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Abstract

Trade-offs in nature’s contributions to people (NCP), particularly in material NCP versus regulating and non-material NCP,
continue to rise. Socio-ecological production landscapes and seascapes (SEPLS) represent harmonious human—nature inter-
actions resulting in positive outcomes for both biodiversity and human well-being, thus implying synergies among multiple
NCP are possible. In case studies of ten projects selected from biodiversity hotspots under the GEF-Satoyama Project, we
investigated whether and how synergies in NCP exist within SEPLS and explored management interventions that enhanced
these synergies. Using the responses to an online survey completed by project managers from each project and drawing on
project reports, we identified a wide array of NCP deriving from various ecosystems within the project SEPLS. Habitat and
food provisions, both attributed to multiple ecosystem types, were key components of the NCP bundles present in the pro-
ject SEPLS. Among the management options that enhanced NCP in SEPLS were food-centred approaches entailing organic
agriculture, eco-labelling, branding and improved agricultural practices. Habitat-centred approaches included participatory
biodiversity monitoring, ecosystem restoration, co-management and conservation agreements with landowners. Synergies
in NCP were generated by integrating these interventions with enabling governance structures and through community
empowerment. If combined with mapping and modelling techniques, identifying NCP bundles in SEPLS from local people’s
perspectives as we outlined in this study, would help to better contextualise the analysis of NCP bundles. Such contextual-
ised NCP bundle analyses will help field practitioners understand how to enhance synergies between multiple NCP and the
broader conservation community could access untapped NCP knowledge.
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Introduction

Handled by Shizuka Hashimoto, University of Tokyo, Japan. Biodiversity underpins human well-being (Diaz et al.
2019). But ironically, the biodiversity goal is often incom-
patible with the immediate human well-being goals on

the earth where humans play an increasingly dominant
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role (McShane et al. 2011). This is interpreted as trade-
offs in the benefits that biodiversity provides to people.
These benefits are known as ecosystem services (ES) and
occur between different ES types, across space and time
and among people (Rodriguez et al. 2006). Over the past
50 years, humans have increased the production of food,
materials and energy on the terrestrial surfaces of the
earth, while faced with a rapid decline in almost all other
ES (Diaz et al. 2019). Likewise, the literature analysing
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ES bundles (collections of different types of ESs within a
clearly defined area deriving from land and sea) at differ-
ent spatial scales commonly identify trade-offs between
provisioning ES and regulating, cultural or supporting ES
(Raudsepp-Hearne et al. 2010; Maes et al. 2012; Turner
et al. 2014; Yang et al. 2015; Renard et al. 2015; Dittrich
et al. 2017). Such trade-offs are more prominent at smaller
spatial scales (Yang et al. 2015; Dittrich et al. 2017). ES
trade-offs over time occur when ES management aims to
meet the short-term needs of society but does not consider
its future consequences (Rodriguez et al. 2006). This is
well exemplified by intensified agriculture that increases
yield in the short term but leads to soil quality loss and
thus to yield loss in the long term. These trade-offs affect
people in different groups in different ways, exacerbating
inequalities that are already prevalent across the world
(Daw et al. 2011). Given the prevalence of trade-offs in
ES, the efforts towards the 2050 global biodiversity vision
“Living in harmony with nature” requires deliberate man-
agement of these trade-offs (Howe et al. 2014).

Socio-ecological production landscapes and seascapes
(SEPLS), known as ‘Satoyama’ and ‘Satoumi’, respectively,
in Japanese, are “dynamic mosaics of habitats and land uses
that have been shaped over the years by the interactions
between people and nature in ways that maintain biodiver-
sity and provide humans with goods and services needed
for their well-being” (MOEJ and UNU-IAS 2010). Whereas
trade-offs in ES are reported in many areas across the world,
synergy in biodiversity conservation and human well-being
is assumed in SEPLS.

Whether and how these synergies are achieved in SEPLS
will be a valuable contribution to our knowledge of conser-
vation. Whilst area-based conservation remains a primary
means to conserve biodiversity, current protected areas
insufficiently cover the areas of biological importance, and
the gap is further increasing due to many species shifting
their habitat ranges with climate change (IPBES et al. 2019).
Noting this, the Post-2020 Global Biodiversity Framework
(SCBD 2020) is considering ambitious targets for expanding
and strengthening protected area networks and other effec-
tive area-based conservation measures (OECMs). Such areas
should go beyond the limited land and sea surfaces of the
globe set aside primarily for biodiversity, and extend into
production lands and seas. Areas in the [IUCN’s protected
area categories V “protected landscape/seascape” and VI
“protected areas which conserve ecosystems and habitats,
together with associated cultural values and traditional natu-
ral resource management systems” (Dudley 2008), as well
as the OECMs (CBD 2018), would be the first candidate for
such additional efforts. SEPLS demonstrate the harmoni-
ous human—nature interactions envisaged for these areas.
Thus, understanding the synergies among various ESs in
SEPLS and the options to manage the trade-offs will help
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accelerate conservation efforts in such areas, thereby safe-
guarding global biodiversity.

The GEF-Satoyama Project (http://www.thegef.org/proje
cts) worked with ten sub-grant projects in biodiversity hot-
spots, which represent the global frontiers of highly endemic
biological communities under accelerating anthropogenic
threats (Myers et al. 2000). By gathering data on the SEPLS
represented by these sub-grant projects, this study aims to
investigate whether and how synergies in ES exist in SEPLS;
and to explore the options to effectively manage trade-offs
in ES in SEPLS. In so doing, we used the nature’s contribu-
tions to people (NCP) framework (Diaz et al. 2018). The
NCP framework builds on the ES framework (Millennium
Ecosystem Assessment 2005) and is considered to better
represent a wider variety of perspectives on human—nature
interactions including those from the social sciences or held
by indigenous peoples and local communities (Diaz et al.
2018). For the purposes of this study, the eighteen explicitly
defined NCP categories were suitable for understanding the
diverse values associated with the project SEPLS.

Materials and methods

Overview of the GEF-Satoyama Project and data
gathering

Of the ten project sites under the GEF-Satoyama Project,
three were in Indo-Burma, three in Tropical Andes and four
in Madagascar and the Indian Ocean Islands biodiversity
hotspots (Table 1 and Fig. 1). They were selected from 130
applications received from 16 countries within these biodi-
versity hotspots based on predetermined selection criteria
(Supplementary Appendix 1).

For each of the ten project sites, we used an online survey
and regular project reports to gather data about the ecosys-
tems and important species present, the NCP recognized by
the community, and the management interventions and their
effects on NCP.

To acquire baseline information in the initial implemen-
tation stage of the individual projects, the project manag-
ers of each project site acting as focal persons, completed
the online survey (see Supplementary Appendix 2 for the
survey form). This is because they were in an opportune
position to obtain the required information from relevant
stakeholders and knowledge holders within the project
site. Online surveys have been used for evaluating prefer-
ences for different NCP or ecosystem services, particularly
cultural services, by NCP users (Darvill and Lindo 2016;
Hermes et al. 2018; Santos-Martin et al. 2019). It was not
feasible, however, in our study to conduct an online survey
directly with the NCP users, i.e., the local people in the
project sites, as they mostly had limited internet access
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Table 1 Overview of the ten sub-grant projects

Code® Project full title

Sub-grantee name

Location

Indo-Burma biodiversity hotspot

IN  Mainstreaming Community-Conserved
Areas for Biodiversity Conservation in
Nagaland

MM Conservation and sustainable use of fresh-
water ecosystems in Myanmar

TH Promoting and Enhancing the Karen
Indigenous Sustainable Socio-ecological
Production System in Northern Thailand

Madagascar and Indian Ocean Islands biodiversity hotspot

KM A landscape management model for con- Dahari

serving biodiversity in the Comoro Islands

MU Mainstreaming the Contribution of coastal
wetlands biodiversity for Sustainable Eco-
nomic & Livelihood Development at Cité
La Chaux ‘Barachois’, Mahébourg

MG Integrated adaptive management to protect
ecological integrity in the Socio-Ecolog-
ical Production Landscape (SEPL) of the
south-east watershed of Makira Natural
Park

SC  The development of a co-management
plan, designed by fishers, to minimise the
impact of the Seychelles artisanal fishery
on threatened species

Tropical Andes biodiversity hotspot

CO Reconciling biodiversity conservation and
agricultural production in agroforestry
cultivation systems in the Colombian
Andes: a model for Colombia’s post-
conflict era

EC Improvement of the livelihoods of the
communities through the sustainable
management of productive landscapes and
biodiversity conservation in mangrove, the
dry forest and rainforest

PE  Consolidation of the participatory manage-
ment of the Alto Huayabamba Conserva-
tion and strengthening of partnerships for
conservation, production and research in
the Peruvian Amazon

The Energy and Resources Institute (TERI)

Fauna & Flora International (FFT)

Environmental Protection and Conservation
Organisation (EPCO)

Wildlife Conservation Society (WCS)

Green Islands Foundation (GIF)

Universidad Industrial de Santander (UIS)

Fundacién para la Investigacién y Desar-
rollo Social (FIDES)

Amazonicos por la Amazonia (AMPA)

Nagaland, India

Kachin State, Tanintharyi Region, Myanmar

Inter Mountain Peoples’ Education and Cul- Chiang Mai, Thailand
ture in Thailand Association (IMPECT)

Anjouan Island, Comoros

Mahébourg, Mauritius

Analanjirofo, Madagascar

Mahé Plateau, Seychelles

San Vicente de Chucuri, Colombia

Manabi and Esmeraldas, Ecuador

Bolivar, Peru

4Code is a two-letter acronym of the country name which refers to each of the ten sub-grant projects consistently throughout this article. Find
more details on the sub-grant projects in the GEF-Satoyama Project website: http://gef-satoyama.net/subgrantprojects/

and capability in completing an online survey. We thus
requested the project managers to respond to the survey
in a way that comprehensively captured the views of local
people in the project site. We extracted responses to the
survey questions on the major ecosystem types and spe-
cies identified as being present in the project SEPLS and
the NCP associated with those ecosystems and species, as
recognized by the local people (per Diaz et al. 2018). The
respondents rated the importance to the local people of
each NCP associated with each ecosystem type and each
species on a five-point Likert Scale, where 5 was of critical

importance and 1 was of minor importance. Hereafter we
refer to this score as the ‘respondent NCP score’.

We extracted data on the effects of the project interven-
tions on NCP from the projects’ annual report from the
final project year and the project final report written by the
project focal persons. These reports contained information
on the major project activities and their progress indicators
stipulated during project appraisal, as well as their major
achievements by the project end as assessed against the
project-specific indicators.
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Fig.1 The GEF-Satoyama Project sub-grant project site map. Note: the two-letter acronyms aside the dots indicating the respective project site

locations are the project codes explained in Table 1

We brought together data extracted from these sources
and validated them by cross-referencing other reports and
materials submitted by the projects, and with observations
made during annual site visits.

Analysis

To identify the full suite of important NCP derived from
each ecosystem type within a project SEPLS, we compiled
an “ecosystem-NCP” scores using the respondent NCP
importance scores directly and indirectly associated with
each ecosystem type in that project site. Using the data
retrieved from the online survey, we first identified the
respondent NCP scores directly attributed to each ecosys-
tem type within the project site. For each ecosystem type, we
then used the respondent NCP score for each species asso-
ciated with that ecosystem type to identify additional NCP
that may not have been directly assigned to that ecosystem
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type by the respondents. If the NCP had been assigned by
the respondent to both the ecosystem type and the species
found in that ecosystem, we used the highest respondent
NCP of the two. In addition, we interpreted the presence
of an important species within a given ecosystem as that
ecosystem being important for NCP 1 (habitat creation and
maintenance). The NCP 1 score for a given ecosystem type
was derived from the highest respondent NCP importance
score for any species identified in that ecosystem. See Sup-
plementary Appendix 4 for a more detailed explanation and
a worked example of the procedure used to compile ecosys-
tem-NCP scores for a given ecosystem type. This procedure
double-counts NCP but is logically correct considering how
the NCP categories are determined (Diaz et al. 2018) and
how NCP cascade from another (Haines-Young and Potschin
2010). We applied this procedure to more explicitly recog-
nize the importance of species as sources of NCP, and of the
ecosystems in providing habitats to these species.
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MA policy response typologies?

— Intervention sub-categories
Institutional &
legal
. Developed
Economic empirically from ,
Social & project report 1. Habitat
behavioral texts through 2. Pollination
Technological coding 3. Air quality
Cognitive
18. Future
options

NCP categories influenced? on NCP using

Assessed the
effect of project
interventions
(sub-categories)

the level of
indicators as a
weighting factor

NCP indicators®

1. Not specified
2. Output-level
3. Outcome-level
4. Impact-level

Fig.2 Steps taken to assess the effect of project interventions on
NCP. “Refer to MA (2005) for the detailed accounts for the policy
response typologies. PRefer to Diaz et al. (2018) for the NCP catego-
ries. “The level of indicators were specified referring to the program
logic model (OECD 2002). An output-level indicator represented
the immediate results of an intervention, including goods and ser-
vices directly produced by a project. An outcome-level indicator rep-

We assessed the effects of different project interventions
on NCP through a four-step analysis (Fig. 2), mainly using
the data extracted from the project annual and final reports.
From these reports, we identified major project interven-
tions that aimed to or resulted in safeguarding or enhancing
NCP. We categorized these interventions first by five policy
response typologies adopted by the Millennium Ecosystem
Assessment (MA 2005), i.e., institutional and legal; eco-
nomic; social and behavioural; technological; and cognitive
responses. These typologies represent the primary inten-
tion and mechanism through which different interventions
curb anthropogenic threats to nature. We further grouped
the project interventions into sub-categories that we devel-
oped empirically through the coding of information provided
in the project reports to more concretely explain the type
of interventions commonly implemented by the projects.
Thereafter, we identified one or more NCP that each project
intervention influenced. We used the detailed account of
the NCP categories in Diaz et al. (2018) to unambiguously
identify the NCP that the interventions influenced, and used
our expert judgement based on our knowledge of the project
activities.

On that basis, we identified an indicator from the project
reports that best represented each of the NCP influenced by
project interventions. We then classified the indicators into
three types, i.e., output-, outcome- or impact-level indicators
in accordance with the program logic model (OECD 2002;
Mascia et al. 2014). The annual report template did require
each project to report its progress against the outcome indi-
cators that are specific and appropriate to the respective

resented “the desired ends that intervention outputs are intended to
induce”, such as changes in knowledge, attitudes, behaviours or social
and environmental conditions leading to safeguarding or enhancing
NCP. We defined impact-level indicators as the variables that directly
gauge the changes in quantity or quality of NCP following the project
intervention

project. However, we needed to apply this re-classification
of indicators to standardize the level of influence for the
purpose of this study, which requires all ten projects to be
compared on the same stage. We assigned the indicators a
weighting factor: 1 for the effects recognized but without any
indicator; 2 for the effect with an output-level indicator; 3
with an outcome-level indicator; and 4 with an impact-level
indicator. We used this weighting score to measure the rela-
tive magnitude of the effect of different project interventions
on NCP.

Results
Multiplicity of NCP in SEPLS

The online survey results identified a wide array of NCP
attributed to the project SEPLS (Fig. 3). Food and feed (NCP
12), among other NCP categories, had the highest total score
(84). Habitat creation and maintenance (NCP 1) scored the
second (78), including the provision of habitats to a total
of 29 globally threatened species (Table 2). Learning and
inspiration (NCP 15) (46) was the third highest scoring,
followed by regulation of freshwater quantity, location and
timing (NCP 6) (40) and pollination and dispersal of seeds
and other propagules (NCP 2) (31). In addition, 23 out of
the 29 globally threatened species identified from the ten
project sites were found to provide important contributions
to people, particularly pollination and seed dispersal (NCP
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Fig.3 NCP derived from different ecosystems identified in the ten
project sites. Rawgraphs (Mauri et al. 2017) generated the alluvial
diagram using the aggregated NCP importance scores attributed to
different ecosystem types identified in the ten project sites. The width
of the horizontal bands explains the relative importance of the NCP
reporting category, which is the sum of the NCP importance score

2; 9 species), food (NCP 12; 7 species) and learning (NCP
15; 5 species) (Table 2).

Each project site comprised a collection of multiple eco-
system types with two exceptions (MG, KM), and different
sets of NCP were attributed to different ecosystem types
(Fig. 3). Natural forest was highly valued for the regulat-
ing contributions it provided, particularly habitats (NCP 1)
and freshwater flow regulation (NCP 6). Managed forest and
coastal ecosystems were recognised as important for their
regulating and material contributions. In particular, managed
forest provided habitat (NCP 1), pollination (NCP 2) and
food (NCP 12). Coastal systems, especially mangroves, were
recognised as important for regulating hazards and extreme
events (NCP 9) and providing food (NCP 12). Farmland was
primarily valued for its role in providing food (NCP 12).
Highly diverse NCP were derived from heterogeneous land-
scapes and seascapes made up of multiple ecosystem types.
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across the ten projects. Categories were ordered in a way to minimize
the number of crossing bands. NCP broad groups and reporting cat-
egories are presented in short. Please refer to Diaz et al. (2018) for
their full descriptions. ‘Project’ labels show project codes. Refer to
Table 1 for the full project titles

Project effects on NCP

We identified 15 different types of interventions imple-
mented by the ten projects which encompassed the MA’s five
policy response typologies (Fig. 4). Technological responses
were used by eight projects and entailed ecosystem restora-
tion, organic agriculture, improved agricultural practices,
sustainable use of non-timber forest products (NTFPs) and
ecotourism. Cognitive responses were used by seven pro-
jects and included participatory biodiversity monitoring,
the documentation of traditional knowledge and participa-
tory GIS mapping. Social and behavioural responses were
used by five projects and included the establishment of
inclusive community-based organizations (CBOs), capac-
ity building, reinforcement of customary law and knowledge
exchange. Economic responses were adopted by four pro-
jects and entailed eco-labelling, branding and conservation
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Table 2 Globally threatened species found in the ten project sites

Taxon Vernacular name Latin name RL? NCP® Project®
Mammal Indri Indri indri CR 2,16, 17 MG
Black and White Vari Varecia variegata subcincta CR 2,16, 17 MG
Silky Sifaka Propithecus candidus CR 2,16, 17 MG
Yellow-tailed woolly monkey Oreonax flavicauda CR 2 PE
Chinese pangolin Manis pentadactyla CR 15 MM
Livingstone’s fruit bat Pteropus livingstonii CR 2 KM
Yo Hhaw (Pangolin) Manis pentadactyla CR 14 TH
Ecuadorian White-fronted Capuchin Cebus aequatorialis CR 15, 16 EC
White-fronted brown lemur Eulemur albifrons EN 2,12, 16 MG
White-bellied spider monkey Ateles belzebuth EN 2 PE
Eastern Hoolock Gibbon Hoolock leuconedys VU 15 MM
Mangoose lemur Eeulemur mongoz EN 2 KM
Grey-bellied night monkey Aotus lemurinus VU CO
Andean night monkey Aotus miconax VU 2 PE
Spectacled bear Tremarctos ornatus VU PE
Bird White-rumped vulture Gyps bengalensis CR 15 MM
Mauritius Fody Foudia rubra EN MU
Perdiz santandereana Odontophorus strophium EN 12,17 CO
Anjouan scop’s owl Otus capnodes EN 10 KM
Saurus crane Grus antigone VU 15 MM
Blyth’s Tragopa Tragopan blythii VU 16 IN
Reptile Comoro ground gecko Paroedura sanctijohannis EN KM
Fish Napoleon wrasse Cheilinus undulatus EN 12,16 SC
Green humphead parrotfish Bolbometopon muricatum VU 12, 16 SC
Great hammerhead Sphyrna mokarran EN 12 SC
Blacksaddled coralgrouper Plectropomus laevis VU 12 SC
Scalloped hammerhead Sphyrna lewini EN 12, 16 SC
Plant Nogal Juglans neotropica EN 8,12,13,14, 17 CO
Queifiual Polylepis multijuga VU 13 PE

®The TUCN Red List categories: CR: Critically Endangered; EN: Endangered; VU: Vulnerable, according to the [IUCN Red List of Threatened
Species (IUCN 2020)

®NCP 2: Pollination and dispersal of seeds and other propagules; 8: Formation, protection and decontamination of soils and sediments; 10: Reg-
ulation of detrimental organisms and biological processes; 12: Food and feed; 13: Materials, companionship and labor; 14: Medicinal, biochemi-
cal and genetic resources; 15: Learning and inspiration; 16: Physical and psychological experiences; 17: Supporting identities

““Project’ column shows project codes. Refer to Table 1 for the project full titles

agreements. Co-management was an institutional and legal
response used by four projects.

An aggregated effect of the ten projects on NCP meas-
ured by the indicators showed that, overall, they focused
the most on food production (NCP 12) as well as the crea-
tion and maintenance of habitats (NCP 1) and options
(NCP 18) (Fig. 4). The effects on non-material contribu-
tions, including learning and inspiration (NCP 15), experi-
ences (NCP 16) and identities (NCP 17) were recognized
by one and two indicators, respectively. Their effects on an
array of regulating NCP were implied but without explicit
indicators except for habitat provision (NCP 1).

Improvement in food production (NCP 12) was achieved
most strongly through technological responses, including

improved and organic agricultural practices adopted by six
projects (See Supplementary Appendix 3 for the narratives
on the causal linkage between the project interventions and
their NCP outcomes). Economic responses, such as the Fair
Trade and Organic certifications, were adopted by three
projects.

Progress towards the maintenance of habitats (NCP 1)
and future options (NCP 18) was made through cognitive,
technological, legal and economic responses in particu-
lar. Participatory biodiversity monitoring was a cognitive
response used by six projects. These increased scientific and
stakeholder knowledge of SEPLS as being important wild-
life habitats. The restoration of forest and mangroves was
a technological response adopted by four projects. The use
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Fig.4 Project effects on NCP and the indicators to capture the
effects. Note: The alluvial diagram was developed by Rawgraphs
(Mauri et al. 2017), using the aggregated weights of the effects of
each project intervention on NCP from across all ten projects. The
width of the horizontal crisscrossing bands indicates the aggregated
significance of the effects of different policy responses on respective

of co-management schemes was an institutional and legal
response adopted by five projects, where community engage-
ment in rule making and enforcement reduced hunting and
fishing which harms biodiversity and the natural resource
base. The signing of conservation agreements with the
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++ Area (Ha) of zero hunting 0 3751 IN
ity Average #/km of lemur sighting 0.05 0.13 MG
++ # of bat roosts protected 0 4 KM
++ # farms signed 0 28 PE
" # of initiatives 0 1 EC
+ # organizations 0 25 KM
8583.
8530 36 EC
++ Area (Ha) conserved/restored 0 500 KM
310 354.7 MG
0 495 MU
nr 530 CO
. nr 622 IN
1 # species recorded nr 95 MM
nr 20 SC
+ # individual primates recorded nr 33 PE
i # individual bats recorded nr 696 KM
+ # villages covered 0 3 IN
+ # fish spawning area protected 0 19 MM
++ % households trained 0 22 MG
++ Area (Ha) certified 0 6711 PE
iisiis # of organic products 0 3 TH
++ # of groups involved 0 35 MU
++ % reduction of illegal fishing 0 80 MU
++ # farms involved 0 7 CO
+ Area (Ha) repopulated 0 9 EC
+ # of organic products 0 3 TH
+ # standards developed 0 1 CO
s Area (Ha) implemented 0 150 EC
++ Kglyear of quinoa produced 0 13846 PE
i3 # farmers trained 0 2610 KM
++ Ton/Ha of rice production 1.5 3.7 MG
++ % increased income 0 30 EC
++ Kglyear of honey produced nr 238.7 PE
i3 # farms interviewed 0 46 CO
++ # of producers 0 1 CO
+ # people trained 0 80 TH
+ # of tourist activities 0 1 CcO
s # of tourist trails 0 2 IN
i3 # villages covered 0 3 TH
++ ) 0 13 SC
- # species protected 0 1 TH

NCP. ‘Level’ of indicators: + output; ++ outcome; +++ impact. ‘nr’ in
the ‘Value (ante)’ column indicates ‘not reported’. ‘Project’ column
provides project codes. Refer to Table 1 for the full project titles. Also
please see Supplementary Appendix 3 for the narratives on each pro-
ject, describing the effect of different project interventions on NCP

landowners was an economic response that two projects
adopted to safeguard threatened species habitat.

Physical and psychological experiences (NCP 16) were
enhanced through technological responses, such as the
development of tourism activities and trails in two projects.
Participatory GIS mapping was a cognitive response used
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to lobby for statutory recognition of indigenous land use
practices that constitute the identity (NCP 17) of indigenous
peoples.

Individual projects implemented plural interventions
which fell under two to six (on average 4.1) different
response sub-categories. With a unique mix of these inter-
ventions contributing to different NCP, the individual pro-
jects enhanced a wide array of NCP.

Discussion
NCP bundles in SEPLS

The bundles of NCP, or the collection of different types of
NCP attributed to the project SEPLS, were diverse, encom-
passing regulating, material and non-material NCP. The
provision of food (NCP 12) and habitats (NCP 1), among
other contributions, were the most common components of
NCP bundles. The prominence of these two NCP could have
derived from the scope of the request for project propos-
als and the project selection process by the GEF-Satoyama
Project, which focused on sub-grant projects aiming to
mainstream biodiversity into primary production sectors.
Accordingly, all ten projects worked with local communi-
ties involved in primary production, particularly household
farming, artisanal fishing, hunting and gathering. The variety
of primary production types practiced by these communities
was reflected in the array of ecosystems, not only limited to
farmlands, that our study found provided food to people in
the SEPLS. This is one of the major differences from the
literature on ES bundles, which commonly attributes food
provision to croplands (Raudsepp-Hearne et al. 2010; Maes
et al. 2012; Turner et al. 2014; Yang et al. 2015; Renard
et al. 2015; Dittrich et al. 2017). Our results suggest the
importance of the different types of ecosystems constitut-
ing SEPLS in providing food and nutrition, and ultimately
ensuring food security for people living in SEPLS. Habitat
provision (NCP 1) also scored highly. This provision was
attributed not only to natural forests but also production
lands, including managed forest, freshwater, grasslands and
coastal systems, underlining the importance of these pro-
duction lands and waters in providing habitat for wildlife.
The high score was possibly due to our scoring method, in
which the scores assigned to important species were counted
as the habitat provision NCP scores of the ecosystem type
within which the species were found. We argue that this is
a necessary weighting rather than a bias, as otherwise the
importance of the role of ecosystems in providing habitat
could not be sufficiently recognized (Rodriguez et al. 2006).

A wide array of regulating contributions from SEPLS was
identified. These included water flow regulation (NCP 6),
pollination and seed dispersal (NCP 2) and hazard regulation

(NCP 9), which were strongly attributed to natural forest,
managed forest and coastal systems. Through these regu-
lating contributions, the natural and semi-natural systems,
which are often located on the periphery of SEPLS, stabilize
the livelihood and security of people living in SEPLS along-
side their direct role in providing food and other materials.

Our results also highlight the importance of the non-
material contributions that SEPLS offer, such as learning
and inspiration (NCP 15), which often underlie the co-
production of several other NCP. In Thailand for example,
the Karen youths learnt indigenous religious and liveli-
hood practices in SEPLS, including rotational farming,
from the elders. Such interactions across generations and
between people and nature constitute a learning process
that has enabled the co-production of crops and the safe-
guarding of water, soils and other NCP over generations. In
this way, SEPLS clearly demonstrate the intention of NCP
which is that it further expands the people and nature con-
ceptual framework beyond a generalized perspective. This
is achieved by including a context-specific perspective that
recognizes unique local or cultural features with individual
applicability to certain socio-ecological settings which can-
not be transferred universally (Kadykalo et al. 2019; Martin-
Loépez et al. 2019).

The multiplicity of NCP and their synergies within
SEPLS as described above contrast to the literature on ES
bundles that commonly depicts trade-offs between provi-
sioning and other ES (Rodriguez et al. 2006; Raudsepp-
Hearne et al. 2010; Maes et al. 2012; Turner et al. 2014;
Howe et al. 2014; Yang et al. 2015; Renard et al. 2015;
Dittrich et al. 2017). The synergies between multiple NCP
might partially explain the characteristics of NCP bundles
in SEPLS but were possibly derived from methodological
differences. We used the eighteen NCP reporting categories
(Diaz et al. 2018) as cues to elicit the relative importance
of different NCP derived from SEPLS in a comprehensive
manner, including those which cannot be quantified. Most
ES bundle studies identify from existing data the ES types
that are quantifiable (Raudsepp-Hearne et al. 2010; Maes
et al. 2012; Turner et al. 2014; Yang et al. 2015; Renard
et al. 2015; Dittrich et al. 2017). Inevitably, this limits the
type of ESs within the scope, and sometimes involves proxy
variables of which the validity to represent specific ESs is
yet to be sufficiently validated (Raudsepp-Hearne et al.
2010; Turner et al. 2014; Yang et al. 2015). We also note
that our approach was not designed to critically assess the
trade-offs between NCP as is often done in ES bundle stud-
ies (Raudsepp-Hearne et al. 2010; Maes et al. 2012; Turner
et al. 2014; Yang et al. 2015; Renard et al. 2015; Dittrich
et al. 2017). Trade-off analysis requires the quantity of NCP
in absolute terms over time and spaces, which our study did
not have. Therefore, whilst suggesting the potential syner-
gies between a wide array of NCP in SEPLS, our results
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do not necessarily show the strength of such synergies or
trade-offs compared to preceding studies.

Options to enhance synergies among multiple NCP
in SEPLS

Our results suggest specific management options that are
instrumental in enhancing or maintaining specific NCP,
particularly food and habitat provision, and that make them
compatible with other NCP. Packaging multiple manage-
ment options, which aimed to enhance different NCP in the
individual projects, generated synergistic NCP outcomes.
The project outcomes pertaining to food and habitat were
prominent in our results because, as we understand, these
NCP were tangible and thus relatively easy to measure using
indicators. Beyond these NCP, our results imply synergies in
the NCP outcomes including those that are difficult to meas-
ure, particularly regulating contributions, e.g., pollination,
seed dispersal and the regulation of freshwater flow, soil,
climate and disasters, which mostly cascade down from the
restoration or the safeguarding of habitat integrity (Haines-
Young and Potschin 2010; Kandziora et al. 2013).

The management options focusing on food and liveli-
hoods while ensuring compatibility with other NCP include
organic agriculture, eco-labelling and branding, NTFP,
improved agricultural practices and ecotourism. Organic
agriculture generally restricts the use of synthetic fertilizers
and pesticides which in turn reduces water eutrophication
and biodiversity impacts (Tuomisto et al. 2012). Certifica-
tion and branding can help improve the economic viability
of organic agriculture and thus encourage its wider adoption
(Qiao et al. 2015). NTFP such as forest honey production,
improved agricultural practices and ecotourism can con-
tribute to ecological integrity and help local communities
improve their livelihoods if they are sustainably managed
(Moegenburg and Levey 2002; Negi et al. 2011). These man-
agement options are instrumental in minimizing the trade-
offs between food and other NCP, as well as in addressing
inequalities in conservation which tend to limit local com-
munities’ access to land and resources.

That most projects featured the food for livelihood
improvement aspect is of particular significance. Besides
the importance in diet (and therefore, the health) of people,
food is an expression of cultural identity and pride (Paka-
gayo Association for Sustainable Development and Karen
Network for Culture and Environment 2019). Associated
activities included capacity building, improved subsistence
food production without increasing the negative impacts on
biodiversity (e.g., Madagascar, Comoros, Colombia, Myan-
mar), gaining a competitive advantage in the market by certi-
fication (Peru), and preserving a cultural identity (Thailand,
India). In this way, food can be considered an effective entry
point to attract and expand on the interest and engagement of
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local communities. Project interventions that focus on food
target behavioural changes more clearly than many other
interventions that focus on cognitive and attitudinal changes
(Nilsson et al. 2020). Thus, the food-focused interventions
are expected to be more effective in achieving better con-
servation outcomes.

Habitat-focused options that enhance synergies with other
NCP include participatory biodiversity monitoring, habitat
restoration, co-management and conservation agreement.
Participatory biodiversity monitoring enlightens people’s
awareness of the value of species and their habitats. Habi-
tat restoration generally improves several other NCP which
cascade down from the restored ecosystem, particularly
those regulating NCP (Kandziora et al. 2013). Restoration
of highly productive ecosystems, such as mangrove restora-
tion, combined with repopulation or natural feed aquacul-
ture of species of high value on the seafood market, has
the potential to increase food provision and local liveli-
hoods alongside the improvement of other NCP. Fisheries
co-management, including through the designation of fish
conservation zones and the detailed measures to protect
threatened fish species for artisanal fisheries, was instru-
mental in addressing trade-off in food provision (NCP 12)
over time, and between food provision and the maintenance
of options deriving from biodiversity below water (NCP 18).
Conservation agreements with farmers, which secure their
commitment to habitat protection on their lands and adja-
cent protected areas, combined with incentive measures such
as technical support to improved agricultural practices, can
enhance synergies between food production, habitat provi-
sion and the maintenance of future options.

Social, behavioural and cognitive responses that
embrace multiple stakeholders and traditional knowledge
are powerful tools in addressing inequalities in managing
SEPLS, as well as in accessing the benefits accruing from
those SEPLS. Community empowerment is central to
these options, including capacity building and the estab-
lishment of inclusive CBOs that bring together people of
different groups and sectors, thus reducing inequalities
among them. Indigenous knowledge and practices are
often an integral part of the social construct of SEPLS
that have enabled harmonious interactions between peo-
ple and nature for generations. Hence, documentation and
effective use of such knowledge and practices in the mod-
ern context can ensure people’s access to and sustainable
co-production of NCP. Such an approach includes, among
others, integration of indigenous knowledge and practices
into organic agriculture and sustainable fisheries meth-
ods, as well as lobbying for their social recognition using
participatory GIS mapping.

Good governance would provide an enabling frame-
work upon which multiple management interventions
targeting different NCP can be integrated and sustained
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for long periods, thereby generating synergies. The cases
subject to this study accomplished this through mediation
among different stakeholder groups including local com-
munities, NGOs and academia, and by integrating knowl-
edge systems associated with and gained through these
interventions. All these initiatives emerged from the local
level and worked with or were aligned to national- or sub-
national-level institutions to various extents (Table 3).
Among these, five projects institutionalised mechanisms
to link management responsibilities to higher levels of
government, including co-management or conservation
concession arrangements with national and sub-national
governments. In such settings, a top-down prescription
of institutional guidelines and management decisions
integrated the knowledge generated and the partnerships
formed through local implementations, providing a poten-
tial for scaling up the impacts. These rightly embody
landscape approaches (Sayer et al. 2013), a governance
concept to sustainably manage the lands and seas in which
productive land uses compete with biodiversity. None-
theless, there is no single code that applies to all, as all
cases are embedded in unique governance opportunities
and challenges. Therefore, it is imperative to take on a
more nuanced perspective on top-down and bottom-up
governance to administer shared learning from different
interventions.

Limitations and the way forward

Our results show notable differences between the bundles
of NCP that the project proponents identified as important
for people in SEPLS (Fig. 3) and the sets of NCP enhanced
or safeguarded by the project interventions (Fig. 4). Whilst
these agree on the importance of habitat (NCP 1) and food

(NCP 12) provisions, the effects of the project interventions
on other NCP that local people recognized as important,
particularly regulating and non-material NCP, were insuf-
ficiently captured in the project monitoring and evalua-
tion frameworks. In theory, the cascading model suggests
that enhanced habitat integrity improves regulating NCP
(Haines-Young and Potschin 2010; Kandziora et al. 2013).
Considering that SEPLS are important bio-cultural entities
with which cultural and relational values are often interwo-
ven, the enhancement of food and habitat provisions could
simultaneously have enhanced non-material NCP, including
learning, inspiration and identities.

The nature of the projects, which primarily aimed to
enhance livelihoods, food production and environmental
conservation most likely led to an emphasis on the selec-
tion of indicators of food and habitat. Also, the higher
representation of food NCP by the selected indicators is
consistent with the general preferences of human socie-
ties for more tangible NCP (Foley et al. 2005; Rodriguez
et al. 2006). Indicators of regulating NCP were entirely
absent. Quantifying changes in regulating NCP requires
more intensive monitoring efforts and more time for
effects to become visible than project funding sizes and
durations allow. This could be the additional reason that
these indicators were not used. The projects stipulated
the indicators that relatively indirectly represented non-
material NCP. Such intangible aspects of NCP are not
easily measurable (Satz et al. 2013) and thus tend to be
embedded within more tangible project objectives.

The literature on ES bundles clarifies how NCP of dif-
ferent types can be quantified (Raudsepp-Hearne et al.
2010; Maes et al. 2012; Turner et al. 2014; Yang et al.
2015; Renard et al. 2015; Ament et al. 2017; Dittrich
et al. 2017). Material contributions are commonly

Table 3 Different levels of

R X . Project Level of institutions involved Mechanism to bridge institutions in different levels
institutions involved in the
governance of the project sites National/state ~ Sub-national ~ Local
SC ++ ++ Co-management scheme
MM ++ ++ Co-management scheme
MG + ++ ++ Conservation concession, co-management scheme
PE + ++ ++ Conservation concession
IN ++ ++ Autonomous territory, co-management scheme
KM + ++
MU + ++
CO + ++
EC + ++
TH + + ++

Refer Table 1 for the project names.++ the presence of an institution or an organization proactively
involved in the governance of SEPLS at the respective levels. + the presence of an institution that provides
an enabling framework for the governance of SEPLS. Please see Supplementary Appendix 3 for the narra-
tives on each project about the governance structure
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measured by cropland coverage, material stock (e.g. live-
stock density and timber biomass volume) and production
outputs. Modelling that draws on land use and land cover
data is now commonly used to measure regulating NCP.
Non-material NCP are quantified using relatively simple,
proxy metrics. Such metrics of non-material NCP vary
considerably with context, but tend to represent recrea-
tional uses of natural lands and seas relatively well.

The above suggests the utility of a more deliberate
and balanced selection of indicators if the objective is to
better understand the bundles of NCP in SEPLS and the
effects of different management interventions on them.
The indicators of material NCP adopted by the projects
were consistent with those in the ES bundle literature.
Acquisition of parameters necessary for modelling regu-
lating NCP continues to be prohibitively demanding for
community-based projects. Simple metrics suggested by
local communities can be good substitutes, such as the
extent and quality of woodland covering important water-
sheds, or mangrove areas that shelter coastal settlements
from coastal hazards. Contextually appropriate proxies
of non-material NCP in SEPLS could only come from
people living in SEPLS. These include identifying and
protecting the important areas that constitute their sense
of place and cultural practices, as well as the number
of people in different generations who inherit relevant
traditional knowledge and practices. To legitimize such
locally identified indicators of non-material NCP and thus
to enable comparison across time and space, it would be
beneficial to refer to the protocols on cultural ecosystem
services indicators such as those proposed by Hernandez-
Morcillo et al. (2013) and Hirons et al. (2016). Where the
changes in NCP require long periods of time to appear
after project interventions, their short-term proxies based
on the logic model (Margoluis et al. 2009, 2013; Mascia
et al. 2014) or the cascade model (Kandziora et al. 2013)
could be used. Devising these indicators in landscape
or seascape projects will help field practitioners learn
to enhance synergies between NCP, and researchers and
the broader conservation community can access untapped
knowledge of NCP. More specifically, the identification
of NCP bundles from local people’s perspectives, if com-
bined with mapping and modelling techniques, help us to
better contextualise the analysis of NCP bundles.

Conclusions

With their landscape heterogeneity, SEPLS can gener-
ate synergies in NCP, particularly between habitat and
food provisions, whereas the literature commonly reports
trade-offs between these two provisions. The synergies
can be enhanced by an integrated approach that combines
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food-centred and habitat-focused interventions, and
is supported by an enabling governance structure and
through community empowerment. The ambitious targets
for expanding area-based conservation suggested in the
development of the Post-2020 Global Biodiversity Frame-
work necessitates accelerated efforts to bring appropriate
management and conservation to production landscapes
and seascapes. Of specific relevance is areas covered and
proposed to be covered by the IUCN protected area cat-
egories V and VI, as well as of the OECMs, but attention
should also be directed to broader areas of biodiversity
importance. The management options and their mixed
application for SEPLS as we outlined above will be instru-
mental in accelerating conservation efforts in such areas,
and thereby can contribute to safeguarding biodiversity
across the globe.
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