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A B S T R A C T

Biodiversity is suffering dramatic declines across the globe, threatening the ability of ecosystems to provide the
services on which humanity depends. Mainstreaming biodiversity into the plans, strategies and policies of dif-
ferent economic sectors is key to reversing these declines. The importance of this mainstreaming is recognized by
the Convention on Biological Diversity (CBD) and its Aichi targets. Individual countries can implement the goals
of the CBD through their National Biodiversity Strategies and Action Plans (NBSAPs), which aim to, inter alia,
support the mainstreaming of biodiversity into the policies of key economic sectors, such as agriculture, forestry
and fisheries. This paper investigates the performance of countries at incorporating biodiversity mainstreaming
into their post-2010 NBSAPs. We conduct a large-scale review of 144 NBSAPs against five criteria and calculate a
national-level indicator for comparing levels of mainstreaming among countries. Our results show that devel-
oping countries, particularly those in Africa, have higher scores, indicating that they have a higher awareness of
the importance of biodiversity mainstreaming. Developing nations were also more likely to involve a greater
range of stakeholders in the NBSAP development process, whilst developed nations were less likely to give
specific details about the monetary contributions of biodiversity to their economies. Overall, our findings suggest
that biodiversity mainstreaming remains a challenge across much of the world, but that progress in some areas
can provide direction and momentum in the future.

1. Introduction

The benefits that biodiversity provide to human well-being are
manifold (Díaz et al., 2018). Biodiversity underpins ecological pro-
cesses that form the basis of a plethora of ecosystem services including
food provision, clean drinking water, regulation of pests and diseases,
maintenance of soil fertility and non-material benefits such as oppor-
tunities for aesthetic appreciation and recreation (Harrison et al.,
2014). However, humanity has transformed the majority of the planet's
surface to meet its immediate needs (Foley et al., 2005; IPBES, 2018a;
IPBES, 2018b). The resulting global change has been causing serious
declines in the distribution and abundance of species, the composition

of communities and the ecological functions within ecosystems (Pereira
et al., 2012; Tittensor et al., 2014). This loss of biodiversity threatens
the ability of the living planet system to provide the services on which
humanity so depends (Cardinale et al., 2012; IPBES, 2018a).

Addressing direct pressures and causes is imperative to halt these
global biodiversity losses. This has become the global mission of the
Convention on Biological Diversity (CBD). This international treaty,
which became effective in December 1993 and now has 196 signatory
countries, aims to ensure the conservation and sustainable use of bio-
diversity. The CBD recognizes “that the objectives of the Convention would
be impossible to meet until consideration of biodiversity is fully integrated
into other sectors” (SCBD, 2005). This integration is key, as the main
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direct pressures on biodiversity originate within economic sectors such
as agriculture, forestry and fisheries (Kok et al., 2014; Kok et al., 2018).
This process of integrating biodiversity concerns and actions related to
biodiversity conservation into different economic sectors and develop-
ment plans is referred to as “biodiversity mainstreaming” (cf. GEF,
UNEP and CBD, 2007; IIED and UNEP-WCMC, 2017; SCBD, 2014).

Biodiversity mainstreaming has become a major global challenge
(Karlsson-Vinkhuyzen et al., 2018). This endeavor was reinforced by
the CBD's Strategic Plan for Biodiversity 2011–2020 and its Aichi bio-
diversity targets, which were adopted at the 10th meeting of the Con-
ference of Parties (COP) in 2010. Specifically, countries agreed to
“address the underlying causes of biodiversity loss by mainstreaming
biodiversity across government and society” (CBD, 2010), and defined
their own sets of national targets following the Aichi targets framework.
This ambitious global goal can be reached by each country in primarily
two ways, encapsulated by two Aichi targets. First, Target 2 calls for
biodiversity values to be integrated into development strategies and
planning processes. Achieving this target means that biodiversity is
considered across all sectors, at both national and local levels, thus
enabling a proactive and preventative attitude towards its conservation
and ideally a shared sense of responsibility (Persson et al., 2018).
Second, Target 17 requires the development of National Biodiversity
Strategies and Action Plans (NBSAPs), which are the primary instru-
ment for implementing the Convention at the national level and are
updated to explicitly address the 20 Aichi Biodiversity Targets (of the
190 Parties that have prepared NBSAPs, 148 had revised them at least
once by September 2018, CBD, 2018a). These updated plans aim to feed
into concrete, specific policy instruments, hence supporting the main-
streaming of biodiversity into the activities of sectors that impact it the
most (CBD, 2010; Kok et al., 2010). The importance of mainstreaming is
such that, if effectively implemented, these two targets could have a
positive effect on the achievement of all the remaining Aichi targets
(Marques et al., 2014). The Aichi targets 5 to 10, under Strategic Goal
B, concerning the sustainable use of biodiversity, should be highly in-
fluenced by mainstreaming actions but they can also promote main-
streaming per se if sustainable managements plans recognize the value
of biodiversity (OECD, 2018).

More recently, the CBD has reiterated the importance of biodiversity
mainstreaming with the Cancun Declaration (CBD, 2016), which was
adopted at the 13th COP meeting in 2016. This declaration recognizes
that biodiversity protection must involve a range of different govern-
mental and economic sectors. More than 190 countries have pledged to
increase efforts to integrate biodiversity into policies of their forestry,
fisheries, tourism and agriculture sectors. This has since been expanded
with the Sharm El-Sheikh Declaration (CBD, 2018b), adopted at the
14th COP meeting in 2018, which adds that mainstreaming biodiversity
should also occur in the energy, infrastructure, manufacturing and
processing sectors.

Despite this clear global objective and its declination into national
obligation, the road to biodiversity mainstreaming has thus far not been
a smooth one. Key actors in relevant economic sectors still consider
biodiversity to be distant from their key interests and countries devel-
oping their NBSAPs have found it challenging to mainstream biodi-
versity into economic development (Prip et al., 2010; Leadley et al.,
2014; Karlsson-Vinkhuyzen et al., 2017). Previous analyses of the
fourth and fifth national reports, which present the progress made on
the implementation of the Convention's objectives, revealed that the
key barriers to biodiversity mainstreaming are: short-term economic
gains by the primary production sector, fragmented decision making,
and limited communication among stakeholders (Chandra and Idrisova,
2011; Leadley et al., 2014). This limited communication is likely due to
the lack of involvement in the NBSAP development process, as the
preliminary post-2010 NBSAP assessments showed that neither the
private sector nor members from civil society were consistently con-
sulted (Pisupati and Prip, 2015).

Limited overall efforts at mainstreaming biodiversity have also been

found in an investigation of four case studies in agriculture, agro-for-
estry and fisheries, exemplifying transnational governance of both land
and water (Karlsson-Vinkhuyzen et al., 2018). Some institutional levers
were identified that aided mainstreaming, such as co-management
structures in mangroves in Vietnam involving fishermen and local au-
thorities, and trust building in certified palm oil and marine fisheries.
But motivational and means barriers to mainstreaming were more
common, such as short term visions and a severe lack of financial re-
sources, time and knowledge. This lack of means has traditionally
hampered and undermined conservation programmes in developing
counties and transitional economies (Chandra and Idrisova, 2011).

However, the outlook is not entirely bleak and there are main-
streaming success stories. Huntley (2014) has identified positive
mainstreaming in South Africa and Costa Rica, helped by the extremely
high levels of biodiversity in each country, which, despite high levels of
threat, has led to high interest and support from donors. This financial
support has been further assisted by the democratic and transparent
governance systems that provide security and longevity to main-
streaming investments. This demonstrates how mainstreaming strate-
gies need to be accompanied by nature protection policies and political
support to be truly effective (Karlsson-Vinkhuyzen et al., 2017). An-
other success story comes from the global fisheries sector. Friedman
et al. (2018) find that the ‘architecture for the mainstreaming of bio-
diversity’ has developed considerably over the last two decades across
international, national and regional frameworks. This has developed
because of strengthened communication and discovered common
ground between the fisheries and biodiversity conservation commu-
nities. Improved communication, which has enabled cross-sectoral in-
stitutional collaborations on policies and actions, has also proved key to
the success stories that have emerged from the Mainstreaming Biodi-
versity and Development project, facilitated by IIEC, UNEP-WCMC
(2015).

Despite this recent growth in research on mainstreaming biodi-
versity, global patterns on how countries have incorporated it into their
updated post-2010 NBSAPs remain unclear. The OECD conducted a
small-scale review of 16 NBSAPs and found a variable picture of how
countries were mainstreaming biodiversity (OECD, 2018). The CBD
conducted an internal analysis of NBSAPs received after adoption of the
Strategic Plan for Biodiversity 2011–2020 and found very low levels of
mainstreaming (CBD, 2018a). Only 28% of 159 Parties had conducted
valuation studies of biodiversity, 20% state that biodiversity has been
integrated into national development plans and 13% mention the in-
tegration of NBSAPs with sustainable development plans.

The aim of this paper is to build on the analyses mentioned above
and conduct a large-scale review of how post-2010 NBSAPs mainstream
biodiversity into relevant economic sectors. This will allow us to reach a
greater understanding of the extent to which the value of biodiversity is
prioritized at a national level and how the NBSAP-process is performing
as an instrument to mainstream biodiversity.

2. Methods

The rationale behind our analysis is that NBSAPs act as inputs to
other sectoral policies, influencing and altering their approach to bio-
diversity. Integration of biodiversity into sectoral policies would then
ideally promote a change in behavior that in turn would result in an
improved biodiversity state. We assume that if biodiversity is clearly
mainstreamed into the economic sectors in the NBSAPs, then it would
potentially be more effective in influencing sectoral policies.

To understand the extent to which biodiversity is being main-
streamed across economic sectors we performed a review of the NBSAPs
released before the end of October 2017 (https://www.cbd.int/nbsap/
about/latest/). We restricted our review to NBSAPs written in either
English, Spanish or French. A total of 144 NBSAPs were reviewed
against five questions, developed on the work from IIED (IIED, 2015)
(Table 1), using a standardized set of keywords (Table S1) to minimize
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the role of reviewer interpretation. The economic development of each
country analyzed was defined as either ‘Developed’ or ‘Developing’
using the UN classifications (https://unstats.un.org/unsd/
methodology/m49/). See Table S2 for details of the individual coun-
tries analyzed.

2.1. Justification of questions

Question 1 asks whether the opinions, knowledge and/or requests of
society as a whole have been considered during the development of
NBSAPs. A policy instrument, such as an NBSAP, is more likely to be
effective if it takes into account the concerns of all actors of society
(Huntley and Redford, 2014; SCBD, 2007). The categories for society
used in this review were public, private and civil society and finally
‘other’, which includes indigenous people as well as members of the
public.

Countries that are aware of the beneficial contributions that biodi-
versity and ecosystem services make to its development are more likely
to effectively mainstream biodiversity (Huntley and Redford, 2014).
Therefore, question 2 examines whether the (monetary) value of bio-
diversity or ecosystem services is acknowledged in the NBSAPs, and
whether these references are specific, detailing the actual values of
contributions in some quantitative way (monetary if appropriate), or
simply acknowledgements that a value does exist.

Questions 3, 4 and 5 examine how NBSAPs identify the relationship
between biodiversity and different production sectors. The sectors in-
cluded in this review were agriculture, forestry, fisheries, tourism,
water supply, other extractive activities (such as mining) and other (for
example, renewable energy and infrastructure development). Question
3 aims to understand whether biodiversity loss is considered a threat to
the performance of the aforementioned sectors. In principle, the iden-
tification of these relationships in the NBSAPs is a clear indication that
countries recognize the need to integrate biodiversity concerns into
sector planning. Question 4 seeks to understand the extent that sus-
tainable management plans or other biodiversity conservation actions
are perceived as having a positive impact on the development of par-
ticular sectors. The identification of this relationship is a positive sign
for effective mainstreaming. Finally, Question 5 investigates whether
there is a perceived conflict or trade-off between biodiversity con-
servation and the output of production sectors.

2.2. Scoring

We assigned a maximum score for each question, related to the
possible maximum number of positive answers to the questions (de-
tailed in Table 1). A point was added for each question whenever one of
the possible answer categories was met. For instance, for question 1, if a
NBSAP indicated that the public sector, private sector and civil society
were involved in the development of the report, then the score was
three (of a maximum of four). For questions 3 to 5 this score was capped
at six (even though there are seven possible answer categories), to ac-
count for the fact that some sectors are of less importance in some

countries. For example, in a country with no sea access it is likely that
the fisheries sector has less importance when compared to the agri-
cultural sector. Hence, capping the score at six prevents such countries
from receiving a lower overall score simply for a geographical differ-
ence. As different people performed the reviews, it is recognized that
the final score allocated for each question is based on the somewhat
subjective judgment of the individual reviewer. However, differences in
interpretation were minimized by using key words in the review pro-
cess and the binary nature of the questions.

Following the calculation of scores for each question, an aggregated
normalized score (NS) was computed for each country, which gives
equal weight to all questions and has a maximum value of five:

= + + + +NS Q Q Q Q Q1
4

2
2

3
6

4
6

5
6

These final scores provide an indicator that allows the level of
biodiversity mainstreaming to be compared among countries.

3. Results

The normalized scores of the 144 NBSAPs reviewed ranged from
0.42 (Germany) to 4.50 (Namibia) with an overall mean of 2.45. The
maximum possible score of five was not achieved by any country. The
mean normalized score varied by geographical region, with Africa
achieving an overall higher normalized score (mean 2.76), followed by
the Americas (mean 2.66, countries analyzed in this region were mainly
from Latin America and the Caribbean, Canada being the only country
from North America that is party to the CBD). Asia had a mean nor-
malized score of 2.36, Europe had a mean score of 2.15 and Oceania
had the lowest mean score of 1.88 (only eight countries were analyzed
in this region).

Developed countries, the majority of which are located in Europe,
scored lower than developing countries, with an overall mean of 2.08
compared to 2.60 (see Fig. 1 for the variation within these means).

3.1. Stakeholder involvement (Question 1)

In all countries analyzed, the public sector was involved in the de-
velopment of the NBSAP, which is unsurprising given that national
governments are responsible for this process. Civil Society was also
involved in developing 72% of action plans, often through NGO's or
non-profit organizations. The private sector was involved in developing
51% of action plans, whilst ‘other’ society were only consulted for 37%
of the national strategies. There is variability in these figures according
to geographic region (Fig. 2), with the countries of Europe (all of which
have a developed economic status) showing considerably less involve-
ment of other groups outside of the government. Overall, developing
nations involved a higher percentage of stakeholders (62% private
sector, 81% civil society and 46% ‘other’ society) compared to devel-
oped nations (25% private sector, 53% civil society and 5% ‘other’
society).

Table 1
Questions used to review the NBSAPs and the possible maximum scores for each question. For questions 1 and 3 to 5 each answer option (in brackets) yields a score of
1, for question 2 a specific answer yields a score of 2 and a vague answer a score of 1.

Questions Maximum score

1. Which actors have been involved in the development of the NBSAP? (public, private, civil society, other) 4
2. Are there references to the (potential) contribution of biodiversity or ecosystem services to the national economy? (yes-specific, yes-vague) 2
3. Is it discussed if biodiversity loss threatens the outcomes of particular sectors? (agriculture, forestry, fisheries, tourism, water supply, other extractive activities,

other)
6

4. Is it discussed how sustainable management plans (and hence biodiversity conservation) can contribute to the improvement of the outcomes of particular
sectors? (agriculture, forestry, fisheries, tourism, water supply, other extractive activities, other)

6

5. Is it discussed if biodiversity conservation threatens the outcomes of particular sectors? (agriculture, forestry, fisheries, tourism, water supply, other extractive
activities, other)

6

P.R. Whitehorn, et al. Biological Conservation 235 (2019) 157–163

159

https://unstats.un.org/unsd/methodology/m49/
https://unstats.un.org/unsd/methodology/m49/


3.2. Contribution of biodiversity and ecosystem services to the economy
(Question 2)

We found that the majority of NBSAPs (91%) do acknowledge the
contribution of biodiversity to the national economy, and 43% of the
NBSAPs provide specific details about it. For example, Seychelles'
NBSAP (p. 56) highlights that biodiversity contributed to 35% of total
government's revenue, 38% of national employment and 60% of gross
domestic product (GDP). Peru's NBSAP (p. 27) states that 22% of the
national economy is linked with biodiversity and that the legal trade of
biodiversity products, which involved 46 species of native flora and
fauna, represented more than 218 million US dollars in 2013.

There are, however, broad differences according to the economic
development of the country (Fig. 3). Developing nations are more likely
to give specific details about the (monetary) contribution of biodi-
versity and ecosystem services to their economy in their national
strategy, whilst a higher proportion of developed nations made no ac-
knowledgement of this contribution.

3.3. Contribution of biodiversity and ecosystem services to outcomes of
sectors (Questions 3 to 5)

Biodiversity loss is perceived as a threat to the outcomes of

production sectors (Question 3) in 85% of the NBSAPs, but in only 37%
of the NBSAPs is this threat mapped to four or more production sectors.
Agriculture is the most mentioned sector, followed by fisheries, forestry
and water. The variation in these results by geographic region and
economic development is shown in Table 2. Africa has the highest
percentages for agriculture, forestry, fisheries and the availability of
clean water, showing that the majority of reviewed countries recognize
that biodiversity loss threatens the outcome of these sectors. For ex-
ample, Niger's NBSAP (p. 37) recognizes that the loss of forest biodi-
versity leads to unemployment and a decrease in forest productivity. In
contrast, the region where more countries identified the loss of biodi-
versity as a threat to the outcome of tourism was in Europe.

The potential opportunities arising from sustainable management to
the improvement of the outcomes of at least one production sector
(Question 4) are mentioned in 90% of the NBSAPs, but in only 44% of
the NBSAPs this relationship is identified for more than 4 sectors.
Agriculture is the sector mentioned most often (in 63% of reports). For
example, Belgium's NBSAP (p. 56) highlights that agricultural diversi-
fication can meet the demand for varied quality products, rural re-
creation activities as well as increases in farmers' profitability. The

Fig. 1. Normalized scores for each country. Red colors indicate developed nations and blue colors developing nations. Darker tones indicate higher normalized
scores. Countries that were not analyzed are shown in white. (For interpretation of the references to colour in this figure legend, the reader is referred to the web
version of this article.)

Fig. 2. Stakeholder involvement in NBSAP development, broken down by
geographic region.

Fig. 3. In what manner NBSAPs refer to the (potential) contribution of biodi-
versity and/or ecosystem services, according to the economic status.
Specific = actual (monetary) value of one or more contributions are detailed;
Vague = existence of value of one or more contributions are mentioned, but no
actual monetary values are given.
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positive impact that biodiversity conservation can have on the tourism
industry are also mentioned frequently (61% of reports), particularly in
the Americas. For example, Mexico's NBSAP (p. 60) recognizes that
tourism has great potential, considering the country's biological and
cultural diversity. It also states that, with proper planning, promotion
and development, the conservation of natural ecosystems can be re-
conciled with the economic and social needs of the population.
Successful examples of such tourism include visits to the Monarch
Butterfly, Calakmul and Montes Azules biosphere reserves and the
protected community areas in Oaxaca. Sustainable management is also
frequently recognized as benefitting fisheries (55% reports) and for-
estry (49% reports). For example, in Sudan's NBSAP (p. 55), it is
mentioned that a sustainable and efficient use of the forest resources
can contribute to biodiversity conservation, but also rural development
and poverty alleviation. Overall, the way in which NBSAPs consider the
potential benefits for sectors resulting from sustainable management
and biodiversity conservation is fairly consistent across geographic re-
gions and economic sectors (Table 3).

The identification of conflicts and tradeoffs between biodiversity
conservation and the output of production sectors (Question 5) is pre-
sent in 50% of the NBSAPs. However, only 7% of the NBSAPs did so in
four or more production sectors and it is therefore less commonly dis-
cussed than the perceived benefits of biodiversity. Agriculture is the
sector most commonly mentioned, followed by forestry and other. The
‘other’ category includes, for example, infrastructures and transporta-
tion as mentioned in Italy's NBSAP (p. 77) or conflicts between biodi-
versity conservation and the development of renewable energy sources
as mentioned in Croatia's NBSAP (p. 7). There were differences among
the reports in this regard, with a higher proportion of developed nations
identifying conflicts between biodiversity conservation and the pro-
duction sectors, particularly agriculture and forestry (Table 4). For

example, in Scotland's NBSAP it is recognized that, in upland areas,
there are conflicting demands for livestock grazing, forestry, field
sports, renewable energy developments, recreation and peatland re-
storation. Developing nations were more likely to identify conflicts with
‘other extractive industries’, for example, Sudan's NBSAP (p. 75) iden-
tifies the conflicts between mining and protected areas.

4. Discussion

This review of NBSAPs has shown that developing countries, par-
ticularly those in Africa, are - within their NBSAPs - more aware of the
importance of mainstreaming biodiversity across economic sectors than
developed countries, as seen through their higher normalized scores.
This higher awareness is probably partly linked to the involvement of a
broad range of stakeholders in the NBSAP development process, as
developing countries were more likely to involve a greater range of
stakeholders than developed countries. It is known that the involve-
ment of several societal groups is key for the success of biodiversity
mainstreaming (Huntley and Redford, 2014; SCBD, 2007). An inclusive
process creates a sense of ownership that is likely to lead to increased
commitment on the part all the stakeholders involved, as well as raising
awareness of biodiversity values (Huntley and Redford, 2014; SCBD,
2007). This is all the more relevant considering that the economic
sectors responsible for biodiversity loss, such as agriculture and for-
estry, are managed by a broad set of actors, beyond national govern-
ments (Karlsson-Vinkhuyzen et al., 2018). Those sectors have together
up until 2010 caused almost 60% of the total reduction in global ter-
restrial biodiversity, and 55% of the expected loss up until 2050 (Kok
et al., 2018), which highlights the imperative to engage all the actors
involved in their governance in biodiversity strategic action plans. Our
results, in accordance with Pisupati and Prip (2015), show that the
majority of NBSAPs focussed on consultations with government sectors
and agencies. There is still progress to be made in many countries,
particularly those in Europe, regarding stakeholder involvement in the
development of the NBSAPs, especially with the private sector and in-
digenous or local people.

Developing nations are also more likely to give specific details about
the monetary contribution of biodiversity and ecosystem services to
their economy in their national strategy, whilst a higher proportion of
developed nations made no acknowledgement of this contribution. This
is potentially due to the higher reliance of developing economies on
agriculture and other primary production sectors (Gylfason, 2001).
Developed countries also potentially have a greater disconnect with
biodiversity and ecosystem services as they are more reliant on those
from other countries (for example, Schmidt et al., 2009; Martín-López
et al., 2018). The (developed) countries of Europe do, however, identify
the loss of biodiversity as a threat to tourism. Our review of NBSAPs is
therefore reflecting where countries perceive the (short-term) economic

Table 2
Percentage of NBSAPs, within each geographic region and economic group,
identifying biodiversity loss as a threat to the outcome of each sector (Question
3). The colors are on a scale of red (0%), through yellow (50%) to green
(100%).

Agriculture Forestry Fisheries Tourism Water
Other 

extrac!ve 
industries

Other

Europe 61 42 36 42 39 3 0

Americas 71 42 54 38 63 8 42

Africa 76 51 76 36 67 29 13

Asia 68 29 52 26 52 16 10

Oceania 50 25 38 25 13 0 0

Developed 58 40 38 40 38 3 0

Developing 72 41 62 33 59 19 18

Table 3
Percentage of NBSAPs, within each geographic region and economic group that discuss whether
sustainable management plans (and biodiversity conservation) can improve the outcomes of each
sector (Question 4). The colors are on a scale of red (0%), through yellow (50%) to green (100%).

Agriculture Forestry Fisheries Tourism Water
Other 

extrac!ve 
industries

Other

Europe 61 61 53 61 33 14 19

Americas 54 30 54 71 29 21 38

Africa 62 51 60 58 38 20 31

Asia 68 55 48 55 32 19 23

Oceania 75 13 63 63 25 0 38

Developed 63 58 53 60 33 13 20

Developing 63 46 56 61 34 19 31
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advantages of biodiversity and this does also suggest that the value of
biodiversity as a support for ecosystem services is not being fully ap-
preciated.

Note that our analysis of mainstreaming at the level of NBSAPs did
not cover aspects of integration of concrete actions at the corporate
level within different economic sectors. NBSAPs are political intentions
of governments, and might draw an optimistic picture. They do not, for
instance, include critical voices of a political opposition. Moreover, a
political plan is only a nonbinding declaration of intent, and does not
allow for an evaluation of actual implementation, i.e. mainstreaming in
economic sectors and corporations. Indeed, evidence suggests that
NBSAPs are a rather weak policy instrument and a minority have been
endorsed across governments, whilst the majority have been adopted
only within relevant environmental ministries (CBD, 2018a; UNEP,
2018). The mention of biodiversity mainstreaming within NBSAPs is
often broad and does not specify the institutional and legal require-
ments that are needed to achieve the aspirational objectives. This
factor, combined with a lack of a coordinating mechanism, creates a
significant barrier to implementation (Prip, 2010; UNEP, 2018). An
analysis of the NBSAP process within Finland identified a responsibility
gap between the environmental administration and other policy sectors,
which acts as a further barrier to the implementation of mainstreaming.
They suggest that further developing the responsiveness of policy ma-
kers and enhancing institutional liability and accountability would help
to close this gap (Sarkki et al., 2016). Additionally, there are concerns
that mainstreaming biodiversity could be used by sectors for marketing
purposes whilst destructive activities of a sector might (continue to)
cause overall harm to biodiversity (Rodríguez-Labajos and Martínez-
Alier, 2012). Moreover, there are critical concerns about the utilitarian
framing used when expressing the economic value of biodiversity and
the ecosystem services it provides to the economy (e.g. Adams, 2014;
Schröter et al., 2014). An overly economic language might narrow
down the discourse on biodiversity conservation, whilst a plurality of
values with respect to biodiversity might be needed for successfully
protecting biodiversity (Spash and Aslaksen, 2015).

It is also important to acknowledge that developing nations may
achieve higher normalized scores because they more strictly adhere to
the CBD guidance for producing NBSAPs, potentially as a result of the
financial support available for the process. In order to reach a greater
understanding of exactly why developing countries are achieving
higher scores, a follow up analysis of how countries are de facto in-
cluding biodiversity in sectoral policy plans and legislative change
would be greatly beneficial. If countries score highly in both analyses, it
would show that the appreciation of biodiversity mainstreaming in
NBSAPs is indeed translating to positive action and output.

5. Conclusions

In conclusion, this review has shown that the foundations for
mainstreaming biodiversity are being laid in the NBSAPs of many
countries. However, we have highlighted that developed nations need
to do more to acknowledge the value of biodiversity to their production
sectors. The higher normalized scores achieved by developing nations
suggests a greater connection of these countries to nature and a higher
awareness of the interdependence of their economy with biodiversity
and ecosystem services. In all countries there is evidently a greater need
for biodiversity concerns to be included within the management plans
of economic sectors, as this would offer a path to a future where
mainstreaming is achieved on a global scale.

Conflicts of interest

The authors declare no conflict of interest.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.biocon.2019.04.016.

References

Adams, W.M., 2014. The value of valuing nature. Science 346, 549–551.
Cardinale, B.J., Duffy, J.E., Gonzalez, A., Hooper, D.U., Perrings, C., Venail, P., Narwani,

A., Mace, G.M., Tilman, D., Wardle, D.A., et al., 2012. Biodiversity loss and its impact
on humanity. Nature 486, 59–67.

CBD, 2010. Decision adopted by the conference of the parties to the Convention on
Biological Diversity at its tenth meeting X/2. In: The Strategic Plan for Biodiversity
2011–2020 and the Aichi Biodiversity Targets, 10th Conference of the Parties,
Nagoya, Japan.

CBD, 2016. The Cancun declaration on mainstreaming the sustainable use and con-
servation of biodiversity for well-being. In: 13th Conference of the Parties, Cancun,
Mexico.

CBD, 2018a. Update on progress in revising/updating and implementing National
Biodiversity Strategies and Action Plans, including National Targets. CBD/COP/14/
5/Add.1. In: 14th Conference of the Parties, Sharm El-Sheikh, Egypt.

CBD, 2018b. Decision adopted by the conference of the parties to the Convention on
Biological Diversity. In: Mainstreaming of Biodiversity in the Energy and Mining,
Infrastructure, Manufacturing and Processing Sectors. CBD/COP/DEC/14/3. 14th
Conference of the Parties, Sharm El-Sheikh, Egypt.

Chandra, A., Idrisova, A., 2011. Convention on Biological Diversity: a review of national
challenges and opportunities for implementation. Biodivers. Conserv. 20, 3295–3316.

Díaz, S., Pascual, U., Stenseke, M., Martín-López, B., Watson, R.T., Molnár, Z., Hill, R.,
Chan, K.M., Baste, I.A., Brauman, K.A., Polasky, S., 2018. Assessing nature's con-
tributions to people. Science 359, 270–272.

Foley, J.A., DeFries, R., Asner, G.P., Barford, C., Bonan, G., Carpenter, S.R., Chapin, F.S.,
Coe, M.T., Daily, G.C., Gibbs, H.K., Helkowski, J.H., 2005. Global consequences of

Table 4
Percentage of NBSAPs, within each geographic region and economic group that identify conflicts
and tradeoffs between biodiversity conservation and the output of production sectors (Question 5).
The colors are on a scale of red (0%), through yellow (50%) to green (100%).

Agriculture Forestry Fisheries Tourism Water
Other 

extrac!ve 
industries

Other

Europe 36 36 8 3 6 11 31

Americas 25 25 17 8 0 17 17

Africa 20 13 7 7 0 24 16

Asia 29 16 13 3 0 19 19

Oceania 0 0 13 0 0 0 13

Developed 33 33 8 3 5 10 30

Developing 23 16 12 6 0 20 16

P.R. Whitehorn, et al. Biological Conservation 235 (2019) 157–163

162

https://doi.org/10.1016/j.biocon.2019.04.016
https://doi.org/10.1016/j.biocon.2019.04.016
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0005
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0010
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0010
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0010
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0015
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0015
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0015
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0015
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0020
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0020
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0020
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0025
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0025
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0025
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0030
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0030
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0030
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0030
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0035
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0035
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0040
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0040
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0040
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0045
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0045


land use. Science 309, 570–574.
Friedman, K., Garcia, S.M., Rice, J., 2018. Mainstreaming biodiversity in fisheries. Mar.

Policy 95, 209–220.
GEF, UNEP, CBD, 2007. Mainstreaming Biodiversity into Sectoral and Cross-sectoral

Strategies, Plans and Programmes. Module B-3 Version 1.
Gylfason, T., 2001. Natural resources, education, and economic development. Eur. Econ.

Rev. 45, 847–859.
Harrison, P.A., Berry, P.M., Simpson, G., Haslett, J.R., Blicharska, M., Bucur, M., Dunford,

R., Egoh, B., Garcia-Llorente, M., Geamănă, N., et al., 2014. Linkages between bio-
diversity attributes and ecosystem services: a systematic review. Ecosyst. Serv. 9,
191–203.

Huntley, B.J., 2014. Good news from the South: Biodiversity mainstreaming—a paradigm
shift in conservation? S. Afr. J. Sci. 110, 01–04.

Huntley, B.J., Redford, K.H., 2014. Mainstreaming Biodiversity in Practice: A STAP
Advisory Document. Global Environmental Facility, Washington, DC, United States.

IIED, 2015. Putting Biodiversity at the Centre of Development: A Checklist for Reviewing
the Mainstreaming Potential of a Country's NBSAP, London, United Kingdom.

IIED and UNEP-WCMC, 2015. Stories of Change: Mainstreaming Biodiversity and
Development. (London, United Kingdom).

IIED, UNEP-WCMC, 2017. Mainstreaming Biodiversity and Development: Guidance From
African Experience 2012–17, London, United Kingdom.

IPBES, 2018a. Summary for Policymakers of the Regional Assessment Report on
Biodiversity and Ecosystem Services for Europe and Central Asia of the
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services.
M. Fischer, M. Rounsevell, A. Torre-Marin Rando, A. Mader, A. Church, M. Elbakidze,
V. Elias, T. Hahn. P.A. Harrison, J. Hauck, B. Martín-López, I. Ring, C. Sandström, I.
Sousa Pinto, P. Visconti and N.E. Zimmermann (eds.), (Bonn, Germany).

IPBES, 2018b. In: Scholes, R., Montanarella, L., Brainich, A., Barger, N., Ten Brink, B.,
Cantele, M., Erasmus, B., Fisher, J., Gardner, T., Holland, T.G., Kohler, F., Kotiaho,
J.S., Von Maltitz, G., Nangendo, G., Pandit, R., Parrotta, J., Potts, M.D., Prince, S.,
Sankaran, M., Willemen, L. (Eds.), Thematic Assessment Report on Land Degradation
and Restoration of the Intergovernmental Science-Policy Platform on Biodiversity
and Ecosystem Services. IPBES secreteriat, Bonn, Germany.

Karlsson-Vinkhuyzen, S., Kok, M.T., Visseren-Hamakers, I.J., Termeer, C.J., 2017.
Mainstreaming biodiversity in economic sectors: an analytical framework. Biol.
Conserv. 210, 145–156.

Karlsson-Vinkhuyzen, S., Boelee, E., Cools, J., van Hoof, L., Hospes, O., Kok, M., Peerlings,
J., van Tatenhove, J., Termeer, C.J., Visseren-Hamakers, I.J., 2018. Identifying bar-
riers and levers of biodiversity mainstreaming in four cases of transnational gov-
ernance of land and water. Environ. Sci. Pol. 85, 132–140.

Kok, M.T.J., Tyler, S., Prins, A.G., Pintér, L., Baumüller, H., Bernstein, J., Tsioumani, E.,
Venema, H.D., Grosshans, R., 2010. Prospects for mainstreaming ecosystem goods
and services in international policies. Biodiversity 11, 49–54.

Kok, M.T.J., Alkemade, R., Bakkenes, M., Boelee, E., Christensen, V., van Eerdt, M., van
der Esch, S., Janse, J., Karlsson-Vinkhuyzen, S., Lucas, P., et al., 2014. How sectors
can contribute to sustainable use and conservation of biodiversity. In: Secretariat of
the Convention on Biological Diversity (Ed.), CBD Technical Series. PBL Netherlands
Environmental Assessment Agency, The Hague, The Netherlands.

Kok, M.T.J., Alkemade, R., Bakkenes, M., van Eerdt, M., Janse, J., Mandryk, M., Kram, T.,
Lazarova, T., Meijer, J., van Oorschot, M., Westhoek, H., 2018. Pathways for agri-
culture and forestry to contribute to terrestrial biodiversity conservation: a global
scenario-study. Biol. Conserv. 221, 137–150.

Leadley, P.W., Krug, C.B., Alkemade, R., Pereira, H.M., Sumaila, U.R., Walpole, M.,
Marques, A., Newbold, T., Teh, L.S.L., van Kolck, J., Bellard, C., Januchowski-
Hartley, S.R., Mumby, P.J., 2014. Progress towards the Aichi Biodiversity Targets: An

Assessment of Biodiversity Trends, Policy Scenarios and Key Actions. Secretariat of
the Convention on Biological Diversity, Montreal, Canada.

Marques, A., Pereira, H.M., Krug, C., Leadley, P.W., Visconti, P., Januchowski-Hartley,
S.R., Krug, R.M., et al., 2014. A framework to identify enabling and urgent actions for
the 2020 Aichi Targets. Basic Appl. Ecol. 15, 633–638.

Martín-López, B., Church, A., Başak Dessane, E., Berry, P., Chenu, C., Christie, M., Gerino,
M., Keune, H., Osipova, E., Oteros-Rozas, E., Paillard, S., Rossberg, A.G., Schröter, M.,
Van Oudenhoven, A.P.E., 2018. Chapter 2: Nature's contributions to people and
quality of life. In: Rounsevell, M., Fischer, M., Torre-Marin Rando, A., Mader, A.
(Eds.), The IPBES Regional Assessment Report on Biodiversity and Ecosystem
Services for Europe and Central Asia. Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (IPBES), Bonn, pp. 57–185.

OECD, 2018. Mainstreaming Biodiversity for Sustainable Development. OECD Publishing,
Paris, France.

Pereira, H.M., Navarro, L.M., Martins, I.S., 2012. Global biodiversity change: the bad, the
good, and the unknown. Annu. Rev. Environ. Resour. 37, 25–50.

Persson, Å., Runhaar, H., Karlsson-Vinkhuyzen, S., Mullally, G., Russel, D., Widmer, A.,
2018. Environmental policy integration: taking stock of policy practice in different
contexts. Environ. Sci. Pol. 85, 113–115.

Pisupati, B., Prip, C., 2015. Interim Assessment of Revised National Biodiversity Strategies
and Action Plans (NBSAPs). UNEP-WCMC and Frodtjof Nansen Institute, Lysaker,
Norway.

Prip, C., 2010. Biodiversity Planning: An Assessment of National Biodiversity Strategies
and Action Plans. United Nations University Institute of Advanced Studies.

Prip, C., Gross, T., Johnston, S., Vierros, M., 2010. Biodiversity Planning: An Assessment
of National Biodiversity Strategies and Action Plans. United Nations University
Institute of Advanced Studies, Yokohama, Japan.

Rodríguez-Labajos, B., Martínez-Alier, J., 2012. Issues in the economics of ecosystems and
biodiversity. Recent instances for debate. In: Rodríguez-Labajos, B. (Ed.), EJOLT
Report No. 5, pp. 48.

Sarkki, S., Niemelä, J., Tinch, R., Jäppinen, J.P., Nummelin, M., Toivonen, H., Von
Weissenberg, M., 2016. Are national biodiversity strategies and action plans appro-
priate for building responsibilities for mainstreaming biodiversity across policy sec-
tors? The case of Finland. J. Environ. Plan. Manag. 59, 1377–1396.

SCBD, 2005. Handbook of the Convention on Biological Diversity Including Its Cartagena
Protocol on Biosafety [Internet]. Secretariat of the Convention on Biological
Diversity, Montreal, Canada.

SCBD, 2007. NBSAP Training Modules Version 1 - Module B-5. Ensuring Stakeholder
Engagement in the Development, Implementation and Updating of NBSAPs.
Secretariat of the Convention on Biological Diversity, Montreal, Canada.

SCBD, 2014. Global Biodiversity Outlook 4. Secretariat of the Convention on Biological
Diversity, Montreal, Canada.

Schmidt, J.H., Christensen, P., Christensen, T.S., 2009. Assessing the land use implica-
tions of biodiesel use from an LCA perspective. J. Land Use Sci. 4, 35–52.

Schröter, M., van der Zanden, E.H., van Oudenhoven, A.P.E., Remme, R.P., Serna-Chavez,
H.M., de Groot, R.S., Opdam, P., 2014. Ecosystem services as a contested concept: a
synthesis of critique and counter-arguments. Conserv. Lett. 7, 514–523.

Spash, C.L., Aslaksen, I., 2015. Re-establishing an ecological discourse in the policy de-
bate over how to value ecosystems and biodiversity. J. Environ. Manag. 159,
245–253.

Tittensor, D.P., Walpole, M., Hill, S.L., Boyce, D.G., Britten, G.L., Burgess, N.D., Butchart,
S.H., Leadley, P.W., Regan, E.C., Alkemade, R., Baumung, R., 2014. A mid-term
analysis of progress toward international biodiversity targets. Science 346, 241–244.

UNEP, 2018. Assessment of Post-2010 National Biodiversity Strategies and Action Plans.
(Nairobi, Kenya).

P.R. Whitehorn, et al. Biological Conservation 235 (2019) 157–163

163

http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0045
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0050
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0050
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0055
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0055
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0060
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0060
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0065
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0065
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0065
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0065
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0070
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0070
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0075
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0075
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0080
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0080
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0085
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0085
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0090
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0090
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0095
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0095
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0095
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0095
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0095
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0095
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0100
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0100
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0100
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0105
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0105
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0105
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0105
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0110
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0110
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0110
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0115
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0115
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0115
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0115
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0120
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0120
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0120
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0120
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0120
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0125
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0125
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0125
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0130
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0130
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0130
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0130
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0130
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0130
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0130
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0140
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0140
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0145
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0145
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0150
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0150
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0150
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0155
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0155
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0155
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf2000
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf2000
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0160
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0160
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0160
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0165
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0165
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0165
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0175
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0175
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0175
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0175
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0180
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0180
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0180
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0185
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0185
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0185
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0190
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0190
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0195
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0195
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0200
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0200
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0200
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0205
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0205
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0205
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0210
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0210
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0210
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0215
http://refhub.elsevier.com/S0006-3207(19)30317-9/rf0215

	Mainstreaming biodiversity: A review of national strategies
	Introduction
	Methods
	Justification of questions
	Scoring

	Results
	Stakeholder involvement (Question 1)
	Contribution of biodiversity and ecosystem services to the economy (Question 2)
	Contribution of biodiversity and ecosystem services to outcomes of sectors (Questions 3 to 5)

	Discussion
	Conclusions
	Conflicts of interest
	Supplementary data
	References




