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A B S T R A C T

Conservation is often operationalized as a minimization of human intervention in nature. However, many social-
ecological systems depend on human interventions to maintain characteristics of biological diversity. Therefore,
reduced use or full abandonment of such systems can diminish rather than enhance biological diversity and its
related cultural diversity (biocultural diversity). We link the definition of “underuse” with the extinction rate
used in the planetary boundaries framework to support a more objective use of the term. We execute a structured
cross-continental review of underuse in social-ecological systems of regions that contain more affluent countries
to frame a global research agenda on underuse. Our working approach delineates causes, consequences, and
strategies concerning underuse. Based on this comparative review, we identify causes of underuse that are
similar in different continents, including globalization, and demographic or structural change in Europe, Japan
and Oceania. Conservation paradigms emphasizing wilderness ideals in policies are characteristic of underuse in
North America, whereas post-socialist transformation processes characterize underuse in Eastern Europe. Land
abandonment and de-intensification of use are a common result, particularly in marginal and protected areas.
Consequences of the loss of biocultural diversity include the loss of ecosystem services, traditional knowledge, or
landscape amenities. We identified a pervasive gap in transcontinental comparative research that stymies the
development of effective strategies to reduce underuse of biological diversity and thereby maintain related
cultural diversity. We advocate for a global research agenda on governance approaches that address the chal-
lenges of underuse. Within this agenda, we emphasize the need for an international cross-case synthesis and a
trans-continental mapping of state and civil society-based interventions and co-management approaches to re-
establish humans as parts of ecological systems. Such comparative work on best practice cases in a real-world
context should enhance adaptive management of biocultural diversity and prevent extinction caused by un-
deruse. Thus, this innovative connection between underuse and the planetary boundary extinction rate, along
with our new global research agenda on underuse, should initiate much needed support for policy makers and
natural resource managers who must decide on appropriate types and levels of human intervention to imple-
ment, both inside and outside of protected areas.

1. Introduction to the problem of underuse

Many ecosystems around the world have been shaped by human
land use for centuries. A co-evolution of “human and natural systems”
has resulted in distinct agroecosystems and bio-cultural diversity.

Therefore, change or lack of human land use can become a crucial issue
for the conservation of bio-cultural diversity. Underuse, i.e. the lack of
human intervention when it is needed to maintain biological and as-
sociated cultural diversity (in the sense of the diversity of place-based
agricultural practices, skills and historical heritage), is the core issue of
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this paper. We review studies from post-agrarian countries in North-
America, East Asia, Oceania and Europe to document causes, con-
sequences, and strategies related to underuse and to derive an agenda
for future research.

Justifications for biodiversity conservation activities are manifold.
Although biodiversity conservation is often conceptualized based on
“naturalness”, “humans-out” or wilderness, the extent and magnitude of
human impacts throughout all regions of the globe have become so
pronounced as to herald a new geological epoch, the Anthropocene
(Steffen et al., 2003; Zalasiewicz et al., 2010). Therein, anthro-
pogenically modified ecosystems or anthromes are ubiquitous (Ellis and
Ramankutty, 2008; Ellis et al., 2010). In this context, the extent of
human intervention is discussed intensively, for example considering
indigenous people’s intervention in connection with the wilderness
debate (Aplet and Cole, 2010) or human-induced global (climate)
change associated with the industrial revolution (Steffen et al., 2015).

Despite these overall effects by humans, many habitat types do not
necessarily need any human intervention in the sense of a “consumptive
or productive use” (Primack, 2006:86ff), while others are fully depen-
dent on various interventions. Thus, based on use, conservation inter-
ests can be broadly differentiated into a number of scenarios:

1. maintenance of untouched natural assets such as a primary forests
(Gillson and Willis, 2004; Ross-Bryant, 2005; Barlow et al., 2010;
Mauerhofer et al., 2016),

2. sustainable use of natural assets that require some human use for
their persistence, such as particular species or habitat types asso-
ciated with a cultural landscape (Ichinose et al., 2007; Halada et al.,
2011), or

3. restoration of any of the above as far as possible (Aronson et al.,
2006; Hobbs et al., 2009).

In this regard, overuse is related to any exploitation of a yet un-
touched natural asset (Boakes et al., 2010), the harvest of natural assets
beyond a maximum sustainable yield (e.g. Mueter and Megrey, 2006;
Gibson et al., 2011), or other forms of harmful interventions (e.g., in-
tensive tourism or recreation) that significantly threaten a favorable
conservation status of wild species or habitat types (Mehtala and
Vuorisalo, 2007; O'Brien, 2015). Both the concepts of maximum sus-
tainable yield and favorable conservation status of wild species and
habitat types address overuse as well as underuse (see in general e.g.
Tisdell, 2011). Under both concepts, no-use can also be considered a
threat to natural assets that require at least a modicum of human in-
tervention for survival (similar to underuse).

Approaches that foster no-use or overcome underuse should not be
seen as contradictions, but should be appreciated as two com-
plementarily concepts depending on the particular natural assets in-
volved in conservation. Management measures such as those applied by
the World Heritage Convention of the UNESCO (2012) take into con-
sideration both cases by focusing on natural as well as cultural heritage
sites. The latter sites include numerous habitat types and wild species
that are dependent on human consumptive or productive use. The
UNESCO biosphere reserves aim to link human use and no-use to
achieve conservation and sustainable development goals. Strictly pro-
tected core zones follow the “humans out” (no-use) conservation ap-
proach, whereas buffer and transition zones explicitly encourage sus-
tainable (traditional) uses of ecosystems (Elbakidze et al., 2013).

To the public, conservation of natural assets focuses mainly on na-
tional parks and wilderness, with the terms and approaches for sus-
tainable management of social-ecological systems less well appreciated
or understood. A short review of the literature of “social-ecological
systems” also reveals a suite of similar terms such as “socio-ecological
system”, “social environmental system”, “human-nature system”, “cul-
tural-ecological system”, “biocultural system”, “cultural landscapes”,
and “man-made landscapes”, as well as newly coined terms such as
“Globally Important Agricultural Heritage Systems” - GIAHS (Harrop,

2009), “Socio-ecological Production Landscapes” - SEPLS (Gu and
Subramanian, 2012) and “Satoyama” (Takeuchi, 2010). This plethora of
terminology is not that surprising given the many different con-
ceptualizations of the relationships between humans and nature.
Nonetheless, the use of multiple terms diffuses public attention and
challenges comparative research. This paper retains “social-ecological
systems” and “landscapes”. The latter is particularly appropriate when
refereeing to cases in Europe and Japan, where cultural landscapes or
the very similar concept of Satoyama have become dominant paradigms
describing coupled social-ecological systems that might be affected by
underuse, resulting in unwelcome changes.

In this connection, underuse can roughly be defined as the absence
of human intervention when it is needed to maintain biological di-
versity.1 and associated cultural diversity (in the sense of the diversity
of place-based agricultural practices, skills and historical heritage) in a
social-ecological system (cumulatively considered hereafter as “bio-
cultural diversity”2;). To precisely define underuse - similar to overuse -
is challenging, as what is perceived as underuse in one context or by
one stakeholder group, might be seen as overuse by others in other
contexts. The terms of underuse as well as overuse suggest that there is
some kind of agreement on an optimal level or threshold of use where
underuse or overuse initiates problems. The concept of planetary
boundaries represents an attempt to identify thresholds of harmful
overuse. More specifically, Rockstrom et al. (2009) proposed a plane-
tary boundary for the rate of biodiversity loss of 10 extinctions per
million species per year, and found that the current rate is far greater
than that boundary. Such an approach also considers resilience (Folke,
2006; Lebel et al., 2006) by applying the precautionary principle3 This
method (Rockstrom et al., 2009) includes biodiversity that does not
depend on human use (typical for wilderness) as well as that which
fully depends on a certain extent of human use (typical for social-eco-
logical systems) - and thus might also be helpful for identifying un-
deruse problems.

The degree of threat, and consequently the likeliness of extinction to
species, are regularly conveyed via Red Lists at different geopolitical
scales such as at the national scale or by IUCN at the global level (e.g.
Cooke, 2008; Rodriguez et al., 2011). For many wild species and habitat
types (e.g., birds of farmlands) that are under pressure from underuse
and overuse, the extent of threat is much higher than that for other wild
species or habitats that are “solely” threatened by one of these two
factors (e.g. Donald et al., 2006; Katayama et al., 2015a). Biodiversity
loss is quantified by comparing current with past extinction rates of
species or habitat types (Rockstrom et al., 2009). A problem definition
based on species extinction is intrinsically linked to spatio-temporal
scales, as species need long periods to spread, develop and adapt to
particular habitats. In socio-ecological systems that have evolved over
centuries or even millennia (e.g., traditional vine or rice terraces, an-
thropogenic heathlands or alpine meadows), underuse will affect spe-
cies that are well adapted to and sometimes only found in particular

1 As defined in Article 1 of the Convention on Biological Diversity: “'biological di-
versity' means the variability among living organisms from all sources including, inter
alia, terrestrial, marine and other aquatic ecosystems and the ecological complexes of
which they are part; this includes diversity within species, between species and of eco-
systems;” (UNEP, 1992) and often abbreviated as “biodiversity”.

2 As we focus on underuse and land use in this article, the understanding of biocultural
diversity applied here is concentrated to certain land use practices and thus more narrow
as other definitions. e.g., "the total variety exhibited by the world's natural and cultural
systems" (Loh and Harmon, 2005. A global index of biocultural diversity. Ecological
Indicators 5, 231–). In their work that focused in terms of culture mainly on language and
religion, they refer regarding this definition to Maffi, L. ([Ed.], 2001. On Biocultural
Diversity: Linking Language, Knowledge, and the Environment. Smithsonian Institution
Press, Washington, DC).

3 Article 15 of the Rio Declaration from 1992 (UNEP, 1992) defines this principle in the
following way: “In order to protect the environment, the precautionary approach shall be
widely applied by States according to their capabilities. Where there are threats of serious
or irreversible damage, lack of full scientific certainty shall not be used as a reason for
postponing cost-effective measures to prevent environmental degradation.”
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agro-ecosystems. In contrast, threatened species such as those listed on
the IUCN Red List will not be obviously and directly affected by un-
deruse (and overuse) interventions in recent and broadly spread socio-
ecological systems, such as those for energy production based on Mis-
canthus or corn plantations. Apart from impacts on extinction rates,
underuse of land can also result in loss of cultural diversity (agricultural
practices, skills, historical heritage) and yield gaps, which have to be
substituted by potentially more harmful extension or intensification of
agricultural land elsewhere (Foley et al., 2011).

Herein, we focus on the conservation of biocultural diversity that
depends on human intervention, and therefore is threatened by re-
ductions in human use or by full abandonment of land (i.e. underused
ecosystems inside and outside of protected areas). The reasons for these
pressures of reduction or abandonment may include the removal of
people, the personal unwillingness of resident people, or a lack of
economic, social or human capacity. By applying the extinction rate
approach (Rockstrom et al., 2009), we assume that an optimal level of
use exists for species, ecosystems and associated cultural diversity and
that such use is distinguishable from politically driven or farmer pro-
tectionist approaches. Underuse is interpreted within the range of
natural extinction rates, and maintenance or restoration of optimal le-
vels of use should be a societal goal that inherently considers cost-ef-
fectiveness of associated measures.We compare challenges of underuse
across post-agrarian countries in Europe, East Asia, North America, and
Oceania that have completed the transition from an economy primarily
based on farming to an economy based on industry and the tertiary
sector. As this eco-demographic transition (Grau et al., 2003; Willig
et al., 2012) is associated with a decreasing number of farmers, land
abandonment, and associated successional changes in ecosystems, these
countries are particularly affected by underuse.

Our goal is to define an international research agenda on underuse
-based on a continentally comparative literature review of causes,
consequences, and strategies of underuse related problems. Therefore,
we identify knowledge gaps and present policy-relevant information on
key interactions between the natural environment and society. In
Section 3, we propose such a research agenda regarding underuse in
social-ecological systems.

2. Transcontinental overview on causes, consequences, and
strategies related to underuse

Problems of underuse, land-abandonment and de-intensification,
and approaches to address them are important issues in many parts of
the world, with consequences of underuse in one continent having
consequences on other continents due to manifold social and economic
as well as ecological and biological connections (e.g. global migratory
routes, land use change, invasive species and international trade, and
overseas imports substituting home cultivation). For our transconti-
nental analysis of these issues, we roughly distinguish among causes of
underuse and their consequences, as well as strategies to address both.
Due to the lack of a common problem definition and systematic,
transcontinental analyses of causes, consequences, and strategies re-
lated to underuse, this literature review highlights a critical need for a
common research agenda rather than providing a comprehensive as-
sessment of the underuse problem.

2.1. Europe: diversity of response strategies of unknown effectiveness

Driven by globalization and urbanization, but also by the system
change in post-socialist countries, Europe is characterized by a
shrinking and aging population of farmers and foresters that result in
underuse, and in many cases, full land abandonment. Land abandon-
ment and de-intensifying land use systems became dominant in Eastern
Europe from 1990 till 2006 (Levers et al., 2016), and is typical for
marginal rural areas all over Europe, which are affected by physical
constraints with regard to soils, topography, climate, remoteness and

rural emigration (Plieninger et al., 2015). Estel et al. (2015) showed
that 7.6 million hectares of farmland were abandoned from 2001 to
2012, mainly in Eastern Europe, southern Scandinavia, and mountain
regions.

Land abandonment can be an attractive option to achieve secondary
wilderness, particularly in densely populated and intensively used areas
of Europe. In most parts of the continent, however, land abandonment
generates landscape- and biodiversity-related concerns (Navarro and
Pereira, 2012) as expressed in the European Landscape Convention
(Antrop, 2005). The abandonment of pastoral systems and lack of
grazing are among the most frequently mentioned negative con-
sequences in lowlands and mountainous regions for particular types of
protected habitats, or species, such as birds (EU-Commission, 2015).
Such agro-ecosystems cover 28% of all protected areas registered in the
Common Database on Designated Areas and 31% of all Natura 2000
sites (EEA, 2012). Literature reviews of land abandonment reveal a
number of negative consequences of underuse, in order of decreasing
importance: biodiversity loss, increase of fire frequency, increase in soil
erosion and desertification, loss of cultural or aesthetic values, reduc-
tion of landscape diversity, reduction of water provisioning, and overall
undesirable effects on the environment (MacDonald et al., 2000;
Benayas et al., 2007; Beilin et al., 2011).

Natura 2000 is the key instrument to protect biodiversity in the
European Union. It is an ecological network of protected areas, estab-
lished to maintain or restore a favorable conservation status to Europe's
most valuable species and habitat types. Despite a diversity of policies
in the EU, only 52% of all wild bird species are considered safe.
Moreover, only 23% of other wild species and 16% of all habitat types
protected show a favorable status (EU-Commission, 2015). Agri-en-
vironmental payments, compensatory allowances for farmers located in
mountain regions or other less favored areas, and other publicly funded
payments should motivate farmers to remain in agriculture (MacDonald
et al., 2000). These farm and field-based schemes complement other EU
co-funded rural development policies. However, the effectiveness of
these policies for biodiversity and landscape conservation is widely
unclear (e.g., Mauerhofer, 2010) as also demonstrated by civil society
initiatives that have advanced landscape stewardship in several parts of
Europe (e.g., Penker et al., 2014).

2.2. East-Asia: manifold drivers and responses to underuse

Field abandonment started in Japan with new land consolidation
and the introduction of modern irrigation techniques after World War II
(Ichinose 2007). Rapid increases in the area of abandoned fields in
Japan have arisen since the 1980s as a consequence of a number of
factors: an aging workforce, a shortage of farm labor, and a set-aside
program for rice fields that promoted changes from production of rice
to other crops due to Japanese government policies in the 1970s
(Katayama et al., 2015b; Ichinose 2007). Regional differences in causes
of abandonment in Japan are related to environmental and social cir-
cumstances, ranging from inefficient cultivation in large areas of con-
centrated farmland to decreasing numbers of farmers in small areas of
farmland with many elderly part-time farmers (Osawa et al., 2016).
Patterns and processes of secondary succession that characterize rural
landscapes in Korea arise from similar causes that enhance the risk of
land abandonment (Hong, 1998).

The third National Biodiversity Strategy of Japan (The Ministry of
Environment, 2007) identified secondary forests and grasslands as two
habitats that were most negatively affected by underuse (e.g. Ichinose,
2007). These habitats primarily occur in the traditional rural landscape
of Japan known as Satoyama (Takeuchi, 2010). Numerous studies in
Japan addressed the relationship between underuse and biodiversity in
this traditional rural landscape since the 1980s (see e.g. the overview
with Katayama et al., 2015b).

Negative effects arising from abandonment in Korea characterized
vegetation patterns and biodiversity in the traditional rural Maeul
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forested landscapes (Kim and Hong, 2011) as well as in carabid beetles
in paddy fields (Do et al., 2012). Morimoto (2010) indicated that un-
deruse of secondary habitats also results in the eutrophication of Sa-
toyama ecosystems. As plant succession proceeds, spring ephemerals in
deciduous forests and in early successional communities, including
grasslands, are becoming rarer (Morimoto, 2010). Similar to patterns
associated with intensification via irrigation, abandoned paddy fields
become dry, and then become less suitable for aquatic species, while
favoring terrestrial plants, some of which are invasive (alien) species
that displace native species (see e.g. Shimoda and Nakamoto, 2003;
Miyawaki and Washitani, 2004; Katayama et al., 2015a).

Policy must address multiple aspects of underuse as causes of
change that are variable due to different social-ecological systems and
their contexts, even within a country (Osawa et al., 2016). Collabora-
tions among urban dwellers with additional labor support by con-
servationist volunteers have also been pointed out for Shiroyone Sen-
maida's terraced paddy fields at Noto GIAHS as a contribution to the
conservation of traditional farming in Japan (Qiu et al., 2014). An
approach for sustainable landscape restoration of the traditional Maeul
forested landscape in Korea was advanced by Kim and Hong (2011)
based on traditional management measures. Different strategies are
needed to prevent abandonment due to inefficient cultivation (Osawa
et al., 2016). These authors discourage strategies based on a max-
imization of yields in this context. Instead, they recommend making
biodiversity-friendly farming into an economically viable alternative,
and promote general strategies for maintaining significant food pro-
duction and enhancing conservation.

2.3. North america: navigating between wilderness and land-ethic concepts

In North America, underuse is not as commonly discussed as in
other regions of the world. In general, far more concern and research
focuses on the mitigation of overuse and managing for natural integrity
rather than on consideration of beneficial roles of human activity and
the value of biocultural diversity. North American environmental policy
and management ranges from federal policies based on a wilderness
ideal in the U.S. (Nash, 2014) to an increasingly decentralized and
somewhat more diverse approach in Canada (Paehlke, 2000). The
Protected Area Database in the U.S. prioritizes maintenance of natural
states in its higher status areas, relegating all areas with active human
management or activity to lower status designations (Aycrigg et al.,
2013). Protected Areas in Canada focus on maintaining ecological in-
tegrity with a few more diverse guiding objectives, including support of
recreation and Aboriginal interests (Wiersma et al., 2015). In the U.S.
and Canada, dominant ecological perspectives focus on tradeoffs be-
tween human land use and biodiversity (Locke, 2015; Leroux and Kerr,
2012).

Currently, the greatest causes of underuse in North American forest
and grassland landscapes are “hands-off” or “let nature run its course”
policies such as fire suppression policies that lead to deterioration of
plant communities, loss of biodiversity, and negative consequences for
ecosystem structure (Nowacki and Abrams, 2008). Yet, the perils of
underuse go back centuries. Grasslands in the Great Plains are among
the most imperiled landscapes in North America. In the 19th Century,
rapid settlement and the slaughter of the American bison (Bison bison)
in the Great Plains led to the end of a biocultural relationship between
these animals and the tribal peoples of this grassland region that had
previously enhanced spatial variability and nutrient cycling in tallgrass
prairies (Knapp et al., 1999). The recent reintroduction of American
bison to northern Montana (US) is an attempt to increase prairie bio-
diversity (Symstad and Jonas, 2011), and to revitalize biocultural
practices of the Blackfeet Nation (Williams, 2016).

The notion of “working lands” frames strategies of active human
management and use as part of ecosystem stewardship and conserva-
tion in North America (Plieninger et al., 2012). The perspective that
landowners play a role in biodiversity conservation through active land

use has antecedents in Leopold’s land-health and land-ethic concepts
that integrated making a living from the land while actively restoring
ecological integrity (Leopold, 1999, 1949). These “working land”
principles and evidence of effective biodiversity outcomes through
human use can be found in strategies for managing private property
(Plieninger et al., 2012; Gebow et al., 2013; Abrams and Bliss, 2013;
Maestas et al., 2001; Brunson and Huntsinger, 2008). In Canada, new
co-management arrangements in national parks are emerging in colla-
boration with aboriginal Canadians (Nesbitt 2015) in recognition that
“letting nature run its course” may not be as valuable as connecting
ecological restoration with cultural and moral issues associated with
stakeholders (Higgs, 1997). Maintaining the multifunctionality of
landscapes is key to ensuring biodiversity and flows of ecosystem ser-
vices, and requires fully engaging stakeholders through learning orga-
nizations to achieve combined natural and cultural goals (O’Farrell and
Anderson, 2010). North American environmental policy and manage-
ment strategies rarely emphasize direct mitigation of underuse per se,
although alternative counter narratives call for increased recognition of
integrating human activity for biodiversity and other biocultural ob-
jectives. Continued research on these and other problems of underuse
and associated counter-strategies is needed in North America.

2.4. Oceania: recent cultivation with a perspective towards underuse

Underuse of social-ecological landscapes initiated by abandonment
of agricultural land has recently occurred in Oceania,4 particularly in
Australia (Cramer et al., 2008; Luck, 2011; Beilin et al., 2014; Sloan
et al., 2016) and New Zealand (Dungan et al., 2001; McLeod and
Moller, 2006; Fetzel et al., 2014). In fact, for tens of thousands of years
(Clarkson et al., 2015), landscapes and seascapes of Oceania were
managed and used by indigenous peoples with fire (Erikson and
Hankins, 2015; Flinders and Flannery, 2012; Williams et al., 2015) or
dogs (Balme and O'Connor, 2016), presenting evidence of geographic
penetration and alteration of the ecological and evolutionary dynamics
of the region. In areas of agricultural abandonment, the period of pre-
vious agri-cultivation has been short and intense in Australia (Beilin
et al., 2014).

Market-driven changes in economic conditions for farming, expan-
sion of forestland owned by companies or the state, relative decline of
employment opportunities and infrastructural accessibility, and a
feeling of continuing remoteness are the most important causes that
promote abandonment of land use practices (Beilin et al., 2014). While
diminishing levels of public and commercial service and increased
nature conservation regulations were not among past factors leading to
abandonment, they are forecast to have a greater influence in the future
(Fetzel et al., 2014; MacLeod and Moller, 2006). Remote areas of
Oceania and regions where structural adjustment of local economies
affects landscape use are most likely to be exposed to underuse
(Lennon, 2015) and less social coherence between the city and the
“bush” (Evans, 2007; Williams, 2015). In remote and sparsely popu-
lated areas of Oceania where resources are scarce, once profitable
ventures can quickly become unviable as a consequence of changes in
global conditions (Stafford Smith, 2008). Mining may also lead to
abandonment of agricultural land, particularly where adverse impacts
are not sufficiently mitigated or addressed, and result in immediate
overuse (without previous underuse).

In New Zealand, abandonment of marginal pasture areas due to
increasing costs resulted in the regrowth of natural vegetation (e.g.
native scrub) or conversion into forest plantations (Taylor, 1997; Fetzel
et al., 2014). In 1984, demands for export diversification initiated the
removal of subsidies for sheep farming (Smith and Montgomery, 2003).

4 Oceania includes the land and sea areas of Australia, New Zealand, Papua New
Guinea and the proximate islands of the Pacific, including Fiji, Vanuatu, and the
Hawaiian Islands.
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This led to the conversion of land use to dairy farming, horticulture,
viticulture, and forestry (PCE, 2004). As a result, medium-sized farms
began to disappear from the landscape (Fairweather and Mulet-
Marquis, 2009; Fetzel et al., 2014). Moreover, underuse can affect the
psychological well-being of humans by reducing the sentiment of con-
nection to the land by farmers (New England region of New South
Wales) and national park rangers (Gondwana Rainforest Reserves)
(Fleming et al., 2014).

Despite trends toward abandonment in Oceania, official funding
and subsidies for land management, state campaigns for rural devel-
opment, cohesiveness of the farming identity of land owners, and an
appreciation of natural and cultural values are mitigating factors
varying in importance, geography, and future potential (Beilin et al.,
2014). Tourism and secondary home ownership may become more
important in the future, given trends in niche farming and other life-
style changes (Lennon, 2015). An emerging collaborative strategy, the
Australian Collaborative Rangelands Information System (Hunt et al.,
2015), collates and synthesizes monitoring data describing change in
the rangelands and integrates information from State, Territory and
Commonwealth governments, the business sector, and other organiza-
tions to manage underuse in vast and remote areas of Australia, and to
deliver higher returns to society (Department of Sustainability,
Environment, Water, Population and Communities, 2013).

3. Comparisons and a call for a global research agenda on
underuse

The literature addressing underuse is dominated by studies from
Europe or Asia, or landscape-specific case studies. These studies are
based on diverging, and partly overlapping concepts (abandonment, de-
intensification, re-wildering, Satoyama, cultural landscapes) that lead
to inconsistencies or that are difficult to compare. In contrast, underuse
is related to social-ecological systems that co-evolved over thousands of
years in countries of Europe and East Asia. The discourse on underuse
in North America and Oceania refers to first-nations or indigenous
cultures and is associated with dominant conservation paradigms fo-
cused on safeguarding and segregating wilderness from intensively used
agricultural land. Transnational comparisons mostly involve European
countries. Indeed, apart from Beilin et al. (2014), transcontinental
comparisons of species and habitat types affected by underuse or in-
tervention modes, in the form of systematic reviews or meta-analyses,
do not exist.

Compared to the European situation, land use change in Oceania
has occurred over a somewhat longer period of time, despite the overall
period of cultivation by humans being shorter and more intense (Beilin
et al., 2014). Causes in the sense of pressures and attractors of aban-
donment were considered to be much less important by interviewees in
an Australian study than in two European studies (Beilin et al., 2014).
Underuse is less of an issue in North America or Oceania because of the
dominant focus on wilderness principles as primary conservation stra-
tegies. Findings from North America and Oceania also relate to their
much shorter and more intensive cultivation of landscapes. These
characteristics lead to spatial configurations of natural assets threa-
tened by underuse that are different from those in Europe, Japan and
Korea.

According to our literature review, the range of species and habitat
types affected by underuse and associated impacts has been most
comprehensively researched for Japan followed by Europe. For the
underuse perspective in Australia, such data were widely not found.
Additional research is necessary to identify concepts and measures that
are appropriate for addressing the consequences of underuse for par-
ticular habitat types or biota.

The diverse strategies for addressing underuse problems involve
intervention by central governments as well as by local civil-society
initiatives. Their effectiveness in terms of biodiversity conservation is
generally unclear. Furthermore, knowledge is lacking on how to

effectively initiate and organize co-management or how to coordinate
state- and civil society-based activities. In fact, the development of
organizational structures and institutions to facilitate a constructive
dialog among diverse interest groups and co-monitoring or to support
local adaptive co-management processes is critical but neglected.

To address this pervasive knowledge and information gap, we ad-
vocate a global research agenda on effective mechanisms to protect
biocultural diversity against the threat of underuse.

In particular, future research on challenges of underuse should
address five major questions:

1. How can underuse be operationalized based on extinction rates
(considering time-and space-related scales)?

2. What species and types of habitats, both outside and within
protected areas, depend on particular kinds of human intervention
for persistence?

3. What are the main causes that lead to underuse of ecosystems?
4. What are the consequences of underuse?
5. What are promising governance strategies and management tools

that cost-effectively mitigate the main causes and consequences of
underuse and how might they differ among ecological and social-
cultural contexts?

Such analyses would provide critical insights for enhancing adap-
tive management of biocultural diversity.

We offer the first operationalization of the underuse problem within
the context of the extinction rate of species by addressing overarching
questions and their inherent complexities in intra- and cross-continental
comparative research. Governance interventions must be informed by
knowledge of the causes and consequences of underuse as well as by
insights into effective strategies to address underuse problems.

Topics for an international research agenda involve intra- and
transcontinental comparisons of:

- extinction rates relating to the age and spatial distribution of un-
derused social-ecological systems(question 1)

- identification of species and habitats endangered by underuse
(question 2)

- types of socio-economic and ecological influences that increase
underuse (question 3),

- land use types (e.g. according to FAO classification) and intensity
(question 4),

- affected biodiversity, habitats and related ecosystem services
(question 2 and 4),

- types, costs and outcomes of intervention (question 5),
- location outside or inside of protected areas including international
recognition of biocultural value (e.g. as UNESCO world heritage
sites, Biosphere Reserves, IUCN areas of category IV and V; FAO
GIAHS; SEPLS) (question 2),

- contextual factors, and types of actors (governmental, civil society,
etc.) including their perceptions of underuse (question 5).

Spatio-temporal variation in the conceptualization of underuse, as
well as spatio-temporal variation in the types of effected species and
habitats, interventions, outcomes, and stakeholders, should be quanti-
fied and evaluated, with a goal of distinguishing contextual versus
general phenomena. Although we have focused on regions containing
affluent countries, we acknowledge the need for a more comprehensive
perspective to fully understand the dynamics of underuse and related
perceptions of strategies in social-ecological systems. Based on our re-
search agenda and possible dimensions of research, governance and
management tools from different parts of the world can be mapped
(e.g., on an open-data platform) and compared with regard to effec-
tiveness for adaptive governance of biocultural diversity. The costs of
inactivity should be assessed and such assessments should quantify the
difference between the costs of reactive strategies against negative
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consequences of underuse and the costs of precautionary measures that
prevent its occurrence.

To inform action (management, policy, etc.), the implementation of
this research agenda requires collaborative, interdisciplinary, and
multi-sector interactions of diverse scholars and stakeholders. It should
not solely be an academia enterprise. With ongoing research, more
questions are likely to emerge, thus warranting establishment of a
global research network on underuse.

4. Potential outcomes of an agenda on underuse

The paper argues that the underuse problem can be operationized
within the context of extinction rates and with regard to the effects of
underuse on biocultural diversity. This globally applicable oper-
ationalization should bridge diverse conceptualizations of the underuse
problem in different parts of the world and thus pave the way for en-
hanced comparative research. By employing systematic comparisons of
case studies regarding the causes and consequences of underuse, as well
as the effectiveness of governance interventions addressing underuse,
research will inform evidence-based policy making, practical con-
servation, and land owners who want to play an effective role in bio-
diversity conservation through active land use.

Numerous practical outcomes should derive from the implementa-
tion of a concerted and comparative research agenda on underuse.
These include:

1. Comparable and structured database(s) on measures to mitigate
underuse;

2. Cross-country meta-analyses;
3. Knowledge transfer to international organizations and programs

dealing with biological or biocultural diversity (e.g., UNEP,
UNESCO, IUCN, FAO, UNDP); and

4. Indicators supporting monitoring of intensity and quality of human
land use activities for the adaptive governance of social-ecological
systems.

In this way, our research agenda on underuse should contribute to:

1. Reaching the 15th Sustainable Development Goal to “(P)rotect, re-
store and promote sustainable use of terrestrial ecosystems, sus-
tainably manage forests, combat desertification, and halt and re-
verse land degradation and halt biodiversity loss”5; (UN, 2015) by
providing basics to sustainably use underused species and habitats;

2. The Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services (IPBES) work program’s deliverable on
Sustainable Use of Biodiversity6 which focuses on the ecological,
economic, social and cultural importance, conservation status, dri-
vers of change, of primarily harvested and traded biodiversity;

3. The Program on Ecosystem Change and Society (PECS), co-financed
by the International Council for Science (ICSU) and UNESCO as a
core-project of Future Earth, the major international research plat-
form providing knowledge and support to accelerate transforma-
tions toward a sustainable world.

In summary, we explicitly connected underuse to extinction rates

such as used in the planetary boundaries framework. This common
benchmark could provide the foundation for comparative international
research and a more objective and comprehensive discussion of un-
deruse. Additionally, we have identified transcontinental research gaps
on the causes of underuse; its consequences for biocultural diversity in
social-ecological systems; governance approaches to address it; and
human conceptualizations and perceptions of underuse and its con-
sequences. Furthermore, we proposed five research questions to be
explored in an interdisciplinary global research agenda, with accom-
panying research dimensions and target agendas. This research focus
should provide much needed evidence-based support for policy makers
and natural resource managers who must consider appropriate types of
human intervention to promote explicit biocultural diversity goals in-
side and outside of protected areas.

Acknowledgement

The authors thank three anonymous reviewers of the Journal for
their valuable feedback and helpful comments. In case mistakes remain,
they are solely the ones of the authors.

References

Abrams, J., Bliss, J.C., 2013. Amenity landownership, land use change, and the re-crea-
tion of working landscapes. Soc. Nat. Resour. 26, 845–859.

Antrop, M., 2005. Why landscapes of the past are important for the future. Landscape
Urban Plann. 70 (1–2), 21–34.

Aplet, G.H., Cole, D.N., 2010. The trouble with naturalness: rethinking park and wild-
erness goals. In: Cole, D.N., Yung, L. (Eds.), Beyond Naturalness: Rethinking Park and
Wilderness Stewardship in an Era of Rapid Change. Island Press, Washington DC, pp.
12–29.

Aronson, J., Clewell, A.F., Blignaut, J.N., Milton, S.J., 2006. Ecological restoration: a new
frontier for nature conservation and economics. J. Nat. Conserv. 14, 135–139. http://
dx.doi.org/10.1016/j.jnc.2006.05.005.

Aycrigg, J.L., Davidson, A., Svancara, L.K., Gergely, K.J., McKerrow, A., Scott, J.M., 2013.
Representation of ecological systems within the protected areas network of the
continental United States. PLoS One 8 (1), e54689. http://dx.doi.org/10.1371/
journal.pone.0054689.

Balme, J., O'Connor, S., 2016. Dingoes and aboriginal social organization in holocene
Australia. J. Archaeolog. Sci. Rep. 7, 775–781. http://dx.doi.org/10.1016/j.jasrep.
2015.08.015.

Barlow, J., Gardner, T.A., Louzada, J., Peres, C.A., 2010. Measuring the conservation
value of tropical primary forests: the effect of occasional species on estimates of
biodiversity uniqueness. PLoS One 5. http://dx.doi.org/10.1371/journal.pone.
0009609.

Beilin, R., Lindborg, R., Queiroz, C., 2011. Biodiversity and land abandonment: con-
necting agriculture, place and nature in the landscape. In: Roca, Z., Claval, P., Agnew,
J. (Eds.), Landscapes, Identities and Development. A shgate, Farnham, UK, pp.
243–256.

Beilin, R., Lindborg, R., Stenseke, M., Pereira, H.M., Llausas, A., Slatmo, E., Cerqueira, Y.,
Navarro, L., Rodrigues, P., Reichelt, N., Munro, N., Queiroz, C., 2014. Analysing how
drivers of agricultural land abandonment affect biodiversity and cultural landscapes
using case studies from Scandinavia, Iberia and Oceania. Land Use Policy 36, 60–72.
http://dx.doi.org/10.1371/10.1016/j.landusepol.2013.07.003.

Benayas, J.M.R., Martins, A., Nicolau, J.M., Schulz, J.J., 2007. Abandonment of agri-
cultural land: an overview of drivers and consequences. CAB Reviews: perspectives in
Agriculture, Veterinary Science. Nutr. Nat. Resour. 2 (057), 14.

Boakes, E.H., Mace, G.M., McGowan, P.J.K., Fuller, R.A., 2010. Extreme contagion in
global habitat clearance. Proceedings of the Royal Society B-Biological Sciences 277,
1081–1085. http://dx.doi.org/10.1098/rspb.2009.1771.

Brunson, M., Huntsinger, L., 2008. Ranching as a conservation strategy: can old ranchers
save the new west? Rangeland Ecol. Manage. 61 (2), 137–147.

Clarkson, C., Smith, M., Marwick, B., Fullagar, R., Wallis, L.A., Faulkner, P., Manne, T.,
Hayes, E., Roberts, R.G., Jacobs, Z., Carah, X., Lowe, K.M., Matthews, J., Florin, S.A.,
2015. The archaeology, chronology and stratigraphy of Madjedbebe (Malakunanja
II): A site in northern Australia with early occupation. J. Hum. Evol. 83, 46–64.
http://dx.doi.org/10.1016/j.jhevol.2015.03.014.

Cooke, S.J., 2008. Biotelemetry and biologging in endangered species research and an-
imal conservation: relevance to regional, national, and IUCN Red List threat assess-
ments. Endangered Species Res. 4, 165–185. http://dx.doi.org/10.3354/esr00063.

Cramer, V.A., Hobbs, R.J., Standish, R.J., 2008. What's new about old fields? Land
abandonment and ecosystem assembly. Trends Ecol. Evol. 23, 104–112. http://dx.
doi.org/10.1016/j.tree.2007.10.005.

Department of Sustainability, Environment, Water, Population and Communities, 2013.
The Australian Collaborative Rangelands Information System (ACRIS). (Reporting
Change in the Rangelands). https://www.environment.gov.au/system/files/
resources/46e443c5-673a-4093-948d-d87830cfc2f9/files/acris-reporting-change.
pdf.

Do, Y., Lineman, M., Joo, G.-J., 2012. Effects of agricultural abandonment on carabid

5 And in particular its targets 15.1 (By 2020, ensure the conservation, restoration and
sustainable use of terrestrial and inland freshwater ecosystems and their services, in
particular forests, wetlands, mountains and drylands, in line with obligations under in-
ternational agreements), 15.5 (Take urgent and significant action to reduce the de-
gradation of natural habitats, halt the loss of biodiversity and, by 2020, protect and
prevent the extinction of threatened species) and 15.a (Mobilize and significantly increase
financial resources from all sources to conserve and sustainably use biodiversity and
ecosystems).

6 Deliverable 3(b)(iii): Thematic assessment on sustainable use and conservation of
biodiversity and strengthening capacities and tools (for more details see http://www.
ipbes.net/work-programme/deliverable Accessed 3rd January 2017)

V. Mauerhofer et al. Land Use Policy 72 (2018) 57–64

62

http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0005
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0005
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0010
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0010
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0015
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0015
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0015
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0015
http://dx.doi.org/10.1016/j.jnc.2006.05.005
http://dx.doi.org/10.1016/j.jnc.2006.05.005
http://dx.doi.org/10.1371/journal.pone.0054689
http://dx.doi.org/10.1371/journal.pone.0054689
http://dx.doi.org/10.1016/j.jasrep.2015.08.015
http://dx.doi.org/10.1016/j.jasrep.2015.08.015
http://dx.doi.org/10.1371/journal.pone.0009609
http://dx.doi.org/10.1371/journal.pone.0009609
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0040
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0040
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0040
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0040
http://dx.doi.org/10.1371/10.1016/j.landusepol.2013.07.003
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0050
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0050
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0050
http://dx.doi.org/10.1098/rspb.2009.1771
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0060
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0060
http://dx.doi.org/10.1016/j.jhevol.2015.03.014
http://dx.doi.org/10.3354/esr00063
http://dx.doi.org/10.1016/j.tree.2007.10.005
http://dx.doi.org/10.1016/j.tree.2007.10.005
https://www.environment.gov.au/system/files/resources/46e443c5-673a-4093-948d-d87830cfc2f9/files/acris-reporting-change.pdf
https://www.environment.gov.au/system/files/resources/46e443c5-673a-4093-948d-d87830cfc2f9/files/acris-reporting-change.pdf
https://www.environment.gov.au/system/files/resources/46e443c5-673a-4093-948d-d87830cfc2f9/files/acris-reporting-change.pdf
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0085
http://www.ipbes.net/work-programme/deliverable
http://www.ipbes.net/work-programme/deliverable


beetles in paddy fields. Baltic J. Coleopterology 12, 65–75.
Donald, P.F., Sanderson, F.J., Burfield, I.J., van Bommel, F.P.J., 2006. Further evidence of

continent-wide impacts of agricultural intensification on European farmland birds,
1990–2000. Agric. Ecosyst. Environ. 116, 189–196. http://dx.doi.org/10.1016/j.
agee.2006.02.007.

Dungan, R.J., Norton, D.A., Duncan, R.P., 2001. Seed rain in successional vegetation, port
hills ecological district, New Zealand. N. Z. J. Botan. 39, 115–124.

EEA, 2012. Protected Areas in Europe – an Overview. European Environmental Agency,
Kopenhagen EEA Report, No. 5/2012.

EU-Commission, 2015. Report from the Commission to the Council and the European
Parliament. The State of Nature in the European Union Report on the Status of and
Trends for Habitat Types and Species Covered by the Birds and Habitats Directives for
the 2007–2012 Period as Required Under Article 17 of the Habitats Directive and
Article 12 of the Birds Directive. (COM/2015/0219 final). http://eur-lex.europa.eu/
legal-content/EN/TXT/?uri=COM:2015:219:FIN.

Elbakidze, M., Hahn, T., Mauerhofer, V., Angelstam, P., Axelsson, R., 2013. Legal fra-
mework for biosphere reserves as learning sites for sustainable development: a
comparative analysis of Ukraine and Sweden. Ambio 42, 174–187. http://dx.doi.org/
10.1007/s13280-012-0373-3.

Ellis, E.C., Ramankutty, N., 2008. Putting people in the map: anthropogenic biomes of the
world. Front. Ecol. Environ. 6, 439–447.

Ellis, E.C., Goldewijk, K.K., Siebert, S., Lightman, D., Ramankutty, N., 2010.
Anthopogenic transformation of the biomes, 1700–2000. Global Ecol. Biogeogr. 19,
589–606.

Erikson, C., Hankins, D., 2015. Chapter 14: colonisation and fire − gendered dimensions
of indigenous fire knowledge retention and revival. In: Coles, A., Gray, L., Momsen, J.
(Eds.), The Routledge Handbook of Gender and Development, pp. 129–137 (London,
Routledge).

Estel, S., Kuemmerle, T., Alcantara, C., Levers, C., Prishchepov, A., Hostert, P., 2015.
Mapping farmland abandonment and recultivation across Europe using MODIS NDVI
time series. Remote Sens. Environ. 163, 312–325.

Evans, G., 2007. A just transition from coal to renewable energy in the Hunter Valley of
New South Wales, Australia. Int. J. Environ. Workplace Employment 3 (3–4),
175–194. http://dx.doi.org/10.1504/IJEWE.2007.019278.

Fairweather, J., Mulet-Marquis, S., 2009. Changes in the age of New Zealand farmers:
problems for the future? N. Z. Geogr. 65, 118–125. http://dx.doi.org/10.1111/j.
1745-7939.2009.01154. x.

Fetzel, T., Gradwohl, M., Erb, K.-H., 2014. Conversion, intensification, and abandonment:
a human appropriation of net primary production approach to analyze historic land-
use dynamics in New Zealand 1860–2005. Ecol. Econ. 97, 201–208. http://dx.doi.
org/10.1016/j.ecolecon.2013.12.002.

Fleming, P.J.S., Allen, B., Allen, L.R., Ballard, G.-A., Bengsen, A., Genlte, M., McLeod, L.J.,
Meek, P.D., Saunders, G., 2014. Management of wild canids in Australia - free ran-
ging dogs and red foxes. In: Glen, A.S., Dickman, C.R. (Eds.), Carnivores of Australia:
Past, Present and Future. CSIRO, Canberra, pp. 105–149 Chapter 6.

Flinders, M., Flannery, T., 2012. Terra Australis: Matthew Flinders' Great Adventures in
the Circumnavigation of Australia. Text Publishing, Melbourne.

Foley, J.A., Ramankutty, N., Brauman, K.A., Cassidy, E.S., Gerber, J.S., Johnston, M.,
Mueller, N.D., O’Connell, C., Ray, D.K., West, P.C., Balzer, C., Bennett, E.M.,
Carpenter, S.R., Hill, J., Monfreda, C., Polasky, S., Rockstrom, J., Sheehan, J., Siebert,
S., Tilman, D., Zaks, D.P.M., 2011. Solutions for a cultivated planet. Nature 478,
337–342.

Folke, C., 2006. Resilience: the emergence of a perspective for social-ecological systems
analyses. Glob. Environ. Change Hum. Policy Dimensions 16, 253–267.

Gebow, B., Stetson, C.D.A., Falk Dolan, C., 2013. FireScape: a program for whole-
mountain fire management in the Sky Island Region. In: Merging Science and
Management in a Rapidly Changing World: Biodiversity and Management of the
Madrean Archipelago III. . 2012 May 1-5: Tucson, AZ. Proceedings. RMRS-P-67. Fort
Collins. CO, U.S. Department of Agriculture, Forest Service, Rocky Mountain
Research Station. in: Gottfried, G.J., Folliott, P.F., Gebow, B.S., Eskew, L.G., Collins,
L.C. (Eds.).

Gibson, L., Lee, T.M., Koh, L.P., Brook, B.W., Gardner, T.A., Barlow, J., Peres, C.A.,
Bradshaw, C.J.A., Laurance, W.F., Lovejoy, T.E., Sodhi, N.S., 2011. Primary forests
are irreplaceable for sustaining tropical biodiversity. Nature 478, 378–381. http://dx.
doi.org/10.1038/nature10425.

Gillson, L., Willis, K.J., 2004. ‘As Earth's testimonies tell': wilderness conservation in a
changing world. Ecol. Lett. 7, 990–998. http://dx.doi.org/10.1111/j. 1461-0248.
2004.00658. x.

Grau, H.R., Aide, T.M., Zimmermanm, J.K., Thomlinson, J.R., Helmer, E., Zou, X., 2003.
The ecological consequences of socioeconomic and land use changes in post agri-
culture Puerto Rico. Bioscience 53, 1159–1168.

Gu, H., Subramanian, S.M., 2012. Socio-ecological production landscapes: relevance to
the green economy agenda. UNU-IAS Policy Report. pp. 68 (Yokohama, Japan).

Halada, L., Evans, D., Romao, C., Petersen, J.-E., 2011. Which habitats of European im-
portance depend on agricultural practices. Biodivers. Conserv. 20, 2365–2378.

Harrop, S.R., 2009. Globally Important Agricultural Heritage Systems: an examination of
their context in existing multilateral instruments dealing with conservation and land
tenure. J. Int. Wildlife Law Policy 12, 127–165.

Higgs, E.S., 1997. What is good ecological restoration? Conserv. Biol. 11 (2), 338–348.
Hobbs, R.J., Higgs, E., Harris, J.A., 2009. Novel ecosystems: implications for conservation

and restoration. Trends Ecol. Evol. 24, 599–605. http://dx.doi.org/10.1016/j.tree.
2009.05.012.

Hong, S.K., 1998. Changes in landscape patterns and vegetation process in the Far-Eastern
cultural landscapes: human activity on pine-dominated secondary vegetations in
Korea and Japan. Phytocoenologia 28, 45–66.

Hunt, J.E., Wang, C., Booth, D., Cox, S., Kumar, L., Reeves, M., 2015. Remote sensing of

rangeland biodiversity. In: Thenkabail, P. (Ed.), Land Resources Monitoring,
Modeling, and Mapping with Remote Sensing. CRC Press, Boca Raton, Florida, pp.
277–308.

Ichinose, T., Asmiwyati, I.G., Kataoka, M., Arifin, N.H.S., 2007. Land use change and
irrigation system in the agricultural landscape of terraced paddy field in Awaji Island,
central Japan. Landscape Ecol. Eng. 3, 171–178.

Ichinose, T., 2007. Restoration and conservation of aquatic habitats in agricultural
landscapes of Japan. Glob. Environ. Res. 11, 153–160.

Katayama, N., Osawa, T., Amano, T., Kusumoto, Y., 2015a. Are both agricultural in-
tensification and farmland abandonment threats to biodiversity? A test with bird
communities in paddy-dominated landscapes. Agricu. Ecosyst. Environ. 214, 21–30.
http://dx.doi.org/10.1016/j.agee.2015.08.014.

Katayama, N., Baba, Y.G., Kusumoto, Y., Tanaka, K., 2015b. A review of post-war changes
in rice farming and biodiversity in Japan. Agric. Syst. 132, 73–84. http://dx.doi.org/
10.1016/j.agsy.2014.09.001.

Kim, J.-E., Hong, S.-K., 2011. Pattern and process in MAEUL, a traditional Korean rural
landscape. J. Ecol. Field Biol. 34, 237–249. http://dx.doi.org/10.5141/jefb.2011.
025.

Knapp, A.K., Blair, J.M., Briggs, J.M., Collins, S.L., Hartnett, D.C., Johnson, L.C., Towne,
E.G., 1999. The keystone role of bison in North American tallgrass prairie: bison
increase habitat heterogeneity and alter a broad array of plant, community, and
ecosystem processes. Bioscience 49 (1), 39–50.

Lebel, L., Anderies, J.M., Campbell, B., Folke, C., Hatfield-Dodds, S., Hughes, T.P., Wilson,
J., 2006. Governance and the capacity to manage resilience in regional social-eco-
logical systems. Ecol. Soc. 11.

Lennon, J.L., 2015. Changes to continuing landscapes: industrialisation of Australia’s
productive rural lands. Landscape Res. 40 (6), 684–700. http://dx.doi.org/10.1080/
01426397.2015.1057805.

Leopold, A., 1949. A Sand County Almanac: And Sketches Here and There. Oxford
University Press, New York.

Leopold, A., 1999. For the Health of the Land. Island Press, Washington DC.
Leroux, S.J., Kerr, J.T., 2012. Land development in and around protected areas at the

wilderness frontier. Conserv. Biol. 27 (1), 166–176.
Levers, C., Müller, D., Erb, K., Haberl, H., Jepsen, M.R., Metzger, M.J., Meyfroidt, P.,

Plieninger, T., Plutzar, C., Stürck, J., Verburg, P.H., Verkerk, P.J., Kuemmerle, T.,
2016. Archetypical patterns and trajectories of land systems in Europe. Reg. Environ.
Change 1–18. http://dx.doi.org/10.1007/s10113-015-0907.

Locke, H., 2015. Nature needs (at least) half: a necessary new agenda for protected areas.
In: Wuerthner, G., Crist, E., Butler, T. (Eds.), Protecting the Wild: Parks and
Wilderness, the Foundation for Conservation. Series Foundations for Deep Ecology.
Island Press, Sausalito, CA, pp. 3–15.

Luck, G.W., 2011. Demographic change and rural nature. In: Luck, G.W., Race, D., Black,
R. (Eds.), Demographic Change in Australia's Rural Landscapes: Implications for
Society and the Environment, pp. 101–123. http://dx.doi.org/10.1007/978-90-481-
9654-8_5.

MacDonald, D., Crabtree, J.R., Wiesinger, G., Dax, T., Stamou, N., Fleury, P., Gutierrez
Lazpita, J., Gibon, A., 2000. Agricultural abandonment in mountain areas of Europe:
environmental consequences and policy response. J. Environ. Manage. 59, 47–69.

MacLeod, C.J., Moller, H., 2006. Intensification and diversification of New Zealand
agriculture since 1960: An evaluation of current indicators of land use change.
Agricu. Ecosyst. Environ. 115, 201–218. http://dx.doi.org/10.1016/j.agee.2006.01.
003.

Maestas, J.D., Knight, R.L., Gilgert, W.C., 2001. Biodiversity and landuse change in the
American Mountain West. Geog. Rev. 91 (3), 509–524.

Mauerhofer, V., Galle, E., Onida, M., 2016. Chapter 9: the alpine convention and wild-
erness protection. In: Bastmeijer, K. (Ed.), Wilderness Protection in Europe: The Role
of International, European and National Law. Cambridge University Press,
Cambridge/UK, pp. 199–221.

Mauerhofer, V., 2010. Missing links: how individual's can contribute to reserve policy
enforcement on the example of the European Union. Biodiver. Conserv. 19, 601–618.
http://dx.doi.org/10.1007/s10531-009-9737-9.

Mehtala, J., Vuorisalo, T., 2007. Conservation policy and the EU habitats directive: fa-
vourable conservation status as a measure of conservation success. Eur. Environ. 17,
363–375. http://dx.doi.org/10.1002/eet.458.

Miyawaki, S., Washitani, I., 2004. Invasive alien plant species in riparian areas of Japan:
the contribution of agricultural weeds, revegetation species and aquacultural species.
Glob. Environ. Res. 8, 89–101.

Morimoto, Y., 2010. What is Satoyama? Points for discussion on its future direction.
Landscape Ecol. Eng. 7, 163–171. http://dx.doi.org/10.1007/s11355-010-0120-5.

Mueter, F.J., Megrey, B.A., 2006. Using multi-species surplus production models to es-
timate ecosystem-level maximum sustainable yields. Fish. Res. 81, 189–201. http://
dx.doi.org/10.1016/j.fishres.2006.07.010.

Nash, R., 2014. Wilderness and the American Mind, 5th edition. Yale University Press,
Storrs, CT.

Navarro, L., Pereira, H., 2012. Rewilding abandoned landscapes in Europe. Ecosyst. 15,
900–912.

Nesbitt, T.H.D., 2015. Increasing cooperation and advancing reconciliation in the co-
operative management of protected areas in Canada’s North. In: Hermann, T.M.,
Martin, T. (Eds.), Indigenous Peoples’ Governance of Land and Protected Territories
in the Arctic. Springer, New York City, pp. 43–67.

Nowacki, G.J., Abrams, M.D., 2008. The demise of fire and mesophication of forests in the
eastern United States. Bioscience 58 (2), 123–138.

O’Farrell, P.J., Anderson, P.M.L., 2010. Sustainable multifunctional landscapes: a review
to implementation. Curr. Opin. Environ. Sustain. 2, 59–65.

O'Brien, C.D., 2015. Sustainable drainage system (SuDS) ponds in Inverness, UK and the
favourable conservation status of amphibians. Urban Ecosyst. 18, 321–331. http://

V. Mauerhofer et al. Land Use Policy 72 (2018) 57–64

63

http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0085
http://dx.doi.org/10.1016/j.agee.2006.02.007
http://dx.doi.org/10.1016/j.agee.2006.02.007
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0095
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0095
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0100
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0100
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2015:219:FIN
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2015:219:FIN
http://dx.doi.org/10.1007/s13280-012-0373-3
http://dx.doi.org/10.1007/s13280-012-0373-3
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0115
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0115
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0120
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0120
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0120
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0125
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0130
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0130
http://dx.doi.org/10.1504/IJEWE.2007.019278
http://dx.doi.org/10.1111/j. 1745-7939.2009.01154. x
http://dx.doi.org/10.1111/j. 1745-7939.2009.01154. x
http://dx.doi.org/10.1016/j.ecolecon.2013.12.002
http://dx.doi.org/10.1016/j.ecolecon.2013.12.002
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0150
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0150
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0150
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0150
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0155
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0155
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0160
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0160
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0160
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0160
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0160
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0165
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0165
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0170
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0170
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0170
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0170
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0170
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0170
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0170
http://dx.doi.org/10.1038/nature10425
http://dx.doi.org/10.1038/nature10425
http://dx.doi.org/10.1111/j. 1461-0248.2004.00658. x
http://dx.doi.org/10.1111/j. 1461-0248.2004.00658. x
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0185
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0185
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0185
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0190
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0190
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0195
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0200
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0200
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0200
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0205
http://dx.doi.org/10.1016/j.tree.2009.05.012
http://dx.doi.org/10.1016/j.tree.2009.05.012
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0215
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0215
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0215
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0220
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0220
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0220
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0220
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0225
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0225
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0225
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0230
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0230
http://dx.doi.org/10.1016/j.agee.2015.08.014
http://dx.doi.org/10.1016/j.agsy.2014.09.001
http://dx.doi.org/10.1016/j.agsy.2014.09.001
http://dx.doi.org/10.5141/jefb.2011.025
http://dx.doi.org/10.5141/jefb.2011.025
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0250
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0250
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0250
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0250
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0255
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0255
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0255
http://dx.doi.org/10.1080/01426397.2015.1057805
http://dx.doi.org/10.1080/01426397.2015.1057805
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0265
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0265
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0270
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0275
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0275
http://dx.doi.org/10.1007/s10113-015-0907
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0285
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0285
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0285
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0285
http://dx.doi.org/10.1007/978-90-481-9654-8_5
http://dx.doi.org/10.1007/978-90-481-9654-8_5
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0295
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0295
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0295
http://dx.doi.org/10.1016/j.agee.2006.01.003
http://dx.doi.org/10.1016/j.agee.2006.01.003
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0305
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0305
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0310
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0310
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0310
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0310
http://dx.doi.org/10.1007/s10531-009-9737-9
http://dx.doi.org/10.1002/eet.458
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0325
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0325
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0325
http://dx.doi.org/10.1007/s11355-010-0120-5
http://dx.doi.org/10.1016/j.fishres.2006.07.010
http://dx.doi.org/10.1016/j.fishres.2006.07.010
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0340
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0340
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0345
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0345
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0350
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0350
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0350
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0350
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0355
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0355
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0360
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0360
http://dx.doi.org/10.1007/s11252-014-0397-5


dx.doi.org/10.1007/s11252-014-0397-5.
Osawa, T., Kohyama, K., Mitsuhashi, H., 2016. Multiple factors drive regional agricultural

abandonment. Sci. Total Environ. 542, 478–483. http://dx.doi.org/10.1016/j.
scitotenv.2015.10.067.

PCE, 2017. Growing for Good. Intensive Farming, Sustainability and New Zealand's
Environment. Parliamentary Commissioner for the Environment. pp. 234. http://
www.pce.parliament.nz/media/pdfs/growing-for-good.pdf.

Paehlke, R., 2000. Environmentalism in one century: canadian environmental policy in an
era of globalization. Policy Stud. J. 28 (1), 160–175.

Penker, M., Mühlmann, P., Muhar, A., 2014. Volunteering for land care −A typology of
civil-society organisations in Austria, Germany and Switzerland. Ecomont 6 (2),
21–29.

Plieninger, T., Ferranto, S., Huntsinger, L., Kelly, M., Getz, C., 2012. Appreciation, use,
and management of biodiversity and ecosystem services in California’s working
landscapes. Environ. Manage. 50 (3), 427–440.

Plieninger, T., Kizos, T., Bieling, C., DÛ-Blayo, L.L., Budniok, M.-A., Bürgi, M., Crumley,
C.L., Girod, G., Howard, P., Kolen, J., Kuemmerle, T., Milcinski, G., Palang, H.,
Trommler, K., Verburg, P.H., 2015. Exploring ecosystem-change and society through
a landscape lens: recent progress in European landscape research. Ecol. Soc. 20
(2), 10.

Primack, R.B., 2006. Essentials of Conservation Biology, 4th edition. Sinauer Associates,
Massachusetts, USA.

Qiu, Z., Chen, B., Takemoto, K., 2014. Conservation of terraced paddy fields engaged with
multiple stakeholders: the case of the Noto GIAHS site in Japan. Paddy Water
Environ. 12, 275–283. http://dx.doi.org/10.1007/s10333-013-0387-x.

Rockstrom, J., Steffen, W., Noone, K., Persson, A., Chapin, F.S., Lambin, E.F., Lenton,
T.M., Scheffer, M., Folke, C., Schellnhuber, H.J., Nykvist, B., de Wit, C.A., Hughes, T.,
van der Leeuw, S., Rodhe, H., Sorlin, S., Snyder, P.K., Costanza, R., Svedin, U.,
Falkenmark, M., Karlberg, L., Corell, R.W., Fabry, V.J., Hansen, J., Walker, B.,
Liverman, D., Richardson, K., Crutzen, P., Foley, J.A., 2009. A safe operating space
for humanity. Nature 461, 472–475. http://dx.doi.org/10.1038/461472a.

Rodriguez, J.P., Rodriguez-Clark, K.M., Baillie, J.E.M., Ash, N., Benson, J., Boucher, T.,
Brown, C., Burgess, N.D., Collen, B., Jennings, M., Keith, D.A., Nicholson, E.,
Revenga, C., Reyers, B., Rouget, M., Smith, T., Spalding, M., Taber, A., Walpole, M.,
Zager, I., Zamin, T., 2011. Establishing IUCN red list criteria for threatened ecosys-
tems. Conserv. Biol. 25, 21–29. http://dx.doi.org/10.1111/j. 1523-1739.2010.
01598.x.

Ross-Bryant, L., 2005. Sacred sites: nature and nation in the US national parks. Religion
Am. Culture A J. Interpretation 15, 31–62. http://dx.doi.org/10.1525/rac.2005.15.
1.31.

Shimoda, M., Nakamoto, M., 2003. Vegetation and threatened plant dynamics of wet
abandoned rice fields in Nakaikemi Fukui Prefecture. Japn. J. Ecol. 53, 197–217.

Sloan, S., Goosem, M., Laurance, S.G., 2016. Tropical forest regeneration following land
abandonment is driven by primary rainforest distribution in an old pastoral region.
Landscape Ecol. 31, 601–618.

Smith, W., Montgomery, H., 2003. Revolution or evolution? New Zealand agriculture,
since 1984. GeoJournal 59, 107–118.

Stafford Smith, M., 2008. The ‘desert syndrome’ −causally-linked factors that char-
acterise outback Australia. Rangeland J. 30 (1), 3–14. http://dx.doi.org/10.1071/

RJ07063.
Steffen, W., Crutzen, P.J., McNeill, J.R., 2003. The Anthropocene: are humans now

overwhelming the great forces of nature? AMBIO 36, 614–621.
Steffen, W., Richardson, K., Rockstrom, J., Cornell, S.E., Fetzer, I., Bennett, E.M., Biggs,

R., Carpenter, S.R., de Vries, W., de Wit, C.A., Folke, C., Gerten, D., Heinke, J., Mace,
G.M., Persson, L.M., Ramanathan, V., Reyers, B., Sorlin, S., 2015. Planetary bound-
aries: guiding human development on a changing planet. Science 347, 6223. http://
dx.doi.org/10.1126/science.1259855.

Symstad, A.J., Jonas, J.L., 2011. Incorporating biodiversity into rangeland health: plant
species richness and diversity in Great Plains grasslands. Rangeland Ecol. Manage. 64
(6), 555–572.

Takeuchi, K., 2010. Rebuilding the relationship between people and nature: the Satoyama
Initiative. Ecol. Res. 25, 891–897. http://dx.doi.org/10.1007/s11284-010-0745-8.

Taylor, R., 1997. The State of New Zealand's Environment. Ministry for the Environment.
GP, Publications, Wellington. https://www.mfe.govt.nz/sites/default/files/ser-
1997. pdf.

Tisdell, C.A., 2011. Core issues in the economics of biodiversity conservation. Ann. New
York Aaca. Sci. 1219 (1), 99–112.

The Ministry of Environment, 2007. The Third National Biodiversity Strategy of Japan.
pp. 294.

UN, 2015. Transforming Our World: the 2030 Agenda for Sustainable Development.
(Resolution 70/1 adopted by the General Assembly on 25 September 2015). http://
www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E.

UNEP, 1992. Rio declaration on environment and development, concluded at the united
nations conference on environment and development. Rio De Janeiro from 3 to 14
June 1992 (Accessed at 04.05.2016). http://www.unep.org/Documents.
Multilingual/Default.Print.asp?documentid=78&articleid=1163.

UNESCO, 2012. World Heritage Cultural Landscapes. pp. 362 (Elche: Ayuntamiento de
Elche).

Wiersma, Y.F., Duinker, P.N., Haider, W., Hvenegaard, G.T., Schmiegelow, F.K.A., 2015.
Introduction: relationships between protected areas and sustainable forest manage-
ment: where are We Heading? Conserv. Soc. 13 (1), 1–12.

Williams, A.N., Mooney, S.D., Sisson, S.A., Marlon, J., 2015. Exploring the relationship
between Aboriginal population indices and fire in Australia over the last 20, 000
years. Palaeogeogr. Palaeoclimatol. Palaeoecol. 432, 49–57. http://dx.doi.org/10.
1016/j.palaeo.2015.04.030.

Williams, J., 2015. Soils Governance in Australia: challenges of cooperative federalism.
Int. J. Rural Law Policy 1, 1–12.

Williams, C., 2016. American bison herd returns to ancestral home. Huffpost Science.
(04/05/2016). http://www.huffingtonpost.com/entry/bison-herd-returns-home_us_
56fbe909e4b083f5c6062580.

Willig, M.R., Bloch, C.P., Covich, A.P., Hall, C.A.S., Lodge, D.J., Lugo, A.E., Silver, W.L.,
Waide, R.B., Walker, L.R., Zimmerman, J.K., 2012. Long-term research in the
Luquillo Mountains: synthesis and foundations for the future. In: Brokaw, N., Crowl,
T.A., Lugo, A.E., McDowell, W.H., Scatena, F.N., Waide, R.B., Willig, M.R. (Eds.), A
Caribbean Forest Tapestry: the Multidimensional Nature of Disturbance and
Response. Oxford University Press, New York, New York, pp. 361–441.

Zalasiewicz, J., Williams, M., Steffen, W., Crutzen, P., 2010. The new world of the
Anthropocene. Environ. Sci. Technol. 44, 2228–2231.

V. Mauerhofer et al. Land Use Policy 72 (2018) 57–64

64

http://dx.doi.org/10.1007/s11252-014-0397-5
http://dx.doi.org/10.1016/j.scitotenv.2015.10.067
http://dx.doi.org/10.1016/j.scitotenv.2015.10.067
http://www.pce.parliament.nz/media/pdfs/growing-for-good.pdf
http://www.pce.parliament.nz/media/pdfs/growing-for-good.pdf
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0380
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0380
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0385
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0385
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0385
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0390
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0390
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0390
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0395
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0395
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0395
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0395
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0395
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0400
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0400
http://dx.doi.org/10.1007/s10333-013-0387-x
http://dx.doi.org/10.1038/461472a
http://dx.doi.org/10.1111/j. 1523-1739.2010.01598.x
http://dx.doi.org/10.1111/j. 1523-1739.2010.01598.x
http://dx.doi.org/10.1525/rac.2005.15.1.31
http://dx.doi.org/10.1525/rac.2005.15.1.31
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0425
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0425
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0430
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0430
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0430
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0435
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0435
http://dx.doi.org/10.1071/RJ07063
http://dx.doi.org/10.1071/RJ07063
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0445
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0445
http://dx.doi.org/10.1126/science.1259855
http://dx.doi.org/10.1126/science.1259855
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0455
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0455
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0455
http://dx.doi.org/10.1007/s11284-010-0745-8
https://www.mfe.govt.nz/sites/default/files/ser-1997.%20pdf
https://www.mfe.govt.nz/sites/default/files/ser-1997.%20pdf
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0470
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0470
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0475
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0475
http://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1%26Lang=E
http://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1%26Lang=E
http://www.unep.org/Documents.Multilingual/Default.Print.asp?documentid=78%26articleid=1163
http://www.unep.org/Documents.Multilingual/Default.Print.asp?documentid=78%26articleid=1163
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0490
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0490
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0495
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0495
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0495
http://dx.doi.org/10.1016/j.palaeo.2015.04.030
http://dx.doi.org/10.1016/j.palaeo.2015.04.030
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0505
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0505
http://www.huffingtonpost.com/entry/bison-herd-returns-home_us_56fbe909e4b083f5c6062580
http://www.huffingtonpost.com/entry/bison-herd-returns-home_us_56fbe909e4b083f5c6062580
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0515
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0515
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0515
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0515
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0515
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0515
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0520
http://refhub.elsevier.com/S0264-8377(16)30652-4/sbref0520

	Underuse of social-ecological systems: A research agenda for addressing challenges to biocultural diversity
	Introduction to the problem of underuse
	Transcontinental overview on causes, consequences, and strategies related to underuse
	Europe: diversity of response strategies of unknown effectiveness
	East-Asia: manifold drivers and responses to underuse
	North america: navigating between wilderness and land-ethic concepts
	Oceania: recent cultivation with a perspective towards underuse

	Comparisons and a call for a global research agenda on underuse
	Potential outcomes of an agenda on underuse
	Acknowledgement
	References




