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Abstract

Nature conservation on privately owned land depends on land managers’ decision-making. Interactions between values, rules
and knowledge (vrk) underpin decision-making, thus, it is important to understand these interactions to support conservation
intentions. We investigated how different sets of vrk determine the decision-making context regarding the management and
conservation of renosterveld, a critically endangered ecosystem in the Cape Floristic Region, and how this relates to land
managers’ perceptions of nature’s contributions to people (NCP). From interviews with thirty land managers, we identified
nine value types, four rule types, three knowledge types and 13 different NCP. We found that different vrk combinations can
be grouped into three decision-making contexts: Bottom-up conservation, Top-down conservation and Utility. Each context is
associated with the perception of different beneficial and detrimental NCP. Regulating NCP are perceived across all contexts,
whereas more non-material NCP are associated with a Bottom-up conservation context and relational values, such as family
ties. The prevalence of relational values in Bottom-up and Top-down conservation contexts illustrates the complexity and
non-substitutability of the dynamic relationships between renosterveld and people. This indicates the importance of plural
valuation in nature conservation to foster diverse NCP provided by renosterveld.

Keywords Ecosystem services - Local ecological knowledge - Private land conservation - Relational values - Renosterveld -
South Africa

Introduction Millennium Ecosystem Assessment 2005; Diaz et al. 2019).

NCP are defined as “all the contributions, both positive and

As is widely demonstrated by the evidence given by the
global and regional assessments of biodiversity and eco-
system services in the last two decades, biodiversity and
its ability to provide multiple nature’s contributions to peo-
ple (NCP) are increasingly threatened (IPBES 2018, 2019;
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negative, of living nature to people’s quality of life” (Diaz
et al. 2018, p 270) and encompass other conceptualizations
of these contributions, such as ecosystem goods, services,
benefits or nature’s gifts (Diaz et al. 2018; IPBES 2019;
Ellis et al. 2019). The recent Global and Regional Assess-
ments of Biodiversity and Ecosystem Services of the Inter-
governmental Science Policy Platform on Biodiversity and
Ecosystem Services (IPBES) provide evidence on the essen-
tial role of both biodiversity and NCP for the good quality
of life of human societies, and how both biodiversity and
NCP are jeopardized by multiple drivers of change (IPBES
2018, 2019). Among the full array of drivers of change,
the transformation of ecosystems to agricultural and urban
land is considered the largest driver undermining the capac-
ity of biodiversity to provide NCP (Millennium Ecosys-
tem Assessment 2005; Pereira et al. 2012; Diaz et al. 2019;
IPBES 2018, 2019). However, land use changes result from
the individual and collective decisions on land planning and
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management that are underpinned by the complex inter-
actions between individual and societal values, rules and
knowledge (IPBES 2019; Colloff et al. 2017b). These inter-
actions form part of the institutions, governance structure
and societal dynamics that are increasingly recognised as
one of the most relevant knowledge gaps in ecosystem ser-
vice research (Mastrangelo et al. 2019).

Interactions between values, rules and knowledge (vrk)
define the decision-making contexts of individuals and social
actors that drive actions either for conserving ecosystems or
for transforming them to other land uses, such as agriculture
(Martin-Lopez and Montes 2015; Colloff et al. 2017a). The
vrk perspective, which has originally been applied in climate
change adaptation research (Wise et al. 2014; Gorddard et al.
2016; Prober et al. 2017), emphasizes that a particular actor
uses a system of values, knowledge and rules when designing
or deciding on ecosystem management actions. Reflection on
these decision-making contexts can reveal pertinent aspects of
how society and institutions shape decisions and enables iden-
tification of new options and strategies for conservation and
ecosystem management (Colloff et al. 2018). In this paper, we
refer to values (V) as the importance of a particular asset (i.e.
biodiversity and ecosystems) for itself or for others (Pascual
et al. 2017). Diverse actors value biodiversity and ecosystems
in multiple ways, including intrinsic, instrumental and rela-
tional values (Diaz et al. 2015; Chan et al. 2016; Pascual et al.
2017; Arias-Arévalo et al. 2018). While intrinsic values refer
to the inherent value of nature as an end in itself, regardless
of any human experience, instrumental and relational values
are human-driven (Diaz et al. 2015). The valuation guidelines
developed by IPBES acknowledges that intrinsic values are
independent of human experience and therefore human valu-
ation (Diaz et al. 2015); however, humans can express regard
for biodiversity and ecosystems independent of human inter-
est, reflecting subjective intrinsic values (O’Connor and Kenter
2019). While instrumental values refer to the value of nature for
human utility, including economic benefits, relational values are
those concerns related to the meaningfulness of relationships,
such as those among people and between nature and people
(e.g. people’s sense of place, spirituality, social cohesion or
responsibility towards biodiversity) (Chan et al. 2016; Pascual
et al. 2017). Focusing on relational values among land manag-
ers in agricultural landscapes can help to foster stewardship
values for conservation (Chapman et al. 2019).

Alongside values, rules and knowledge are important factors
influencing decision-making. Rules (R) refer to both ‘rules-in-
use’, which include informal norms, practices, taboos, habits,
and ‘rules-in-form’, which include legislation, treaties and
directives (Gorddard et al. 2016). These rule types can be per-
ceived and experienced at both the individual and collective
levels (Paavola 2007; Ostrom 2009). Institutional diversity,
including multiple formal and informal rules, enhances com-
pliance, addresses conflicts and supports adaptive governance
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for natural resources (Dietz et al. 2008; Kenward et al. 2011;
Emerson and Gerlak 2014). Knowledge (K) refers to the infor-
mation, awareness, understanding and perspectives that have
explanatory value for the issues being addressed (Colloff et al.
2018). Actors and institutions create, organize, transfer, share
and use this knowledge (Cornell et al. 2013). Relevant knowl-
edge for biodiversity conservation and land planning include
scientific and technical knowledge, lay knowledge from prac-
titioners, and local ecological knowledge (LEK) (Tengo et al.
2014; Colloff et al. 2018).

Interconnected vrk sets can identify which elements must
be employed, retained and used in order to achieve the desired
outcome in decision-making (Gorddard et al. 2016). The vrk
perspective therefore emphasizes that interactions between the
systems of values, rules and knowledge held by a particular
stakeholder group (e.g. land owners, environmental manag-
ers or national agencies) underpin current decision-making
regarding conservation and land planning actions (Colloff et al.
2017a). These systems must be disentangled to better under-
stand why land, particularly in areas of exceptional biodiver-
sity, is often not managed for the intrinsic, instrumental and
relational value of its biodiversity, and the related implications
for the provision of NCP.

One such area is South Africa’s Cape Floristic Region
(CFR), a global biodiversity hotspot, which contains more
than 9000 vascular plant species and is recognised as a Cen-
tre of Plant Diversity (Olson and Dinerstein 2002). More than
70% of natural vegetation in the CFR has been transformed
to other land uses, primarily agriculture but also urbanization
(Myers et al. 2000). Natural renosterveld vegetation has been
particularly susceptible to transformation, due to its rich sub-
strate and relatively accessible topography compared to other
habitat types of the CFR (Topp and Loos 2019; Rouget et al.
2014). This transformation began in colonial times, although
much occurred throughout the twentieth century (Newton and
Knight 2005), and has led to major biodiversity losses which
threaten the provision of NCP. In this landscape context, we
thus aim to understand what interplay of values, knowledge
and rules leads to specific land uses that result in certain NCP
outcomes. To address this research goal, we specifically aim
to: (a) unravel values, rules and knowledge that drive land use
decision-making contexts by renosterveld land managers, and
(b) identify which detrimental and beneficial NCP are derived
from renosterveld subject to different decision-making contexts
of land management.

Case study

Our study area is the Swartland municipality and its close
surrounding in the Cape Floristic Region, South Africa
(Fig. 1). This winter-rainfall region is situated approximately
60 km north of Cape Town and is well known for grain
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production, primarily wheat. The region’s fertile soils and
proximity to a major urban centre contributed to widespread
transformation of land use from natural vegetation to inten-
sive commercial agriculture (Newton and Knight 2005).
The Swartland municipality covers an area of approximately
3707 km?. Land cover in the municipality is now mostly
grain and legume cropland (approximately 63% of total
cropland), grazing land (27%), and vineyards (6%) (West-
ern Cape AgriStats 2019). Urbanization has also increased
rapidly in the Swartland over the last 40 years, with a current
growth rate of 5.6% (Western Cape Government 2017). This
trend is partly due to an influx of migrant workers, as well as
the expansion of the greater Cape Town metropolitan area
into the southern part of the Swartland, and the expansion of
the administrative centre Malmesbury (Halpern and Mead-
ows 2013; Western Cape Government 2017). The endemic
natural renosterveld vegetation has therefore been affected
by both recent and historical land-use changes.

West-coast renosterveld, as part of the CFR, is globally
significant in terms of biodiversity. It is a fire-prone, shrub-
scrub, evergreen ecosystem also known as ‘Cape transitional
small-leaved shrublands’ (Cowling 1983). Renosterveld con-
tains more than 800 plant species, including many endemic
geophytes and succulents (Halpern and Meadows 2013;
Bergh et al. 2014). Whereas renosterveld formerly covered
much of the Swartland, less than 3% natural west-coast
renosterveld vegetation now remains, mostly in fragments
on steep slopes and hilltops among intensively farmed pri-
vate land (Moll and Bossi 1984; McDowell and Moll 1992;
Newton and Knight 2005; Halpern and Meadows 2013).
While agricultural expansion is the major driver of renos-
terveld loss in the Swartland, other threats include biologi-
cal invasions and climate change, which can converge with

Fig.1 Map of study area and

poor land management and further deteriorate renosterveld
(Kemper et al. 1999; Topp and Loos 2019). Regional scale
conservation planning has taken place across the Cape low-
lands (von Hase et al. 2003) and private easements are used
as a conservation mechanism in south-coast renosterveld
(Overberg Renosterveld Conservation Trust, www.orct.org),
but conservation approaches remain piecemeal (Topp and
Loos 2019). Some renosterveld fragments are designated
municipal reserves on the outskirts of towns such as Malm-
esbury and Darling, but the majority are on privately owned
land (Von Hase et al. 2010).

The Swartland landscape is therefore rich in contrasts, with
remaining fragments of high biodiversity-value renosterveld
largely surrounded by intensive, monocultural grain and fruit
production. Such contrast creates a complex decision-making
context for land-use planning, as biodiversity conservation
implementation is often not a priority for farmers and those
responsible for agricultural land-use decision-making (Topp
and Loos 2019; Winter et al. 2007). In terms of values, previ-
ous studies have found farmers to perceive renosterveld as
largely unprofitable and associate its retention with prob-
lem plants and animals, as well as lack of financial reward
(McDowell et al. 1989; Von Hase et al. 2010; Winter et al.
2005, 2007). Meanwhile, formal rules including legislation
exist to prevent ploughing of virgin soil (National Environ-
mental Management Biodiversity Act of 2004), and renos-
terveld fragments are nationally designated as critical biodi-
versity areas. However, multiple barriers inhibit conservation
action by land managers, including the lack of knowledge
and awareness of importance of biodiversity, high cost of
conservation measures and lack of institutional collaboration
(Winter et al. 2007; Cowling et al. 2003; Musil et al. 2005;

location of the Cape Floristic
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land managers with remaining
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Topp and Loos 2019). The transformation of land manage-
ment towards conservation management requires changes in
values and aspirations, which may facilitate shifts in industry
practice and rules such as government regulations (Pelling
2011; Prober et al. 2017). These barriers and values may differ
among land managers with different farming systems (Darn-
hofer et al. 2005). With the application of the vrk and NCP
perspectives, we seek to unravel the complex decision-making
contexts and implications for related NCP.

Materials and methods
Sampling strategy

Two fieldworkers conducted interviews with 30 land manag-
ers across the Swartland municipality with renosterveld rem-
nants on their land (Fig. 1). As we wanted to explore differ-
ences between farming systems, interviewees were selected to
account for both wheat (Wh) and wine grape (Wi) production
as well as for differently-sized renosterveld fragments in the
landscape. Fieldworkers conducted face-to-face semi-structured
interviews in both English and Afrikaans between September
2017 and December 2018. A draft of the questions was piloted
with colleagues and land managers and revised before field-
work. We structured the interviews in three sections, including
questions concerning: (1) General history and factual informa-
tion on farming and land management; (2) Experiences with
biodiversity and ecosystems, including wildlife encountered
in renosterveld; (3) Perceptions of the benefits and detriments
renosterveld provides. In this last section, we designed mostly
open-ended questions to capture information on beneficial and
detrimental NCP (e.g. “What are the benefits from nature on
your farm?”’; “What threats do you perceive?”), values related
to renosterveld (e.g. “What is the renosterveld good for, for you
and for society?”’; “Why do you appreciate this place?”), the
formal and informal rules underpinning land use (e.g. “How
do you manage the renosterveld?”’; “Do you get any help from
external sources for farming or land management?”) and land
manager’s knowledge (e.g. “What can you tell me about the
renosterveld on your farm?”’; “Why did you leave a patch of
renosterveld on your farm?”’). We used open-ended questions
since they capture the perceptions of beneficial and detrimental
NCP and plural values of biodiversity, ecosystems and NCP
(Klain et al. 2014; Arias-Arévalo et al. 2017; Masterson et al.
2017; Tadaki et al. 2017; Jacobs et al. 2018). Socio-demo-
graphic data such as age, gender and land ownership type were
collected in writing before the interview commenced. The
duration of the interview varied between 17 and 50 min (see
Appendix 1 for the interview details).

Interviews were recorded, transcribed and translated from
Afrikaans to English in full. Before the interview, respond-
ents were given information on the purpose and background
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of the research and gave written consent to their participa-
tion. Ethical clearance for the study was obtained through the
University of Gottingen Ethics Commission on 15.11.2017.

Content analysis

We loaded interview transcripts into the text analysis software
MaxQDA 2020 (Verbi Software 2019) and coded each inter-
view according to two different frameworks: the vrk perspec-
tive (Colloff et al. 2017b; Gorddard et al. 2016) and the NCP
paradigm (Dfiaz et al. 2018). The content analysis includes a
reiterated review of the corpus made up by the transcripts of
the 30 interviews. Through the content analysis, we identi-
fied the main categories of values, rules, knowledge and NCP
types, and also captured newly emerging NCP categories.

To address the first specific objective, we applied the vrk
perspective (Colloff et al. 2017b; Gorddard et al. 2016) and
coded for values, rules and knowledge. We coded for values by
distinguishing between subjective intrinsic, instrumental and
relational values (Chan et al. 2016; Pascual et al. 2017; Arias-
Arévalo et al. 2018). Reference to the worth of nature for its
own sake and the right of nature to exist was placed under the
code of subjective intrinsic value, while reference to monetary
benefits was coded as instrumental values (see Arias-Arévalo
et al. 2017). We further identified multiple relational values,
such as the meaningful relationships between people and nature
that derive from sense of place, aesthetic enjoyment, leisure,
interdependency with nature, family ties or moral duty to biodi-
versity (Table 1). We coded rules by classifying both (1) formal
rules, including legislation, market arrangements and conser-
vation agreements, and (2) informal rules, such as community
practices, relations and habits (Table 2) (Abson et al. 2017;
Prober et al. 2017). We coded the systems of knowledge by con-
sidering how land managers acquire knowledge. We considered
three different types of knowledge acquisition: (1) LEK, includ-
ing both local knowledge transmitted through cultural settings
and regional history, and experiential knowledge relating to
the acquisition of understanding through daily experiences and
observation; (2) scientific knowledge, stemming from research
sources and institutions; and (3) technical knowledge, related
to farming practices and technologies (Table 3). In addition,
we also noted when land managers expressed a lack of value of
renosterveld, lack of rule enforcement and a lack of knowledge
related to renosterveld.

To address the second research objective, we operational-
ized the classification of NCP (Diaz et al. 2018) by coding
both detrimental and beneficial contributions of remaining
renosterveld fragments to people. When coding, we distin-
guished between beneficial and detrimental NCP, as well as
between material, non-material and regulating NCP (Table 4).
As stated by Diaz et al. (2018), a particular NCP may be
framed as beneficial or detrimental, depending on the social
actors’ cultural and socio-economic contexts (Saunders and
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Table 1 Values articulated by renosterveld land managers

Value type Articulated value

% of all

Example verbatim

verbatim
segments®

Instrumental Direct or indirect monetary benefit; utility 23

Subjective intrinsic Nature’s right to exist

Relational Sensing wildlife & nature 22

Moral duty & concern for nature 21

Family ties & future generations 15

Interdependency of nature and farming 21

Recreation & leisure 15

Aesthetics

Sense of place

26.3

9.0

14.3

15.5

9.5

9.5

7.2

54

33

“If we want to make the renosterveld economical benefi-
cially, it will be ecotourism.” (Wh1)

“At the moment I only make money from the paragliders
and the Wifi towers on the mountain.” (Wh5)

“I think it must be a part of the farm. Because it is there,
it is growing there and it must be there. I think we must
leave it there because it’s there for a reason.” (Wi8)

“For us, the benefit of having a piece of veld is we go
walking there throughout the year, and there’s always
something to see.” (O1)

“It is our duty to protect the nature as a farmer. Because
it is an ongoing relationship between nature and
farming.”(Wi7)

“I just feel that nature as it was made should be protected,
we can’t just let everything go.”(02)

“I grew up with it... we used to go and pick the bulbs there
and give them little names...we picked it with my grand-
mother....It’s just a generation thing...I don’t want it to
become extinct.” (Wil)

“To preserve your land for the future generations or future
farmers, you have to be careful with what you’re doing.”
(Whl)

“Farming is close to nature. So if you do not care about
nature I don’t think you will be successful in farming.”
(Wil0)

“These days there’s a Funduro with quad bikes and stuff, so
there’s more of a relationship with recreation than farm-
ing. We don’t use the mountain or the renosterveld for
farming, but only to enjoy it.” (Wh8)

“I think it is so nice for me to go for a walk there on
Sundays. You can sit and drink your coffee or tea and
the dogs play about in the veld... and have this peaceful
experience there.” (Wh13)

“In a different kind of way, it’s beautiful. It’s another beau-
tiful than farming, you can sit up there and have a beer.
It’s really nice. Looking over the renosterveld.” (Wi9)

“It makes quite a difference to go and walk in the veld than
just to drive around in the car or tractor. There’s millions
of species and different plants and stuff. It’s beautiful. I
love it.”(Wh11)

“Everybody knows that if you are situated in Malmesbury
or the Swartland, it is recognizable by the renosterbos.”
(Wid4)

“It’s what the society hinges on, it’s really what it is, I mean
the renosterveld is Darling.” (O3)

n,number of interviews; Wh, wheat farmers; Wi, wine farmers; O, other management practices

#Verbatim segments that relate to values (i.e., not rules, knowledge or NCP)

Luck 2016; Diaz et al. 2018). In our study, we considered
NCP to be detrimental when the interviewee framed the NCP
has having a negative impact either to people or to ecologi-
cal integrity of renosterveld. Thus, the same NCP can appear
as a beneficial and detrimental contribution throughout the
content analysis. Likewise, a particular NCP does not neces-
sarily fit squarely into the categories of material, non-material

and regulating and, therefore, in such cases, we classified the
NCP in multiple categories. Additionally, the operationaliza-
tion of NCP contains a mixture of general and context spe-
cific perspectives (see Diaz et al. 2018). We applied this by
first following the generalizing perspective through assigning
expressed NCP to general categories from the framework, and
second, by using the information from farmers to identify new
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NCP which do not fit in the existing generalizing perspec-
tive, but are region and context-specific (Diaz et al. 2018).
We included family ties as an NCP as well as a relational
value, because family activity in renosterveld may be a tangi-
ble NCP, whereas the importance of preserving renosterveld
for future generations is a relational value.

The results present the qualitative content analysis with
example verbatims (the words of the interviewees, lightly
edited for ease of reading without altering meaning) and
descriptive analysis that shows differences between wheat
and wine farmers. We explored whether the expressed vrk and
perceived NCP differed between wheat and wine farmers. We
then pooled the coded vrk from all land manager interviews
and checked for associations among vrk components. In an
exploratory first step, we created a pairwise matrix of vrk based
on proximity of codes within the interview text and mapped
these vrk into a multidimensional ordination (see Appendix 2)
to see if groupings of vrk elements emerged from the data. The
ordination is based on Principle Co-ordinates Analysis and is
part of the Code Maps function provided in the text analysis
software MaxQDA 2020 (Verbi Software 2019). In a second
qualitative step, we used pairwise matrices to manually check
for associations among vrk. In a third step, we generated fre-
quency tables for vrk and NCP to see which NCP occurred
with each vrk component (see Appendix 3). From this analysis
we distinguished three separate decision-making contexts that
are underpinned by a particular vrk interplay and are related
to different NCP. It is important to note that one NCP could
be associated with more than one decision-making context.

The resulting contexts are not definitive, so each combina-
tion of elements does not automatically lead to the associated
land management decision; rather, the decision may result
from the associated combination of vrk elements, based on our
interpretations of the interviews with land managers.

Results
Sample characteristics

While most interviewees (n=27) were actively farming
their renosterveld-adjacent land, three were responsible
for the renosterveld fragments, but not adjacent farming
activities and were characterized as “Other management
practices (O)”. Of active farmers, 13 were primarily farm-
ing wheat and 14 were primarily farming wine grapes,
although many farms (n=24) contained a mix of these
crop systems, plus other fruit, vegetables and livestock
(sheep and cattle; see Appendix 1 for full interviewee
data). The majority of interviewees were aged between 30
and 50 (62%) and the majority identified as male (90%).
The main spoken language on sampled farms was Afri-
kaans, except for one farm where English and Xhosa were
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the main spoken languages. Farms ranged from 46 to 1800
hectares in size. The median farm size was 477 hectares.
Renosterveld fragments ranged from 0.3 to 1401 hectares
in size and the median fragment size was 13.9 hectares.
The majority of land managers owned the farm in a family
trust (57%), while 23% were sole owners and 13% were
employed by landowners.

Values

Relational values related to nature and renosterveld,
including seven different articulated sub-types, were
expressed by land managers more frequently than intrin-
sic and instrumental values (Table 1). Of relational values,
the most frequently articulated value types were sensing
wildlife and nature, moral concerns for nature, family
ties to the landscape and interdependency of nature and
farming (Table 1). We found little difference between the
articulated values of wine and wheat farmers, particularly
for subjective intrinsic and relational values (Fig. 2). How-
ever, we found that wheat farmers expressed more instru-
mental values related to nature than wine farmers (Fig. 2).

As well as expressing different value types related to
nature and renosterveld, almost all land managers expressed
that renosterveld lacks value (n =27). This perception often
related to the perceived lack of instrumental values and mon-
etary benefits, for example:

“Up to now, I didn’t think about anything about it, it’s
just wasted land. I had to pay for 470 hectares and that
is 70 hectares I can’t plant on, so for me it’s a total
loss.” (Wh2); and “They don’t bother with it [renos-
terveld], and they don’t make any effort to know what’s
going on in there, because they can’t make any money
out of it.” (Wh10).

One land manager expressed a widespread lack of valuing
renosterveld while simultaneously acknowledging that this
was regrettable, as illustrated by:

“Yes, it’s so heart-breaking that in South Africa
nobody is interested in fynbos. If this fynbos van-
ishes, then nobody will notice. Believe me. Nobody
will notice it.” (Wh6).

Rules

Formal legislation was the most frequently expressed rule
type (n=24) whereas informal rules were the least fre-
quently expressed (n=13) (Table 2). Community conser-
vation agreements differ from other formal conservation
agreements in that they are more contingent upon commu-
nity goodwill, compared to, for example, municipally owned
and managed nature reserves or biodiversity conservation
legislation. Biodiversity conservation legislation was not
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Fig. 2 Differences in the % of coded verbatims between wine and
wheat farmers (n=13, n=14 respectively) for the expressed values,
rules, knowledge and nature’s contributions to people in the Swart-

explicitly named by land managers, although many were
aware of such rules (n=24). Perceived lack of rules relating
to renosterveld and rule enforcement was expressed by 18
land managers, for example, regarding national legislation:

“I could take the renosterveld out and plant wheat,
and I can assume no one in South Africa would stop
me. I don’t think there is any... I don’t think it can be
controlled.” (Wh2); and “No reprimand or repercus-
sions, nothing. It’s rather that everyone keeps to his
own business.” (Wi3).

This could also result in conflict over renosterveld man-
agement, as illustrated by the next verbatim:

“Most people think that the renosterveld is public
property. Whereas this specific [piece] is part of four
farms. Even the local tourism board, they made three
hiking trails with no control.” (WhS5).

Land managers also mentioned informal rules as under-
pinning their decision-making (n=13). In some cases,
neighbour relations or family traditions influenced the
way land managers chose to use their land. For example,
one land manager explained the informal rules for keeping
renosterveld flowers on a small hilly outcrop of renosterveld
(known as a ‘koppie’):

“In this case the farmers’ mother was very much into
flowers and the flower shows. She said to him, you
don’t do anything to this koppie! I mean he’s come up

land of South Africa’s Western Cape. The x-axis represents the pro-
portion of coded verbatims per vrk component per farming group and
from total of NCP

close, but he’s leaving the koppie because his mother
said to him — Leave the koppie.” (O1).

There were differences in the way wheat and wine farmers
perceived the role of rules (Fig. 2). While formal legislation
was expressed more frequently by wheat farmers (59.2%
of verbatim segments) than wine farmers (26.9%), market
arrangement rules related to environmental issues were men-
tioned more frequently by wine farmers (53.8%) than wheat
farmers (6.1%) (Fig. 2).

Knowledge

Land managers articulated diverse forms of knowledge.
The most commonly expressed knowledge type was local-
ecological knowledge (48% of verbatim segments), followed
by technical knowledge (31%) and scientific knowledge
(21%; Table 3). Scientific knowledge was often identified as
belonging to other sources, such as scientists or researchers,
whereas technical knowledge and LEK were more frequently
expressed as belonging to the land managers themselves.
LEK included substantial awareness of renosterveld-asso-
ciated fauna derived from land manager observations, often
mammals, for example:

“Well there are lots of jackals, and rooikat [caracal].
I’ve seen some rabbits through [the renosterveld].
Guinea fowl, lots of snakes, tortoises, lots of them.
And then game, a few game species. Duikers, there’s

@ Springer



750

Sustainability Science (2022) 17:739-760

a few bush boks, and quite a bit of deer, I’ve seen.”
(Wh1l).

However, many land managers (n=24) expressed a per-
ceived lack of knowledge on renosterveld ecology, and a
corresponding lack of understanding of the ecological sig-
nificance of renosterveld, as illustrated by the next verbatim:

“But you want to ask me about the renosterveld, you
are asking the wrong guy. I’'m not a plant guy at all.”
And: “For me it was just bushes, but for them [visiting
botanists] it was something like gold.” (WhS).

This lack of knowledge of renosterveld ecology was
related to a lack of renosterveld conservation rule enforce-
ment. For example, one land manager described the diffi-
culty with prevention of unregulated harvesting of medicinal
plants:

“Our law enforcement guys, they don’t know the
plants, so it’s difficult to identify them if you just have
the bulb. If you don’t catch them red-handed, you can’t
do anything about it.” (O3)

Knowledge types articulated by wheat and wine farmers
were similar. Wine farmers expressed marginally more local-
ecological knowledge (52.4%) than wheat farmers (43.9%),
and wheat farmers marginally more technical knowledge
(38.1%) than wine farmers (31.7%; Fig. 2).

Nature’s contributions to people

Land managers articulated a range of NCP from both renos-
terveld and nature within the wider farming landscape
(Table 4). The most frequently articulated NCP derived from
renosterveld and nature in general was the maintenance of
habitat for wildlife (n =28). The verbatims show that a par-
ticular NCP can be simultaneously articulated by interview-
ees as material and non-material (Table 4). For example,
renosterveld flowers are a material NCP, and picking them
for display at regional flower and agricultural shows is also
non-material in the sense that it is tied to local identity and
family traditions:

“My grandmother used to do the agricultural show,
where they had a big flower display area. We used
to go and pick the bulbs there and give them little
names. I can still remember it because we had to help
her.”(Wil).

In addition, interviewees articulated particular NCP as
both beneficial and detrimental (Table 4). For example,
ecotourism is considered as beneficial by creating positive
experiences and for added farm income, but detrimental
when it becomes difficult to manage, as illustrated by the
next verbatim:

@ Springer

“When you develop it, then it is open to humans, and
then you have got other challenges, like litter. They’ve
got their demands, they want to have fire places and
whatever.” (Whl)

While human shelter may be considered beneficial for
the humans using the renosterveld as refuge, land managers
considered it as detrimental due to fears of crime and dam-
age to their land (n=2). The contribution of renosterveld as
human shelter led one land manager to consider removing
remaining renosterveld:

“If you look at the bossieveld [renosterveld], one can
easily hide there for a week or two and nobody will
know about it. That is the biggest reason for me to
change the renosterveld.” (Wh13).

Wildlife habitat was often identified as a detrimental
NCP by land managers (n=18) due to the presence of pest
wildlife, such as steenbok (Raphicerus campestris), cara-
cal (Caracal caracal) and baboons (Papio ursinus). Along-
side particular dominant shrubs (such as Galenia africana),
which degrade productive farmland, these mammalian spe-
cies were reported to threaten crops, livestock and people:

“Six years ago when we started planting very many
grapes, we had big problems with the steenbok and
the duikers, because they were eating up all our young
grapes.”(Wi9).

However, wildlife habitat was more often expressed as a
beneficial NCP (n=28), as illustrated by the next verbatims:

“It’s good for boks and for rabbits and everything.”
(Wi6) and: “You get the wildlife in there, the tortoises,
the antelope, the boks, steenbokkies and the duikers...
obviously for the caracal as well, it’s their habitat,
where they thrive. You also find a load of flowers up
there, especially in Springtime.” (Wi2).

Some NCP were identified as beneficial to certain stake-
holders, yet associated with negative impacts through poten-
tial for over-extraction. Thus, while the NCP itself is not det-
rimental to people, it may be regarded as incompatible with
biodiversity conservation. For example, three interviewees
reported medicinal plants as beneficial NCP for people’s
quality of life because of their contribution to health and
cultural significance, but harmful for renosterveld integrity
due to potential over-harvesting of plant species:

“The other thing that’s a problem are the people har-
vesting medicinal plants. People have been seen going
in there with spades coming back with bags of stuff,
there’s a whole lot of plants just taken out.” (02).

Similarly, fodder was described by interviewees as ben-
eficial, due to the economic benefits of saving feed costs
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for livestock, but also detrimental for renosterveld through
potential overgrazing by hardy native livestock breeds:

“The tough breed of sheep and the Nguni cattle are
going to destroy these patches, definitely.” (Who6)

Perceptions of NCP provided by renosterveld were rela-
tively similar between wheat and wine farmers (Fig. 2). We
found the greatest difference between wheat and wine farm-
ers for the NCP of fodder, which was expressed more by
wheat farmers (27% of verbatim segments) than by wine
farmers (15.4%) (Fig. 2).

vrk-NCP decision-making contexts

Our qualitative analysis identified three different groups of
vrk associations. We considered each group as a distinct
decision-making context for renosterveld land management
and termed them: (1) Bottom-up conservation; (2) Top-down
conservation and (3) Utility (Fig. 3). Each context consists
of a combination of specific values, rules and knowledge,
which is associated in turn with different bundles of NCP.
The first decision-making context ‘Bottom-up conservation’
comprises of specific relational values (such as aesthetics
and family ties), informal rules and LEK. The renosterveld-
derived NCP associated with this context included regulat-
ing, material and non-material NCP, such as maintenance
of habitat for wildlife, fodder, hunting for food, flowers and
family ties and memories. We termed this context “Bottom-
up conservation” with recognition that bottom-up conserva-
tion strategies are underpinned by community structures,
local identities and cultural relations between people and
ecosystems (Abrams et al. 2009).

The second decision-making context “Top-down conser-
vation’ is comprised of intrinsic, instrumental and relational
values (such as moral duty and concern for nature), formal
conservation agreements, and scientific knowledge. We
found that the outcome in terms of NCP, as perceived by
interviewees, was similar to ‘Bottom-up conservation’, but
lacks non-material NCP, such as preservation of family ties
and memories and hunting for food. We termed this con-
text “Top-down conservation’ in recognition that top-down
approaches are driven by national and international govern-
ment, large-scale NGOs and policy intervention (Abrams
et al. 2009), and are rooted in scientific evidence (Lochner
et al. 2003).

The third decision-making context ‘Utility’ focused on
use of renosterveld as part of farming practices, primarily
for grazing purposes. This context is underpinned by the
interplay of instrumental values, formal rules, and techni-
cal knowledge. The outcomes perceived in terms of NCP
included material, non-material and regulating NCP, such
as fodder, soil protection, recreation and ecotourism. The
Utility and Top-down conservation contexts included the

regulating NCP pollination, and therefore contained more
regulating NCP (n=4) than the Bottom-up conservation
context (n=23).

Discussion

Our analysis found that, in the context of renosterveld, cer-
tain vrk types were more likely to occur together, creating
unique decision-making contexts that were associated with
different sets of NCP. We discuss here first, the identified vrk
types and their interplays leading to different decision-mak-
ing contexts; second, the findings and prospects for linking
vrk and NCP; third, the limitations of our study and acknowl-
edging dual perceptions of beneficial and detrimental NCP;
and fourth, implications for future NCP assessments.

vrk interplays and decision-making contexts

The unique combinations of vrk illustrate the aspects of
societal decision-making, which can constrain or enable
behavioural change (Colloff et al. 2017b). In our study, land
managers articulated value statements that contained multi-
ple, sometimes contrasting or conflicting values, often relat-
ing to production and conservation, as found elsewhere (e.g.
Prober et al. 2017). For example, Wh4 expressed relational
values including interdependency with nature for farm-
ing and aesthetic appreciation of renosterveld, while also
expressing a lack of instrumental value of natural areas. The
fact that relational values were expressed more frequently
than instrumental and subjective intrinsic values illustrates
the complexity, specificity and non-substitutability of rela-
tionships between renosterveld and people (Arias-Arévalo
et al. 2017; Himes and Muraca 2018). Relational values are
“demonstrated and solidified through behaviours associated
with biodiversity conservation” (Allen et al. 2018, p 1). It is
therefore important to speak to all values to promote native
vegetation management by farmers (Gosling and Williams
2010; Chapman et al 2019). We found that in the Bottom-up
conservation and Top-down conservation contexts, relational
values were associated with LEK and scientific knowledge,
combinations which can contribute to conservation mind-
sets and pro-environmental behaviour (Gosling and Wil-
liams 2010; Keniger et al. 2013; Soga and Gaston 2016;
Ives et al. 2018). The overall prevalence of relational values,
particularly sense of place and interdependency with nature,
indicates the rich ongoing interactions between people and
biodiversity in the CFR and the potential for care and stew-
ardship action to result (Masterson et al. 2017; Jax et al.
2018; West et al. 2018).

Farming land managers expressed the contrasting belief
that responsibility for conservation falls on state govern-
ment, while land managers themselves preserve autonomy
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Fig.3 vrk decision-making contexts: 1. Bottom-up conservation, 2.
Top-down conservation and 3. Utility, showing combinations of val-
ues, rules and knowledge and associated NCP (illustrated in Key to
Contexts). Icons representing different types of NCP are based on
those from The Economics of Ecosystems and Biodiversity (TEEB)
project (Sukhdev et al. 2010). 'Relational values include sensing

on land management decisions. In South Africa, state leg-
islation relevant to renosterveld conservation includes the
National Environmental Management Act and the Conser-
vation of Agricultural Resources Act, which control the
conversion of natural land, specifying virgin soil as land
which has not been cultivated in the previous ten years
(Conservation of Agricultural Resources Act 43 of 1983
1983; National Environmental Management: Biodiversity
Act 10 of 2004 2013). However, land managers frequently
expressed a lack of legislation enforcement, suggesting that
other rule types play a role for renosterveld management.
Indeed, we found that in the Utility context, market-based
arrangements also provide limited incentive for renosterveld
conservation activities. These arrangements consist of inter-
national audited production standards which require environ-
mentally-friendly farming practices. However, these stand-
ards are applicable only to wine and table grape farmers,
who export internationally, and not for wheat farmers who
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wildlife and nature, family ties, recreation and aesthetics. 2Relational
values include moral duty and concern for nature and interdepend-
ency with nature. Specifically conservation agreements. “Including
market arrangements and legislation. For NCP categories see Table 4.
For the statistical associations that led to vrk decision-making con-
texts, see Appendix 2 and 3

supply mainly to the domestic market. Such arrangements
were reported to also lack strict enforcement and are not
tailored to specific renosterveld conservation needs. Gord-
dard et al. (2016) note that the efficacy of formal or ‘in-form’
rules may be constrained or enhanced by informal or ‘in-use’
rules. For example, a plurality of rule types may limit rule
avoidance (Dietz et al. 2008). Despite the plurality of rule
types present in the Utility context, some land managers sug-
gested that increasing reliance on this context could pose a
threat to renosterveld integrity. For example, choosing to uti-
lize renosterveld for livestock grazing could result in damage
to renosterveld plant diversity. The Bottom-up conservation
context contained only informal rules deriving from neigh-
bourly and family relations, which combined with relational
values. Such informal arrangements have been found to be
more efficient conservation strategies than formal agree-
ments in the Cape Lowlands (Von Hase et al. 2010).
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The lack of formal rule enforcement expressed by land
managers was also linked to a lack of knowledge pertaining
to renosterveld ecology and management and perceived lack
of value, a result consistent with those found in an Australian
land-use decision-making context (Prober et al. 2017). Here, as
in other applications of vrk to endangered species conservation,
the vrk perspective can help to identify limitations for decision-
making options resulting from interactions among knowledge
and rules (Colloff et al. 2018). For example, detailed scientific
knowledge of renosterveld ecology is highly specialized and
relatively difficult to acquire. Enforcing conservation legisla-
tion to regulate activities such as medicinal plant harvesting
is hindered by the lack of scientific knowledge of law enforc-
ers, who may not be able to identify plants. Additionally, land
managers expressed a lack of scientific knowledge. These
land managers may refrain from implementing conservation
practices with the expectation that other actors with access to
scientific knowledge, such as the state or nature conservation
bodies, take responsibility for renosterveld conservation. For
successful integration into decision-making, such knowledge
must be perceived as legitimate, meaning it has been produced
with respect to stakeholders’ values, and with fair treatment of
opposing interests (Cash et al. 2003). The plurality of values in
the Top-down conservation context suggests potential for per-
ceived legitimacy and thereby scope for further integration of
scientific knowledge into renosterveld land management. How-
ever, land managers were found to have extensive LEK, which
is particularly important as a means to foster NCP (Hill et al.
2019). The promotion of diverse knowledge types, for exam-
ple, by combining LEK with scientific knowledge, is known to
support effective land management and conservation of natural
landscapes and NCP (Tengo et al. 2014, 2017; Morales-Reyes
etal. 2019).

Linking vrk and NCP

We show that it is possible to link the vrk perspective to NCP.
The congruence of these frameworks rests on the inclusion of
plural valuation, a fundamental part of the IPBES approach,
as well as the importance of involving different knowledge
types (Pascual et al. 2017). We concretize these concepts in
our application of the two frameworks to the study region. We
find that renosterveld fragments are multifunctional sources of
NCP within the Swartland agricultural landscape and unique
NCP bundles are associated with different decision-making
contexts. The Bottom-up conservation context was associated
with the NCP family ties and memories, flowers for shows and
hunting for food, which link to local cultural traditions. These
NCP can thus be viewed as non-material NCP and according
to the IPBES framework, categorized as ‘Supporting identi-
ties’ (IPBES framework generalizing category #17, Diaz et al.
2018). The multiple non-material NCP identified in our study
may exemplify the relational value sense of place, which

while not exclusive to a specific context, is a value known to
strengthen protective norms and support environmental stew-
ardship (Masterson et al. 2017). Regulating NCP (habitat for
wildlife, soil protection and biocontrol) was associated with
every context, contributing to recent evidence that stakehold-
ers frequently identify not only tangible but intangible NCP
in rural landscapes (Martin-Lopez et al. 2012; Iniesta-Arandia
et al. 2014). Renosterveld has been shown to be important for
the regulating NCP hydrological function and soil protection
(O’Farrell et al. 2009), and is here shown to be subjectively
valued for additional regulating NCP, such as pollination and
habitat for wildlife.

The identification of the different vrk contexts may reveal
how and why existing land management decisions might be
perpetuated or constrained throughout the decision process
(Gorddard et al, 2016). The vrk-NCP associations imply that
should certain vrk components be excluded from the decision-
making context, renosterveld may not be managed optimally for
certain NCP. For example, in the case that LEK and informal
rules are excluded, NCP such as hunting for food and picking
flowers for agricultural shows may be overlooked. Similarly,
a reliance on a Top-down conservation context may miss the
benefit of family ties and memories, which is associated with
a Bottom-up conservation context. Renosterveld conserva-
tion activities, such as invasive species removal, appropriate
burn regimes, livestock control, fencing of particularly rare
or endangered species and awareness-raising of biodiver-
sity, require multiple actors for implementation and diverse
knowledge types. The implementation of these activities can
be informed by reframing the decision-making context and
supported by shifting societal values (Prober et al, 2017). Our
study suggests that the multiple underlying relational values
may be emphasised in such a reframing. Supporting bottom-up
conservation approaches in particular diversifies management
options, in which public agencies can remain pivotal enablers
within a collaborative approach to conservation (Enqvist et al.
2019). Such work requires collective decision-making on behalf
of land managers at the regional scale, particularly for larger
fragments, which border multiple farms or constitute munici-
pal reserves and may play important roles for ecological and
social connectivity (De Vos and Cumming 2019). Thus, to fos-
ter widespread renosterveld conservation on privately owned
land, recognition of all vrk components will be necessary in
future decision-making.

Study limitations and acknowledging dual
perceptions

Effective land planning is required to integrate not only agri-
cultural land use with biodiversity conservation, but also
social justice (Crane 2006; Hornby et al. 2018). Our study
focused on land-use decision-makers and therefore does not
represent every member of the Swartland society, including
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farm labourers, who are among those affected most by struc-
tural inequality. Given the land manager demographics, our
study partially represents the voices of women. Considering
Baker et al. (2019), we recognise that the positions of both
researchers and subjects in our study contain implicit biases
and power imbalances, stemming from the legacies of colo-
nialism and apartheid and exacerbated by modern economic
conditions. Our findings are thus only a part of a much wider
narrative. This bias is inherent in the recognition of the NCP
human shelter, which demonstrates the role that ecological
systems play in regional societal complexity. Viewed from
the perspective of the land manager, use of natural areas
for human shelter is a detrimental NCP, whereas from the
perspective of those requiring shelter, it may be viewed as
beneficial. These divergent perspectives are echoed in other
identified NCP, such as habitat for renosterveld wildlife.
Acknowledging dual perceptions helps to address social-
ecological complexity, to recognise that as the same NCP
may be viewed differently by different stakeholders, land-
scape management may include trade-offs (Saunders and
Luck 2016; Saunders et al. 2016; Morales-Reyes et al. 2019;
Pascual Rico et al. 2020).

Acknowledging nuances in perceptions of wildlife is another
key part of embracing value and knowledge diversity into land
management decision-making. While plant species diversity
and endemism form the principal scientific basis for renos-
terveld conservation, we found, similar to Winter et al (2007),
that a major relation between renosterveld and land managers
is often mammalian wildlife (Sect. 4.5). The perception of this
wildlife as pests leads to negative perceptions of renosterveld,
although these fragments act as species refuges in the agri-
cultural landscape and are vital for conserving the mammal
assemblage of the CFR (Clements et al. 2019). Mammals are
also hunted for food by farm labourers, an NCP which can be
seen as beneficial from the perspective of the hunters but it was
also perceived as a detrimental NCP by land managers (see
Table 4). Such nuance must be taken into account when antici-
pating actions from land managers for control of wildlife on
farmland (Morales-Reyes et al. 2018) and may help anticipate
challenges to progress towards biodiversity-friendly farming
landscapes in the CFR (Giliomee 2006).

Implications for future vrk and NCP assessments

Our study highlights that decision-making of agroecosystem
management is characterized by interlinked configurations of
values, rules and knowledge. We posit that future applica-
tions of the vrk framework would find similar associations
and interplays among vrk components, as we found (e.g.
Prober et al. 2017). Regarding NCP assessment, the context-
specific approach we employed widens the scope of what
constitutes NCP and illustrates the fluidity between mate-
rial and non-material categories for NCP. For example, we
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found that picking flowers for shows can be regarded in the
general categories from Diaz et al. (2018) as both material
and non-material, since it contributes to supporting identities
(Table 4). This result echoes previous findings that mushroom
harvesting is both a material and non-material NCP (Garcia-
Nieto et al 2013). Of particular interest for further research
would be in-depth assessment of perceptions of beneficial
and detrimental renosterveld wildlife to unpick perceptions
of different taxonomic groups and their specific functions (e.g.
Morales-Reyes et al. 2018; Pascual Rico et al. 2020). Further
quantifying relational values held by CFR land managers may
also help to test the causation of certain NCP outcomes, and to
support political legitimacy of conservation decision-making
(Schulz and Martin-Ortega 2018), as well as effectively moti-
vate landowner participation in conservation programs (Chap-
man et al. 2019). Additionally, scenario planning to further
understand the constraints of these different contexts to chang-
ing land management would help to concretize these concepts
further. These approaches could help to scale up pluralistic
valuation of the CFR biodiversity hotspot in the future.

Concluding remarks

Our application of the vrk and NCP frameworks to renos-
terveld land management in the CFR identify three different
land-use decision-making contexts. Bottom-up and Top-down
conservation contexts contain relational values, but differing
knowledge and rule types, while a Utility context is princi-
pally determined by instrumental values, formal rule types
and technical knowledge. Remaining renosterveld fragments
are associated with multiple NCP, demonstrating the contri-
bution of these fragments to the multifunctional agricultural
landscape, but material, non-material and regulating NCP
types vary among the decision-making contexts. As important
as understanding where these contexts diverge is recognizing
their overlap, in order to foster decision-making for integrated
renosterveld management. Hence, it is crucial to note that land
managers express multiple and at times conflicting values, rules
and knowledge and thereby occupy multiple decision-making
contexts. Relational values are also key to understanding how
land-managers perceive and therefore make decisions for
renosterveld use. The success of integration of conservation
and utility approaches dictates the survival of an irreplaceable
ecosystem which, despite extensive fragmentation, continues to
provide a diverse range of contributions to people.
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Appendix 1: Interviewee data

See Table 5.

Table 5 Interviewee data Code Gender Age Primary crop Farm size (ha) Renosterveld frag-  Duration of
ment size® (ha) interview
(min)
Whi M 30-50 Wheat 163 51.2 41
Wh2 M 30-50 Wheat 450 0.7 43
Wh3 M 30-50 Wheat 380 9.8 26
Wh4 M >50 Wheat 1080 13.0 19
Wh5 M >50 Wheat 470 1036.5 50
Who M 30-50 Wheat 471 1.5 37
Wh7 M >50 Wheat 46 38.7 48
Wh8 M 30-50 Wheat 1800 60.8 46
Who M 30-50 Wheat 1000 464.9 35
Wh10 M 30-50 Wheat 450 112.8 38
Whil M 30-50 Wheat 720 446.1 38
Whi2 M >50 Wheat 620 14 37
Wh13 M <30 Wheat 300 9.3 33
Wil F 30-50 Wine grape 520 33 31
Wi2 M 30-50 Wine grape 350 485.0 17
Wi3 M >50 Wine grape 550 9.2 42
Wi4 M <30 Wine grape 460 11.9 35
Wi5 M 30-50 Wine grape 180 1401.1 25
Wi6 M >50 Wine grape 315 633.8 34
Wi7 M >50 Wine grape 483 9.0 23
Wi8 M 30-50 Wine grape 729 27.0 31
Wi9 M 30-50 Wine grape 560 96.3 45
Wil0 M 30-50 Wine grape 1300 14.7 35
Will M 30-50 Wine grape 755 34 23
Wil2 M >50 Wine grape 1000 1.4 25
Wil3 M 30-50 Wine grape 180 0.9 25
Wil4 M 30-50 Wine grape 321 7.1 18
0Ol F >50 Other NA 22.6 50
02 F 30-50 Other NA 31.0 39
03 F 30-50 Other NA 17.8 29

*Renosterveld fragment size refers to the entire size of the fragment, which could also border neighbouring
farms, hence the size in ha can be larger than farm size.
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Appendix 2: Ordination

of values-rules-knowledge (vrk)

See Fig. 4.

Fig 1.
Values @
Rules @

Knowledge @

Appendix 3. Table of vrk-NCP associations

See Table 6.
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Fig.4 Ordination of values-rules-knowledge (vrk) based on Prin-
ciple Co-ordinates Analysis (PCoA), performed in MaxQDA 2020
(Verbi Software 2019) with the ‘Code Maps’ function. Closeness of
points suggests associations among coded components. Size of point
relates to number of code occurrences and ranges between 11 and
127. In (a), all vrk components including the three knowledge types

are included. Knowledge types do not show clear dissimilarity, so we
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chose to separate the ordination by knowledge type. (b—d) Ordination
for vrk separated by knowledge type. Vrk components which were
most closely associated with each knowledge type are shown in col-
ours according to the legend. Remaining vrk components are shown
in light grey. These associations provide the basis for the different
decision-making contexts
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