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Abstract: Our understanding of conservation biology and sustainability have been independently
developing for a long time. Evidence suggests that biodiversity is critical for ecosystem function and
services on which humans depend, and is directly linked to the economic, social, and environmental
components of sustainability. Because of this, the integration of research from each of these areas
should and is becoming a priority. In this article, the development of each of these fields and,
ultimately, their integration are reviewed. From this, a number of research priorities that allow for the
transition from conflict to mutual compatibility between conservation and sustainability objectives
are explored. These priorities include research that will improve our understanding of (1) ecosystem
services and function provided by biodiversity that benefit humans; (2) the connection between
biodiversity and poverty reduction; (3) biodiverse agriculture; (4) issues surrounding indigenous
knowledge; and (5) the development of indicators that allow for the integrative assessment of
biodiversity conservation and sustainability objectives.

Keywords: agriculture; biodiversity; conservation; ecosystem function; ecosystem service; indigenous
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1. Introduction

The relationship between sustainability and the conservation of biodiversity has been slowly
evolving and until recently has not been well established, particularly from a research perspective. In
some cases, sustainability objectives have been viewed as incompatible with the priority of conserving
of biodiversity. However, there is now a growing body of evidence that the diversity of life is critical
for ecosystem function and services on which humans depend, and is directly linked to the economic,
social, and environmental spheres of sustainability. However, this diversity is increasingly threatened
by human activities such as urbanization, global deforestation, agricultural expansion, and climate
change such that it is estimated that we are currently losing species at up to 1000 times the background
rate of extinction [1]. This is further viewed as a crisis because of the recognition that biodiversity loss
and associated reduced capacity in the provision of ecosystem services directly impact the human
condition. As such, the UN has come to prioritize the conservation of biodiversity in the UN Rio + 20
outcome document, “The Future We Want”, and in its Sustainable Development Goals (SDGs) [2,3].
Since then more concrete efforts to link biodiversity, conservation, and sustainability have been made,
and research on integrating them has been accelerating. In this paper, I offer a historical perspective
on the integration of sustainability and the conservation of biodiversity. I then identify priorities for
research in this area, and while doing so briefly introduce the diverse research articles in this special
issue on conservation, biodiversity, and sustainability.
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2. Conservation, Biodiversity, and Sustainability: A Historical Perspective

2.1. Early Preservationist and Conservation Movements

Early preservationist and conservation movements pre-date the emergence of the notion of
sustainability. Both movements valued biodiversity, but for different reasons [4,5]. Central to the
preservationist movement which originated in the late 19th century from transcendentalism, a religious
and philosophical movement, was the spiritual connection with nature as a path to self-knowledge.
Members of this movement saw opportunities for self-awareness, reflection, and liberation by connecting
to their environment. Some viewed nature as a teacher while others understood the spiritual connection
to nature as a direct link to God. Still others viewed nature as an awe-inspiring force that should be
incorporated into a way of life in which one can express their individuality and self-reliance [4]. These
preservationists made strong spiritual and ethical arguments that nature was to be protected, not to
meet our pragmatic need for resources but, rather, for its fundamental intrinsic value. Nature and
all its diversity were viewed as sacred and humans as intruders. This led to a dominant approach to
conservation that established protected areas from which people were excluded or displaced [6].

As early as the 1600s, a more pragmatic approach to conservation was beginning to develop. First
in Europe, then later in the US, the initial goal of conservation was to develop and promote forest timber
management. Although inspired by the transcendentalists who exalted the inherent value of nature,
the conservationists moved beyond the spiritual connection to the natural world and preservationist
objectives to recognize other ways in which humans depend on their environment. This led to the
development of national forests, parks, and monuments with the goal of not just protecting these
areas; but to conserve resources through planned use and renewal. Thus, with the conservationist
movement, a new land ethic was developed that valued nature, but not as something sacred that
should be set apart from humans. Instead, nature was viewed as something that should be valued
for the variety of ways that it could meet the needs of humans and should be managed accordingly.
This later evolved into the multiple use approach to conservation that encouraged environmental
management to maximize potential for outdoor recreation including hunting and fishing; watershed
protection; and the production of timber. However, the immediate needs of local communities in or
near conservation areas were still often neglected.

This primarily Eurocentric or northern concept of conservation has been problematic for a number
of reasons. First, it neglects the value and extraordinary knowledge of biodiversity by global indigenous
societies that embraced these ideas long before their modern conceptions. Second, these principles were
ignored as the goals of northern colonialism and imperialism were the exploitation of resources from less
developed countries with minimal regard for resource management or human rights. It neglected the
fundamental interdependency between the environment and the human condition, and opportunities
for equitable development as resources were extracted and people were exploited for economic gain.
With the realization of the vast indigenous knowledge about land management, agriculture, and the
many uses of biodiversity came further exploitation as that knowledge was extracted without any
recognition or compensation from the people that held it.

2.2. Prioritizing Biodiversity

Given the scientific documentation of accelerating rates of extinction particularly due to increasing
habitat loss, the conservation of biodiversity emerged as a global priority initially with the establishment
the International Union for Conservation of Nature (IUCN) in 1948. During the first decade of its
existence, IUCN’s main focus was to examine the impact of human activities on natural habitats.
It recognized the damaging effects of pesticides and other chemicals on biodiversity and promoted
the use of environmental impact assessments for various activities. Much of IUCN’s subsequent
work in the 1960s and 1970s was devoted to the protection of species and the habitats necessary for
their survival. In 1964, IUCN established their “Red List of Threatened Species” [7], which has since
evolved into the world’s most comprehensive data source on the global extinction risk of species and
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the most comprehensive information source on the global conservation status of animal, fungi, and
plant species.

The IUCN Red List reports measures of the pressures acting on species, which guides and
informs conservation actions to help prevent extinctions, and for this reason it is often referred to
as the “Barometer of Life”. The Red List shows us where and what actions need to be taken to
prevent extinction. It provides a straightforward way to factor biodiversity needs into decision-making
processes by providing a wealth of useful information on species. The IUCN also drafted a multilateral
treaty known as The Convention on International Trade in Endangered Species of Wild Fauna and Flora
(CITES) [8] to prevent species from becoming endangered or extinct because of international trade.
Entered into force in 1975, this treaty requires that countries work together to regulate the international
trade of animal and plant species and ensure that this trade is not detrimental to the survival of wild
populations. The goal of protecting endangered species was emerging with national policy as well.
To carry out the provisions of CITES legislation to protect biodiversity policy began to be adopted at
the national level including the US Endangered Species Act in 1973 and similar laws in most countries
throughout the world all [9].

2.3. The Emergence of Sustainability

As efforts to study and protect biodiversity were being made, the world also began to focus on
the connection between the preservation and conservation principles, and the global enhancement of
the human environment and quality of life. At the 1972 UN Conference on the Human Environment
in Stockholm, Sweden there was for the first time a real emphasis on the environment as it relates to
the human condition, and the integration of environmental protection, equitable development and
social well-being. The Stockholm conference declaration recognized the difference between renewable
and non-renewable resources and also the need to manage them. It encouraged policy that reduced
pollution and promoted environmental research, education, and planning to reconcile the conflict
between the need for development and the resultant decline of environmental quality. The declaration
also recognized that many environmental issues are global in nature and can only be addressed through
multilateral cooperation among nations.

The further integration of development with environmental management led to the origin of
our contemporary concept of sustainability linking environmental, social, and economic spheres in
1983 when the UN formed the World Commission on Environment and Development. Gro Harlem
Brundtland, then Prime Minister of Norway, was appointed to chair the commission, which became
widely referred to as the Brundtland Commission. The publication that was generated by the
Commission, “Our Common Future” or “The Brundtland Report”, as it is commonly known,
addressed the conflict between the promotion of globalized economic growth and the accelerating
ecological degradation that was occurring on a global scale. It made the case for a more sustainable
development, which it defined as “the kind of development which meets the needs of the present
without compromising the ability of future generations to meet their own needs” [10]. “The Brundtland
Report” prioritized meeting the basic and essential needs of the world’s poorest people, such as access
to clean air and water, nutritious food, education, and recognizing that those needs are best met
through economic growth that offers opportunity for all people. It also conveyed an understanding of
the limits on the environment’s ability to meet both present and future needs, and it recommended
that if development is to be sustainable, these limitations must be addressed in order to preserve
intergenerational equity.

Twenty years after the first global environment conference held in Stockholm, the UN sought to
help governments rethink economic development and find ways to halt the depletion and destruction
of natural resources and pollution of the planet. This occurred at the UN Conference on Environment
and Development (UNCED), or Earth Summit held in Rio de Janeiro, Brazil, in June 1992. It brought
together leaders from 172 countries, 2400 representatives from international NGOs, and more than
17,000 broader participants. The summit agreements included: “Agenda 21” a comprehensive program
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for global action in all areas of sustainable development [11]; and “The Statement of Forest Principles”
a set of standards to guide the sustainable management of forests worldwide. It was also the first
convention to specifically address global climate change and the protection of biological diversity
through legal conventions [12].

2.4. The Integration of Sustainability and Biodiversity

Until Rio, much of the environmental component of sustainability was focused on renewable
resource management and did not specifically recognize biodiversity as a fundamental resource
as biodiversity issues were being considered separately by IUCN. After the Earth Summit in Rio,
much of the focus by the UN on sustainable development was within the context of the Millennium
Development Project, which got its start at the 2000 Millennium Summit. The declaration produced at
this summit stated that every effort must be made to counter the irreparable damage caused by human
activities that threaten our planet and our people. The basis of this effort to this was drawn from The
Millennium Development Goals (MDGs). The MDGs did not specifically address the need to conserve
biodiversity, but more generally emphasized sustainable management of the natural resource base and
ecosystems [13]. However, as the international community started to embrace the idea of sustainability,
the conservation of biodiversity was beginning to be included as a priority. Even before the MDGs in
1992, the Convention on Biological Diversity (CBD) was signed by 157 countries. The CBD represented
a historic commitment to conserve biological diversity, its sustainable use, and equitable sharing
of benefits arising from that use. It also recognized that biodiversity is at the heart of sustainable
agricultural systems and plays a major role in the provision of ecosystem services, and the insurance
of life itself [14]. The further integration of biodiversity and sustainability is reflected in the 2015
Sustainable Development Goals (SDGs) where the protection and value of biodiversity are specifically
addressed in two of the SDGs: Goal 14—Life below Water, and Goal 15—Life on Land [15].

3. Research Priorities for Integrating Biodiversity Conservation and Sustainability

Biodiversity is the variability among all organisms in a particular ecological structure such as
a habitat, community, landscape, or ecosystem. This includes the number of species as well as the
diversity within a species, e.g., genetic variation or differences among populations. Scale matters
when considering biodiversity. For example, one can consider the diversity at a specific site (alpha
diversity), the differences in species composition among sites (beta diversity), or the diversity of the
entire landscape, i.e., the regional species pool and can account for the turnover of species from site
to site (gamma diversity). Much of the early research on biodiversity was in the area of taxonomy
which is the discovery, cataloging, classification, and naming of organisms; and systematics which is
the determination of evolutionary relationships of organisms. The field of systematics has a seen rapid
expansion with the development of molecular genetic techniques.

The field of ecology has been very much focused on the distribution and abundance of species as
determined by both abiotic and biotic factors including those associated with biogeography [16,17].
With the advancement of the field of Conservation Biology much work has be done on documenting
both the rates and the causes of extinction, the influence of habitat fragmentation and alien species on
diversity, and on the decline of genetic diversity within species and its consequences. Also, there has
been much work on the optimal design of conservation areas for the maintenance of high levels of
diversity. This has included the use of ecological corridors or greenways to link conservation areas [18].

As conservation began to be integrated with sustainability, research agendas focused on
maintaining diversity in connection with the economic and social components of sustainability began
to emerge. One early area of focus was the development sustainable forestry with the goal to provide
equitable income while maintaining biodiversity by eliminating monocultures and implementing
techniques such as age-specific harvest, the polycyclic felling system; and the sustainable harvest
of non-timber forest products. Rather than displacing people, these models offer local stakeholders’
economic opportunities through community-based sustainable forestry. Also, an understanding of
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biocultural conservation that emphasizes the conservation of culture and heritage as an essential
aspect of habitat and species conservation emerged [19]. This approach to conservation recognizes
that indigenous cultures typically already value biodiversity, and that they can serve as allies in its
protection if their heritage and culture including folklore, language, and indigenous knowledge are
also protected. Research in these areas led to the development of conservation projects that consider the
habitat and its biodiversity as well as meeting the social and economic needs of human communities
that live in or near these areas. In some cases, locals who once exploited forest resources were hired to
protect conserved areas or help document the biodiversity as “parataxonomists” such as the case of
Area de Conservación Guanacaste World Heritage Site in Costa Rica [20]. The realization that without
improving the lives of people in or near conservation areas, conservation objectives would most likely
not be met, led to the development of programs such as the Man and the Biosphere (MAB) program
by UNESCO. Through MAB, globally nearly 700 reserves that integrate human economic activity,
scientific investigation, and preservation have been created [21]. This early work linking sustainability
and conservation has led to some success in the preservation of biodiversity while enhancing the
human condition. However, given the ever-increasing recognition that conservation, biodiversity,
and sustainability objectives are inextricably connected, a number of new research priorities have
emerged. In the following sections some of them are highlighted, and the articles in this issue of
Sustainability that address them are indicated.

3.1. Ecosystem Services and Function

One of the more cogent arguments for biodiversity preservation is that the maintenance
of biodiversity is crucial for ecosystem function and services that also link biodiversity and
sustainability [22]. Types of ecosystem services are often differentiated. Provisioning services refer to
the useable materials or energy that people obtain from ecosystems such as food, water, medicines,
and other materials including those for income generation. In contrast, supporting services are those
that play a role in the maintenance and function of ecosystems that serve both natural processes
and human need. These include such things as pollination, beneficial insects that consume plant
pests, and soil enrichment. Regulating services refer to those ecosystem functions that control or
maintain environmental conditions such as erosion control by plants, climate regulation, flood control,
and purification of air and water. Finally, cultural services provide cultural, recreational, educational
opportunities. These services are not insignificant. Global loss of ecosystem services due to the changes
in land use is $US4.3–20.2 trillion/year, and ecosystem services contribute more than twice as much to
human well-being as global GDP. More specifically, in agricultural production the annual estimated
value of pollinators is US$400 billion, natural enemies in pest management is US$100–200 billion,
and nitrogen fixation is valued at US$50 billion [23].

Despite the recognition of the relationship between biodiversity and these services, there remains
an urgent need to more specifically investigate the nature of the relationship among them [22]. There
is great need for scientifically validated information on the status, trends, and service of biodiversity,
and on identifying priorities and recommendations for biodiversity protection [24]. In recognition of this
need, The Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES)
similar to the Intergovernmental Panel on Climate Change (IPCC) was created in 2012. The IPBES is
the intergovernmental body which assesses the state of biodiversity and of the ecosystem services it
provides to society, in response to requests from decision makers [24]. The role of IPBES is to identify
and prioritize needed scientific information and recommend and support policy relevant to biodiversity
and ecosystem services [25]. However, in order for progress to be made in this area, this connection
between biodiversity and ecosystem function in relation to sustainability also needs to be prioritized
by scientists and funding agencies [22]. As an example, in this issue Ficiciyan et al. [26] examine the
influence of different crop varieties on ecosystem services specifically among traditional landrace
varieties versus modern varieties. They found that although both have merit as each supports different
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types of ecosystem services, traditional agricultural systems are more resilient with regard to food
security and, thus, it is essential that they be maintained and restored to meet sustainability objectives.

3.2. Poverty Reduction

Globally, people use tens of thousands of species to sustain their lives in some way [27]. As a
result, biodiversity conservation must be considered in conjunction with the economic and social
components of sustainability. Effective biodiversity conservation, therefore, cannot be separated from
the elimination of poverty, women’s health, education, and economic enfranchisement [27]. The global
centric perspective on conservation led by the north does not always account for the needs among
stakeholder groups, but rather, it sees the solution to the biodiversity crises as imposing limits to
development and resource use including those harvested for income generation. This approach
has been referred to as bio-imperialism which is in contrast to sustainability objectives that require
bio-democracy [28]. Also, we need to recognize that the increasing relationship between biodiversity
conservation organizations and the private sector makes biodiversity conservation an organized
political act that could favor income generation for larger business over community stakeholders.
This could include large development projects which both threaten biodiversity and limit income
generation by local stakeholders [29].

Some have viewed the relationships among conservation, human rights, and development needs
to be in conflict with each other. As such, more research on how best to combine conservation with
poverty reduction is sorely needed [30]. Research priorities should focus on how biodiversity can be
used to generate stakeholder income generation within the context of sustainability. One example
of this has been the development of non-timber forest products (NFTPs) such as edible products,
oils, gums, resins, and floral greens all of which can be harvested without killing the plant. Globally,
such harvests can be a significant contributor to rural livelihoods. For example, communities in
Nigeria’s Cross River National Park generate 13% of their annual income on the sustainable harvest of
NFTPs [31]. More research that helps communities find new natural products, and how to sustainably
harvest and develop markets for them should thus be a priority.

More information on the social impact from the establishment and maintenance of protected areas
including the displacement of communities, economic benefits or loss, and associated social and cultural
costs is needed. Though the IUCN proposed this in 2004 World Conservation Congress it has not been
a priority for research [30]. One recent study demonstrated that in Costa Rica two out of six districts
with national parks or reserves were found to have higher levels of poverty than what is the average for
all communities [32]. This both demonstrates that the socioeconomic benefits of conservation can vary
within a country, and that further research on the relationship between conservation of biodiversity
and poverty at finer scales is needed i.e., national averages may be misleading. An article in this issue
by Roque et al. make that case that practices such as pasture, forestry and agriculture within protected
areas in Brazil increase the income of families within those reserves; and that if properly managed can
contribute to reducing pressures on natural resources effectively balancing biodiversity conservation
and sustainability [33]. Also, ways to measure the intensity of conflicts between human activity and
biodiversity conservation and their reconciliation are greatly needed. For example, various forms of
agriculture could have different degrees of conflict with conservation efforts for more effective conflict
management and the development of reconciliation strategies, yet this type of monitoring is rare or
nonexistent [34]. As an example, in this issue Benitez-Capistros et al. [35] show that the nominal group
technique that deliberately engaged stakeholders in the Santa Cruz, Galapagos reduced conservation
conflicts. This method can, thus, be used to better balance the needs and interests of the community
with those of biodiversity conservation.

3.3. Sustainability, Biodiversity, and Indigenous Knowledge

It has been broadly recognized that indigenous cultures have developed lifestyles more consistent
with sustainability objectives, and, in many cases, have a deep understanding of the use and services
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that biodiversity provides. Such knowledge could be applied to both sustainability and biodiversity
conservation objectives. It can serve as the basis for stakeholder decision making in agriculture,
healthcare, natural resource management, income generation, and other activities. Some have argued
that you have to know how to use nature and biodiversity in order to save it and that this information
exists globally in rural communities [19,36]. However, as development proceeds primarily through
the action of outside forces this knowledge can be lost. Research on how best to document, preserve,
and integrate this knowledge and empower community stakeholders in sustainable development
programs is sorely needed as is consistent with concept of biocultural conservation described above.
Working with indigenous communities to help them map historical and contemporary land use and
territory in conjunction with documenting their vast historical and cultural knowledge has helped
both support those communities and the conservation of biodiversity. One example of such a project is
the ethnographic mapping of the traditional lands of the Matawai Maroons in Suriname [37]. Also,
in this issue Luzuriaga-Quichimbo et al. studied traditional plant knowledge in Chacras, which
are traditionally managed Amazonian agricultural systems. They found that this plant biodiversity
knowledge varies by gender concluding that gender perspective must be taken into account in
biodiversity conservation programs [38].

There have been a number of problems associated with research on indigenous knowledge that
need to be taken into consideration. Knowledge that has been obtained from indigenous communities
that has been revealed through research has often led to large profits by corporations in the north without
any compensation to the communities from which that knowledge has come. For example, a number
of medicines are based on indigenous knowledge of medicinal plants, insects and microorganisms
used in these communities. Since only a small fraction of tropical forest species have been examined for
their potential benefits, bioprospecting for species with potential medicinal value has been enhanced
by working with indigenous healers because their knowledge can help narrow the search. However,
typically, local communities receive no portion of the massive profits that these medicines based on
their knowledge have yielded [39].

Another problem is that historically major discoveries of this type have led to the over exploitation
of the organisms that produce the chemicals, thereby negatively impacting both biodiversity and
indigenous communities. One model for addressing this is the agreement between the Costa Rican
National Biodiversity Institute (InBio) and Merck & Co where InBio provides Merck with extracts
from their forests’ organisms for screening, and in return Merck provides funds for research and a
percentage of royalties from any profits generated from products based on this knowledge [40]. More
research is needed to develop models like this for all possible products offered by biodiversity that have
market potential with an effort to preserve all knowledge, conserve natural areas, and existing social
structures while providing income generation for communities that provide that knowledge. Finally,
we need to rethink the appropriation and conservation of biological diversity from the perspective of
social movements [28] and consider that there is a false dichotomy between indigenous and scientific
knowledge within the context of power relationships [41].

3.4. Biodiverse Agriculture

Currently, approximately 40% of Earth’s surface is under use for food and fiber production and
this is anticipated to continue to rise. This trend will have grave consequences for the environment
and biodiversity unless traditional agroecosystems like the Amazonian Chacras described in this
issue are preserved [38,42,43]. In addition, regenerative sustainable agriculture techniques must be
promoted, but in a way that avoids external or government enforcement. Community-based outreach
and demonstration that these techniques at the farm level can actually increase yield over the long
term are more effective. This requires knowledge that enables an understanding of biodiversity and
how it can be managed to attain sustainable development [43]. Also, community and individual
value of agricultural biodiversity must be cultivated, as should both measures of biodiversity and
agrobiodiversity [42,43]. Gabel et al. in this issue compare methods of assessment to evaluate on-farm
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biodiversity finding that each of them exhibit strengths and weaknesses, again a strong argument for
further research on quantifying biodiversity [44].

Other important areas of research include how best to develop product value addition and links to
markets, germplasm enhancement, participatory plant breeding, and to increase the diversity of high
value products such as coconut and other nut products as way to improve livelihood [43]. With climate
change come a number of problems for farmers such as increased drought and longer dry seasons,
greater intensity of rain in wet seasons, and overall warmer temperatures [45]. Research on how
best to adapt farming practice to these changes must be a priority including crop diversification and
the development of new varieties. One example is the work of the Interspecific Rice Diversification
Project which has developed drought resistant varieties [46], keeping in mind that crop diversification
is also one way to increase biodiversity. Also, The Committee on Sustainability Assessment is a
global consortium of development institutions that work collaboratively to advance the systematic and
science-based measurement of sustainability in agriculture [47].

3.5. Indicators of Biodiversity and Sustainability

If our goal is to integrate biodiversity conservation and sustainability objectives, we need
measurable indicators to determine success. Thus, an important research priority should be to both
apply existing and develop new quantifiable indicators of outcomes from efforts that integrate the two.
There exists an extensive list of criteria and indicators for biodiversity conservation with regard to
forest management [22]. However, most of these indicators require complete and repeated species
inventories which are a challenge to conduct. The same is likely true for non-forest systems as
demonstrated in this issue [44]. As such, quantifying the presence of indicator species and guilds that
reflect greater biodiversity has the potential to estimate biodiversity though this has its limitations.
A potentially more powerful approach is to use structural based indicators such as stand complexity
or connectivity among forests [22]. Work also needs to be done to improve our ability to compare
biodiversity conservation effectiveness among regions such as the reference condition index used to
do so among Biodiversity Ecological function Zones in China described in this issue [48]. A research
priority should be to further develop ways of quantifying biodiversity in other kinds of ecosystems for
which conservation is a priority, and to develop an adaptive approach to managing these systems that
allows for research, monitoring, and subsequently adapting the way those systems are managed.

If we are to effectively integrate biodiversity conservation with sustainability objectives, then then
we need to simultaneously assess in both areas. In other words, effective conservation efforts need
to be considered in conjunction with poverty reduction, equitable economic, and income generation
opportunities, and other measure of social progress while also considering whether resource use is
regenerative. In this issue, two articles effectively adapt a traditional sustainability assessment tool,
Life Cycle Assessment (LCA), to include impact on biodiversity. The LCA examines the environmental
effects throughout the lifecycle of a product, from resource extraction and fabrication, to use and
ultimately disposal. Maier et al. in this issue adapt this impact assessment measure in a way that allows
for quantification of the impact of land-suing production on biodiversity, and develop a hierarchical
framework to do this at the scale of global value chains [49]. Also in this issue, Rodríguez-Rodríguez
et al. develop quantitative tools to assess local environmental, social, and economic effects of legally
designated protected areas located within biodiversity hotspots that are managed for multiple uses [50].
These serve as models for developing assessment tools for both sustainability and conservation
objectives by modifying existing indicators from either research communities so that elements from
each can be integrated.

4. Conclusions

It is clear that the preservation of biodiversity is important if not essential in allowing humans
to sustain their lives in a variety of ways. At the same time biodiversity conservation and human
activity and development are often seen in conflict with each other. This conflict can be alleviated
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through the integration of biodiversity conservation with the three-pillar model of sustainability
and sustainable development [27]. There has been a long history of important biodiversity science,
but its development as an interdisciplinary field that can address the scientific, political, and societal
challenges that we face has not been advancing at a rate to meet those challenges [27]. Also, a lack
of interdisciplinary scholars working on solutions-based research has been a barrier to achieving
sustainability objectives [51]. However, as seen in this issue and elsewhere, this is changing. The field
of sustainability science including its relation to biodiversity is rapidly expanding. A recent analysis
shows that the rate of publication in interdisciplinary sustainability science is growing at 7.6%, almost
twice as fast as the mean across all disciplines [52]. In this article, I have addressed some, but not all
research priorities that will allow us to better link these disciplines. These examples represent both the
dire need and the potential for this sort of integrative research. This integration has been referred to
as reconciliation ecology which aims to eliminate the conflict between biodiversity conservation and
human development by studying the mutually beneficial ways for the coexistence of other species
with humans [53]. Continued work in this realm is sorely needed in order to guide both development
and conservation policy.

Funding: This research received no external funding.

Conflicts of Interest: The author declares no conflict of interest.

References

1. De Vos, J.M.; Joppa, L.N.; Gittleman, J.L.; Stephens, P.R.; Pimm, S.L. Estimating the normal background rate
of species extinction. Conserv. Biol. 2015, 29, 452–462. [CrossRef]

2. United Nations. The Future We Want: Outcome Document of the United Nations Conference on Sustainable
Development. Rio de Janeiro, 20–22 June 2012. Available online: www.un.org/ga/search/view_doc.asp?
symbol=A/RES/66/288&Lang=E (accessed on 25 July 2019).

3. United Nations. Transforming Our World: The 2030 Agenda for Sustainable Development; The UN: New York,
NY, USA, 2015. Available online: https://sustainabledevelopment.un.org/post2015/transformingourworld/

publication (accessed on 25 July 2019).
4. Sarkar, S. Wilderness preservation and biodiversity conservation—Keeping divergent goals distinct. BioScience

1999, 49, 405–412. [CrossRef]
5. Callicott, J.B. Whither Conservation Ethics? Conserv. Biol. 1990, 4, 15–20. [CrossRef]
6. Hutton, J.; Adams, W.M.; Murombedzi, J.C. Back to the Barriers? Changing Narratives in Biodiversity

Conservation. Forum Dev. Stud. 2005, 32, 341–370. [CrossRef]
7. IUCN Red List of Threatened Species. Available online: https://www.iucnredlist.org/ (accessed on 14 August

2019).
8. Convention on International Trade in Endangered Species of Wild Fauna and Flora|CITES. Available online:

https://www.cites.org/eng/disc/text.php (accessed on 14 August 2019).
9. Endangered Species Laws by Country I. Available online: http://www.endangeredearth.com/endangered-

species-laws-i/ (accessed on 14 August 2019).
10. The World Commission on Human and Environment Development. Our Common Future; Oxford University

Press: New York, NY, USA, 1987.
11. United Nations. Agenda 21. In United Nations Conference on Environment and Development, the Earth Summit;

Regency Press: Rio de Dejaneiro, Brazil, 1992.
12. United Nations. The Statement on Forest Principles. In United Nations Conference on Environment and

Development, the Earth Summit; Regency Press: Rio de Dejaneiro, Brazil, 1992.
13. United Nations Millennium Development Project. Investing in Development: A Practical Plan to Achieve the

Millennium Development Goals; United Nations Development Program: New York, NY, USA, 2005.
14. Convention on Biological Diversity. Available online: https://www.cbd.int/convention/text/ (accessed on

14 August 2019).
15. About the Sustainable Development Goals—United Nations Sustainable Development. Available online:

https://www.un.org/sustainabledevelopment/sustainable-development-goals/ (accessed on 14 August 2019).

http://dx.doi.org/10.1111/cobi.12380
www.un.org/ga/search/view_doc.asp?symbol=A/RES/66/288&Lang=E
www.un.org/ga/search/view_doc.asp?symbol=A/RES/66/288&Lang=E
https://sustainabledevelopment.un.org/post2015/transformingourworld/publication
https://sustainabledevelopment.un.org/post2015/transformingourworld/publication
http://dx.doi.org/10.2307/1313633
http://dx.doi.org/10.1111/j.1523-1739.1990.tb00261.x
http://dx.doi.org/10.1080/08039410.2005.9666319
https://www.iucnredlist.org/
https://www.cites.org/eng/disc/text.php
http://www.endangeredearth.com/endangered-species-laws-i/
http://www.endangeredearth.com/endangered-species-laws-i/
https://www.cbd.int/convention/text/
https://www.un.org/sustainabledevelopment/sustainable-development-goals/


Sustainability 2019, 11, 4676 10 of 11

16. Petraitis, P.S.; Latham, R.E.; Niesenbaum, R.A. The Maintenance of Species Diversity by Disturbance.
Q. Rev. Biol. 1989, 64, 393–418. [CrossRef]

17. Hubbell, S.P. The Unified Neutral Theory of Biodiversity and Biogeography (MPB-32); Princeton University Press:
Princeton, NJ, USA, 2001.

18. Kati, V.; Devillers, P.; Dufrêne, M.; Legakis, A.; Vokou, D.; Lebrun, P. Hotspots, complementarity or
representativeness? designing optimal small-scale reserves for biodiversity conservation. Biol. Conserv. 2004,
120, 471–480. [CrossRef]

19. Gavin, M.C.; McCarter, J.; Mead, A.; Berkes, F.; Stepp, J.R.; Peterson, D.; Tang, R. Defining biocultural
approaches to conservation. Trends Ecol. Evol. 2015, 30, 140–145. [CrossRef]

20. Janzen, D.H. Setting up Tropical Biodiversity for Conservation through Non-Damaging Use: Participation
by Parataxonomists. J. Appl. Ecol. 2004, 41, 181–187. [CrossRef]

21. MAB Programme|United Nations Educational, Scientific and Cultural Organization. Available online:
http://www.unesco.org/new/en/natural-sciences/environment/ecological-sciences/ (accessed on 14 August
2019).

22. Lindenmayer, D.B.; Margules, C.R.; Botkin, D.B. Indicators of Biodiversity for Ecologically Sustainable Forest
Management. Conserv. Biol. 2000, 14, 941–950. [CrossRef]

23. Costanza, R.; de Groot, R.; Sutton, P.; van der Ploeg, S.; Anderson, S.J.; Kubiszewski, I.; Farber, S.; Turner, R.K.
Changes in the global value of ecosystem services. Glob. Environ. Chang. 2014, 26, 152–158. [CrossRef]

24. Larigauderie, A.; Mooney, H.A. The Intergovernmental science-policy Platform on Biodiversity and Ecosystem
Services: Moving a step closer to an IPCC-like mechanism for biodiversity. Curr. Opin. Environ. Sustain.
2010, 2, 9–14. [CrossRef]

25. Perrings, C.; Duraiappah, A.; Larigauderie, A.; Mooney, H. The Biodiversity and Ecosystem Services
Science-Policy Interface. Science 2011, 331, 1139–1140. [CrossRef] [PubMed]

26. Ficiciyan, A.; Loos, J.; Sievers-Glotzbach, S.; Tscharntke, T. More than Yield: Ecosystem Services of Traditional
versus Modern Crop Varieties Revisited. Sustainability 2018, 10, 2834. [CrossRef]

27. Craven, D.; Winter, M.; Hotzel, K.; Gaikwad, J.; Eisenhauer, N.; Hohmuth, M.; König-Ries, B.; Wirth, C.
Evolution of interdisciplinarity in biodiversity science. Ecol. Evol. 2019, 9, 6744–6755. [CrossRef] [PubMed]

28. Escobar, A. Whose Knowledge, Whose nature? Biodiversity, Conservation, and the Political Ecology of
Social Movements. JPE 1998, 5, 53. [CrossRef]

29. MacDonald, K.I. The Devil is in the (Bio)diversity: Private Sector “Engagement” and the Restructuring of
Biodiversity Conservation. Antipode 2010, 42, 513–550. [CrossRef]

30. Brockington, D.; Igoe, J.; Schmidt-Soltau, K. Conservation, Human Rights, and Poverty Reduction:
Conservation, Human Rights, and Poverty Reduction. Conserv. Biol. 2006, 20, 250–252. [CrossRef]

31. Ezebilo, E.E.; Mattsson, L. Contribution of non-timber forest products to livelihoods of communities in
southeast Nigeria. Int. J. Sustain. Dev. World Ecol. 2010, 17, 231–235. [CrossRef]

32. Arroyo-Zeledón, M.S.; Zúñiga-Arias, G. Conservation of Biodiversity and Poverty in Costa Rica: Analysis
by Planning Regions. ABRA 2018, 38, 33. [CrossRef]

33. Roque, M.; Ferreira Neto, J.; Faria, A.; Ferreira, F.; Teixeira, T.; Coelho, L. Effectiveness of Arguments Used in
the Creation of Protected Areas of Sustainable Use in Brazil: A Case Study from the Atlantic Forest and
Cerrado. Sustainability 2019, 11, 1700. [CrossRef]

34. Henle, K.; Alard, D.; Clitherow, J.; Cobb, P.; Firbank, L.; Kull, T.; McCracken, D.; Moritz, R.F.A.; Niemelä, J.;
Rebane, M.; et al. Identifying and managing the conflicts between agriculture and biodiversity conservation
in Europe—A review. Agric. Ecosyst. Environ. 2008, 124, 60–71. [CrossRef]

35. Benitez-Capistros, F.; Couenberg, P.; Nieto, A.; Cabrera, F.; Blake, S. Identifying Shared Strategies and
Solutions to the Human–Giant Tortoise Interactions in Santa Cruz, Galapagos: A Nominal Group Technique
Application. Sustainability 2019, 11, 2937. [CrossRef]

36. Franco, J.L.d.A. The concept of biodiversity and the history of conservation biology: From wilderness
preservation to biodiversity conservation. História (São Paulo) 2013, 32, 21–48. [CrossRef]

37. Mapping the Traditional Lands of the Matawai Maroons in Suriname, One Creek at a Time|Amazon
Conservation Team. Available online: https://www.amazonteam.org/mapping-the-traditional-lands-of-the-
matawai-maroons-in-suriname-one-creek-at-a-time/ (accessed on 15 August 2019).

http://dx.doi.org/10.1086/416457
http://dx.doi.org/10.1016/j.biocon.2004.03.020
http://dx.doi.org/10.1016/j.tree.2014.12.005
http://dx.doi.org/10.1111/j.1365-2664.2004.00879.x
http://www.unesco.org/new/en/natural-sciences/environment/ecological-sciences/
http://dx.doi.org/10.1046/j.1523-1739.2000.98533.x
http://dx.doi.org/10.1016/j.gloenvcha.2014.04.002
http://dx.doi.org/10.1016/j.cosust.2010.02.006
http://dx.doi.org/10.1126/science.1202400
http://www.ncbi.nlm.nih.gov/pubmed/21330488
http://dx.doi.org/10.3390/su10082834
http://dx.doi.org/10.1002/ece3.5244
http://www.ncbi.nlm.nih.gov/pubmed/31327991
http://dx.doi.org/10.2458/v5i1.21397
http://dx.doi.org/10.1111/j.1467-8330.2010.00762.x
http://dx.doi.org/10.1111/j.1523-1739.2006.00335.x
http://dx.doi.org/10.1080/13504501003749992
http://dx.doi.org/10.15359/abra.38-57.2
http://dx.doi.org/10.3390/su11061700
http://dx.doi.org/10.1016/j.agee.2007.09.005
http://dx.doi.org/10.3390/su11102937
http://dx.doi.org/10.1590/S0101-90742013000200003
https://www.amazonteam.org/mapping-the-traditional-lands-of-the-matawai-maroons-in-suriname-one-creek-at-a-time/
https://www.amazonteam.org/mapping-the-traditional-lands-of-the-matawai-maroons-in-suriname-one-creek-at-a-time/


Sustainability 2019, 11, 4676 11 of 11

38. Luzuriaga-Quichimbo, C.X.; Hernández del Barco, M.; Blanco-Salas, J.; Cerón-Martínez, C.E.; Ruiz-Téllez, T.
Plant Biodiversity Knowledge Varies by Gender in Sustainable Amazonian Agricultural Systems Called
Chacras. Sustainability 2019, 11, 4211. [CrossRef]

39. Isaac, G.E.; Kerr, W.A. Bioprospecting or Biopiracy? Intellectual Property and Traditional Knowledge in
Biotechnology Innovation. J. World Intellect. Prop. 2005, 7, 35–52. [CrossRef]

40. Blum, E. Making biodiversity conservation profitable. Environment 1993, 35, 16. [CrossRef]
41. Agrawal, A. Dismantling the Divide Between Indigenous and Scientific Knowledge. Dev. Chang. 1995, 26,

413–439. [CrossRef]
42. Maleksaeidi, H.; Keshavarz, M. What influences farmers’ intentions to conserve on-farm biodiversity?

An application of the theory of planned behavior in fars province, Iran. Glob. Ecol. Conserv. 2019, 20, e00698.
[CrossRef]

43. Sajise, P.E. Biodiversity Research for Sustainable Development: Can It Be Achieved? Available online:
https://ageconsearch.umn.edu/record/165776 (accessed on 15 August 2019).

44. Gabel, V.; Home, R.; Stöckli, S.; Meier, M.; Stolze, M.; Köpke, U. Evaluating On-Farm Biodiversity:
A Comparison of Assessment Methods. Sustainability 2018, 10, 4812. [CrossRef]

45. Manandhar, S.; Vogt, D.S.; Perret, S.R.; Kazama, F. Adapting cropping systems to climate change in Nepal:
A cross-regional study of farmers’ perception and practices. Reg. Environ. Chang. 2011, 11, 335–348.
[CrossRef]

46. Lin, B.B. Resilience in Agriculture through Crop Diversification: Adaptive Management for Environmental
Change. BioScience 2011, 61, 183–193. [CrossRef]

47. Committee on Sustainability Assessment. Available online: https://thecosa.org/ (accessed on 15 August
2019).

48. Dong, K.; Hou, G.; Xu, D.; He, H.; Liu, Z. A Method to Compare the Biodiversity Conservation Effectiveness
between Regions based on a Reference Condition. Sustainability 2018, 10, 3694. [CrossRef]

49. Maier, S.; Lindner, J.; Francisco, J. Conceptual Framework for Biodiversity Assessments in Global Value
Chains. Sustainability 2019, 11, 1841. [CrossRef]

50. Rodríguez-Rodríguez, D.; López, I. Effects of Legal Designation and Management of a Multiple-Use Protected
Area on Local Sustainability. Sustainability 2018, 10, 3176. [CrossRef]

51. Niesenbaum, R. Sustainable Solutions: Problem Solving for Current and Future Generations; Oxford University
Press: New York, NY, USA, 2019; pp. 402–403.

52. Sustainability Science in a Global Landscape Report—Research Intelligence—Elsevier. Available online: https:
//www.elsevier.com/research-intelligence/research-initiatives/sustainability-2015 (accessed on 15 August
2019).

53. Rosenzweig, M.L. Reconciliation ecology and the future of species diversity. Oryx 2003, 37, 194–205.
[CrossRef]

© 2019 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3390/su11154211
http://dx.doi.org/10.1111/j.1747-1796.2004.tb00257.x
http://dx.doi.org/10.1080/00139157.1993.9929092
http://dx.doi.org/10.1111/j.1467-7660.1995.tb00560.x
http://dx.doi.org/10.1016/j.gecco.2019.e00698
https://ageconsearch.umn.edu/record/165776
http://dx.doi.org/10.3390/su10124812
http://dx.doi.org/10.1007/s10113-010-0137-1
http://dx.doi.org/10.1525/bio.2011.61.3.4
https://thecosa.org/
http://dx.doi.org/10.3390/su10103694
http://dx.doi.org/10.3390/su11071841
http://dx.doi.org/10.3390/su10093176
https://www.elsevier.com/research-intelligence/research-initiatives/sustainability-2015
https://www.elsevier.com/research-intelligence/research-initiatives/sustainability-2015
http://dx.doi.org/10.1017/S0030605303000371
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Conservation, Biodiversity, and Sustainability: A Historical Perspective 
	Early Preservationist and Conservation Movements 
	Prioritizing Biodiversity 
	The Emergence of Sustainability 
	The Integration of Sustainability and Biodiversity 

	Research Priorities for Integrating Biodiversity Conservation and Sustainability 
	Ecosystem Services and Function 
	Poverty Reduction 
	Sustainability, Biodiversity, and Indigenous Knowledge 
	Biodiverse Agriculture 
	Indicators of Biodiversity and Sustainability 

	Conclusions 
	References

