholders in an iterative procedure. A wide range of participatory methods 

have since been developed and used to engage stakeholders in the process of scenario development. 

In a landmark paper, Reed et al. (2013) provide an overview of methods that have been employed 

and present a methodological framework including all steps from defining the context and aims of 

the process to the actual co-production methods. First described by Schwartz (1991), the “intuitive 

logic” or what has become known as the “2x2 matrix approach”, is a way to develop a set of four 

scenarios with stakeholders that has now been mainstreamed (Ramirez & Wilkinson, 2014). 

Likewise, target-seeking scenarios have been closely linked to co-production techniques (IPBES, 

2016). In the 1980s, the term “backcasting” was coined (Robinson, 1982), followed later by 
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descriptions of participatory backcasting methods (Robinson, 2003), which is still being 

successfully applied (Vergragt & Quist, 2011; De Bruin, Kok, & Hoogstra-Klein, 2017). Other 

approaches that engage stakeholders in the process of developing target-seeking scenarios include 

transition management (Loorbach & Rotmans, 2010), visioning (van der Helm, 2009), or strategic 

niche management (Schot & Geels, 2008). Overall, a wide range of tools for scenario development 

exists, many of which can either be participatory or can be innovatively combined with a 

participatory component to answer different questions about the future. However, a gap persists in 

integrating these quantitative and qualitative methods at the global level (Pereira et al., 2021). 

Participatory scenarios have been applied to natural resource management and climate 

change mitigation as powerful, multi-scale processes. Some examples include integrated scenarios 

for: multi-scale stakeholder engagement (Gramberger et al., 2015); qualitative stories (Pedde et al., 

2019); sectoral and integrated models (Integrated Assessment Platform, Harrison, Dunford, & 

Holman, 2019); and exploratory (Kok et al., 2019) and target-seeking scenarios (Frantzeskaki et al., 

2019). Figure 5.3 shows the sequence of events, the types of scenarios and type of stakeholder 

engagement that were undertaken in the European Union-funded projects CLIMSAVE and 

IMPRESSIONS. Figure 5.4 exemplifies different products that were developed in a series of 

stakeholder workshops, preceded by interviews and interlaced with online questionnaires and email 

exchanges, where exploratory scenarios were developed and combined with pathways to identify 

sets of (robust) transformative solutions across scale. The effort convincingly demonstrates how 

using participatory methods in a co-creation process will not only yield qualitative products such as 

stories or cartoons but can also be used to determine model input and output. These products in turn 

are fundamental to discussions on target-seeking pathways and finding the most promising 

solutions, both for a single case study but also in a multi-scale design, providing insights in other 

places or at another scale.  

Within the biodiversity and broader sustainability scenario area, participatory scenario 

processes have been widely used at the local level (Oteros-Rozas et al., 2015). An attempt to collect 

these social-ecological scenarios into a database is now underway 

(https://www.biospherefutures.net/). One of the biggest benefits of participatory processes in co-

creating futures with stakeholders is the ability to engage the imagination; something that has 

largely been lacking in global-level scenario processes, especially those used in assessments 

(Pereira et al., 2020). Following the Methodological Assessment Report on Scenarios and Models 

of Biodiversity and Ecosystem Services (IPBES, 2016), the IPBES former expert group on 

scenarios and models undertook to stimulate the development of new global scenarios that put 

nature at the center of the story (Rosa et al., 2017). The culmination of this process, following a 

participatory visioning process, has been the development of the nature futures framework (Pereira 

et al., 2020, Figure 5.6) that has the participation of diverse stakeholders at its core. 
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Figure 5.3 Scenario development and type of stakeholder engagement undertaken in the 

European Union-funded projects CLIMSAVE and IMPRESSIONS. Source: Tabara et al., 

(2018) under license CC BY-NC-ND 4.0. 

 

 

Figure 5.4 Sequence of events, the types of scenarios and type of stakeholder engagement in 

the European Union-funded projects CLIMSAVE and IMPRESSIONS. Source: CLIMSAVE 

(http://www.climsave.eu), CLIMSAVE IAP (http://www.impressions-project.eu); illustration by © 

Talitha Dijkhuizen under license CC BY.  
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5.2.3 How scenarios might be used in decision-making under uncertain 

conditions 

 

To summarize the previous sections, scenarios are an excellent tool to use when the system 

under study is complex and its future changes therefore uncertain. Scenarios come in many 

shapes and forms and can address fundamentally different questions that directly or indirectly 

speak to decision-makers. “What should happen?” is perhaps more often asked by decision-

makers, and target-seeking or other intervention scenarios can help answering it. “What could 

happen?” seems to bear less direct relevance to decision-makers but is often an essential first 

step to map out the “uncertainty space”, providing insights into changes beyond the control of 

the decision-maker, which will influence the solutions required. Scenarios can thus help to 

facilitate the process of identifying actions that need to be taken, given an uncertain future 

outlook that is continuously changing. A large diversity of concepts, methods and tools can 

assist this process. It is not a matter of wondering whether scenarios are good tools to use, but 

a matter of how scenarios might be best used in decision-making to help identify the actions 

that can be taken to move towards a better sustainability of the use of wild species.  

 

5.3 Assessment methods used in this chapter 

 

5.3.1 Steps and processes for the assessment 
 

The data used in this chapter were derived from both a systematic review of the literature and 

from expert knowledge. The literature review was used as a baseline that was then 

complemented by additional relevant papers that the review did not pick up. While the original 

search was conducted in November 2019, it was further updated in late 2020, in both cases 

using an expert-solicited search string on the Scopus and Web of Science databases.  

Building on the IPBES global scenarios search string (IPBES, 2019), an expert solicitation 

method was used to further revise and fine-tune the search string specific to the assessment of 

the sustainable use of wild species, with the procedure as follows: 

1. Search the literature using agreed search terms – aligned with the IPBES global 

scenarios search string; 

2. Refine the search terms, based on the outcomes of Step 1; 

3. Evaluate the search terms by checking whether known (existing and recommended) 

literature is found using them, and refine the search terms accordingly; 

4. Identify key drivers that feature in the scenario literature found in 1) and 2) plus those 

provided by Chapter 4 of the IPBES assessment of the sustainable use of wild species; 

5. Code scenarios according to keywords in a spreadsheet to create a uniform coding 

template; 

6. Apply archetype scenarios to these key drivers; 

7. Elaborate new archetypes based on the drivers of sustainable use; 

8. Document plausible futures for key drivers of sustainable use. 

 

The final search terms used in Steps 1-3 were: plants, algae and fungi 
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Web of Science Search terms (Number of resulting bibliographies: 959 + 175):  

(TS=(("Future impact*" OR "Future response*" OR "Future effect*" OR "scenario*" OR 

"vision*" OR "trajector*" OR "pathway*" ) AND ("use" OR "utilization" OR "utilisation" OR 

"contributions to people") NEAR/5 ("species" OR "nature" OR "biodiversity" OR "natural 

resource*" OR "ecosystem*" OR "ecological service*" OR "non-timber" OR "NTFP" OR 

"timber" OR "forestry" OR "wildlife" OR "fish*" OR "charcoal") NOT "land-use NOT "land 

use" NOT "nitrogen use" NOT "water use") AND SU=((Agriculture OR Environmental 

Sciences & Ecology OR Biodiversity & Conservation OR Fisheries OR Forestry OR Marine 

& Freshwater Biology OR Meteorology & Atmospheric Sciences OR Oceanography OR 

Acoustics OR Social Sciences Other Topics) NOT Biochemistry)) AND DOCUMENT 

TYPES: (Article OR Book OR Book Chapter OR Book Review OR Review). Indexes=SCI-

EXPANDED, SSCI, A&HCI, ESCI Timespan=2010-2019.  

SCOPUS Search terms (Number of resulting bibliographies: 1378):  

TITLE-ABS-KEY ( ( ( "future impact"  *  OR  "future response"  *  OR  "future 

effect"  *  OR  "scenario"  *  OR  "vision"  * )  AND  ( "species"  OR  "nature"  OR  "biodiversity

"  OR  "natural resource"  OR  "ecosystem"  OR  "ecological 

service" )  W/5  ( "use"  OR  "utilisation"  OR  "utilization"  OR  "contributions to 

people" )  AND NOT  ( "land use"  OR  "land-use"  OR  "nitrogen use"  OR  "water 

use" ) ) )  AND  SUBJAREA ( agri  OR  envi  OR  eart  OR  soci  OR  econ )  AND  PUBYEAR  

>  1999  AND  ( LIMIT-TO ( SRCTYPE ,  "j" )  OR  LIMIT-

TO ( SRCTYPE ,  "b" ) )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" )  OR  LIMIT-

TO ( DOCTYPE ,  "re" )  OR  LIMIT-TO ( DOCTYPE ,  "ch" )  OR  LIMIT-

TO ( DOCTYPE ,  "bk" ) ) AND  ( EXCLUDE ( SUBJAREA ,  "BIOC" ) )   

 

The coding template in Step 5 was carried out to completion for the 2019 search, and 

for essential columns for the 2020 update. Classifying the material in this manner assisted with 

identifying relevant papers both for practices, and for the construction of archetypes (Step 7). 

The summary of the coding criteria is shown in Table 5.2 and in figures 5.5 and 5.6. 

 

Table 5.2 Summary of the criteria used in coding the literature 

 

Basic information Methodological 

information 

Analytical information 

Year of publication Key question/focus Type of scenario 

Type of paper (original; 

reviewer meta-analysis) 

Importance or significance 

of paper 

Driver of use 

Inclusion of indigenous and 

local knowledge 

Scale of analysis Scenario archetype 

Mention of the Aichi 

Biodiversity Targets from 

the Convention on 

Biological Diversity 

Geographic area of study Model name and type 
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Mention of Sustainable 

Development Goals 

Main type of ecosystem Nature’s futures (impact on 

ecosystems) 

 Main practice Nature’s futures (nature’s 

contribution to people) 

 Units of analysis Nature’s future (good 

quality of life) 

 Purpose of use  

 Scale of use  

 Mode of use  

 

 
Figure 5.5 Distribution of scenario studies from the literature search and coding, 

separated by practices and types 

 



 

22 

 

 
Figure 5.6 Classification of scenario studies on the sustainable use of wild species from the 

systematic literature search and coding 

 

After the search was completed and analyzed, additional papers were added for the 

purposes of the chapter and evaluation of each practice based on expert knowledge. 

 

5.3.2 Incorporating the perspectives of indigenous peoples and local communities 

into the scenarios 

 

In the systematic literature review, very few (six) publications were found that discussed 

scenarios and models from the perspective of indigenous peoples and local communities. The 

results were therefore supplemented with the dialogues conducted on the IPBES assessment of 

the sustainable use of wild species in May 2019 and October 2019 with indigenous peoples and 

local community representatives from Africa, Asia, Europe, Latin America, and North America, 

as well as submissions solicited by the IPBES technical support unit on indigenous and local 

knowledge. Input from consultations with organizations working with indigenous communities 

such as the ICCA consortium, the Non-timber forest products exchange programme, the Asian 

indigenous peoples pact etc. were included in the review. Community plans were also 

consulted, as well as workshop reports from indigenous and local knowledge dialogues, which 

observed the principles of free, prior, and informed consent of indigenous and local community 

participants in the dialogues. 

 

5.4 Scenarios by practice 

 

5.4.1 Introduction 
 

In this section, scenario material from the literature search, supplemented with expert 

knowledge (see data management report at https://doi.org/10.5281/zenodo.6451922), is 

assessed by resource use practice, based on social, technological, economic, environmental, 

political (STEEP) categories (Reed et al., 2016), including cultural, here through referred as 

STEEP+C. Crucially, it is important to recognize that for some practices (e.g., gathering), 

scenarios and projections are extremely limited and/or unavailable in the literature. In such 

circumstances, rather than leaving the sections empty, “scenario-based drivers” of sustainable 
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use are explored instead; that is, studies of factors that could affect sustainable use when 

integrated into scenarios. These sections are then identified as knowledge gaps. 

 

5.4.2 Fishing 

 

5.4.2.1 Introduction 
 

Fisheries contribute to food security with fish being a major source of animal protein for about 

1 billion people worldwide (FAO, 2020b). Annual marine fisheries production has been 

relatively stagnant over the past 3 decades. In 2018, global catch totaled 84 million tons with 

about 73% of catches destined for human consumption and the remaining 27% for fishmeal and 

fish oil. Fisheries production is expected to stay at high levels, reaching about 96 million tonnes 

in 2030 (FAO, 2020b) and almost 100 by 2050 (United Nations Nutrition, 2021). The 

proportion of fish production destined for human consumption is projected to continue to grow, 

reaching 89 percent by 2030 (FAO, 2020b) and 92% in 2050 (United Nations Nutrition, 2021). 

Future patterns of demand for marine biological resources will be shaped by social, 

environmental and economic factors including stagnating capture fishery production, a growing 

population, increasing wealth (Garcia & Grainger, 2005; Garcia & Rosenberg, 2010; Guillen et 

al., 2019), increasing aquaculture production and competition with wild capture fisheries for 

natural resources (Kristofersson & Anderson, 2006; Tacon & Metian, 2008, 2009, 2015), 

dietary preferences, and the impacts of climate change on existing and novel fisheries.  

As well as providing a source of calories and protein, aquatic species provide many 

nutritional benefits to the human population. An assessment of the nutritional value of aquatic 

animal food-sources in comparison to terrestrial has shown that the top seven categories of 

aquatic food, including pelagic fishes, some shellfish, and salmonids are more nutritious than 

beef, lamb, goat, chicken or pork when averaging across the seven nutrients assessed ( i.e., 

omega-3 long-chain polyunsaturated fatty acids, vitamins A and B12, calcium, iodine, iron and 

zinc) (Golden et al., 2021). In addition to their contributions to global and local food security 

and nutrition, fisheries are economically and culturally important, providing social 

opportunities such as for recreation and contributing to cultural/traditional heritage.  

Nevertheless, the development of modern fishing practices driven by advances in 

technology and growing demand, particularly with the advent of industrialized fishing 

practices, has led to the depletion of numerous individual fish stocks and a decline of the genetic 

diversity of harvested fish populations (Pinsky & Palumbi, 2014). According to the most recent 

Food and Agriculture Organization Report of the State of World Fisheries and Aquaculture 

(FAO, 2020b), in 2017 just under 66% of assessed fisheries remain within biologically 

sustainable levels, meaning that about 34% of fish stocks are overexploited. Annual marine 

fisheries production has been relatively stagnant over the past 3 decades. In 2018, global catch 

totaled 84 million tons with about 74% of catches destined for human consumption and the 

remaining 27% for fishmeal and fish-oil.  

In the following sections, models and scenarios for the future of fisheries are explored, 

to examine what insight can be gained around the challenges and solutions that lie ahead. 

http://www.fao.org/home/en/
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Projections of the future of fisheries at multiple scales are examined from social, technological, 

economic, environmental, political and cultural perspectives. 

 

5.4.2.2 Social 

 

Small-scale fisheries are prevalent in tropical and developing countries where dependence on 

fish for food and livelihoods is high. Fish consumption can address micronutrient (e.g., vitamin 

A, calcium and iron) deficiencies and improve human health by providing the dominant source 

of the omega-3 long-chain polyunsaturated fatty acids (Golden et al., 2021). In some countries 

with inadequate nutrient intakes, fish catches exceed dietary requirements for populations 

within 100km of the coast, emphasizing the local and regional nutritional and income benefits 

from fishing (Hicks et al., 2019). Climate change is broadly expected to reduce fish catch 

potential in many regions (e.g., Lotze et al., 2019; Lam et al., 2020; Tittensor et al., 2021), 

disrupting food security and livelihoods. For instance, domestic demand for fish in the Solomon 

Islands is expected to exceed supply from domestic capture fisheries and aquaculture if no 

climate adaptation action is taken (FAO, 2020b). Expected decreases in global crop production 

after 2050 due to warmer temperatures will exacerbate food insecurity, and impose additional 

pressure on small-scale fisheries to fill the food gap with some countries facing a “double-

jeopardy” of simultaneous impacts on both marine and terrestrial production (Rosenzweig et 

al., 2014; Blanchard et al., 2017). Demographic pressures such as high population growth both 

globally and in individual regions, conflicts in sea-use, and land-use practices that degrade 

marine habitats may aggravate climate impacts and amplify fisheries overexploitation, 

biodiversity loss and environmental degradation. Given the diversified nature of small-scale 

fisheries, fishers may be able to shift to exploit less climate-impacted fish species, but this is 

contingent on fishers’ knowledge, gear and spatial use practices, and the status of alternate fish 

stocks (Bell et al., 2018). 

Projected demographic and social trends may also affect recreational fisheries. 

Arlinghaus et al., 2015 argued that urbanization reduces individuals’ exposure to traditional 

rural recreational activities like fishing, which may lead to reduced participation rates. 

However, human population growth also could maintain or even increase absolute levels of 

recreational fishing (Hunt et al., 2017).  

Future socio-economic conditions will also influence the fleet behavior of large-scale 

fisheries. The application of a scenario planning approach for the Indian Ocean tuna purse seine 

fishery identified some critical aspects of fleet dynamics to take into account for future 

management interventions, such as a switch in fishing practices, a reallocation of effort in space, 

or an exit from the fishery (Davies, 2015).  

On the other hand, the emergence of social responsibility principles that adhere to a 

human rights-based approach to management in recent policy discourse could steer fisheries 

development along a fairer path. Such a path would enable vulnerable groups such as small-

scale fishers and indigenous and local communities to continue accessing their resource base 

and the significant benefits that fisheries provide (Teh et al., 2019).  

Projections of both fish production and per capita consumption by 2050 under 3 

different scenarios are indicated in Table 5.3. It is notable that production from aquaculture will 
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substantially surpass capture fisheries in all scenarios. This might attract more interest in 

aquaculture than in fishing with implications in policy and management shifts (e.g., a 

diminishing importance of fisheries management with reduced investment which would 

severely affect sustainable use). 

 

Table 5.3 Projection of production and per capita consumption of fish under 3 different 

scenarios. Source: United Nations Nutrition (2021). Abbreviations: mt: million tons. 

 

 Business-as-usual Low road High road 

Marine capture (mt) 85.4 65.8 95.5 

Inlande capture (mt) 13.0 10.1 13.5 

Total capture (mt) 98.3 75.8 109.0 

Inland aquaculture (mt) 89.9 75.6 98.4 

Marine aquaculture (mt) 50.1 45.3 62.0 

Total aquaculture (mt) 140.0 120.8 160.3 

Total production (mt) 238.3 196.7 269.3 

Fish for direct food (mt) 217.4 180.5 248.2 

Per capita apparent 

consumption (kg/year) 

22.3 18.5 25.5 

 

It is pertinent to note that projections indicate that increasing fish yield reduces land and 

water use by up to half, and optimizing gears reduces capture fishery emissions by more than 

half for some species groups, which highlights opportunities to improve environmental 

performance (Gephart et al., 2021).With regard to demand and supply scenarios, projections 

showed that edible food from the sea could increase by 21-44 million tons by 2050, a 36–74% 

increase compared to current yields (Costello et al., 2020). 

The social benefits of small-scale fisheries (SSF) are broader than economic value alone. 

Small-scale fisheries are important for food and nutrition security, and globalization can force 

trade-offs between economic gains from distant markets and a reduction in nutritional benefits 

to local communities (Short et al., 2021). Maintaining and expanding the diversity and 

flexibility of small-scale fisheries and addressing possible unintended consequences will be 

crucial. Characteristics such as gender but also class, education, and identity strongly affect the 

experiences of different small-scale fisheries participants (including women in post-harvest and 

trading), and future projections and scenarios could recognize that those characteristics have 

particular consequences for local communities (Short et al., 2021). 

 

5.4.2.3 Technological 
 

Technological advances have been identified as a key aspect affecting the economic viability 

of fisheries, and need to be incorporated into scenarios and storylines (Maury et al., 2017). 

Broadly speaking, this includes technologies that lead to an increased ability to find fish and 

reduce bycatch or catch of undersized fish, improvements in gear design and processing 

capacity, and so forth. “Technological creep” has been identified as increasing catchability by 
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around 2-4% per year (Palomares & Pauly, 2019) , a trend which is likely to continue. However, 

future scenarios of the global tuna supply chain suggest a limitation of technical efficiency as a 

potential countermeasure to reduce the negative effects of increasing demand (Mullon et al., 

2017). 

Technological advances to reduce environmental impacts may also play a role that could 

be captured in scenarios and projections. Regarding climate change, reducing fuel use 

represents the primary stressor improvement opportunity. In this sense, projections show that 

increasing stock biomass could reduce fuel use per tonne of fish landed, where a 13% catch 

increase with 56% of the effort corresponds to a 50% reduction in greenhouse gas emissions 

(Gephart et al., 2021). Alternatively, prioritizing low-fuel gears within each fishery could 

reduce greenhouse gas emissions by 4–61%, depending on the species. In some cases, this could 

create co-benefits for biodiversity impacts. Another important strategy is to transition fishing 

fleets to low-emission technologies (Gephart et al., 2021). 

 

5.4.2.4 Economic 

 

Fish is among the most traded food commodities, with about 38% of global fish production 

entering international trade in 2018 (an export value of 164 billion United States dollars), an 

annual growth rate of 8 percent in nominal terms from 1976 (FAO, 2020b). International trade 

expansion has been facilitated by globalization and rapid improvements in logistics (i.e., 

transportation, post-harvest handling, processing, preservation, packaging and storage). In 

addition, population and economic growth drive higher demand for seafood. The average global 

per capita consumption of marine fish (including shellfish) was approximately 8 kg per annum 

in 2016, and seafood demand is expected to rise in line with projected growth in national 

economies and spending power. However, the relationship between per capita fish consumption 

and gross domestic product per capita is significantly weaker for fish than for terrestrial meat 

(Naylor et al., 2021). 

The interlinkages between social and economic scenarios are considerable. According 

to Naylor et al. (2021), global fish demand is projected to almost double by mid-century, and 

will increase in all regions of the world. Asia will continue to lead in freshwater fish 

consumption and is projected to have the highest demand for fish overall in 2050, with China 

remaining the world’s largest fish consumer and demand in India greatly increasing (FAO, 

2020b). While the individual species consumed by different nations is likely to remain variable, 

increasing fish consumption is likely to benefit diets in terms of micronutrients (Golden et al., 

2021; Naylor et al., 2021). Estimates show China, Europe, North America and South America 

consuming a diverse set of species in 2050, including crustaceans, demersal fish, and 

cephalopods, while Ghana and Peru will continue to dominate the consumption of small pelagic 

fish. 

Projections of future food systems to 2030 suggest that high levels of growth in aquatic 

animal-source food production may decrease food prices by up to a quarter, resulting in 

increased consumption and potentially causing reductions in both consumptions of red and 

processed meats and micronutrient deficiencies (Golden et al., 2021). 
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The operating cost of global fisheries was approximately 73 billion United States dollars 

in the mid-2000s (Lam, 2011). Fishing costs and cost structures vary widely by type of fishery 

and country. For example, global estimates of operating and total cost associated with catching 

a ton of fish using nets typical of small-scale coastal fisheries averaged 180 and 241 United 

States dollars respectively (2005 values), while costs of off-shore fishing for tuna using 

longlines were 2,604 and 2,903 United States dollars respectively (Lam, 2011). On the other 

hand, the financial subsidies given to industrial fleets - even to those causing overfishing - are 

key elements for future scenarios and are very much aligned with the need for a reduction of 

overcapacity. Indeed, the analysis of global marine fisheries subsidies revealed that almost 90% 

of capacity enhancing subsidies (22.2 billion United States dollars) are provided to large-scale 

industrialized fisheries, which impair the viability of small-scale fisheries (Schuhbauer et al., 

2017). In addition to impacts on the level of fishing, harmful subsidies result in increased 

greenhouse gas emissions (Machado et al., 2021). 

Another ongoing economic consideration is the blue economy initiatives that are 

making their mark on national and international agendas. In the context of fisheries, blue growth 

policies lean towards a rights-based approach to fisheries management, which aim to achieve 

economic efficiency in resource exploitation by defining exclusive ownership or access to 

fisheries resources. However, this conversion of public goods to private goods can potentially 

lead to inequalities in how stakeholders access and share ocean benefits. Furthermore, climate 

change may exacerbate disparities between fishing sectors. Simulations of Australian and New 

Zealand fisheries using the Intergovernmental Panel on Climate Change Special Report on 

Emissions A2 emissions scenario and moderate global economic growth revealed a relative 

increase in the value of large-scale commercial fisheries by 90% but decreases in small-scale 

and recreational fisheries of between 30% and 50% (Fulton, 2011). Small-scale fishers often 

engage in alternative economic activities to supplement their income, but these too may become 

threatened by climate change, thereby limiting small-scale fishers’ livelihood options and 

perpetuating pressure on fisheries.  

Allocating a relatively small amount of time to fishing can make a notable contribution 

to livelihoods with modest investment and minimal exposure to risks. However fishing 

strategies such as damming channels, applying destructive fishing methods, or using fine mesh 

nets could threaten future fish stocks (Bailey & Sumaila, 2015; Short et al., 2019; Sugden, & 

Punch, 2011; Sumaila et al., 2021). Moreover, weak governance and erosion of cultural norms 

can produce social-ecological interactions that create more hardship for small-scale fisheries. 

Participatory modelling approaches with greater stakeholder involvement at the local level are 

useful for applications involving the sustainable governance of natural resources, including the 

management of fisheries (Daw et al., 2015).  

The economic impacts of climate change on marine fisheries are likely to be substantial, 

particularly given the ongoing shifting redistribution of fish stocks in response to climate 

change (Cheung et al., 2010; Pinsky, Selden, & Kitchel, 2020). Projections of bio-economic 

impacts on wild-capture fisheries operating in European waters highlight the importance of 

future developments in fuel and fish price to the viability of these fisheries (Hamon et al., 2021). 

In tropical fisheries, climate change impacts are expected to affect sustainable development of 

both local economies and communities in these regions and the maximum revenue potential is 
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projected to decline by an average of 33% by the middle of 21st century under the 

Representative Concentration Pathway (RCP) 8.5 high-emissions scenario (Lam et al., 2020). 

In the high seas, projections suggest that catches of 30 major straddling fish stocks could decline 

by 11% (Standard deviation ±7%) in the middle of the 21st century relative to 2000 under the 

Representative Concentration Pathway 8.5 (Cheung et al., 2016). The projected annual losses 

under high relative to low emissions have been estimated at 278-901 million United States 

dollars by 2100 for sixteen major United States of America fisheries, based on predicted 

changes in thermal habitat (Moore et al., 2021). However, complex networks of resource use 

may help to buffer the impacts of climate shocks (Fisher et al., 2021).  

Financial subsidies given to industrial fleets that promote overfishing could be 

eliminated (Sumaila et al., 2021), while the global efforts to reduce illegal, unreported, and 

unregulated fishing in the high-seas will require investments in surveillance and international 

coordination. These economic factors will also shape future scenarios. 

 

5.4.2.5 Environmental 

 

Climate is a key factor in biophysical, chemical and ecological changes that regulate the 

distribution of fish species, their abundance, physical condition, and their use of habitat. In a 

future with high greenhouse gas emissions (Representative Concentration Pathway 8.5), marine 

species in the Atlantic and Pacific oceans are projected to generally shift poleward following 

the coastline, with many species shifting more than 1,000km (Morley et al., 2018). Fisheries 

management will have to be anticipatory rather than responsive to predicted climate impacts on 

marine ecosystems in order to ensure that use remains sustainable as ecosystems change. 

Indeed, climate change impacts might affect exploitation reference points and the associated 

level of catch (Travers-Trolet et al., 2020). Yet uncertainties over adaptation and evolutionary 

processes in marine organisms and the temporal scale at which they occur, the influence of 

climate change on life history traits, impacts of extreme events (e.g., Babcock et al., 2019) and 

morphological constraints that limit certain species’ response to environmental change, may 

reduce the effectiveness of climate mitigating measures. For example, even in the absence of 

fishing, climate change has been projected to decrease marine animal biomass (which underlies 

wild capture fisheries) by around 5% for every one degree of warming (Lotze et al., 2019), and 

historical modelling supports an impact of warming on stock biomass, though the impacts on 

individual species vary (Free et al., 2019). However, effective management, including 

transboundary management, can help to offset these impacts (Gaines et al., 2018), emphasizing 

the crucial importance of governance structures (Free et al., 2019). Despite these projections 

many uncertainties abound. Surprises may also emerge as the future veers into environmental 

conditions that have not been previously experienced. For example, climatic changes may 

increase some species’ susceptibility to disease and has the potential to cause unforeseen 

collapse in fisheries. Climate impacts on fisheries will be felt unevenly, with the tropics 

predicted to bear the brunt of losses in fish catch potential and fisheries revenues. On the other 

hand, climate change may open up the potential for new Arctic marine fisheries through 

increased access to fish stocks and increased catch potential (Burgass et al., 2019).  
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To give a specific example of an important commercial taxon, most of the 14 distinct 

species of tuna from 4 main genera (Auxis, Euthynnus, Katsuwonus and Thunnus) are 

commercially harvested. Tuna have high economic value, representing about 9% of the 

internationally traded fish and fishery products in terms of value in 2018 (FAO, 2020b). Climate 

change will affect the phenology, physiology, biology and ecology of tuna and the ecosystems 

within which they exist, and the impacts will vary across species, life history stage and 

population/region. The outcomes of climate change on tuna will have knock-on effects on the 

distribution, composition and timing of tuna catches worldwide.  

Rising water temperature impacts tuna survival by affecting habitat suitability for tuna 

species at different life stages. By 2100, climate change projections suggest that Western 

Central Pacific water temperatures will be too warm for T. obesus to spawn, while temperatures 

will be optimal in subtropical latitudes and the Eastern Tropical Pacific (Lehodey et al., 2010). 

Rising temperatures will lead to an expansion of favorable habitat for adult skipjack tuna 

(Katsuwonus pelamis) throughout the tropics; however more recent estimates indicate a 

deterioration of tropical habitats and an improvement of habitat at higher latitudes. Nonetheless, 

there is agreement that rising temperatures will drive moderate increases in skipjack tuna catch 

and biomass until 2050. On the other hand, under current fishing pressure the population of 

albacore tuna (Thunnus alalonga) in the South Pacific is predicted to keep declining until 2035 

when they may begin to stabilize. By 2080, new spawning grounds are predicted to emerge in 

the North Tasman Sea, helping reverse some of the decline (Lehodey, 2015). 

Small pelagic fish are extremely abundant and support large capture fisheries for human 

consumption, aquaculture feed, and fish oil. Between 2005 and 2014, 16.2 million tons of small 

pelagic fishes were caught each year, representing 20% of the global catch of all fish species 

(FAO, 2018). Small pelagic fishes exhibit natural, multidecadal fluctuations in abundance 

(Soutar & Isaacs, 1969; Soutar et al., 1974; Baumgartner., Soutar, and Ferreira-Bartrina, 1992; 

McClatchie et al., 2017) that have led to rapid and dramatic fluctuations in industrial and small-

scale fisheries (Chavez et al., 2003). Due to the observed occurrence of these fluctuations prior 

to large-scale exploitation, these changes in small pelagic fish biomass are usually attributed to 

variations in oceanic climate rather than overexploitation. Small pelagic fishes typically 

respond to warming water temperatures by undergoing poleward distribution shifts (Beare et 

al., 2004; Hsieh et al., 2008; Nye et al., 2009; Kanamori et al., 2019). Projections of the spatial 

distribution of seven of the most harvested small pelagic fish species in Europe suggested that 

environmental suitability for most of these species may strongly decrease and local extinction 

are expected under the “business-as-usual” (Representative Concentration Pathway 8.5) climate 

change scenario (Schickele et al., 2021). In addition to spatio-temporal distribution shifts, 

changes in the productivity of upwelling ecosystems and plankton species composition under 

global warming (Marinov et al., 2010; Rykaczewski et al., 2015; Rykaczewski & Dunne, 2010) 

are likely to impact fisheries for small pelagic species. Under a high emissions climate change 

scenario habitat suitability for sardines in the Gulf of California is projected to decline by as 

much as 95% (Petatán‐Ramírez et al., 2020). Further, ocean acidification has been associated 

with reduced survival of small pelagic fish eggs (Shen et al., 2016), while habitat compression 

can potentially alter the fishes’ mortality rate by increasing spatial overlap between small 

pelagic species and their predators (Netburn & Anthony Koslow, 2015). In the Eastern 
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Mediterranean Sea, future scenarios of marine resources showed that alien species invasions 

may have substantial impacts on fisheries and ecosystems in addition to sea warming (Corrales 

et al., 2018).  

Human use of small pelagic fishes is expected to increase in the future due to both 

greater demand for aquaculture feed and for fish-based protein due to population growth and 

projected declines in agricultural productivity under climate change (Checkley et al., 2017). 

However, improved ecological forecasts that anticipate climate-related fluctuations in fish 

abundance may aid sustainable exploitation of small pelagic fishes in the future (Kaplan et al., 

2017; Tommasi et al., 2017). Additionally, trends such as the shift away from fish protein to 

seaweed in aquaculture could improve sustainability (Emblemsvåg et al., 2020).  

Finally, coral reef fish are important for livelihoods and food security in many tropical 

countries. Climate change impacts on coral reef fishes are varied and difficult to predict, and 

are influenced by species’ sensitivity to increased temperatures and rising CO2 levels as well 

as their capacity to adapt to environmental change (Pratchett et al., 2017). Research on climate 

change effects on coral reef fishes has been limited to relatively few species. Recent studies on 

the sensitivity of commercially valuable coral grouper (P. leopardus) to climate change 

indicates that sustained increases in ocean temperature will negatively affect the performance 

and fitness of coral groupers (Pratchett et al., 2017). This will potentially decrease catchability 

and availability of the fish, and ultimately lead to a drop in coral grouper catches in the tropics, 

where much of the world’s Plectropomus fisheries occur. Ecosystem models of Caribbean coral 

reefs show that deoxygenation from warming temperature and rising CO2 levels will lead to a 

drop in fish biomass and produce negative economic consequences, with the sharpest biomass 

declines likely to be in some commercially important species such as sharks, snappers, lobsters, 

shrimps and bivalves (Alva-Basurto & Arias-González, 2014). 

 

5.4.2.6 Political  
 

Effective fisheries management, combined with broader marine spatial planning efforts and a 

wider recognition of sustainable small-scale fisheries to food security, will together play a key 

role in the sustainability of wild capture fisheries into the future. Managing all fisheries to 

maximize long-term food production would result in 2050 in an increase of 16% of total harvest 

(Costello et al., 2020), requiring governance at local, national and inter-regional levels to ensure 

equity and sustainability.  

Fisheries face constant change in their social, economic and governance spheres, and 

drivers in these systems may interact with, amplify, or overshadow climate impacts on fish 

stocks. Data scarcity undermines fisheries management, particularly for tropical fisheries, 

increasing their vulnerabilities. 

Climate-driven impacts on ocean biomass are also likely to widen the socioeconomic 

equity gaps between nations (Boyce et al., 2020), and interact with impacts on agricultural food 

sources (Blanchard et al., 2017). These interactions compound the uncertainty associated with 

predicting how climate impacts will actually play out, particularly at the household and 

community level. 
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Enhanced fisheries management may be able to reduce the negative effects of climate 

change, or at least reduce the pace at which multiple climate drivers act upon the ocean and buy 

time for marine social-ecological systems to adapt (Gaines et al., 2018). A better understanding 

of the relationship between people, their communities and the environment will be required to 

enhance adaptation planning for communities that are most dependent on climate-impacted 

fisheries. Transboundary management will also become crucial; geopolitical issues may arise 

from the redistribution of resources in and out of countries’ jurisdictional areas. Sustainable 

management of fisheries that straddle the high seas may be able to mitigate climate impacts on 

fisheries within countries’ exclusive economic zones, but the extent to which this generates 

benefits to society and biodiversity varies depending on the type of ocean governance that 

prevails. At the extreme, a full closure of the high seas to fishing would increase the resilience 

of many commercially important fish stocks to both climate change and fishing (Cheung et al., 

2016).  

Scenarios of global governance, management, and economy (the “oceanic system 

pathways”), including geopolitics and corporate influence, have been developed for oceanic 

fisheries (Maury et al., 2017), broadly mapping on to the shared socio-economic pathways. 

However, they have not yet been fully applied in making explicit projections around the 

sustainability of stocks into the future. A nationalistic outlook where fisheries are propped up 

by subsidies would cause fishing profits to fall in all countries, as would scenarios characterized 

by a fossil fueled lifestyle, while ecological productivity would be negatively affected in both 

scenarios. More stark inequalities may emerge under worsening climate change. High seas 

fisheries could become increasingly economically viable for high-income countries under high 

carbon emissions (Representative Concentration Pathway 8.5) and a rapid economic 

development model, but the increased fishing intensity could potentially deprive middle and 

low-income countries of fishing opportunities. With multiple interactions taking place across 

spatial and temporal scales, outcomes will vary depending on whether they are viewed from 

ecological, economic, or social perspectives. Furthermore, an exploratory scenario approach 

based on socio-economic and political trends suggests that overfishing and climate change 

could increase the likelihood of fishery conflicts in the mid-century (Spijkers et al., 2021). 

Marine protected areas for biodiversity conservation can also provide benefits for food 

provisioning (e.g., Gill et al. (2019), but social equity and the systematic assessment of the 

marine protected areas local impacts are critical to success, as is the case for fisheries more 

generally (Cochrane, 2020). Expanding the global marine protected areas network to cover 28% 

of the ocean could increase food provisioning by 5.9 million tonnes, as well as provide carbon 

sequestration benefits in addition to their biodiversity conservation benefits (Sala et al., 2021). 

As with fisheries, it is also important to build climate resilience into marine protected areas and 

to recognize the challenges that climate change poses to their effectiveness (Tittensor et al., 

2019). In addition to marine protected areas, “human-used areas” (Hilborn & Sinclair, 2021) 

and other spatial management such as Other Effective Area-based Conservation Measures 

which can define fishery closures or areas with fishery restrictions, can also contribute to 

sustainable use (e.g., Petza et al., 2019). The focus for the future must be on learning how to 

merge enhanced human food security with the long-term persistence of biota needed for the 

stability of ecosystems. 
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Overall, improving fisheries management and effective harvest control rules imply a 

reduction of overfishing in addition to the rebuilding of depleted stocks. Management actions 

show cumulative benefits and a broad suite of management measures at local, national and 

international levels appears to be key to sustaining fish populations and food production 

(Melnychuk et al., 2021). Among the most effective actions are rebuilding plans that rapidly 

lower fishing pressure towards target levels, enabling overfished populations to recover 

(Melnychuk et al., 2021). Additionally, the ratification of international fishing agreements, and 

harvest control rules specifying how catch limits should vary with population biomass help to 

reduce overfishing and rebuild biomass. Notably, the cumulative benefits of management 

actions lead to stock status improvements and predicted long-term catch increases (Melnychuk 

et al., 2021). 

Regarding policies for securing sustainable small-scale fisheries, investments in 

alternative livelihoods have been insufficient and deeper structural changes, such as changes to 

property rights that explicitly recognize securing sustainable small-scale fisheries and their 

unique needs are required. Policies that recognize, rather than undermine, traditional and 

indigenous rights and access rights, but that may also support more inclusive relationships with 

state and/or corporate actors may be an important element (Short et al., 2021). 

 

5.4.2.7 Cultural 

 

Localized subsistence and indigenous fisheries tend to fall outside the scale at which global 

climate assessments are conducted, yet subsistence fishing in many developing countries takes 

place in intertidal areas including shallow reef flats and mangroves that are threatened by 

climate change. A large proportion of subsistence catch is made up of bivalves, gastropods and 

other invertebrates; calcifying species that are expected to be negatively impacted by ocean 

acidification. The predicted loss for subsistence fishing is likely to reduce overall household 

well-being, including health and socio-cultural aspects. However, at a local scale, invertebrates 

in the Pacific islands are expected to experience only moderate decline from climate change, 

thus subsistence gleaning may become even more important in the face of reduced coral reef 

fish catch. On a global scale, many of the world’s poorest countries are also the most heavily 

reliant on fish for protein, thus future climate-driven impacts are likely to result in additional 

socio-economic hardship in countries that are more reliant on fisheries but have limited capacity 

to adapt (Nash et al., 2020).  

In North America, climate impacts on indigenous fisheries are expected to be variable. 

In western Canada, warmer-water species such as Pacific sardines are projected to increase and 

provide an opportunity to develop or expand new commercial harvests. However, declines are 

expected in commercial herring and salmon stocks that contribute significantly to First Nations’ 

fisheries revenues, as well as in species important for food and ceremonial purposes 

(Weatherdon, 2016). From a nutritional perspective, health may be negatively impacted as 

nutrient intake derived from traditional seafood consumption declines, and this nutrient deficit 

is not easily substituted by other food sources. In order to meet future challenges related to food 

security, livelihoods, cultural integrity and equity provided by small-scale fisheries, it becomes 
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important to support the diversity of small-scale actors through appropriate policies (Short et 

al., 2021). and the inclusion of cultural asset preservation and benefits in future scenarios. 

 

5.4.2.8  Summary of plausible futures for fisheries 

 

Fisheries provide significant socio-economic benefits by contributing to local and global food 

security and employment. Characterizing the plausible futures of fisheries is key to assessing 

fish provision, demand and consumption in the next decades under differing projections of 

population, income growth and climate change.  

Global catches are projected to stay at high levels with fluctuations due to the El Nino 

phenomenon in South America (FAO, 2020b). A continued trend of industrial exploitation rates 

(business-as-usual) may likely increase the number of overfished stocks. This could be reversed 

by improving harvest control rules, technological advances on surveillance, and recovery plans 

in fisheries management. Projections indicate that an increase of fish yields could also reduce 

land and water use by a half.  

Climate change is recognized as a major threat, which will affect multiple aspects of 

marine ecosystems (e.g., species distribution, biological invasions, species life history traits, 

etc.) and impact aquatic food systems from production to consumption worldwide. The effects 

of climate change on fisheries production systems are already visible in some regions of the 

world and are projected to have higher impacts on the food security of fisheries-dependent 

communities, which could put more pressure on small-scale and subsistence fisheries. 

Additional pressures due to demographic growth and conflicts in sea use may aggravate climate 

impacts and lead these communities to adapt their fishing behavior and affect socio-cultural 

aspects of their practices. Climate-driven impacts on species ranges and changes in fisheries 

productivity are expected to profoundly affect the benefits that wild capture fisheries provide 

to the human population, including aspects such as food provision, nutrients, social benefits, 

and livelihoods.  

Climate change projections from high-emission scenarios from the Intergovernmental 

Panel on Climate Change show a decrease in 2050 global ocean biomass; the global catch is 

projected to be potentially reduced, and more substantially in tropical systems.  

Therefore, evaluating governance, fishing practices and economic factors to mitigate 

changes on current production systems could help transition operations and build climate 

resilience. This is even more important as global fish demand is projected to almost double by 

mid-century. In order to meet challenges related to food security, livelihoods, cultural integrity 

and equity, it is important to support the diversity of small-scale fisheries. Projections of bio-

economic impacts on wild-capture fisheries show they are likely to be substantial for many 

regions of the world (in particular the Global South) both for small- and large-scale fisheries. 

Furthermore, future socio-economic and political trends show that overfishing and climate 

change could increase the likelihood of fishery conflicts by the mid-century. 

Overall, the consequences of climate impacts on fisheries will reverberate into different 

sectors of society worldwide with those dependent on fishing for food, livelihoods and cultural 

purposes most severely affected. Climate change will interact in complex ways with other 

drivers of change in fishing practices and intensity, at multiple scales and across jurisdictions. 
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Hence the need for effective coastal and high seas fisheries management into the future to 

ensure the sustainability of wild capture fisheries and the resilience of fish stock.  

Preventing overfishing and developing management strategies that are robust to 

environmentally driven changes in productivity are essential to maintain and rebuild the 

capacity for global wild-capture fisheries to supply food. Harvest control rules and marine 

protected areas are among the management approaches that may provide benefits, help to 

prevent overfishing, and rebuild depleted populations. Yet the poor current status of many 

stocks combined with potentially maladaptive responses to range shifts could reduce future 

global fisheries yields and profits. However, reforming fisheries in ways that jointly fix current 

inefficiencies, adapt to fisheries productivity changes, and proactively create effective 

transboundary institutions to provide continuity in management practices are key elements for 

sustaining wild capture species and food production.  

 

5.4.3  Gathering 
 

5.4.3.1 Introduction 

 

Globally, thousands of species of algae, fungi and plants are gathered for food, medicine, 

construction and other uses. Gathering occurs in ecosystems from boreal forests (Uprety, 2012) 

to semi-arid savannahs (Schumann, 2010), and from high altitude environments (Pradhan & 

Badola, 2015; Rana et al., 2020) to near shore environments (McDermid et al., 2019). Humans 

have been gathering for millennia (Delgado-Lemus et al., 2014; Uprety et al., 2012) but a lack 

of baseline data, as well as the highly dispersed, low entry cost of this practice make it 

challenging to determine trends in the number of people who gather and the volumes of all 

algae, fungi and plants gathered at a global scale. However, although incomplete, data are 

available for some gathered materials that are commercially traded and a number of studies 

detail the social, including cultural and economic significance of gathering and uses of gathered 

materials in all regions of the world. 

Overexploitation has been identified as an important driver of global plant extinctions 

(Kor et al., 2021). However, a systematic review of 101 ecological studies addressing 

population-level consequences of gathering (Stanley et al., 2012) found that in almost two-

thirds (63.3%) of the cases examined, rates of extraction were or likely were sustainable while 

less than one-fifth (17.8%) were unsustainable. Few scenarios explicitly address the 

sustainability of gathering (but see Bondé et al., 2020), although scenarios that project possible 

futures for forests and other ecosystems in which wild algae, fungi and plants occur are relevant, 

as are broader climate change scenarios. In contrast, several modelling methods are commonly 

applied to predict the future social and ecological sustainability of gathering. Many models 

designed to assess ecological sustainability focus on changes in habitat extent and distribution 

under climate change alone or in combination with other drivers (Ardestani & Ghahfarrokhi, 

2021; Asase & Peterson, 2019; Chitale, Silwal, & Matin, 2018; Groner et al., 2021; Jansen et 

al., 2018; Munt et al., 2016; Yadav et al., 2021; del Castillo et al., 2013). Harvest response 

models are another common approach (Lázaro-Zermeño et al., 2011; Gaoue, Sack, & Ticktin, 

2011; Tilahun et al., 2011; Chamberlain et al., 2013; Pérez-Negrón, Dávila, & Casas, 2014; 
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Hernández‐Barrios, Anten, & Martínez‐Ramos, 2015; Kindscher, Martin, & Long, 2019), some 

examining the interactions of harvest techniques with other social and environmental factors 

(Groner et al., 2021; Hart‐Fredeluces, Ticktin, & Lake, 2021; Isaza et al., 2016). Projections of 

economic sustainability generally emphasize the financial returns to gatherers and/or the state 

(Saha & Sundriyal, 2012; Stanley et al., 2012; Van Andel et al., 2015), with the contributions 

of subsistence uses to local livelihoods rarely incorporated into models.  

  

5.4.3.2 Social 

 

Millions of people worldwide participate in gathering algae, fungi and plants (Gaoue et al., 

2011). One systematic literature review estimates that 80% of people living in developing 

countries rely on wild algae, fungi and plants as the main source to meet their nutrition and 

health needs (de Mello et al., 2020). Gathering of algae, fungi and plants make important 

contributions to food security (Campbell et al., 2021; Pérez‐Moreno et al., 2021), but 

knowledge regarding their nutritional contributions is limited (Vinceti et al., 2013). In some 

places, however, participation in gathering and reliance on gathered materials may be declining 

in response to urbanization and increased access to infrastructure and services (Gray et al., 

2015). Nevertheless, few scenarios and modelling studies explicitly include non-economic 

social factors in their parameters and this remains a knowledge gap regarding sustainable 

gathering. 

  

5.4.3.3 Technological 

 

Typically, the tools used in gathering are manual. Thus, the methods or techniques used to 

gather wild algae, fungi and plants and the knowledge underlying those methods constitute the 

most significant technological aspects of gathering. Key dimensions of gathering techniques 

include the places and times in which harvesting does or does not occur, the individual specimen 

and part or parts thereof to be harvested and volumes of material to be taken. Harvest impact 

studies and models make it clear that the sustainability of harvesting techniques are species- 

and context-specific. While there are cases in which empirical data and models indicate that the 

techniques in use have or could reduce populations of the gathered species (García et al., 2016; 

Hernández‐Barrios et al., 2015; Isaza et al., 2016) and may present a risk of localized extinctions 

(De Angeli et al., 2021) there are also cases in which the outcomes of gathering can be neutral 

at the population level or may even enhance the vital rates (i.e., growth, reproductive success 

and survival) of individual plants and/or populations (Hart‐Fredeluces et al., 2021; Kurttila, 

Pukkala, & Miina, 2018; Varghese et al., 2015).  

Modelling corroborates empirical findings that gathering techniques tailored to the 

biology, ecology and life stage of the target species are more likely to be sustainable. For many 

species, size and age class play an important role in whether gathering is sustainable (Groner et 

al., 2021; Isaza et al., 2017; Jansen et al., 2018). For example, models of methods used in the 

harvest of natal lily (Clivia miniata (Lindl.) Verschaff) in South Africa found that gathering 

individuals from all life stages would have a more negative effect on the overall population than 

would the harvest of only juvenile plants (Groner et al., 2021). Likewise, the sustainability of 
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gathering frequently is contingent upon the habitat in which it takes place (Klimas et al., 2012; 

Isaza et al., 2016). For example, modelled effects of the compatibility of gathering seeds from 

the medicinal tree Carapas guianensis Aubl. and logging it for timber in western Amazonia 

indicate that there is no sustainable harvest level for seeds and full-tree harvest in upland forests, 

while in occasionally flooded forest lands populations could sustain gathering of 10% of seeds 

and logging of all trees over 50 centimeters in diameter. Landscape ecology also exerts a strong 

influence over the sustainability of gathering practices. One example is the interaction of 

gathering leaves from the western North American species beargrass (Xerophyllum tenax 

(Pursh) Nutt.). Scenarios examining this interaction forecast that in a business-as-usual future, 

in which there is a greater than 50% chance of high-intensity fire, and a future in which all fires 

are excluded, beargrass populations would be significantly lower than in a future characterized 

by cultural burning of the landscape by indigenous peoples (Hart‐Fredeluces et al., 2021). 

 

5.4.3.4 Economic 
 

Gathering provides essential livelihood resources to millions of people worldwide on an 

ongoing basis (Gaoue et al., 2011; Jansen et al., 2018) through subsistence consumption of 

gathered materials (De Angeli et al., 2021; Pérez‐Moreno et al., 2021; Saha & Sundriyal, 2012; 

Stanley et al., 2012) and income derived from trade (Mumcu Kucuker & Baskent, 2015; Van 

Andel et al., 2015; Walsh & Douglas, 2011). In addition, gathering and gathered materials are 

important safety nets in times of environmental and economic shocks (de Mello et al., 2020). 

Both subsistence uses of wild algae, fungi and plants and trade in them have particular 

importance for low-income and marginalized peoples (Pérez‐Moreno et al., 2021), although 

gathered materials are used by households across the economic spectrum. Subsistence use of 

and trade in gathered materials is fundamental to the lives and livelihoods of indigenous peoples 

(Isaza et al., 2016, 2017) and local communities (Papageorgiou et al., 2020) and a source of 

empowerment for women (Pérez‐Moreno et al., 2021).  

A subset of the thousands of species gathered worldwide are commercially traded, with 

fewer still entering large-scale commodity markets. Most modelling and scenario development 

focuses on commercially traded species. In the case of wild algae, fungi and plants that enter 

large-scale commercial markets, gatherers can face the dilemma of maximizing harvest for 

short-term income, eventually reducing populations of the target species below commercially 

viable levels, or gathering lower volumes of material to sustain species populations and ensure 

income through time (Hernández‐Barrios et al., 2015). This dilemma may be particularly acute 

where the price per unit of raw gathered material is low and gatherers must increase harvest 

volumes to meet their economic needs or goals (de Mello et al., 2020). Further, a review of 87 

cases of hunting and gathering in developing countries found that, together with high species 

resilience, low gross domestic product per capita and high poverty ratios were strong predictors 

of unsustainable outcomes (Leao et al., 2017). Over the long term unsustainable gathering 

adversely affects the livelihoods and well-being of local peoples (Vallejo et al., 2014). 

Modelling studies suggest a number of strategies to enhance the sustainability of 

gathering, with a focus on commercially traded species. Agroforestry may increase production 

to meet demand and decrease pressure on wild populations, while fair trade schemes may help 



 

37 

 

to ensure equitable sharing of benefits with gatherers (Bondé et al., 2020; Pérez-Negrón et al., 

2014). Some models indicate that multiple-use forest management can increase economic 

returns for forest owners and identify the optimal mix of logging and gathering under current 

and future conditions (Kurttila et al., 2018; Miina et al., 2020; Mumcu Kucuker & Baskent, 

2015). Managing forests for both logging and gathering may enhance populations of gathered 

species. Where income from commercially traded wild fungi or plants becomes a priority for 

forest owners and forest managers, there is likely to be an increased emphasis on controlling 

access to such species. 

  

5.4.3.5 Environmental 
 

Scenarios and models, as well as empirical data, indicate that the future sustainability of 

gathering will be a function of interacting gathering techniques, environmental conditions and 

anthropogenic and biophysical drivers, including climate change (del Castillo et al., 2013; Hart‐

Fredeluces et al., 2021; Mandle et al., 2015). These factors may interact in additive, synergistic 

or antagonistic ways (Groner et al., 2021), producing species-, habitat- and site-specific 

outcomes for the sustainability of gathering. As a result, gathering regimes that are sustainable 

for one species may not be for another. Similarly, gathering techniques that are sustainable for 

a species in one location may not be so in a place where environmental conditions and drivers 

are significantly different. 

As previously noted, species biology (e.g., growth rate, reproductive strategy and, 

sometimes, population density), plays an important role in their response to gathering (De 

Angeli et al., 2021; Isaza et al., 2016; Papageorgiou et al., 2020; Walsh & Douglas, 2011; Yadav 

et al., 2021), as does heterogeneity in individual specimens’ responses to gathering given 

characteristics such as size and age (Jansen et al., 2018). Landscape ecology also plays a 

determinative role, with habitat conditions such as topography and hydrology strongly 

influencing the outcomes of gathering (Benítez-Badillo et al., 2018; Isaza et al., 2016, 2017; 

Mumcu Kucuker & Baskent, 2015; Pradhan & Badola, 2015; Varghese et al., 2015). Land-use 

and land-cover change is expected to accelerate, along with its adverse effects on the 

sustainability of gathering. Among the causes of land-uses and land-cover changes identified in 

scenarios and models as having significant impact on the sustainability of gathering worldwide 

are agriculture (Hertel & de Lima, 2020) and chemical runoff from it (Papageorgiou et al., 

2020), grazing (Benítez-Badillo et al., 2018; Lima et al., 2020; Mandle et al., 2015; Walsh & 

Douglas, 2011) and changes in forest structure due to logging (Benítez-Badillo et al., 2018; del 

Castillo et al., 2013). Some land-cover changes and landscape management systems have been 

identified as enhancing the sustainability of gathering of particular species. For example, fungal 

biodiversity in Mediterranean scrublands is increased by carefully timed treatments including 

controlled burning and clearance of vegetation (Hernández-Rodríguez et al., 2015), while forest 

fragmentation has increased populations of the epiphytic bromeliad Catopsis compacta Mez. in 

Mexico by opening up the canopy and increasing the area of forest perimeter (del Castillo et 

al., 2013). 

Similar patterns hold true for macrofungi gathered for food, medicine and other 

purposes. Mycorrhizal fungi associated with boreal pine forests are less adapted to high-
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intensity wildfires than are those in Mediterranean pine forests (Franco-Manchón et al., 2019). 

In some cases, silvicultural prescriptions can increase fruiting by edible wild fungi, although 

the degree of this effect depends on the extent of thinning of the forest canopy and site 

hydrology and temperature (Miina et al., 2020; Herrero et al., 2019; Kurttila et al., 2018; de-

Miguel et al., 2014). 

Climate change will affect most of the variables that will determine the sustainability of 

gathering in the future. Many studies have modelled the probable occurrence of suitable habitats 

for individual species or taxa of gathered species under climate change scenarios (Heubes et al., 

2012; Miina et al., 2020; Rana et al., 2020; Sinasson et al., 2021), as well as the effects of 

potential changes in precipitation and/or temperature (Ardestani & Ghahfarrokhi, 2021; Kumar 

et al., 2021; Yadav et al., 2021). Results suggest that some species will benefit from expanded 

distribution (Chitale et al., 2018; Yadav et al., 2021), the distribution of other species can be 

expected to decrease (Ardestani & Ghahfarrokhi, 2021; Chitale et al., 2018; Uprety et al., 2012; 

Yadav et al., 2021), while some will remain largely stable (Asase & Peterson, 2019). A shift in 

range to higher latitudes and altitudes is expected for some species (Ardestani & Ghahfarrokhi, 

2021).  

Climate change may also affect the use of fire as a landscape management tool, as well 

as the frequency and severity of wildfires, which are expected to increase, with attendant effects 

on populations of gathered species (Franco-Manchón et al., 2019; Hart‐Fredeluces et al., 2021; 

Sinasson et al., 2021; Varghese et al., 2015; Walsh & Douglas, 2011). However, different 

modelling approaches may produce divergent results about the impacts of fire on specific 

species (Klimas et al., 2017). Models further suggest that outcomes of fire are a function of 

interactions with other factors (Mandle et al., 2015). 

  

5.4.3.6 Political 
 

Although no model or scenario that explicitly addresses the outcomes of policies and 

governance for the sustainability of gathering was identified, many have clear policy 

implications. Models and scenarios help identify needs and opportunities for policy to support  

the social and ecological sustainability of gathering. The likelihood of shifting ranges for 

gathered species (Ardestani & Ghahfarrokhi, 2021; Sinasson et al., 2021) makes it clear that 

existing governance regimes such as protected areas may no longer encompass important 

populations. Similarly, some species may migrate outside the territories of indigenous peoples 

and local communities, depriving them of important livelihood and cultural resources. Policies 

that support the contributions of gathering to food security and community well-being will 

benefit both people and conservation (Campbell et al., 2021; Kor et al., 2021). The results of 

several models also highlight current and likely future mismatches between regulations and 

other measures necessary to ensure sustainable gathering (de Mello et al., 2020; Hernández‐

Barrios et al., 2015), while assisting in the identification of locations where harvest regulations 

and monitoring can be especially effective (Franco-Maass et al., 2016), as well as species that 

would benefit from strengthened legal and institutional frameworks (Garcia-Barreda et al., 

2018) and flexible management policies and plans tailored to species and context (Delgado-

Lemus et al., 2014; Franco-Maass et al., 2016; Garcia-Barreda et al., 2018; Kor et al., 2021). 
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5.4.3.7 Cultural 
 

Gathering has particular importance in the culture, myths, identity and spiritual practices of 

communities throughout the world including, but not exclusively, indigenous peoples. 

Notwithstanding this importance, less than half of studies examined in a systematic review of 

the literature on the social-ecological sustainability of non-timber forest products mention 

cultural dimensions of gathering (de Mello et al., 2020) although it is a common focus of 

research in the fields of ethnobotany (Balick & Cox, 2020) and biocultural diversity (Baumflek 

et al., 2021; Kassam, 2010). While not explicitly included in the parameters of scenarios and 

models relevant to gathering, modelling studies frequently make mention of cultural uses of 

gathered materials. Examples include use of the leaves from the cycad Dioon merolae (De Luca 

& Sabato; Nance 2009) for ceremonial purposes by indigenous and mestizo communities in 

Chiapas, Mexico (Lázaro-Zermeño et al., 2011) and ceremonial uses of ectomycorrhizal fungi 

(Pérez‐Moreno et al., 2021), as well as tensions between commercial and cultural values (Walsh 

& Douglas, 2011). The effects of commercialization on the cultural values and ceremonial uses 

of gathered species has received little attention and remains an important knowledge gap.  

As the case of beargrass above illustrates (Hart‐Fredeluces et al., 2021), the knowledge 

base on which gatherers draw can also exert a fundamental influence on the sustainability of 

their practices. Indigenous and local knowledge can, and often does, provide a foundation for 

sustainable gathering (Hart‐Fredeluces et al., 2021; Kor et al., 2021; Papageorgiou et al., 2020; 

Saha & Sundriyal, 2012; Walsh & Douglas, 2011). In western Australia, research shows that 

the ecological and economic future of small-scale trade in bush food will depend on 

intergenerational transfer of Aboriginal knowledge and skills (Walsh & Douglas, 2011). 

However, in many places indigenous and local knowledge has been subject to erosion (Uprety 

et al., 2012). A study on the Greek island of Lemnos notes that new gatherers with limited 

knowledge and experience may diminish the future sustainability of gathering wild medicinal 

plants there (Papageorgiou et al., 2020). Partnerships between indigenous peoples and local 

communities and scientists can also produce knowledge that will help sustain gathering in novel 

and changing landscapes (de Mello et al., 2020).  

  

5.4.3.8 Summary of possible futures for gathering 
 

The gathering scenarios and modelling literature suggests that four interacting factors will 

determine the sustainability of gathering: (i) species biology and ecology (Gaoue et al., 2011; 

Herrero-Jáuregui et al., 2011; Jansen et al., 2018; C. M. Klimas et al., 2012), (ii) land-use/land-

cover and land-use/land-cover change (Ardestani & Ghahfarrokhi, 2021; Groner et al., 2021; 

Heubes et al., 2012), (iii) climate change (Ardestani & Ghahfarrokhi, 2021; Groner et al., 2021; 

Herrero et al., 2019; Heubes et al., 2012; Kumar et al., 2021; Yadav et al., 2021; Munt et al., 

2016; Herrero et al., 2019; Karavani et al., 2018) and (iv) gathering technique (del Castillo et 

al., 2013; García et al., 2016; Hart‐Fredeluces et al., 2021; Isaza et al., 2016, 2017; Jansen et 

al., 2018; Mandle et al., 2015; Vallejo et al., 2014). These factors can interact additively, 

antagonistically or synergistically (del Castillo et al., 2013; Groner et al., 2021; Hart‐Fredeluces 
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et al., 2021; Mandle et al., 2015), producing outcomes that are highly specific by species and 

social and geographic location.  

While general trends at global and regional scales can be identified, policy and practice 

pathways will lead most surely toward sustainable gathering in the future when they are context-

specific and build in the capacity for adaptation to changing conditions (Hart‐Fredeluces et al., 

2021; Sinasson et al., 2021). Localized monitoring and assessment can supply appropriately 

scaled information (Papageorgiou et al., 2020; Sinasson et al., 2021) to support adaptation. 

Similarly, local-scale scenarios and models can inform policy and practice about possible 

futures for gathering (Bondé et al., 2020) and will be particularly valuable when they are 

transparent about the uncertainties built into the modelling process itself (Klimas et al., 2017), 

validated with field studies, and when they take into account the interacting effects of species 

biology and ecology, land-use/land-cover change, the effects of climate change and gathering 

techniques (Groner et al., 2021).  

In the case of gathering that feeds commercial markets, agroforestry and cultivation may 

relieve pressure on wild populations of target species (Bondé et al., 2020; Rana et al., 2020; 

Pérez-Negrón et al., 2014; Gaoue et al., 2011) but can also shift the distribution of benefits from 

gathering. Fair trade schemes may help to ensure that local communities benefit from commerce 

in local resources and are invested in its long-term sustainability (Bondé et al., 2020; Pérez-

Negrón et al., 2014).  

Protecting habitat for gathered species will be especially important for the long-term 

sustainability of gathering (Rist et al., 2010; Klauberg et al., 2014; García et al., 2016; Isaza et 

al., 2016; Munt et al., 2016; Isaza et al., 2017; Bondé et al., 2020; Sinasson et al., 2021) with 

land-use and land-cover change likely to represent a particular threat (Groner et al., 2021). In 

some cases, population- and landscape-scale management will help to create and/or maintain 

such habitat (de-Miguel et al., 2014; Hart‐Fredeluces et al., 2021; Herrero et al., 2019). 

Measures to support, promote and enforce sustainable gathering techniques will also be 

essential (Groner et al., 2021; Hart‐Fredeluces et al., 2021; Isaza et al., 2016, 2017; Jansen et 

al., 2018; Klimas et al., 2012) but, again, must be tailored to the context within which the 

gathering occurs. Indigenous and local knowledge can serve as a source for design and 

implementation of sustainable landscape management and gathering techniques (Hart‐

Fredeluces et al., 2021; Papageorgiou et al., 2020; Walsh & Douglas, 2011) and offers valuable 

input to modelling processes where principles of free, prior and informed consent are observed. 

However, in many places indigenous and local knowledge is being eroded and sustainable 

gathering will require efforts on the part of communities and policymakers to ensure that youth 

and future generations have the opportunity to acquire and use such knowledge (Walsh & 

Douglas, 2011). Participatory research (Varghese et al., 2015) and bringing science and 

indigenous and local knowledge into conversation with each other will also advance design and 

implementation of policies to address the challenges of sustainable gathering in the novel 

ecologies emerging from climate change and other local and global changes (Hart‐Fredeluces 

et al., 2021).  

 

5.4.4 Terrestrial animal harvesting  
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5.4.4.1 Introduction 

 

In this present assessment, terrestrial animal harvesting is defined as the removal from their 

habitat of animals (vertebrates and invertebrates) that spend some or all of their life cycle in 

terrestrial environments. Terrestrial animal harvesting often results in the death of the animal, 

but it also includes temporary or permanent capture of live animals from their habitat without 

intended mortality, such as for pet trade, falconry or green hunting. This chapter focuses on 

hunting, i.e., the lethal category of terrestrial animal harvesting which leads to the killing of the 

animal. 

It is important to add a few notes in terms of approach at the start of this section. There 

were, in fact, very few studies addressing scenarios for hunting in the literature search database; 

these were complemented with literature derived from expert sources. Of those, almost none 

could really be considered as “scenario” papers in the strict sense. The studies evaluated did, 

amongst other foci, consider some drivers of changes in hunting practice, but usually did not 

engage in future projections, with a few exceptions. Often studies would have a generic 

discussion at the end considering, in broad terms, what the future might be for hunting in that 

specific case/area. This is, of course, very different to a rigorous consideration of plausible 

futures, and means that the evaluation of scenarios generally is limited. In addition, the majority 

of studies consider legislation, or the legal framework as a key driver of changes in hunting 

practice (even where this is not the key focus of the paper). Although many papers (including 

those focused on here) discuss hunting with respect to local sustainability, there is also a need 

to explore the drivers and sustainability of the international trade in wild species (Harfoot et al., 

2018; ‘t Sas-Rolfes et al., 2019; Tittensor et al., 2020), and in particular scenarios of the future 

of the legal and illegal trade in wild species. Finally, Booth et al., (2021) highlight the risk of 

food insecurity from wild meat prohibitions, with 15 countries already identified as being food 

insecure that would be affected. Thus, while COVID-19 has given rise to calls for increased 

regulation of and/or bans of wild meat trade and consumption to protect both public health and 

biodiversity (see, for example, the discussion in Box 5.6), a complete removal of wild meat 

from diets and markets would severely impact both food security and biodiversity (Booth, 

Clark, et al., 2021). 

 

5.4.4.2 Social 
 

Illegal hunting can be driven by a social context (for example, poverty driving illegal poaching 

in parts of southern Africa), with the recognition that this applies at certain scales and in 

combination with other drivers (Box 5.3). For example, the actual act of poaching may be 

socially driven, but the market for products are an economic driver. In the case of large 

carnivore species such as tigers, Carter et al. (2019) consider overhunting and illegal hunting 

as one driver of changes in tiger space use and population persistence, referring in turn to drivers 

of such change in hunting practice as legal control. However, this study is far more about 

hunting as one of a range of drivers of species change itself rather than about which drivers 

affect hunting practice. Travers et al. (2019) used an unmatched count technique to identify the 

drivers of illegal hunting in communities adjacent to Ugandan national parks. They discovered 
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that poverty, victims of human-wild species conflict, and exclusion from revenue of nature-

based tourism often triggered poaching within the parks. They also explained that intervention 

programs that mitigated the identified drivers would reduce illegal hunting. However, there is 

limited evidence of threats of imprisonment or fines changing hunter behavior (Dobson et al., 

2019).  

 

5.4.4.3 Technological 
 

Only two of the studies under consideration indirectly considered technological changes as a 

driver of changes in hunting practice. In their approach to the use of hunting dogs (highly 

detailed, but not, as in the case of many other papers, a “scenario” paper), Koster & Noss (2013) 

show how the intensification of hunting by dogs (a technological change) is largely driven by 

increases in population (in certain areas) and changing cultural and market demands (in others). 

Such intensification has implications for the conservation of hunted species, and, if a future 

trend, conservation of hunted species in those areas would be increasingly challenged.  

Easily available and cheap light emitting diode (LED) flashlight technology enables 

hunters to pursue game more intensively at night than before, affecting killing rate and the 

number of kills made. In Brazil, these findings were supported by harvest data. This poses a 

major threat to wild species (Bowler et al., 2020). Likewise, the availability of motorized 

snowmobiles makes it easier for Alaskan Native American hunters to access hunting areas 

(Huntington et al., 2017), reducing the need for overnight stays and camping, thus changing the 

temporal and spatial nature of the hunting practice. Such technological changes in how driving 

affects hunting practice interact with, for example, significant ongoing changes in the physical 

environment, including major changes in the sea ice. Other technologies have increased the 

effectiveness of hunting and trapping, including (but not limited to) the use of airboats, surface-

drive boats and further use of outboard motor boats. Detection of hunted animals is further 

supported by the increased affordability of technology such as game cameras and unmanned 

aerial vehicles.  

In terms of hunting methods, snaring is almost universal in the tropics, whereas firearms 

require more of a financial and time investment (Dobson et al., 2019). Thus technology use 

depends on capital and time availability and physical capability, as well as social and cultural 

constraints (Dobson et al., 2019). Technologies and their evolution in temperate regions were 

mentioned above.  

Wild species farming has been considered a conservation strategy that can help reduce 

harvesting pressure on some wild populations (Tensen, 2016). Broadly speaking, domestication 

and farming of wild animals of commercial value and high demand can also help to reduce the 

pressure on wild stocks (Nogueira & Nogueira-Filho, 2011; Tensen, 2016), although it may 

affect land-use pressures, and in some parts of the world the options are limited (Secretariat of 

the Convention on Biological Diversity, 2011). Expanding wild species production cannot 

occur at the expense of other species, biodiversity or ecosystem services (Gortázar et al.,2006; 

Mustin et al., 2018). Other concerns regarding farming of wild species have been raised 

elsewhere (e.g., Tensen, 2016 considers the particular conditions under which wild species 

farming may actually benefit species conservation). Insect farming is a potentially viable option 



 

43 

 

to reduce dependence on wild meat and unsustainable hunting of wild animals for protein. Van 

Huis & Oonincx (2017), discuss the potential of small-scale and locally managed edible insect 

farming as well as industrial production.  

 

5.4.4.4 Economic 

 

As discussed above, studies (again, not “scenario” studies per se) show how changing market 

demand may drive, in certain areas, intensification of hunting using dogs (Koster & Noss, 2013; 

Huntington et al., 2017). Poverty, unemployment, economic hardship and poor law enforcement 

are important motivators for poaching, especially when risks are low due to e.g., corruption and 

wages. Increased per capita incomes in East Asia are an important factor influencing consumer 

demand for wild species parts and products. Huntington et al. (2017) observed that reduced 

demand for wild species products (such as animal skins) has changed hunting practice (amongst 

other drivers of change) in their study sites in northern and western Alaska.  

 

Box 5.3 Demand for wild meat: feedbacks between global and local drivers 

 

Many rural communities rely on wild meat hunting for their income and subsistence needs. 

However, as population levels and urbanization rise, hunting can become unsustainable, due to a 

higher urban market demand driving the commercial trade of wild meat. This, in turn, is likely to 

impact the long-term food security of communities, as well as wild species conservation projects. 

In the greater Serengeti ecosystem area, the influence of available meat substitutes (chicken, lamb, 

beef, fish and goat), socio-economic aspects and location all played a major role in the price as well 

as demand for wild meat (Walelign et al., 2019). An increase in the price of wild meat led to a 

decrease in the demand. The authors argue that it would thus be better to target poachers to increase 

their costs, rather than decrease the costs of substitutes. To reduce demand, policy interventions 

could be implemented that not only address a long-lasting conservation culture, but that also provide 

alternative means for income generation for hunters/poachers. The demand for wild meat in the 

future is, however, likely to change due to changes in cultural norms as well as preferences, whereby 

the younger “westernized” generation has a lower consumption of wild meat (Luiselli et al., 2019). 

Wild animals and the trade of their meat have a large impact on many countries’ economies, as well 

as ecological impacts. Since the recent COVID-19 outbreak, the trade in wild meat has been under 

increased scrutiny due to the risks associated with an increasing urban population and decreasing 

natural habitats, which in turn can allow for rapid transmission of zoonotic diseases to humans. The 

wild meat trade has significant influence not only in terms of wild species impacts, but also on the 

livelihoods of those who rely on the trade. Many factors thus play a role in the supply and demand 

for wild meat (McNamara et al., 2020). For example, a country’s commitment to reduce the illegal 

trade in wild species and a ban of terrestrial wild animal consumption will have significant impacts 

on those relying on that trade for income, as well as on the risk of emergence of zoonotic disease. 

Legalized markets could, in theory, allow for more regulations and strict protocols to be 

implemented, thus allowing better law enforcement and more control in order to reduce the spread 

of zoonotic diseases. 
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5.4.4.5 Environmental 

 

Few of the studies considered specifically environmental factors as a driver of changes in 

hunting practice. This is a clear gap. A study in northern and western Alaska, interviews with 

110 individuals in 14 Alaska native communities point to a rapidly changing marine 

environment not only affecting the survival rate of mammals but also rendering sea-ice unsafe 

to travel on, thus making hunting more dangerous (Huntington et al., 2017). Further, sea-ice 

changes modify the seasonal nature of hunting (there are, thus, both spatial and temporal 

changes). Changes in the physical environment are both expected to be ongoing and to interact 

with changing drivers in the social and technological dimensions. It is important to note that 

this study is not, strictly, a scenario-based analysis. Rather, climate projections are referred to 

as indications that currently observed trends (climatic trends influencing hunting practice and, 

thus sustainable use) are likely to continue. 

 

5.4.4.6 Political 

 

Legislation appears to be a key driver for changes in hunting practice. For example, Antunes et 

al. (2019) found that subsistence hunting in Amazonia has an unclear and controversial legal 

status, thus creating challenges in establishing consistent sustainable hunting management 

practices (changes have occurred since the 1967 legislation making hunting of all wild animals 

illegal). A range of studies examine legislative changes as drivers of changes in hunting 

practice, including changes from a total ban on hunting (for example, in Brazil) to fragmented 

or confusing legislative frameworks (for example, in the case of Brazil, although this certainly 

applies elsewhere). In Brazil, Nascimento et al. (2016) found that the hunting of other species 

posed an indirect threat to the species on which they focused. In this case, changes in the 

practice of hunting of other species were largely driven by changes in public policies. 

 Travers et al. (2017) used the unmatched count technique to identify the drivers of illegal 

hunting in communities adjacent to Murchison Falls and Queen Elizabeth National Parks in 

Uganda. Based on the identified drivers, they compiled a list of intervention options to reduce 

unsustainable and illegal hunting. The authors thereafter conducted surveys with stakeholders, 

including the local communities, to determine their preference for the intervention options and 

predict how they would respond to their implementation. The findings showed that livelihood 

was the main driver of wild species-related crime in both national parks, while the respondents 

preferred management practices that mitigated human-wild species conflict, and wild species-

friendly enterprises in which local communities sign agreements to stop wild species crime in 

turn for average earnings of 500,000 shillings per year per household. The authors also noted 

that wild species laws and implementation such as arrests, imprisonment, and fines are not 

effective in deterring wild species-related crimes. The study observes, however, that 

protectionist policies are having some influence in these areas (at both Murchison Falls and 

Queen Elizabeth National Parks). Aerial surveys some years ago show for both parks increasing 

or stable populations of nearly all surveyed species (Wanyama et al., 2014).  

 Bollig & Schwieger (2014) consider local institutional change as a key driver of changes 

in natural resource management in Namibia, including hunting practices (here, commercial 
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hunting is allowed as a permitted land-use under conservancies established by communities). 

As local institutions such as conservancies evolve, together with challenges in their 

establishment, control over hunting practices (amongst other land-uses) affects such practices. 

This includes, for example, issues of monitoring and sanctions. This trend is likely to continue 

in the future, as hunting regulation in Namibia evolves.  

Alternative income generating strategies have been advocated by conservation 

managers, including wild species farming. However, Brown (2003) showed that wild species 

farming has not been successful in tropical regions, while the economic viability of wild species 

farming has been challenged by Mockrin et al. (2005). An “enhanced livelihood approach” 

(Blum, 2009) was used in Mount Cameroon tropical forests. It included hunting regulations 

through the issue of hunting licenses, allocation of hunting quotas and punishment of poachers 

(Blum, 2009). While this pilot project had been implemented since 1994 (Akumsi, 2003), it 

faced challenges, such as inadequate knowledge of natural history and population dynamics of 

wild species in the region, as well as a lack of long-term monitoring data to evaluate success of 

the project and facilitate adaptive management (Blum, 2009). Other hunting regulations focused 

on seasonal hunting, hunting methods which discouraged the use of traps and allocation of 

hunting tags to members of organized hunting groups with subsequent monitoring along the 

wild meat value chain (Olsen et al., 2001). Observations from Gashaka Gumti National Park in 

Nigeria showed that community-based management through allowing seasonal hunting and 

involving hunters in enforcing laws in “no-take zones” was very effective (Dunn, 1994).  

 Wilkie et al. (2016) examined overhunting in Africa and the four challenges to effective 

conservation, including lack of commitment by local communities, unsustainable harvesting 

methods, inability to expand wild species production like livestock, and habitat loss due to land-

use change. They further identified the drivers and actors in wild meat consumption, and 

provided a synthesis of solutions to this intractable issue. They discussed the fact that wild 

species are harvested by local people, and mainly consumed by both rural and urban families, 

with economic incentives for the local hunters. They concluded that wild species can be best 

protected by effective protected area management and enforcement of wild species 

conservation laws (Wilkie et al. 2016). In a broad review of hunting, Dobson et al. (2019) 

further suggest that the effectiveness of interventions would need to be evaluated against 

alternatives. 

 

Box 5.4 Trade-offs between wild species, livestock and livelihoods 

 

Trade-offs exist between wild species, livestock, and people’s livelihoods in many areas, which 

may allow for conflicts to arise between both human and wild species needs. In east African 

savannas, this challenge is addressed in part by habitat being provided for both wild species and 

livestock production. Improved integration between livestock and wild species may alleviate the 

conflicts that arise and allow for certain ecological benefits, such as a reduction in tick loads, thus 

preventing tick-borne diseases, as well as improved vegetation and forage cover. In addition, this 

allows for socio-economic as well as financial benefits from tourism and wild species-livestock 

production systems. The integration of livestock with wild species land-use therefore can provide 

benefits to wild species and human well-being. The political and governance implications of future 
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conflicts over land and resources may, however, influence trade-offs; and equitable land ownership 

serves as a key driver of wild species-livestock coexistence (Keesing et al., 2018). Similar trends 

and issues are evident in North America and Europe (in the case, for example, of wild boar and 

agricultural land-use conflict). Globally, a shift in the way livestock and wild species interact is 

needed, via management frameworks that empower communities and allow for direct benefits from 

both wild species and livestock farming (du Toit et al., 2017). This is particularly the case now that 

pandemic disease risk has come into focus as an issue relating to the interface between wild species 

hunting and agriculture (Rohr et al., 2019). 

 

Box 5.5 Trade-offs between trophy hunting, wild species protection, nature-based tourism and 

local livelihoods 

 

Well-regulated trophy hunting is recognized as a conservation tool. However, there is a debate as 

to its sustainability. Muposhi et al. (2016) conducted a review on the various trade-offs, as well as 

implications of trophy hunting when used as a conservation tool.They found that in some countries 

the populations as well as quality of the species hunted are declining due to hunting pressure 

influencing the overall flight and foraging activity, which in turn affects species fitness levels. In 

addition, selective harvesting of trophy species ultimately leads to a decrease in the desirable 

phenotypic traits of the species, as well as increases their physiological stress levels. Effectively, 

trophy hunting can provide financial support and resources but requires sustainable practices. 

There is frequent debate between, for example, conservation non-governmental organizations and 

governments on the effectiveness as well as acceptability of using trophy hunting as a tool for 

conservation, possibly in part driven by a lack of reliable information on its economic and ecological 

impacts. Trophy hunting can provide economic incentives for conservation of large areas that might 

otherwise be unsuitable for other wild species-based land-use (Lindsey et al., 2006). There are, 

however, aspects of the industry in certain areas that may hinder the conservation benefits. Factors 

limiting the role of trophy hunting as a conservation tool include issues relating to private and public 

land-use, over- and under-offtake, corruption, competition, the Convention on International Trade 

in Endangered Species of Wild Fauna and Flora limitations and inadequate regulation of the 

industry. 

In a specific example, Parker et al. (2020) addressed the impacts that hunting bans have on private 

land conservation in South Africa, particularly on biodiversity hotspots. Landowners observed a 

significant drop in biodiversity following a hunting ban, as well as a transition to other forms of 

income generating activities such as livestock farming. On the other hand, there are case studies 

where trophy hunting bans have had positive effects on, in this case, lion demographics (Decker et 

al., 2016; Mweetwa et al., 2018). Essentially, the incorrect management and inappropriate 

regulation of trophy hunting can lead to negative consequences. However, there are also 

conservation and economic benefits that occur. More evidence needs to be provided on the 

economic and ecological impacts of trophy hunting to ensure appropriate trade-offs with multiple 

benefits. 

Detailed studies on countries need to be undertaken to assess the role of hunting in conservation, 

diagnose problems, and propose sustainable site-specific solutions. Improved monitoring and 

enforcement of existing legislation, as well as the creation of new legislation and incentives for 

conservation performance are all aspects that need to be addressed to ensure that sustainable wild 
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species management is practiced, both now and in the future, as such tradeoffs may become more 

difficult to achieve. 

 

5.4.4.7 Cultural  
 

Values and/or cultural practices can serve as key drivers of changes in hunting practice. For 

example, Glas et al. (2019), using an Indiana case study in the United States of America, show 

how wild species value orientations (fundamental beliefs or mental constructs that people use 

to view wild species) can help (in certain circumstances) show how certain wild species-related 

actions may be viewed and accepted (or not) by the public. In this case study, wild species value 

orientations are interestingly most predictive for lethal management actions (such as hunting), 

and the acceptance of such management actions increased as wild species-human conflict 

increased (with, presumably, knock-on effects on the engagement of such actions). As a result, 

wild species value orientations can be useful in informing wild species management using lethal 

actions, for example, in the management of large predators.  

In their approach to wild species governance in the 21st century, Decker et al. (2016) observe a 

decline in interest in hunting in the United States of America, and show how sustainable use 

principles may affect wild species governance principles which could, in turn, affect the social 

acceptability of particularly wild species uses (such as hunting). Such views will have 

significant impacts on whether a particular wild species use or management is viewed as 

legitimate, with, as above, presumably knock-on effects on hunting practice (Box 5.5). 

In Alaska, changes in cultural practices among Native American Inuits, such as reduced 

use of animal skins for clothing, have influenced demand for hunted marine mammals 

(Huntington et al., 2017). Further, the extent to which hunters in these study sites in northern 

and western Alaska use indigenous knowledge in adaptation to a changing environment, and 

also integrate new knowledge, is key to how their hunting practices adapt to multidimensional 

changing conditions.  

Changes in human values, for example the rise of the animal rights movement (e.g., 

Hampton et al., 2021) and animal empathy could be important factors affecting the cultural 

acceptability of consuming wild animals, on the one hand, while driving a demand for certain 

wild plant products on the other. This could have negative impacts on livelihoods depending on 

wild species trade or hunting, and positive impacts on livelihoods derived from marketing wild 

plant products. There is also a move in Europe and North America for rising consumption 

demand for game meat, as well as in South Africa, in part due to perceived health benefits and 

the meat being considered (on occasion) “organic” (Archer et al., 2015). Saif et al. (2020) use 

the wild species tolerance model to understand what drives tolerance of Asian elephants in rural 

Bangladesh, finding that monetary costs do not have a significant influence, while intangible 

costs and benefits do (Box 5.4), with important implications for future conservation decision-

making. Finally, Lopes & Atallah (2020) consider the importance of the spiritual value accorded 

to certain species in some indigenous communities, looking at population dynamics of tigers in 

a reserve in India under several management scenarios. A key finding shows that if the Soligas 

tribe, who consider tigers as sacred, are evicted from the reserve (losing security of tenure), 

localized tiger extinction is likely.  
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Box 5.6 Case of wild species use for cultural purposes and potential links to the spread of the 

COVID-19 coronavirus 

 

In the context of the COVID-19 pandemic, a range of studies has tried to determine the source of 

the virus, with a wild source (probably a bat) considered (WHO, 2021). Wild species have been 

used for centuries for cultural purposes (including food and medicinal use), and the conditions in 

which animals are kept while in transit from source to final destination are often extremely poor 

(noting that wet markets do not always include live animals). A clear priority for action to reduce 

the risk of future pandemics is to conserve wild species and their habitats. Turcios-Casco & Cazzolla 

Gatti (2020) for example suggest four actions. Firstly, closing wet markets could reduce zoonotic 

disease spread (as well as illegal wild species trading). Secondly, the authors recommend 

conservation of natural areas and reduction of human-animal interaction. Thirdly, pangolins, bats 

and other species could be conserved rather than exploited (with some recommended measures). 

Finally, the authors recommend further regulation of medicinal use of such species. The authors 

argue that with increased control and stricter regulations, fewer animals would be illegally exploited 

and the risk of zoonotic disease spread will decrease. However, the issue is complex and the best 

approach is still contested (e.g., Roe & Lee, 2021), both because of the reliance of many poor 

communities on trade in wild species for their livelihoods (Booth et al., 2021a) and because of the 

potential for unintended consequences for both conservation and food security (Booth et al., 2021b). 

A pandemics treaty (proposed at the May 2021 World Health Assembly) could be key in terms of 

legally binding instruments to address these public health risks.  
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5.4.4.8 Summary of plausible futures for terrestrial animal harvesting 

 

As indicated earlier (5.4.4.1), few studies explicitly address scenarios for hunting. Few papers 

could really be considered as “scenario” papers, and they largely considered drivers of hunting 

practice. However, some key trends can be identified and considered as likely to continue in 

the future. Firstly, key social drivers include legislation and regulation, illegal hunting and 

poaching, values around hunting and institutional change, linked in some areas to changes in 

legislation. Certainly, attitudes to terrestrial animal harvesting, or hunting, are evolving and, in 

certain areas, appear to be shifting in a way that affect their recognition. In addition, in certain 

countries, legislation regarding, for example, illegal hunting and poaching is both evolving and 

being more stringently implemented, with impacts on hunting practice on the ground. 

Secondly, technological drivers of changes in hunting practices are likely, in some areas, 

to continue to evolve, including intensification of hunting due to improved technology, such as 

high beam hunting spotlights and faster vehicles. Conversely, in some areas, technologies to 

detect poaching and illegal trade are improving, providing improved support to anti-poaching 

measures (for example, the integrated surveillance system developed for South Africa’s Kruger 

National Park, with a command center near the main camp, Skukuza). Another trend here that 

is likely to only intensify in the future is the increased availability of motorized vehicles for 

hunting.  

Thirdly, the environment in which hunting occurs is changing and, particularly in regard 

to climate change, this can be considered an ongoing and intensifying trend. Examples here 

would include higher temperatures and changing sea-ice conditions, with clear implications for 

hunting practice in these areas.  

Economic changes affecting hunting practice include changing market demand, 

including the demand for wild meat, which, in some areas, is projected to increase in the future. 

In other areas, however, reduced market demand for wild species products is a clear future 

trend, in addition to being currently observed.  

Political drivers include aforementioned ongoing legislative changes (including the rise 

in hunting bans in some countries), as well as non-governmental organization participation in 

the Convention on International Trade in Endangered Species of Wild Fauna and Flora, which 

is likely to increase in the future.  

Finally, cultural drivers of change in hunting practice are, in certain areas, likely to 

continue to change in the future, including changes of social acceptability of hunting in some 

areas, as well as loss of traditional knowledge regarding sustainable hunting practice (a clear 

ongoing trend in certain sites). 

It is clear that the limited presence of scenario studies in hunting is a key knowledge 

gap. One key finding of this assessment is that such studies would have significant value, if 

using scenarios approaches explicitly and in a way that would allow for comparison across 

regions where possible. 
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5.4.5 Logging 

 

5.4.5.1 Introduction 

 

This assessment has a focus on sustainable use of wild species; therefore, the definition of 

sustainable logging focuses on activities in natural forests and secondary regrowth, and does 

not include plantations, which are often established using exotic species. Logging from planted 

forests often acts as a substitute for wood supply from natural forests, yet depends on the 

regional context of timber extraction and the end-uses of wood, mediated by global trade (see 

section 3.3.4 in Chapter 3).  

Logging is defined as the removal of whole trees or woody parts of trees from their 

habitat. It generally results in the death of the tree, but also includes cases in which it may not, 

such as coppicing. Some activities that constitute part of forest management and use such as 

extraction of plants, algae, and fungi products (e.g., resins or fruits) are in some cases 

undertaken along with logging as part of integrated forest management practices.  

Most scenarios analyzed here are associated with forest futures in the context of climate 

mitigation — linked to carbon emissions and removals — and energy supply, and their trade-

offs. Often, such scenarios tend to focus on planted forests, or do not make a distinction between 

planted and natural forests, nor capture the substitution effects between these two different types 

of forest. Much less attention has been paid to scenarios of the sustainable use of natural forests 

in the context of climate change, development, biodiversity protection and poverty reduction, 

which tend to differ depending on biomes (tropics, subtropics, temperate and boreal).  

Multiple drivers influence the future of wild or natural forests vis-à-vis planted forests, 

and furthermore sustainability differs depending on whether harvesting is for diverse wood-

based products (e.g., furniture, plywood, paper and paper-like products) or energy, and is 

influenced by consumption, trade and material substitution dynamics. In addition, increasing 

human disturbance, along with climate change (e.g., fires, drought) and biotic factors (e.g., pest 

infestations) create additional stress on forests, particularly natural forests, with direct 

implications for forest condition that also affect their actual and future capacity to respond and 

adapt to climate-related risks. The future of natural forests is also intimately associated with 

plantation development, which may reduce the pressure on natural forests to meet demand for 

harvested wood products. It is also linked to the different forest management systems used for 

logging, which can affect forest population structure and genetic diversity (Ratnam et al., 2014). 

The dynamics of forest regeneration also play a role, with impacts not only on wood supply but 

also on the provision of (forest-related) nature’s contributions to people (Shimamoto et al., 

2018). Finally, the future of natural forests, and thus logging, is directly and indirectly linked 

to wider land-use dynamics.  

The total global forest cover area has decreased over time, including a persistent trend 

of natural forest decline, despite gains from natural forest regeneration (FAO, 2020a). In 

addition, a significant portion of the remaining cover of natural forests is degraded due to effects 

of conventional logging, edge effects due to fragmentation, and incidence of fire (Finegan, 

2016). If current trends continue, natural forests will be much smaller, simpler, steeper and 

emptier in the future. This is because natural tropical forests are expected to keep diminishing 
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in size and become more fragmented, with larger areas in edges and patches, and with reduced 

structural and species complexity. The better-preserved forests will be restricted to steeper and 

less accessible areas (Edwards et al., 2019). In addition, forests in the future may be more 

exposed to fires and diseases, which can also affect the survival of species less resilient to stress 

(Anderegg et al., 2020). 

The demand for wood-based panels, paper and paperboard has been estimated to double 

between 2005 and 2030, and the demand for sawn wood to increase by 50% over the same 

period (FAO, 2010), though with a growing share of recycled materials and wood residues 

lowering the demand for primary timber. Logging in natural forests is expected to continue, yet 

this supply will also be substituted over time by timber from plantations to keep up with global 

demand for industrial roundwood (WWF, 2012; FAO, 2015). Planted forests and trees outside 

forests will also become an important source of wood production but probably for domestic 

markets (FAO, 2019). Demand will also depend on the prospects for the use of wood for 

construction and buildings, and innovations to increase the durability of wood as a construction 

material in the building sector. 

 

5.4.5.2 Social 
 

Market demand is influenced by population growth, and urbanization is a key driver affecting 

the area of natural forests threatened by conversion to agriculture and the volume of wood (or 

fuelwood) supply originating from natural forests. Population increases in rural areas may lead 

to further occupation of land for commercial agriculture (Haller, 2014). This is likely one of the 

most important drivers of deforestation in the tropics and sub-tropics (Pacheco et al., 2021). A 

major proportion of projected global population growth is predicted to take place in Africa. Of 

the additional 2.4 billion people projected between 2015 and 2050, 1.3 billion will be added in 

Africa, 0.9 billion in Asia and only 0.2 billion in the rest of the world (UN DESA, 2016). 

Population growth may lead to an increase in the unsustainable consumption of forest products. 

Yet changes in consumption behavior may reduce the demand for forest-risk commodities, and 

protect forests from further conversion, as explored in future positive scenarios for Para State, 

Brazilian Amazon (Siqueira-Gay et al., 2020). A global analysis suggests that food systems 

transformation is one of the pathways towards terrestrial biodiversity conservation, and thus 

protection of natural forests (Leclère et al., 2020), yet it could constrain wood supply.  

Wood demand is linked to product substitution with metals and plastics, the digital era 

(McEwan et al., 2020), and the potential demand from bioenergy markets for wood-based 

biomass (Nepal et al., 2019). Urban population growth expands demand for energy, which in 

countries in Central and East Africa predominantly originates from traditional sources such as 

fuelwood and charcoal (Ahrends et al., 2010). Global demand for charcoal will continue to 

increase due to urban population growth in developing countries, mainly in sub-Saharan Africa 

where demand for charcoal and fuelwood relates to its affordability, easy access and transport, 

and tradition. Currently one third of residential energy use is based on traditional bioenergy, 

including charcoal (Santos et al., 2017). Projections of charcoal production and use in urban 

households in Central & South America, Africa and Indonesia to 2100 using scenarios based 

on the shared socio-economic pathways and an energy model (Santos et al., 2017) estimated an 
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increase in demand for forest biomass for bioenergy ranging from 31.5 million tons in the most 

sustainable scenario to 450 million tons in the least sustainable scenario by 2100 (Santos et al., 

2017). However, this study showed that all of the regions examined have the forest biomass 

capacity to meet this demand, especially in Africa and South America, although of course there 

can be substantial ramifications of changes in biomass use for bioenergy. 

 

5.4.5.3 Technological 
 

Technological innovations could support sustainable use of natural forests through multiple 

routes. Improving the uptake of technologies for sustainably advancing agricultural 

intensification, particularly in working lands of producer countries, could enable land to be 

spared for forest conservation, conditional on the type of governance in place (Ceddia et al., 

2014). Technologies in wood manufacturing will also contribute to the expansion of their use 

in buildings (Ramage et al., 2017), along with the wider adoption of technologies for improving 

the efficiency of wood-biomass use for energy production (Proskurina et al., 2019). Yet, much 

of this wood supply may originate from plantations, which may substitute for wood from natural 

forests, thus reducing the pressures on natural forests as a source of wood supply. Expansion of 

forest cover can be facilitated by forest restoration — mainly linked to assisted natural 

regeneration or reforestation — which will benefit from the increasing use of technologies and 

data to determine the technical potential of large-scale restoration, machine learning to 

determine tree species composition (Lang et al., 2018), and the potential use of aerial seeding 

by drones or other aircraft, among others. The success of regeneration can depend on 

silvicultural practices that ensure the survival and establishment of tree saplings and also affect 

economic viability (e.g., Graefe et al., 2020). Routa et al. (2019) investigated this in Picea abies 

and Pinus sylvestris in Finland, finding that during a 50 to70-year rotation, the use of improved 

varieties of tree species, with or without nitrogen fertilization, increased timber production by 

up to 28% and economic profitability (net present value) by up to 60%, regardless of the tree 

species and the impacts of climate change. This highlights that the use of improved practices 

can increase the output of forest plantations and promote sustainable forestry management. 

In addition, a greater uptake of sustainable forest management practices in natural 

forests (e.g., reduced impact logging) has the benefit of ensuring higher rates of forest 

regeneration compared to traditional harvesting methods, thus making it possible to sustain 

future logging but with comparatively lower volumes over time (Putz et al., 2012). Furthermore, 

innovations in forest management systems are expected in industrial timber production (e.g., 

technology used in harvesting machines, and the choice of harvesting machines, systems and 

methods) linked to variations in tree size, plantation areas and forest composition, including 

harvesting in more difficult terrain (McEwan et al., 2020). Still, a source of debate is whether 

the use of improved technologies in small-scale artisanal logging will significantly enhance the 

sustainable supply of timber from natural forests, particularly in tropical areas where 

smallholders constitute the main forest users (Asamoah et al., 2011). Finally, the application of 

timber tracking and origin verification may offer quick and reliable information to support the 

implementation of sustainable practices and monitoring for compliance (Lowe & Cross, 2011), 

and in natural forests such practices can be expected to supply consumer markets with more 
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stringent import regulations. In developing economies, forests may increase their contribution 

to economic development and well-being if the industry is restructured in ways that increase 

the value of the harvested wood, which can then compete with traditional sources of income 

from extractive industries (e.g., oil and gas), and reduce forest depletion (Izursa & Tilley, 2015).  

 

5.4.5.4 Environmental 
 

Moderate increases in average temperatures can likely be absorbed by forest ecosystems, since 

most species are capable of acclimating to small increases in temperature (Yamori et al., 2014; 

Way & Yamori, 2014; Reich et al., 2016; Slot & Winter, 2017). However, more extreme 

climate-change driven weather fluctuations, particularly the combination of high temperature 

and drought, can induce tree mortality, or may weaken forests and make them prone to insect 

attacks, which then finish them off (Anderegg et al., 2015). Extreme temperatures can also lead 

to leaf damage and death, which reduces the overall health of the trees and predisposes them to 

other potentially lethal agents. There is also a greater likelihood of fire outbreaks in drier 

seasons, and droughts, which also expand fire incidence and have important direct 

consequences for tree mortality (Brando et al., 2014). Furthermore, at higher temperatures 

insect herbivores need to consume larger quantities of food to meet their metabolic demands, 

which could increase the amount of herbivore damage to plants (Jamieson et al., 2015). In 

addition, fast-growing species may tend to perform better in adapting to high temperatures than 

more conservative, slow-growing species. This might reflect the fact that the early-successional 

fast growers tend to germinate and grow in hotter, sun-exposed sites, whereas the slow-growing 

species tend to germinate and grow in the cooler understory. Therefore, climate change may 

tend to induce changes in forest composition through a range of direct and indirect processes 

which vary across biomes (Halofsky et al., 2020). Such changes in forest composition can have 

lasting impacts on sustainable forestry management practices and other drivers of the use of 

wild species. 

 Longer rotation periods are important for silvicultural management and have economic 

and environmental impacts. Using expert-based evaluation in a multi-criteria decision analysis 

framework, Eggers et al. (2019) investigated the effect of 10 forest management scenarios in 

two municipalities in Sweden. Modelling a hundred-year period, current forest management 

practices (business-as-usual) with a focus on wood production were economically beneficial 

but fell short of environmental and social goals (Eggers et al., 2019). Alternative scenarios of 

integrated forest management policy that supports longer rotation periods, have reduced 

thinning, and set aside forests for strict protection better balance economic, environmental and 

social impacts (Eggers et al., 2019). A literature review supports the environmental benefits of 

longer rotation periods, including supporting and provisioning ecosystem services and climate 

mitigation (Roberge et al., 2016). 

 Lundholm et al. (2020) modelled species-specific climate change adaptation and the 

dynamics of timber prices for 11 tree species in the Irish peatland forests. The objective was to 

assess the net present value of Irish peatland forests based on several regulating, provisioning, 

and cultural ecosystem services indicators. Scenarios to 2100 assessed a baseline model, a 

reference model of increased global temperature with forest set-asides, and two alternative 
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models describing the European Union’s and global efforts to mitigate climate change through 

increased bioeconomy (Lundholm et al. 2020). Ecosystem services indicators were mainly 

affected by intensified logging caused by global timber prices; the greatest differences were 

noted in estimated carbon storage and windthrow risk. The outcomes of the different scenarios 

also highlight complex interactions among the ecosystem services indicators, which may result 

in conflicting management objectives. For example, increased use of bioenergy reduced 

dependence on fossil fuel in Ireland, but resulted in shorter rotation periods and reduced forest 

biodiversity, while longer rotation periods and forest set-asides were effective for short-term 

carbon sequestration. Furthermore, intensified logging led to short-term freshwater nutrient 

enrichment and reductions in forest carbon storage (Lundholm et al. 2020). Overall, the models 

suggest higher levels of carbon storage, regulatory, provisioning, and cultural ecosystem 

services from longer rotation periods which allow individual trees to mature. However, these 

benefits may be offset by greater windthrow risks (Lundholm et al. 2020). 

It is important to note that intraspecific variations due to micro-ecological conditions 

may warrant varying management practices for populations of a tree species occupying 

different habitat conditions within the species geographical range. Greater population genetic 

differentiation due to divergent microhabitat conditions, and isolation by geographic distance 

and by environment patterns, have been widely reported for many plant species (Borokini et 

al., 2021; Sexton et al., 2014), including trees (Buzatti et al., 2019; Garot et al., 2019; DeSilva 

& Dodd, 2020). Likewise, different biotic and abiotic selection pressures such as climatic 

heterogeneity, wind speed, frequencies of parasitism (pest density and pathogenic load), 

pollination and herbivory across a species range can drive local adaptations resulting in 

intraspecific genetic and morphological variations within a tree species (Savolainen et al., 2007; 

Sobral et al., 2015; Zhang et al., 2021). Differences in microhabitat conditions can affect post-

harvest regeneration rates in natural forest as well as recovery rates for plants, algae and fungi 

(Foahom et al., 2008; Cunningham et al., 2017). Therefore, effective forest management 

policies need to move beyond species-specific to landscape approach based on the prevailing 

site environmental conditions. Box 5.7 illustrates how varying vulnerability to climate change 

necessitates different management practices across Finnish boreal forests.  

 

Box 5.7 Lessons learned from the environmental effects on forest management in Finland  

 

To give a specific example, a study on management scenarios in Finland under a strong climate 

change scenario showed that timber production, net present values, and carbon stocks of forests 

would be reduced in southern Finland and increased in northern Finland (Zubizarreta-Gerendiain et 

al., 2016). In central Finland, climate change would have little effect. The use of optimized 

management plans resulted in higher timber yield, net present values, and carbon stock of forests 

compared with the use of a single management scenario, regardless of forest region and climate 

scenario applied. This suggests the need to modify the current business-as-usual management to 

adapt to the changing climate (Zubizarreta-Gerendiain et al., 2016). Another potential impact comes 

through increasing wind damage due to climate change. A study on Finnish boreal forests used a 

forest ecosystem and a mechanistic wind damage risk model to predict wind speeds from global 

climate model predictions using two representative concentration pathway scenarios (representative 

concentration pathways 4.5 and 8.5) over the period 2010–2099 (Ikonen et al., 2020). Predicted 
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wind damage was projected to be more severe in southern Finland’s forests dominated by Picea 

abies and Betula pendula, which are more vulnerable to such impacts. Therefore, climate change-

induced wind damage needs to be considered to ensure sustainable forestry management and 

productivity in regenerated forests (Ikonen et al., 2020). 

 

5.4.5.5 Economic 
 

Economic drivers have an important influence in shaping the future of logging and natural 

forests, including land competition driven by the opportunity costs of land-use (Smith et al., 

2010). Given the greater profits obtained from agricultural land-uses, and since the ecosystem 

services of forests are often not internalized, transaction costs associated with keeping standing 

forests tend to be higher; thus, there is a trend for logged-over forests to be converted to 

agriculture. In the tropics, the economic value of land with no forest tends to be higher than 

similar lands with standing forests (Pokorny & Pacheco, 2014). While sustainable forest 

management may be costlier than predatory logging, benefits tend to be higher in the long term. 

However, it still cannot compete with agricultural land-uses. As indicated in the gathering 

section (see 5.4.3), forest multi-use and integrated management that allow for plants, algae and 

fungi cultivation and collections between timber rotation periods may increase the economic 

value of natural forests (Klimas et al., 2012; Sist et al., 2014). Global trends analysis signals 

that competition for land to meet food supply will persist, yet there will be scope for reducing 

food waste and opportunities for shrinking the land demand for animal feed (Griscom et al., 

2020). There is also the potential for contributions to human diets from aquaculture, fisheries 

and other sources to change. However, future projections suggest that meat production will keep 

growing to meet a projected expansion of urban demand, particularly in Africa (Byerlee et al., 

2017). In addition, analysis of the pathways for achieving climate targets stress the importance 

of forest restoration and reforestation for carbon removals from the atmosphere, which may 

also place additional pressure on non-forest land and ultimately food production (IPCC, 2019). 

Recent analysis of the cost-effectiveness of options for climate mitigation suggests that avoided 

deforestation would rank higher in the list than reforestation and planting trees in agricultural 

lands (Griscom et al., 2020). When looking at the costs of stabilizing the climate, an analysis 

using the global timber model projects the mitigation potential and costs for four abatement 

activities across 16 regions for carbon price scenarios of 5 to 100 United States dollars/tons of 

CO2 (Austin et al., 2020). This analysis predicts global mitigation by 2055 to cost 2 to 393 

billion United States dollars in year-1, with avoided tropical deforestation comprising 30 to 

54% of total mitigation. Higher prices incentivize greater mitigation via rotation and forest 

management activities in temperate and boreal biomes. Forest area increases by 415 to 875 

million hectares relative to the baseline by 2055 at prices of 35 to 100 United States dollars/tons 

of CO2, with intensive plantations comprising <7% of this increase. Yet for forests to contribute 

about 10% of the mitigation needed to limit global warming to 1.5 °C, carbon prices will need 

to reach 281 United States dollars/tons of CO2 in 2055 (Austin et al., 2020). Payments for 

avoidance of carbon emission through limiting deforestation may affect land-use decisions 

(Fuss et al., 2020), though it is important to recognize that for these climate mitigation 

approaches, considerations of equity and implementation remain crucial (Demaze et al., 2020; 
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Dieterle & Karsenty, 2020). Explorations of sustainable utilization of forests for bioenergy have 

been conducted (e.g., Hernández, Jaeger, & Samperio, 2020). Changes in technologies and 

forest management practices are expected to unfold in the future, associated with the increased 

competition between wood for energy (Nepal et al., 2012) and carbon removal since 

reforestation has been identified as the most cost-effective option for natural climate mitigation 

(Griscom et al., 2017). More uncertain is whether enhancing innovations in plantation 

management will lead to reduced logging of natural forests due to market competition.  

The trends in forest loss could be reversed if forest regeneration increases, but this is 

uncertain (Holl & Brancalion, 2020), and may result in favoring planted forests over natural 

forest regeneration. The total technical potential of areas suitable for forest restoration has been 

estimated at nearly 1 billion hectares (Bastin et al., 2019), but the actual potential could be much 

lower, as has been suggested for the Southeast Asia region (Zeng et al., 2020). The total area of 

plantations has tended to slow down, linked to a weak demand for wood due to product 

substitution with metals and plastics, and the digital era (McEwan et al., 2020). Future 

expansion of planted forests will likely be more strongly linked to efforts for carbon dioxide 

removals (Bernal et al., 2018) and the potential demand for wood-based biomass for bioenergy 

(Nepal et al., 2019). This forest expansion will likely be due to higher economic benefit-cost 

ratios, and potential for carbon capture (Bernal et al., 2018), but with adverse impacts on food 

security (Smith et al., 2020). These trends will partially be reversed if greater investments are 

directed to supporting natural forest regeneration and agroforestry, as part of efforts to enhance 

local livelihoods and restore forest environmental functions within wider initiatives to enhance 

forest landscape resilience (Löf et al., 2019). 

The situation varies significantly by region. Africa’s share of the global wood products 

trade is quite low, and the production of low-value-added products is absorbed by the domestic 

markets, with other timber exported. A significant portion of the timber cut in Africa supplies 

domestic fuelwood consumption (FAO, 2010). In Asia and the Pacific, plantations are projected 

to expand — mainly in the most developed countries — incentivized by a growing demand for 

industrial roundwood, following the growth in population and income, and logging of natural 

forests will continue in less developed forest-rich countries (FAO, 2010). In Latin America, 

demand for wood from natural forests is expected to gradually be substituted by the expansion 

of planted forests, yet the timber industry will face increased competition from wood products 

from Asia. Given persistent pressure for forest conversion some timber will continue to 

originate from natural forests converted to agriculture after logging. In Europe, the demand for 

wood (materials and energy) was projected to increase by about 20 to 50% over the period 

2010-2030, with the largest share increase due to bioenergy (FAO, 2015). In North America, 

wood production was projected to double in this same period of time (FAO, 2010), and 

projected to increase by 60 to 110% in Russia (Petrov & Lobovikov, 2012). 

The European Union is the major consumer of biomass for energy and also the main 

importer of most biomass products, particularly wood pellets (Proskurina et al., 2019). Price 

oscillations in oil markets will influence timber prices as well (Härtl & Knoke, 2014). It is likely 

that more wood biomass and forest residues will be used for energy (e.g., thermal, electricity) 

than for material purposes, at least in some developed economies adopting targets for fossil fuel 

substitution more actively. Although much of that supply will originate from large-scale 
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plantations, it may also impact timber extraction from natural forests, as has happened in the 

past. For example, it was argued that European Union bioenergy targets have led to a significant 

and growing share of biomass for energy being imported to the European Union from countries 

in the Global South, as well as from regions rich in natural forests, such as Canada, the United 

States of America and Russia (Andersen, 2016).  

 

5.4.5.6 Political 
 

Many political drivers have an influence on the protection of natural forests and the future of 

logging. For example, Oduro et al. (2014) showed that illegal logging, weak forest governance, 

high demand for timber due to population growth, and increasing land-use change to cocoa 

production facilitated forest degradation in Ghana. With a 2% population growth projection in 

Ghana, they developed and described four management scenarios for the timber industry in 

Ghana. These scenarios included a legal forestry scenario with well-enforced government 

regulation and fiscal policies, a degradation scenario with continued illegal logging and weak 

regulation, a transition scenario with tenure reforms that would give more rights to communities 

and farmers, and a timber substitution scenario with weak governance and incentives, and 

declining forest resources. A juxtaposition of the four scenarios showed that legal forestry best 

ensures timber use efficiency and promotes sustainable logging, followed by the forest 

transition scenario, underscoring the importance of effective governance. Similarly, analysis of  

positive scenarios in Para State, Brazilian Amazon suggests that effective land management is 

needed to avoid further forest conversion (Siqueira-Gay et al., 2020). However, an exploratory 

analysis on the implications of tenure and forest regulations in the Caribbean forest shows that 

general harvest regulations do not guarantee sustainable forest management, thus applying rigid 

rules which do not take into account the current conditions of the stands entail a long-term risk 

of forest degradation (Gräfe et al., 2020). At the international scale, regulations for reducing 

illegal timber trade (e.g., Forest law enforcement, governance and trade voluntary partnership 

agreements signed between the European Union and participant countries) have proven that 

voluntary partnership agreements have had positive outcomes in terms of improved forest 

governance, but have not solved illegality in domestic markets (Cerutti et al., 2020). 

Natural harvested timber may not regenerate to previous levels after harvesting, even if 

a forest is managed sustainably. An important trade-off in managing forests consists of 

reconciling aims for production and conservation, which may tend to diverge over time. For 

example, an assessment of the restoration potential for southern-boreal forests in the Border 

Lakes Region of northern Minnesota and Ontario, Canada, found that it may not be possible to 

achieve all objectives under a single management scenario (Shinneman et al., 2012). Modelled 

outcomes of six different management scenarios suggested that fire management may be 

incongruent with forest restoration management, but reduces fire risks in protected forests, 

while logging and fire regimes that emulated natural disturbance patterns can transition forest 

landscapes closer to a natural condition (Shinneman et al., 2012). 

Estimations of forest carbon stocks and greenhouse gas emissions are not limited to 

logging events, but also consider downstream sectors, processing and use of the harvested wood 

and recycling of wood wastes. Chen et al. (2018) compared a baseline scenario (business-as-
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usual) of logging and use of wood-based products, based on historical rates (1990-2009) of 

logging below maximum allowable levels, with six alternative scenarios in Ontario, Canada, to 

simulate forest carbon stocks and emissions throughout the forest value chain system. These 

six alternative scenarios describe increased logging at different intensities coupled with 

harvested wood products end-use and substitution, as well as greenhouse gas emissions from 

the decomposition of harvested wood products wastes. Using forest carbon stocks and 

emissions as criteria, the authors observed that increasing logging beyond the current baseline 

but producing primarily solid harvested wood products for construction would minimize wastes 

which cause emissions from landfills (Chen et al., 2018). However, these alternative scenarios 

would require between 20 and 60 years to achieve net greenhouse gas emission reduction; 

therefore, the authors recommended an integrated approach to forest harvesting to reduce 

emissions in the short-term (Chen et al., 2018). 

Similar results were obtained in Japan from projections using a harvested wood products 

carbon balance model. An estimated maximum 8.4 million tons carbon mitigation per year to 

2050 was projected from the use of harvested wood products in place of fossil fuel-based energy 

(Kayo et al., 2015). Of this, approximately half was projected to be generated from energy 

substitution sourced mainly from logging residues. Kayo et al. (2015) also highlighted the 

significant contribution of substituting non-wooden building materials with harvested wood 

products. In all modelling, they cautioned that business-as-usual is unsustainable and results in 

more greenhouse gas emissions (Kayo et al., 2015). Similarly, Matsumoto et al. (2016) 

projected climate mitigation via a reduction in greenhouse gas emissions using a forest-carbon 

integrated model with three scenarios (baseline, moderate and rapid increases) of harvesting 

and use of timber products to 2050. They found that a baseline scenario, describing current and 

constant levels of logging (at 41,000 hectares), 64% replanting of harvested areas using existing 

tree varieties, the use of 35% of harvested wood for construction, coupled with recycling of 

21% and 83% of residues from processing and waste wood respectively for bioenergy use, was 

the most effective in reducing greenhouse gas emissions at both short and long term 

(Matsumoto et al., 2016). However, increased use of wood products and reforestation using 

high-yielding tree varieties, which characterised the rapid increase (70% harvesting increase 

from baseline) scenario also facilitated greenhouse gas emissions in the longer term. They 

concluded that in the long term, construction material and bioenergy substitutions with wood-

based products were more effective in reducing greenhouse gas emissions (Matsumoto et al. 

2016).  

However, the case is different in the United States of America, where projections of 

intensified wood energy consumption and the growth of the global economy were associated 

with a substantial reduction in timber stocks and a significant increase in greenhouse gas 

emissions by 2060 (Nepal et al., 2019). Similar trends in growth of the global economy but less 

wood energy consumption would result in a projected increase in forest carbon stocks. The 

authors used four global economic scenarios, three of which projected a reduction in global 

fossil fuel production post-2030, indicating a likely increase in reliance on bioenergy, and the 

fourth a business-as-usual scenario based on historical fuelwood use (Nepal et al., 2019). Thus, 

differences in the projections of forest carbon stocks and greenhouse gas emissions across 

different countries may be associated with differing forest management policies.  
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The projected retention of forest carbon stocks depends on reforestation. Across the 

world, harvested timber is replaced mainly with plantations of exotic tree species, mainly for 

the pulp and paper industries and bioenergy. Rodríguez-Loinaz et al. (2013) investigated forest 

carbon stocks in exotic tree plantations versus native broadleaf tree species in Biscay, northern 

Spain. The authors compared future scenarios of carbon sequestration in exotic tree plantations 

to reforestation with native tree species, using a business-as-usual model for the next 150 years 

as a reference (Rodríguez-Loinaz et al., 2013). The main finding was that the long-term 

reforestation with native tree species would have higher carbon stocks than plantations of exotic 

eucalyptus and pine trees. 

Analysis of global pathways to reverse biodiversity degradation highlights the 

importance of increased protection of natural forests, but these analyses need to be combined 

with other pathways supporting system change such as food systems transformation, otherwise 

the full picture of the dynamics of the system as a whole will be missed (FABLE et al., 2020). 

 

5.4.5.7 Cultural 

 

Enhancing the efficiency of logging may impact local people’s cultural values and livelihoods. 

For example, logging in the tropics has often transitioned from large-scale conventional logging 

to more sustainable forest management incorporating reduced impact logging (Finegan, 2016). 

Yet, the costs of sustainable management operations have tended to impair the uptake of 

recommended practices by smallholders and communities, who often tend to opt for non-

planned informal logging. This works against the potential for local forest users to capture a 

higher portion of the benefits from logging (Pacheco, 2012). Nothing suggests that these trends 

will be reversed in the future if institutional and policy drivers continue unaltered. With regard 

to the recognition of customary tenure rights in forest management, there is still a major gap 

between indigenous peoples’ land-use rights and the actual recognition of those rights (Khare 

et al., 2020). 

 

5.4.5.8 Summary of plausible futures for logging 
 

There is a continued reduction in global forest cover despite the increase in global forest 

restoration, which suggests a trend of net forest loss. This trend is further exacerbated by forest 

fragmentation due to logging. Changes in food production and agricultural practices in the 

future, as well as population increases in rural areas, will affect deforestation and land 

conversion rates. Additionally, climate change may increase tree mortality due to drought, 

changes in pest attacks and insect herbivory, wind damage, and wildfires, while post-

disturbance passive restoration may favor early successional tree species and alter forest 

composition. The global demand for wood products depends partly on product substitution, 

especially in developed countries. Demand for wood-based bioenergy continues to increase 

both in developing countries where growth in population and urbanization drive charcoal and 

fuelwood production and markets, and in developed countries adopting fossil fuel substitution 

policies that can stimulate the use of wood-based biomass for energy purposes. Forest 
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plantations may meet some of the growing demand for wood and reduce the overexploitation 

of natural forests.  

Scenarios and future projections suggest that integrated management that includes 

sustainable forest management practices, multi-use forests (logging and plants, algae and fungi 

gathering), forest restoration using fast-growing tree varieties, and food systems transformation 

can support sustainable use. Technological innovations including sustainably intensifying 

agricultural production, reducing wasteful logging and processing, increasing efficiency of 

wood biomass use and increasing the success of large-scale reforestation projects can also help 

support the sustainability of natural forests. Economic and political initiatives that may 

incentivize the forest sector towards sustainability can include higher forest carbon pricing, 

payments for emission avoidance through avoiding deforestation, and sustainable land 

management. Such policies are more efficient when they consider customary, tenure and land-

use rights for local communities. There may be trade-offs between the use of natural forests for 

logging, conservation, and/or carbon sequestration. Reforestation with native species and 

longer rotation periods may also facilitate higher forest carbon stocks. 

 

5.4.6 Non-extractive practices 
 

5.4.6.1 Introduction 

 

For the purposes of this assessment, non-extractive practices are defined as “practices based on 

the observation of wild species in a way that does not involve the harvest or removal of any part 

of the organism. The observation can imply some interaction with the wild species, such as the 

activities of wildlife and whale watching or no interaction with the wild species, such as remote 

photography”. This includes activities such as wildlife watching, photographic safaris, whale 

watching, botanizing, and hiking. Although non-extractive practices are primarily 

observational, there can be some interaction with the wild species, such as activities that involve 

handling, touching or feeding wild species. According to this definition, regulatory ecosystem 

services such as carbon sequestration are not included in this assessment. Thus, non-extractive 

practices are considered to be part of a range of uses where there are no direct offtakes of 

resources from nature, such as non-material benefits and cultural ecosystem services (Costanza 

et al., 1997; Watson, 2005).  

The trends in demand for non-extractive use of wild species for ceremonial and cultural 

uses (e.g., worship in sacred groves) are not well documented, but changing social contracts 

with nature and an erosion of traditional ways of life are a threat to both local use and local 

protection of wild species (see Chapter 3, Findlay & Twine, 2018; Fournier, 2011; Juhé-

Beaulaton & Salpeteur, 2017; von Heland & Folke, 2014). There is some evidence that the non-

extractive use of wild species for mental and physical health through preventive and restorative 

practices may be increasing, such as the use of trees in “forest bathing” (Shin et al., 2017) or 

bird-watching to support life satisfaction (Methorst et al., 2021). Indeed, the use of national 

parks and green spaces for tranquility and general recreation increased dramatically during the 

COVID-19 pandemic (Spenceley et al., 2021; Venter et al., 2020). For example, visitation to 

nature areas around Oslo, Norway has increased up to 290% (Venter et al., 2020), while some 
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national parks in Sweden witnessed a 75% increase in visitors even before the peak season 

(Hansson, 2020).  

The demand for non-extractive recreational use of wild species (e.g., bird-watching 

tours, scuba diving), especially commercial tourism, is projected to grow exponentially in the  

future, potentially with a short-term decline at the global level due to COVID-19 (Gössling et 

al., 2021). For instance, in both Africa and Asia-Pacific, it is predicted that demand for wildlife 

watching tourism will increase, particularly within protected areas (Frost et al., 2014). Drivers 

of this growth include the following “megatrends”: social (population growth, urbanization, 

changes in household composition, aging populations, health and well-being, changing work 

patterns, gender equality, values, and lifestyle); technological (transportation, high-tech 

equipment, information and communication technologies); economic (economic growth, 

sharing economy, fuel costs); environmental (climate change, land-use and landscape change); 

and political (political turbulence, changes in border regulations, health risks, geopolitics) 

(Elmahdy et al., 2017). 

Growth in wildlife watching tourism may manifest itself in overdevelopment and 

overuse of natural areas. These global trends and commercialization of wild species have raised 

concerns of unsustainable use and an increasing disconnectedness of people from nature (see 

Chapter 3). Nature-based tourism is increasingly becoming characterized by the importance of 

experiences, well-planned activities, and a sense of adventure and achievement, rather than 

appreciating wild species through simple leisure and observation (Buckley, 2000; Buckley et 

al., 2015; Curtin, 2005; Dwyer, 2003; Elmahdy et al., 2017). There is a trend towards 

recreational activities in nature becoming specialized, motorized, sportified and adventurized 

(Öhman et al., 2016; Sandell et al., 2011), an opportunity for photographic “selfies” with wild 

species (World Animal Protection, 2017), with nature transformed into a scenic backdrop for 

tourist experiences. These experiences affect tourists’ expectations regarding the availability of 

“pristine” nature that simultaneously has high levels of comfort, accessibility, and high-quality 

experiences (Elmahdy et al., 2017; Fredman et al., 2012). Increasingly, tourism brochures 

feature herds of teeming game, absent of local communities that live alongside these wild 

species (Montgomery et al., 2020).  

But the projected increasing interest in wildlife watching tourism also provides opportunities 

for a significant tourism economy, supporting conservation and the livelihoods of local 

communities, as well as contributing to the enjoyment and education of wildlife watching 

tourists (Dou & Day, 2020; Tapper, 2006; WTTC, 2019b). Drastic decreases in tourism 

revenues due to COVID-19 pandemic have also demonstrated the important role of this practice 

for wild species conservation, especially in developing countries (Newsome, 2020). It has been 

suggested that the ultimate outcome related to the impacts of COVID-19 pandemic on wildlife 

watching tourism depends on political support, funding of protected areas, role of non-

governmental organizations and the renewed confidence of local communities (Newsome, 

2020). 

While there are studies that examine scenarios of sustainable tourism broadly (i.e., in 

terms of many axes of sustainability (Stratigea & Katsoni, 2015), including scenarios of 

emissions footprints (Whittlesea & Owen, 2012), a focus on non-extractive use of wild species 

is substantially rarer (i.e., specific incorporation or discussion within scenarios of sustainability 
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for wildlife watching and nature-based tourism or other non-extractive practices). Similarly, 

while there are numerous studies of sustainable nature-based tourism in terms of drivers, 

historical changes over time, conceptual frameworks, or strategies for enhancing sustainability 

(Reynolds & Braithwaite, 2001; D’Lima et al., 2018; Finkler & Higham, 2020), studies on non-

extractive practices that include scenarios or scenario development are much rarer, and suggest 

that this aspect may be less explored. Non-extractive practice scenarios that do exist have been 

conducted mostly for multiple species and at system level, rather than single species scenarios. 

Models have been used to explore different futures, including tourism, and explore trade-offs 

with other uses and values (Fulton et al., 2015). While non-extractive practices are a growing 

phenomenon, these uses are unlikely to halt extractive uses, which can also contribute to 

livelihoods and/or foster cultural practices. Careful consideration of the relative trade-offs 

between practices and uses are needed to guide interventions that favor one over the other. 

 

5.4.6.2 Social 
 

The global population is projected to increase to 9.7 billion people by 2050, 68% of which are 

forecast to live in urban areas (UNDESA, 2019), and the number of people seeking experiences 

with wild species as an escape from urbanized environments will also rise. With fewer people 

living in rural areas, natural areas are increasingly perceived as spaces for leisure experiences. 

Animal roles in leisure have become especially evident during the COVID-19 pandemic, as 

social isolation created demand for interaction with animals in general and wildlife-related 

leisure practices in particular (DeMello, 2021). Urbanized populations are known to have views 

of nature different from those of rural inhabitants, which include, for example, romanticisation 

and anthropomorphisation of wild species, often coupled with unrealistic expectations of safety 

and control in nature (Gstaettner et al., 2020). There is an increase in novelty-seeking behavior, 

driving up the demand for unique nature experiences, which is likely to drive strong tourism 

demand both regionally and globally (Frost et al., 2014). Lin & Lee (2020) found that 

recreational experiences positively influenced both environmental attitudes and place 

attachment in Taiwan, province of China, and can indirectly engender pro-environmental 

behaviors. It is also expected that knowledge about biodiversity degradation and endangered 

species may raise interest towards the “last remaining” wild area and species (Jackson, 2016; 

Tapper, 2006; World Animal Protection, 2017; WTTC, 2019a). 

 

5.4.6.3 Technological 

 

Information and communication technologies have the potential to enable sustainable non-

extractive forms of wild species use, such as virtual wild species viewing. For example, 

experiences may be obtained through tailor-made, interactive, real-time nature tours, through 

5G streaming using 360-degree view cameras, webcams, or drones, given the appropriate 

hardware, software and infrastructure (Fennell, 2020). These technological innovations are 

forecast to change how people consume tourism experiences, to create new markets and disrupt 

value networks. While new technologies may create opportunities for wildlife watching tourists 

to stay at home whilst gaining some of the benefits of travel virtually, technological innovations 
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can also enrich the experiences of tourists during in situ wild species viewing by, for example, 

providing additional educational content. In this regard, technology can become a powerful 

driver for sustainable wildlife watching tourism. If virtual experiences replace in situ 

experiences, they have the potential to alleviate travel-associated carbon emissions, but will 

have knock-on repercussions for tourism-based economies. However, current evidence 

suggests the growth of media documenting wild species (e.g., BBC Planet Earth documentaries) 

has stimulated demand for real-life experiences with wild species in their natural habitat 

(Jackson, 2016; The World Bank, 2018; World Animal Protection, 2017; WTTC, 2019b). The 

interlinkages between tourism, representations of wild species on media (social media, 

documentaries, virtual tours etc.), conservation and sustainability have acquired great 

importance and warrant further research and policy attention. 

 

5.4.6.4 Economic 

 

The wildlife watching tourism industry expects long-term growth, and one can reason that this 

growth is desirable (from an economic, though not necessarily sustainable) perspective for the 

sector. Such growth is mainly a result of rising global integration in trade and business, and 

generally rising wealth and incomes. Travelling has become easier, faster and cheaper. 

Addressing the detrimental impacts of increasing travel and travel-related impacts on natural 

systems remains a challenge. As well as indirect travel-related impacts such as carbon emissions 

(Peeters et al., 2018.), there are direct impacts from an increased physical presence on wild 

species and ecosystems, some of which may be harder to quantify (see Chapter 3 for details). 

Yet wildlife watching tourism has the potential to benefit local communities, accrue 

considerable funds for conservation and raise public awareness of the need for conservation 

(Tapper, 2006). In addition to wildlife watching tourism, there are other emerging novel 

financial instruments that have potential to affect future non-extractive uses of wild species 

economies. For example, existing or proposed instruments include Rhino Impact Bonds 

(rhinoimpact.com), Lion Carbon (www.lionlandscapes.org/lioncarbon), The Lion’s Share Fund 

(www.thelionssharefund.com). 

 

5.4.6.5 Environmental 

 

Wild species habitats that are major tourism destinations are projected to undergo large climate-

driven changes that may threaten biodiversity (Weber et al., 2017). Indeed, the tourism sector 

contributes to the problem of climate change. Climate change impacts on tourism, wild species 

and local communities requires intensive and urgent attention, particularly for regions in the 

Global South where adaptation and mitigation options are underexplored (Hoogendoorn & 

Fitchett, 2018). Wild species tourism is dependent on wild species, whose existence may be 

threatened by climate change, and largely occurs outdoors, which requires amenable weather 

conditions (Hoogendoorn & Fitchett, 2018). Climate change adaptation and mitigation options 

in the context of wildlife watching tourism are likely to be highly contextual and will need to 

be assessed on a case-by-case basis (Hoogendoorn & Fitchett, 2018). Climate change effects 

http://www.lionlandscapes.org/lioncarbon
http://www.thelionssharefund.com/
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can also impact wild species use through indirect pathways, such as differing cultural and 

traditional knowledge from climate migrants (Fournier, 2011).  

The environmental consequences of species or ecosystem restoration initiatives can also 

impact non-extractive practices. For example, as tourists prefer areas they deem “pristine” (i.e., 

more ecologically and aesthetically “sound”), there are opportunities to boost tourism-based 

economies through ecosystem restoration. Research on wetlands in India listed under the 

Convention on Wetlands of International Importance especially as Waterfowl Habitat (the 

Ramsar Convention) suggests that annual recreational visits could increase by 13% if the water 

quality could be improved to maintain wild species and fisheries diversity and abundance 

(Sinclair et al., 2019). Although the nature of interrelationships between tourism and landscape-

scale ecological restoration are largely unknown (Clark & Nyaupane, 2020), it appears that 

many nature-based solutions and rewilding projects have embedded in them a component of 

wildlife watching tourism, which could result in a significant growth of the industry or 

redirection away from more harmful activities, potentially helping in part to combat some of 

the impacts of increased tourism. 

 

5.4.6.6 Political 
 

Political drivers influence non-extractive practices of wild species in a variety of ways. The 

recognition of local-scale non-extractive users and uses by governance systems plays a 

substantive role in which non-extractive contributions from wild species are incorporated into 

regional, national and global ecosystem and species management plans (Brondizio et al., 2009; 

Chaudhary et al., 2019). Political recognition also has the potential to mitigate the unsustainable 

use of wild species. This is particularly important in cases where local protection has eroded, 

as the vacuum can be filled by more formal protection, such as in Estonia where government, 

in conjunction with local communities (Maausk) conferred legal protection to 550 sacred groves 

(Kaasik, 2012). Similarly, the Korean government has recognized the importance of forest 

therapy in mitigating modern day health crises and has passed legislation specifically for “health 

forests”, gazetting the use and restoration of forests for health reasons (Shin et al., 2017). 

Government and other stakeholder laws and guidelines (even if only voluntary) have been very 

effective in mitigating the negative impacts of tourism on wild species and wildlife watching 

tourism sustainability (see Chapter 3 for details). This is particularly effective when 

management has inclusive stakeholder engagement. For example, Projeto Tamar worked with 

local communities and fishermen to promote turtle conservation on the Brazilian coastline 

resulting in improved hatching success and alternative employment and income opportunities 

based on tourism and turtle protection (Tapper, 2006). A public-private initiative in Majete 

Wildlife Reserve, Malawi, was so effective at reducing poaching and providing alternative 

revenue that wild species are again abundant in the reserve (Twining-Ward et al., 2018).  

 

5.4.6.7 Cultural 
 

A growing middle-class seeking rest, spiritual experiences, a deeper connection to historical 

roots and a frame for cultural identity in natural settings that are seen as authentic and 
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transformative supports the non-extractive use of wild species. However, it can also threaten 

the supply of these experiences, through commodification and failure to protect fragile 

environments from overuse (Frost et al., 2014).  

The contributions of wild species to human well-being (e.g., spiritual, recreational) are 

perceived and valued differently by different stakeholders, which influences the type and extent 

of use (Pascual et al., 2017; Satz et al., 2013). In addition, the different uses and values of wild 

species have the potential to create conflict between stakeholders (Pascual et al., 2017). For 

example, residents near ski resorts placed high emphasis on recreational access whereas urban 

residents preferred the mountain area “pristine” with no visible tourism infrastructure (Saremba 

& Gill, 1991). Recreational users may also disagree with local communities’ consumptive 

natural resource use. Conflicts have been documented between tourists and indigenous Inuit 

hunters in Arctic wilderness areas where seals and narwhales are hunted for both subsistence 

and income (Buckley, 2005). Conflict may also arise out of exclusion from traditional practices 

or impediments to livelihoods through conservation or tourism restrictions on local 

communities (Stone, 2015; West et al., 2006). Cases of prohibition of traditional activities that 

involve unsustainable use of natural resources in favor of conservation have been reported in 

many countries (see Chapter 3). A high dependence on natural resources for subsistence 

(Belsky, 2009; Moswete et al., 2009; Prachvuthy, 2006; Rozemeijer, 2000; Wunder, 1999) may 

leave communities with little choice but to engage in activities that have been criminalized. 

This highlights the need to manage both physical and cultural conflicts between recreational 

users and indigenous peoples and local communities, through temporal or spatial zoning, as 

well as by addressing the disparate cultural and social values of the respective stakeholders 

sensitively and realistically (Zeppel, 2010).  

Another potential driver of cultural change is environmental education. Environmental 

education is recognized as the key aspect of social sustainability of wildlife watching (see 

Chapter 2). However, there was no consensus in the environmental education research that 

interventions resulted in long-term improved attitudes towards wild species and a desire to look 

after the environment (see Chapter 3). 

 

5.4.6.8 Summary of plausible futures for non-extractive practices 

 

A systematic literature review indicates that there is a paucity of research on scenarios of non-

extractive practices in general and wildlife watching in particular. The majority of studies 

discuss trends and drivers, which have the potential to affect future development directions of 

this practice (addressed in Chapter 3 and 4 in greater detail), while existing scenarios are 

exploratory at best. Wildlife watching is the best researched practice when it comes to 

trends/scenarios of non-extractive use of wild species. There seems to be an overarching global 

consensus that non-extractive use of wild species will continue to grow and will bounce back 

successfully after the COVID-19 pandemic, perhaps even with a renewed interest in and 

demand for nature-related experiences, primarily through tourism and recreation, but also 

through recognition of mental health benefits. Predicted growth is based on a number of 

supporting global trends, including economic growth, media impacts on demand, greater 

environmental awareness and feasibility of travel.  
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Global socio-cultural trends (e.g., increasing urbanization) will continue to contribute 

to a growing human disconnectedness from nature in everyday life, resulting in a change in 

views on and modes of engagement with nature and wild species, such as a growing demand in 

visitation to natural areas as part of leisure, as well as increased facilitation of wildlife-based 

experiences. More and more wild species are integrated into commercial processes of non-

extractive practices, as sources of experiences, both directly (through immediate interaction 

with visitors) or indirectly (through image circulation via media channels or “virtual” wild 

species viewing). This has resulted in an unprecedented increase in environmental awareness 

among the global population and created a positive feedback loop in growing demand for 

wildlife watching and other “shareable” nature-based experiences. This, in turn, has potential 

to facilitate more pro-environmental and sustainable behavior in the long term, but the “value-

action gap” remains. There also remains the potential for conflict and differing perceptions of 

wild species use between stakeholders from different backgrounds or cultural settings.  

The distribution of costs and benefits, i.e., positive and negative impacts of this growth, 

however, remain uneven and unequal. On the one hand, tourism generates a much-needed 

alternative source of income for communities and regions where few such opportunities exist, 

as well as generates funds for conservation. This is particularly crucial for wild species 

conservation in developing countries. The collapse of tourism due to the COVID-19 pandemic 

has demonstrated the vital role of tourism-generated income for multiple protected areas and 

wild species conservation projects in many parts of the world. On the other hand, tourism itself 

is a contributing force to a number of negative environmental trends, such as climate change 

and carbon emissions or biodiversity decline. Under the projected international tourism growth 

scenario, therefore, significant additional efforts will be necessary to mitigate negative impacts. 

Furthermore, climate-driven impacts on wild species and ecosystems may affect tourism 

potential in many regions. 

Overall, the research on non-extractive use of wild species is dominated by discrete case 

studies, often micro-level, and the lack of higher-level or longitudinal studies and syntheses 

makes this sector notoriously challenging for generalizations (see also Chapter 2). Similarly, a 

lack of consistent global and regional-level governance, weak legal base and scarcity of reliable 

scientific information makes this practice particularly high in uncertainty when it comes to 

global scenario development.  

 

5.4.7  Examples of factors affecting sustainable use in scenarios  
 

The scenario literature on the five practices of wild species use (fishing, gathering, 

terrestrial animal harvesting, logging and non-extractive practices) described in the previous 

sections indicated several factors that can drive more sustainable or unsustainable futures.  

Some examples are summarized in Table 5.4. covering the multidimensional aspects 

(social, technological, economic, environmental, political, and cultural) that could be 

considered in scenario-building processes.
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Table 5.4 Examples of factors that will impact scenarios of sustainable use of wild species, organized into social, technological, economic, 

environmental, political and cultural categories. For details and references, see sections dedicated to each practice. 

 

  
Terrestrial animal 

harvesting 
Fishing Logging Gathering Non-extractive 

Social 

- Legislation/regulation 
- Illegal hunting  

- Attitudes and values 

regarding hunting 
- Recognition of traditional 

and indigenous knowledge 
systems 

- Institutional change 
- Social trends influencing 

food consumption patterns 

(e.g., organic products 
consumption, demand for 

game meat) 
- Increased social pressures 

(e.g., using social media to 

refrain from lethal 
extractive activities) 

- Demographic trends 
- Domestic demand and 

supply 

- Increase in urbanization  
- Conflicts in sea use 

- Switch in fishing practices 
- Traditional fishers' rights 

- Gender and other aspects of 
identity for small-scale 

fisheries 

- Urbanization and 
demand for fuelwood 

and charcoal 

- Rural population 
increases and 

conversion of land for 
agriculture 

- Product substitution 
with non-wood 

derived alternatives 

- Urbanization  
- Distance from 

natural systems  

- Access of local 
communities to local 

markets 
- Educational level 

- Household size 
- Community 

structure 

- Population growth 
and increasing 

urbanization  

- Greater environmental 
awareness 

- Pandemic impacts on 
tourism (including 

wildlife watching) 
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Technological 

 - Availability of more 

efficient gears enabling 
intensification of hunting 

(e.g., firearms, modes of 
transportation, lights)  

- Technologies to detect 

poaching and illegal trade 
- Domestication and 

farming of animals of 
commercial value and/or for 

a protein alternative 

- Technology creep affecting 

catchability 
- Transition of fishing fleets 

to low-emission technologies 
- Technological advances to 

reduce bycatch species and 

improve selectivity 

- Technologies to 

intensify food 
production to reduce 

land conversion from 
forest to agriculture 

- Technologies to 

enhance the efficiency 
of wood-biomass use 

for energy production 
- Planning, 

monitoring and 

tracking technologies 
for forest restoration 

and regeneration (e.g., 
aerial seeding using 

drones) 

- Timber tracking and 
origin verification 

- Cultivation of 

commercially viable 
species 

- Tools used (e.g., for 
tree debarking) 

 - Research and 

development of 
improved varieties to 

support plants, algae, 
and fungi cultivation 

- Rotation period for 

tree bark harvesting 
  

- Technologies enabling 

virtual wild species 
viewing (e.g., 

webcams, drones) 
- Technologies 

enhancing tourist 

experiences 
- Media and social 

media impacts on 
demand 
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Economic 

- Changing market demand 

for wild and domesticated 
species 

 - Incomes and preferences 
of consumers affecting 

demand 

- Alternative income 
streams 

- Alternative livelihoods 
- Increased co-operation 

between countries and 

regions to detect and reduce 
illegal wild species products 

trafficking 
- Increased engagement of 

indigenous peoples and 

local communities in wild 
species management and 

wild species-related law 
enforcement 

- Livelihood options for 

small-scale fishers 
- Industrialisation of fishing 

fleets 
- Improvements in logistics  

- Financial subsidies 

- Land competition 

from agriculture to 
meet food supply 

needs 
- Payments/price for 

avoided deforestation 

and restoration for 
climate mitigation 

- Forest plantations, 
using improved tree 

varieties to support 

increased demand for 
bioenergy and reduce 

logging of natural 
forests 

- Changes in timber 

prices 
- Demand for 

bioenergy 

- Market demand  

- Income 
diversification and 

multiple uses 
 - Incentives for 

sustainably harvested 

or cultivated plants, 
algae, and fungi 

- Global economic 

growth leading to rising 
incomes and increased 

demand for wildlife 
watching tourism 

- Ease and price of 

travel 
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Environment

al 

- Changing climate 

conditions  
- Temporal changes to 

hunting practices  
- Zoonotic disease spread 

- Land-use change 

 
  

- Climate change impacts on 

fish distribution 
- Ocean acification 

- Marine biomass, species 
compositions and ecosystem 

dynamics 

- Extreme weather 

fluctuations (high 
temperatures and 

drought) 
- Changes in wind 

damage due to climate 

change 

- Biological traits of 

gathered species 
 - Ecosystem type 

(e.g., level of water 
stress) 

- Habitat quality 

- Understanding of 
individual species 

functional traits (e.g., 
growth rates) to 

determine harvest 

rotations 

- Climate change 

impacts on wild species 
tourism 

- Species and 
ecosystem restoration 

impacts on tourism 

potential 
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Political 

- Legislative changes 

(including hunting bans) 

 - Effective protected area 

management 

- Enforcement of wild 

species conservation laws 

- Equitable land ownership 

- Increased 

governance/controls for 

invasive species 

- Increased penalties for 

poaching and illegal wild 

species trafficking 

- Increased emphasis on 

identification and 

prosecution of criminal 

organizations responsible 

for large-scale poaching 

- Transboundary management 

- Marine protected area 

networks 

- Strong fisheries 

management to limit impacts 

of climate change 

- Geopolitical issues 

- Regulations for 

reducing illegal 

timber trade 

- Effective 

governance 

- Trade-offs between 

forest management 

policies for 

production, 

conservation, and/or 

carbon sequestration 

- Reforestation 

policies for native 

versus exotic species 

 

- The International 

Union for 

Conservation of 

Nature Red 

List/Convention on 

International Trade in 

Endangered Species 

of Wild Fauna and 

Flora listing of 

heavily exploited 

species  

- Traceable supply 

chains for cultivated 

species 

- Awareness and 

enforcement of local 

laws 

- Education for 

tourists and local 

people to reduce 

illegal wild species 

trade 

- Incentives for 

sustainably harvested 

or cultivated species 

- Recognition of non-

extractive users and 

uses in management 

plans and formal 

protection 

- Legal frameworks and 

guidelines to mitigate 

negative impacts of 

tourism on wild species 

- Projects to provide 

alternative revenue 

streams for local 

communities from non-

extractive practices 
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Cultural 

- Changes in social 

acceptability of certain wild 

species uses (including 

hunting) and cultural norms 

- Wild species value 

orientations 

- Loss of traditional 

knowledge about 

sustainable use 

- Climate change impacts on 

subsistence fishing 

- Changes in social 

acceptability of some fishing 

activities 

- Impacts of enhanced 

efficiency of logging 

on local cultural 

values 

- Recognition of 

customary tenure 

rights in forest 

management 

- Integration of 

cultural uses and 

traditional ecological 

knowledge in 

management 

approaches 

- Strong traditional 

institutions and 

knowledge 

- Respect for 

traditional laws, 

institutions, and 

cultural norms 

- A growing middle-

class seeking spiritual 

experiences and 

cultural identity in 

natural settings 

- Differing perceptions 

of wild species use and 

conflict between 

stakeholders (e.g., 

urban/rural) 

- Conflicts arising from 

exclusion from 

traditional practices 

through conservation or 

tourism restrictions 

 



73 

  

5.5 Involvement of indigenous peoples and local communities and their knowledge in 

scenarios  

 

Almost 500 million people that self-identified indigenous in more than 90 countries around the 

world have a special role to play in the sustainable use and management of natural resources. 

Their in-depth, varied and locally rooted knowledge can help the world adapt to, and mitigate 

the consequences of climate change, being also stewards of cultural and natural diversity 

(Padulosi et al., 2019).  

In this section, examples of incorporating indigenous peoples and local communities 

and their knowledge into scenarios are presented for three practices (fishing, gathering and 

logging). These are not necessarily scenarios that are used for future projections per se, but 

nonetheless demonstrate how indigenous peoples and local communities and their knowledge 

can be included into scenario development, recognizing that this is an important but under-

represented aspect in the scenario literature for sustainable use (e.g., see section 5.4 above). 

Some examples from indigenous peoples and local communities have been formulated focusing 

on narratives rather than on models. 

 

5.5.1 Fishing 
 

Merrie et al. (2018) represent narrative scenarios in a two-dimensional space, with each scenario 

showing a key defining element for one of four “radical ocean futures” (Figure 5.7). The 

archetypal characters of the scenarios in Figure 5.7 can be both desirable and undesirable, 

because desirability is relative. For example, a fishing conglomerate that is aiming for a large-

scale harvest of skipjack tuna Katsuwonus pelamis in the Western Pacific is likely to have very 

different ideas about what is “desirable” (or even what is “sustainable”) compared to a group 

of small-scale fishers in Palau (Merrie et al., 2018). This points to the importance of including 

indigenous and local perspectives into visions and scenarios, to ensure that multiple views of 

desirable outcomes and aspects of future projections are accounted for. 
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Figure 5.7 The scenario space. The “collapsed to sustained” horizontal axis refers to the 

ecological dimension and the “fragmented to connected” vertical axis refers to the societal 

dimension. Source: Merrie et al. (2018) under license CC BY-NC-ND 4.0. 

 

Many scenarios are based on modelling of the relative outcomes of cooperative and 

uncooperative behavior. For example, Gutierrez et al. (2017) compared a cooperative 

harvesting scenario where divers consistently targeted areas with higher yields, avoiding low-

quality sea urchins, against a non-cooperative situation where divers harvested at random or 

based only on densities of sea urchins. The sea urchin population at the end of the simulation 

period was 20% higher for the most cooperative scenario compared to the non-cooperative 

fishery. Further, for the most cooperative scenario where information sharing among divers was 

greatest and harvest coordinated, sea urchin catches were at least 10% higher and gonad yield 

35% higher than in the non-cooperative scenario. In this model, information sharing and 

organized harvesting typical of well-functioning cooperatives allowed fishers to optimize the 

use of the resource in terms of higher gonad yields per unit of effort while maintaining the 

productivity of the stock. 

Similarly, in Spain, a management scenario explored limiting the fishing season of one of 

the main types of fishing gear (fish traps, locally known as “paranzas”). Results showed that a 

reduction in fishing mortality of two overexploited species (Sparus aurata and Lithognathus 

mormyrus) would help recover the biomass of these stocks by more than 40% as well as increase 

the economic value of the fishery, with profits increasing by 17% over a 4-year period (Maynou 

et al., 2014). 

 

5.5.2 Gathering and logging 
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Examples from discussions with indigenous peoples and local communities provide examples 

of scenario-based thinking. For example, in Asia, indigenous honey hunters prefer healthy 

forests because an abundant honey world - where bees are able to go about their usual business 

of building hives on tree branches, crevices, and logs - can only exist in such a setting (NTFP-

EP, 2021a). However, with external shocks from strong climate change, the indigenous honey 

hunters foresee that this may no longer be possible.  

COVID-19 was another shock to society in general, but areas conserved by indigenous 

peoples and local communities in places such as the Philippines proved to be wild food-resilient 

as the food supply within the community was sufficient to supply their needs and they did not 

have to go to the city or outside their communities to buy food (NTFP-EP, 2021b). Thus, one 

vision of indigenous communities in the “new normal” after COVID-19 is to ensure increased 

self-sufficiency under a scenario of reduced global market forces.  

In Vietnam, indigenous women in the village of Binh Son actively participate in 

conservation and forest management and clearly understand the dynamics of forest 

conservation, believing that sustainable development of forests is anchored through the sound 

application of traditional knowledge (Tebtebba Foundation, 2011). Conversely, indigenous 

women believe that “if the forests continue to be unprotected in another ten years, the natural 

forest area will become smaller and the quality of the forest resources will decrease, while 

forests newly planted with pure species will increase”. The indigenous women “wish to recover 

natural forests because these provide them with diverse and precious resources” (Tebtebba 

Foundation, 2011). This type of information and preference, including beliefs around the 

forest’s future without protection, can be readily integrated into scenarios.  

A case study in Norway conducted a scenario building exercise with a local community, 

Vega, which developed scenarios that fall into the exploratory category, i.e., probing of several 

alternative and plausible futures, including around use of natural resources. They were not 

predictive or normative in the sense that they did not try to ascertain what Vega will or should 

look like in 2025, although there are inevitably some normative and predictive elements that 

enter into the process when a group of local people think creatively about their future. In this 

particular case the scenario group developed four alternative scenarios constructed around the 

following themes: community/society, commerce, transportation, energy supply, landscape and 

tourism. In each scenario the group applied a particular selection of development paths and 

drivers. These were assumptions about population development, land-use management, state 

subsidies, tourism management and regulation, climate change, research monitoring and 

documentation of changes. A cross-cutting issue in all of the scenarios is the balance between 

the conservation and use of natural and cultural heritage resources (Kaltenborn et al., 2012). 

 

5.5.3. General considerations on involving indigenous peoples and local communities in 

future-making 

 

Sustainable use by indigenous peoples and local communities based on customary laws (e.g., 

in the case of mushroom collection, leaving some mushrooms for animals or for other people) 

will be impacted by several drivers of change (Table 5.5). These might include policies that 

prohibit traditional practices like rotational agriculture, traditional fishing canoe construction, 
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hunting or ceremonies. Tourism is also expected to further impact indigenous peoples and local 

communities’ customary management of resources, e.g., in marine areas by the sound of motors 

due to tourist boats. Education systems will also have crucial and potentially adverse impacts 

if they devalue small-scale food production, farming or practices considered of low prestige, 

even though such production systems generate 70% of the global food stock. This may drive 

youth to either exploit resources unsustainably to gain income, or to leave their communities to 

live in cities. Global markets (e.g., palm oil), business exploitation (e.g., pharmaceutical 

companies) and large-scale infrastructure development (e.g., dams and roads) will interact with 

indigenous peoples and local communities’ customary management of wild species (IPBES, 

2019).  

Scenarios of the effects of climate change on wild species use could also consider the 

impacted ability of elders and communities to predict the weather and phenology (i.e., life 

stages of wild species) using indigenous and local knowledge, making it harder for communities 

to plan their activities such as harvesting, and leaving them more exposed to climate related 

risks such as droughts. Climate change may also lead to a greater reliance on wild species, rather 

than cultivated species which may need more water and be less resilient, and if crops fail or 

domesticated animals die, people may turn increasingly to wild species to supplement diets. 

This can have both positive and negative consequences for sustainable use and indigenous 

peoples and local communities’ culture (e.g., declines in wild species, or a resurgence in 

traditional gathering and hunting) (IPBES, 2019). 

 

Table 5.5 Identified drivers of sustainable use, or approaches to assessing sustainability, 

based on specific indigenous and local knowledge studies which use scenarios-based 

approaches, by category 

 

Category Outcomes 

Social 

Information gathering and sharing is usually enhanced in fishing 

communities with strong and well-organized local institutions such as 

cooperatives or committees (Gutierrez et al., 2017). 

Management regimes can be fairly restrictive, but well established since 

objectives and regulations are well understood and accepted locally and in 

line with community values (Kaltenborn et al., 2012). 

The scenario analysis showed that increased monitoring and punishment 

(including societal pressure) could enhance compliance, especially among 

younger fishermen, who claimed not to depend solely on fisheries (Karper 

& Lopes, 2014). 
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Technological 

Agent-based models can evaluate the benefits of cooperative and 

coordinated harvesting, which requires a model that includes the biological 

dynamics of the resource, the dynamics of the harvesters and their choice of 

fishing times and locations, and the feedback between these two elements 

(Gutierrez et al., 2017). 

Economic 

Agriculture and coastal fisheries are central economic pillars and modern 

aquaculture/fish farming is well controlled in terms of diseases and fish 

escaping from the nets (Kaltenborn et al., 2012). 

Constant or increased income and cheap fuel costs (Maynou et al., 2014). 

To promote sustainable management, the current marketing chain can be 

targeted. Since the middlemen occupy a bottleneck in the marketing chain, 

they are a more suitable target for regulatory measures than the local 

community of fishermen (S. Sen & Homechaudhuri, 2017). 

Environmental 

Stable climate (Kaltenborn et al., 2012) 

Population dynamics of fish stocks in the adjacent sea (in this case, 

Mediterranean) (Maynou et al., 2014). 

The traditional knowledge of the fishermen can be a source of information 

about the life cycle, migration and preferable habitat for crabs and evolving 

fishing pressure over the years (S. Sen & Homechaudhuri, 2017). 

Harvesting of crabs should not be done during breeding season (S. Sen & 

Homechaudhuri, 2017). 

Political 

(Governance) 

High level of cooperation between local and state management agencies and 

strict regulations imposed on fish farming (Kaltenborn et al., 2012). 

Closed fishing seasons (Maynou et al., 2014). 

Cultural 

The use of logbooks, information-sharing groups, folk knowledge, and other 

informal methods to track and monitor differences in spatial abundance and 

productivity of target fish species (Gutierrez et al., 2017). 

Conservation of local heritage and environment has also added new 

opportunities in the employment structure (Kaltenborn et al., 2012). 

The artisanal fishermen of Indian Sundarban inherit the knowledge of crab 

fishing through generations. Their involvement may help in laying grounds 

for the management of the fishery as a sound way of improving community 

livelihoods and management of resources (S. Sen & Homechaudhuri, 2017). 

Intraspecific variation, which includes the genomic and phenotypic diversity 

found within and among species populations, is often implicitly recognized 

by indigenous peoples due to consistent long-term observation (Des Roches 

et al., 2021)  

 

5.6 Exploring archetype scenarios and narratives for sustainable use  

 

After synthesizing material on scenario explorations in individual practices (section 5.4; data 

management report https://doi.org/10.5281/zenodo.6451922), drafting narratives of the 

sustainable use of wild species required examining the links between the exploratory and the 
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normative archetypes described earlier in this chapter. A start was made in Table 5.3 which 

provided examples of factors affecting sustainable use by practice, but Table 5.6 below provides 

a many-to-many link. This suggests that most, but not all, target-seeking scenarios of 

sustainable use of wild species could be developed under most plausible exploratory future 

outlooks. 

 

Table 5.6 Combining exploratory and normative archetypes (see data management report 

https://doi.org/10.5281/zenodo.6451922)  

 

Archetype Green 

economy 

Low 

carbon 

Ecotopian Transition 

1. Market forces yes yes     

2. New sustainability 

2a. Technology 

2b. Global 

2c. Regional 

  

yes 

yes 

  

  

yes 

  

  

  

  

yes 

  

yes 

  

yes 

3. Fortress world     yes yes 

4. Inequality   yes yes   

 

However, the remainder of this section is based on the choice to reduce the number of 

possibilities to one target-seeking overall strategy per exploratory archetype. In some cases, a 

clearly described mix is proposed. The purpose of the set of integrated archetypes is not to 

reduce uncertainty or to increase predictability, but only to ensure that the diversity in the 

number of futures that are included is maximized. This chapter refrained from using more 

formalized methods to decide on the combinations that would maximize diversity, because 

existing methods would have needed to be adapted and tested, as they are not developed to 

combine archetypical information.  

The final archetype combinations that were explored were selected to be logically 

consistent, while equally emphasizing all normative types, and maximizing diversity in 

combinations of future outlooks and possible solutions. While by no means the only or even the 

best set of archetypes, this set does sketch a number of very different future directions for the 

sustainable use of wild species. 

Once these archetypes were identified, first the main challenges and opportunities 

presented by the exploratory archetypes were summarized. This was followed by an elaboration 

of how changes related to the target-seeking pathways would play out against that backdrop. 

This led to an overall assessment of how sustainable use of wild species would be achieved in 

each archetype. This process is captured in tables 5.7 and 5.8, which are followed by a short 

summary for each archetype combination. 
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Table 5.7 Challenges and opportunities related to the exploratory archetypes (see data management report 

https://doi.org/10.5281/zenodo.6451922) 

 

  Social Technological Economical Environmental Political Cultural  

Exploratory 

archetype 

Population growth Technology 

development 

Economic growth Environmental 

quality 

Political 

effectiveness 

Societal values Overall 

challenge level 

1. Market forces 

  

More people, more 

consumption 

More technology, 

but not always for 

sustainable use 

More growth, more 

purchasing power, 

more demand, but 

also more financial 

resources 

Not a main 

focus 

Effective and 

global, but not with 

sustainability goals 

Materialistic: 

most people do 

not care for 

sustainability 

++ 

2. New sustainability 

paradigm 

2a. Technological 

solutions 

More people, but 

effect limited through 

technological 

innovations 

Widespread green 

technologies 

Less growth, less 

demand increase 

Engineered 

nature 

Effective, but not of 

central importance 

Nobody needs to 

care as technology 

saved the day 

- - 

2. New sustainability 

paradigm 

2b. Top-down 

governance 

structures 

More people, but 

effect limited through 

lifestyle changes 

More (green) 

technology, but not 

a main focus 

Low but consistent 

growth 

High level of 

environmental 

protection 

Very effective, 

focus on 

sustainability 

Decision-makers 

care 

- - 
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2. New sustainability 

paradigm 

2c. Bottom-up 

enforced shift 

Growth slows and 

strong behavioral 

change 

Limited spread and 

higher challenges 

Low growth or 

even de-growth 

Increases, but 

with regional 

(high) pressure 

Ineffective as the 

world fragments 

Everybody cares - - - 

3. Fortress world 

  

More people, more 

needs 

Limited 

development and 

transfer 

No growth, no 

increased 

purchasing power, 

less pressure but 

also less 

opportunities 

Under pressure, 

but partly 

protected 

Strong and effective 

at national level. No 

sustainable priority 

Survival: most 

people do not 

have the luxury to 

care 

++ 

4. Inequality 

  

Strong increase in 

inequality 

More technology, 

but only for the 

elite 

Growth, but very 

unequal 

Lower, except 

where in the 

interest of the 

elite 

Internationally 

effective, regionally 

weak 

Most people are 

not well informed 

+ 
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Table 5.8 Target-seeking pathways and sustainable use of wild species 

 

  Social Technological Economic Environmental Political Cultural   

Target-seeking 

pathways 

Population 

growth 

Technology 

development 

Economic 

growth 

Environmental 

quality 

Political 

effectiveness 

Societal values Key direction of 

sustainable use of 

wild species 

1. Market forces 

and green 

economy 

The growing 

population is a 

growing market 

for sustainable 

products  

Once a market 

for wild species 

is created, green 

technologies are 

developed 

Financial 

resources provide 

opportunities for 

investments 

Nature for society: 

nature’s contributions 

to people are 

maximized 

Environmental 

policies ensure 

sustainable use 

As wild species and 

the environment 

provide crucial 

services, social 

preferences shift 

Commercialization 

and intensification 

2. New 

sustainability 

paradigm 

2a. Technological 

solutions 

Carrying capacity 

of the world 

increases through 

technologies 

Widespread 

green 

technologies 

High investments 

in green 

technologies 

Engineered nature 

where needed, nature 

as nature where 

possible 

Facilitating a 

transition to high-

tech solutions 

High-tech solutions 

are paired with 

increased valuation 

of nature 

High-tech solutions 

and improvements 

2. New 

sustainability 

paradigm 

2b. Top-down 

governance 

structures 

The growing 

population 

changes its 

preference 

towards 

sustainable 

products 

Increased green 

tech helps 

increasing 

sustainable use 

Growth is 

sufficient to allow 

green investments 

Strong environmental 

protection 

Very effective, 

ensures and 

enforces sustainable 

practices 

Global 

collaboration and 

strong stakeholder 

participation guide 

a shift towards 

sustainability 

Governmental control 

and protection 
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2. New 

sustainability 

paradigm 

2c. Bottom-up 

enforced shift 

A strong bottom-

up enforced 

behavioral change 

Technology 

development 

and transfer 

slow but key 

investments 

continue 

Slowing growth 

and 

transformation 

away from 

capitalist model 

Nature for culture 

dominates as people 

live with nature. 

There is a growing 

recognition of 

nature’s intrinsic 

value, with wild 

animals regarded as 

sentient beings 

Political 

collaboration 

around 

environmental 

issues 

Living with nature 

ensures a 

sustainable use of 

wild species 

Re-evaluation and 

respect for nature and 

wild species 

3. Fortress world 

  

Eventually a 

change towards 

local 

communities 

The lack of 

global 

collaboration 

leads to case-

based grounded, 

low-tech 

solutions 

The lack of 

economic 

development 

takes off the 

pressure of global 

markets 

Nature for society 

dominates, but 

demands are 

relatively low 

Policies are national 

and relate to 

solving national 

issues effectively 

Sustainability 

eventually as 

current structures 

first break down 

before change 

happens 

Strong transition 

through bottom-up 

change 

4. Inequality 

  

Increased 

inequality 

provides 

possibilities for 

the poor 

Technological 

change solved 

global issues 

and ensures 

quick transfer 

and high 

adoption rates 

Sufficient growth 

to allow key 

investments, 

while demands 

are rather low 

Environment is partly 

protected through the 

nature for society 

attitude of the elite 

and partly protected 

by local initiatives 

Strong global 

policies ensure that 

global issues are 

controlled and 

solved 

Eventually a strong 

bottom-up change 

is met by a globally 

enforced low 

carbon trend 

Global-local joined 

forces 
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1. Market forces-green economy: 

Context: In a globalized world, behavioral change and innovations lead to a new business model 

where sustainability sells. A large-scale circular economy sets the stage for a marketable 

sustainable use of wild species within the planetary boundaries. There is a strong focus on 

reducing greenhouse gas emissions. 

Sustainable use of wild species: Strong focus on nature for society and the use of nature’s 

contributions to people, and thus also a large market for the sustainable use of wild species, 

which becomes a market instrument in a (globally connected) circular economy. 

 

2a. Technology-transition/green economy:  

Context: Technological innovations in many areas, but importantly including green 

technologies, lead to high-tech solutions towards sustainability. There is a strong focus on tech-

fixes, which limits transformative changes in society. 

Sustainable use of wild species: Green technologies will reduce the environmental impact of 

the use of wild species, while also reducing the demand, in a world that moves towards nature 

as nature. The sustainable use of wild species is ensured by innovative high-tech solutions. 

 

2b. Global sustainability paradigm-local carbon: 

Context: In a globalized world, strong global policies in close collaboration with business 

opportunities open the door for strongly reduced greenhouse gas emissions. Against this 

backdrop, there is a strong top-down regulatory force towards sustainable use. 

Sustainable use of wild species: A globally coordinated set of policies enforce a change in 

behavior towards a highly regulated and controlled use of wild species. 

 

2c. Regional sustainability paradigm-ecotopian: 

Context: In this regionalized, small is beautiful world, there is a strong trend towards 

reruralisation. This community-based foundation could lead to small local supply chains, but 

could also be the starting point for a transition towards broader collaborations. Eventually, 

solutions are upscaled. 

Sustainable use of wild species: The bottom-up initiatives lead to a re-evaluation of nature with 

strong communities resulting in a central role for sustainable use of wild species across the 

globe. 

 

3. Fortress world-transition:  

Context: The phoenix rises from the ashes in this world where initial trade blocs and 

regionalization lead to a break-down, from which new structures might emerge that allow for a 

bottom-up transition. 

Sustainable use of wild species: The strong bottom-up rebuilding of values includes a strong 

change towards sustainable use of wild species. The lack of regulatory frameworks helps a 

quick transition. 

 

4. Inequality-ecotopian/low carbon: 
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Context: In a world that is characterized by a strong elite, there are opportunities for the masses 

to self-organize in smaller communities, while global policies ensure a successful combating of 

global issues. In a world with many challenges, there are many opportunities as well. 

Sustainable use of wild species: The simultaneous efforts to combat global and local issues 

result in a strong path towards sustainable use of wild species with the combined strength of 

local knowledge and global technological know-how and collaboration. 

 

Evidence from literature: 

All papers in the literature review database were classified by labelling the scenarios that were 

used as belonging to the most appropriate scenario archetype. A total of 239 papers were thus 

related to one (or more) of the scenario archetypes. The other papers did not offer a clear link 

to the sustainable use of wild species. About two thirds of that set (152 papers) with concrete 

solutions related to an archetype were then used to characterize the archetypes. Results are 

presented in Table 5.9. Archetype 3 (2 papers) and Archetype 4 (0 papers) were excluded. 

 

Table 5.9 Literature review database 

 

  Archetype 1 Archetype 2a Archetype 2b Archetype 2c 

Total papers 45 9 47 51 

Logging (%) 64 22 38 22 

Fishing (%) 22 33 40 35 

Starting point 

scenario 

Business-as-

usual 

Strong 

technological 

change 

Business-as-usual Transformative 

change 

Main approach Effect of single 

instrument/polic

y measures 

Effect of single 

technology, when 

applied uniformly 

and globally 

Effect of single 

policy measure, but 

role for integrated 

approaches 

Integration, multi-

use, cooperation, 

and community-

based 

Main method Modelling 

study 

Mixed, modelling 

and more 

qualitative 

Modelling study Mixed, importantly 

also qualitative 

Most mentioned 

solutions 

Carbon pricing, 

biodiversity 

offsets, price 

Technology 

improvement 

Restoration, 

management 

Small-scale, 

decentralized, 

diversified 

strategies 



 

85 

 

Most important 

topics 

Bioenergy, fish 

demand 

Mixed, but often 

specialized, 

focusing on single 

species 

Fish stocks, forest 

protection 

Mixed, often 

integrated with 

human aspect and 

trade-offs 

Comments Strong link with 

climate change 

impacts and 

mitigation 

Small group with 

relatively extreme 

solutions for 

specialized cases 

Common element 

relates to a global, 

top-down approach 

and dominance of 

(existing) policy 

measures 

Common theme is 

the ineffectiveness 

of current 

approaches and the 

need for local 

embedment 

 

 Some broad conclusions can be drawn from the analysis of this literature. Overall, there 

was a strong domination of logging and fishing papers, but with a marked shift from a very high 

contribution in business-as-usual-related studies to a much lower share when papers related to 

more extreme changes (Archetypes 2a and 2c). Furthermore, there were clear differences 

between the archetypes that all have their own identity. The dominance of logging and fishing 

papers might also in part be attributable to the choice of search terms.  

Overall, the conceptually hypothesized archetypes (Table 5.9) were partly present in the 

literature, and partly (completely) absent. Archetypes 1, 2b, and 2c are all present with an almost 

equal share. They represent the three most important manners in which the future can be studied: 

business-as-usual; top-down, global measures; bottom-up local measures. Archetypes 3 and 4 

are almost completely absent. A small number of papers relate to the exploratory archetypes 

“fortress world” and “inequality”, but with only a few exceptions, these scenarios are not linked 

to sustainable use.  

 The archetypes serve to categorize the multitude of sustainable use aspects across 

sectors, scales, topics, and types of solutions into a meaningful and clear – archetypical – 

overview. A main conclusion is that there is a strong focus on modelling single-measure effects 

for a single practice, particularly in logging (pricing, bioenergy) and fishing (fish demand/stock 

and management). Other, more integrated, solutions are studied, but often from a systemic 

viewpoint. This often implies a weaker link with (the sustainable use of) wild species. There is 

a clear gap related to studies that focus on wild species within broader systemic, integrated 

future changes. 
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5.7 Linking the archetypes to the practices 

 

The information presented in section 5.4 and above allows to build towards an understanding 

of pathways of change, and how to link scenario studies from individual practices to archetype 

exploration. In section 5.4, existing studies on scenarios for the sustainable use of wild species 

were analyzed and evaluated by practice. This yielded a wealth of information and in-depth 

insights on possible solutions, from which generalities can be extracted. This section 

approached the issue from the angle of existing societal scenarios (i.e., focused on broad societal 

trends rather than sustainable use of wild species per se) and scenario archetypes, which allowed 

a set of conclusions specific for each archetypical future, but does not provide detailed practice-

oriented concrete solutions. These two streams of information can be tied together to explore 

solutions that are both scenario- and practice-specific, while also being concrete. This 

furthermore allows to identify critical gaps in the literature on scenarios of sustainable use. 

Table 5.10 presents examples of solutions and/or pathways elements for all combinations of 

scenario archetype and practice.
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Table 5.10 Linking practices and exploratory archetypes through potential practice- and scenario-specific solutions. Note that solutions are 

only examples, and are not intended to be exhaustive or definitive. The bottom two rows are blank due to limited exploration in the sustainable use 

scenario literature. 

 

 Practice 

Scenario Key direction of 

policy/approach for 

sustainable use of wild 

species 

Fishing Gathering Terrestrial animal 

harvesting 

Logging Non-extractive practices 

Market forces 

and green 

economy 

Commercialization (1) 

and intensification (2) 

 

 

 

 

 

1. Adding value and 

food through fish 

byproducts (Stevens et 

al., 2018) 

2. Valuation of tribal 

subsistence fishing 

(Morton et al., 2017) 

Increasing the diversity 

and flexibility of small-

scale fisheries, as well 

as gender recognition 

1. Cultivation of 

commercially viable 

species (Cunningham et 

al., 2017) 

2. Research into 

improved varieties to 

support cultivation (Chen 

et al., 2016) 

1. Increasing demand for 

sustainably harvested 

wild products (e.g., 

venison)  

2. Market incentives for 

sustainable use in hunting 

product labelling  

1. Globally accepted 

and implemented high 

carbon price (Austin 

et al., 2020) 

2. Increased 

agricultural 

intensification sparing 

land for forests 

(Ceddia et al., 2014) 

1. Novel financial 

instruments related to 

non-extractive practices 

(e.g., Rhino Impact 

Bonds; 

www.rhinoimpact.com; 

Debt for nature swap) 

2. Increased demand for 

wild species experiences 

influencing 

environmental attitudes 

(Lin & Lee, 2020)  

New 

sustainability 

paradigm: 

Technological 

solutions 

High-tech solutions and 

improvements 

 

 

 

 

Technological advances 

for surveillance and 

compliance (Kroodsma 

et al., 2018) 

Technology to online 

monitoring of illegal 

online sales of wild 

species (Ticktin et al., 

2020) 

More sophisticated anti-

poaching measures (e.g., 

drones, lidar)  

Aerial seeding by 

drones for 

reforestation (Lang et 

al., 2018), improved 

efficiency of wood-

biomass use for 

energy production 

Increased use of 

technologies to enable 

virtual species viewing 

(Fennell, 2020) 



 

88 

 

 

 

(Proskurina et al., 

2019), product 

substitution and the 

digital era (McEwan 

et al., 2020) 

New 

sustainability 

paradigm: 

Top-down 

governance 

structures 

Governmental control 

and protection 

Improving harvest 

control rules and 

recovery plans 

Domestic and 

international regulation of 

harvesting and sales of 

wild species 

Deploy policies designed 

to tilt sellers and buyers 

from wild meat towards 

consumption of other 

wild species (Wilkie et 

al., 2016) 

Sustainable forest 

management practices 

(Putz et al., 2012), 

regulations to reduce 

illegal timber trade 

Improved recognition and 

incorporation of non-

extractive practices in 

governance systems 

(Chaudhary et al. 2019) 

New 

sustainability 

paradigm: 

Bottom-up 

enforced shift 

Re-evaluation and 

respect for nature and 

wild species 

Community-based 

fisheries management, 

incorporating traditional 

ecological knowledge 

and customary tenures  

Greater respect for 

traditional, local, and 

indigenous ecological 

knowledge around 

sustainable harvesting 

practices (Papageorgiou 

et al., 2020) 

Greater respect for 

traditional, local, and 

indigenous ecological 

knowledge around 

sustainable harvesting 

practices  

Recognition of 

customary tenure 

rights in forest 

management 

Increased wildlife 

watching tourism 

supporting conservation 

and local livelihoods 

(Dou & Day, 2020) 

Fortress world 

(international 

authoritarian 

system) 

Strong transition 

through bottom-up 

change 

 

   

 

      

Inequality 

  

Global-local joined 

forces 
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There are some conclusions that can be drawn from linking the practices to the archetype 

scenarios. In particular: 

● Multiple solutions: The results show that there are multiple pathways and solutions that 

can lead to a more sustainable use of wild species. The market forces and new 

sustainability paradigm scenario archetypes (and sub-archetypes) contain promising 

solutions. Mechanisms by which this is reached are very different, but practices such as 

fishing and logging show that there is not a single path to sustainable use, and 

sustainable solutions for one practice might not work for others.  

● Limited exploration of transformative change in archetypes: Radically different 

futures that would require fundamentally different solutions are not generally explored 

in the scenario literature. This suggests a knowledge gap, whereby leverage points and 

approaches to transformative change (see section 5.8) need further exploration within 

an archetypal scenario framework. 

● Generalities: Many sustainable solutions would appear to benefit from market or policy 

support. Without favoring top-down approaches, even when solutions are sought 

through bottom-up initiatives or technological development, governments and markets 

might have a decisive role to play. In addition, bottom-up solutions are very integrative 

and essentially work for any practice; empowering local communities will help move 

towards sustainable use irrespective of the practice. In contrast, non-extractive practices 

have distinctively different example solutions in relation to extractive practices. 

● Knowledge gaps: Important archetypes have not been explored at all in the sustainable 

use literature, and as per the previous section, in particular the fortress world and 

inequality archetypes. A full set of scenarios is needed to better understand what 

adaptation/mitigation options are needed and feasible. Similarly, as per the previous 

section, it is also easier to link fishing and logging practices to archetypes due to their 

greater prevalence in the relevant scenario literature. 

● Leverage points: The scenario archetypes that are most commonly explored have some 

elements of the framework of the 3-horizons approach, with established practices giving 

way over time to transitional activities and ultimately a long-term shift to new 

innovations (Sharpe et al., 2016).  

o First horizon (market forces): address current concerns and maintain essential 

features 

o Second horizon (top-down governance/bottom-up enforced shift): scale up 

current innovations and foster existing niches 

o Third horizon (bottom-up enforced shift/top-down governance): start new 

inspirational practices and link to future aspirations. 

That is, transformative change may be reached by three concurring types of action: 

Phasing out existing practices (horizon one); fostering and strengthening current niches 

(horizon two); initiate novel transformational actions (horizon three). While the archetypes 

exploration here has shown that there are substantial knowledge gaps around transformative 

change, it is further explored in section 5.8.



90 

  

5.8 Applying the nature futures framework case-studies to the sustainable use of wild 

species  

 

The nature futures framework (being developed by the IPBES task force on scenarios and 

models) provides a foundation for envisaging positive futures for sustainable use of wild 

species, since it places human-nature relations at its core and reflects the multiple ways in which 

both people and nature can benefit from the use of wild species (Lundquist et al., 2017). 

Importantly, these visions are not mutually exclusive, but rather they offer a plurality of 

approaches for how sustainable use of wild species can be realized (Figure 5.8). 

 

 
Figure 5.8 A plurality of visions for sustainable use of wild species, based on the nature 

futures framework. Adapted from Pereira et al. (2020), under license CC BY-NC-ND 4.0. 

 

The nature futures framework is a heuristic tool developed by the IPBES task force on 

scenarios and models that can help to explore and define positive relationships of humans with 

nature in order to create desirable nature scenarios (Pereira et al., 2020). In the context of the 

sustainable use of wild species, the framework could be applied across different scales to target 

and achieve positive futures. When designing interventions to enhance sustainable use of wild 

species within the nature futures framework, a plurality of values needs to be included. 

Importantly, there is a need to “build on common interests between conservationists and [wild 

species users] wherever these occur, but also engage in honest discussion about genuine 

conflicts of interest where these exist and work towards negotiated solutions” (Newing & 

Perram, 2019).  
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Box 5.8 presents an example of a conceptual application of the nature futures framework 

to wild species use in a fisheries management context under the three most distinct nature 

perspectives identified by IPBES, i.e., the points of the triangle: nature for nature (intrinsic 

values of nature), nature for society (nature’s benefits to people) and nature as culture (relational 

values with nature). Box 5.9 shows an example of sustainable use in the Amazon as envisioned 

within the nature futures framework. 

 

Box 5.8 Nature futures framework in fisheries management for the sustainable use of 

marine resources 

 

This example (Figure 5.9) represents a simple conceptual illustration of the potential application of 

the nature futures framework to develop desirable future scenarios for both people (fishing 

activities) and nature (exploited wild species in marine ecosystems) under three different values 

perspectives (IPBES, 2021). This example aims to build different narratives related to fisheries 

management, focusing primarily on reference points. Here, these narratives have shared outcomes 

referred to as “common features” that are essential assumptions for achieving any of the positive 

visions embodied in the nature futures framework (e.g., application of the precautionary approach). 

The common features as shared elements aim to ensure a reference baseline for sustainable use. The 

specific features distinguish these narratives from one another. In this example, the differences 

between narratives were highlighted through three categories: (i) restriction strategies in mixed 

fisheries (output control in multispecies fisheries), (ii) management scale, and (iii) indicators of 

interest. These categories are not exhaustive and could be enriched to better describe different 

exploitation scenarios for marine species under the nature futures framework.  
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Figure 5.9 Potential application of the nature futures framework in fisheries management. 

Source: Halouani et al (in prep). Abbreviations: MSY: maximum sustainable yield; ILK: indigenous 

and local knowledge. 

 

Box 5.9 Nature futures framework scenarios for the sustainable use of forest resources in the 

Brazilian Amazon  

 

The nature futures framework promotes participatory and inclusive approaches to develop scenarios 

with stakeholders by co-creating narratives and modelling frameworks and co-identifying or 

developing indicators to inform decision-making (Pereira et al., 2020; Kim et al., 2021). By doing 

this, the goal is for the nature futures framework to facilitate and enable transformative change by 

helping people to reflect on different decision options from diverse value perspectives.  

Using the nature futures framework and the framework on nature’s contributions to people (Díaz et 

al. 2018), Siqueira-Gay et al. (2020) identified trajectories leading to positive futures in the 

Brazilian Amazon of Pará State, including indigenous peoples and local communities’ perspectives. 

They created three positive scenarios addressing negative anthropogenic drivers: 

1. Land management to tackle illegal deforestation (Pará minus) 

2. Changes in consumption behavior (Pará consumo) 

3. Combining (i) and (ii) 

The Pará minus scenario includes policies that address rural land occupation, agriculture and pasture 

expansion, unofficial road building and forest degradation with co-management, and decentralized 

environmental governance with user-coordinated actions for sustainable management of natural 

resources. The Pará consumo scenario includes policies to reduce excessive meat consumption and 

clearing of forest areas for soy plantation for feeding animals through environmental education to 

modify consumption behavior (Siqueira-Gay et al., 2020). The core actions for the implementation 

of policies in these scenarios are listed in Table 5.11.  

 

Table 5.11. Core actions for policy implementation in two sustainable forest scenarios 

named Pará minus and Pára consume. Source: (Siqueira-Gay et al. 2020). 

 

Pará minus scenario: Land management to 

tackle illegal deforestation 

Pará consumo scenario: Changes in 

consumption behavior 

i. Enforce forest decentralization efforts  

to allow small governance units to take 

decisions about their resources in a 

sustainable way 

ii. Provide technological tools and 

training to communities to facilitate 

sustainable development and monitoring 

efforts 

iii. Enforce the protection of indigenous 

territories and protected areas by 

creating an inheritance tax scheme and 

fines for illegally clearing forest areas 

i. Create an educational program to 

promote awareness on nature’s 

contributions to people provision, the 

value of forest conservation, and damage 

caused by cattle ranching. This program 

would be integrated into the educational 

system by restructuring the curriculum 

ii. Promote alternative options for 

protein consumption instead of beef 

iii. Create a tax incentive for large 

companies that join the beef 

moratorium (an agreement not to buy 
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iv. Perform a land reform to distribute 

underused or abandoned land to 

individuals or organizations committed 

to sustainability and conservation efforts 

or return the land to indigenous or 

traditional communities  

v. Regulate for mandatory sustainable 

use of undesignated public lands, and 

prohibit (with fines applicable) 

clearing of pristine forest areas 

vi. Create new and strengthen existing 

alliances to make forest monitoring and 

controlling efforts more effective, while 

facilitating social learning processes in 

local communities 

meat from newly deforested areas) or 

that supports the educational program of 

awareness on nature’s contributions to 

people provision (action i) 

 

The three positive scenarios formulated for the Pará State in Siqueira-Gay et al. (2020) 

anticipate different positive outcomes. In the Pará minus scenario, land reform and regulation 

strengthen conservation values, social learning promotes collaboration between stakeholders 

and integrates their knowledge, and economic development does not depend on the extractive 

use of natural resources while traditional extractive activities continue in a sustainable manner. 

In the Pará consumo scenario, the food market motivates local production and consumption, 

reducing carbon emissions from transportation of goods and creating nature-based recreational 

opportunities for people. There is active urban farming and recycling to reduce waste, and 

values transformation through social welfare and innovation. In the scenario that combines the 

two, sustainable economic development is envisaged with green solutions and enhanced social 

empowerment through social learning and education. Overall, the policies implemented in these 

scenarios make positive steps towards sustainable land-use and land change, consider and help 

to mitigate climate change, and sustain natural resources (Siqueira-Gay et al., 2020). 

As illustrated in Pará State’s scenarios, scientific and local knowledge, models, and 

indicators generate diverse and complementary evidence for evaluating the roles and impacts 

of different policy and management options in conserving nature and providing benefits to 

people (Kim et al., 2021; Tengo et al., 2014). The illustrative scenario and modelling framework 

for Pará State (Figure 5.10) could be developed for and applied to other places or systems to 

explore the consequences of nature- and people-positive visions in informing future policy and 

management decisions in a more solution- and action-oriented way. By bringing diverse value 

perspectives on nature (i.e., intrinsic, instrumental and relational values) into scenario 

development, the nature futures framework can help stakeholders recognize the multiple 

benefits of conserving nature and its ecological processes, while preserving and creating space 

for culture. In this sense, the nature futures framework becomes a heuristic and an entry point 

for visioning and assessing radical yet plausible pathways towards living in harmony with 

nature.  
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Figure 5.10 An illustrative nature futures framework in the Brazilian Amazon of Pará 

State for assessing the potential consequences of different policies on nature and people. 

Source: Based on Siqueira-Gay et al. (2020). © 2020 Elsevier Ltd. All rights reserved. License 

number 5293081246924. 
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5.9 Transformative change, leverage points and pathways to enhance the sustainable 

use of wild species  

 

Enhancing the sustainable use of wild species could provide benefits to both people and nature, 

but transformative change is needed if these benefits are to be realized. Given the vast diversity 

of life on earth, and the range of contexts and values that shape human uses of wild species, a 

pluralistic approach will be required, which recognizes and celebrates diversity in the 

relationships between people and wild species (see also section 5.8). As the previous section 

has indicated, the nature futures framework may also be a useful tool to help to envision these 

transformations and highlight leverage points and pathways. In this section some approaches 

towards transformative change are explored, as applied to scenarios of sustainable use. 

 

5.9.1  Transformative change, scenarios and sustainable use 

 

Transformative change through “deliberative transformations” (i.e., those caused by intentional 

interventions) very often involves a move towards collaborative adaptive management – which 

is precipitated by crisis or turmoil (Gelcich et al., 2010). Actors such as policymakers, donor 

agencies, non-governmental organizations, private corporations, and scientists can play a 

catalytic role when acting in appropriate ways at the right place and at the right time (Olsson et 

al., 2004).  

Regulation has been a predominant approach to controlling wild species use. 

Regulations can take multiple forms, from strict spatial and species-specific prohibitions to 

rules for how and where species can be used (e.g., gear restrictions in fisheries, protected areas) 

and in what quantities (e.g., quotas). Some form of regulation is often necessary to support the 

sustainable use of wild species. However, it is not usually sufficient for positive transformative 

outcomes. Firstly, in order to be effective, regulations require appropriate compliance 

management, such as through monitoring and enforcement. Secondly, excessive and 

indiscriminate regulation can undermine incentives for sustainable use and lead to polarized 

narratives and an over-focus on illegality (Challender et al., 2015). This may drive “vicious 

cycles” that constrain pathways to transformative change (Figure 5.11). Yet if appropriately 

and anticipatorily governed via a mix of regulatory and economic instruments which are aligned 

with a plurality of values and visions, wild species can be sustainably used (noting that “use” 

can be associated to extractive and non-extractive practices, as per the nature futures 

framework, Figure 5.9). It can simultaneously support the pursuit of the Sustainable 

Development Goals (Box 5.10) and international conservation goals such as the Convention on 

Biological Diversity’s new post-2020 global biodiversity framework, which is expected to be 

adopted at the 15th Conference of the Parties (‘t Sas-Rolfes et al., 2019). 

Importantly, there is a need to understand trade-offs between the costs and benefits of 

different types of wild species use, how interventions might enhance or exacerbate them, and 

for whom (Box 5.10). A plurality of values can be considered to understand these costs and 

benefits (e.g., economic, social, ethical), as per the nature futures framework (see section 5.8). 

In particular, the value systems of people who will be most affected by interventions are 

foremost in the design of these interventions. 
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An appropriate mix of interventions, predicated on a good understanding of such costs 

and benefits, could promote a transition from vicious cycles of unsustainable use to virtuous 

cycles of sustainable use (Figure 5.11a). In order to be effective, these interventions need to 

target both micro-level changes to transform individual human actions, and macro-level 

changes, which can transform social structures and norms (Naito et al., 2021). For example, 

regulations can act as structural interventions which recraft the choice environment, while 

behavioral interventions, such as enforcement of regulations, positive economic incentives or  

promotion of goodwill values, can address socio-psychological barriers and act as enablers 

which promote pro-environmental social change (Figure 5.11b). 

 

A 

 
B 
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Figure 5.11 A) The vicious cycle of unsustainable use and the virtuous cycle of sustainable 

use, with illustrations of how leverage points can cause shifts between them. These leverage 

points need to be applied in concert to obtain transformative change. One alone is unlikely to 

shift the system effectively. B) An integrative framework for pro-environmental social 

change. Abbreviations: NGO: Non-governmental organization, CSO: Civil society 

organization. Source: Naito et al. (2021). Copyright © 2022, Springer Japan KK, part of 

Springer Nature, under license CC BY-NC-ND 4.0. 
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Box 5.10 Wild species use and sustainable development 

 

Enhancing the sustainable use of wild species requires a holistic understanding of how different use 

regimes can contribute to society. Moreover, by focusing on an outcome goal such as “sustainable 

development”, heterogeneous pathways to this goal can be devised. Figure 5.12 below shows 

illustrative examples of how interventions under differing value systems aligned with the nature 

futures framework can alter progress towards the Sustainable Development Goals relative to a 

business-as-usual framework.  

 

 
Figure 5.12 Examples of positive (green) and negative (red) contributions of wild species trade 

to the Sustainable Development Goals. Source: Booth et al. (2021) under license CC-BY 4.0. 

 

A transformative shift to a virtuous cycle may be feasible under almost all of the IPBES 

archetype scenarios and positive visions (Lundquist et al., 2017), provided certain enabling 

conditions and leverage points are in place. 
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Transformative processes may start with technological innovation which, if combined 

with social transformation, can signal a fundamental transition in a new direction. Enabling 

conditions (Pereira et al., 2015) for transformations to sustainability include emancipation and 

empowerment, knowledge co-production, iterative learning and a political environment that 

encourages and nurtures innovations. Building blocks are intermediate conditions for transition. 

In small-scale fisheries, for example, five building blocks (local leadership, secure funding, 

support from local government, cooperation and awareness) were identified in a Vietnamese 

lagoon fishery (Andrachuk et al., 2018; Figure 5.13).  

 

 
Figure 5.13 Building blocks for social-ecological transformation in the Cau Hai Lagoon. 

Dotted blocks suggest supporting conditions for transformation; the nonlinear arrangements of 

blocks along the pathway is a reminder that building blocks will not be the same for all fishing 

associations. Source: Andrachuk et al. (2018) under license CC BY-NC-ND 4.0. 

 

To drive transformative change at scale, it will be necessary to set a united outcome-

based vision for nature and people, which will provide an overarching “direction of travel” for 

other leverage points. These leverage points include: political prioritization (including 

coordinated policy at the international, national and local levels), aligned incentives and 

participatory processes (including transparent decision-making), which enable social change at 

micro- and macro-levels, supported by positively-framed approaches to adaptation and 

technological advances (Box 5.11, Figure 5.14).  
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Box 5.11. Leverage points for transformation to sustainability 

 

Drawing on the findings of the IPBES Global Assessment of Biodiversity and Ecosystem Services, 

Chan et al. (2020) highlight eight leverage points for transformation to sustainability, which may 

equally apply to sustainable use (Figure 5.14). These leverage points can be shifted, using five 

interrelated “levers”. Chan et al. (2020) make the point that these elements are “non-substitutable”, 

and, when used together, may lead to “synergistic benefits”. 

 

 
Figure 5.14 Implementation of interventions (levers) targeting key leverage points to enable 

transformative change towards greater sustainability. A range of actors (such as 

intergovernmental organizations, governments, non‐governmental organizations, citizen and 

community groups, indigenous peoples and local communities, donor agencies, science and 

educational organizations and the private sector) can apply the levers at multiple leverage points. 

Source: Chan et al. (2020), under license CC-BY 4.0. 

 

5.9.2 Setting an outcome-based vision for nature and people 
 

A key first step in enhancing sustainable use of wild species is to set a united and aspirational 

outcome goal for nature and people, which focuses on a desired end state (Bull et al., 2020; 

Maron et al., 2021). This is in contrast to process- or performance-based goals, which outline 

specific approaches or standards for achieving the end state (i.e., outcome goals focus on the 

ends, while process- or performance-based goals typically focus on the means).  

In this case, the desired goal(s) may be, for example, sustainable use of wild species helping to 

“create a better and more sustainable future for all” and/or to “save lives, protect livelihoods 

and safeguard nature” (Booth et al., 2021; Settele et al., 2020). Similarly, the Convention on 

Biological Diversity's 2050 vision of “living in harmony with nature”, underpinned by a target 

of nature recovery, could provide a broad aspirational outcome goal within which to embed 
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diverse strategies for enhancing the sustainable use of wild species. Importantly, these outcome 

goals allow for a plurality of values (as per the nature futures framework), which can consider 

the multi-dimensional well-being of all living things, both humans and non-human.  

Such outcome-based goals can provide a common vision towards which diverse 

stakeholders at multiple levels of society can work, whilst allowing for a plurality of approaches 

to get there. This means specific interventions can be designed to suit different species and 

contexts, allowing room for different values (i.e., as per the nature futures framework, nature 

for nature, nature for society and nature as culture), and integrating multiple international 

priorities (Box 5.10; Box 5.11) under different multilateral environmental agreements. It also 

limits potential perverse ecological outcomes, cost inefficiencies and social losses that can come 

from setting “one-size-fits-all” process-based or activity-based goals (e.g., for protected area 

coverage; Banks-Leite et al., 2021). 

However, ambitious outcome goals alone are not enough to drive transformative 

change. There is a need to “mainstream” nature, by translating high-level goals into meaningful 

and inclusive actions at multiple scales throughout society (Box 5.11). Coordination between 

multilateral conventions and between different arms of government, business and civil society 

may lead to the “enabling” leverage points.  

 

5.9.3 Political prioritization: embedding nature within high-level political targets 

 

Enhancing sustainable use of wild species requires making the management of human-nature 

interactions a top political priority, with decision-makers committed to inclusive, equitable, and 

evidence-based policies and nature mainstreamed across all government sectors. Policy 

windows (“the emergence of junctures or openings for concerted action”, Armitage et al., 2011) 

are crucial to overcoming political inertia, particularly in the early stages of transformation, and 

may open new possibilities for incentive systems and new ways of allocating access rights.  

In light of the COVID-19 pandemic, there have been calls for a “green recovery”. Nature 

is also increasingly acknowledged as an economic priority, as reflected in the 2020 World 

Economic Risk Report and the Dasgupta review (Dasgupta, 2021b). This high-level 

prioritization and mainstreaming of nature into economic decisions could help to pave the way 

for enhancing sustainable use of wild species in the future. As reflected in the seven IPBES 

visions, to ensure a full societal shift towards sustainable use, this needs to be supported by 

shifts in high-level political targets, from growth-oriented goals which over-represent economic 

welfare (i.e., gross domestic product) relative to goals based on holistic social welfare and long-

term sustainability. Changing this focus could help facilitate moves towards de-growth, 

ecological optimization and/or circular economy paradigms, which ensure that economic 

activities do not overexploit wild species.  
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5.9.4 Aligned incentives: ensuring people are not worse off via appropriate 

instrument mixes 
 

Enhancing sustainable use of wild species will require behavior change and innovation across 

all sectors of society. Broadly speaking, there are two main types of instruments which can 

facilitate this transformational change: regulatory and market-based interventions (Young & 

Gunningham, 1997). Regulations are needed which consider both the bio-economics of the 

sustainable use of different species and ecosystems and the socio-economic costs and benefits 

of their use. Under the nature futures framework, in situations in which “nature for nature” is a 

dominant paradigm, extractive use of wild species can be prohibited while allowing for well-

regulated non-extractive practices such as photographic tourism. In “nature for society” 

situations, regulations such as standards and quotas can help to ensure that use is compatible 

with the survival of wild species. Such regulations are effective safeguards for sustainability 

when they are also associated with robust monitoring and adaptive management, as well as with 

strong institutions which can insulate against poor governance (Young & Gunningham, 1997). 

Regulations can also be supported by complementary rights- and incentive-based 

instruments for aligning socio-economic and sustainable use objectives, especially where 

indigenous peoples and local communities may be impacted. For example, in “nature for 

society” situations, where commercial use of wild species can be compatible with their survival 

in the wild, and with the economic welfare of society, mechanisms need to be put in place to 

ensure appropriate distribution of these economic benefits to people who are living in 

association with wild species, or who can act as stewards of wild populations and/or their 

habitats. An example is the commercial hunting of bighorn sheep in Mexico, where local people 

provide access and guiding services to hunters, and income from hunting permits supports 

habitat management and payments to communities (Cooney et al., 2019). Another is the 

harvesting of saltwater crocodile eggs in the Northern Territory of Australia, where indigenous 

communities have use rights to benefit directly from egg harvesting, while outsiders can harvest 

eggs for an access fee (Fukuda & Webb, 2019). Appropriate interventions to enhance 

sustainability may include supporting local communities to achieve secure tenure of their 

resources, and promoting social justice and equity, such as implementation of conservation 

basic income schemes (Fletcher & Büscher, 2020). 

In “nature for nature” situations, it may be necessary to directly reward or compensate 

people for protecting wild species and their habitats. Examples include shark reef in Fiji, where 

fisher communities are directly paid for protecting a no-take zone (WCS, 2020), and 

performance-based payments to protect endangered ibis in Cambodia (Clements et al., 2010). 

Similarly, it may be necessary to develop negative incentives for unsustainable damage to wild 

species, for example through systems of “green” or “blue” taxes which are levied against 

corporations that exploit wild species (Zhou & Segerson, 2012).  

In general, it will be important to set social outcome goals alongside nature outcome 

goals, such as ensuring people have higher well-being as a result of conservation interventions 

(Griffiths et al., 2019). 
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5.9.5 Intrinsic motivations: driving behavioral tipping points though social 

norms 
 

Intrinsic motivations, such as social norms, can interact with regulatory and market-based 

approaches and drive large-scale behavioral change across systems (Nyborg et al., 2016). For 

example, leveraging social change through social marketing techniques could create positive 

outcomes for wild species, by both discouraging illegal and unsustainable use of wild species 

(e.g., products directly derived from protected or endangered wild species, and products that 

indirectly drive loss of nature such as industrial domestic animal production, Chaves et al., 

2018; Doughty et al., 2020) and promoting behavioral shifts towards more environmentally-

friendly diets (e.g., more plant-based diets and sustainably sourced animal products, Nyborg et 

al., 2016). Novel approaches to producing social change include deploying social media and 

mobile technology, for example through targeted advertisements or inducing peer pressure via 

online social networks (Doughty et al., 2020; Mani et al., 2013), or through improved supply 

chain traceability and sharing of knowledge and data on the impacts of different actors on wild 

species (Österblom et al., 2017).  

Consumer awareness and social change can also drive corporate social responsibility 

for sustainable use of wild species or work in synergy with corporate activism. For example, a 

global science-business initiative for ocean stewardship has been created to enhance sustainable 

use of wild fish stocks by using data and transparency to drive corporate and consumer change 

(Österblom et al., 2017).  

 

5.9.6 Transparent, participatory processes and adaptive management 

 

Good policy interventions and socio-economic instruments are co-designed with affected 

people, and consider in particular social justice and equity, both in terms of process and 

outcomes. To do so, participatory processes and transparency with respect to value-based 

judgements are useful (DeFries & Nagendra, 2017; Kenter et al., 2011). They can in turn 

improve the social legitimacy of interventions promoting the sustainability of the use of wild 

species and their effectiveness in driving sustainability through behavior change (Bonwitt et al., 

2018; Levi et al., 2009). In cases where the values of different stakeholders diverge, techniques 

such as describing and sharing mental models can help to improve common understanding 

about complex issues (Biggs et al., 2011), while positive message framing can promote 

inclusive action (Jacobson et al., 2019). 

All interventions to enhance sustainable use of wild species will also require adaptive 

management. For complex, dynamic issues like wild species use, there is rarely one static 

universal solution. This requires that the impacts of interventions are assessed, with room for 

“optimistic” and “fail safe” adaptation, that provides room for learning from failures, and allows 

challenges to contribute to institutional knowledge (Catalano et al., 2019). Horizon scanning 

may also be a useful component of an adaptive approach to transformative change in dynamic 

systems, which can be used to inform scenario-building and policy formulation (Box 5.12). 
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Box 5.12. A horizon scan of the illegal trade in wild species 

 

To help inform proactive policy responses in the face of uncertainty, Esmail et al. (2020) conducted 

a horizon scan of significant emerging issues for the illegal trade in wild species. This covers the 

hunting and gathering practices discussed above, with a focus on international trade. Building upon 

existing iterative horizon scanning methods, they used an open and participatory approach to 

evaluate and rank issues from a diverse range of sources. The top 20 issues fell under three 

overarching themes: (i) Geographic (political, demographic and socio-economic) shifts and 

influences; (ii) Scientific and technological innovation, and (iii) Changing trends in demand and 

information (see Figure 5.15).  

 

 
Figure 5.15 The top 20 emerging illegal wild species trade issues, illustrating linkages between 

them. Numbering represents the rank order of the issues (referred to in the text as Horizon scan 

issues 1-20). Those outlined in black are cross-thematic issues. Abbreviations: IWT: International 

wild species trade. Source: Esmail et al. (2020) under license CC-BY 4.0. 
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 Issues under the first theme include changing geopolitical processes and the rising global 

influence of East Asia. Political, demographic and economic changes could facilitate greater access 

to wild species and stimulate growing demand for wild species products, but also opportunities for 

sustainable use. For example, the political and cultural revival of traditional Chinese medicine, the 

increasing role of China in developing countries, and the rapid expansion of new international trade 

routes, particularly in the context of the Belt and Road Initiative, could bring both new threats and 

new opportunities for sustainable wild species trade (Esmail et al. 2020). 

 Issues under the second theme fell into two broad categories: biotechnology and information 

technology. For example, genetic technological advancements could enable rapid, cost-effective 

assessments and traceability of product identity and source at the species and individual levels. This 

could lead to better enforcement of regulations, and potentially promote sustainable sourcing. 

Cross-thematic issues which touch on the vicious-virtuous cycle of Figure 5.15 included that, in the 

modern age of networked communication, misinformation (from market participants, 

intergovernmental bodies, non-governmental organizations, policymakers and/or the media) can 

rapidly influence policy and practice. This can be difficult to correct and can undermine 

conservation efforts by skewing policy responses and potentially misdirecting scarce resources. 

Horizon scans are meant to be repeated at regular intervals or when circumstances have changed. 

A post-COVID-19 scan would pick up some of the same issues (potentially intensified) as well as 

bringing in new ones (Esmail et al. 2020). 

 

5.10 A critical reflection on inequality issues with respect to the sustainable use of wild 

species  

 

Rising inequality is a major concern for the sustainability of economies, societies, and 

communities and necessitates an urgent research agenda to improve understanding of and 

responses to inequality (UNDESA, 2020). The sustainable use of wild species also requires 

particular attention to social inequalities, as was highlighted in each of the sectoral scenarios 

and pathways illustrated in this chapter and the vision for transformative change (section 5.8). 

Inequalities can be of opportunity, income, food access or other issues, and can be both within 

countries and between countries. They may also reflect gender and intergenerational issues. 

Inequality is one of the main drivers of social tension. The direct and indirect effects of the 

COVID-19 pandemic are strongly conditioned by inequality between countries and within 

countries, and as such, COVID-19 will likely worsen these inequalities (Naidoo & Fisher, 2020; 

Dasgupta, 2021b). 

A critical reflection on social equity issues is crucial for the interpretation of the 

different types of scenarios that explore the future of wild species use and the trajectories that 

are proposed to move society towards more sustainable uses. Overall, vulnerable groups that 

depend on wild species have not been properly addressed in integrated assessments, models and 

forecasts (Gasalla, 2011, 2015; Martins & Gasalla, 2020). Although there are numerous studies 

that explore high-level, aggregate economic and environmental data, there is still a need for an 

examination of the specific underlying pathways linking different kinds of inequalities to 

behaviors that affect the sustainable use of wild species positively or negatively (Berthe & Elie, 

2015; Hamann et al., 2018). 
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As an example, natural capital stocks as a whole are shrinking and the consequent social 

costs of these changes have not yet been well assessed (Dasgupta, 2021a). When wild species 

resources are overexploited, people in vulnerable situations who depend on them for their 

livelihoods are usually disproportionately affected. The loss of earnings and opportunities also 

feeds into rising inequality within countries, as illustrated by Figure 5.16, where the 

mechanisms of transmission of wild species degradation into inequality within countries is 

shown.  

 

 
Figure 5.16 A conceptual scenario chain for the relationship between poverty, inequality 

and wild species dependence 

 

Inequality is also characterized by social marginalization and exclusion. Social exclusion 

manifests primarily through unequal access to resources, limited political participation and 

voice and the denial of opportunities (UNDESA, 2016). Pastoral and fishing livelihoods have 

been severely undermined by decades of marginalization from policy and investment decision-

making processes, violence and displacement, as well as insecure tenure rights and access 

(Gasalla, 2011). The lack of alternatives to the use of wild species has been critical, despite the 

human right to food being considered as a universal value and accepted as an international 

ethical standard (A. Sen, 2004; D’Odorico et al., 2019). 

Markets play a critical role in the demand for wild species. Scenarios showing market 

concentration, i.e., the dominance of a few actors within a specific natural resource management 

system, suggest that the consequences for marginalized groups can be severe. As the status of 

natural resources improves (e.g., healthier fish stocks), higher profits allow for further 

accumulation of capital, as well as investment in improving extraction or harvest technologies 

(Hamann et al., 2015). When such investments allow firms to exploit cost advantages due to an 

increased scale of production, they further reinforce the trend towards market concentration 

(Martin et al., 2012). This concentration of wealth and influence also leads to higher lobbying 

power, which can be used to sway policy decisions, thus strengthening the feedbacks between 

market concentration, capital accumulation, and management of the resource. In resource 

management systems with a high level of market concentration, a small number of powerful 

firms or actors therefore tend to dominate the total production of a certain resource (Hamann et 

al., 2015). High market concentration thus implies a high level of inequality between firms or 

actors that use and manage the resource. Whether such inequality results in actions that are 

beneficial or detrimental to the sustainability of the use of wild species is highly context-

dependent.  

As an example, the implementation of certification schemes, such as the Marine 

Stewardship Council, can promote the sustainable harvest of marine wild-species through the 
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implementation of rules and monitoring (Gómez Tovar et al., 2005), but can also exclude 

marginal actors given the cost of compliance with the certification regime (Bush et al., 2013; 

Cumming, 2007; Jacquet et al., 2010). Hence, certification can directly influence resources and 

promote sustainability, but it can also reinforce market concentration and increase social and 

economic inequalities.  

In a globalizing world, wealth will inevitably be appropriated by a very small fraction 

of the population unless effective wealth-equalizing institutions emerge at the global level 

(Scheffer et al., 2017). Wealth inequality may have emerged as far back as the Neolithic era but 

the relative amount of wealth appropriated by the richest has increased as societies have scaled 

up. It happens due to the scale effect itself, and because installing effective institutions to 

dampen inequality becomes more challenging as scale increases (Scheffer et al., 2017).  

Excessive concentration of wealth is widely thought to hamper economic growth, concentrate 

power in the hands of a small elite and increase the chance of social unrest and political 

instability (Piketty & Saez, 2014). Whether the pathways for effective governance can now be 

achieved at the global level and, if so, what this new form of governance might look like, remain 

unclear (Scheffer et al., 2017).  

Nevertheless, several studies suggest that the reduction of inequality will have an 

important role in achieving environmental sustainability as a whole, including the use of wild 

species. Reduction of inequality is challenging. Within a country, the national government can 

take various fiscal and asset redistribution policies to reduce inequality. Fiscal policies 

involving taxes and cash transfers are more politically feasible than asset redistribution policies 

are. In most developed countries a significant portion of the national income (sometimes 

exceeding fifty per cent) is indeed taxed and redistributed, so that the distribution of “net” (or 

disposable) income is much less unequal than the distribution of “market” (or gross) income. 

Such extensive and deep redistribution of income however is yet to be instituted in most 

developing countries (Islam, 2015). Reduction of inequality at the international level is difficult 

to achieve, because there is no “global government” with redistributive power similar to that of 

a national government. However, the international inequality situation is changing as a result 

of the operation of spontaneous economic forces. The “rise of the South” and formation of “the 

Group of Twenty (G20)” are manifestations of these changes. An important task for the future 

is therefore to harness these changes and consider how to apply them towards the sustainable 

use of wild species.  

All these considerations are critical to improving social justice and human rights issues 

and incorporating them into future scenarios of the sustainable use of wild species, especially 

with consideration of the roles of indigenous peoples and local communities. Hamann et al. 

(2018) explains the interactions between inequality and the use of wild species in social-

ecological systems. These pathways of interaction represent a subset of possible interactions 

and a starting point for further research on inequality issues in scenarios. 

 

5.11 Knowledge gaps and priorities for future research and action 
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Critical knowledge gaps have arisen from evaluating the literature around scenarios of 

sustainable use of wild species. These include gaps for specific practices, scenarios types, and 

social-ecological aspects. 

Beginning with individual practices, across almost all practices there is a deficit of 

scenarios that explore cultural aspects. The scenario literature on sustainable use predominantly 

pertains to fisheries and logging, and the impacts of climate change and/or management 

interventions and interactions with climate change. Other practices are under-represented, 

particularly for non-business-as-usual scenarios, as are scenarios and projections of cultural 

aspects, the role of indigenous peoples and local communities and rights-based approaches, and 

the intersection of broad top-down management and governance regimes with equity issues. 

In addition to these gaps, there are specific gaps for each practice. For fishing, 

projections of climate change impacts are relatively common, but the translation of climate 

impacts coupled with governance and equity storylines to quantitative projections is limited, 

though scenario narratives exist at global scales (Maury et al., 2017). Thus there is a need for 

more holistic scenarios. Projections for aquaculture and freshwater systems also remain more 

limited. Furthermore, scenarios of recreational fisheries in the future remain less common. 

For gathering, many species have limited empirical data on production, trade volumes 

and revenues, making future projections of use challenging. In general, there is a lack of 

projections, scenarios and generalizations, though there are numerous studies on community-

based management, which could perhaps be evaluated using a scenario-based approach. 

For hunting, few scenario studies exist at all and they are difficult to generalize. A further 

exploration of comparative studies may help in building the evidence base necessary to produce 

more scenarios (e.g., Dobson et al. 2019). Other specific gaps are scenarios on the effects of 

environmental change, particularly climate-driven change, as a driver of changes in hunting 

practice, and on the role of hunting, including trophy hunting, in conservation. 

For logging, as with fishing, there are a number of studies on the challenges of 

sustainable use brought about by climate change. However, these can be fairly narrow and need 

to be more integrative, suggesting the need for scenarios on the sustainable use of natural forests 

given the interactions between climate change, development, biodiversity, and poverty, and 

how differing contextual factors such as biomes can affect these interactions. Furthermore, as 

for all practices, projections of cultural aspects remain sparse. 

For non-extractive practices, there are few scenario studies at all, and even fewer focused on a 

non-extractive practice in isolation. There is also almost nothing on economic aspects beyond 

tourism. 

Going beyond individual practices, broadly speaking, there are numerous scenarios and 

projections on environmental sustainability writ large, biodiversity conservation and climate 

change, but wild species use is not often explicitly considered within these. There needs to be 

a greater focus on sustainable use within the context of more integrated solutions, and 

consideration of how sustainable use interacts with conservation and other elements of a 

broadly sustainable society. Furthermore, when sustainable use is considered, it is less 

frequently under archetype scenarios corresponding to fortress world and inequality. Broad 

studies on these scenario types do exist, but again need to explicitly link to the sustainable use 

of wild species. 
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Finally, vulnerable groups who depend on wild species are not well represented in 

scenarios and projections, nor are issues around inequalities more generally, and how these 

inequalities affect the sustainable use of wild species.



 

110 

 

References 
 

Ahrends, A., Burgess, N. D., Milledge, S. A. H., Bulling, M. T., Fisher, B., Smart, J. C. R., Clarke, 

G. P., Mhoro, B. E., & Lewis, S. L. (2010). Predictable waves of sequential forest degradation 

and biodiversity loss spreading from an African city. Proceedings of the National Academy of 
Sciences, 107(33), 14556–14561. https://doi.org/10.1073/pnas.0914471107 

Akumsi, A. (2003). Community Participation in Wildlife Management: The Mount Cameroon 
Experience. XII World Forestry Congress, Québec City, Canada. 

https://www.fao.org/3/XII/0430-C1.htm 

Alcamo, J. (2009). The SAS approach: Combining qualitative and quantitative knowledge in 
environmental scenarios. In J. Alcamo (Ed.), Environmental futures: The practice of 

environmental scenario analysis, Developments in Integrated Environmental Assessment  (Vol. 
2, pp. 123–150). Elsevier. 

Alcamo, J., Döll, P., Henrichs, T., Kaspar, F., Lehner, B., Rösch, T., & Siebert, S. (2003). 

Development and testing of the WaterGAP 2 global model of water use and availability. 
Hydrological Sciences Journal, 48(3), 317–338. 

Alkemade, R., Van Oorschot, M., Miles, L., Nellemann, C., Bakkenes, M., & Ten Brink, B. (2009). 
GLOBIO3: A framework to investigate options for reducing global terrestrial biodiversity loss. 

Ecosystems, 12, 374–390. https://doi.org/10.1007/s10021-009-9229-5 

Alva-Basurto, J. C., & Arias-González, J. E. (2014). Modelling the effects of climate change on a 
Caribbean coral reef food web. Ecological Modelling, 289, 1–14. 

https://doi.org/10.1016/j.ecolmodel.2014.06.014 
Amer, M., Daim, T. U., & Jetter, A. (2013). A review of scenario planning. Futures, 46, 23–40. 

https://doi.org/10.1016/j.futures.2012.10.003 

Anderegg, W. R. L., Flint, A., Huang, C., Flint, L., Berry, J. A., Davis, F. W., Sperry, J. S., & Field, 
C. B. (2015). Tree mortality predicted from drought-induced vascular damage. Nature 

Geoscience, 8(5), 367–371. https://doi.org/10.1038/ngeo2400 
Anderegg, W. R., Trugman, A. T., Badgley, G., Anderson, C. M., Bartuska, A., Ciais, P., 

Cullenward, D., Field, C. B., Freeman, J., Goetz, S. J., & others. (2020). Climate-driven risks 

to the climate mitigation potential of forests. Science, 368(6497). https://dx.doi. org/10.1126/ 
science.aaz7005 

Andersen, B. H. (2016). Bioenergy in the EU: Contradictions driving excess and unequal land use 
for industrial biomass production. Colloquium Paper. 

https://www.iss.nl/sites/corporate/files/54-ICAS_CP_Andersen.pdf 

Andrachuk, M., Armitage, D., Hoang, H. D., & Le, N. V. (2018). Building blocks for social-
ecological transformations: Identifying and building on governance successes for small-scale 

fisheries. Ecology and Society, 23(2), art26. https://doi.org/10.5751/ES-10006-230226 
Antunes, A. P., Rebêlo, G. H., Pezzuti, J. C. B., Vieira, M. A. R. de M., Constantino, P. de A. L., 

Campos-Silva, J. V., Fonseca, R., Durigan, C. C., Ramos, R. M., Amaral, do J. V., Camps 

Pimenta, N., Ranzi, T. J. D., Lima, N. A. S., & Shepard, G. H. (2019). A conspiracy of silence: 
Subsistence hunting rights in the Brazilian Amazon. Land Use Policy, 84, 1–11. 

https://doi.org/10.1016/j.landusepol.2019.02.045 
Archer, E., Emma, C., & Tadross, M. (2015). A changing environment for livestock in South Africa. 

In J. Emel & H. Neo (Eds.), Political Ecologies of Meat (Routledge, p. 392). 

Ardestani, E. G., & Ghahfarrokhi, Z. H. (2021). Ensemble species distribution modeling of Salvia 
hydrangea under future climate change scenarios in Central Zagros Mountains, Iran. Global 

Ecology and Conservation, 26, 01488. 

https://doi.org/10.1073/pnas.0914471107
https://www.fao.org/3/XII/0430-C1.htm
https://doi.org/10.1007/s10021-009-9229-5
https://doi.org/10.1016/j.ecolmodel.2014.06.014
https://doi.org/10.1016/j.futures.2012.10.003
https://doi.org/10.1038/ngeo2400
https://www.iss.nl/sites/corporate/files/54-ICAS_CP_Andersen.pdf
https://doi.org/10.5751/ES-10006-230226
https://doi.org/10.1016/j.landusepol.2019.02.045


 

111 

 

Arlinghaus, R., Tillner, R., & Bork, M. (2015). Explaining participation rates in recreational fishing 
across industrialised countries. Fisheries Management and Ecology, 22(1), 45–55. 

https://doi.org/10.1111/fme.12075 
Armitage, D., Marschke, M., & van Tuyen, T. (2011). Early-stage transformation of coastal marine 

governance in Vietnam? Marine Policy, 35(5), 703–711. 

https://doi.org/10.1016/j.marpol.2011.02.011 
Asamoah, K., Duah-Gyamfi, A., & Dabo, J. (2011). Ecological impacts of uncontrolled chainsaw 

milling on natural forests. Ghana J. Forestry, 27, 12–23. 
Asase, A., & Peterson, A. T. (2019). Predicted impacts of global climate change on the geographic 

distribution of an invaluable African medicinal plant resource, Alstonia boonei De Wild. 

Journal of Applied Research on Medicinal and Aromatic Plants, 14, 100206. 
https://doi.org/10.1016/j.jarmap.2019.100206 

Austin, K., Baker, J., Sohngen, B., Wade, C., Daigneault, A., Ohrel, S., Ragnauth, S., & Bean, A. 
(2020). The economic costs of planting, preserving, and managing the world’s forests to 

mitigate climate change. Nature Communications, 11(1), 1–9. 

Avin, U., & Goodspeed, R. (2020). Using Exploratory Scenarios in Planning Practice. Journal of the 
American Planning Association, 86, 403–416. 

Babcock, R. C., Bustamante, R. H., Fulton, E. A., Fulton, D. J., Haywood, M. D. E., Hobday, A. J., 
Kenyon, R., Matear, R. J., Plagányi, E. E., Richardson, A. J., & Vanderklift, M. A. (2019). 

Severe Continental-Scale Impacts of Climate Change Are Happening Now: Extreme Climate 

Events Impact Marine Habitat Forming Communities Along 45% of Australia’s Coast. 
Frontiers in Marine Science, 6, 411. https://doi.org/10.3389/fmars.2019.00411 

Bailey, M., & Sumaila, U. (2015). Destructive fishing and fisheries enforcement in eastern 
Indonesia. Marine Ecology Progress Series, 530, 195–211. https://doi.org/10.3354/meps11352 

Balick, M. J., & Cox, P. A. (2020). Plants, People, and Culture: The Science of Ethnobotany. 

Garland. 
Bank, T. W. (2018). Growing Wildlife-Based Tourism Sustainably: A New Report and Q&A. 

https://www.worldbank.org/en/news/feature/2018/03/01/growing-wildlife-based-tourism-
sustainably-a-new-report-and-

qahttps://www.worldbank.org/en/news/feature/2018/03/01/growing-wildlife-based-tourism-

sustainably-a-new-report-and-qa 
Banks-Leite, C., Larrosa, C., Carrasco, L. R., Tambosi, L. R., & Milner-Gulland, E. J. (2021). The 

suggestion that landscapes should contain 40% of forest cover lacks evidence and is 
problematic. Ecology Letters, 1–2. https://doi.org/10.1111/ele.13668 

Bastin, J.-F., Finegold, Y., Garcia, C., Mollicone, D., Rezende, M., Routh, D., Zohner, C. M., & 

Crowther, T. W. (2019). The global tree restoration potential. Science, 365(6448), 76–79. 
https://doi.org/10.1126/science.aax0848 

Baumflek, M. J., Kassam, K.-A., Ginger, C., & Emery, M. R. (2021). Incorporating Biocultural 
Approaches in Forest Management: Insights from a Case Study of Indigenous Plant 

Stewardship in. Society & Natural Resources, 34(9), 1155–1173. 

Baumgartner, A., T. R. ,. Soutar, & Ferreira-Bartrina, V. (1992). Reconstruction of the History of 
Pacific Sardine and Northern Anchovy Populations over the Last Two Millennia from 

Sediments of the Santa Barbara Basin, California. CalCOFI Reports, 33, 24-40. 
Beare, D., Burns, F., Jones, E., Peach, K., Portilla, E., Greig, T., McKenzie, E., & Reid, D. (2004). 

An increase in the abundance of anchovies and sardines in the north-western North Sea since 

1995. Global Change Biology, 10(7), 1209–1213. https://doi.org/10.1111/j.1529-
8817.2003.00790.x 

Bell, J. D., Cisneros-Montemayor, A., Hanich, Q., Johnson, J. E., Lehodey, P., Moore, B. R., 
Pratchett, M. S., Reygondeau, G., Senina, I., Virdin, J., & Wabnitz, C. C. C. (2018). Adaptations 

https://doi.org/10.1111/fme.12075
https://doi.org/10.1016/j.marpol.2011.02.011
https://doi.org/10.1016/j.jarmap.2019.100206
https://doi.org/10.3389/fmars.2019.00411
https://doi.org/10.3354/meps11352
https://www.worldbank.org/en/news/feature/2018/03/01/growing-wildlife-based-tourism-sustainably-a-new-report-and-qahttps:/www.worldbank.org/en/news/feature/2018/03/01/growing-wildlife-based-tourism-sustainably-a-new-report-and-qa
https://www.worldbank.org/en/news/feature/2018/03/01/growing-wildlife-based-tourism-sustainably-a-new-report-and-qahttps:/www.worldbank.org/en/news/feature/2018/03/01/growing-wildlife-based-tourism-sustainably-a-new-report-and-qa
https://www.worldbank.org/en/news/feature/2018/03/01/growing-wildlife-based-tourism-sustainably-a-new-report-and-qahttps:/www.worldbank.org/en/news/feature/2018/03/01/growing-wildlife-based-tourism-sustainably-a-new-report-and-qa
https://www.worldbank.org/en/news/feature/2018/03/01/growing-wildlife-based-tourism-sustainably-a-new-report-and-qahttps:/www.worldbank.org/en/news/feature/2018/03/01/growing-wildlife-based-tourism-sustainably-a-new-report-and-qa
https://doi.org/10.1111/ele.13668
https://doi.org/10.1126/science.aax0848
https://doi.org/10.1111/j.1529-8817.2003.00790.x
https://doi.org/10.1111/j.1529-8817.2003.00790.x


 

112 

 

to maintain the contributions of small-scale fisheries to food security in the Pacific Islands. 
Marine Policy, 88, 303–314. https://doi.org/10.1016/j.marpol.2017.05.019 

Belsky, J. M. (2009). Misrepresenting Communities: The Politics of Community-Based Rural 
Ecotourism in Gales Point Manatee, Belize. Rural Sociology, 64(4), 641–666. 

https://doi.org/10.1111/j.1549-0831.1999.tb00382.x 

Benítez-Badillo, G., Lascurain-Rangel, M., Álvarez-Palacios, J. L., Gómez-Díaz, J. A., Avendaño-
Reyes, S., Dávalos-Sotelo, R., & López-Acosta, J. C. (2018). Influence of Land-Use Changes 

(1993 and 2013) in the Distribution of Wild Edible Fruits From Veracruz (Mexico). Tropical 
Conservation Science, 11, 1940082918758662. 

Bennett, E. M., Solan, M., Biggs, R., McPhearson, T., Norström, A. V., Olsson, P., Pereira, L., 

Peterson, G. D., Raudsepp‐Hearne, C., Biermann, F., Carpenter, S. R., Ellis, E. C., Hichert, T., 
Galaz, V., Lahsen, M., Milkoreit, M., Martin López, B., Nicholas, K. A., Preiser, R., … Xu, J. 

(2016). Bright spots: Seeds of a good Anthropocene. Frontiers in Ecology and the Environment, 
14(8), 441–448. https://doi.org/10.1002/fee.1309 

Bernal, B., Murray, L. T., & Pearson, T. R. (2018). Global carbon dioxide removal rates from forest 

landscape restoration activities. Carbon Balance and Management, 13(1), 1–13. 
Berthe, A., & Elie, L. (2015). Mechanisms explaining the impact of economic inequality on 

environmental deterioration. Ecol. Econ, 116, 191–200. 
Biggs, D., Abel, N., Knight, A. T., Leitch, A., Langston, A., & Ban, N. C. (2011). The 

implementation crisis in conservation planning: Could “mental models” help? Conservation 

Letters, 4(3), 169–183. https://doi.org/10.1111/j.1755-263X.2011.00170.x 
Biggs, R., Raudsepp-Hearne, C., Atkinson-Palombo, C., Bohensky, E., Boyd, E., Cundill, G., Fox, 

H., Ingram, S., Kok, K., Spehar, S., TengöM, T., D, Z., & M. (2007). Linking futures across 
scales: A dialog on multiscale scenarios. Ecol Soc, 12(1). URL: 

Biggs, R., Simons, H., Bakkenes, M., Scholes, R. J., Eickhout, B., van Vuuren, D., & Alkemade, R. 

(2008). Scenarios of biodiversity loss in southern Africa in the 21st century. Global 
Environmental Change, 18(2), 296–309. https://doi.org/10.1016/j.gloenvcha.2008.02.001 

Blanchard, J. L., Watson, R. A., Fulton, E. A., Cottrell, R. S., Nash, K. L., Bryndum-Buchholz, A., 
Buchner, M., Carozza, D. A., Cheung, W. W. L., Elliott, J., Davidson, L. N. K., Dulvy, N. K., 

Dunne, J. P., Eddy, T. D., Galbraith, E., Lotze, H. K., Maury, O., Muller, C., Tittensor, D. P., 

& Jenning, S. (2017). Linked sustainability challenges and trade-offs among fisheries, 
aquaculture and agriculture. Nature Ecology & Evolution, 1, 1240–1249. 

https://doi.org/10.1038/s41559-017-0258-8 
Blum, C. (2009). Community-based wildlife management models: A joint vision for future 

protection of wildlife and rural livelihoods. Discussion Paper Series No. 04/09. 

https://www.uni-
goettingen.de/de/document/download/7b6ea11f5a4cd9d60e9c9062489091c0.pdf/Paper%20N

o4%20-%20Catriona%20Blum.pdf 
Bollig, M., & Schwieger, D. A. M. (2014). Fragmentation, Cooperation and Power: Institutional 

Dynamics in Natural Resource Governance in North-Western Namibia. Human Ecology, 42(2), 

167–181. 
Bondé, L., Assis, J. C., Benavides-Gordillo, S., Canales-Gomez, E., Fajardo, J., Marrón-Becerra, A., 

& Ament, J. M. (2020). Scenario-modelling for the sustainable management of non-timber 
forest products in tropical ecosystems. Biota Neotropica, 20. 

Bonwitt, J., Dawson, M., Kandeh, M., Ansumana, R., Sahr, F., Brown, H., & Kelly, A. H. (2018). 

Unintended consequences of the ‘bushmeat ban’ in West Africa during the 2013–2016 Ebola 
virus disease epidemic. Social Science and Medicine, 200, 166–173. 

https://doi.org/10.1016/j.socscimed.2017.12.028 

https://doi.org/10.1016/j.marpol.2017.05.019
https://doi.org/10.1111/j.1549-0831.1999.tb00382.x
https://doi.org/10.1002/fee.1309
https://doi.org/10.1111/j.1755-263X.2011.00170.x
https://doi.org/URL:
https://doi.org/10.1016/j.gloenvcha.2008.02.001
https://doi.org/10.1038/s41559-017-0258-8
https://www.uni-goettingen.de/de/document/download/7b6ea11f5a4cd9d60e9c9062489091c0.pdf/Paper%20No4%20-%20Catriona%20Blum.pdf
https://www.uni-goettingen.de/de/document/download/7b6ea11f5a4cd9d60e9c9062489091c0.pdf/Paper%20No4%20-%20Catriona%20Blum.pdf
https://www.uni-goettingen.de/de/document/download/7b6ea11f5a4cd9d60e9c9062489091c0.pdf/Paper%20No4%20-%20Catriona%20Blum.pdf
https://doi.org/10.1016/j.socscimed.2017.12.028


 

113 

 

Booth, H., Arias, M., Brittain, S., Challender, D. W. S., Khanyari, M., Kuiper, T., Li, Y., Olmedo, 
A., Oyanedel, R., Pienkowski, T., & Milner-Gulland, E. J. (2021). “Saving Lives, Protecting 

Livelihoods, and Safeguarding Nature”: Risk-Based Wildlife Trade Policy for Sustainable 
Development Outcomes Post-COVID-19. Frontiers in Ecology and Evolution, 9, 639216. 

https://doi.org/10.3389/fevo.2021.639216 

Booth, H., Clark, M., Milner-Gulland, E. J., Amponsah-Mensah, K., Antunes, A. P., Brittain, S., 
Castilho, L. C., Campos-Silva, J. V., Constantino, P. de A. L., Li, Y., Mandoloma, L., Nneji, 

L. M., Iponga, D. M., Moyo, B., McNamara, J., Rakotonarivo, O. S., Shi, J., Tagne, C. T. K., 
van Velden, J., & Williams, D. R. (2021). Investigating the risks of removing wild meat from 

global food systems. Current Biology, 31(8), 1788-1797.e3. 

https://doi.org/10.1016/j.cub.2021.01.079 
Börjeson, L., Höjer, M., Dreborg, K.-H., Ekvall, T., & Finnveden, G. (2006). Scenario types and 

techniques—Towards a user’s guide. Futures, 38, 723–739. 
Borokini, I. T., Klingler, K. B., & Peacock, M. M. (2021). Life in the desert: The impact of 

geographic and environmental gradients on genetic diversity and population structure of Ivesia 

webberi. Ecology and Evolution, 11(23), 17537–17556. https://doi.org/10.1002/ece3.8389 
Bowler, D. E., Bjorkman, A. D., Dornelas, M., Myers‐Smith, I. H., Navarro, L. M., Niamir, A., 

Supp, S. R., Waldock, C., Winter, M., Vellend, M., Blowes, S. A., Böhning‐Gaese, K., 
Bruelheide, H., Elahi, R., Antão, L. H., Hines, J., Isbell, F., Jones, H. P., Magurran, A. E., … 

Bates, A. E. (2020). Mapping human pressures on biodiversity across the planet uncovers 

anthropogenic threat complexes. People and Nature, 2(2), 380–394. 
https://doi.org/10.1002/pan3.10071 

Boyce, D. G., Lotze, H. K., Tittensor, D. P., Carozza, D. A., & Worm, B. (2020). Future ocean 
biomass losses may widen socioeconomic equity gaps. Nature Communications, 11(1), 2235. 

https://doi.org/10.1038/s41467-020-15708-9 

Bradfield, R., Wright, G., Burt, G., Cairns, G. V., & Heijden, K. (2005). The origins and evolution 
of scenario techniques in long range business planning. Futures, 37, 795–812. 

Brando, P. M., Balch, J. K., Nepstad, D. C., Morton, D. C., Putz, F. E., Coe, M. T., Silvério, D., 
Macedo, M. N., Davidson, E. A., Nóbrega, C. C., & others. (2014). Abrupt increases in 

Amazonian tree mortality due to drought–fire interactions. Proceedings of the National 

Academy of Sciences, 111(17), 6347–6352. 
Brondizio, E. S., Ostrom, E., & Young, O. R. (2009). Connectivity and the governance of multilevel 

social-ecological systems: The role of social capital. Annual Review of Environment and 
Resources, 34. https://doi.org/10.1146/annurev.environ.020708.100707 

Brown, K. (2003). Three challenges for a real people-centred conservation. Global Ecology and 

Biogeography, 12(2), 89–92. 
Buckley, R. (2000). Neat trends: Current issues in nature, eco-and adventure tourism. International 

Journal of Tourism Research, 2(6), 437–444. https://doi.org/10.1002/1522-
1970(200011/12)2:63.3.CO;2-R 

Buckley, R. (2005). In search of the Narwhal: Ethical Dilemmas in Ecotourism. Journal of 

Ecotourism, 4(2), 129–134. https://doi.org/10.1080/14724040409480344 
Buckley, R., Gretzel, U., Scott, D., Weaver, D., & Becken, S. (2015). Tourism megatrends. Tourism 

Recreation Research, 40(1), 59–70. https://doi.org/10.1080/02508281.2015.1005942 
Bull, J. W., Milner-Gulland, E. J., Addison, P. F. E., Arlidge, W. N. S., Baker, J., Brooks, T. M., 

Burgass, M. J., Hinsley, A., Maron, M., Robinson, J. G., Sekhran, N., Sinclair, S. P., Stuart, S. 

N., Ermgassen, S. O. S. E., & Watson, J. E. M. (2020). Net positive outcomes for nature. Nature 
Ecology and Evolution, 4(1), 4–7. https://doi.org/10.1038/s41559-019-1022-z 

Burgass, M. J., Milner-Gulland, E. J., Stewart Lowndes, J. S., O’Hara, C., Afflerbach, J. C., & 
Halpern, B. S. (2019). A pan-Arctic assessment of the status of marine social-ecological 

https://doi.org/10.3389/fevo.2021.639216
https://doi.org/10.1016/j.cub.2021.01.079
https://doi.org/10.1002/ece3.8389
https://doi.org/10.1002/pan3.10071
https://doi.org/10.1038/s41467-020-15708-9
https://doi.org/10.1146/annurev.environ.020708.100707
https://doi.org/10.1002/1522-1970(200011/12)2:63.3.CO;2-R
https://doi.org/10.1002/1522-1970(200011/12)2:63.3.CO;2-R
https://doi.org/10.1080/14724040409480344
https://doi.org/10.1080/02508281.2015.1005942
https://doi.org/10.1038/s41559-019-1022-z


 

114 

 

systems. Regional Environmental Change, 19(1), 293–308. https://doi.org/10.1007/s10113-
018-1395-6 

Bush, S. R., Toonen, H., Oosterveer, P., & Mol, A. P. J. (2013). The ‘devils triangle’ of MSC 
certification: Balancing credibility, accessibility and continuous improvement. Marine Policy, 

37, 288–293. https://doi.org/10.1016/j.marpol.2012.05.011 

Buzatti, R. S. de O., Pfeilsticker, T. R., Muniz, A. C., Ellis, V. A., Souza, de R. P., Lemos-Filho, J. 
P., & Lovato, M. B. (2019). Disentangling the Environmental Factors That Shape Genetic and 

Phenotypic Leaf Trait Variation in the Tree Qualea grandiflora Across the Brazilian Savanna. 
Frontiers in Plant Science, 10, 1580. https://doi.org/10.3389/fpls.2019.01580 

Byerlee, D., Falcon, W. P., & Naylor, R. (2017). The tropical oil crop revolution: Food, feed, fuel, 

and forests. Oxford University Press. 
Campbell, D., Moulton, A., Barker, D., Malcolm, T., Scott, L., Spence, A., & Wallace, T. (2021). 

Wild food harvest, food security and biodiversity conservation in Jamaica: As case study of the 
Millbank farming region. Frontiers in Sustainable Food Systems, 5, 150. 

Carter, N. H., Levin, S. A., & Grimm, V. (2019). Effects of human‐induced prey depletion on large 

carnivores in protected areas: Lessons from modeling tiger populations in stylized spatial 
scenarios. Ecology and Evolution, 9(19), 11298–11313. https://doi.org/10.1002/ece3.5632 

Catalano, A. S., Lyons-White, J., Mills, M. M., & Knight, A. T. (2019). Learning from published 
project failures in conservation. Biological Conservation, 238, 108223. 

https://doi.org/10.1016/j.biocon.2019.108223 

CBD. (2011). Livelihood alternatives for the unsustainable use of bushmeat. Report prepared for 
the CBD Bushmeat Liaison Group. Technical Serices No. 60, Montreal, SCBD, 46 pages. 

Ceddia, M. G., Bardsley, N. O., Gomez-y-Paloma, S., & Sedlacek, S. (2014). Governance, 
agricultural intensification, and land sparing in tropical South America. Proceedings of the 

National Academy of Sciences, 111(20), 7242–7247. 

Cerutti, P. O., Goetghebuer, T., Leszczynska, N., Newbery, J., Breyne, J., Dermawan, A., Mauquoy, 
C., Tabi, P. P., Tsanga, R., Der Ploeg, L., & others. (2020). Collecting evidence of FLEGT-

VPA impacts for improved FLEGT communication. Synthesis Report. Bogor, Indonesia: 
CIFOR. https://www.cifor.org/publications/pdf_files/Reports/FLEGT-VPA-Report.pdf 

Challender, D. W. S., Harrop, S. R., & MacMillan, D. C. (2015). Towards informed and multi-

faceted wildlife trade interventions. Global Ecology and Conservation, 3, 129–148. 
https://doi.org/10.1016/J.GECCO.2014.11.010 

Chamberlain, J. L., Ness, G., Small, C. J., Bonner, S. J., & Hiebert, E. B. (2013). Modeling below-
ground biomass to improve sustainable management of Actaea racemosa, a globally important 

medicinal forest product. Forest Ecology and Management, 293, 1–8. 

Chan, K., Boyd, D., Gould, R., Jetzkowitz, J., Liu, J., Muraca, B., Naidoo, R., Olmsted, P., 
Satterfield, T., Selomane, O., Singh, G., Sumaila, R., Ngo, H. T., Boedhihartono, A., Agard, J., 

Aguiar, A. P., Armenteras, D., Balint, L., Barrington‐Leigh, C., & Brondízio, E. (Eds.). (2020). 
Levers and leverage points for pathways to sustainability. People and Nature, 2, 10 1002 3 

10124. 

Chaudhary, S., McGregor, A., Houston, D., & Chettri, N. (2019). Spiritual enrichment or ecological 
protection?: A multi-scale analysis of cultural ecosystem services at the Mai Pokhari, a Ramsar 

site of Nepal. Ecosystem Services, 39, 100972. https://doi.org/10.1016/j.ecoser.2019.100972 
Chaves, W. A., Valle, D. R., Monroe, M. C., Wilkie, D. S., Sieving, K. E., & Sadowsky, B. (2018). 

Changing Wild Meat Consumption: An Experiment in the Central Amazon, Brazil. 

Conservation Letters, 11(2), e12391. https://doi.org/10.1111/conl.12391 
Chavez, F. P., Ryan, J., Lluch-Cota, S. E., & Ñiquen C., M. (2003). From Anchovies to Sardines and 

Back: Multidecadal Change in the Pacific Ocean. Science, 299(5604), 217–221. 
https://doi.org/10.1126/science.1075880 

https://doi.org/10.1007/s10113-018-1395-6
https://doi.org/10.1007/s10113-018-1395-6
https://doi.org/10.1016/j.marpol.2012.05.011
https://doi.org/10.3389/fpls.2019.01580
https://doi.org/10.1002/ece3.5632
https://doi.org/10.1016/j.biocon.2019.108223
https://www.cifor.org/publications/pdf_files/Reports/FLEGT-VPA-Report.pdf
https://doi.org/10.1016/J.GECCO.2014.11.010
https://doi.org/10.1016/j.ecoser.2019.100972
https://doi.org/10.1111/conl.12391
https://doi.org/10.1126/science.1075880


 

115 

 

Checkley, D. M., Asch, R. G., & Rykaczewski, R. R. (2017). Climate, Anchovy, and Sardine. Annual 
Review of Marine Science, 9(1), 469–493. https://doi.org/10.1146/annurev-marine-122414-

033819 
Chen, J., Ter-Mikaelian, M. T., Yang, H., & Colombo, S. J. (2018). Assessing the greenhouse gas 

effects of harvested wood products manufactured from managed forests in Canada. Forestry: 

An International Journal of Forest Research, 91(2), 193–205. 
Chen, S. L., Yu, H., Luo, H. M., Wu, Q., Li, C. F., & Steinmetz, A. (2016). Conservation and 

sustainable use of medicinal plants: Problems, progress, and prospects. Chinese medicine, 
11(1), 1–10. 

Cheung, W. W. L., Lam, V. W. Y., Sarmiento, J. L., Kearney, K., Watson, R., Zeller, D., & Pauly, 

D. (2010). Large-scale redistribution of maximum fisheries catch potential in the global ocean 
under climate change. Global Change Biology, 16(1), 24–35. https://doi.org/10.1111/j.1365-

2486.2009.01995.x 
Cheung, W. W. L., Reygondeau, G., & Frölicher, T. L. (2016). Large benefits to marine fisheries of 

meeting the 1.5°C global warming target. Science, 354(6319), 1591–1594. 

https://doi.org/10.1126/science.aag2331 
Chitale, V., Silwal, R., & Matin, M. (2018). Assessing the impacts of climate change on distribution 

of major non-timber forest plants in Chitwan Annapurna Landscape. Nepal. Resources, 7(4), 
66. 

Clark, C., & Nyaupane, G. P. (2020). Connecting landscape-scale ecological restoration and tourism: 

Stakeholder perspectives in the great plains of North America. Journal of Sustainable Tourism, 
1–19. https://doi.org/10.1080/09669582.2020.1801698 

Clements, T., John, A., Nielsen, K., An, D., Tan, S., & Milner-Gulland, E. J. (2010). Payments for 
biodiversity conservation in the context of weak institutions: Comparison of three programs 

from Cambodia. Ecological Economics, 69(6), 1283–1291. 

https://doi.org/10.1016/j.ecolecon.2009.11.010 
Cochrane, K. L. (2020). Reconciling sustainability, economic efficiency and equity in marine 

fisheries: Has there been progress in the last 20 years? Fish and Fisheries, n/a(n/a). 
https://doi.org/10.1111/faf.12521 

Cooney, R., Mosig Reidl, P., & Muñoz Lacy, L. G. (2019). Community-based trophy hunting of 

Bighorn Sheep in Mexico (CITES & Livelihoods Case Study 2019, p. 5). CITES and IUCN 
Sustainable Use and Livelihoods Specialist Group. 

http://www.wildsheepfoundation.org/assets/documents/CITES_FactSheets_Mexico_bighorns
heep.pdf 

Cork, S. J., Peterson, G. D., Bennett, E. M., Petschel-Held, G., & Zurek, M. (2006). Synthesis of the 

storylines. Ecology and Society, 11(2), 11. 
Corrales, X., Coll, M., Ofir, E., Heymans, J. J., Steenbeek, J., Goren, M., Edelist, D., & Gal, G. 

(2018). Future scenarios of marine resources and ecosystem conditions in the Eastern 
Mediterranean under the impacts of fishing, alien species and sea warming. Sci Rep, 8, 14284. 

https://doi.org/10.1038/s41598-018-32666-x 

Costanza, R., Arge, R., Groot, R. D., Farber, S., Hannon, B., Limburg, K., Naeem, S., & Neill, R. 
V. O. (1997). The Value of the World’s Ecosystem Services and Natural Capital. Nature, 

387(May), 253–260. http://dx.doi.org/10.1016/j.ijrobp.2010.07.1349 
Costello, C., Cao, L., Gelcich, S., Cisneros-Mata, M. Á., Free, C. M., Froehlich, H. E., Golden, C. 

D., Ishimura, G., Maier, J., Macadam-Somer, I., Mangin, T., Melnychuk, M. C., Miyahara, M., 

Moor, C. L., Naylor, R., Nøstbakken, L., Ojea, E., O’Reilly, E., Parma, A. M., … Lubchenco, 
J. (2020). The future of food from the sea. Nature, 588, 95–100. 

https://doi.org/10.1038/s41586-020-2616-y 

https://doi.org/10.1146/annurev-marine-122414-033819
https://doi.org/10.1146/annurev-marine-122414-033819
https://doi.org/10.1111/j.1365-2486.2009.01995.x
https://doi.org/10.1111/j.1365-2486.2009.01995.x
https://doi.org/10.1126/science.aag2331
https://doi.org/10.1080/09669582.2020.1801698
https://doi.org/10.1016/j.ecolecon.2009.11.010
https://doi.org/10.1111/faf.12521
http://www.wildsheepfoundation.org/assets/documents/CITES_FactSheets_Mexico_bighornsheep.pdf
http://www.wildsheepfoundation.org/assets/documents/CITES_FactSheets_Mexico_bighornsheep.pdf
https://doi.org/10.1038/s41598-018-32666-x
http://dx.doi.org/10.1016/j.ijrobp.2010.07.1349
https://doi.org/10.1038/s41586-020-2616-y


 

116 

 

Cumming, G. S. (2007). Global biodiversity scenarios and landscape ecology. Landscape Ecology, 
22(5), 671–685. https://doi.org/DOI 10.1007/s10980-006-9057-3 

Cunningham, A., Ingram, W., Kadati, W., & Maduarta, I. (2017). Opportunities, barriers and support 
needs: Micro-enterprise and small enterprise development based on non-timber products in 

eastern Indonesia. Australian Forestry, 80(3), 161–177. 

Curtin, S. (2005). Nature, Wild Animals and Tourism: An Experiential View. Journal of Ecotourism, 
4(1), 1–15. https://doi.org/10.1080/14724040508668434 

Dasgupta, P. (2021a). The Economics of Biodiversity: The Dasgupta Review. Abridged Version. HM 
Treasury. 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/

file/957292/Dasgupta_Review_-_Abridged_Version.pdf 
Dasgupta, P. (2021b). The Economics of Biodiversity: The Dasgupta Review: Full Report. HM 

Treasury. 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/

file/962785/The_Economics_of_Biodiversity_The_Dasgupta_Review_Full_Report.pdf 

Davies, T. K., Mees, C. C., & Milner-Gulland, E. J. (2015). Second-guessing uncertainty: Scenario 
planning for management of the Indian Ocean tuna purse seine fishery. Marine Policy, 62, 169–

177. https://doi.org/10.1016/j.marpol.2015.09.019 
Daw, T. M., Coulthard, S., Cheung, W. W. L., Brown, K., Abunge, C., Galafassi, D., Peterson, G. 

D., McClanahan, T. R., Omukoto, J. O., & Munyi, L. (2015). Evaluating taboo trade-offs in 

ecosystems services and human well-being. Proceedings of the National Academy of Sciences, 
112(22), 6949–6954. https://doi.org/10.1073/pnas.1414900112 

De Angeli, K., Abbasi, E., Gan, A., Ingram, D. J., Giam, X., & Chang, C. H. (2021). Modeling the 
impact of wild harvest on plant–disperser mutualisms: Plant and disperser co-harvest model. 

Ecological Modelling, 439, 109328. 

De Bruin, J., Kok, K., & Hoogstra-Klein, M. S. (2017). Exploring the potential of combining 
participative backcasting and exploratory scenarios for a robust (policy) strategy: Insights from 

a workshop for the Dutch forest sector. Forest Policy and Economics, 85, 269–282. 
https://doi.org/10.1016/j.forpol.2017.06.007 

de Luca, P., Sabato, S., & Torres, M. V. (1981). Dioon Merolae (Zamiaceae), a New Species from 

Mexico. Brittonia, 33(2), 179. https://doi.org/10.2307/2806317 
de Mello, N. G. R., Gulinck, H., Van den Broeck, P., & Parra, C. (2020). Social-ecological 

sustainability of non-timber forest products: A review and theoretical considerations for future 
research. Forest Policy and Economics, 112, 102109. 

https://doi.org/10.1016/j.forpol.2020.102109 

de-Miguel, S., Bonet, J. A., Pukkala, T., & Aragón, J. M. (2014). Impact of forest management 
intensity on landscape-level mushroom productivity: A regional model-based scenario analysis. 

Forest Ecology and Management, 330, 218–227. https://doi.org/10.1016/j.foreco.2014.07.014 
Decker, D., Smith, C., Forstchen, A., Hare, D., Pomeranz, E., Doyle-Capitman, C., Schuler, K., & 

Organ, J. (2016). Governance Principles for Wildlife Conservation in the 21st Century. 

Conservation Letters, 9(4), 290–295. https://doi.org/10.1111/conl.12211 
DeFries, R., & Nagendra, H. (2017). Ecosystem management as a wicked problem. Science, 

356(6335), 265–270. https://doi.org/10.1126/science.aal1950 
del Castillo, R. F., Trujillo‐Argueta, S., Rivera‐García, R., Gómez‐Ocampo, Z., & Mondragón‐

Chaparro, D. (2013). Possible combined effects of climate change, deforestation, and 

harvesting on the epiphyte Catopsis compacta: A multidisciplinary approach. Ecology and 
Evolution, 3(11), 3935–3946. https://doi.org/10.1002/ece3.765 

https://doi.org/DOI%2010.1007/s10980-006-9057-3
https://doi.org/10.1080/14724040508668434
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/957292/Dasgupta_Review_-_Abridged_Version.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/957292/Dasgupta_Review_-_Abridged_Version.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/962785/The_Economics_of_Biodiversity_The_Dasgupta_Review_Full_Report.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/962785/The_Economics_of_Biodiversity_The_Dasgupta_Review_Full_Report.pdf
https://doi.org/10.1016/j.marpol.2015.09.019
https://doi.org/10.1073/pnas.1414900112
https://doi.org/10.1016/j.forpol.2017.06.007
https://doi.org/10.2307/2806317
https://doi.org/10.1016/j.forpol.2020.102109
https://doi.org/10.1016/j.foreco.2014.07.014
https://doi.org/10.1111/conl.12211
https://doi.org/10.1126/science.aal1950
https://doi.org/10.1002/ece3.765


 

117 

 

Delgado-Lemus, A., Casas, A., & Téllez, O. (2014). Distribution, abundance and traditional 
management of Agave potatorumin the Tehuacán Valley, Mexico: Bases for sustainable use of 

non-timber forest products. Journal of Ethnobiology and Ethnomedicine, 10(1), 1–12. 
Demaze, M. T., Sufo-Kankeu, R., & Sonwa, D. (2020). Analysing the narrative and promises of 

“avoided deforestation” implementation in Central Africa. International Forestry Review, 

22(2), 257–268. 
DeMello, M. (2021). Animals and society. An introduction into human-animal studies. Columbia 

University Press. 
Des Roches, S., Pendleton, L. H., Shapiro, B., & Palkovacs, E. P. (2021). Conserving intraspecific 

variation for nature’s contributions to people. Nature Ecology & Evolution, 5(5), 574–582. 

https://doi.org/10.1038/s41559-021-01403-5 
DeSilva, R., & Dodd, R. S. (2020). Fragmented and isolated: Limited gene flow coupled with weak 

isolation by environment in the paleoendemic giant sequoia (<i>Sequoiadendron giganteum</i 
). American Journal of Botany, 107(1), 45–55. https://doi.org/10.1002/ajb2.1406 

Díaz, S., Pascual, U., M, S., Martín-López, B., Watson, R. T., Molnár, Z. H. R., Chai, K. M. A., 

Baste, I. A., Brauman, K. A., Polasky, S., Church, A., Lonsdale, M., Larigauderie, A., Leadley, 
P. W., van Oudenhoven, A. P. E., van der Plaat, F., Schröter, M., Lavorel, S., Aumeeruddy-

Thomas, Y., … Shirayama, Y. (2018). Assessing nature’s contributions to people. Science, 
359(6373), 270–272. https://doi.org/10.1126/science.aap8826 

Dieterle, G., & Karsenty, A. (2020). “ Wood Security”: The importance of incentives and economic 

valorisation in conserving and expanding forests. International Forestry Review, 22(1), 81–92. 
D’Lima, C., Everingham, Y., Diedrich, A., Mustika, P. L., Hamann, M., & Marsh, H. (2018). Using 

multiple indicators to evaluate the sustainability of dolphin-based wildlife tourism in rural 
India. Journal of Sustainable Tourism, 26(10), 1687–1707. 

https://doi.org/10.1080/09669582.2018.1503671 

Dobson, A. D. M., Milner-Gulland, E. J., Ingram, D. J., & Keane, A. (2019). A Framework for 
Assessing Impacts of Wild Meat Hunting Practices in the Tropics. Human Ecology, 47(3), 449–

464. https://doi.org/10.1007/s10745-019-0075-6 
D’Odorico, P., Carr, J. A., Davis, K. F., Dell’Angelo, J., & Seekell, D. (2019). Food Inequality, 

Injustice, and Rights. BioScience, 69(3), 180–190. 

Dou, X., & Day, J. (2020). Human-wildlife interactions for tourism: A systematic review. Journal 
of Hospitality and Tourism Insights, 3(5), 529–547. https://doi.org/10.1108/JHTI-01-2020-

0007 
Doughty, H., Wright, J., Veríssimo, D., Lee, J. S. H., Oliver, K., & Milner‐Gulland, E. J. (2020). 

Strategic advertising of online news articles as an intervention to influence wild species product 

consumers. Conservation Science and Practice, 2(10), 1–14. https://doi.org/10.1111/csp2.272 
du Toit, J. T., Cross, P. C., & Valeix, M. (2017). Managing the Livestock–Wildlife Interface on 

Rangelands. In D. D. Briske (Ed.), Rangeland Systems: Processes, Management and 
Challenges (pp. 395–425). Springer International Publishing. https://doi.org/10.1007/978-3-

319-46709-2_12 

Dunn, A. (1994). Empowerment Or Eviction?: Fulani and Future Management of the Grazing 
Enclaves, Gashaka Gumti National Park, Nigeria [PhD Thesis]. University of Edinburgh. 

Dwyer, L. (2003). Trends Underpinning Tourism to 2015: An Analysis of Key Drivers for Change. 
International Journal of Tourism Sciences, 3(2), 61–77. 

https://doi.org/10.1080/15980634.2003.11434550 

Edwards, D. P., Socolar, J. B., Mills, S. C., Burivalova, Z., Koh, L. P., & Wilcove, D. S. (2019). 
Conservation of Tropical Forests in the Anthropocene. Current Biology, 29(19), R1008–R1020. 

https://doi.org/10.1016/j.cub.2019.08.026 

https://doi.org/10.1038/s41559-021-01403-5
https://doi.org/10.1002/ajb2.1406
https://doi.org/10.1126/science.aap8826
https://doi.org/10.1080/09669582.2018.1503671
https://doi.org/10.1007/s10745-019-0075-6
https://doi.org/10.1108/JHTI-01-2020-0007
https://doi.org/10.1108/JHTI-01-2020-0007
https://doi.org/10.1111/csp2.272
https://doi.org/10.1007/978-3-319-46709-2_12
https://doi.org/10.1007/978-3-319-46709-2_12
https://doi.org/10.1080/15980634.2003.11434550
https://doi.org/10.1016/j.cub.2019.08.026


 

118 

 

Eggers, J., Holmgren, S., Nordström, E.-M., Lämås, T., Lind, T., & Öhman, K. (2019). Balancing 
different forest values: Evaluation of forest management scenarios in a multi-criteria decision 

analysis framework. Forest Policy and Economics, 103, 55–69. 
https://doi.org/10.1016/j.forpol.2017.07.002 

Elmahdy, Y. M., Haukeland, J. V., & Fredman, P. (2017). Tourism megatrends: A literature review 

focused on nature-based tourism. https://hdl.handle.net/11250/2648159 
Emblemsvåg, J., Kvadsheim, N. P., Halfdanarson, J., Koesling, M., Nystrand, B. T., Sunde, J., & 

Rebours, C. (2020). Strategic considerations for establishing a large-scale seaweed industry 
based on fish feed application: A Norwegian case study. Journal of Applied Phycology, 32(6), 

4159–4169. https://doi.org/10.1007/s10811-020-02234-w 

Esmail, N., Wintle, B. C., Sas-Rolfes, M., Athanas, A., Beale, C. M., Bending, Z., & Milner-Gulland, 
E. J. (2020). Emerging illegal wild species trade issues: A global horizon scan. Conservation 

Letters, 1–10. https://doi.org/10.1111/conl.12715 
FABLE. (2020). Pathways to Sustainable Land-Use and Food Systems. 2020 Report of the FABLE 

Consortium. is: International Institute for Applied Systems Analysis (IIASA) and Sustainable 

Development Solutions Network (SDS). http://pure.iiasa.ac.at/id/eprint/16896/ 
FAO. (2010). Global forest resources assessment 2010: Main report. Food and Agriculture 

Organization of the United Nations. https://www.fao.org/3/i1757e/i1757e.pdf 
FAO. (2015). Global forest resources assessment 2015. Food and Agriculture Organization of the 

United Nations. http://www.fao.org/3/a-i4808e.pdf 

FAO. (2018). FAO yearbook. Fishery and Aquaculture Statistics 2016. Food and Agriculture 
Organization of the United Nations. https://www.fao.org/3/i9942t/I9942T.pdf 

FAO. (2019). Global forest products facts and figures 2018. Food and Agriculture Organization of 
the United Nations. https://www.fao.org/3/ca7415en/ca7415en.pdf 

FAO. (2020a). Global Forest Resources Assessment (FRA) 2020: Main report. Food and 

Agricultural Organization of the United Nations. 
https://www.fao.org/documents/card/en/c/ca8753en/ 

FAO. (2020b). The State of World Fisheries and Aquaculture 2020: Sustainability in action. Food 
and Agricultural Organization of the United Nations. 

http://www.fao.org/documents/card/en/c/ca9229en/ 

Fennell, D. A. (2020). Ecotourism. Routledge. 
Findlay, S., & Twine, W. (2018). Chiefs in a Democracy: A Case Study of the ‘New’ Systems of 

Regulating Firewood Harvesting in Post-Apartheid South Africa. Land, 7(1), 35. 
https://doi.org/10.3390/land7010035 

Finegan, B. (2016). 21st century viewpoint on tropical Silviculture. In L. Pancel & M. Köhl (Eds.), 

Tropical Forestry Handbook (Second Edition, pp. 1605–1638). Springer Reference. 
Finkler, W., & Higham, J. E. S. (2020). Stakeholder perspectives on sustainable whale watching: A 

science communication approach. Journal of Sustainable Tourism, 28(4), 535–549. 
https://doi.org/10.1080/09669582.2019.1684930 

Fisher, M. C., Moore, S. K., Jardine, S. L., Watson, J. R., & Samhouri, J. F. (2021). Climate shock 

effects and mediation in fisheries. Proceedings of the National Academy of Sciences, 118(2), 
e2014379117. https://doi.org/10.1073/pnas.2014379117 

Fletcher, R., & Büscher, B. (2020). Conservation basic income: A non-market mechanism to support 
convivial conservation. Biological Conservation, 244, 108520. 

https://doi.org/10.1016/j.biocon.2020.108520 

Foahom, B., Samba, D., Ingram, V., & Awono, A. (2008). Inventory of Prunus africana in the 
southwestern and northwestern provinces of Cameroon: November 2007-November 2008. 

https://doi.org/10.1016/j.forpol.2017.07.002
https://hdl.handle.net/11250/2648159
https://doi.org/10.1007/s10811-020-02234-w
https://doi.org/10.1111/conl.12715
http://pure.iiasa.ac.at/id/eprint/16896/
https://www.fao.org/3/i1757e/i1757e.pdf
http://www.fao.org/3/a-i4808e.pdf
https://www.fao.org/3/i9942t/I9942T.pdf
https://www.fao.org/3/ca7415en/ca7415en.pdf
https://www.fao.org/documents/card/en/c/ca8753en/
http://www.fao.org/documents/card/en/c/ca9229en/
https://doi.org/10.3390/land7010035
https://doi.org/10.1080/09669582.2019.1684930
https://doi.org/10.1073/pnas.2014379117
https://doi.org/10.1016/j.biocon.2020.108520


 

119 

 

Fournier, A. (2011). Consequences of wooded shrine rituals on vegetation conservation in West 
Africa: A case study from the Bwaba cultural area (West Burkina Faso). Biodiversity and 

Conservation, 20(9), 1895–1910. https://doi.org/10.1007/s10531-011-0065-5 
Franco-Maass, S., Burrola-Aguilar, C., Arana-Gabriel, Y., & García-Almaraz, L. A. (2016). A local 

knowledge-based approach to predict anthropic harvesting pressure zones of wild edible 

mushrooms as a tool for forest conservation in Central Mexico. Forest Policy and Economics, 
73, 239–250. 

Franco-Manchón, I., Salo, K., Oria-de-Rueda, J. A., Bonet, J. A., & Martín-Pinto, P. (2019). Are 
wildfires a threat to fungi in European pinus forests? A case study of boreal and mediterranean 

forests. Forests, 10(4), 309. 

Frantzeskaki, N., Hölscher, K., Holman, I. P. P., S., J., J., K., Harrison, K., & P.A. (2019). Transition 
pathways to sustainability in greater than 2 °C climate futures of Europe. Regional 

Environmental Change, 19, 777–789. https://doi.org/10.1007/s10113-019-01475-x. 
Fredman, P., Wall-Reinius, S., & Grundén, A. (2012). The Nature of Nature in Nature-based 

Tourism. Scandinavian Journal of Hospitality and Tourism, 12(4), 289–309. 

https://doi.org/10.1080/15022250.2012.752893 
Free, C. M., Thorson, J. T., Pinsky, M. L., Oken, K. L., Wiedenmann, J., & Jensen, O. P. (2019). 

Impacts of historical warming on marine fisheries production. Science, 363(6430), 979–983. 
Frost, W., Laing, J., & Beeton, S. (2014). The Future of Nature-Based Tourism in the Asia-Pacific 

Region. Journal of Travel Research, 53(6), 721–732. 

https://doi.org/10.1177/0047287513517421 
Fukuda, Y., & Webb, G. (2019). Saltwater Crocodile harvest and trade in Australia (CITES & 

Livelihoods Case Study 2019, p. 2). CITES & IUCN Sustainable Use and Livelihoods 
Specialist Group. 

https://cites.org/sites/default/files/eng/prog/Livelihoods/case_studies/CITES_livelihoods_Fact

_Sheet_2019_Australia_Crocodiles.pdf 
Fulton, E. A. (2011). Interesting times: Winners, losers, and system shifts under climate change 

around Australia. ICES Journal of Marine Science, 68, 1329–1342. 
https://doi.org/10.1093/icesjms/fsr032 

Fulton, E. A., Boschetti, F., Sporcic, M., Jones, T., Little, L. R., Dambacher, J. M., Gray, R., Scott, 

R., & Gorton, R. (2015). A multi-model approach to engaging stakeholder and modellers in 
complex environmental problems. Environmental Science & Policy, 48, 44–56. 

https://doi.org/10.1016/j.envsci.2014.12.006 
Fuss, S., Canadell, J. G., Ciais, P., Jackson, R. B., Jones, C. D., Lyngfelt, A., Peters, G. P., & Van 

Vuuren, D. P. (2020). Moving toward Net-Zero Emissions Requires New Alliances for Carbon 

Dioxide Removal. One Earth, 3(2), 145–149. 
Gaines, S. D., Costello, C., Owashi, B., Mangin, T., Bone, J., Molinos, J. G., Burden, M., Dennis, 

H., Halpern, B. S., Kappel, C. V., Kleisner, K. M., & Ovando, D. (2018). Improved fisheries 
management could offset many negative effects of climate change. Science Advances, 4(8), 

eaao1378. https://doi.org/10.1126/sciadv.aao1378 

Gallopin, G., Hammond, A., Raskin, P., & Swart, R. (1997). Branch Points: Global scenarios and 
human choice. A Resource Paper of the Global Scenario Group. PoleStar Series Report, 7. 

Gaoue, O. G., Sack, L., & Ticktin, T. (2011). Human impacts on leaf economics in heterogeneous 
landscapes: The effect of harvesting non‐timber forest products from African mahogany across 

habitats and climates. Journal of Applied Ecology, 48(4), 844–852. 

García, N., Zuidema, P. A., Galeano, G., & Bernal, R. (2016). Demography and sustainable 
management of two fiber‐producing Astrocaryum palms in Colombia. Biotropica, 48(5), 598–

607. 

https://doi.org/10.1007/s10531-011-0065-5
https://doi.org/10.1007/s10113-019-01475-x.
https://doi.org/10.1080/15022250.2012.752893
https://doi.org/10.1177/0047287513517421
https://cites.org/sites/default/files/eng/prog/Livelihoods/case_studies/CITES_livelihoods_Fact_Sheet_2019_Australia_Crocodiles.pdf
https://cites.org/sites/default/files/eng/prog/Livelihoods/case_studies/CITES_livelihoods_Fact_Sheet_2019_Australia_Crocodiles.pdf
https://doi.org/10.1093/icesjms/fsr032
https://doi.org/10.1016/j.envsci.2014.12.006
https://doi.org/10.1126/sciadv.aao1378


 

120 

 

Garcia, S. M., & Grainger, R. J. R. (2005). Gloom and doom? The future of marine capture fisheries. 
Philosophical Transactions of the Royal Society B: Biological Sciences, 360(1453), 21–46. 

https://doi.org/10.1098/rstb.2004.1580 
Garcia, S. M., & Rosenberg, A. A. (2010). Food security and marine capture fisheries: 

Characteristics, trends, drivers and future perspectives. Philosophical Transactions of the Royal 

Society B: Biological Sciences, 365(1554), 2869–2880. https://doi.org/10.1098/rstb.2010.0171 
Garcia-Barreda, S., Forcadell, R., Sánchez, S., Martín-Santafé, M., Marco, P., Camarero, J. J., & 

Reyna, S. (2018). Black Truffle Harvesting in Spanish Forests: Trends, Current Policies and 
Practices, and Implications on its Sustainability. Environmental Management, 61(4), 535–544. 

https://doi.org/10.1007/s00267-017-0973-6 

Garot, E., Joët, T., Combes, M.-C., & Lashermes, P. (2019). Genetic diversity and population 
divergences of an indigenous tree (Coffea mauritiana) in Reunion Island: Role of climatic and 

geographical factors. Heredity, 122(6), 833–847. https://doi.org/10.1038/s41437-018-0168-9 
Gasalla, M. A. (2011). Do all answers lie within (the community)? Fishing rights and marine 

conservation. In R. Chuenpagdee (Ed.), World Small Scale Fisheries Contemporary Visions 

(pp. 185–204). Eburon Academic Publishers. 
Gasalla, M. A. (2015). The future of marine-dependent societies: Climate change, inequalities, and 

cooperation in complex socioecological systems. Institute of Advanced Studies, Universidade 
de Sao Paulo. 

Gelcich, S., Hughes, T. P., Olsson, P., Folke, C., Defeo, O., Fernández, M., Foale, S., Gunderson, L. 

H., Rodríguez-Sickert, C., Scheffer, M., Steneck, R. S., & Castilla, J. C. (2010). Navigating 
transformations in governance of Chilean marine coastal resources. Proceedings of the National 

Academy of Sciences of the United States of America, 107(39), 16794–16799. 
https://doi.org/10.1073/pnas.1012021107 

Gephart, J. A., Henriksson, P. J. G., Parker, R. W. R., Shepon, A., Gorospe, K. D., Bergman, K., 

Eshel, G., Golden, C. D., Halpern, B. S., Hornborg, S., Jonell, M., Metian, M., Mifflin, K., 
Newton, R., Tyedmers, P., Zhang, W., Ziegler, F., & Troell, M. (2021). Environmental 

performance of blue foods. Nature, 597(7876), 360–365. https://doi.org/10.1038/s41586-021-
03889-2 

Gill, D. A., Cheng, S. H., Glew, L., Aigner, E., Bennett, N. J., & Mascia, M. B. (2019). Social 

synergies, tradeoffs, and equity in marine conservation impacts. Annual Review of Environment 
and Resources, 44, 347–372. 

Glas, Z. E., Getson, J. M., & Prokopy, L. S. (2019). Wildlife value orientations and their relationships 
with mid-size predator management. Human Dimensions of Wildlife, 24(5), 418–432. 

https://doi.org/10.1080/10871209.2019.1622820 

Golden, C. D., Koehn, J. Z., Shepon, A., Passarelli, S., Free, C. M., Viana, D. F., Matthey, H., Eurich, 
J. G., Gephart, J. A., Fluet-Chouinard, E., Nyboer, E. A., Lynch, A. J., Kjellevold, M., Bromage, 

S., Charlebois, P., Barange, M., Vannuccini, S., Cao, L., Kleisner, K. M., … Thilsted, S. H. 
(2021). Aquatic foods to nourish nations. Nature, 598(7880), 315–320. 

https://doi.org/10.1038/s41586-021-03917-1 

Gómez Tovar, L., Martin, L., Gómez Cruz, M. A., & Mutersbaugh, T. (2005). Certified organic 
agriculture in Mexico: Market connections and certification practices in large and small 

producers. Journal of Rural Studies, 21(4), 461–474. 
https://doi.org/10.1016/j.jrurstud.2005.10.002 

Gortázar, C., Acevedo, P., Ruiz-Fons, F., & Vicente, J. (2006). Disease risks and overabundance of 

game species. European Journal of Wildlife Research, 52(2), 81–87. 
https://doi.org/10.1007/s10344-005-0022-2 

https://doi.org/10.1098/rstb.2004.1580
https://doi.org/10.1098/rstb.2010.0171
https://doi.org/10.1007/s00267-017-0973-6
https://doi.org/10.1038/s41437-018-0168-9
https://doi.org/10.1073/pnas.1012021107
https://doi.org/10.1038/s41586-021-03889-2
https://doi.org/10.1038/s41586-021-03889-2
https://doi.org/10.1080/10871209.2019.1622820
https://doi.org/10.1038/s41586-021-03917-1
https://doi.org/10.1016/j.jrurstud.2005.10.002
https://doi.org/10.1007/s10344-005-0022-2


 

121 

 

Gössling, S., Scott, D., & Hall, C. M. (2021). Pandemics, tourism and global change: A rapid 
assessment of COVID-19. Journal of Sustainable Tourism, 29(1), 1–20. 

https://doi.org/10.1080/09669582.2020.1758708 
Gräfe, S., Eckelmann, C.-M., Playfair, M., Oatham, M. P., Pacheco, R., Bremner, Q., & Köhl, M. 

(2020). Recovery Times and Sustainability in Logged-Over Natural Forests in the Caribbean. 

Forests, 11(3), 256. https://doi.org/10.3390/f11030256 
Gramberger, M., Zellmer, K., Kok, K., & Metzger, M. (2015). Stakeholder Integrated Research 

(STIR): A new approach tested it in climate change adaptation research. Climatic Change, 128, 
201–214. 

Gray, C. L., Bozigar, M., & Bilsborrow, R. E. (2015). Declining use of wild resources by indigenous 

peoples of the Ecuadorian Amazon. Biological Conservation, 182, 270–277. 
Griffiths, V. F., Bull, J. W., Baker, J., & Milner-Gulland, E. J. (2019). No net loss for people and 

biodiversity. Conservation Biology, 33(1), 76–87. https://doi.org/10.1111/cobi.13184 
Griscom, B. W., Adams, J., Ellis, P. W., Houghton, R. A., Lomax, G., Miteva, D. A., Schlesinger, 

W. H., Shoch, D., Siikamäki, J. V., Smith, P., & others. (2017). Natural climate solutions. 

Proceedings of the National Academy of Sciences, 114(44), 11645–11650. 
Griscom, B. W., Busch, J., Cook-Patton, S. C., Ellis, P. W., Funk, J., Leavitt, S. M., Lomax, G., 

Turner, W. R., Chapman, M., Engelmann, J., & others. (2020). National mitigation potential 
from natural climate solutions in the tropics. Philosophical Transactions of the Royal Society 

B, 375(1794), 20190126. 

Groner, V. P., Nicholas, O., Mabhaudhi, T., Slotow, R., Akçakaya, H. R., Mace, G. M., & Pearson, 
R. G. (2021). Climate change, land cover change, and overharvesting threaten a widely used 

medicinal plant in South Africa. Ecological Applications, e2545. 
Gstaettner, A. M., Lee, D., & Weiler, B. (2020). Responsibility and preparedness for risk in national 

parks: Results of a visitor survey. Tourism Recreation Research, 1–15. 

https://doi.org/10.1080/02508281.2020.1745474. 
Guillen, J., Asche, F., Carvalho, N., Fernández Polanco, J. M., Llorente, I., Nielsen, R., Nielsen, M., 

& Villasante, S. (2019). Aquaculture subsidies in the European Union: Evolution, impact and 
future potential for growth. Marine Policy, 104, 19–28. 

https://doi.org/10.1016/j.marpol.2019.02.045 

Gutierrez, N. L., Halmay, P., Hilborn, R., Punt, A. E., & Schroeter, S. (2017). Exploring benefits of 
spatial cooperative harvesting in a sea urchin fishery: An agent-based approach. Ecosphere, 

8(7). https://doi.org/10.1002/ecs2.1829 
Haller, A. (2014). The “sowing of concrete”: Peri-urban smallholder perceptions of rural–urban land 

change in the Central Peruvian Andes. Land Use Policy, 38, 239–247. 

https://doi.org/10.1016/j.landusepol.2013.11.010 
Halofsky, J. E., Peterson, D. L., & Harvey, B. J. (2020). Changing wildfire, changing forests: The 

effects of climate change on fire regimes and vegetation in the Pacific Northwest, USA. Fire 
Ecology, 16(1), 4. 

Hamann, M., Berry, B., Chaigneau, T., Curry, T., Heilmayr, R., Henriksson, P. J. G., Hentati-

Sundberg, J., Jina, A., Lindkvist, E., Lopez-Maldonado, Y., Nieminen, E., Piaggio, M., Qiu, J., 
Rocha, J. C., Shill, C., Shepon, A., Tilman, A. R., van den Bijgaart, I., & Wu, T. (2018). 

Inequality and the Biosphere. Annu. Rev. Environ. Resour, 43, 61–83. 
https://doi.org/10.1146/annurev-environ-102017-025949 

Hamann, M., Biggs, R., & Reyers, B. (2015). Mapping social–ecological systems: Identifying 

‘green-loop’and ‘red-loop’dynamics based on characteristic bundles of ecosystem service use. 
Global Environmental Change, 34, 218–226. 

Hamon, K. G., Kreiss, C. M., Pinnegar, J. K., Bartelings, H., Batsleer, J., Catalán, I. A., Damalas, 
D., Poos, J.-J., Rybicki, S., Sailley, S. F., Sgardeli, V., & Peck, M. A. (2021). Future Socio-

https://doi.org/10.1080/09669582.2020.1758708
https://doi.org/10.3390/f11030256
https://doi.org/10.1111/cobi.13184
https://doi.org/10.1080/02508281.2020.1745474.
https://doi.org/10.1016/j.marpol.2019.02.045
https://doi.org/10.1002/ecs2.1829
https://doi.org/10.1016/j.landusepol.2013.11.010
https://doi.org/10.1146/annurev-environ-102017-025949


 

122 

 

political Scenarios for Aquatic Resources in Europe: An Operationalized Framework for 
Marine Fisheries Projections. Frontiers in Marine Science, 8, 578516. 

https://doi.org/10.3389/fmars.2021.578516 
Hampton, J. O., Hyndman, T. H., Allen, B. L., & Fischer, B. (2021). Animal Harms and Food 

Production: Informing Ethical Choices. Animals, 11(5), 1225. 

https://doi.org/10.3390/ani11051225 
Hansson, E. (2020). Coronakrisen har lett till kraftig ökning av naturutflykter. Natursidan. 

https://www.natursidan.se/nyheter/sa-klarar-naturomradena-det-okadebesokstrycket/ 
Harfoot, M., Glaser, S. A. M., Tittensor, D. P., Britten, G. L., McLardy, C., Malsch, K., & Burgess, 

N. D. (2018). Unveiling the patterns and trends in 40 years of global trade in CITES-listed 

wildlife. Biological Conservation, 223, 47–57. https://doi.org/10.1016/j.biocon.2018.04.017 
Harrison, P. A., Dunford, R. W., & Holman, I. P. (2019). Differences between low-end and high-

end climate change impacts in Europe across multiple sectors. Regional Environmental 
Change, 19, 695–709. https://doi.org/10.1007/s10113-018-1352-4 

Hart‐Fredeluces, G. M., Ticktin, T., & Lake, F. K. (2021). Simulated Indigenous fire stewardship 

increases the population growth rate of an understorey herb. Journal of Ecology, 109(3), 1133–
1147. 

Härtl, F., & Knoke, T. (2014). The influence of the oil price on timber supply. Forest Policy and 
Economics, 39, 32–42. https://doi.org/10.1016/j.forpol.2013.11.001 

Havlik, P., Schneider, U. A., Schmid, E., Bottcher, H., Fritz, S., Skalsky, R., Aoki, K., & De Cara, 

S. (2011). Global land-use implications of first and second generation biofuel targets. Energy 
Policy, 39(10), 5690–5702. https://doi.org/10.1016/j.enpol.2010.03.030. 

Hernández, U. F., Jaeger, D., & Samperio, J. I. (2020). Modeling forest woody biomass availability 
for energy use based on short-term forecasting scenarios. Waste and Biomass Valorization, 

11(5), 2137–2151. 

Hernández‐Barrios, J. C., Anten, N. P., & Martínez‐Ramos, M. (2015). Sustainable harvesting of 
non‐timber forest products based on ecological and economic criteria. Journal of Applied 

Ecology, 52(2), 389–401. 
Hernández-Rodríguez, M., de-Miguel, S., Pukkala, T., Oria-de-Rueda, J. A., & Martín-Pinto, P. 

(2015). Climate-sensitive models for mushroom yields and diversity in Cistus ladanifer 

scrublands. Agricultural and Forest Meteorology, 213, 173–182. 
Herrero, C., Berraondo, I., Bravo, F., Pando, V., Ordóñez, C., Olaizola, J., & Rueda, J. A. (2019). 

Predicting mushroom productivity from long-term field-data series in Mediterranean Pinus 
pinaster Ait. Forests in the context of climate change. Forests, 10(3), 206. 

Herrero-Jáuregui, C., García-Fernández, C., Sist, P. L., & Casado, M. A. (2011). Recruitment 

dynamics of two low-density neotropical multiple-use tree species. Plant Ecology, 212(9), 
1501–1512. 

Hertel, T. W., & de Lima, C. Z. (2020). Viewpoint: Climate impacts on agriculture: Searching for 
keys under the streetlight. Food Policy, 95, 101954. 

https://doi.org/10.1016/j.foodpol.2020.101954 

Heubes, J., Heubach, K., Schmidt, M., Wittig, R., Zizka, G., Nuppenau, E. A., & Hahn, K. (2012). 
Impact of future climate and land use change on non-timber forest product provision in Benin, 

West Africa: Linking niche-based modeling with ecosystem service values. Economic Botany, 
66(4), 383–397. 

Hicks, C. C., Cohen, P. J., Graham, N. A. J., Nash, K. L., Allison, E. H., D’Lima, C., Mills, D. J., 

Roscher, M., Thilsted, S. H., Thorne-Lyman, A. L., & MacNeil, M. A. (2019). Harnessing 
global fisheries to tackle micronutrient deficiencies. Nature, 574(7776), 95–98. 

https://doi.org/10.1038/s41586-019-1592-6 

https://doi.org/10.3389/fmars.2021.578516
https://doi.org/10.3390/ani11051225
https://www.natursidan.se/nyheter/sa-klarar-naturomradena-det-okadebesokstrycket/
https://doi.org/10.1016/j.biocon.2018.04.017
https://doi.org/10.1007/s10113-018-1352-4
https://doi.org/10.1016/j.forpol.2013.11.001
https://doi.org/10.1016/j.enpol.2010.03.030.
https://doi.org/10.1016/j.foodpol.2020.101954
https://doi.org/10.1038/s41586-019-1592-6


 

123 

 

Hilborn, R., & Sinclair, A. R. E. (2021). Biodiversity protection in the 21st century needs intact 
habitat and protection from overexploitation whether inside or outside parks. Conservation 

Letters, 14. https://doi.org/10.1111/conl.12830 
Holl, K. D., & Brancalion, P. H. (2020). Tree planting is not a simple solution. Science, 368(6491), 

580–581. 

Hoogendoorn, G., & Fitchett, J. M. (2018). Tourism and climate change: A review of threats and 
adaptation strategies for Africa. Current Issues in Tourism, 21(7), 742–759. 

https://doi.org/10.1080/13683500.2016.1188893 
Hsieh, C., Anderson, C., & Sugihara, G. (2008). Extending Nonlinear Analysis to Short Ecological 

Time Series. The American Naturalist, 171(1), 71–80. https://doi.org/10.1086/524202 

Hunt, D. V. L., Lombardi, D. R., Atkinson, S., Barber, A. R. G., Barnes, M., Boyko, C. T., Brown, 
J., Bryson, J., Butler, D., Caputo, S., Caserio, M., Coles, R., Cooper, R. F. D., Farmani, R., 

Gaterell, M., Hale, J., Hales, C., Hewitt, C. N., Jankovic, L., … Rogers, C. D. F. (2012). 
Scenario Archetypes: Converging Rather than Diverging Themes. Sustainability, 4(4). 

https://doi.org/10.3390/su4040740 

Hunt, T. L., Scarborough, H., Giri, K., Douglas, J. W., & Jones, P. (2017). Assessing the cost-
effectiveness of a fish stocking program in a culture-based recreational fishery. Fisheries 

Research, 186, 468–477. https://doi.org/10.1016/j.fishres.2016.09.003 
Huntington, H. P., Quakenbush, L. T., & Nelson, M. (2017). Evaluating the Effects of Climate 

Change on Indigenous Marine Mammal Hunting in Northern and Western Alaska Using 

Traditional Knowledge. Frontiers in Marine Science, 4. 
https://doi.org/10.3389/fmars.2017.00319 

Ikonen, V.-P., Kilpeläinen, A., Strandman, H., Asikainen, A., Venäläinen, A., & Peltola, H. (2020). 
Effects of using certain tree species in forest regeneration on regional wind damage r isks in 

Finnish boreal forests under different CMIP5 projections. European Journal of Forest 

Research, 139(4), 685–707. 
IPBES. (2016). The methodological assessment report on scenarios and models of biodiversity and 

ecosystem services (S. Ferrier, K. N. Ninan, P. Leadley, R. Alkemade, L. A. Acosta, H. R. 
Akçakaya, L. Brotons, W. W. L. Cheung, V. Christensen, K. A. Harhash, J. Kabubo-Mariara, 

C. Lundquist, M. Obersteiner, H. M. Pereira, G. Peterson, R. Pichs-Madruga, N. Ravindranath, 

C. Rondinini, & B. A. Wintle, Eds.). Secretariat of the Intergovernmental Science-Policy 
Platform on Biodiversity and Ecosystem Services. https://ipbes.net/resource-file/6815 

IPBES. (2018). The IPBES regional assessment report on Biodiversity and Ecosystem Services for 
Asia and the Pacific (M. Karki, M. Senaratna, S. Sellamuttu, S. Okayasu, & W. Suzuki, Eds.). 

Secretariat of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem 

Services. https://doi.org/10.5281/zenodo.3237373 
IPBES. (2019). Summary for policymakers of the global assessment report on biodiversity and 

ecosystem services of the Intergovernmental Science-Policy Platform on Biodiversity and 
Ecosystem Services. Secretariat of the Intergovernmental Science-Policy Platform on 

Biodiversity and Ecosystem Services. https://doi.org/10.5281/zenodo.3831673 

IPBES. (2021). Report of the IPBES task force on scenarios and models on its workshop on 
modelling Nature Futures scenarios under the 2030 IPBES rolling work programme 

(IPBES/TF/SCN/WSP/2021/1/6; p. 35p.). Secretariat of the Intergovernmental Science-Policy 
Platform on Biodiversity and Ecosystem Services. https://ipbes.net/system/files/2021-09/Ipbes-

tf-scn-wsp-2021-1-6-

workshop%20report%20on%20modelling%20Nature%20Futures_20210901.pdf 
IPCC. (2000). IPCC Special Report. Emissions Scenarios. Summary for Policymakers. 

Intergovernmental Panel on Climate Change. 
https://www.ipcc.ch/site/assets/uploads/2018/03/sres-en.pdf 

https://doi.org/10.1111/conl.12830
https://doi.org/10.1080/13683500.2016.1188893
https://doi.org/10.1086/524202
https://doi.org/10.3390/su4040740
https://doi.org/10.1016/j.fishres.2016.09.003
https://doi.org/10.3389/fmars.2017.00319
https://ipbes.net/resource-file/6815
https://doi.org/10.5281/zenodo.3237373
https://doi.org/10.5281/zenodo.3831673
https://ipbes.net/system/files/2021-09/Ipbes-tf-scn-wsp-2021-1-6-workshop%20report%20on%20modelling%20Nature%20Futures_20210901.pdf
https://ipbes.net/system/files/2021-09/Ipbes-tf-scn-wsp-2021-1-6-workshop%20report%20on%20modelling%20Nature%20Futures_20210901.pdf
https://ipbes.net/system/files/2021-09/Ipbes-tf-scn-wsp-2021-1-6-workshop%20report%20on%20modelling%20Nature%20Futures_20210901.pdf
https://www.ipcc.ch/site/assets/uploads/2018/03/sres-en.pdf


 

124 

 

IPCC. (2019). Summary for Policymakers. In P. R. Shukla, J. Skea, E. Calvo Buendia, V. Masson-
Delmotte, H.-O. Pörtner, D. C. Roberts, P. Zhai, R. Slade, S. Connors, R. van Diemen, M. 

Ferrat, E. Haughey, S. Luz, S. Neogi, M. Pathak, J. Petzold, J. Portugal Pereira, P. Vyas, E. 
Huntley, … J. Malley (Eds.), Climate Change and Land: An IPCC special report on climate 

change, desertification, land degradation, sustainable land management, food security, and 

greenhouse gas fluxes in terrestrial ecosystems (p. 36). 
Isaza, C., Bernal, R., Galeano, G., & Martorell, C. (2017). Demography of Euterpe precatoria and 

Mauritia flexuosa in the Amazon: Application of integral projection models for their harvest. 
Biotropica, 49(5), 653–664. 

Isaza, C., Martorell, C., Cevallos, D., Galeano, G., Valencia, R., & Balslev, H. (2016). Demography 

of Oenocarpus bataua and implications for sustainable harvest of its fruit in western Amazon. 
Population Ecology, 58(3), 463–476. 

Islam, S. N. (2015). Inequality and Environmental Sustainability. https://www.un-
ilibrary.org/content/papers/25206656/140 

Izursa, J.-L., & Tilley, D. R. (2015). Dynamic Eco-industrial Model of Forest Rich Developing 

Nations: Application to the Bolivian Forestry Sector and National Economy. Journal of 
Environmental Accounting and Management, 3(1), 1–22. 

Jackson, J. (2016). Planet Earth II most watched natural history show for 15 years. The Guardian. 
https://www.theguardian.com/tv-and-radio/2016/nov/07/planet-earth-ii-bbc1-most-watched-

natural-history-show-for-15-years 

Jacobson, S. K., Morales, N. A., Chen, B., Soodeen, R., Moulton, M. P., & Jain, E. (2019). Love or 
Loss: Effective message framing to promote environmental conservation. Applied 

Environmental Education and Communication, 18(3), 252–265. 
https://doi.org/10.1080/1533015X.2018.1456380 

Jacquet, J., Pauly, D., Ainley, D., Holt, S., Dayton, P., & Jackson, J. (2010). Seafood stewardship in 

crisis. Nature, 467(7311), 28–29. https://doi.org/10.1038/467028a 
Jamieson, M. A., Schwartzberg, E. G., Raffa, K. F., Reich, P. B., & Lindroth, R. L. (2015). 

Experimental climate warming alters aspen and birch phytochemistry and performance traits 
for an outbreak insect herbivore. Global Change Biology, 21(7), 2698–2710. 

https://doi.org/10.1111/gcb.12842 

Jansen, M., Anten, N. P. R., Bongers, F., Martínez-Ramos, M., & Zuidema, P. A. (2018). Towards 
smarter harvesting from natural palm populations by sparing the individuals that contribute 

most to population growth or productivity. Journal of Applied Ecology, 55(4), 1682–1691. 
https://doi.org/10.1111/1365-2664.13100 

Juhé-Beaulaton, D., & Salpeteur, M. (2017). “Sacred groves” in African contexts (Benin, 

Cameroon): Insights from history and anthropology. In J. Woudstra & C. Rothand (Eds.), A 
History of Groves. Routledge Research in Landscape and Environmental Design, Taylor & 

Francis Ltd. https://halshs.archives-ouvertes.fr/halshs-01591905 
Kaasik, A. (2012). Conserving sacred natural sites in Estonia. In J. M. Mallarach i Carrera, T. 

Papagiannēs, & R. Väisänen (Eds.), The diversity of sacred lands in Europe: Proceedings of 

the Third Workshop of the Delos Initiative, Inari/Aanaar, Finland, 1-3 July 2010. IUCN. 
Kahn, H., & Wiener, A. J. (1967). The Year 2000: A Framework for Speculation on the Next Thirty-

three Years. Macmillan. 
Kaltenborn, B. P., Thomassen, J., & Linnell, J. D. C. (2012). Island futures-Does a participatory 

scenario process capture the common view of local residents? Futures, 44(4), 328–337. 

https://doi.org/10.1016/j.futures.2011.11.001 
Kanamori, Y., Takasuka, A., Nishijima, S., & Okamura, H. (2019). Climate change shifts the 

spawning ground northward and extends the spawning period of chub mackerel in the western 
North Pacific. Marine Ecology Progress Series, 624, 155–166. 

https://www.un-ilibrary.org/content/papers/25206656/140
https://www.un-ilibrary.org/content/papers/25206656/140
https://www.theguardian.com/tv-and-radio/2016/nov/07/planet-earth-ii-bbc1-most-watched-natural-history-show-for-15-years
https://www.theguardian.com/tv-and-radio/2016/nov/07/planet-earth-ii-bbc1-most-watched-natural-history-show-for-15-years
https://doi.org/10.1080/1533015X.2018.1456380
https://doi.org/10.1038/467028a
https://doi.org/10.1111/gcb.12842
https://doi.org/10.1111/1365-2664.13100
https://halshs.archives-ouvertes.fr/halshs-01591905
https://doi.org/10.1016/j.futures.2011.11.001


 

125 

 

Kaplan, I. C., Koehn, L. E., Hodgson, E. E., Marshall, K. N., & Essington, T. E. (2017). Modeling 
food web effects of low sardine and anchovy abundance in the California Current. Ecological 

Modelling, 359, 1–24. https://doi.org/10.1016/j.ecolmodel.2017.05.007 
Karavani, A., De Cáceres, M., Martínez de Aragón, J., Bonet, J. A., & de-Miguel, S. (2018). Effect 

of climatic and soil moisture conditions on mushroom productivity and related ecosystem 

services in Mediterranean pine stands facing climate change. Agricultural and Forest 
Meteorology, 248, 432–440. https://doi.org/10.1016/j.agrformet.2017.10.024 

Karper, M. A. M., & Lopes, P. F. M. (2014). Punishment and compliance: Exploring scenarios to 
improve the legitimacy of small-scale fisheries management rules on the Brazilian coast. 

Marine Policy, 44, 457–464. https://doi.org/10.1016/j.marpol.2013.10.012 

Kassam, K.-A. S. (2010). Pluralism, resilience, and the ecology of survival: Case studies from the 
Pamir Mountains of Afghanistan. Ecology & Society, 15(2), 8. 

Kayo, C., Noda, R., Sasaki, T., & Takaoku, S. (2015). Carbon balance in the life cycle of wood: 
Targeting a timber check dam. Journal of Wood Science, 61(1), 70–80. 

Keesing, F., Ostfeld, R. S., Okanga, S., Huckett, S., Bayles, B. R., Chaplin-Kramer, R., Fredericks, 

L. P., Hedlund, T., Kowal, V., Tallis, H., Warui, C. M., Wood, S. A., & Allan, B. F. (2018). 
Consequences of integrating livestock and wildlife in an African savanna. Nature 

Sustainability, 1(10), 566–573. https://doi.org/10.1038/s41893-018-0149-2 
Kenter, J. O., Hyde, T., Christie, M., & Fazey, I. (2011). The importance of deliberation in valuing 

ecosystem services in developing countries-Evidence from the Solomon Islands. Global 

Environmental Change, 21(2), 505–521. https://doi.org/10.1016/j.gloenvcha.2011.01.001 
Khare, A., White, A., & Frechette, A. (2020). Estimate of the area of land and territories of 

Indigenous Peoples, local communities, and Afro- descendants where their rights have not been 
recognized (p. 32). Rights and Resources Initiative (RRI). https://rightsandresources.org/wp-

content/uploads/2020/09/Area-Study-Final-1.pdf 

Kim, H., Peterson, G., Cheung, W., Ferrier, S., Alkemade, R., Arneth, A., Kuiper, J., Okayasu, S., 
Pereira, L. M., Acosta, L. A., chaplin-kramer, rebecca, Belder, den E., Eddy, T., Johnson, J., 

Karlsson-Vinkhuysen, S., Kok, M., Leadley, P., Leclère, D., Lundquist, C. J., … Pereira, H. 
(2021). Towards a better future for biodiversity and people: Modelling Nature Futures. 

SocArXiv. https://osf.io/93sqp 

Kindscher, K., Martin, L. M., & Long, Q. (2019). The Sustainable Harvest of Wild Populations of 
Oshá (Ligusticum porteri) in Southern Colorado for the Herbal Products Trade. Economic 

Botany, 1–16. https://doi.org/10.1007/s12231-019-09456-1 
Klauberg, C., Vidal, E., Rodriguez, L. C., & Diaz-Balteiro, L. (2014). Determining the optimal 

harvest cycle for copaíba (Copaifera spp.) oleoresin production. Agricultural Systems, 131, 

116–122. 
Klimas, C., Cropper, W., Jr., Kainer, K., & de Oliveira Wadt, L. (2017). Multi-Model Projections 

for Evaluating Sustainable Timber and Seed Harvest of Carapa guianensis. Forest Science. 
https://doi.org/10.5849/FS-2017-001 

Kok, K., Biggs, R., & Zurek, M. (2007). Methods for Developing Multiscale Participatory Scenarios: 

Insights from Southern Africa and Europe. Ecology and Society, 12(1), 8. 
Kok, K., Pedde, S., Gramberger, M., Harrison, P. A., & Holman, I. (2019). New European socio-

economic scenarios for climate change research: Operationalising concepts to extend the shared 
socio-economic pathways. Regional Environmental Change, 19, 643–654. 

https://doi.org/10.1007/s10113-018-1400-0. 

Kok, K., van Vliet, M., Bärlund, I., Dubel, A., & Sendzimir, J. (2011). Combining participative 
backcasting and exploratory scenario development: Experiences from the SCENES project. 

Technological Forecasting and Social Change, 78(5), 835–851. 
https://doi.org/10.1016/j.techfore.2011.01.004 

https://doi.org/10.1016/j.ecolmodel.2017.05.007
https://doi.org/10.1016/j.agrformet.2017.10.024
https://doi.org/10.1016/j.marpol.2013.10.012
https://doi.org/10.1038/s41893-018-0149-2
https://doi.org/10.1016/j.gloenvcha.2011.01.001
https://rightsandresources.org/wp-content/uploads/2020/09/Area-Study-Final-1.pdf
https://rightsandresources.org/wp-content/uploads/2020/09/Area-Study-Final-1.pdf
https://osf.io/93sqp
https://doi.org/10.1007/s12231-019-09456-1
https://doi.org/10.5849/FS-2017-001
https://doi.org/10.1007/s10113-018-1400-0.
https://doi.org/10.1016/j.techfore.2011.01.004


 

126 

 

Kok, M. T. J., Kok, K., Peterson, G. D., Hill, R., Agard, J., & Carpenter, S. (2016). Biodiversity and 
ecosystem services require IPBES to take novel approach to scenarios. Sustainability Science, 

12, 177–181. https://doi.org/10.1007/s11625-016-0354-8 
Kor, L., Homewood, K., Dawson, T. P., & Diazgranados, M. (2021). Sustainability of wild plant use 

in the Andean Community of South America. Ambio, 50(9), 1681–1697. 

Koster, J., & Noss, A. (2013). Hunting dogs and the extraction of wildlife as a resource. In M. E. 
Gompper (Ed.), Free-Ranging Dogs and Wildlife Conservation (pp. 265–285). Oxford 

University Press. 
http://www.oxfordscholarship.com/view/10.1093/acprof:osobl/9780199663217.001.0001/acp

rof-9780199663217-chapter-11 

Kristofersson, D., & Anderson, J. L. (2006). Is there a relationship between fisheries and farming? 
Interdependence of fisheries, animal production and aquaculture. Marine Policy, 30(6), 721–

725. https://doi.org/10.1016/j.marpol.2005.11.004 
Kroodsma, D. A., Mayorga, J., Hochberg, T., Miller, N. A., Boerder, K., Ferretti, F., Wilson, A., 

Bergman, B., White, T. D., Block, B. A., Woods, P., Sullivan, B., Costello, C., & Worm, B. 

(2018). Tracking the global footprint of fisheries. Science, 359(6378), 904–908. 
https://doi.org/10.1126/science.aao5646 

Kumar, D., Rawat, S., & Joshi, R. (2021). Predicting the current and future suitable habitat 
distribution of the medicinal tree Oroxylum indicum (L.) Kurz in India. Journal of Applied 

Research on Medicinal and Aromatic Plants, 23, 100309. 

Kurttila, M., Pukkala, T., & Miina, J. (2018). Synergies and trade-offs in the production of NWFPs 
predicted in boreal forests. Forests, 9(7), 417. https://doi.org/10.3390/f9070417 

Lam, V. W. Y., Allison, E. H., Bell, J. D., Blythe, J., Cheung, W. W. L., Frölicher, T. L., Gasalla, 
M. A., & Sumaila, U. R. (2020). Climate change, tropical fisheries and prospects for sustainable 

development. Nature Reviews Earth & Environment, 1, 440–454. 

https://doi.org/10.1038/s43017-020-0071-9 
Lam, V. W. Y., Sumaila, U. R., Dyck, A., Pauly, D., & Watson, R. (2011). Construction and first 

applications of a global cost of fishing database. ICES Journal of Marine Science, 68, 1996–
2004. https://doi.org/10.1093/icesjms/fsr121 

Lang, M., Kaha, M., Laarmann, D., & Sims, A. (2018). Construction of tree species composition 

map of Estonia using multispectral satellite images, soil map and a random forest algorithm. 
Forestry Studies, 68(1), 5–24. https://doi.org/10.2478/fsmu-2018-0001 

Lázaro-Zermeño, J. M., González-Espinosa, M., Mendoza, A., Martínez-Ramos, M., & Quintana-
Ascencio, P. F. (2011). Individual growth, reproduction and population dynamics of Dioon 

merolae (Zamiaceae) under different leaf harvest histories in Central Chiapas, Mexico. Forest 

Ecology and Management, 261(3), 427–439. 
Leao, T. C., Lobo, D., & Scotson, L. (2017). Economic and biological conditions influence the 

sustainability of harvest of wild animals and plants in developing countries. Ecological 
Economics, 140, 14–21. 

Lebel, L., Thongbai, P., & Kok, K. (2006). Sub-global scenarios. In D. Capistrano, C. K. Samper, 

M. J. Lee, & C. Rauseppe-Hearne (Eds.), Ecosystems and Human Well-being (Volume 4): 
Multiscale assessments. Findings of the sub-global assessments working group of the 

Millennium Ecosystem Assessment (pp. 229–259). Island Press. 
Leclère, D., Obersteiner, M., Barrett, M., Butchart, S. H., Chaudhary, A., De Palma, A., DeClerck, 

F. A., Di Marco, M., Doelman, J. C., Dürauer, M., & others. (2020). Bending the curve of 

terrestrial biodiversity needs an integrated strategy. Nature, 585(7826), 551–556. 
Lehodey, P., Senina, I., Nicol, S., & Hampton, J. (2015). Modelling the impact of climate change on 

South Pacific albacore tuna. Deep Sea Research Part II: Topical Studies in Oceanography. 

https://doi.org/10.1007/s11625-016-0354-8
http://www.oxfordscholarship.com/view/10.1093/acprof:osobl/9780199663217.001.0001/acprof-9780199663217-chapter-11
http://www.oxfordscholarship.com/view/10.1093/acprof:osobl/9780199663217.001.0001/acprof-9780199663217-chapter-11
https://doi.org/10.1016/j.marpol.2005.11.004
https://doi.org/10.1126/science.aao5646
https://doi.org/10.3390/f9070417
https://doi.org/10.1038/s43017-020-0071-9
https://doi.org/10.1093/icesjms/fsr121
https://doi.org/10.2478/fsmu-2018-0001


 

127 

 

Impacts of Climate on Marine Top Predators, 113, 246–259. 
https://doi.org/10.1016/j.dsr2.2014.10.028 

Lehodey, P., Senina, I., Sibert, J., Bopp, L., Calmettes, B., Hampton, J., & Murtugudde, R. (2010). 
Preliminary forecasts of Pacific bigeye tuna population trends under the A2 IPCC scenario. In 

Progress in Oceanography, CLimate Impacts on Oceanic TOp Predators (CLIOTOP (Vol. 86, 

pp. 302–315). https://doi.org/10.1016/j.pocean.2010.04.021 
Levi, M., Sacks, A., & Tyler, T. (2009). Conceptualizing Legitimacy, Measuring Legitimating 

Beliefs. American Behavioral Scientist, 53(3), 354–375. 
https://doi.org/10.1177/0002764209338797 

Lima, V. V. F., Scariot, A., & Sevilha, A. C. (2020). Predicting the distribution of Syagrus coronata 

palm: Challenges for the conservation of an important resource in northeastern Brazil. Flora, 
269, 151607. 

Lin, Y. H., & Lee, T. H. (2020). How do recreation experiences affect visitors’ environmentally 
responsible behavior? Evidence from recreationists visiting ancient trails in Taiwan. Journal of 

Sustainable Tourism, 28(5), 705–726. https://doi.org/10.1080/09669582.2019.1701679 

Lindsey, P. A., Alexander, R., Frank, L. G., Mathieson, A., & Romañach, S. S. (2006). Potential of 
trophy hunting to create incentives for wildlife conservation in Africa where alternative 

wildlife-based land uses may not be viable. Animal Conservation, 9(3), 283–291. 
https://doi.org/10.1111/j.1469-1795.2006.00034.x 

Löf, M., Madsen, P., Metslaid, M., Witzell, J., & Jacobs, D. F. (2019). Restoring forests: 

Regeneration and ecosystem function for the future. New Forests, 50(2), 139–151. 
Loorbach, D., & Rotmans, J. (2010). The practice of transition management: Examples and lessons 

from four distinct cases. Futures, 42(3), 237–246. 
Lopes, A. A., & Atallah, S. S. (2020). Worshipping the Tiger: Modeling Non-use Existence Values 

of Wildlife Spiritual Services. Environmental and Resource Economics, 76(1), 69–90. 

https://doi.org/10.1007/s10640-020-00416-1 
Lotze, H. K., Milewski, I., Fast, J., Kay, L., & Worm, B. (2019). Ecosystem-based management of 

seaweed harvesting. Botanica Marina, 62(5), 395–409. https://doi.org/10.1515/bot-2019-0027 
Lowe, A. J., & Cross, H. B. (2011). The Applicat ion of DNA methods to Timber Tracking and 

Origin Verificat ion. IAWA Journal, 32(2), 251–262. 

Luederitz, C., Schäpke, N., Wiek, A., Lang, D. J., Bergmann, M., Bos, J. J., Burch, S., Davies, A., 
Evans, J., König, A., Farrelly, M. A., Forrest, N., Frantzeskaki, N., Gibson, R. B., Kay, B., 

Loorbach, D., McCormick, K., Parodi, O., Rauschmayer, F., … Westley, F. R. (2017). Learning 
through evaluation – A tentative evaluative scheme for sustainability transition experiments. 

Journal of Cleaner Production, 169, 61–76. https://doi.org/10.1016/j.jclepro.2016.09.005 

Luiselli, L., Hema, E. M., Segniagbeto, G. H., Ouattara, V., Eniang, E. A., Di Vittorio, M., Amadi, 
N., Parfait, G., Pacini, N., Akani, G. C., Sirima, D., Guenda, W., Fakae, B. B., Dendi, D., & Fa, 

J. E. (2019). Understanding the influence of non-wealth factors in determining bushmeat 
consumption: Results from four West African countries. Acta Oecologica, 94, 47–56. 

https://doi.org/10.1016/j.actao.2017.10.002 

Lundholm, A., Black, K., Corrigan, E., & Nieuwenhuis, M. (2020). Evaluating the Impact of Future 
Global Climate Change and Bioeconomy Scenarios on Ecosystem Services Using a Strategic 

Forest Management Decision Support System. Frontiers in Ecology and Evolution, 8, 200. 
https://doi.org/10.3389/fevo.2020.00200 

Lundquist, C. J., Pereira, H. M., Alkemade, R., Belder, E., Carvalho Ribeiro, S., Davies, K., & 

Lindgren-Streicher, P. (2017). Visions for nature and nature’s contributions to people for the 
21 st century. 

https://doi.org/10.1016/j.dsr2.2014.10.028
https://doi.org/10.1016/j.pocean.2010.04.021
https://doi.org/10.1177/0002764209338797
https://doi.org/10.1080/09669582.2019.1701679
https://doi.org/10.1111/j.1469-1795.2006.00034.x
https://doi.org/10.1007/s10640-020-00416-1
https://doi.org/10.1515/bot-2019-0027
https://doi.org/10.1016/j.jclepro.2016.09.005
https://doi.org/10.1016/j.actao.2017.10.002
https://doi.org/10.3389/fevo.2020.00200


 

128 

 

Machado, F. L. V., Halmenschlager, V., Abdallah, P. R., Teixeira, G. da S., & Sumaila, U. R. (2021). 
The relation between fishing subsidies and CO2 emissions in the fisheries sector. Ecological 

Economics, 185, 107057. https://doi.org/10.1016/j.ecolecon.2021.107057 
Mandle, L., Ticktin, T., & Zuidema, P. A. (2015). Resilience of palm populations to disturbance is 

determined by interactive effects of fire, herbivory and harvest. Journal of Ecology, 103(4), 

1032–1043. 
Mani, A., Rahwan, I., & Pentland, A. (2013). Inducing Peer Pressure to Promote Cooperation. 

Scientific Reports, 3(1), 1735. https://doi.org/10.1038/srep01735 
Marinov, I., Doney, S. C., & Lima, I. D. (2010). Response of ocean phytoplankton community 

structure to climate change over the 21st century: Partitioning the effects of nutrients, 

temperature and light. Biogeosciences, 7(12), 3941–3959. https://doi.org/10.5194/bg-7-3941-
2010 

Maron, M., Juffe-Bignoli, D., Krueger, L., Kiesecker, J., Kümpel, N. F., Kate, K. ten, Milner-
Gulland, E. J., Arlidge, W. N. S., Booth, H., Bull, J. W., Starkey, M., Ekstrom, J. M., Strassburg, 

B., Verburg, P. H., & Watson, J. E. M. (2021). Setting robust biodiversity goals. Conservation 

Letters, e12816. https://doi.org/10.1111/CONL.12816 
Martin S. M, Cambridge T.A, Grieve C, Nimmo F.M, & Agnew D. J. (2012). An evaluation of 

environmental changes within fisheries involved in the Marine Stewardship Council 
certification scheme. Rev. Fish. Sci, 20(2), 61–69. 

Martins, I. M., & Gasalla, M. A. (2020). Adaptive capacity level shapes social vulnerability to 

climate change of fishing communities in the South Brazil Bight. Frontiers in Marine Science, 
7, 481. 

Matsumoto, M., Oka, H., Mitsuda, Y., Hashimoto, S., Kayo, C., Tsunetsugu, Y., & Tonosaki, M. 
(2016). Potential contributions of forestry and wood use to climate change mitigation in Japan. 

Journal of Forest Research, 21(5), 211–222. 

Maury, O., Campling, L., Arrizabalaga, H., Aumont, O., Bopp, L., Merino, G., Squires, D., Cheung, 
W., Goujon, M., Guivarch, C., Lefort, S., Marsac, F., Monteagudo, P., Murtugudde, R., 

Österblom, H., Pulvenis, J. F., Ye, Y., & van Ruijven, B. J. (2017). From shared socio-economic 
pathways (SSPs) to oceanic system pathways (OSPs): Building policy-relevant scenarios for 

global oceanic ecosystems and fisheries. Global Environmental Change, 45, 203–216. 

https://doi.org/10.1016/j.gloenvcha.2017.06.007 
Maynou, F., Martínez-Baños, P., Demestre, M., & Franquesa, R. (2014). Bio-economic analysis of 

the Mar Menor (Murcia, SE Spain) small-scale lagoon fishery. Journal of Applied Ichthyology, 
30(5), 978–985. https://doi.org/10.1111/jai.12460 

McClatchie, S., Hendy, I. L., Thompson, A. R., & Watson, W. (2017). Collapse and recovery of 

forage fish populations prior to commercial exploitation. Geophysical Research Letters, 44(4), 
1877–1885. https://doi.org/10.1002/2016GL071751 

McDermid, K. H., Martin, K. J., & Haws, M. C. (2019). Seaweed resources of the Hawaiian Islands. 
Botanica Marina, 62(5), 443–462. 

McEwan, A., Marchi, E., Spinelli, R., & Brink, M. (2020). Past, present and future of industrial 

plantation forestry and implication on future timber harvesting technology. Journal of Forestry 
Research, 31(2), 339–351. 

McNamara, J., Robinson, E. J. Z., Abernethy, K., Midoko Iponga, D., Sackey, H. N. K., Wright, J. 
H., & Milner-Gulland, E. (2020). COVID-19, Systemic Crisis, and Possible Implications for 

the Wild Meat Trade in Sub-Saharan Africa. Environmental & Resource Economics, 1–22. 

https://doi.org/10.1007/s10640-020-00474-5 
Meadows, D. H. (Ed.). (1972). The Limits to growth: A report for the Club of Rome’s project on the 

predicament of mankind. Universe Books. 

https://doi.org/10.1016/j.ecolecon.2021.107057
https://doi.org/10.1038/srep01735
https://doi.org/10.5194/bg-7-3941-2010
https://doi.org/10.5194/bg-7-3941-2010
https://doi.org/10.1111/CONL.12816
https://doi.org/10.1016/j.gloenvcha.2017.06.007
https://doi.org/10.1111/jai.12460
https://doi.org/10.1002/2016GL071751
https://doi.org/10.1007/s10640-020-00474-5


 

129 

 

Melnychuk, M. C., Kurota, H., Mace, P. M., Pons, M., Minto, C., Osio, G. C., Jensen, O. P., de 
Moor, C. L., Parma, A. M., Richard Little, L., Hively, D., Ashbrook, C. E., Baker, N., Amoroso, 

R. O., Branch, T. A., Anderson, C. M., Szuwalski, C. S., Baum, J. K., McClanahan, T. R., … 
Hilborn, R. (2021). Identifying management actions that promote sustainable fisheries. Nature 

Sustainability, 4(5), 440–449. https://doi.org/10.1038/s41893-020-00668-1 

Merrie, A., Keys, P., Metian, M., & Österblom, H. (2018). Radical ocean futures-scenario 
development using science fiction prototyping. Futures, 95, 22–32. 

https://doi.org/10.1016/j.futures.2017.09.005 
Methorst, J., Rehdanz, K., Mueller, T., Hansjürgens, B., Bonn, A., & Böhning-Gaese, K. (2021). 

The importance of species diversity for human well-being in Europe. Ecological Economics, 

181, 106917. https://doi.org/10.1016/j.ecolecon.2020.106917 
Miina, J., Kurttila, M., Calama, R., de-Miguel, S., & Pukkala, T. (2020). Modelling Non-timber 

Forest Products for Forest Management Planning in Europe. Current Forestry Reports, 1–14. 
https://doi.org/10.1007/s40725-020-00130-7 

Millenium Ecosystem Assessment. (2005). Ecosystems and Human Well-being: Scenarios, Volume 

2 (S. T. Carpenter, P. L. Pingali, E. M. Bennett, & M. B. Zurek, Eds.; Millenium Ecosystem 
Assessment, Vol. 2). Island Press. 

http://www.millenniumassessment.org/documents/document.771.aspx.pdf 
Mockrin, M. H., Bennett, E. L., & Labruna, D. (2005). WCS Working Paper No. 23—Wildlife 

farming: A viable alternative to hunting in tropical forests? 

Montgomery, R. A., Borona, K., Kasozi, H., Mudumba, T., & Ogada, M. (2020). Positioning human 
heritage at the center of conservation practice. Conservation Biology, 34(5), 1122–1130. 

https://doi.org/10.1111/cobi.13483 
Moore, C., Morley, J. W., Morrison, B., Kolian, M., Horsch, E., Frölicher, T., Pinsky, M. L., & 

Griffis, R. (2021). Estimating the Economic Impacts of Climate Change on 16 Major US 

Fisheries. Climate Change Economics, 12(01), 2150002. 
https://doi.org/10.1142/S2010007821500020 

Morley, J. W., Selden, R. L., Latour, R. J., Frölicher, T. L., Seagraves, R. J., & Pinsky, M. L. (2018). 
Projecting shifts in thermal habitat for 686 species on the North American continental shelf. 

PLOS ONE, 13(5), e0196127. https://doi.org/10.1371/journal.pone.0196127 

Morton, C., Knowler, D., Brugere, C., Lymer, D., & Bartley, D. (2017). Valuation of fish production 
services in river basins: A case study of the Columbia River. Ecosystem Services, 24, 101–113. 

https://doi.org/10.1016/j.ecoser.2017.02.007 
Moswete, N., Thapa, B., & Lacey, G. (2009). Village-based tourism and community participation: 

A case study of the Matsheng villages in southwest Botswana. In J. Saarinen (Ed.), Sustainable 

tourism in Southern Africa: Local communities and natural resources in transition (pp. 189–
209). Channel view publications. 

Mullon, C., Guillotreau, P., Galbraith, E. D., Fortilus, J., Chaboud, C., Bopp, L., Aumont, O., & 
Kaplan, D. (2017). Exploring future scenarios for the global supply chain of tuna. Deep Sea 

Research Part II: Topical Studies in Oceanography, 140, 251–267. 

https://doi.org/10.1016/j.dsr2.2016.08.004 
Mumcu Kucuker, D., & Baskent, E. Z. (2015). Spatial prediction of Lactarius deliciosus and 

Lactarius salmonicolor mushroom distribution with logistic regression models in the Kızılcasu 
Planning Unit, Turkey. Mycorrhiza, 25(1), 1–11. 

Munt, D. D., Muñoz-Rodríguez, P., Marques, I., & Saiz, J. C. M. (2016). Effects of climate change 

on threatened Spanish medicinal and aromatic species: Predicting future trends and defining 
conservation guidelines. Israel Journal of Plant Sciences, 63(4), 309–319. 

Muposhi, V. K., Gandiwa, E., Bartels, P., Makuza, S. M., & Madiri, T. H. (2016). Trophy Hunting 
and Sustainability: Temporal Dynamics in Trophy Quality and Harvesting Patterns of Wild 

https://doi.org/10.1038/s41893-020-00668-1
https://doi.org/10.1016/j.futures.2017.09.005
https://doi.org/10.1016/j.ecolecon.2020.106917
https://doi.org/10.1007/s40725-020-00130-7
http://www.millenniumassessment.org/documents/document.771.aspx.pdf
https://doi.org/10.1111/cobi.13483
https://doi.org/10.1142/S2010007821500020
https://doi.org/10.1371/journal.pone.0196127
https://doi.org/10.1016/j.ecoser.2017.02.007
https://doi.org/10.1016/j.dsr2.2016.08.004


 

130 

 

Herbivores in a Tropical Semi-Arid Savanna Ecosystem. PLoS ONE, 11, e0164429. 
https://doi.org/10.1371/journal.pone.0164429 

Mustin, K., Arroyo, B., Beja, P., Newey, S., Irivine, R. J., Kestler, J., & Redpath, S. M. (2018). 
Consequences of game bird management for non-game species in Europe. Journal of Applied 

Ecology, 55(5), 2285–2295. https://doi.org/10.1111/1365-2664.13131 

Mweetwa, T., Christianson, D., Becker, M., Creel, S., Rosenblatt, E., Merkle, J., Droge, E., Mwape, 
H., Masonde, J., & Simpamba, T. (2018). Quantifying lion (Panthera leo) demographic 

response following a three-year moratorium on trophy hunting. PLoS ONE, 13(5), e0197030–
e0197030. 

Naidoo, R., & Fisher, B. (2020). Reset Sustainable Development Goals for a pandemic world. 

Nature, 583, 198–201. 
Naito, R., Zhao, J., & Chan, K. M. A. (2021). An integrative framework for transformative social 

change: A case in global wild species trade. SocArxiv. Paper. 
https://doi.org/10.31235/osf.io/5zmxd 

Nascimento, A. T. A., Nali, C., Schmidlin, L., Marques, R., Rodeano, M., Padua, S. M., Valladares-

Padua, C. B., Prado, F., Souza, de M. das G., & Fonseca, da G. A. B. (2016). Combining 
Econegotiations and Threat Reduction Assessments to estimate success of conservation: 

Lessons learned in the black-faced lion tamarin conservation program. Natureza & 
Conservação, 14(2), 57–66. https://doi.org/10.1016/j.ncon.2016.06.001 

Nash, K. L., Blythe, J. L., Cvitanovic, C., Fulton, E. A., Halpern, B. S., Milner-Gulland, E. J., 

Addison, P. F. E., Pecl, G. T., Watson, R. A., & Blanchard, J. L. (2020). To Achieve a 
Sustainable Blue Future, Progress Assessments Must Include Interdependencies between the 

Sustainable Development Goals. One Earth, 2(2), 161–173. 
https://doi.org/10.1016/j.oneear.2020.01.008 

Naylor, R. L., Kishore, A., Sumaila, U. R., Issifu, I., Hunter, B. P., Belton, B., Bush, S. R., Cao, L., 

Gelcich, S., Gephart, J. A., Golden, C. D., Jonell, M., Koehn, J. Z., Little, D. C., Thilsted, S. 
H., Tigchelaar, M., & Crona, B. (2021). Blue food demand across geographic and temporal 

scales. Nat Commun, 12, 5413. https://doi.org/10.1038/s41467-021-25516-4 
Nepal, P., Abt, K. L., Skog, K. E., Prestemon, J. P., & Abt, R. C. (2019). Projected market 

competition for wood biomass between traditional products and energy: A simulated interaction 

of us regional, national, and global forest product markets. Forest Science, 65(1), 14–26. 
Nepal, P., Ince, P. J., Skog, K. E., & Chang, S. J. (2012). Projection of US forest sector carbon 

sequestration under US and global timber market and wood energy consumption scenarios, 
2010–2060. Biomass and Bioenergy, 45, 251–264. 

Netburn, A. N., & Anthony Koslow, J. (2015). Dissolved oxygen as a constraint on daytime deep 

scattering layer depth in the southern California current ecosystem. Deep Sea Research Part I: 
Oceanographic Research Papers, 104, 149–158. https://doi.org/10.1016/j.dsr.2015.06.006 

Newing, H., & Perram, A. (2019). What do you know about conservation and human rights? Oryx, 
53(4), 595–596. https://doi.org/10.1017/S0030605319000917 

Newsome, D. (2020). The collapse of tourism and its impact on wildlife tourism destinations". 

Journal of Tourism Futures, ead-of-print No. https://doi.org/10.1108/JTF-04-2020-0053 
Nogueira, S. S. C., & Nogueira-Filho, S. L. G. (2011). Wildlife farming: An alternative to 

unsustainable hunting and deforestation in Neotropical forests? Biodiversity and Conservation, 
20(7), 1385–1397. https://doi.org/10.1007/s10531-011-0047-7 

NTFP-EP. (2021a). A World of Honey. Putting Native Asian Bees in Focus (No. 37–38; Voices from 

the Forest, p. 28). Non-timber forest products - Exchange programme. https://ntfp.org/wp-
content/uploads/2021/02/Voices-37-38-FINAL-compressed.pdf 

https://doi.org/10.1371/journal.pone.0164429
https://doi.org/10.1111/1365-2664.13131
https://doi.org/10.31235/osf.io/5zmxd
https://doi.org/10.1016/j.ncon.2016.06.001
https://doi.org/10.1016/j.oneear.2020.01.008
https://doi.org/10.1038/s41467-021-25516-4
https://doi.org/10.1016/j.dsr.2015.06.006
https://doi.org/10.1017/S0030605319000917
https://doi.org/10.1108/JTF-04-2020-0053
https://doi.org/10.1007/s10531-011-0047-7
https://ntfp.org/wp-content/uploads/2021/02/Voices-37-38-FINAL-compressed.pdf
https://ntfp.org/wp-content/uploads/2021/02/Voices-37-38-FINAL-compressed.pdf


 

131 

 

NTFP-EP. (2021b). Wild foods and biodiversity (No. 3; SIANI Expert Group Discussion Series, p. 
15). Non-timber forest products - Exchange programme. https://www.siani.se/wp-

content/uploads/2021/01/SIANI-Expert-Group-Discussion-Series-Aug18_Transcriptfinal.pdf 
Nyborg, K., Anderies, J. M., Dannenberg, A., Lindahl, T., Schill, C., & Maja Schlüter, W. N. A. 

(2016). Social Norms as Solutions. Science, 354(6308), 42–43. 

https://doi.org/10.1126/science.aaf8317. 
Nye, J., Link, J., Hare, J., & Overholtz, W. (2009). Changing spatial distribution of fish stocks in 

relation to climate and population size on the Northeast United States continental shelf. Marine 
Ecology Progress Series, 393, 111–129. https://doi.org/10.3354/meps08220 

Oduro, K., Arts, B., Hoogstra-Klein, M., Kyereh, B., & Mohren, G. (2014). Exploring the future of 

timber resources in the high forest zone of Ghana. International Forestry Review, 16(6), 573–
585. 

Öhman, J., Öhman, M., & Sandell, K. (2016). Outdoor recreation in exergames: A new step in the 
detachment from nature? Journal of Adventure Education and Outdoor Learning, 16(4), 285–

302. https://doi.org/10.1080/14729679.2016.1147965 

Olsen, K. B., Ekwoge, H., Ongie, R. M., Acworth, J., O’kah, E. M., & Tako, C. (2001). A community 
wildlife management model from Mount Cameroon. ODI Rural Development Network. 

https://odi.org/en/publications/a-community-wildlife-management-model-from-mount-
cameroon/ 

Olsson, P., Folke, C., & Berkes, F. (2004). Adaptive Comanagement for Building Resilience in 

Social-Ecological Systems. Environmental Management, 34(1). 
https://doi.org/10.1007/s00267-003-0101-7 

O’Neill, B. C., Kriegler, E., Ebi, K. L., Kemp-Benedict, E., Riahi, K., Rothman, D. S., & Solecki, 
W. (2017). The roads ahead: Narratives for shared socioeconomic pathways describing world 

futures in the 21st century. Global Environmental Change, 42, 169–180. 

https://doi.org/10.1016/j.gloenvcha.2015.01.004 
O’Neill, B. C., Kriegler, E., Riahi, K., Ebi, K., Hallegatte, S., Carter, T. R., Mathur, R., & van 

Vuuren, D. P. (2013). A new scenario framework for climate change research: The concept of 
shared socio-economic pathways. Climatic Change, 122, 387–400. 

https://doi.org/10.1007/s10584-013-0905-2. 

Österblom, H., Jouffray, J.-B., Folke, C., & Rockström, J. (2017). Emergence of a global science–
business initiative for ocean stewardship. Proceedings of the National Academy of Sciences, 

114(34), 9038–9043. https://doi.org/10.1073/pnas.1704453114 
Oteros-Rozas, E., Martín-López, B., & Daw, T. M. (2015). Participatory scenario planning in place-

based social-ecological research: Insights and experiences from 23 case studies. Ecol Soc, 20. 

https://doi.org/10.5751/ES-07985-200432 
Pacheco, A., Pablo &. Mo, Karen &. Dudley, Nigel &. Shapiro, Aurelie &. aguilar-amuchastegui, 

Naikoa &. Ling, Pui-Yu &. Anderson, Christa &. Marx. (2021). Deforestation fronts: Drivers 
and responses in a changing world. 

Pacheco, P. (2012). Smallholders and communities in timber markets: Conditions shaping diverse 

forms of engagement in tropical Latin America. Conservation and Society, 10(2), 114. 
https://doi.org/10.4103/0972-4923.97484 

Padulosi, S., Phrang, R., & Rosado-May, F. J. (2019). Supporting Nutrition Sensitive Agriculture 
through Neglected and Underutilized Species. Operational Framework. Bioversity 

International and IFAD. https://www.ifad.org/en/web/knowledge/-/publication/supporting-

nutrition-sensitive-agriculture-through-neglected-and-underutilized-species 
Palomares, M., & Pauly, D. (2019). On the creeping increase of vessels’ fishing power. Ecology and 

Society, 24(3). https://doi.org/10.5751/ES-11136-240331 

https://www.siani.se/wp-content/uploads/2021/01/SIANI-Expert-Group-Discussion-Series-Aug18_Transcriptfinal.pdf
https://www.siani.se/wp-content/uploads/2021/01/SIANI-Expert-Group-Discussion-Series-Aug18_Transcriptfinal.pdf
https://doi.org/10.1126/science.aaf8317.
https://doi.org/10.3354/meps08220
https://doi.org/10.1080/14729679.2016.1147965
https://odi.org/en/publications/a-community-wildlife-management-model-from-mount-cameroon/
https://odi.org/en/publications/a-community-wildlife-management-model-from-mount-cameroon/
https://doi.org/10.1007/s00267-003-0101-7
https://doi.org/10.1016/j.gloenvcha.2015.01.004
https://doi.org/10.1007/s10584-013-0905-2.
https://doi.org/10.1073/pnas.1704453114
https://doi.org/10.5751/ES-07985-200432
https://doi.org/10.4103/0972-4923.97484
https://www.ifad.org/en/web/knowledge/-/publication/supporting-nutrition-sensitive-agriculture-through-neglected-and-underutilized-species
https://www.ifad.org/en/web/knowledge/-/publication/supporting-nutrition-sensitive-agriculture-through-neglected-and-underutilized-species
https://doi.org/10.5751/ES-11136-240331


 

132 

 

Papageorgiou, D., Bebeli, P. J., Panitsa, M., & Schunko, C. (2020). Local knowledge about 
sustainable harvesting and availability of wild medicinal plant species in Lemnos island, 

Greece. Journal of Ethnobiology and Ethnomedicine, 16(1), 1–23. 
https://doi.org/10.1186/s13002-020-00390-4 

Parker, K., De Vos, A., Clements, H. S., Biggs, D., & Biggs, R. (2020). Impacts of a trophy hunting 

ban on private land conservation in South African biodiversity hotspots. Conservation Science 
and Practice, 2(7). https://doi.org/10.1111/csp2.214 

Pascual, U., Balvanera, P., Díaz, S., Pataki, G., Roth, E., Stenseke, M., Watson, R. T., Dessane, E. 
B., Islar, M., & Kelemen, E. (2017). Valuing nature’s contributions to people: The IPBES 

approach. Current Opinion in Environmental Sustainability, 26, 7–16. 

Patel, M., Kok, K., & Rothman, D. S. (2007). Participatory planning in land use analysis. An insight 
into the experiences and opportunities created by stakeholder involvement in scenario 

construction in the Northern Mediterranean. Land Use Policy, 24(3), 546–561. 
Pedde, S., Kok, K., Hölscher, K., Oberlack, C., Harrison, P. A., & Leemans, R. (2019). Archetyping 

shared socioeconomic pathways across scales: An application to central Asia and European 

case studies. Ecology and Society, 24(4). https://doi.org/10.5751/ES-11241-240430. 
Peeters, P., Higham, J., Cohen, S., Eijgelaar, E., & Gössling, S. (2018). Desirable tourism transport 

futures. Journal of Sustainable Tourism, 27(2), 173-188. 
https://doi.org/10.1080/09669582.2018.1477785 

Pereira, L. M., Davies, K. K., Belder, E., Ferrier, S., Karlsson-Vinkhuyzen, S., Kim, H., Kuiper, J. 

J., Okayasu, S., Palomo, M. G., Pereira, H. M., Peterson, G., Sathyapalan, J., Schoolenberg, 
M., Alkemade, R., Ribeiro, S. C., Greenaway, A., Hauck, J., King, N., Lazarova, T., … 

Lundquist, C. J. (2020). Developing multiscale and integrative nature–people scenarios using 
the Nature Futures Framework. People and Nature, 2(4), 1172–1195. 

Pereira, L. M., Karpouzoglou, T., Doshi, S., & Frantzeskaki, N. (2015). Organising a Safe Space for 

Navigating Social-Ecological Transformations to Sustainability. International Journal of 
Environmental Research and Public Health, 12(6), 6027–6044. 

https://doi.org/10.3390/ijerph120606027 
Pereira, P. H. C., Ternes, M. L. F., Nunes, J. A. C. C., & Giglio, V. J. (2021). Overexploitation and 

behavioral changes of the largest South Atlantic parrotfish (Scarus trispinosus): Evidence from 

fishers’ knowledge. Biological Conservation, 254, 108940. 
https://doi.org/10.1016/j.biocon.2020.108940 

Pérez‐Moreno, J., Guerin‐Laguette, A., Rinaldi, A. C., Yu, F., Verbeken, A., Hernández‐Santiago, 
F., & Martínez‐Reyes, M. (2021). Edible mycorrhizal fungi of the world: What is their role in 

forest sustainability, food security, biocultural conservation and climate change? Plants, 

People, Planet, 3(5), 471–490. https://doi.org/10.1002/ppp3.10199 
Pérez-Negrón, E., Dávila, P., & Casas, A. (2014). Use of columnar cacti in the Tehuacán Valley, 

Mexico: Perspectives for sustainable management of non-timber forest products. Journal of 
Ethnobiology and Ethnomedicine, 10(1), 1–16. 

Petatán‐Ramírez, D., Whitehead, D. A., Guerrero‐Izquierdo, T., Ojeda‐Ruiz, M. A., & Becerril‐

García, E. E. (2020). Habitat suitability of Rhincodon typus in three localities of the Gulf of 
California: Environmental drivers of seasonal aggregations. Journal of Fish Biology, 97(4), 

1177–1186. https://doi.org/10.1111/jfb.14496 
Petrov, A., & Lobovikov, M. (2012). The Russian federation forest sector: Outlook study to 2030. 

FAO, Rome. http://www.fao.org/3/i3020e/i3020e00.pdf 

Petza, D., Chalkias, C., Koukourouvli, N., Coll, M., Vassilopoulou, V., Karachle, P. K., 
Markantonatou, V., Tsikliras, A. C., & Katsanevakis, S. (2019). An operational framework to 

assess the value of fisheries restricted areas for marine conservation. Marine Policy, 102, 28–
39. https://doi.org/10.1016/j.marpol.2019.01.005 

https://doi.org/10.1186/s13002-020-00390-4
https://doi.org/10.1111/csp2.214
https://doi.org/10.5751/ES-11241-240430.
https://doi.org/10.1080/09669582.2018.1477785
https://doi.org/10.3390/ijerph120606027
https://doi.org/10.1016/j.biocon.2020.108940
https://doi.org/10.1002/ppp3.10199
https://doi.org/10.1111/jfb.14496
http://www.fao.org/3/i3020e/i3020e00.pdf
https://doi.org/10.1016/j.marpol.2019.01.005


 

133 

 

Piketty, T., & Saez, E. (2014). Inequality in the long run. Science, 344, 838–843. 
Pinsky, M. L., & Palumbi, S. R. (2014). Meta-analysis reveals lower genetic diversity in overfished 

populations. Molecular Ecology, 23, 29–39. https://doi.org/10.1111/mec.12509 
Pinsky, M. L., Selden, R. L., & Kitchel, Z. J. (2020). Climate-Driven Shifts in Marine Species 

Ranges: Scaling from Organisms to Communities. Annual Review of Marine Science, 12(1), 

153–179. https://doi.org/10.1146/annurev-marine-010419-010916 
Pokorny, B., & Pacheco, P. (2014). Money from and for forests: A critical reflection on the feasibility 

of market approaches for the conservation of Amazonian forests. Journal of Rural Studies, 36, 
441–452. https://doi.org/10.1016/j.jrurstud.2014.09.004 

Prachvuthy, M. (2006). Tourism, Poverty, and Income Distribution: Chambok Community-based 

Ecotourism Development, Kirirom National Park, Kompong Speu Province, Cambodia. 
Journal of GMS Development Studies, 3, 25–40. 

Pradhan, B. K., & Badola, H. K. (2015). Swertia chirayta, a threatened high-value medicinal herb: 
Microhabitats and conservation challenges in Sikkim Himalaya, India. Mountain Research and 

Development, 35(4), 374–381. 

Pratchett, M. S., Cameron, D. S., Donelson, J., Evans, L., Frisch, A. J., Hobday, A. J., Hoey, A. S., 
Marshall, N. A., Messmer, V., Munday, P. L., Pears, R., Pecl, G., Reynolds, A., Scott, M., 

Tobin, A., Tobin, R., Welch, D. J., & Williamson, D. H. (2017). Effects of climate change on 
coral grouper (Plectropomus spp.) and possible adaptation options. Rev Fish Biol Fisheries, 27, 

297–316. https://doi.org/10.1007/s11160-016-9455-9 

Priess, J. A., & Hauck, J. (2014). Integrative scenario development. Ecology & Society, 19(1), 12. 
https://doi.org/10.5751/ES-06168-190112. 

Priess, J. A., Hauck, J., Haines-Young, R., Alkemade, R., Mandryk, M., Veerkamp, C., Gyorgyi, B., 
Dunford, R., Berry, P., Harrison, P., Dick, J., Keune, H., Kok, M., Kopperoinen, L., Lazarova, 

T., Maes, J., Pataki, G., Preda, E., Schleyer, C., … Zulian, G. (2018). New EU-scale 

environmental scenarios until 2050 – Scenario process and initial scenario applications. 
Ecosystem Services, 29, 542–551. https://doi.org/10.1016/j.ecoser.2017.08.006 

Proskurina, S., Junginger, M., Heinimö, J., Tekinel, B., & Vakkilainen, E. (2019). Global biomass 
trade for energy—Part 2: Production and trade streams of wood pellets, liquid biofuels, 

charcoal, industrial roundwood and emerging energy biomass. Biofuels, Bioproducts and 

Biorefining, 13(2), 371–387. 
Putz, F. E., Zuidema, P. A., Synnott, T., Peña-Claros, M., Pinard, M. A., Sheil, D., Vanclay, J. K., 

Sist, P., Gourlet-Fleury, S., Griscom, B., & others. (2012). Sustaining conservation values in 
selectively logged tropical forests: The attained and the attainable. Conservation Letters, 5(4), 

296–303. 

Ramage, M. H., Burridge, H., Busse-Wicher, M., Fereday, G., Reynolds, T., Shah, D. U., Wu, G., 
Yu, L., Fleming, P., Densley-Tingley, D., Allwood, J., Dupree, P., Linden, P. F., & Scherman, 

O. (2017). The wood from the trees: The use of timber in construction. Renewable and 
Sustainable Energy Reviews, 68, 333–359. https://doi.org/10.1016/j.rser.2016.09.107 

Ramirez, R., & Wilkinson, A. (2014). Rethinking the 2 × 2 scenario method: Grid or frames? 

Technological Forecasting & Social Change, 86, 254–264. 
Rana, S. K., Rana, H. K., Ranjitkar, S., Ghimire, S. K., Gurmachhan, C. M., O’Neill, A. R., & Sun, 

H. (2020). Climate-change threats to distribution, habitats, sustainability and conservation of 
highly traded medicinal and aromatic plants in Nepal. Ecological Indicators, 115, 106435. 

Raskin, P. D. (2005). Global Scenarios: Background Review for the Millennium Ecosystem 

Assessment. Ecosystems, 8(2), 133–142. https://doi.org/10.1007/s10021-004-0074-2 
Raskin, P., Tariq, B., Gallopin, G., Gutman, P., Hammond, A., Kates, R., & Swart, R. (2002). Great 

Transition: The promise and lure of the times ahead. A report of the Global Scenario Group. 
SEI PoleStar Series Report, 10. 

https://doi.org/10.1111/mec.12509
https://doi.org/10.1146/annurev-marine-010419-010916
https://doi.org/10.1016/j.jrurstud.2014.09.004
https://doi.org/10.1007/s11160-016-9455-9
https://doi.org/10.5751/ES-06168-190112.
https://doi.org/10.1016/j.ecoser.2017.08.006
https://doi.org/10.1016/j.rser.2016.09.107
https://doi.org/10.1007/s10021-004-0074-2


 

134 

 

Ratnam, W., Rajora, O. P., Finkeldey, R., Aravanopoulos, F., Bouvet, J.-M., Vaillancourt, R. E., & 
Vinson, C. (2014). Genetic effects of forest management practices: Global synthesis and 

perspectives. Forest Ecology and Management, 333, 52–65. 
Reed, M. S., Everard, M., Reed, M., & Kenter, J. (2016). The ripple effect: Institutionalising pro-

environmental values to shift societal norms and behaviours. Ecosystem Services, 21(B), 230–

240. https://doi.org/10.1016/j.ecoser.2016.08.001 
Reed, M. S., Kenter, J., Bonn, A., Broad, K., Burt, T. P., Fazey, I. R., Fraser, E. D. G., Hubacek, K., 

Nainggolan, D., Quinn, C. H., & L.C., F. R. (2013). Participatory scenario development for 
environmental management: A methodological framework illustrated with experience from the 

UK. Uplands Journal of Environmental Management, 128, 345-362,. 

Reich, P. B., Sendall, K. M., Stefanski, A., Wei, X., Rich, R. L., & Montgomery, R. A. (2016). 
Boreal and temperate trees show strong acclimation of respiration to warming. Nature, 

531(7596), 633–636. 
Reynolds, P. C., & Braithwaite, D. (2001). Towards a conceptual framework for wildlife tourism. 

Tourism Management, 22(1), 31–42. https://doi.org/10.1016/S0261-5177(00)00018-2 

Rist, L., Kaiser-Bunbury, C. N., Fleischer-Dogley, F., Edwards, P., Bunbury, N., & Ghazoul, J. 
(2010). Sustainable harvesting of coco de mer, Lodoicea maldivica, in the Vallée de Mai, 

Seychelles. Forest Ecology and Management, 260(12), 2224–2231. 
Roberge, J.-M., Laudon, H., Björkman, C., Ranius, T., Sandström, C., Felton, A., Sténs, A., Nordin, 

A., Granström, A., Widemo, F., Bergh, J., Sonesson, J., Stenlid, J., & Lundmark, T. (2016). 

Socio-ecological implications of modifying rotation lengths in forestry. Ambio, 45(S2), 109–
123. https://doi.org/10.1007/s13280-015-0747-4 

Robinson, J. (2003). Future subjunctive: Backcasting as social learning. Futures, 35, 839–856. 
Robinson, J. B. (1982). Energy Backcasting: A Proposed Method of Policy Analysis. Energy Policy, 

10(4), 337–344. 

Rodríguez-Loinaz, G., Amezaga, I., & Onaindia, M. (2013). Use of native species to improve carbon 
sequestration and contribute towards solving the environmental problems of the timberlands in 

Biscay, northern Spain. Journal of Environmental Management, 120, 18–26. 
https://doi.org/10.1016/j.jenvman.2013.01.032 

Roe, D., & Lee, T. M. (2021). Possible negative consequences of a wildlife trade ban. Nature 

Sustainability, 4(1), 5–6. https://doi.org/10.1038/s41893-020-00676-1 
Rohr, J. R., Barrett, C. B., Civitello, D. J., Craft, M. E., Delius, B., DeLeo, G. A., Hudson, P. J., 

Jouanard, N., Nguyen, K. H., Ostfeld, R. S., Remais, J. V., Riveau, G., Sokolow, S. H., & 
Tilman, D. (2019). Emerging human infectious diseases and the links to global food production. 

Nature Sustainability, 2(6), 445–456. https://doi.org/10.1038/s41893-019-0293-3 

Rosa, I. M. D., Pereira, H. M., Ferrier, S., Alkemade, R., Acosta, L. A., Akcakaya, H. R., den Belder, 
E., Fazel, A. M., Fujimori, S., Harfoot, M., Harhash, K. A., Harrison, P. A., Hauck, J., Hendriks, 

R. J. J., Hernández, G., Jetz, W., Karlsson-Vinkhuyzen, S. I., Kim, H., King, N., … van Vuuren, 
D. (2017). Multiscale scenarios for nature futures. Nature Ecology & Evolution, 1(10), 1416–

1419. https://doi.org/10.1038/s41559-017-0273-9 

Rosegrant, M. W., & Team, I. D. (2012). International Model for Policy Analysis of Agricultural 
Commodities and Trade (IMPACT) Model Description. International Food Policy Research 

Institute. 
Rosenzweig, C., Elliott, J., Deryng, D., Ruane, A. C., Müller, C., Arneth, A., Boote, K. J., Folberth, 

C., Glotter, M., Khabarov, N., Neumann, K., Piontek, F., Pugh, T. A. M., Schmid, E., Stehfest, 

E., Yang, H., & Jones, J. W. (2014). Assessing agricultural risks of climate change in the 21st 
century in a global gridded crop model intercomparison. PNAS, 111, 3268–3273. 

https://doi.org/10.1073/pnas.1222463110 

https://doi.org/10.1016/j.ecoser.2016.08.001
https://doi.org/10.1016/S0261-5177(00)00018-2
https://doi.org/10.1007/s13280-015-0747-4
https://doi.org/10.1016/j.jenvman.2013.01.032
https://doi.org/10.1038/s41893-020-00676-1
https://doi.org/10.1038/s41893-019-0293-3
https://doi.org/10.1038/s41559-017-0273-9
https://doi.org/10.1073/pnas.1222463110


 

135 

 

Rothman, D. S. (2008). A survey of environmental scenarios. In J. Alcamo (Ed.), Environmental 
futures: The practice of environmental scenario analysis. Developments in integrated 

environmental assessment (Vol. 2, pp. 37–65). 
Rounsevell, M. D. A., & Metzger, M. J. (2010). Developing qualitative scenario storylines for 

environmental change assessment. WIREs Clim Change, 1, 606–619. 

https://doi.org/10.1002/wcc.63. 
Routa, J., Kilpeläinen, A., Ikonen, V.-P., Asikainen, A., Venäläinen, A., & Peltola, H. (2019). Effects 

of intensified silviculture on timber production and its economic profitability in boreal Norway 
spruce and Scots pine stands under changing climatic conditions. Forestry: An International 

Journal of Forest Research, 92(5), 648–658. https://doi.org/10.1093/forestry/cpz043 

Rozemeijer, N. (2000). Community-based tourism in Botswana: The SNV experience in 3 
community tourism projects. In N. Rozemeijer, T. Gujadhur, C. Motshubi, E. van den Berg, & 

M. V. Flyman (Eds.), SNV/IUCN CBNRM Support Programme: Gaborone, Botswana (pp. 17–
20). http://www.bibalex.org/Search4Dev/files/284060/116197.pdf 

Rykaczewski, R. R., & Dunne, J. P. (2010). Enhanced nutrient supply to the California Current 

Ecosystem with global warming and increased stratification in an earth system model. 
Geophysical Research Letters, 37(21). https://doi.org/10.1029/2010GL045019 

Rykaczewski, R. R., Dunne, J. P., Sydeman, W. J., García-Reyes, M., Black, B. A., & Bograd, S. J. 
(2015). Poleward displacement of coastal upwelling-favorable winds in the ocean’s eastern 

boundary currents through the 21st century. Geophysical Research Letters, 42(15), 6424–6431. 

https://doi.org/10.1002/2015GL064694 
Saha, D., & Sundriyal, R. C. (2012). Utilization of non-timber forest products in humid tropics: 

Implications for management and livelihood. Forest Policy and Economics, 14(1), 28–40. 
Saif, O., Kansky, R., Palash, A., Kidd, M., & Knight, A. T. (2020). Costs of coexistence: 

Understanding the drivers of tolerance towards Asian elephants Elephas maximus in rural 

Bangladesh. Oryx, 54(5), 603–611. https://doi.org/10.1017/S0030605318001072 
Sala, E., Mayorga, J., Bradley, D., Cabral, R. B., Atwood, T. B., Auber, A., Cheung, W., Costello, 

C., Ferretti, F., Friedlander, A. M., Gaines, S. D., Garilao, C., Goodell, W., Halpern, B. S., 
Hinson, A., Kaschner, K., Kesner-Reyes, K., Leprieur, F., McGowan, J., … Lubchenco, J. 

(2021). Protecting the global ocean for biodiversity, food and climate. Nature, 592(7854), 397–

402. https://doi.org/10.1038/s41586-021-03371-z 
Sandell, K., Arnegård, J., & Backman, E. (Eds.). (2011). Friluftssport och äventyrsidrott: 

Utmaningar för lärare, ledare och miljö i en föränderlig värld [Outdoor sport and adventure 
sport – Challenges for teachers, leaders and environments in a changing world] . 

Studentlitteratur, Lund. 

Santos, M. J., Dekker, S. C., Daioglou, V., Braakhekke, M. C., & van Vuuren, D. P. (2017). 
Modeling the Effects of Future Growing Demand for Charcoal in the Tropics. Frontiers in 

Environmental Science, 5, 28. https://doi.org/10.3389/fenvs.2017.00028 
Saremba, J., & Gill, A. (1991). Value conflicts in mountain park settings. Annals of Tourism 

Research, 18(3), 455–472. https://doi.org/10.1016/0160-7383(91)90052-D 

Satz, D., Gould, R. K., Chan, K. M., Guerry, A., Norton, B., Satterfield, T., Halpern, B. S., Levine, 
J., Woodside, U., Hannahs, N., & others. (2013). The challenges of incorporating cultural 

ecosystem services into environmental assessment. Ambio, 42(6), 675–684. 
https://doi.org/10.1007/s13280-013-0386-6 

Savolainen, O., Pyhäjärvi, T., & Knürr, T. (2007). Gene Flow and Local Adaptation in Trees. Annual 

Review of Ecology, Evolution, and Systematics, 38(1), 595–619. 
https://doi.org/10.1146/annurev.ecolsys.38.091206.095646 

https://doi.org/10.1002/wcc.63.
https://doi.org/10.1093/forestry/cpz043
http://www.bibalex.org/Search4Dev/files/284060/116197.pdf
https://doi.org/10.1029/2010GL045019
https://doi.org/10.1002/2015GL064694
https://doi.org/10.1017/S0030605318001072
https://doi.org/10.1038/s41586-021-03371-z
https://doi.org/10.3389/fenvs.2017.00028
https://doi.org/10.1016/0160-7383(91)90052-D
https://doi.org/10.1007/s13280-013-0386-6
https://doi.org/10.1146/annurev.ecolsys.38.091206.095646


 

136 

 

Scheffer, M., van Bavel, B., van de Leemput, I. A., & van Nes, E. H. (2017). Inequality in nature 
and society. Proceedings of the National Academy of Sciences, 114(50), 13154–13157. 

https://doi.org/10.1073/pnas.1706412114 
Schickele, A., Goberville, E., Leroy, B., Beaugrand, G., Hattab, T., Francour, P., & Raybaud, V. 

(2020). European small pelagic fish distribution under global change scenarios. Fish and 

Fisheries, 22(1), 212–225. https://doi.org/10.1111/faf.12515 
Schot, J., & Geels, F. W. (2008). Strategic niche management and sustainable innovation journeys: 

Theory, findings, research agenda, and policy. Technology Analysis & Strategic Management, 
20, 537-554,. https://doi.org/10.1080/09537320802292651. 

Schuhbauer, A., Chuenpagdee, R., Cheung, W. W. L., Greer, K., & Sumaila, U. R. (2017). How 

subsidies affect the economic viability of small-scale fisheries. Marine Policy, 82, 114–121. 
https://doi.org/10.1016/j.marpol.2017.05.013 

Schumann, K., Wittig, R., Thiombiano, A., Becker, U., & Hahn, K. (2010). Impact of land-use type 
and bark-and leaf-harvesting on population structure and fruit production of the baobab tree 

(Adansonia digitata L.) in a semi-arid savanna, West Africa. Forest Ecology and Management, 

260(11), 2035–2044. 
Schwartz, P. (1991). The Art of the Long View: Planning for the Future in an Uncertain World. 

Currency Doubleday, New York. 
Sen, A. (2004). Elements of a theory of human rights. Philosophy and Public Affairs. 

Sen, S., & Homechaudhuri, S. (2017). Population characteristics and trends in artisanal fishery of 

Scylla serrata (Forsskal, 1775) in Indian Sundarban: Implications on future managements. 
Ocean & Coastal Management, 143(SI), 105–114. 

https://doi.org/10.1016/j.ocecoaman.2016.08.021 
Settele, J., Díaz, S., Brondizio, E., & Daszak, P. (2020, April 27). COVID-19 Stimulus Measures 

Must Save Lives, Protect Livelihoods, and Safeguard Nature to Reduce the Risk of Future 

Pandemics. Inter Press Service. https://www.ipsnews.net/2020/04/covid-19-stimulus-
measures-must-save-lives-protect-livelihoods-safeguard-nature-reduce-risk-future-pandemics/ 

Sexton, J. P., Hangartner, S. B., & Hoffmann, A. A. (2014). Genetic Isolation by Environment or 
Distance: Which Pattern of Gene Flow Is Most Common? Evolution, 68(1), 1–15. 

https://doi.org/10.1111/evo.12258 

Sharpe, B., Hodgson, A., Leicester, G., Lyon, A., & Fazey, I. (2016). Three horizons: A pathways 
practice for transformation. Ecology and Society, 21(2). 

Shen, S., Chen, F., Schoppik, D., & Checkley, D. (2016). Otolith size and the vestibulo-ocular reflex 
of larvae of white seabass Atractoscion nobilis at high pCO2. Marine Ecology Progress Series, 

553, 173–183. https://doi.org/10.3354/meps11791 

Shimamoto, C. Y., Padial, A. A., Rosa, C. M., & Marques, M. C. M. (2018). Restoration of 
ecosystem services in tropical forests: A global meta-analysis. PLoS ONE, 13(12), 0208523. 

https://doi.org/10.1371/journal.pone.0208523 
Shin, W. S., Kim, J.-J., Lim, S. S., Yoo, R.-H., Jeong, M.-A., Lee, J., Park, S., & others. (2017). 

Paradigm shift on forest utilization: Forest service for health promotion in the Republic of 

Korea. Net. J. Agric. Sci, 5, 53–57. 
Shinneman, D. J., Palik, B. J., & Cornett, M. W. (2012). Can landscape-level ecological restoration 

influence fire risk? A spatially-explicit assessment of a northern temperate-southern boreal 
forest landscape. Forest Ecology and Management, 274, 126–135. 

https://doi.org/10.1016/j.foreco.2012.02.030 

Short, R. E., Addison, P., Hill, N., Arlidge, W., Berthe, S., Castello, Tickell, S., Coulthard, S., 
Lorenz, L., Sibanda, M., & Milner-Gulland, E. J. (2019). Achieving Net Benefits: A Road Map 

for Cross-sectoral Policy Development in Response to the Unintended Use of Mosquito Nets as 
Fishing Gear. https://osf.io/preprints/socarxiv/2g7vb/ 

https://doi.org/10.1073/pnas.1706412114
https://doi.org/10.1111/faf.12515
https://doi.org/10.1080/09537320802292651.
https://doi.org/10.1016/j.marpol.2017.05.013
https://doi.org/10.1016/j.ocecoaman.2016.08.021
https://www.ipsnews.net/2020/04/covid-19-stimulus-measures-must-save-lives-protect-livelihoods-safeguard-nature-reduce-risk-future-pandemics/
https://www.ipsnews.net/2020/04/covid-19-stimulus-measures-must-save-lives-protect-livelihoods-safeguard-nature-reduce-risk-future-pandemics/
https://doi.org/10.1111/evo.12258
https://doi.org/10.3354/meps11791
https://doi.org/10.1371/journal.pone.0208523
https://doi.org/10.1016/j.foreco.2012.02.030
https://osf.io/preprints/socarxiv/2g7vb/


 

137 

 

Short, R. E., Gelcich, S., Little, D. C., Micheli, F., Allison, E. H., Basurto, X., Belton, B., Brugere, 
C., Bush, S. R., Cao, L., Crona, B., Cohen, P. J., Defeo, O., Edwards, P., Ferguson, C. E., Franz, 

N., Golden, C. D., Halpern, B. S., Hazen, L., … Zhang, W. (2021). Harnessing the diversity of 
small-scale actors is key to the future of aquatic food systems. Nature Food, 2(9), 733–741. 

https://doi.org/10.1038/s43016-021-00363-0 

Sinasson, G. K., Shackleton, C. M., Teka, O., & Sinsin, B. (2021). Ecological patterns and 
effectiveness of protected areas in the preservation of Mimusops species’ habitats under climate 

change. Global Ecology and Conservation, 27, 01527. 
Sinclair, M., Ghermandi, A., Moses, S. A., & Joseph, S. (2019). Recreation and environmental 

quality of tropical wetlands: A social media based spatial analysis. Tourism Management, 71, 

179–186. https://doi.org/10.1016/j.tourman.2018.10.018 
Siqueira-Gay, J., Sonter, L. J., & Sánchez, L. E. (2020). Exploring potential impacts of mining on 

forest loss and fragmentation within a biodiverse region of Brazil’s northeastern Amazon. 
Resources Policy, 67, 101662. https://doi.org/10.1016/j.resourpol.2020.101662 

Sist, P., Sablayrolles, P., Barthelon, S., Sousa-Ota, L., Kibler, J.-F., Ruschel, A., Santos-Melo, M., 

& Ezzine-de-Blas, D. (2014). The Contribution of Multiple Use Forest Management to Small 
Farmers’ Annual Incomes in the Eastern Amazon. Forests, 5(7), 1508–1531. 

https://doi.org/10.3390/f5071508 
Slot, M., & Winter, K. (2017). Photosynthetic acclimation to warming in tropical forest tree 

seedlings. Journal of Experimental Botany, 68(9), 2275–2284. 

Smith, B., Prentice, I. C., & Sykes, M. T. (2001). Representation of vegetation dynamics in the 
modelling of terrestrial ecosystems: Comparing two contrasting approaches within European 

climate space. Global Ecology & Biogeography, 10, 621–637. 
Smith, P., Calvin, K., Nkem, J., Campbell, D., Cherubini, F., Grassi, G., Korotkov, V., Le Hoang, 

A., Lwasa, S., McElwee, P., & others. (2020). Which practices co-deliver food security, climate 

change mitigation and adaptation, and combat land degradation and desertification? Global 
Change Biology, 26(3), 1532–1575. 

Smith, P., Gregory, P. J., van Vuuren, D., Obersteiner, M., Havlík, P., Rounsevell, M., Woods, J., 
Stehfest, E., & Bellarby, J. (2010). Competition for land. Philosophical Transactions of the 

Royal Society B: Biological Sciences, 365(1554), 2941–2957. 

Sobral, M., Veiga, T., Domínguez, P., Guitián, J. A., Guitián, P., & Guitián, J. M. (2015). Selective 
Pressures Explain Differences in Flower Color among Gentiana lutea Populations. PLOS ONE, 

10(7), e0132522. https://doi.org/10.1371/journal.pone.0132522 
Soutar, A., & Isaacs, J. D. (1969). History of fish populations inferred from fish scales in anaerobic 

sediments off California. Calif. Coop. Oceanic Fish. Invest. Rep. 13:63-70. 

Soutar, A., John, & Isaacs, D. (1974). Abundance of pelagic fish during the 19th and 20th centuries 
as recorded in anaerobic sediment off the Californias. Fishery Bulletin, 257–273. 

Spenceley, A., McCool, S., Newsome, D., Báez, A., Barborak, J. R., Blye, C.-J., Bricker, K., Sigit 
Cahyadi, H., Corrigan, K., Halpenny, E., Hvenegaard, G., Malleret King, D., Leung, Y.-F., 

Mandić, A., Naidoo, R., Rüede, D., Sano, J., Sarhan, M., Santamaria, V., … Zschiegner, A.-K. 

(2021). Tourism in protected and conserved areas amid the COVID-19 pandemic. Parks, 27, 
103–118. https://doi.org/10.2305/IUCN.CH.2021.PARKS-27-SIAS.en 

Spijkers, J., Merrie, A., Wabnitz, C. C. C., Osborne, M., Mobjörk, M., Bodin, Ö., Selig, E. R., Le 
Billon, P., Hendrix, C. S., Singh, G. G., Keys, P. W., & Morrison, T. H. (2021). Exploring the 

future of fishery conflict through narrative scenarios. One Earth, 4(3), 386–396. 

https://doi.org/10.1016/j.oneear.2021.02.004 
Stanley, D., Voeks, R., & Short, L. (2012). Is Non-Timber Forest Product Harvest Sustainable in the 

Less Developed World? A Systematic Review of the Recent Economic and Ecological 

https://doi.org/10.1038/s43016-021-00363-0
https://doi.org/10.1016/j.tourman.2018.10.018
https://doi.org/10.1016/j.resourpol.2020.101662
https://doi.org/10.3390/f5071508
https://doi.org/10.1371/journal.pone.0132522
https://doi.org/10.2305/IUCN.CH.2021.PARKS-27-SIAS.en
https://doi.org/10.1016/j.oneear.2021.02.004


 

138 

 

Literature. Ethnobiology and Conservation, 1. 
https://www.ethnobioconservation.com/index.php/ebc/article/view/19 

Stevens, J. R., Newton, R. W., Tlusty, M., & Little, D. C. (2018). The rise of aquaculture by-
products: Increasing food production, value, and sustainability through strategic utilisation. 

Marine Policy, 90, 115–124. https://doi.org/10.1016/j.marpol.2017.12.027 

Stone, M. T. (2015). Community-based ecotourism: A collaborative partnerships perspective. 
Journal of Ecotourism, 14(2–3), 166–184. https://doi.org/10.1080/14724049.2015.1023309 

Stratigea, A., & Katsoni, V. (2015). A strategic policy scenario analysis framework for the 
sustainable tourist development of peripheral small island areas – the case of Lefkada-Greece 

Island. European Journal of Futures Research, 3(1), 5. https://doi.org/10.1007/s40309-015-

0063-z 
Sugden, F., & Punch, S. (2011). Highland aquatic resources conservation and sustainable 

development: Overview report on livelihoods and aquatic resource use in upland India, 
Vietnam and China. 

http://wraptoolkit.ruc.dk/download/higharcs_overview_livelihoods_report_may_2011_final.p

df 
Sumaila, U. R., Skerritt, D. J., Schuhbauer, A., Villasante, S., Cisneros-Montemayor, A. M., Sinan, 

H., Burnside, D., Abdallah, P. R., Abe, K., Addo, K. A., Adelsheim, J., Adewumi, I. J., 
Adeyemo, O. K., Adger, N., Adotey, J., Advani, S., Afrin, Z., Aheto, D., Akintola, S. L., … 

Zeller, D. (2021). WTO must ban harmful fisheries subsidies. Science, 374(6567), 544–544. 

https://doi.org/10.1126/science.abm1680 
‘t Sas-Rolfes, M., Challender, D. W. S., Hinsley, A., Veríssimo, D., & Milner-Gulland, E. J. (2019). 

Illegal Wildlife Trade: Scale, Processes, and Governance. Annual Review of Environment and 
Resources, 44(1), 201–228. https://doi.org/10.1146/annurev-environ-101718-033253 

Tabara, J. D., Cots, F., Pedde, S., Hölscher, K., Kok, K., Lovanova, A., Capela Lourenço, T., 

Frantzeskaki, N., & Etherington, J. (2018). Exploring Institutional Transformations to Address 
High-End Climate Change in Iberia. Sustainability, 10, 161. 

https://doi.org/10.3390/su10010161 
Tacon, A. G. J., & Metian, M. (2008). Global overview on the use of fish meal and fish oil in 

industrially compounded aquafeeds: Trends and future prospects. Aquaculture, 285(1–4), 146–

158. https://doi.org/10.1016/j.aquaculture.2008.08.015 
Tacon, A. G. J., & Metian, M. (2009). Fishing for Aquaculture: Non-Food Use of Small Pelagic 

Forage Fish—A Global Perspective. Reviews in Fisheries Science, 17(3), 305–317. 
https://doi.org/10.1080/10641260802677074 

Tacon, A. G. J., & Metian, M. (2015). Feed Matters: Satisfying the Feed Demand of Aquaculture. 

Reviews in Fisheries Science & Aquaculture, 23(1), 1–10. 
https://doi.org/10.1080/23308249.2014.987209 

Tapper, R. (2006). Wildlife Watching and Tourism: A study on the benefits and risks of a fast growing 
tourism activity and its impacts on species (p. 68). UNEP/CMS Secretariat. 

Tebtebba Foundation. (2011). Indigenous Women, Climate Change and Forests. Tebtebba 

Foundation. https://www.asianindigenouswomen.org/index.php/climate-change-biodiversity-
and-traditional-knowledge/climate-change/61-indigenous-women-climate-change-and-forests 

Teh, L. C. L., Caddell, R., Allison, E. H., Finkbeiner, E. M., Kittinger, J. N., Nakamura, K., & Ota, 
Y. (2019). The role of human rights in implementing socially responsible seafood. PLOS ONE, 

14, 0210241. https://doi.org/10.1371/journal.pone.0210241 

Tengo, M., Brondizio, E. S., Elmqvist, T., Malmer, P., & Spierenburg, M. (2014). Connecting 
Diverse Knowledge Systems for Enhanced Ecosystem Governance: The Multiple Evidence 

Base Approach. AMBIO, 43, 579–591. https://doi.org/10.1007/s13280-014-0501-3 

https://www.ethnobioconservation.com/index.php/ebc/article/view/19
https://doi.org/10.1016/j.marpol.2017.12.027
https://doi.org/10.1080/14724049.2015.1023309
https://doi.org/10.1007/s40309-015-0063-z
https://doi.org/10.1007/s40309-015-0063-z
http://wraptoolkit.ruc.dk/download/higharcs_overview_livelihoods_report_may_2011_final.pdf
http://wraptoolkit.ruc.dk/download/higharcs_overview_livelihoods_report_may_2011_final.pdf
https://doi.org/10.1126/science.abm1680
https://doi.org/10.1146/annurev-environ-101718-033253
https://doi.org/10.3390/su10010161
https://doi.org/10.1016/j.aquaculture.2008.08.015
https://doi.org/10.1080/10641260802677074
https://doi.org/10.1080/23308249.2014.987209
https://www.asianindigenouswomen.org/index.php/climate-change-biodiversity-and-traditional-knowledge/climate-change/61-indigenous-women-climate-change-and-forests
https://www.asianindigenouswomen.org/index.php/climate-change-biodiversity-and-traditional-knowledge/climate-change/61-indigenous-women-climate-change-and-forests
https://doi.org/10.1371/journal.pone.0210241
https://doi.org/10.1007/s13280-014-0501-3


 

139 

 

Tensen, L. (2016). Under what circumstances can wildlife farming benefit species conservation? 
Global Ecology and Conservation, 6, 286–298. https://doi.org/10.1016/j.gecco.2016.03.007 

Ticktin, T., Mondragón, D., Lopez-Toledo, L., Dutra-Elliott, D., Aguirre-León, E., & Hernández-
Apolinar, M. (2020). Synthesis of wild orchid trade and demography provides new insight on 

conservation strategies. Conservation Letters, 13(2), e12697. 

https://doi.org/10.1111/conl.12697 
Tilahun, M., Muys, B., Mathijs, E., Kleinn, C., Olschewski, R., & Gebrehiwot, K. (2011). 

Frankincense yield assessment and modeling in closed and grazed Boswellia papyrifera 
woodlands of Tigray, Northern Ethiopia. Journal of Arid Environments, 75(8), 695–702. 

Tittensor, D. P., Beger, M., Boerder, K., Boyce, D. G., Cavanagh, R. D., Cosandey-Godin, A., 

Crespo, G. O., Dunn, D. C., Ghiffary, W., Grant, S. M., Hannah, L., Halpin, P. N., Harfoot, M., 
Heaslip, S. G., Jeffery, N. W., Kingston, N., Lotze, H. K., McGowan, J., McLeod, E., … Worm, 

B. (2019). Integrating climate adaptation and biodiversity conservation in the global ocean. 
Science Advances, 5(11), eaay9969. https://doi.org/10.1126/sciadv.aay9969 

Tittensor, D. P., Harfoot, M., McLardy, C., Britten, G. L., Kecse‐Nagy, K., Landry, B., Outhwaite, 

W., Price, B., Sinovas, P., Blanc, J., Burgess, N. D., & Malsch, K. (2020). Evaluating the 
relationships between the legal and illegal international wildlife trades. Conservation Letters, 

13(5). https://doi.org/10.1111/conl.12724 
Tittensor, D. P., Novaglio, C., Harrison, C. S., Heneghan, R. F., Barrier, N., Bianchi, D., Bopp, L., 

Bryndum-Buchholz, A., Britten, G. L., Büchner, M., Cheung, W. W. L., Christensen, V., Coll, 

M., Dunne, J. P., Eddy, T. D., Everett, J. D., Fernandes-Salvador, J. A., Fulton, E. A., Galbraith, 
E. D., … Blanchard, J. L. (2021). Next-generation ensemble projections reveal higher climate 

risks for marine ecosystems. Nature Climate Change, 11(11), 973–981. 
https://doi.org/10.1038/s41558-021-01173-9 

Tommasi, D., Stock, C. A., Alexander, M. A., Yang, X., Rosati, A., & Vecchi, G. A. (2017). Multi-

Annual Climate Predictions for Fisheries: An Assessment of Skill of Sea Surface Temperature 
Forecasts for Large Marine Ecosystems. Frontiers in Marine Science, 4, 201. 

https://doi.org/10.3389/fmars.2017.00201 
Travers, H., Mwedde, G., Archer, L., Roe, D., Plumptre, A., Baker, J., Rwetsiba, A., & Milner-

Gulland, E. J. (2017). Taking action against wildlife crime in Uganda. IIED. 

Travers, H., Archer, L. J., Mwedde, G., Roe, D., Baker, J., Plumptre, A. J., Rwetsiba, A., & Milner-
Gulland, E. (2019). Understanding complex drivers of wildlife crime to design effective 

conservation interventions. Conservation Biology, 33(6), 1296–1306. 
Travers-Trolet, M., Bourdaud, P., Genu, M., Velez, L., & Vermard, Y. (2020). The Risky Decrease 

of Fishing Reference Points Under Climate Change. Front. Mar. Sci, 7, 568232. 

https://doi.org/10.3389/fmars.2020.568232 
Turcios-Casco, M. A., & Cazzolla Gatti, R. (2020). Do not blame bats and pangolins! Global 

consequences for wildlife conservation after the SARS-CoV-2 pandemic. Biodiversity and 
Conservation, 29(13), 3829–3833. https://doi.org/10.1007/s10531-020-02053-y 

Twining-Ward, L., Li, W., Bhammar, H., & Wright, E. (2018). Supporting sustainable livelihoods 

through wildlife tourism. The World Bank. 
https://econpapers.repec.org/scripts/redir.pf?u=https%3A%2F%2Fopenknowledge.worldbank

.org%2Fbitstream%2Fhandle%2F10986%2F29417%2F123765-WP-P157432-
PUBLIC.pdf%3Fsequence%3D6;h=repec:wbk:wboper:29417 

UN Nutrition. (2021). The role of aquatic foods in sustainable healthy diets (S. Oenema, M. Ahern, 

& S. H. Thilsted, Eds.). UN Nutrition Secretariat. https://www.unnutrition.org/wp-
content/uploads/FINAL-UN-Nutrition-Aquatic-foods-Paper_EN_.pdf 

UNDESA. (2016). Leaving no one behind: The imperative of inclusive development. Report on the 
World Social Situation 2016. 

https://doi.org/10.1016/j.gecco.2016.03.007
https://doi.org/10.1111/conl.12697
https://doi.org/10.1126/sciadv.aay9969
https://doi.org/10.1111/conl.12724
https://doi.org/10.1038/s41558-021-01173-9
https://doi.org/10.3389/fmars.2017.00201
https://doi.org/10.3389/fmars.2020.568232
https://doi.org/10.1007/s10531-020-02053-y
https://econpapers.repec.org/scripts/redir.pf?u=https%3A%2F%2Fopenknowledge.worldbank.org%2Fbitstream%2Fhandle%2F10986%2F29417%2F123765-WP-P157432-PUBLIC.pdf%3Fsequence%3D6;h=repec:wbk:wboper:29417
https://econpapers.repec.org/scripts/redir.pf?u=https%3A%2F%2Fopenknowledge.worldbank.org%2Fbitstream%2Fhandle%2F10986%2F29417%2F123765-WP-P157432-PUBLIC.pdf%3Fsequence%3D6;h=repec:wbk:wboper:29417
https://econpapers.repec.org/scripts/redir.pf?u=https%3A%2F%2Fopenknowledge.worldbank.org%2Fbitstream%2Fhandle%2F10986%2F29417%2F123765-WP-P157432-PUBLIC.pdf%3Fsequence%3D6;h=repec:wbk:wboper:29417
https://www.unnutrition.org/wp-content/uploads/FINAL-UN-Nutrition-Aquatic-foods-Paper_EN_.pdf
https://www.unnutrition.org/wp-content/uploads/FINAL-UN-Nutrition-Aquatic-foods-Paper_EN_.pdf


 

140 

 

UNDESA. (2019). World Population Prospects 2019. Highlights: Vol. (ST/ESA/SER.A/423). United 
Nations. https://www.un.org/development/desa/pd/news/world-population-prospects-2019-0 

UNDESA. (2020). World social report 2020: Inequality in a rapidly changing world. 
UNEP. (2002). Global Environment Outlook 3. Earthscan Publication Ltd for and on behalf of the 

United Nations Environment Programme. https://www.unep.org/resources/global-

environment-outlook-3 
UNEP. (2007). Global Environment Outlook 4: Environment for development. United Nations 

Environment Programme. https://www.unep.org/resources/global-environment-outlook-4 
UNEP. (2012). Global Environment Outlook 5. Environment for the future we want. United Nations 

Environment Programme. https://www.unep.org/resources/global-environment-outlook-5 

Uprety, Y., Asselin, H., Bergeron, Y., Doyon, F., & Boucher, J.-F. (2012). Contribution of traditional 
knowledge to ecological restoration: Practices and applications. Écoscience, 19(3), 225–237. 

https://doi.org/10.2980/19-3-3530 
Vallejo, M. I., Galeano, G., Bernal, R., & Zuidema, P. A. (2014). The fate of populations of Euterpe 

oleracea harvested for palm heart in Colombia. Forest Ecology and Management, 318, 274–

284. https://doi.org/10.1016/j.foreco.2014.01.028 
van Andel, T. R., Croft, S., van Loon, E. E., Quiroz, D., Towns, A. M., & Raes, N. (2015). 

Prioritizing West African medicinal plants for conservation and sustainable extraction studies 
based on market surveys and species distribution models. Biological Conservation, 181, 173–

181. https://doi.org/10.1016/j.biocon.2014.11.015   

van der Heijden, K. (2005). Scenarios: The art of strategic conversation (2nd ed). John Wiley & 
Sons. 

van der Helm, R. (2009). The vision phenomenon: Towards a theoretical underpinning of visions of 
the future and the process of envisioning. Futures, 41(2), 96–104. 

https://doi.org/10.1016/j.futures.2008.07.036 

van Huis, A., & Oonincx, D. G. A. B. (2017). The environmental sustainability of insects as food 
and feed. A review. Agronomy for Sustainable Development, 37(5). 

https://doi.org/10.1007/s13593-017-0452-8  
van Notten, P. W. F., Rotmans, J., Asselt, M. B. A., & Rothman, D. S. (2003). An updated scenario 

typology. Futures, 35(5), 423–443. 

van Vuuren, D. P., Edmonds, J., Kainuma, M., Riahi, K., Thomson, A., Hibbard, K., Hurtt, G. C., 
Kram, T., Krey, V., Lamarque, J.-F., Masui, T., Meinshausen, M., Nakicenovic, N., Smith, S. 

J., & Rose, S. K. (2011). The representative concentration pathways: An overview. Climatic 
Change, 109(1–2), 5–31. https://doi.org/10.1007/s10584-011-0148-z 

van Vuuren, D. P., Kok, M. T. J., Girod, B., Lucas, P. L., & Vries, B. (2012). Scenarios in global 

environmental assessments: Key characteristics and lessons for future use. Global 
Environmental. 

Varghese, A., Ticktin, T., Mandle, L., & Nath, S. (2015). Assessing the effects of multiple stressors 
on the recruitment of fruit harvested trees in a tropical dry forest, Western Ghats, India. PLoS 

One, 10(3), 0119634. 

Venter, Z. S., Barton, D. N., Gundersen, V., Figari, H., & Nowell, M. (2020). Urban nature in a time 
of crisis: Recreational use of green space increases during the COVID-19 outbreak in Oslo, 

Norway. 15(10), 104075. https://doi.org/10.1088/1748-9326/abb396 
Vergragt, P. J., & Quist, J. (2011). Backcasting for sustainability: Introduction to the special issue. 

Technological Forecasting and Social Change, 78(5), 747–755. 

Vinceti, B., Termote, C., Ickowitz, A., Powell, B., Kehlenbeck, K., & Hunter, D. (2013). The 
contribution of forests and trees to sustainable diets. Sustainability, 5(11), 4797–4824. 

https://www.un.org/development/desa/pd/news/world-population-prospects-2019-0
https://www.unep.org/resources/global-environment-outlook-3
https://www.unep.org/resources/global-environment-outlook-3
https://www.unep.org/resources/global-environment-outlook-4
https://www.unep.org/resources/global-environment-outlook-5
https://doi.org/10.2980/19-3-3530
https://doi.org/10.1016/j.foreco.2014.01.028
https://doi.org/10.1016/j.biocon.2014.11.015
https://doi.org/10.1016/j.futures.2008.07.036
https://doi.org/10.1007/s13593-017-0452-8
https://doi.org/10.1007/s10584-011-0148-z
https://doi.org/10.1088/1748-9326/abb396


 

141 

 

von Heland, J., & Folke, C. (2014). A social contract with the ancestors: Culture and ecosystem 
services in southern Madagascar. Global Environmental Change, 24, 251–264. 

https://doi.org/10.1016/j.gloenvcha.2013.11.003 
Wack, P. (1985). Scenarios: Shooting the Rapids. Harvard Business Review, 63(6), 139–150. 

Walelign, S. Z., Nielsen, M. R., & Jakobsen, J. B. (2019). Price Elasticity of Bushmeat Demand in 

the Greater Serengeti Ecosystem: Insights for Managing the Bushmeat Trade. Frontiers in 
Ecology and Evolution, 7. https://doi.org/10.3389/fevo.2019.00162 

Walsh, F., & Douglas, J. (2011). No bush foods without people: The essential human dimension to 
the sustainability of trade in native plant products from desert Australia. The Rangeland 

Journal, 33(4), 395–416. https://doi.org/10.1071/RJ11028 

Wanyama, F., Elkan, P., Grossmann, F., Mendiguetti, S., Kisame, F., Mwedde, G., Kato, R., Okiring, 
D., Loware, S., & Plumptre, A. J. (2014). Aerial Surveys of Murchison Falls Protected Area. 

Wildlife Conservation Society and Uganda Wildlife Authority. 
https://global.wcs.org/Resources/Publications/Publications-Search-

II/ctl/view/mid/13340/pubid/DMX3813500000.aspx 

Watson, R. T. (2005). Turning science into policy: Challenges and experiences from the science–
policy interface. Philosophical Transactions of the Royal Society B: Biological Sciences, 

360(1454), 471–477. https://doi.org/10.1098/rstb.2004.1601 
Way, D. A., & Yamori, W. (2014). Thermal acclimation of photosynthesis: On the importance of 

adjusting our definitions and accounting for thermal acclimation of respiration. Photosynthesis 

Research, 119(1), 89–100. 
WCS. (2020). Marine Conservation Agreements Guidance for the Tourism Industry in Fiji. Wildlife 

Conservation Society. https://www.marineecologyfiji.com/wp-content/uploads/2020/09/WCS-
MCA-Guidance-Tourism-WEB-140920.pdf 

Weatherdon, L. V., Ota, Y., Jones, M. C., Close, D. A., & Cheung, W. W. L. (2016). Projected 

Scenarios for Coastal First Nations’ Fisheries Catch Potential under Climate Change: 
Management Challenges and Opportunities. PLOS ONE, 11, 0145285. 

https://doi.org/10.1371/journal.pone.0145285 
Weber, F., Stettler, J., Priskin, J., Rosenberg-Taufer, B., Poonapureddy, S., Fux, S., Camp, M.-A., 

& Barth, M. (2017). Tourism Destinations Under Pressure. Challenges And Innovative 

Solutions. (Full Version). https://doi.org/10.13140/RG.2.2.30319.23203 
West, P., Igoe, J., & Brockington, D. (2006). Parks and Peoples: The Social Impact of Protected 

Areas. Annual Review of Anthropology, 35(1), 251–277. 
https://doi.org/10.1146/annurev.anthro.35.081705.123308 

Whittlesea, E. R., & Owen, A. (2012). Towards a low carbon future – the development and 

application of REAP Tourism, a destination footprint and scenario tool. Journal of Sustainable 
Tourism, 20(6), 845–865. https://doi.org/10.1080/09669582.2012.680699 

WHO. (2021). WHO-convened Global Study of Origins of SARS-CoV-2: China Part. Joint Report. 
https://www.who.int/publications/i/item/who-convened-global-study-of-origins-of-sars-cov-2-

china-part 

Wilkie, D. S., Wieland, M., Boulet, H., Le Bel, S., van Vliet, N., Cornelis, D., BriacWarnon, V., 
Nasi, R., & Fa, J. E. (2016). Eating and conserving bushmeat in Africa. African Journal of 

Ecology, 54(4), 402–414. 
World Animal Protection. (2017). A close up on cruelty: The harmful impact of wildlife selfies in the 

Amazon (p. 40). World Animal Protection. 

https://www.worldanimalprotection.org/sites/default/files/int_files/amazon_selfies_report.pdf 
WTTC. (2019a). The economic impact of global wildlife tourism: Travel & tourism as an economic 

tool for the protection of wildlife. World Travel & Tourism Council. 
https://wttc.org/Portals/0/Documents/Reports/2019/Sustainable%20Growth-

https://doi.org/10.1016/j.gloenvcha.2013.11.003
https://doi.org/10.3389/fevo.2019.00162
https://doi.org/10.1071/RJ11028
https://global.wcs.org/Resources/Publications/Publications-Search-II/ctl/view/mid/13340/pubid/DMX3813500000.aspx
https://global.wcs.org/Resources/Publications/Publications-Search-II/ctl/view/mid/13340/pubid/DMX3813500000.aspx
https://doi.org/10.1098/rstb.2004.1601
https://www.marineecologyfiji.com/wp-content/uploads/2020/09/WCS-MCA-Guidance-Tourism-WEB-140920.pdf
https://www.marineecologyfiji.com/wp-content/uploads/2020/09/WCS-MCA-Guidance-Tourism-WEB-140920.pdf
https://doi.org/10.1371/journal.pone.0145285
https://doi.org/10.13140/RG.2.2.30319.23203
https://doi.org/10.1146/annurev.anthro.35.081705.123308
https://doi.org/10.1080/09669582.2012.680699
https://www.who.int/publications/i/item/who-convened-global-study-of-origins-of-sars-cov-2-china-part
https://www.who.int/publications/i/item/who-convened-global-study-of-origins-of-sars-cov-2-china-part
https://www.worldanimalprotection.org/sites/default/files/int_files/amazon_selfies_report.pdf
https://wttc.org/Portals/0/Documents/Reports/2019/Sustainable%20Growth-Economic%20Impact%20of%20Global%20Wildlife%20Tourism-Aug%202019.pdf?ver=2021-02-25-182802-167


 

142 

 

Economic%20Impact%20of%20Global%20Wildlife%20Tourism-
Aug%202019.pdf?ver=2021-02-25-182802-167 

WTTC. (2019b). World, Transformed: Megatrends and their implications for travel and tourism. 
World Travel & Tourism Council. https://tourismknowledgecenter.com/publication/world-

transformed-megatrends-and-their-implications-for-travel-tourism 

Wunder, S. (1999). Promoting forest conservation through ecotourism income: A case study from 
the Ecuadorian Amazon region. CIFOR Occasional Paper, 21, 24. 

WWF & IIASA. (2012). Living Forests Report. Gland, Switzerland. 
http://wwf.panda.org/what_we_do/how_we_work/conservation/forests/publications/living_for

ests_report/ 

Yadav, S., Bhattacharya, P., Areendran, G., Sahana, M., Raj, K., & Sajjad, H. (2021). Predicting 
impact of climate change on geographical distribution of major NTFP species in the Central 

India Region. In Modeling Earth Systems and Environment (pp. 1–20). 
Yamori, W., Hikosaka, K., & Way, D. A. (2014). Temperature response of photosynthesis in C 3, C 

4, and CAM plants: Temperature acclimation and temperature adaptation. Photosynthesis 

Research, 119(1), 101–117. 
Young, M. D., & Gunningham, N. (1997). Mixing instruments and institutional arrangements for 

optimal biodiversity conservation. OECD International Conference an Biodiversity Incentive 
Measures, 141–165. http://hdl.handle.net/102.100.100/223210?index=1 

Zeng, Y., Sarira, T. V., Carrasco, L. R., Chong, K. Y., Friess, D. A., Lee, J. S. H., Taillardat, P., 

Worthington, T. A., Zhang, Y., & Koh, L. P. (2020). Economic and social constraints on 
reforestation for climate mitigation in Southeast Asia. Nature Climate Change, 10(9), 842–844. 

Zeppel, H. (2010). Managing cultural values in sustainable tourism: Conflicts in protected areas. 
Tourism and Hospitality Research, 10(2), 93–104. https://doi.org/10.1057/thr.2009.28 

Zhang, S., Liu, G., Cui, Q., Huang, Z., Ye, X., & Cornelissen, J. H. C. (2021). New field wind 

manipulation methodology reveals adaptive responses of steppe plants to increased and reduced 
wind speed. Plant Methods, 17(1), 5. https://doi.org/10.1186/s13007-020-00705-2 

Zhou, R., & Segerson, K. (2012). Are Green Taxes a Good Way to Help Solve State Budget Deficits? 
Sustainability, 4(6), 1329–1353. https://doi.org/10.3390/su4061329 

Zubizarreta-Gerendiain, A., Pukkala, T., & Peltola, H. (2016). Effects of wood harvesting and 

utilisation policies on the carbon balance of forestry under changing climate: A Finnish case 
study. Forest Policy and Economics, 62, 168–176. https://doi.org/10.1016/j.forpol.2015.08.007 

Zurek, M. B., & Henrichs, T. (2007). Linking scenarios across geographical scales in international 
environmental assessments. Technological Forecasting and Social Change, 74(8), 1282–1295. 

https://doi.org/10.1016/j.techfore.2006.11.005 

 

https://wttc.org/Portals/0/Documents/Reports/2019/Sustainable%20Growth-Economic%20Impact%20of%20Global%20Wildlife%20Tourism-Aug%202019.pdf?ver=2021-02-25-182802-167
https://wttc.org/Portals/0/Documents/Reports/2019/Sustainable%20Growth-Economic%20Impact%20of%20Global%20Wildlife%20Tourism-Aug%202019.pdf?ver=2021-02-25-182802-167
https://tourismknowledgecenter.com/publication/world-transformed-megatrends-and-their-implications-for-travel-tourism
https://tourismknowledgecenter.com/publication/world-transformed-megatrends-and-their-implications-for-travel-tourism
http://wwf.panda.org/what_we_do/how_we_work/conservation/forests/publications/living_forests_report/
http://wwf.panda.org/what_we_do/how_we_work/conservation/forests/publications/living_forests_report/
http://hdl.handle.net/102.100.100/223210?index=1
https://doi.org/10.1057/thr.2009.28
https://doi.org/10.1186/s13007-020-00705-2
https://doi.org/10.3390/su4061329
https://doi.org/10.1016/j.forpol.2015.08.007
https://doi.org/10.1016/j.techfore.2006.11.005

