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ABSTRACT. Despite its status as a biodiversity hotspot, the renosterveld ecosystem within the Greater Cape Floristic Region, South
Africa, widely lacks the implementation of measures for biodiversity conservation in the Swartland, even though management plans
exist. Though formally protected by law, most renosterveld remnants occur on privately owned agricultural land and therefore depend
on private land management. Effective measures, and therefore, effective management of renosterveld for conservation, require various
forms of knowledge, including scientific and technical knowledge. Knowledge flows through networks among various stakeholders
connected through social relationships and enables individuals to acquire, transmit, and create understanding. We assessed the flow of
knowledge and advice through a social network of renosterveld stakeholders. We interviewed 53 individuals, of which 32 were
renosterveld private land managers, to determine participants’ knowledge sources and network connections. The resulting information
and advice networks suggest that land managers are relatively isolated from renosterveld-related knowledge. Of the interviewed land
managers, 19% did not identify any knowledge sources, and 91% stated they did not receive any advice. Members of academia provided
most of the received knowledge (29%). Seventeen percent of all exchanged knowledge stemmed from governmental organizations, and
5% from land managers. The findings suggest that renosterveld land managers have limited access to biodiversity knowledge, and there
are limited numbers of connections between land managers and external parties (e.g., researchers, conservationists). Thus, the current
knowledge sharing structures are insufficient to inform conservation management of critically endangered renosterveld in the Swartland.
In this context, bridging organizations and knowledge brokers are crucial components for biodiversity conservation.
Key Words: biodiversity conservation; conservation management; habitat fragmentation; knowledge exchange; knowledge network analysis;
private land conservation
INTRODUCTION
The world is experiencing massive biodiversity decline (Balvanera
2019). To focus conservation efforts, priority areas such as global
biodiversity hotspots have been identified. Biodiversity hotspots
are areas with extraordinary endemism combined with high levels
of habitat loss (Myers et al. 2000). When compared to their
original extent, the area covered by biodiversity hotspots is
estimated to have declined by 85% (Mittermeier et al. 2011). Landuse change associated with habitat fragmentation and
degradation is one of the major drivers linked to this phenomenon
(Mooney et al. 1995, Maxwell et al. 2016). Nonetheless, these
global biodiversity hotspots contain > 152,000 plant species,
which is > 50% of all plant species worldwide. Additionally, 69%
of amphibians, 46% of reptiles, 35% of birds, and 35% of
mammals occur exclusively in these biodiversity hotspots
(Mittermeier et al. 2011).
South Africa’s Greater Cape Floristic Region (GCFR)
encompasses one of the smallest biodiversity hotspots
(Mittermeier et al. 2004), yet it is of global significance (Cowling
and Pierce 1999, Myers et al. 2000). Despite its relatively small
extent of 87,892 km² (Rouget et al. 2003), the GCFR is well known
for its floristic diversity, hosting approximately 9000 plant species,
of which ~70% are classified as endemic (Goldblatt and Manning
2002). The GCFR contains ~1.9% of all known plant species
worldwide (Myers et al. 2000). Additionally, the region hosts a
high diversity of invertebrates (Stuckenberg 1962, Picker and
Samways 1996), birds (Stattersfield et al. 1998), mammals
(Brooks et al. 2001, Kerley et al. 2003), and other vertebrates such
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as amphibians and reptiles (Branch 1988, Brooks et al. 2001),
many of which are endemic to the GCFR. However, at least 30%
of the GCFR has been extensively transformed because of
agricultural expansion, urban development, and the invasion of
alien species (Rebelo 1992, Rouget et al. 2003).
Within the GCFR, renosterveld is one of the most transformed
vegetation types, yet it contains a high number of threatened plant
species (Raimondo et al. 2009; South African National
Biodiversity Institute: https://www.sanbi.org/cape/renosterveldremnants-of-the-swartland/). The hallmark of renosterveld lies
in the exceptionally high diversity of geophytes (plants with
underground storage organs; Cowling 1990). Renosterveld occurs
on fertile soil, which is also highly suitable for agriculture. As a
result of ploughing for agricultural development, < 10% of the
original extent of renosterveld remains (von Hase et al. 2003).
Thus, approximately 18,000 renosterveld remnants (von Hase et
al. 2003) exist in a highly fragmented distribution and are mostly
found on steep slopes poorly suitable for agriculture. Despite the
conservation priority of renosterveld in the GCFR (Rebelo 1997),
only 0.6% of renosterveld is formally protected (Cowling et al.
1999).
Approximately 80% of South Africa’s threatened vegetation types
are located on private property (Botha 2001); thus, private land
conservation plays an important role in renosterveld conservation
(Knight 1999). In other words, renosterveld land managers are
integral stakeholders to conserve biodiversity. However, many
private renosterveld patches are poorly managed (e.g.,
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overgrazed, invaded by alien species) or remain completely
unmanaged (Topp and Loos 2019b). For example, despite fire
being an essential ecological driver of renosterveld vegetation,
some fragments remain unburned for several decades due to fire
suppression by landowners (Cousins et al. 2018). Because of the
natural occurrence of renosterveld on largely fertile soils, these
shrublands are prone to illegal land transformation or plowing
(Rouget et al. 2014). Despite laws and regulations prohibiting the
transformation of renosterveld for agriculture, McDowell (1988)
claimed that the legislation does not influence a farmers’ decision
to conserve renosterveld; rather, the willingness to conserve
largely depends on the goodwill of land managers (Winter et al.
2007).
Several factors influence an individual’s decision-making about
whether to engage in conservation (De Snoo et al. 2013,
Poppenborg and Koellner 2013). One factor that influences the
decision to conserve biodiversity actively is the availability of
knowledge (Frick et al. 2004, Ma et al. 2009, Conradie et al. 2013).
Land managers possessing good understanding and knowledge
of ecosystems are more likely to implement conservation practices
(Knight et al. 2010). During any decision-making process,
decision makers often draw on different forms of knowledge such
as local-ecological, experiential, scientific, and technical
knowledge (Gorddard et al. 2016, Colloff et al. 2017). In
particular, for ecosystem management to be effective, decision
makers require a combination of these different knowledge forms
(Reed et al. 2011, Bieling and Plieninger 2017). Local-ecological
knowledge can enable decision makers (i.e., land managers) to
understand ecosystem dynamics and the interactions with
biodiversity (Olsson and Folke 2001). Experiential knowledge
allows land managers to learn from experience and to develop the
ability to reconsider existing mind-sets (Fazey et al. 2006).
Additionally, effective conservation management requires access
to new scientific information combined with a level of technical
knowledge to evaluate which management techniques can be
beneficial for the ecosystem (Lauber et al. 2011, Cvitanovic et al.
2015).
Land managers’ decisions are not made in isolation (Rickenbach
and Reed 2002, Bergmann and Bliss 2004), but are at least partly
influenced by knowledge that is shared via social networks (Burt
1992, Rogers 1995, De Villiers et al. 2014). The social networks
of individuals from the same stakeholder cluster thus influence
their decisions to take part in conservation initiatives (Kittredge
et al. 2013, Groce et al. 2019). Moreover, land managers frequently
consult experts for information when it comes to decision-making
(West et al. 1988) because it remains challenging for a single
person to possess the in-depth knowledge needed to manage
ecosystems for biodiversity conservation (Brown 2003, Olsson et
al. 2004, Carlsson and Berkes 2005). Protected areas as well as
private land conservation areas can be considered socialecological systems that interact continuously with social,
economic, and political contexts (Cumming et al. 2015). Such
systems also simultaneously evolve with each other across
temporal and spatial scales (Folke 2007), requiring the capacity
to react and reorganize in times of change (Folke et al. 2005).
Acknowledging ecosystems as complex adaptive systems with
social and ecological components represents one approach to
dealing with uncertainty and abrupt change (Folke et al. 2005).
Multistakeholder participation has somewhat proven to enhance

information exchange and improve plans to manage socialecological systems (Colfer 2005). Accessing and exchanging
knowledge with various stakeholders across different governance
levels (vertical links) requires social networks that mobilize
ecosystem management information and advice (Olsson et al.
2006). Social interactions among, for example, family members,
friends, or neighbors (horizontal links) can facilitate the
distribution of information, which, in turn, causes changes in
attitudes, decisions, and behavior (Christakis and Fowler 2007,
2008, Borgatti and Halgin 2011).
Here, we assess the nature of social networks and knowledge
exchange among renosterveld stakeholders. Our aim was to
determine from whom farmers obtain knowledge about how to
manage this critically endangered ecosystem, and with whom they
consult for renosterveld related decision-making. Social network
analysis is a powerful diagnostic tool to identify stakeholders in
ecosystem management and biodiversity conservation (Bodin
and Crona 2009, Bodin and Prell 2011) and their relational
patterns (Reed et al. 2009, Vance-Borland and Holley 2011).
Studying social networks can identify the flow of knowledge,
information, or ideas (Valente and Davis 1999, Borgatti and
Halgin 2011) and thereby spot gaps in knowledge exchange
between stakeholders and land managers, which can help to
improve collaborative conservation action (Vance-Borland and
Holley 2011, Mills et al. 2014) in highly threatened renosterveld.
We present a knowledge network analysis by applying the social
network analysis method to investigate the flow of information
and advice among stakeholders in renosterveld conservation in
the Swartland, South Africa. We addressed the following research
questions: (1) Who are the stakeholders of renosterveld
conservation and what are their network characteristics in terms
of information and advice exchange? (2) Do sources of
information differ from sources of advice? (3) Which stakeholders
are important for the dissemination of knowledge? (4) How are
land managers integrated in the overall knowledge networks? (5)
What are the most common fields of knowledge shared in the
knowledge networks? By conducting this knowledge network
analysis, we sought to gain an understanding of the knowledge
exchange to identify opportunities for more effective management
of renosterveld on private lands.
METHODS
Study area
We focused on renosterveld conservation in and near the
Swartland Municipality, Western Cape Province, South Africa
(Fig. 1). The Swartland covers approximately 3700 km², with the
Bergrivier Municipality and Saldanha Bay Municipality to the
north, the Drakenstein Municipality to the east, and the City of
Cape Town to the south. The region is characterized by a typically
Mediterranean-type climate, with wet, cold winters and dry, hot
summers (Cowling et al. 1997). Approximately 80% of the annual
precipitation of 400 to 750 mm falls between May and October
(Halpern and Meadows 2013). The landscape is characterized by
agricultural monocultures of wheat, canola, grapes, and pastures
for livestock (Midgley et al. 2005, Metelerkamp 2011,
Department of Agriculture, Forestry and Fisheries 2018).
Because of its fertile soils and close proximity to Cape Town, the
Swartland has been extensively transformed to agriculture since
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the beginning of colonialism in the 17th century, but especially
due to rapid urbanization in the 20th century (Newton and Knight
2005). Renosterveld fragments remain mostly on privately owned
farmland in areas that are difficult to cultivate, such as steep and
rocky slopes. As a result of recent agricultural expansion, the
Swartland’s natural renosterveld vegetation has declined from
11.23% in 1960 to 2.5% in 2010 (Halpern and Meadows 2013).
Most renosterveld fragments are privately owned, cover < 0.5 ha
(von Hase et al. 2003), and remain, to a large extent, on hilltops
or steep slopes that are poorly suitable for agricultural purposes
(McDowell and Moll 1992).
Fig. 1. Map showing the locations of the Swartland
municipality, the remaining extent of renosterveld, and the
participating land managers with renosterveld remnants on
their land (renosterveld properties).

Data collection
To identify renosterveld conservation stakeholders in the
Swartland, we applied snowball sampling. This sampling method
uses an initial group of participants to nominate other
stakeholders relevant to the study (Prell 2011). We initially
contacted land managers who owned renosterveld and were
selected using a stratified random approach in a previous study
of butterfly diversity in the region (Topp and Loos 2019b). We
interviewed these individuals and asked them to identify other
stakeholders of renosterveld conservation. We then conducted
follow-up interviews with the stakeholders that were mentioned
and repeated the process until a network mapping saturation point
was reached and no new stakeholders were mentioned (Leventon
et al. 2016). We first interviewed land managers (first step), their
primary sources (second step) as well as subsequent sources (third
and fourth steps). After we acquired an interviewee’s consent and
explained the purpose of the study, we conducted a semistructured interview following a questions guide (Appendix 1).
We asked about individuals or organizations with whom the
interviewee had communicated regarding renosterveld conservation.
In five follow-up questions, we asked for knowledge sources and
details about their relationships to the source (e.g., frequency of

communication). To examine whether individuals obtained
information and advice from the same knowledge sources or
whether a portfolio of knowledge sources with different expertise
existed, we differentiated between two distinct knowledge
networks: (1) sources of information and (2) sources of advice
(Table 1). Sources of information represent comprehensive firsthand information from media such as books or magazines, as well
as collaborations with individuals and the exchange of detailed
and precise facts about renosterveld. Sources of advice refers to
connections with other renosterveld stakeholders and the
exchange of practical recommendations (Glückler et al. 2017),
on-the-ground activities, or broader management activities,
whereas information refers to passing on knowledge without any
specific action to be followed based on that knowledge.
Table 1. List of interview questions and their corresponding
knowledge network.
Interview question

Network

What are your primary sources of information about
renosterveld conservation?
From whom have you gotten the most accurate
information regarding renosterveld conservation in the
last five years?
From whom have you gotten advice regarding renosterveld
conservation in the last five years?
From whom have you gotten new or innovative ideas
regarding renosterveld conservation in the last five years?
Who have you contacted for implementing any change
regarding renosterveld conservation in the last five years?

Information
Information

Advice
Advice
Advice

Network mapping and analysis
All steps during the mapping and analysis process were performed
using Gephi 0.9.2, a free and open-source network analysis and
visualization software (Bastian et al. 2009). Prior to this step,
identified stakeholders were assigned to one of eight stakeholder
clusters, according to their primary affiliation: academia (A),
citizen scientist (C), conservation initiative (CI), governmental
organization (GO), land manager (LM), media (M),
nongovernmental organization (NGO), and other (O). The last
category included, among others, independent consultants and
members of the local fire department. For confidentiality reasons,
pseudonyms were used for each stakeholder that refer to the
stakeholder’s affiliated cluster.
Network mapping
To provide an overview of the various responses, the two
knowledge networks were respectively mapped from two different
perspectives: (1) single stakeholder and (2) cluster. The singlestakeholder perspective allows the identification of all
stakeholders, including their relations, whereas the cluster-based
perspective enables the reader to distinguish quickly which
clusters are most important for the supply of knowledge. The
single-stakeholder perspective portrays all named renosterveld
conservation stakeholders and their relationships. It thus provides
an overview of the entire knowledge network. Here, individuals
or organizations are represented as nodes and may be sources and
recipients of knowledge, simultaneously. The directed links
(called edges) between any two nodes illustrate knowledge flow,
i.e., from source to recipient (Borgatti et al. 2018). We used the
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isometric layout in Gephi (http://www.relationalcapitalvalue.
com/gephiplugins.html) because it allows splitting networks into
different layers. We found that the single-stakeholder perspective
shows three distinct vertical layers: land managers at the bottom,
their knowledge sources in the center (primary knowledge
sources), and knowledge sources mentioned in follow-up
interviews (secondary knowledge sources) at the top. Because our
research contemplates the entire knowledge network and
evaluates land managers’ knowledge sources, this approach
rapidly distinguishes between land managers and other
knowledge sources. However, central stakeholders or key players
are not necessarily displayed in the center of the network, and the
proximity between any two nodes is not scaled. In contrast, the
cluster-based perspective primarily illustrates the knowledge flow
between land manager and the eight stakeholder clusters and
shows which clusters provide knowledge and to what extent these
clusters play a role as a conduit for the exchange of knowledge
for land managers.
Network analysis
Several network metrics describe, summarize, or analyze a
knowledge network at multiple levels emphasizing distinct aspects
(Hansen et al. 2020). We used four different sets of network
metrics to address multiple aims (Table 2). First, to provide an
overview of the whole knowledge network and to assess structural
properties, we calculated network cohesion metrics, including
size, number of edges, average degree, network diameter, density,
and average path length, for both the information and the advice
networks (Hanneman and Riddle 2014). The size is the total
number of nodes in a network, the number of edges represents
the knowledge exchange between nodes, and average degree is the
resulting average number of links per node in a network. The
diameter represents the longest path (in number of edges) between
two nodes in the network. The smaller the diameter, the more
compact the network. Network density is the proportion of all
possible links existing in a network, and the average path length
shows the average number of steps between any two nodes (Prell
2011, Vance-Borland and Holley 2011, Hanneman and Riddle
2014).
Table 2. Overview of the analysis levels and aims, and the
corresponding network metrics used.
Level

Analysis aim

Network metric

1

Description of whole
network

Size, number of edges, average
degree, network diameter, density,
average path length

2
2.1

Node-centrality for:
Key knowledge source
identification
Key knowledge source
identification
Key cluster identification
Level of farmer integration

2.2
2.3
3

In-degree centrality, eigenvector
centrality
In-degree centrality
In-degree centrality
Out-degree centrality

Second, to pinpoint key knowledge sources having an important
role in knowledge dissemination, two network metrics were
applied: in-degree centrality and eigenvector centrality. Whereas
in-degree centrality represents the number of edges directed to
the node (Freeman 1979), eigenvector centrality does not consider
all links as equal and is therefore a measure of a node’s influence

within a network (Newman 2008). These node-centrality metrics
were calculated to identify: (1) key knowledge sources within the
entire knowledge network, (2) key knowledge sources among land
managers only, and (3) key clusters providing most of the
knowledge for land managers. For (1), in-degree centrality and
eigenvector centrality were calculated, whereas for (2) and (3),
only in-degree centrality was calculated. The centrality of a
stakeholder and, hence, the effectivity of knowledge diffusion, is
based on the knowledge source’s position in the network. Several
node centrality metrics are available, each emphasizing different
aspects of a node within a network (Mbaru and Barnes 2017).
Degree centrality reflects the level of activity or involvement of
a node in a network (Wasserman and Faust 1994, Prell 2011). We
used in-degree centrality because it reflects which knowledge
source provides most of the knowledge to other stakeholders.
Moreover, we used in-degree centrality to investigate knowledge
exchange horizontally (i.e., among land managers) and vertically
(i.e., with governmental institutions) because these links were
identified as important in natural resource management (Calhoun
et al. 2014, Roux et al. 2016). Nevertheless, degree centrality only
considers the total number of links and does not account for
linked nodes and how influential they may be (Hansen et al. 2020).
Thus, degree centrality is a quantitative rather than qualitative
indicator. To include the qualitative perspective, we used
eigenvector centrality, which represents how well a stakeholder is
connected to other stakeholders and how well-connected their
connections are (Bonacich 1972). Thus, high eigenvector
centrality indicates a stakeholder’s tendency to have a wide reach
in the network, which allows widespread knowledge
dissemination across the network (Mbaru and Barnes 2017).
Third, to assess the extent of land managers’ involvement in the
entire knowledge network, we calculated out-degree centrality.
This metric shows the level of integration of a stakeholder or a
cluster within a network (Prell 2011) and quantifies how many
knowledge sources each cluster relies on. Each knowledge source
cluster was determined separately, and they were subsequently
compared. In contrast to in-degree and eigenvector centrality,
out-degree centrality was calculated for interviewed individuals
only. Additionally, we tested whether land managers involved in
conservation initiatives or flower tourism activities showed higher
numbers of information or advice sources.
Finally, we also investigated which field of information or advice
was exchanged among renosterveld stakeholders. Thus, while
asking about knowledge sources of renosterveld information and
advice, we also enquired about the content of information and
advice shared between the source and the recipient. Responses
were clustered and compared among the following six
renosterveld information and advice topics: conservation and
restoration, ecology, fire management, land management,
scientific research, and other fields of expertise.
RESULTS
We conducted 53 interviews in total. We categorized the
interviewees into the following knowledge source clusters: citizen
scientists (N = 2), academia (N = 3), other (N = 4), NGOs (N =
4), GOs (N = 8), and land managers (N = 32). The interviews were
conducted in a mix of English and Afrikaans and transcribed into
English in full with the help of a translator.
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Fig. 2. Network diagram of the information network for renosterveld
conservation. The color of a node represents the knowledge source
cluster the individual is associated with; GO = governmental
organization, NGO = nongovernmental organization. The size of the
node indicates the in-degree centrality (number of links entering the
node). Labels are shown for stakeholders with an in-degree ≥ 2. Arrows
point to the information source that was named. Six landowners did not
have any information source. A09 had the highest in-degree centrality (N
= 22), followed by GO08 (N = 15).

Renosterveld conservation stakeholders and their knowledge
networks
Overall, we reached saturation with 134 identified renosterveld
conservation stakeholders in the Swartland region. In general, the
two knowledge networks, (1) information and (2) advice, differed
considerably in size, number of edges, average degree, density,
diameter, and average path length. The information network
consisted of 124 stakeholders with 288 links, corresponding to an
average of 2.32 links per stakeholder (Table 3, Fig. 2). The advice
network was considerably smaller, comprising 67 stakeholders
with 55 links, corresponding to an average degree of 0.82 (Fig.
3). The density in both knowledge networks showed < 2% of all
possible links evident. The greatest number of steps (network
diameter) between any two nodes was eight in the information
network and three in the advice network, indicating that the
information network is the least compact network. This result

corresponded with the average path length, which was 3.04 in the
information network and 1.40 in the advice network.
Table 3. Summary of network metrics for the information and
advice networks.
Network

Size

Number of
edges

Average Density Network
Average
degree
diameter path length

Informa
tion
Advice

124

288

2.32

0.019

8

3.04

67

55

0.82

0.012

3

1.40

Key knowledge sources and clusters
To identify stakeholders responsible for knowledge transmission
and dissemination in Swartland renosterveld, in-degree and
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Fig. 3. Network diagram of the advice network for renosterveld
conservation. The color of a node represents the knowledge source
cluster the individual is associated with; GO = governmental
organization, NGO = nongovernmental organization. The size of the
node indicates the in-degree centrality (number of links entering the
node). Labels are shown for stakeholders with an in-degree ≥ 2. Arrows
point to the advice source that was named. Twenty-nine landowners did
not have any advice source. A09 had the highest in-degree centrality (N
= 13), followed by NGO01 (N = 9).

eigenvector centrality were calculated. The top five knowledge
sources were assessed (Table 4). Individual A09, a previous PhD
student of Stellenbosch University, named by 22 interviewees (N
= 22), and GO08 (N = 15) of CapeNature were the mostmentioned information sources. Based on eigenvector centrality,
A09 (1.0) and NGO01 (0.67), a representative of the Overberg
Renosterveld Conservation Trust, an NGO based in the Overberg
dedicated to renosterveld conservation, were identified as key
individuals for information dissemination. Similar results were
found in the advice network, with A09 (N = 13) and NGO01 (N
= 9) important regarding in-degree centrality. In terms of
eigenvector centrality, NGO01 (1.0) and A09 (0.71) were
important for providing advice.
The most frequently mentioned source of information by
landowners was A05 (N = 10), who had previously conducted

research on renosterveld in the area, followed by A09 (N = 8).
Considering those land managers who received advice, A09 was
named by two land managers and NGO01 by one individual.
Additionally, we investigated which and to what extent clusters
provide information and advice to land managers (Fig. 4).
Overall, land managers received knowledge mainly from
academia (29%). Horizontal links among land managers
accounted for 5% (N = 4) of all knowledge received by land
managers. On a vertical axis, seven land managers received
knowledge from GOs, accounting for 17% (N = 15) of all
knowledge exchanged with land managers. Furthermore, the
cluster mostly mentioned as sources of information included
academia (29%), GOs (19%), and other (19%), including
independent consultants. Advice mainly derived from other (43%)
and academia (29%).
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Table 4. Central knowledge sources in the two knowledge
networks, ranked by two different centrality measures. Uppercase
letters in parentheses and knowledge-source pseudonyms indicate
the stakeholders’ associated cluster: A = academia, C = citizen
scientist, GO = governmental organization, M = media, NGO =
nongovernmental organization, O = other.
In-degree centrality
Network
Information

Advice

Eigenvector centrality

Rank

Knowledge
source

Measure

Knowledge source

Meas
ure

1
2
3

A09 (A)
GO08 (G)
CREW (C)

22
15
13

1.00
0.67
0.66

4
5
1
2
3

Magazines (M)
NGO01 (N)
A09 (A)
NGO01 (N)
GO08 (G)

11
11
13
9
5

4

Fire department
(O)
GO11 (G)

2

A09 (A)
NGO01 (N)
Scientific literature
(A)
GO08 (G)
CREW (C)
NGO01 (N)
A09 (A)
Land managers
(LM)
GO11 (G)

2

NGO06 (N)

0.39

5

0.66
0.64
1.00
0.71
0.40
0.39

Fig. 4. Flow charts of the proportional knowledge provision in
the different clusters containing land managers. (A) Overall
knowledge sharing, (B) information sharing, and (C) advice
sharing. Percentages in parentheses indicate the share of
knowledge from each source cluster. Lines illustrate knowledge
exchange, line thickness indicates the number of times a
knowledge source cluster was mentioned, arrows point to the
cluster that was named, and numbers beneath give the total
number of links.

Integration of land managers in knowledge networks
To assess the level of integration of land managers in the two
knowledge networks, we calculated out-degree centrality for each
cluster (Table 5). No stakeholders from the clusters “conservation
initiatives” and “media” were interviewed, hence the out-degree
of 0. Stakeholders in the information network showed an average
out-degree of 5.76. However, comparing among clusters, land
managers had the smallest average out-degree of 2.47. Overall,
six farmers (19%) reported that they did not receive any
information or advice on renosterveld management. Members
from GOs showed the highest out-degree of 11.50 links per
stakeholder. When it comes to receiving advice, the average outdegree was 1.04, where land managers had the smallest out-degree
of 0.22, and members of NGOs the highest of 2.75. Only three
land managers received advice from seven knowledge sources on
renosterveld managing practices; hence, 29 farmers (91%) do not
frequently obtain practical recommendations regarding
renosterveld (Fig. 3).
Table 5. Comparison of out-degree (number of outgoing links)
among the knowledge source clusters and between the two
knowledge networks. Out-degree refers to the total number of
outgoing links per knowledge source cluster, the out-degree
average reflects the outgoing links on average per member of the
knowledge source cluster.
Information
network
Knowledge cluster
Academia
Citizen scientist
Conservation initiatives
Governmental organizations
Land managers
Media
Nongovernmental
organizations
Other
Total

Advice network

Outdegree

Ø outdegree

Outdegree

Ø outdegree

27
14
0
92
79
0
44

9.00
7.00
0.00
11.50
2.47
0.00
11.00

8
2
0
20
7
0
11

2.67
1.00
0.00
2.50
0.22
0.00
2.75

32
288

8.00
5.76

7
55

1.75
1.04

Additionally, we tested whether land managers involved in
conservation initiatives or flower tourism activities showed higher
numbers of information or advice sources (Fig. 5). Because three
land managers showed seven sources of advice in total, we show
this comparison for information sources only. Land managers
engaged in any conservation activities (N = 7) showed significantly
more links (average 6.43) to other renosterveld knowledge sources
compared to land managers not involved in any conservation
initiatives or flower tourism (N = 25, average 1.36).
Furthermore, we assessed the content of the knowledge received
by land managers, including both information and advice. Most
of the information received by land managers was ecological
information such as the abundance of species (68%). Seven
percent of all information received contained fire management
information. However, 22.5% of the total advice communicated
with land managers was related to renosterveld ecology, for
example, the needs of a certain species or how to broadcast
indigenous grass seeds. Recommendations for land management
practices accounted for 30% of all advice given.
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Fig. 5. Boxplots of the number of information sources for
renosterveld land managers in the Swartland region involved
in conservation or flower tourism activities and land
managers not involved in conservation activities.

DISCUSSION
We examined knowledge flow and limitations regarding critically
endangered renosterveld on private land in the Swartland region.
We identified clear differences between information and advice
networks and in the degree of integration of land managers into
the overall knowledge network. We first discuss the finding that
renosterveld land managers are isolated from many information
sources. We then discuss the lack of horizontal and vertical
knowledge exchange before pointing out options for governance
improvements through enhanced collaborations.
Land managers’ isolation in renosterveld management
The results showed that 19% of land managers have no knowledge
links to the rest of the stakeholders in the knowledge networks.
In comparison to other clusters, land managers were identified as
the group with the least number of information sources (2.47)
and advice sources (0.22). However, land managers involved in
any kind of conservation activity showed a higher average for
information sources (6.43) compared to land managers not
involved in conservation (1.36). Overreliance on one or two
stakeholders may result in a less resilient network overall. This
factor is particularly important for information networks, where
a higher density of stakeholders in the network increases the
capacity of the network to withstand the removal of links,
meaning that information can continue to flow through the
network (Janssen et al. 2006). If a network member is lost or the
composition of stakeholders in the network changes, a lowdensity network may have little buffering capacity and may
struggle to maintain its identity (Bodin et al. 2006, Janssen et al.
2006). This situation is dependent on the remaining stakeholders
being able to fulfill the same function or role, i.e., sharing
information; thus, the composition of stakeholders also has
implications for network resilience. In networks where scientists
and practitioners work together, their traditional roles may
become more flexible, allowing for co-production of knowledge,
which can flow in multiple directions (Vogel et al. 2007).

Although we found that land managers reported obtaining
knowledge about renosterveld, many renosterveld remnants in
private ownership are unmanaged or lack management for
biodiversity protection (Topp and Loos 2019b), suggesting that
this knowledge does not translate to effect management practices.
The principal type of information passed through the information
network was about renosterveld ecology, including information
on renosterveld-dependent species. Other studies have found that
providing some information about species increased land
managers’ desire to obtain more information about endangered
species and their needs, increasing their awareness (e.g., Olive and
McCune 2017). Ultimately, this process could contribute to
farmers’ awareness to avoid habitat destruction (Clark and
McLeman 2012). Despite renosterveld requiring active
management, land managers reported limited communication of
information about such management strategies, for instance, fire
management or alien vegetation clearing guidelines (Topp and
Loos 2019a). Although fire is an important driver for ecological
processes in renosterveld vegetation (Cousins et al. 2018), only
7% of all exchanged renosterveld information pertained to fire.
Thus, the limited knowledge obtained by renosterveld land
managers may result in a lack of understanding of renosterveld
dynamics.
Lack of cross-level knowledge exchange
Our mapped knowledge networks reveal a lack of horizontal and
vertical linkages with and among renosterveld land managers. We
identified little vertical knowledge exchange between land
managers and subordinate governmental institutions. In South
Africa, the South African National Biodiversity Institute
(SANBI) oversees the facilitation of vertical and horizontal
collaborations across environmental and agricultural sectors
(Roux et al. 2016). This oversight includes, for instance, the topdown implementation of the global Aichi biodiversity targets,
which is facilitated through SANBI and its provincial agencies.
In the Western Cape Province, CapeNature is the responsible
entity for biodiversity conservation (Goodness and Anderson
2014). CapeNature’s Conservation Stewardship Programme aims
to establish partnerships with private land managers, offering a
variety of options tailored to the need of the land managers to
optimize conservation management on privately owned land
(https://www.capenature.co.za/protected-areas-and-stewardship).
Although CapeNature has implemented 127,550 ha of private
lands into stewardship programs since 2002 (Turner 2012), our
study suggests that linkages to renosterveld land managers in the
Swartland region are still limited. Of the 32 farmers interviewed,
7 exchanged knowledge with members of GOs, and 5 of those
are involved to some extent in renosterveld conservation (i.e., ecotourism, nature reserves, etc.), which suggests that GOs are not
very important sources of knowledge for land managers.
While the reach of government agencies and implementation of
management agreements may be limited, in part due to capacity
constraints coupled with extensive negotiation processes (von
Hase et al. 2010, Selinske et al. 2015), we found examples of
successful collaborations among GOs and land managers in the
region. However, additional challenges remain for scaling up of
these agreements for landscape-wide conservation. For example,
some extension services that were previously offered by the
government, such as assistance with alien vegetation, are no
longer in place (Liebenberg 2015). Furthermore, land managers
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voiced their concerns over GOs’ involvement in managing their
land. Similar findings of mistrust toward governmental agencies
were found in a study with owners of private land conservation
areas elsewhere in South Africa (Cousins et al. 2010, Pasquini et
al. 2010, Conradie et al. 2013) and in Australia (Raymond et al.
2015). Historical mistrust of many South Africans toward the
government may be amplified by the recent land reform
developments, resulting in growing fear of land loss (Institute for
Poverty, Land and Agrarian Studies 2016, Spierenburg 2020),
which is a challenge for vertical collaborations in conservation
networks.
Horizontal collaborations have been found to be highly important
for natural resource management (e.g., Olsson et al. 2007,
Calhoun et al. 2014, Roux et al. 2016). We therefore asked land
managers whether they obtained information or advice on
renosterveld management from their farming neighbors or other
members of the farming community. We found only four links
among land managers. Surprisingly, at least three farmers
mentioned that they did not at any time communicate with the
neighboring farms about farming practices. This result has
implications for renosterveld management because some
renosterveld remnants border several farms and are owned by
multiple land managers (Topp and Loos 2019b). Successful
conservation management practices in these patches would
therefore require collective decision-making and action. A study
conducted with protected areas in the Western and Eastern Cape
of South Africa found that informal relationships and spatial
proximity seem to affect protected area management stronger
than organizational governance (Maciejewski and Cumming
2015). In fact, some land managers pointed out that there was
mutual support with water delivery and fire suppression in case
of a fire outbreak. In times of crisis, neighboring farms support
each other. As De Villiers et al. (2014) affirmed, land managers
in the Karoo region of the Western Cape felt that they could seek
advice or help in times of crisis from almost any neighbor. Their
result indicates a potential starting point to increase the
information flow in the network for informed decision-making.
Polycentric governance for renosterveld conservation
The isolation of farmers in knowledge networks and the lack of
renosterveld conservation may be attributed to several factors,
including the lack of governance capacity to improve
collaborations and negative attitudes of farmers toward
renosterveld (McDowell et al. 1989, Winter et al. 2005, 2007, von
Hase et al. 2010). Scholars such as Cash and Moser (2000) and
Cumming et al. (2006) have stressed the importance of
recognizing environmental management as complex and
multiscale. Therefore, alternative governance solutions are
required to address the multiple scales of management.
In this context, the concept of polycentric governance (Folke et
al. 2007, Biggs et al. 2012, Guerrero et al. 2015) may present a
promising approach to address these challenges in the Swartland.
Polycentric governance describes a system with various
interacting units or authorities, linked across horizontal and
vertical dimensions, governing within a specific geographic area
or policy arena (Biggs et al. 2012). Given the finding that land
managers are relatively isolated from GOs, higher level
governance institutions may need to collaborate more closely with
farmers in the Swartland to facilitate and promote renosterveld

conservation. However, because some land managers find it
difficult to trust GOs, there may be reluctance in accepting a topdown conservation approach. Nevertheless, the inclusion of GOs
and trust in their managerial ability are important preconditions
for successful collaboration in conservation (Wondolleck and
Yaffee 2000, Armitage et al. 2009, Kozar et al. 2014), particularly
in seriously threatened ecosystems such as renosterveld.
Importance of bridging organizations, individual human agency,
and knowledge brokers in renosterveld conservation
Alongside polycentric governance, bridging organizations, which
link stakeholders across jurisdictions, can improve existing
collaborations across governance levels (Cash et al. 2006, Folke
et al. 2007). Bridging organizations in renosterveld conservation
may facilitate vertical interactions and knowledge flow between
local governments and farmers. As an example, the NGO
Overberg Renosterveld Conservation Trust acts as an
intermediary by facilitating the exchange and co-production of
knowledge. Because managing ecosystems is information
intensive (Ma et al. 2009) and requires a blend of different forms
of knowledge (Bieling and Plieninger 2017), co-production of
knowledge represents a promising approach (Nel et al. 2016).
Through long-term studies and monitoring, scientific and
nonscientific knowledge can be combined collaboratively to
design effective conservation strategies (trial and error). The
Overberg Renosterveld Conservation Trust, in tandem with land
managers, designs distinct renosterveld management plans. This
strategy of knowledge co-production assists land managers in
receiving an improved understanding of renosterveld dynamics.
By signing onto an easement program, farmers receive technical
and financial assistance to conserve the renosterveld remnant.
The Overberg Renosterveld Conservation Trust is one of the first
organizations in South Africa working with easement strategies
(Wright 2019) and has conserved 1345 ha of critically endangered
renosterveld (Overberg Renosterveld Conservation Trust 2018).
These strategies have been shown as promising for conservation
in other Mediterranean-type biodiversity hotspots (Cox and
Underwood 2011).
Individual human agency and leadership capabilities are crucial
for the success of bridging organizations (Cash et al. 2006).
Individual human agency describes the capacity of individuals to
facilitate transformation toward a more sustainable system. With
regard to conservation, these individuals are also referred to as
conservation champions (Gilmour et al. 1999, Napier et al. 2005),
change agents (Crawford et al. 2006), stewards (Olsson and Folke
2001), or brokers (Bebbington 1997). While possessing a key role
in social networks, change agents facilitate a common vision
among stakeholders, influence beliefs, mobilize knowledge flow
(Westley et al. 2013), and shape perceptions of credibility and
legitimacy of knowledge (Cash et al. 2003). For example, the staff
of the Kristianstads Vattenrike Biosphere Reserve in Sweden
played a crucial role in the transformation toward a new
governance regime by linking people, sharing and generating
knowledge, and developing a common vision (Olsson et al. 2007).
In our study, A09 could be considered a conservation champion;
however, we argue that more individuals like A09 are needed to
increase the network’s resilience.
We found that university members played a significant role in the
transmission of renosterveld knowledge through the network.
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However, the role of conservation champions, brokers, or
stewards is not limited to members of academia. Land managers
can play a key role in conservation efforts, given that they are sole
owners of renosterveld land (Selinske et al. 2015, Maciejewski et
al. 2016). Considering knowledge as a prerequisite for decisionmaking (Frick et al. 2004, Gorddard et al. 2016), farmers in the
renosterveld are currently unlikely to be agents in renosterveld
management because of relatively low levels of knowledge and
awareness of renosterveld ecology and biological value (Winter
et al. 2007). Hence, there is genuine need for knowledge brokers
to act as facilitators of knowledge exchange among renosterveld
stakeholders and toward renosterveld land managers. Knowledge
brokers translate complex matters into understandable language,
which enables the knowledge recipient to act (Gerrish et al. 2011,
Verbeke et al. 2011). In the Swartland, knowledge brokers could
therefore forward information and advice from different experts
in the knowledge networks to renosterveld land managers and
provide feedback responses from the farmers. Thus, applicable
renosterveld management techniques and strategies could be
designed collaboratively. Because brokers act as channels for
knowledge exchange, different forms of knowledge required for
renosterveld management can be shared (e.g., information on
legislation, ecological processes such as fire, invasive species
removal, and the needs of specific renosterveld species), and new
or modified knowledge can be created collectively (e.g.,
renosterveld species present in landowners’ remnants, site-specific
best practices; Meyer 2010, Fazey et al. 2013). The exchange of
knowledge and management strategies between farmers offers
possibilities for collective learning and improvement in
renosterveld management (Maciejewski and Cumming 2015).
Through this approach, farmers can be empowered to be stewards
themselves and facilitate bottom-up approaches in renosterveld
conservation.
We emphasize the need to establish a blend of top-down and
bottom-up approaches to fulfill all required roles in renosterveld
conservation. While top-down approaches such as CapeNature’s
stewardship program is important in the conservation of private
lands, complementary bridging organizations and individual
change agents are also required to foster collective action. To
achieve collective action, personal contact with land managers is
crucial (McDowell et al. 1989), paired with commitment to
maintenance support and guidance (Winter et al. 2007). Winter
et al.’s (2007) study indicated that land managers were open to
conservation incentives and to receiving assistance from local
conservation authorities. This information is consistent with the
impressions we gained during the interviews; however, most of
the farmers indicated that they did not know who to contact in
this regard. Therefore, we suggest that initial contact should derive
from the conservation agency.
Recommendations for future research
More research is required to understand how to promote
collaboration, how to motivate land managers to become more
integrated into renosterveld knowledge networks, and how to
enhance government incentives such as CapeNature’s
Conservation Stewardship Programme. Our study illustrates a
snapshot of social interactions among the various stakeholders
in the knowledge networks and does not monitor the shifting
nature of relationships. One shortcoming in conservation science
is the lack of assessment of conservation outcomes (Ferraro and

Pattanayak 2006, Bottrill and Pressey 2012), which limits the
understanding of the effectiveness of network interventions to
improve knowledge exchange for conservation (KochoSchellenberg and Berkes 2015) and network evolution (Sandström
and Lundmark 2016). Hence, studies with longitudinal data
collection at multiple time points are needed (Groce et al. 2019).
Using our findings as a starting point, further research could
contribute toward a better understanding of how the knowledge
and collaboration networks evolve over time. Additionally,
evaluating the flow of agricultural knowledge among the same
stakeholders would provide a valuable opportunity for
comparison with the conservation knowledge network. Such
work may allow the identification of links in the network that
could be leveraged to prioritize conservation.
CONCLUSION
We assessed knowledge exchange in terms of information and
advice among stakeholders for conservation of a critically
endangered habitat in the Cape Floristic Region. We identified a
relatively low exchange of advice compared to information
sharing. In both networks, academic stakeholders were found to
be a central knowledge source regarding in-degree and
eigenvector centrality. However, knowledge exchange about
conservation management was scarce among stakeholders.
Particularly, we found limited evidence of horizontal links (i.e.,
among land managers themselves). Additionally, vertical
knowledge exchange with GOs was limited. To increase the
resilience of local networks, achieving a blend of top-town and
bottom-up communication strategies seems desirable. Bridging
organizations and knowledge brokers can play a vital role in
mobilizing different types of knowledge and linking various
stakeholders from different bodies across governance levels.
Collaborations among various stakeholders and increased
engagement with land managers is required for privately owned
ecosystem remnants. In this context, face-to-face contact seems
crucial to establish good relationships with land managers and to
design management practices collaboratively which, when
coupled with different forms of knowledge, can assist in meeting
renosterveld conservation targets. Our findings support the design
of a robust and flexible knowledge network to improve
conservation governance in renosterveld, and the results may
similarly transfer to other biodiversity hotspots.
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Appendix 1.
Question

Description

1a)

What are your primary sources of information about renosterveld conservation (NGO’s, literature, media,
GO’s, farmers, university members, citizen scientists, conservation initiatives, etc.)?
Source of information

1b)

From whom have you gotten the most accurate information regarding renosterveld conservation in the last 5 years?
Name

1c)

Describe the
collaboration

How
often?

Importance

Directionality

1 = Very
much
2 = Quite a bit
3=A
moderate
amount
4 = Very little

Interviewee to
Source
Source to
Interviewee

Organisation
/ Cluster

Type of advice

Describe the
collaboration

How
often?

Importance

Directionality

1 = Very
much
2 = Quite a bit
3=A
moderate
amount
4 = Very little

Interviewee to
Source
Source to
Interviewee

Organisation
/ Cluster

Describe the
innovative idea

Describe the
collaboration

How
often?

Importance

Directionality

1 = Very
much
2 = Quite a bit
3=A
moderate
amount
4 = Very little

Interviewee to
Source
Source to
Interviewee

Who have you contacted for implementing any change regarding renosterveld conservation in the last 5 years?
Name

1f)

Type of
information

From whom have you gotten new or innovative ideas regarding renosterveld conservation in the last 5 years?
Name

1e)

Organisation
/ Cluster

From whom have you gotten advice regarding renosterveld conservation in the last 5 years?
Name

1d)

Name of Source

Organisation
/ Cluster

Describe the
type of change

Describe the
collaboration

How
often?

Importance

Directionality

1 = Very
much
2 = Quite a bit
3=A
moderate
amount
4 = Very little

Interviewee to
Source
Source to
Interviewee

Can you tell me the names and contact details of other people who you know to be working on renosterveld
conservation?

1

