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PERSPECTIVE

Towards an integrated framework for understanding social-ecological 
interactions: nature’s contributions to people meets cultural ecosystem 
services
Kim C. Zoellera,b and Graeme S. Cumminga,c

aARC Centre of Excellence for Coral Reef Studies, James Cook University, Townsville, Australia; bCSIRO Environment, Brisbane, Australia; 
cOceans Institute, University of Western Australia Perth, Crawley, Australia

ABSTRACT
The social and cultural elements of human interactions with nature remain among the least- 
studied and least understood elements of social-ecological systems. Although the conceptual 
framework of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem 
Services (IPBES) provides an entry point into assessing nature’s contributions to people (NCP), 
at face value IPBES has limited capacity to capture subjective elements of values and culture 
as influences on important socio-cultural processes that underpin social-ecological interac
tions. We propose that integrating cultural ecosystem services more explicitly into the IPBES 
conceptual framework can help fill its existing gaps by 1) elucidating the social-cultural 
mechanisms that underpin the production and valuation of non-material NCP, 2) explaining 
the role of heterogeneity in cultural, social and environmental processes, 3) identifying the 
two-way interactions between nature and people that co-produce NCP, and 4) identifying 
synergies between the IPBES conceptual framework and the cultural ecosystem services 
approach that will facilitate the application of the IPBES framework in more diverse settings. 
We use recently published work on cultural ecosystem services associated with birds to 
illustrate our suggestions in action. Assessing social-ecological systems through this adapted 
framework makes implicit connections easier to draw out, thereby providing holistic insight 
into the feedbacks and linkages that should be considered at all levels of environmental 
decision-making.
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Introduction

As natural systems become increasingly threatened by 
global changes induced by anthropogenic activities, 
efforts to understand the complex relationships 
between people and nature have become a global 
priority. As a result, there has been a rapid expansion 
of frameworks and knowledge networks that explore 
sustainable interactions between social and ecological 
systems (Borie and Hulme 2015). One of the domi
nant influences on social-ecological systems 
approaches over the last two decades has been the 
Millennium Ecosystem Assessment (MA). The MA 
described social-ecological interactions through the 
lens of ecosystem services, defined as the innate char
acteristics, functions or processes of the environment 
that produce benefits that contribute to human well
being (Daily 1997; MA 2005).

Ecosystem benefits can be measured in numerous 
ways (e.g. through economic, ecological and socio- 
cultural values), but economic metrics have been the 
primary method for communicating information about 
ecosystem services and promoting environmental 

considerations in policy agendas (Costanza et al. 2017; 
Anderson et al. 2022). The dominant rationale for quan
tifying nature in economic terms has been that it facil
itates the inclusion of natural values in economic 
decision-making; it is often argued that if ecosystem 
goods and services are not measured in economic 
terms, they will not be sufficiently included in economic 
decisions that have environmental impacts. For example, 
the true costs of forest loss may be much higher than the 
timber value of the trees if services such as climate 
regulation and water production are included in the 
analysis. However, the use of economic metrics has also 
been criticised for promoting an anthropocentric, utili
tarian perspective on people’s relationships with nature 
that ignores intrinsic and relational values (Chan et al.  
2012; Schröter et al. 2014; Costanza et al. 2017).

Biophysical and, to a lesser extent, socio-cultural 
approaches to valuing nature have become more pre
valent, especially due to recent criticisms (Anderson 
et al. 2022). These criticisms argue that relying solely 
on economic valuations of ecosystems undermines 
sustainability and biodiversity efforts by overlooking 
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vital subjective values and cultural aspects (e.g. 
a sense of place) that underpin human reliance on 
ecosystems but are challenging to quantify in eco
nomic assessments (Pascual et al. 2023). Cultural 
ecosystem services are particularly at risk of being 
disregarded given that their contribution to the non- 
material benefits people obtain from ecosystems are 
often difficult to evaluate. These benefits include 
spiritual enrichment, cognitive development, reflec
tion, recreation and aesthetic experiences (Haines- 
Young and Potschin 2012). Non-monetary 
approaches for describing the relationships that 
define social-ecological systems have therefore sought 
to address the under-representation of the interac
tions that drive dynamic feedbacks between and 
within social-ecological systems (Masterson et al.  
2019).

The Intergovernmental Science-Policy Platform on 
Biodiversity and Ecosystem Services (IPBES) was 
initiated in 2012 to strengthen the interface between 
science and policy to promote the sustainable use of 
biodiversity and further its contributions to human 
wellbeing (Díaz et al. 2015). One of the major 
advances of IPBES was the production of a novel 
conceptual framework for evaluating and communi
cating social-ecological dynamics. This framework 
brought social-ecological systems thinking into the 
mainstream by producing policy-relevant knowledge 
on the contributions of nature to society; and criti
cally, by exploring the context-specific social and 
environmental parameters that regulate these contri
butions (Borie and Hulme 2015, Díaz et al. 2015; 
Kenter 2018).

Recent iterations of the IPBES conceptual frame
work specifically seek to address perceived limitations 
associated with ecosystem service-related frameworks 
(e.g. MA, Common International Classification of 
Ecosystem Services (CICES) (Haines-Young and 
Potschin 2012)) by expanding on the concept of 
ecosystem services to emphasize ‘nature’s contribu
tions to people’ (NCP) in recognition of a need for 
a broader framing of people’s relationship with nat
ure (Kenter 2018; Maes et al. 2018). In the IPBES 
conceptual framework, NCP are situated as a conduit 
between nature and good quality of life, and defined 
as ‘all the contributions, both positive and negative, 
of living nature to people’s quality of life’ (Pascual 
et al. 2017; Díaz et al. 2019). IPBES identifies two 
conceptual approaches for reporting NCP: the gener
alising perspective and the context-specific perspec
tive. The generalising perspective provides 
standardised reporting categories of 18 NCP, which 
broadly encompass regulating, material and non- 
material NCP (Díaz et al. 2018). By contrast, the 
context-specific perspective is intended to be fit-for- 
purpose and ensures that conservation and manage
ment efforts are contextually appropriate and 

consider the unique characteristics of each ecosystem 
and the needs of local communities (Díaz et al. 2018). 
Combining these perspectives through an interwoven 
approach (Hill et al. 2021) enables global trends in 
NCP production to be explored within specific con
texts that generate distinct knowledge systems and 
worldviews. Implicit in these approaches is the recog
nition that the importance a person ascribes to NCP 
is strongly influenced by that individual’s percep
tions, shared beliefs, customs, behaviours, worldviews 
and knowledge systems; and that these are produced 
through socio-cultural co-construction (Bennett et al.  
2016; Fischer and Eastwood 2016; Brondizio et al.  
2019).

Since its conceptualization, the IPBES conceptual 
framework has supported significant advances in our 
understanding of social-ecological systems, and has 
been applied to promote the equitable distribution of 
NCP (Chaplin-Kramer et al. 2019; Schröter et al.  
2020), improve understanding of landscape-scale 
decisions (Ellis et al. 2019; Topp et al. 2021) and 
encourage deeper insight into important links 
between local knowledge systems, governance and 
biodiversity management (Tengö et al. 2017) among 
other inclusive and interdisciplinary uses (Hill et al.  
2021).

Despite these important contributions to our under
standing of human-nature interactions, the conceptual 
reframing of ecosystem services as NCP has also been 
contentious and the benefits of the IPBES conceptual 
framework over previous alternatives have been ques
tioned (Braat 2018; de Groot et al. 2018; Faith 2018; Maes 
et al. 2018; Peterson et al. 2018). Among the specific 
concerns raised about the IPBES conceptual framework 
is the limited incorporation of explicit feedbacks from 
society to nature and from nature to society that con
tribute to people’s quality of life (Peterson et al. 2018; 
Mastrángelo et al. 2019). As a result, the framing of 
‘nature’s contributions to people’ may underemphasize 
the multi-directional flow of interactions between nature 
and people, suggesting that social-ecological feedbacks 
are not fully incorporated in the IPBES conceptual fra
mework (O’Connor and Kenter 2019). Moreover, while 
an individual’s social-cultural context is widely recog
nised as a critical influence on the production of NCP, 
these interactions are not explicitly located within causal 
diagrams of the IPBES conceptual framework and rather, 
are assumed to underpin all interactions between people 
and nature (Kenter 2018). As a result, important, com
plex social-cultural-ecological interactions may be 
under-represented in these assessments (Muradian and 
Gómez-Baggethun 2021).

Understanding the intersection between the eco
system services concept and the IPBES conceptual 
framework – two perspectives that have both been 
critiqued for missing elements – is critical in advan
cing our understanding of social-ecological systems. 
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We propose that integrating cultural ecosystem ser
vices into the IPBES conceptual framework more 
explicitly can help fill existing gaps in the IPBES 
framework without losing the valuable knowledge 
developed through the MA/CICES ecosystem services 
approach. Important gaps that this approach can fill 
include 1) elucidating the social-cultural mechanisms 
that underpin the production and valuation of non- 
material NCP, 2) explaining the role and importance 
of heterogeneity in cultural, social and environmental 
processes, 3) identifying the two-way interactions 
between nature and people that co-produce NCP, 
and 4) identifying synergies between the IPBES con
ceptual framework and the cultural ecosystem ser
vices approach that enable the application of the 
IPBES conceptual framework in more diverse set
tings. We first present and explain the additions 
that we found it necessary to make to the IPBES 
conceptual framework in order to specifically link 
cultural ecosystem services with the IPBES frame
work. These are informed by current literature, and 
empirical support for the proposed modifications is 
outlined in Table 1. We then use our series of recent 
analyses describing the cultural ecosystem services 
associated with birds as a case study to show how 
the modifications that we have used can be operatio
nalized to provide deeper insights into social- 
ecological dynamics.

Unifying nature’s contributions to people and 
cultural ecosystem services

The IPBES conceptual framework offers a useful entry 
point for presenting important linkages and interac
tions between social and ecological systems that goes 
beyond a simple representation of the flow of benefits 
from ecological systems to social systems (MA 2005; 
Díaz et al. 2015). In traditional cascade-model assess
ment, the benefits that cultural ecosystem services 
deliver to people are challenging to quantify as they 
do not conform to traditional economic or ecological 
metrics (Chan et al. 2012), and consequently are often 
overlooked or underestimated (Cheng et al. 2019). In 
contrast, the IPBES conceptual framework is well posi
tioned to improve integration of the cultural benefits 
people receive from nature via non-material NCP and 
explicit pluralistic valuation processes (Díaz et al. 2015; 
Pascual et al. 2023). However, there are persistent 
knowledge gaps for integrating cultural benefits into 
assessments, which limits our understanding of their 
contributions to human well-being and sustainable 
development. Indeed, a recent assessment by IPBES 
(Pascual et al. 2023) found that the cultural perspec
tives (i.e. perspectives embedded in an individual’s 
socialization) that are critical for describing non- 
material NCP are frequently overlooked. We propose 
a modified framework that maps cultural ecosystem 

services onto the IPBES conceptual framework 
(Figure 1 and Table 1). While this approach is rooted 
in a context-specific perspective, we argue that the 
explicit inclusion of concepts like co-production (i.e. 
the interaction between social and ecological systems 
that produce NCP) and co-construction (i.e. the inter
action between individuals and their society that affect 
their held values) (Fischer and Eastwood 2016), are 
also critical in making the distinction between the 
benefits that non-material NCP provide and the socio- 
cultural contexts that drive demand for these contribu
tions. Explicit inclusion of these concepts also enables 
the generalizing perspective associated with IPBES to 
be woven together with context-specific perspectives 
(Hill et al. 2021). Integrating cultural ecosystem ser
vices with the IPBES conceptual framework makes it 
easier to explore the mechanisms that underpin socio- 
cultural perspectives and interrogate critical issues for 
biodiversity and human wellbeing. This perspective 
piece is thus not positioned as a critique of the 
IPBES conceptual framework, but rather, presents an 
attempt to explore how gaps identified in the IPBES 
conceptual framework can be approached through the 
cultural ecosystem services perspective. Drawing out 
implicit connections relating to the provision of cul
tural ecosystem services promotes a more holistic 
understanding of human-nature interactions that pro
duce NCP within the IPBES conceptual framework.

IPBES’ conceptual framework serves as a broad 
analytical and conceptual tool that can be applied 
as a boundary object for place-based research 
(Virapongse et al. 2016), and as such, was designed 
to be generic and generalizable. Some of the most 
critical additions to the IPBES framework that we 
found necessary in order to fully incorporate cul
tural ecosystem services included (1) recognising 
an important additional linkage between anthropo
genic assets, nature, and its subsequent effect on 
NCP; (2) connecting co-construction and co- 
production; (3) greater recognition of the relevance 
of culture and socio-cultural context (including soft 
assets such as values, norms, beliefs and traditions, 
place attachment, and the types of knowledge peo
ple hold) as influences on the importance ascribed 
to environmental and ecological elements; and (4) 
explicit recognition of the connections between 
quality of life, governance, and nature. The mod
ifications made to the framework, and the logic 
underlying them, are explained in more detail in 
Table 1.

Operationalising the combined framework 
using birds as a case study

The cultural ecosystem services provided by birds in 
South Africa offer a useful case study with which to 
explore our modified assessment framework. South 
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Africa is a highly diverse country in both social and 
ecological realms. Birds are prevalent and conspicuous, 
and hold high cultural significance in different ways 
for different communities. South Africa’s birdlife is 
highly diverse, with 856 species recorded, 68 of 
which are endemic (Taylor 2018). Birds in South 
Africa, contribute regulating (e.g. pest control and 
waste decomposition), provisioning (e.g. supply of 
food, pollination) and cultural services (e.g. aesthetics, 
religious beliefs) (Sekercioglu 2006; Cox et al. 2018).

Zoeller et al (2020, 2021, 2022, 2023) used an 
adaptation of Q-factor analysis (Stephenson 1953) to 
evaluate peoples’ perceptions of the cultural traits 
that underpin cultural ecosystem services provided 
by birds. Specifically, 401 socio-economically diverse 
ecosystem users in South Africa were asked to rank 
a random selection of 30 bird species on a scale of 1– 
10, and then identify the traits of species that con
tributed to their score (see Table S1 for a list of these 
traits). This score was used to quantify intangible 

Table 1. Details of the additions made to the IPBES framework to integrate cultural ecosystem services, the gaps these additions 
may fill and mechanisms and examples of these concepts. The numbers in the Table correspond to the numbers in Figure 1.

Additions Gaps identified in IPBES conceptual framework and the potential of the CES approach to address these gaps

1. Cultural ecosystem 
services

Cultural ecosystem services are defined by the Millennium Ecosystem Assessment as non-material benefits people 
obtain from ecosystems. Under the IPBES framework, the concept of cultural ecosystem services is not clearly defined 
but rather, the cultural processes that underpin the production of NCP (and specifically non-material NCP) are 
considered ubiquitous (Diaz et al. 2015). However, since the interactions between individuals, society and nature are 
not clearly defined, they are at risk of being overlooked in assessments. Mapping cultural ecosystem services on the 
IPBES framework draws out these interactions so that the processes producing non-material benefits for people can 
be better understood.

2. Co-production Co-production refers to the interaction between social and ecological systems that produce benefits for people (Fischer 
and Eastwood 2016). The concept of co-production is foundational in ecosystem service assessments, and the core 
tenets of co-production have subsequently been integrated into the IPBES framework (Díaz et al. 2018). However, the 
current IPBES framework represents production of NCP as unidirectional; nature produces benefits for people (Kenter 
2018). This approach (1) fails to account for two-way interactions between people and nature in social-ecological 
systems, (2) underdevelops co-production in assessments, and (3) does not consider how heterogeneity in individual 
identity might inform the co-production of NCP (Bruley et al. 2021, Kenter 2018). We have consequently included an 
important additional linkage between anthropogenic assets, nature, and the subsequent effect on NCP.

3. Co-construction Co-construction refers to the interaction between individuals and their society that influences the values people assign 
to ecosystem services (Fischer and Eastwood 2016). A key addition for integrating co-construction into the IPBES 
framework we have made is capturing variation in individual socio-cultural context. This enables the influence socio- 
cultural variation on demand for cultural ecosystem services to be evaluated, and differences in knowledge and value 
systems to be explored (Lau et al. 2018). We have thus added a connection between co-construction and co- 
production since an individual’s identity will inform their interaction with nature and is therefore critical in co- 
producing NCP.

4. Values We explore the specific relational, intrinsic and instrumental values associated with nature, outlined by the IPBES values 
assessment (Pascual et al. 2022). The IPBES approach has departed from traditional unidimensional approaches 
common in ecosystem service assessment frameworks and instead, captures a diversity of values associated with NCP 
(Peterson et al. 2018). Cultural ecosystem services in particular require a pluralistic approach since the contributions 
of these services to quality of life are dependent on complex social-ecological interactions (Jones et al. 2021). From a 
social perspective, the values people assign to cultural ecosystem services are determined by individual human 
responses to the service at hand (Fischer and Eastwood 2016). This response is informed by norms, beliefs and 
traditions which are embedded in an individual’s socio-cultural context (i.e. co-construction). In our modified 
framework, we filter ecosystem values through socio-cultural contexts to better understand how individual variation 
influences how people value NCP and their perceived contributions to quality of life.

5. Anthropogenic assets While IPBES recognises that NCP are culturally constructed (Kenter 2018), there has not been sufficient emphasise on 
the processes underpinning cultural construction. As such, it is imperative to deconstruct what “anthropogenic 
assets” are in the traditional IPBES framework. In this modified framework, we adopt an approach that reflects the 
perspective outlined in the Robustness of Social-Ecological Systems framework (Anderies et al. 2004). Using this 
approach, we distinguish two types of anthropogenic assets (soft and hard assets) to better understand cultural 
ecosystem services in the IPBES framework. In our modified framework, we expand on the concept of soft assets to 
include values, norms, beliefs and tradition, place attachment and the type of knowledge people hold, which are 
informed by an individual’s specific socio-cultural context. Ultimately, an individual’s identification with their socio- 
cultural context determines how ecosystem values are co-constructed. Conversely, hard assets include built 
infrastructure, health facilities and technology. Hard and soft assets interact with each other (for example, an 
individual requires adequate bridge infrastructure to access a body of water for the purpose of spiritual fulfillment), 
but we will be focusing primarily on the role of soft assets in the production of cultural ecosystem services.

6. Nature Under the IPBES framework, nature refers to the diversity of and interactions between living organisms and with their 
environment (Díaz et al. 2015). Nature consequently contains a variety of ecosystems, organisms and ecological 
processes. Specifically, natural systems are dynamic entities with various “parts” (subsystems) that interact to produce 
the “whole (the environment and its ecosystems). To better understand cultural ecosystem services, we need to 
explore the effect of variation in scales and levels on their production. We specifically focus on landscapes, 
communities and species, and their links to social systems.

7. Ecological and cultural 
functions

An important addition to the IPBES framework we have made when mapping cultural ecosystem services onto the 
IPBES framework is describing how species functional traits can be used to define ecological and cultural functional 
groups. Species with specific functional traits are allocated into groups that represent a suite of similar functional 
traits (i.e. functional groups), providing simplified descriptions of ecological organisation that support decision 
making in the management of ecosystems (Bellwood et al. 2019, Haller-Bull and Rovenskaya 2019). Functional traits 
that represent innate biophysical interactions that are produced regardless of human selection for ecosystem 
benefits are defined here as ecological functions. Conversely, cultural functions are defined as the dominant 
characteristics of a species that affect local ecosystem users through their contribution to cultural ecosystem services 
or disservices (Zoeller et al. 2020). Since this description is based on individual perception, cultural functions are 
produced through interactions between people (social systems) and their environment (ecological systems), and we 
have thus included an arrow specifically linking cultural functions to soft assets.
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benefits associated with birds, and the traits identified 
by respondents provided insight into the cultural 
functions that underpin cultural ecosystem service 
production. This research was undertaken under 
a classical Millennium Assessment/CICES-type cul
tural ecosystem services paradigm, which we then 
attempted to integrate more tightly with the IPBES 
conceptual framework.

In the following discussion we use the numbering 
sequence presented in Figure 1 and Table 1 and outline 
(1) the gaps the modified framework addresses within 
the context of case study, (2) the specific application of 
the addition in our example, and (3) how considering 
this addition is relevant to the IPBES agenda.

Cultural ecosystem services

Understanding the intersection between the ecosys
tem services approach and the IPBES conceptual fra
mework clarifies how social-ecological interactions 
produce cultural ecosystem services in a culturally 

diverse society. The relevance of cultural diversity 
for outcomes of interest (e.g. human wellbeing or 
choices about environmental management) depends 
on how, where, and when cultural differences result 
in differences in human-nature interactions. 
Evaluating human-nature interactions through the 
lens of cultural ecosystem further enables the rela
tional nature of these interactions to be established. 
In this context, we adopt the typology of human- 
nature relational models proposed by Muradian and 
Pascual (2018), which, in part, stresses that under
standing different social-cultural contexts that under
pin human nature relationships is crucial. Ignoring 
cultural differences has been recognised as 
a considerable risk within IPBES conceptual frame
work (Díaz et al. 2018), but relevant distinctions are 
seldom included in assessments (Dunkley et al. 2018). 
For example, differences in views of owls as either 
providers of pest control services or birds of ill omen 
may lead to proactive management for owls (e.g. nest 
box provision or reductions in rodenticide use) on 

Figure 1. Modified IPBES framework for exploring social-ecological interactions associated with cultural ecosystem services. This 
framework amends and elaborates on eight components and linkages: (1) cultural ecosystem service; (2) co-production; (3) co- 
construction; (4) ecosystem values; (5) anthropogenic assets (hard and soft); (6) nature; and (7) ecological and cultural functions. 
Further detail on each of these 7 elements is provided in Table 1.
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one hand or persecution of owls (poisoning, nest 
destruction) on the other, with consequences for 
human health via rodent-carried diseases such as 
Toxoplasmosis.

Co-production

In our modified framework, the cultural ecosystem 
services provided by birds arise through an interac
tion between anthropogenic assets and nature that 
contributes to quality of life via co-construction and 
subsequently co-production (Figure 1, point 2). Intra- 
system interactions will be explored in greater detail 
under co-construction and anthropogenic assets (i.e. 
social systems), and nature (i.e. ecological systems).

Incorporating co-production expands the current 
representation of NCP production as unidirectional 
in the IPBES conceptual framework. It makes it easier 
to unpack different components of social and ecolo
gical systems, identify gaps related to the two-way 
interactions between social and ecological systems, 
and explore how heterogeneity in each system influ
ences co-production of NCP.

The critical role of social-ecological interactions in 
the co-production of NCP is widely recognised, and 
has given rise to the concept of People’s 
Contributions to Nature (PCN). PCN asserts that 
people play a vital role in shaping ecosystem 
dynamics and as such, need to be explicitly included 
in assessments of NCP (Larson et al. 2023). While 
many existing approaches provide important local or 
regional information on the cyclical relationship 
between NCP, PCN and co-production, a thorough 
understanding of these social-ecological processes is 
sparse in regions with limited representation in the 
IPBES assessment (e.g. sub-Saharan African and 
Eastern Europe) (McElwee et al. 2020). Including co- 
production in the modified framework also supports 
exploration of the secondary top-down influences of 
institutional perspectives in managing the relation
ship between nature and human well-being. This 
can provide important insight into the production 
of NCP in different contexts and at different scales. 
For example, Zoeller et al. (2022) found that the co- 
production of cultural ecosystem services associated 
with birds is informed by specific scales and levels in 
ecological systems, and by identification with specific 
socio-cultural constructs in social systems (Zoeller 
et al. 2021). Specifically, 401 bird species provided 
six ‘cultural functions’ that underpin non-material 
NCP, such as aesthetic experiences, connection to 
place and cultural experiences. These traits include 
visual traits, negative visual and behavioural traits, 
movement and ecological traits, place association 
and abundance indicators, common traits and beha
vioural traits (Table S1). Different traits resonated 
with different socio-demographic groups of people; 

suggesting that the NCP associated with these traits 
were co-produced both from variation in human 
community in social systems, and variation in land
scapes, communities and species in ecological systems 
(Figure 1) (Zoeller et al. 2022).

Co-construction

Integrating differences in views, traditions and cul
ture into assessment frameworks facilitates a deeper 
understanding of heterogeneity in how people and 
nature interact, and whether or how it matters 
(Muradian and Pascual 2018). To understand 
human-nature interactions through this relational 
approached, it is thus critical to assess the interaction 
between individuals and their society that influence 
how they relate to nature through their values. This 
interaction is commonly referred to as co- 
construction. Acknowledging social-ecological diver
sity and heterogeneity is a critical tenet of the IPBES 
conceptual approach, and has been advocated for 
across numerous assessments over multiple years 
(Borie and Hulme 2015; Díaz et al. 2019; Pascual 
et al. 2023). Indeed, a priority aim for IPBES is to 
include knowledge systems of indigenous people and 
local communities in their assessments (McElwee 
et al. 2020); and the influence of cultural context on 
perceptions of cultural ecosystem services has been 
demonstrated (Kilonzi and Ota 2019), providing 
important insights into shared underlying values. 
Including explicit feedbacks that capture heterogene
ity in cultural context is thus essential to achieve the 
aims and outcomes set out by IPBES.

One approach for including heterogeneity in the 
IPBES conceptual framework is to disaggregate eco
system users based on socially constructed subgroups 
to account for the potential influence of coconstruc
tion on the way people value ecosystem services (Lele 
et al. 2013; Lau et al. 2018). Accounting for co- 
construction is particularly important in 
a multicultural country like South Africa, which 
recognises 11 official languages and four distinct self- 
identified ethnic groups: Black (80.6%), Coloured (i.e. 
person of mixed ancestry) (8.7%), Indian/Asian 
(2.5%) and White (8.1%) (Census 2011). Given this 
socio-cultural heterogeneity of South Africa’s popula
tion, it is critical to understand how social-cultural 
contexts informs people’s relationship with nature to 
promote equitable management of natural systems. 
When disaggregating individuals according to their 
age, gender, race, language, and education, Zoeller 
et al. (2021) found significant variation in how people 
value cultural traits associated with birds (Figure S1). 
Their results suggested that the coproduction of cul
tural ecosystem services and the coconstruction of 
their values are mediated by socio-cultural constructs 
(Scholte et al. 2015; Fischer and Eastwood 2016). 

6 K. C. ZOELLER AND G. S. CUMMING



Integrating co-construction of values has been iden
tified as critical for progressing the IPBES agenda of 
including local knowledge systems into their assess
ments (Anderson et al. 2022; Termansen et al. 2022) 
and this can be facilitated using the integrated 
approach outlined in this paper (Figure 1, point 3). 
For example, disaggregating ecosystem users accord
ing to key markers of their identify to better under
stand their social-cultural context can elucidate how 
they might interact with their environment and how 
that interaction co-produces NCP (Muradian and 
Pascual 2018).

Values

Understanding how and why human values for ecosys
tems are formed is of critical importance to the IPBES 
agenda (Pascual et al. 2023). In a recent assessment, 
IPBES emphasized the need to incorporate culture and 
its influence on values in their conceptual framework 
to mitigate against the detrimental effect of evaluating 
nature through purely economic or biophysical mea
sures (Pascual et al. 2023). Cultural underpinnings 
were recognized as critical in how values are formed 
through their contribution to the value hierarchy – that 
is, that specific values of nature and NCP are nested 
within broad values (guiding life principles), which are 
informed by worldviews (the lens through which the 
world is perceived via co-construction with cultural 
traditions and languages) (Anderson et al. 2022), 
enabling diverse perspectives to guide plural valuations 
of nature (Hill et al. 2021). However, explicit links 
between the co-construction of worldviews and their 
influence on values have not yet been captured, despite 
recognition of the importance of these links. For exam
ple, Schroter et al. (2021) developed indicators to cap
ture relational values associated with physical and 
psychological recreational experiences that are funda
mental to quality of life and identified the importance 
of cultural diversity in evaluating NCP, but cultural 
context was not explored in detail.

To explore how values are formed from a cultural 
ecosystem services perspective, we highlighted in 
Point 2 that the cultural ecosystem services associated 
with birds are co-produced, which in turn is influ
enced by the co-construction of held values (Jones 
et al. 2021; Zoeller et al. 2021). This suggests that co- 
construction is a critical filter for understanding 
assigned values, as represented in Figure 1. 
Moreover, since cultural ecosystem services are 
strongly aligned with non-material contributions to 
people, understanding their influence on quality of 
life relies on capturing pluralistic values that reflect 
elements of cultural identity (Pascual et al. 2023).

Zoeller et al. (2020) described a novel approach for 
capturing value pluralism by assessing the values peo
ple assign to the cultural traits associated with bird 

species using socio-cultural valuation methods. These 
values correspond with different dimensions of specific 
values (i.e. relational, instrumental and intrinsic). For 
example, they found that traits associated with a species 
inherent ecology (e.g. flight, foraging behaviour and 
adaptability) were assigned significantly higher values 
than traits that produced a negatively perceived rela
tional value (specifically, negative visual and negative 
behavioural traits) and traits that produced instrumen
tal values (such as food). Since the values people 
assigned to bird species differed according to key ele
ments of an individual’s identity (described in 
Section 3), it is critical that ecosystem values are under
stood through the lens of individuals’ specific socio- 
cultural characteristics. Addressing ecosystem values in 
this way contributes to the growing body of research 
that recognizes the critical importance of including 
plural values and diverse worldviews and knowledge 
systems in assessing nature’s contributions to people 
(Pascual et al. 2023).

Anthropogenic assets (hard and soft)

Under the IPBES framework, anthropogenic assets 
are an umbrella term used to describe all of human
ity’s capital, including built infrastructure, knowl
edge, technology and financial assets (Díaz et al.  
2015). However, grouping together all anthropogenic 
assets risks minimising the extent to which nuanced 
social processes influence the co-production of NCP 
(Bruley et al. 2021). As a result, the relative contribu
tions of different social components within anthro
pogenic assets are often not rigorously assessed. To 
address this, we divided anthropogenic assets into 
their hard and soft components (Anderies et al.  
2004) (Figure 1, point 5). In so doing, we were able 
to identify that soft assets (i.e. values, norms, beliefs 
and tradition, place attachment and the type of 
knowledge people hold) are critical in co-producing 
cultural ecosystem services (Zoeller et al. 2021). 
Conversely, hard assets, such as infrastructure, did 
not appear to affect how people valued cultural eco
system services associated with birds since there were 
no differences in ecosystem service values among 
individuals who lived at different locations along 
a rural-urban gradient of decreasing infrastructure 
(Zoeller et al. 2021). While the relationship between 
urban-rural location and how people assign values to 
ecosystems needs to be tested in other systems to 
explore the generality of these findings, with other 
studies showing differences between urban and rural 
valuation (Lapointe et al. 2020), it is evident that 
separation of hard (e.g. infrastructure) and soft (e.g. 
place attachment) elements of the environment is 
necessary in the IPBES conceptual framework to 
understand the weighted contributions of both to 
NCP co-production.
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Nature

The IPBES conceptual framework recognizes that nat
ure is inherently complex and comprises diverse 
organisms that interact at different scales and levels 
(Diaz et al. 2015). The complexity of nature is regarded 
as valuable in and of itself, and does not require 
human-driven processes to realise its intrinsic value 
(Díaz et al. 2015, Topp et al. 2021). This approach 
departs from traditional ecosystem services framing, 
which focuses on safeguarding the sustainable provi
sion of nature’s services to people, and not the con
servation of nature for nature’s sake (Schröter et al.  
2014). By overlaying cultural ecosystem services onto 
the IPBES conceptual framework, we can identify con
nections between the complexity of nature that exists 
to support internal biophysical processes, and human- 
driven processes that produce NCP (Figure 1, point 6). 
However, the links and trade-offs between biodiversity 
and ecosystem services and their interaction with 
social systems have not been well documented 
(Kosanic and Petzold 2020), and the term nature itself 
has been criticised for underestimating the extent to 
which natural systems and social systems interact and 
influence each other (Peterson et al. 2018). 
Understanding and managing the dependence of social 
systems on natural systems supports sustainable inter
actions between people and nature (Turner 1997; 
Clark and Harley 2020), and feedbacks between these 
systems have been identified as a persistent gap in the 
IPBES framework (Mastrángelo et al. 2019).

Approaching this gap through the cultural ecosys
tem services perspective clarifies the critical role that 
ecological and social complexity play in the production 
of benefits that people receive from nature. Zoeller 
et al. (2022) found that benefits that appear to be 
linked to species and communities are in fact pro
duced from multi-level (birds to ecosystems) and 
multi-scale (site to landscape) interactions. 
Consequently, management initiatives that that aim 
to safeguard processes that contribute to NCP also 
need to consider cascade effects on other NCP over 
multiple levels and scales. These findings provide evi
dence that the co-production of cultural ecosystem 
services associated with birds is dependent on feed
backs between multi-scale and multi-level variation in 
ecological systems and different components of 
anthropogenic assets in social systems. Exploring the 
relative weight of each component in social-ecological 
interactions is critical in future IPBES assessments to 
identify specific feedbacks between social and ecologi
cal systems (Mastrángelo et al. 2019).

Ecological and cultural functions

Ecosystem functions underpin complex processes 
that contribute to people’s quality of life (de Groot 

et al. 2002). The critical role of ecological functions 
has been widely recognised since the popularisation 
of community ecology (Bellwood et al. 2019), but the 
importance of cultural functions has received limited 
attention. Cultural functions represent a critical inter
face between social and ecological systems, and 
understanding the mechanistic and cultural processes 
supporting their production is necessary to improve 
the aim of the IPBES framework of integrating 
a diverse range of knowledge systems and stake
holders. This claim can be tested and operationalised 
using birds as a case in point.

Birds provide a diverse range of ecosystem func
tions (Sekercioglu 2006). The identification of these 
functions has enabled bird species to be allocated into 
specific functional groups, traditionally inferred from 
their diet (Sekercioglu 2006, Cumming and Child,  
2009). For example, frugivores are categorised 
according to their primary function of seed dispersal 
(Sekercioglu 2006). However, birds also provide 
a range of cultural functions that are not captured 
in traditional functional assessments. Using 
a database of avian cultural traits identified by eco
system users, Zoeller et al. (2020) explored whether 
a consistent typology of cultural functional groups 
could be developed. They found strong evidence for 
cultural functional groups that identify clusters of 
subjective human response to species traits. These 
groupings reflect both the species themselves and 
the socio-cultural systems that influence human per
ceptions. Social systems clearly exert an important 
influence on human perceptions of ecological systems 
and on management actions, but these feedbacks are 
not explicitly incorporated into IPBES frameworks. 
The addition of cultural functional groups to the 
IPBES framework can offer important insights into 
how the interactions between social and ecological 
systems produce cultural functions, and the indirect 
effects that anthropogenic processes have on govern
ance and management of natural resources.

Discussion

We have shown how mapping cultural ecosystem 
services onto the IPBES framework can contribute 
usefully to the development of more rigorous 
approaches to measuring and evaluating important 
social-ecological interactions. Drawing on principles 
from the IPBES conceptual framework, the ecosystem 
services concept and ancillary literature, we suggest 
an approach to social-ecological assessments that 
incorporates important feedbacks and mechanisms 
that have not previously been explicitly integrated. 
The IPBES conceptual framework has been 
a valuable addition to our understanding of social- 
ecological systems, with the additions outlined in our 
modified framework providing an approach for 
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comprehensively assessing complex interactions that 
can be interwoven in context-specific situations.

Incorporating and advancing important concepts 
in our modified framework addresses many of the 
limitations associated with capturing cultural values 
within the IPBES framework. While many of the 
additions we propose to the conceptual framework 
are already implicit within it, explicitly identifying 
these concepts and processes and locating them 
within the framework facilitates a formal and replic
able approach for assessing social-ecological systems 
in different contexts. For example, our inclusion of 
linkages between anthropogenic assets and nature 
embeds context-specific cultural, social and environ
mental processes that co-produce NCP in the IPBES 
conceptual framework (Bruley et al. 2021). 
Operationalising these linkages in our case study 
enabled us to determine that interactions within and 
between anthropogenic assets and nature influence 
how NCP are co-produced, and specifically, that het
erogeneity in social-cultural contexts and variation in 
scales and levels play in integral role in co- 
production. In tandem with the addition of co- 
production in our modified framework is the influ
ence of co-construction on ecosystem values. 
Relational values in particular are a product of how 
people relate to specific aspects of their environment 
and are therefore, by definition, perception-based and 
pluralistic in nature (Stenseke 2018). Despite wide
spread acceptance that value pluralism is influenced 
by people’s specific cultural context, most assess
ments tend to adopt a socially aggregated approach 
that assumes a homogenous community with identi
cal values (Stenseke 2018). By applying the modified 
framework to our case study, we demonstrated that 
disaggregating ecosystem users according to indivi
dual’s socio-cultural context enabled diverse values to 
be captured and moreover, promotes equity in nature 
stewardship (Pascual et al. 2017; Sarkki and Acosta 
García 2019).

While this framework was produced by interrogat
ing the cultural ecosystem services associated with 
birds, we argue that it can be operationalized in 
a variety of contexts. For example, institutions seeking 
advice on best practice conservation initiatives for local 
marine ecosystem might use this framework to identify 
critical entry points for promoting conservation initia
tives by targeting the ecological attributes that generate 
valuable NCP for ecosystem users. This information 
can be developed by 1) determining the NCP that are 
generated in these systems through targeted interviews 
or surveys, and elucidating the ecological attributes 
that underpin the production of those NCP (e.g. fish 
communities that produce recreational benefits and 
provide a source of food), 2) identifying the human 
community that benefits from these NCP, the context 
in which these NCP are co-produced, and the extent to 

which these actors impact ecosystem dynamics via 
PCN (e.g. local fishers who generate an income from 
catch but reduce the stock of the system’s top predator, 
thereby impacting the ecosystem’s food chain), 3) 
exploring the socio-demographic context of human 
communities that underpin the co-construction of 
values associated with the ecosystem (e.g. gender, lan
guage, history on the land), and 4) undertaking 
a pluralistic valuation approach of to identify the 
range of values present in the system, and determine 
where those values align or are in potential conflict 
(e.g. instrumental values associated with fish stock, 
relational values like recreation and sense of place 
associated with fishing). Decisions that consider not 
only the NCP that the ecosystem generates, but also the 
characteristics of the human community that enable 
that NCP to be co-produced, can help foster long-term 
support of conservation initiatives by appealing to the 
deeply entrenched values of the local population. In 
this way, both nature’s contributions to people and 
people’s contributions to nature can be assessed, pro
moting stewardship of important natural resources and 
providing vital contributions to people’s wellbeing 
(Larson et al. 2023). This approach further supports 
the IPBES agenda of departing from traditional neo
liberal conservation which frequently promotes 
a simplified and often ineffective perspective on con
servation (Allen 2018).

In addition to advancing our understanding of 
critical social-ecological interactions and feedbacks, 
mapping cultural ecosystem services onto the IPBES 
conceptual framework can have practical applications 
in various domains that have been identified as the 
primary focus of IPBES to address the complex chal
lenges of biodiversity loss and ecosystem degradation 
(Díaz et al. 2019). These domains include policy, 
science-policy interfaces, and scientific research. For 
example, the approach outlined in this paper may 
give policymakers a more comprehensive under
standing of the demand for and delivery of benefits 
that ecosystems provide to communities by exploring 
the characteristics of both human community and 
nature that co-produce NCP. This knowledge can 
inform policy decisions related to land use, conserva
tion, and natural resource management (Asah et al.  
2014). Similarly, mapping cultural ecosystem services 
onto the IPBES conceptual framework can help 
resolve ambiguity about how people value non- 
material NCP. Recognising that different ecosystem 
users perceive and engage with the environment in 
different ways, as shown here, promotes the use of 
complementary valuation techniques that elicit multi
ple values and support the inclusion of plural per
spectives in valuations and the commensurability of 
different value types (Termansen et al. 2022). This 
advance can help scientists, policymakers, and local 
communities to bridge the gap between technical 
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ecological knowledge and the cultural significance of 
ecosystems (Borie and Hulme 2015).

Although the modifications we found necessary to 
make to the IPBES framework have broad general 
relevance, specific interactions in social and ecological 
systems identified in our case study may have limited 
generalizability. For example, Zoeller et al. (2021) 
described specific elements of people’s socio-cultural 
context that mediated the ways in which people engage 
with nature. However, it is likely that the elements of 
people’s identity that influence their interaction with 
nature will change depending on the community in 
question or the scale at which NCP co-production is 
assessed (Lau et al. 2018; Lapointe et al. 2019). 
Similarly, the components of nature that people pre
ferentially engage with may differ depending on the 
system under assessment. For example, Bartelet et al. 
(2022) found that the benefits people received from 
cultural services associated with coral reefs in 
Australia did not reflect the condition of the ecological 
system. This implies that subjective human responses 
to environmental conditions are critical in understand
ing how an ecosystem is valued and how feedbacks 
between social and ecological systems are formed. For 
this reason, the practical application of this adapted 
framework may face implementation barriers given 
the challenge of integrating nuanced socio-cultural per
spectives in regulatory, institutional, or political deci
sions. Despite these limitations, the modified 
framework has potential to advance a more general 
understanding of the social-ecological interactions 
that contribute to people’s quality of life, and moreover, 
provides a standard for assessing these interactions.

Summary

Since the release of the MA 17 years ago, approaches to 
understanding social-ecological interactions have 
shifted from utilitarian approaches to valuing ecosys
tem services (Costanza et al. 1997) to approaches that 
situate culture as the dominant driver of interactions 
between nature and people (Diaz et al. 2015). Despite 
these significant advances, the ways in which we con
ceptualise social-ecological interactions are still being 
refined. Critical gaps persist in our understanding of 
people’s relationship with nature (Maes et al. 2018), and 
one of the most important of these is our limited under
standing of feedback between social and ecological sys
tems (Mastrángelo et al. 2019). Beyond its intended use 
to facilitate the assessment of biodiversity and ecosys
tem services, our adapted IPBES conceptual framework 
can be applied in context-specific assessments to define 
key components and interactions (specifically, two-way 
human-nature interactions), and provide a more rigor
ous understanding of the social-cultural mechanisms 
that underpin NCP production and the ways in which 
they are valued. This ensures that the wealth of 

knowledge that has been developed on cultural ecosys
tem services can be applied under new assessment fra
meworks. Further, assessing social-ecological systems 
through this adapted framework enables implicit con
nections to be drawn out, thereby providing holistic 
insight into the feedbacks and linkages that should be 
considered at all levels of environmental decision- 
making.
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