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ARTICLE INFO ABSTRACT

In Southeast Asia, mangrove forest cover and biodiversity has shown a rapid decline in recent decades, despite
extensive conservation efforts. Identifying and analysing discourses on biodiversity conservation improves our
knowledge and understanding of stakeholder perspectives (including normative values and socially constructed
viewpoints) on biodiversity conservation within a specific social-ecological context. Considering these per-
spectives in a decision-making context contributes to the long-term sustainability of resulting conservation
approaches, thus contributing to continued biodiversity conservation efforts in the far future. We consider the
urban City State of Singapore to identify and interpret stakeholder discourses -including values and socially
constructed viewpoints-on (effective) mangrove biodiversity conservation and management in an urban context.
Using the Q methodology, we: (i) delineate and describe mangrove conservation and management discourses in
Singapore and (ii) extract consensual perspectives common to discourses as a basis for management re-
commendations. Areas of agreement and disagreement on motivation, prioritization and responsibilities related
to mangrove conservation and management are described based on numerical (i.e. sorting of statements along an
ordinal scale) and qualitative data (i.e. structured interviews). There was a large overlap between discourses,
suggesting that disagreement between various stakeholders may not be a prominent inhibitor of future decision
making regarding mangrove conservation and management. It seems stakeholders realise the urban context
strongly limits the range of realistic conservation and management approaches of mangrove forests, resulting in
the larger overlap between discourses. Generally, all participants agree no further loss of existing Singapore
mangroves should be allowed. The most important recommendations to reach this ultimate objective include
indefinite legal protection and increase of mangrove areas under national park and nature reserve status, as well
as continued promotion of mangrove's cultural ecosystem services. The identified discourses can inform deci-
sion-making by deducing shared stakeholder objectives based on the consensus values and perspectives. These
shared objectives can readily be incorporated in decision-making processes on mangrove conservation and
management in an urban context.
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1. Introduction

Biodiversity conservation is not value-free, with conservation and
management decisions based on the complex interaction between va-
lues, evidence, interest and other context-depending factors (Levine
et al., 2015). While decision-making should be based on the location's
biophysical context and conservation evidence (the latter being based

on failures and successes from past conservation case studies;
Sutherland et al., 2004), the ultimate success of a conservation inter-
vention also depends on the non-biophysical context. The latter in-
cludes local stakeholder and actor's normative values and socially
constructed viewpoints on conservation and management, their ex-
pectations from conservation and management, and local institutional
characteristics (Soulé, 1985; Brown, 2003; Chan et al., 2007).
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Regarding non-biophysical social patterns and processes, research
on the economic and political (i.e.: administration and policy making)
systems and institutions externally influencing environmental problems
have been relatively well researched. More so than research on nor-
mative values - defined by Crane (2010) as socially defined and held
values and ideals regarding desirability or propriety of a circumstance
or practice - and socially constructed viewpoints on biodiversity con-
servation and management (reflecting people's intentions and desires)
(Stojanovic et al., 2016; Crane, 2010).

Addressing this knowledge gap is crucial, as local people's values
and socially constructed viewpoints delimit and highlight the choices
decision-makers can make (whether decision-making is initiated top-
down or bottom-up) which are socially acceptable (Redman et al.,
2004; Ostrom, 1999). Based on ethical principles and/or pragmatic
considerations of the decision-makers, some may restrict themselves to
these delimited options. Moreover, besides emergent properties such as
resilience and complexity of the system, social acceptability should also
be considered a fundamental parameter of long-term sustainability of
the applied biodiversity conservation and management approach and
the resulting system (Redman et al., 2004). Multiple studies have found
that long-term effectiveness of conservation and/or management ap-
proaches depends on willingness of locals to comply with regulations
and willingness to monitor one another (Ostrom, 2009). Both are un-
likely to be obtained if proposed biodiversity conservation and man-
agement approaches are experienced as unacceptable by locals.
Aligning with stakeholder's and actor's values and viewpoints thus in-
directly leads to long-term sustainability, especially in areas where top-
down enforcement is lacking or inconsistent.

It is important to consider perspectives on biodiversity conservation
and management actions at relevant scales, especially in research with
an applied orientation, linking results with applications in decision-
making. The critical analysis of different values and viewpoints (i.e.
perspectives) shaping conservation approaches at a global scale has
often led to an over-simplified dichotomy, artificially dividing con-
servationists based upon opposite value systems defined by the authors
(Tallis and Lubchenco, 2014; Kueffer and Kaiser-Bunbury, 2014;
Holmes et al., 2017) (Table 1). These generalised perspectives have led
to researchers debating which side of these ‘scientist-defined’ dichoto-
mies is the ‘right side’, based both on advocating certain perspectives
(values and socially constructed viewpoints) and on empirical evidence
from failed and successful conservation case studies, without resulting
in applicable conclusions (e.g. Soulé, 2013; Miller et al., 2014; Marvier,
2014) (Miller et al., 2011; Robinson, 2011; Petriello and Wallen, 2015).

To move beyond this conservation gridlock caused by a priori dis-
missal of conservation approaches at wider scale, this study is inspired
by the concept of ‘inclusive conservation’. We define inclusive con-
servation as a process of deliberation where all values, socially and
empirically informed viewpoints on conservation and management
approaches relevant to the local context are considered as valid to
consider (Brown, 2003; Miller et al., 2011; Tallis and Lubchenco,
2014). Deliberation in a decision-making context then leads to the se-
lection of one, or the integration of multiple conservation approaches
and associated conservation values, through careful consideration and
discussion (Brown, 2003). By narrowing the focus to one social-

Table 1
Dichotomic representations of conservation values and viewpoints with linked
conservation approaches at an unspecified (theoretical) or global scale.

Dichotomic representation Reference paper(s)

Biocentrism/Ecocentrism/Deep Ecology vs.
Anthropocentrism

Grey (1993)

Gagnon Thompson and
Barton (1994)

Adams and Hutton (2007)
Miller et al. (2011)
Kopnina (2016)

Conservation/Parks vs. Poverty/People
Nature protectionist vs. Social conservationist
Ecological justice vs. Social justice
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ecological system (i.e. non-pristine mangrove forests, currently influ-
enced by humans) and one context (i.e. urban), we facilitate reaching
well-informed (including inputs on social acceptability) and applicable
decisions on mangrove conservation and management.

Mangrove forests are a useful system to interrogate shared per-
spectives on mangrove conservation and management because they are
a highly threatened ecosystem across much of the tropics, particularly
in Southeast Asia (Hamilton and Casey, 2016; Thomas et al., 2017).
They are a key ecosystem experiencing human-environment conflict,
due to their position in the rapidly urbanizing coastal zone. With po-
pulation densities in the coastal zone higher than the average
(Neumann et al., 2015), urbanisation is an important local proximate
driver of mangrove deforestation in Southeast Asia, particularly
Vietnam, the Gulf of Thailand and in southern Malaysia/Singapore
(Richards and Friess, 2016). This often means the direct loss of man-
groves through land reclamation, and continuing mangrove degrada-
tion due to pollution and overutilization close to urban and peri-urban
areas (Lai et al., 2015; Branoff, 2017; Nfotabong-Atheull et al., 2013).

The objective of this study is to increase our understanding of
shared perspectives (including normative values and socially con-
structed viewpoints) on mangrove conservation and management,
particularly in urban settings, using the example of the tropical urban
nation of Singapore. This is especially important in urban areas, where
human-environment interactions and conflicts are more likely to be
high. The urban nation of Singapore is emblematic of urbanisation in
the rest of Southeast Asia, and a logical development endpoint for many
other rapidly urbanizing areas in the region. Singapore has lost more
than 90% of its mangrove area since the 1800s, and land use decisions
between future development and the conservation of mangrove eco-
system services are ongoing (Yee et al., 2010; Richards and Friess,
2017).

We approach this objective by identifying stakeholder discourses on
mangrove management and conservation in Singapore (including sta-
keholders with and without agency). In this research with an applied
orientation towards improving (acceptability of) decision-making on
mangrove conservation and management in an urban context, dis-
courses can be broadly described as shared, structured ways of per-
ceiving and valuing the world (Hajer, 1995; Dryzek, 2005). More spe-
cifically, shared frames of meaning, describing the used language (and
the meanings/ideologies implied in those words) as well as uncovering
the underlying shared normative values and socially constructed per-
spectives relevant to mangrove conservation and management in an
urban context (Arts and Buizer, 2009).

Epistemologically based on the work of Foucault (1984), our re-
search strategy includes an analytical emphasis on how discourses are
linked to social practices, thus recognizing the ability of discourses to
actively influence society by making certain actions acceptable and
others unacceptable (Hajer, 1995, Arts and Buizer, 2009). E.g. how
institutional characteristics and historical events act as forming factors
for individual discourses; how certain discourses influence collective
actions; how certain discourses are linked to collective inclination or
opposition to certain actions.

We use the Q-methodology to identify stakeholder discourses (in-
cluding shared values and viewpoints). In doing so, this study: (i) de-
lineates and describes discourses on (effective) mangrove conservation
and management held by a variety of stakeholders in Singapore and (ii)
identifies areas of consensus (i.e. values and viewpoints shared by all
discourses) as a base for management recommendations applicable to
urban contexts in the form of objectives (i.e. directional actions).

2. Material and methods
2.1. Study area

Singapore, located on the equator to the south of Peninsular
Malaysia is characterised by rapid post-independence urban
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development, a large extent of urban infrastructure (39% of the current
land surface) and an entirely urban human population (Yee et al., 2011,
UN DESA, 2014). Nearly half of the green areas that do remain are
actively managed, and the remainder are generally heavily modified or
disturbed (Yee et al., 2011). Mangroves cover approximately 1% of
Singapore's land surface (6,4 km?) and less than 10% of their original
range of 75 km? in 1899 (Yee et al., 2010; Lai et al., 2015; Corlett,
1992), with loss driven by reservoir construction and land reclamation
(Lai et al., 2015). Despite the relatively small and fragmented extent in
this urban landscape, Singapore's remaining mangroves continue to
provide a range of important ecosystem services to the nation (Friess,
2017) and act as an important refuge for native and migratory biodi-
versity (Shufen et al., 2012). While mangrove rehabilitation efforts are
ongoing to try and offset historic losses, a further 33% of remaining
national mangrove extent will be lost according to plans projecting land
use over the next 2 decades (Lai et al., 2015).

2.2. Discourse identification by way of Q methodology

The Q methodology (QM) is commonly applied to identify dis-
courses, which allows us to identify shared values and perspectives. The
QM has been increasingly applied to identify the complex values and
perspectives linked to environmental challenges, such as biodiversity
conservation and management (Zabala et al., 2018, Mukherjee et al.
2017). Alternatively, we could have used qualitative interviews. How-
ever, Q methodology can combine the benefits of both quantitative data
and qualitative data. Individual stakeholders are presented with a range
of statements that they rank along an ordinal scale, after which addi-
tional questions are asked in a ‘post-sorting interview’ to gather addi-
tional qualitative information relevant to the statements ranked. In a
second stage, stakeholders are grouped based on the correlation be-
tween the individual rankings, using a multivariate data analysis ap-
proach. The sorting patterns of the grouped stakeholders guide the
description of the discourses: sorting patterns of individual groups re-
present individual discourses based on their values and perspectives
expressed through the respective statement rankings and qualitative
post-sorting interviews (van Exel and de Graaf, 2005; Watts and
Stenner, 2012). The qualitative post-sorting interview permits flex-
ibility during the interview process as well as in depth understanding of
participant values and viewpoints. On the other hand, the quantitative
sorting of statements gives structure to both the interview process and
the data analysis, strengthening the findings (Mukherjee et al. 2017).

2.2.1. Selection of participants — stakeholder analysis

We intentionally selected a broad range of stakeholders who have a
certain interest — ranging from mild to strong — in mangrove con-
servation and/or management (Table 2). This selection was based on
local networks, an online search for authors of context-relevant peer-
reviewed literature and a mapping of stakeholders through online
profiles, complemented with a snowball sampling approach (i.e. the
identification of stakeholders by other participants; Reed et al., 2009).
The final set of participants who completed the sorting and post-sorting
interview (the ‘P-set’) included 37 participants (P) with different pro-
fessional and social backgrounds, resulting in a range of knowledge and
interest levels on mangroves (Table 2). Main (professional) activities of
participants included research focussing on mangroves (14%) as well as
other topics (22%), NGO (14%), corporate sector/consultancy (27%),
tourist sector (5%), education sector (3%), student (8%) and govern-
ment officials (8%). The P-set had a male/female ratio of 2,08. Within
the P-set 32% was 20-40 years old, 63% was 40-60 years old, 5% was
older than 60. By targeting varied professional backgrounds, we aspired
to cover the fullest spectrum of discourses to understand the broadest
values and perspectives regarding (effective) mangrove conservation
and management in Singapore (Dryzek and Niemeyer, 2008).
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Table 2

List of participants (P), associated discourse (D) on which the Ps are sig-
nificantly loading (p < 0,001; threshold value significant loading = 0,47) and
P characterisation in terms of personal interest and knowledge level (based on
stakeholder analysis and post-sorting interviews). Grey shading indicates ex-
cluded P which will not be included for the calculation of z-scores, i.e. when the
P had relatively low commonalities on the first 4 factors and loaded sig-
nificantly on separate factors above 4 when we intentionally extracted more
factors than we expected to keep.

D P Characterisation

1 1 Mangrove Expert

1 3 Mangrove Expert

1 5 Mangrove Expert

1 7 Mangrove Engaged
1 10 Mangrove Engaged
1 12 Mangrove Engaged
1 16 Mangrove Engaged
1 30 Mangrove Engaged
1 33 Mangrove Engaged
1 34 Mangrove Engaged
1 39 Other Expert

1 40 Mangrove Engaged
1,2 36 Mangrove Expert

2 2 Other Expert

2 8 Other Expert

2 9 Other Engaged
2 14 Mangrove Engaged
2 15 Other Expert
2 18 Other Engaged
2 19 Other Engaged
2 26 Other Engaged
2 29 Other Expert
2 31 Other Engaged
2 38 Mangrove Engaged
2,3 20 Other Engaged
3 13 Mangrove Engaged
3 24 Other Engaged
3 28 Other Expert
4 32 Mangrove Engaged
/ 6 Mangrove Engaged
/ 17 Mangrove Expert

/ 23 Other Expert
/ 25 Mangrove Engaged
4 4 Mangrove Expert

4 21 Other Engaged
4 27 Mangrove Engaged
4 37 Other Engaged

2.2.2. Selection and sorting of discourse statements

Data collection took place from February to March 2016. The
quantitative step in the QM consists of participants expressing their
level of agreement or disagreement with statements relevant to the
topic at hand, by sorting them along an ordinal scale. We allowed
participants to rank the statements using a free distribution (i.e. there is
no pre-determined number of statements to sort under each category)
and presented statements in a randomized order on individual cards
they could physically sort during face to face interviews. There were 9
ordinal categories, ranging from - 4 (most disagree) over 0 (no opinion/
equally agree and disagree/topic is too sensitive to rank) to + 4 (most
agree) (van Exel and de Graaf, 2005).

In total, we presented 50 textual statements - forming the ‘Q-set’ - to
rank by the participants. These were formulated based on a literature
search of peer-reviewed literature through the databases Scopus,
Research Gate and Web of Knowledge (search operators: (Conservation
OR Biodiversity) AND (Mangrove* OR Estuar* OR Wetland*) AND
(Singapore* OR “South-East Asia” OR “South East Asia” OR “Malay
Peninsula”) (AND Urban*)) (last accessed on 31/01/2016). Through
this review, 52 articles relevant to socio-ecological and socio-economic
aspects of biodiversity conservation and management within Southeast
Asian urban contexts were selected. Value-statements and perspectives
relevant to mangrove forest conservation and management were
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Table 3

Statements and statistics: z-scores (z-sc), ranks (r) (cf. Table 4) and ‘grouping’. Discourses are represented by their respective numbers: 1, 2 & 3 in ‘grouping’, whereby
brackets separate significantly differing z-sc pertaining to the respective discourse(s). Grey shading indicates statements with no significant difference between z-sc of
the respective discourses.

Statement (S) Grouping D1 D2 D3
z-sc r z-sc r z-sc r
1  Mangrove areas in parks and nature reserves are adequately managed for educational purposes (1,3) (2) 0.246 1 —-0.246 0 0.611 2
2 The government should develop a general plan to regulate and enforce the conservation of all remaining 0.997 4 1.252 4 0.926 3
mangroves
3 The number of mangrove areas with some legal protection from development have decreased over the last few (1,3) (2) -1.378 -2 0.886 3 -1.279 -2
decades
4  Conservation of natural mangrove areas is sufficiently integrated by coastal developers -1.281 -2 -0948 -2 -1.201 -2
5 Specific locations where wildlife needs are paramount, should not be used for recreation or eco-tourism 2,3) (1) 0.045 0 0.477 2 0.715 3
6  Mangrove areas and its fauna and flora should be protected because of their inherent value 1.136 4 1.075 4 0.743 3
7  Mangrove areas with no legal protection should be converted to industry or housing —-2.155 -4 -2024 -4 -2207 -4
8  Mangrove areas should be protected because Singapore is an example to developing states in South-East Asia  (1,3) (2) 0.968 3 -0.1499 0 0.495 2
9  Government initiated campaigns play a crucial role in shaping citizens' views on biodiversity considerations 0.328 1 0.588 2 0.574 2
10 Mangrove areas should be protected when they are ecologically valuable to birds 1) () 0.594 2 1.131 4 0.954 3
11 Mangroves are safe and should be visited by children for educational or recreational purposes 0.014 0 0.310 1 0.409 1
12 Conservation of natural mangrove areas is sufficiently integrated by coastal authorities 1,3) (2) -0.764 -1 -1522 -3 -0.631 -1
13 Mangrove areas should be protected when they contain threatened species 0.858 3 1.224 4 0.812 3
14 Non-Governmental organizations (NGOs) play a big role in preserving, protecting & reforesting mangroves areas (1,2) (3) 1.018 4 0.683 2 0.006 0
15 Citizens should be involved in the maintenance and monitoring of mangrove areas 2,3) (1) 0.804 3 0.043 0 0.079 0
16 Human-nature encounters are necessary to increase peoples' connection with nature (1,2) (3) 1.048 4 1.013 4 0.373 1
17 Excluding biodiversity considerations from coastal development projects will lead to social and environmental (1,2) (3) —0.032 0 0.047 0 0.692 2
issues, ultimately causing economic losses
18 Expected economic growth from urban development justifies abolishing the legal protection (degazetting) and (1) (3) -1.739 -3 -1904 -3 -—-2432 -4
development of previously protected mangroves
19 The scientific value of mangrove areas in Singapore is of great importance 0.882 3 0.658 2 0.481 2
20 Mangroves are ideal as dumping grounds for urban waste material —-2.267 —4 -—-2255 -4 -—2537 -4
21 Traditional local media outlets play a crucial role in shaping citizens' views on biodiversity considerations @) @3 0.725 3 0.605 2 0.128 0
22 Mangrove areas in parks and nature reserves are adequately managed for recreational and cultural purposes 2) (3 0.029 0 —-0.344 -1 0.459 2
23 The current mangrove area is too limited to provide adequate climate resilience 2,3) (1) —-0.230 0 0.331 1 0.346 1
24 The protection of the environment has always been a priority for the government (2,3) (1) -0629 -1 -1.206 -2 -1.362 -2
25 Climate change and the resulting sea level rise will affect all mangroves despite conservation actions (2,3) (1) -0.237 0 0.527 2 0.469 2
26 Classes about environmental concerns and nature should be taught more at secondary school levels 0.812 3 0.672 2 0.587 2
27 Mangrove areas and its fauna and flora should be protected because of their use to humans 0.287 1 -0.050 0 0.042 0
28 Mangrove areas are part of Singapore's cultural heritage @) @) 1.014 4 0.551 2 0.601 2
29 Eco-tourism should be encouraged to compensate for the management costs of natural mangrove areas —0.064 0 -0.130 0 0.016 0
30 The quality of Singapore‘s green areas increases for visitors through incorporation of native mangrove strips @)@ 0.935 3 0.527 2 0.848 3
31 Mangrove areas should be protected when they are ecologically valuable (1,2) (3) 0.887 3 1.096 4 —-0.025 0
32 Public park management and nature reserve (national park, natural area) management cannot both prioritize -1.075 -2 -1.045 -2 -0.624 -1
biodiversity conservation and recreation
33 Adapting coastal infrastructures to incorporate biodiversity can compensate for the inevitable loss of Singapore's (1,2) (3) —-0.541 -1 -0414 -1 0.917 3
mangroves in the future
34 A top-down approach is necessary to insure coordination among the various agencies involved in coastal —-0.023 0 0.328 1 0.327 1
planning
35 Mangrove areas are recognised by the government (urban decision makers) for their carbon storage potential (1) (2) -0.751 -1 -1.101 -2 -0.824 -1
36 Presence of mangroves are not required because the urban environment satisfies all human needs @) —2229 -4 -1.766 -3 —-2207 -4
37 Disturbance to sensitive mangrove areas, from educational & recreational activities, should be minimized 0.946 3 0.792 3 0.515 2
38 Native biodiversity considerations should be a management priority in all of Singapore‘s green areas (natural 0.977 3 0.722 3 0.954 3
and constructed)
39 Singapore lacks the space to allow the preservation of all remaining mangrove areas -1.415 -3 -1.213 -2 -1.024 -2
40 The approach to mangrove conservation should be consultative (involving many stakeholders) 0.705 3 0.749 3 0.620 2
41 Financial support is necessary to generate new data to allow better informed decisions in case of conflicts 0.742 3 0.607 2 0.858 3
between mangroves and coastal development projects
42 Pollution of mangrove areas should be addressed by government agencies to allow safe consumption of shellfish 0.735 3 0.809 3 0.564 2
or fish from mangroves
43 The best way to allow effective protection of the environment is to become richer (at the state level) @ -0.759 -1 -1.420 -3 -1.276 -2
44 Mangrove areas in parks and nature reserves are adequately managed for biodiversity conservation purposes (1) (2) (3) —0.310 -1 —-0.990 -2 0.267 1
45 Only the largest mangrove areas should be protected, because smaller patches are not valuable 1,3) (2) -218 -4 -1394 -2 -1959 -3
46 Including biodiversity considerations in coastal development projects (Corporate Social Responsibility) is an 1,2) (3) -0.021 0 —0.068 0 0.743 3
important marketing tool, leading to substantial commercial benefits
47 The army should play an active role in conservation of mangrove areas 1,3) (2) 0.133 0 -0.873 -2 -0.086 0
48 Mangrove areas should be protected when they contain species unique to Singapore 2)(3) 0.880 3 1.166 4 0.528 2
49 Citizens should be given more responsibility and account for their own actions related to conservation of the 0.622 2 0.935 3 0.848 3
environment
50 Environmental Impact Assessments (EIA) should be more transparent towards the public (2,3) (1) 0.719 3 1.261 4 1.165 4
gathered and subsequently sorted, with statements sharing a similar slight alterations and a final Q-set of 50 statements (Table 3). The post-
value or perspective merged into one overarching statement included in sorting interview contained 25 overarching questions, reflecting on the
the final Q-set (Watts and Stenner, 2012). The Q-set was tested with the 50 statements previously sorted. This complementary qualitative in-
help of 4 preparatory interviews with mangrove and QM researchers, terview covered the themes also present in the statements, including
and 2 pilot sorts (including post-sorting interviews). This resulted in motivation to conserve mangroves, prioritization of different land-uses
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and different mangrove areas, and responsibility of stakeholders and
actors involved in mangrove conservation and management in Singa-
pore.

2.2.3. Numerical data analysis

Data analysis was conducted using the R package ‘gmethod’
(Zabala, 2014) within the open source software R 3.3.1°. Participants
(explanatory/fixed variables) were grouped based on a matrix of as-
sociation between the sorts (dependent variables) through Principal
Component Analysis (PCA). By grouping participants with similar sorts
and thus similar values, the number of discourses was reduced. First, we
determined the number of factors to extract and rotate. Then partici-
pant loadings were calculated, indicating how representative the in-
dividual rotated factors are for the individual participants (ranging
from —1 when participants were negatively correlated to the factor to
+1 when participants were positively correlated to the factor). Parti-
cipants who had significant loadings on the same rotated factor were
grouped (i.e. the loading the participants on the respective factor is
significantly different from 0). These groups of ‘likeminded’ partici-
pants, were then used to describe the respective discourses they sup-
port. The description of the discourses was based on the individual
statements' z-scores per factor (i.e. the weighted averages of the scores
given to the individual statements by the grouped participants’) in
combination with the post-sorting interviews (Zabala, 2014; Watts and
Stenner, 2012).

Within PCA, there are several methodological options to choose
from when determining the type of matrix of association, the number of
factors to extract and the type of rotation of the vectors. Calculations
were based on the correlation matrix between participants as matrix of
association. This correlation matrix was obtained using the Kendall
rank correlation coefficient (Zabala, 2014). A combination of ap-
proaches (i.e. Kaiser-Guttman criterion, Humphrey's Rule of Extraction,
factor eigenvalues) led us to the extraction of 4 factors and the detailed
description of 3 discourses based on the first 3 factors. Because of the
large overlap between discourses, we followed the most restrictive and
manageable recommendation resulting from these approaches. Only 3
factors had the minimum of 2-3 significantly loading participants (at
p < 0,001 level, threshold value = 3,30*1/V (number of state-
ments) = 0,47, Brown, 1980), necessary to confidently describe the
discourses represented by those factors (Watts and Stenner, 2012)..

We manually excluded participants (i.e. excluded participants are
not used as a base for the z-scores calculations) when participants had
relatively low commonalities (a measure of how much a participant's
sort holds in common with all other sorts; Watts and Stenner, 2012) on
the first 4 factors and loaded significantly on separate factors above 4
when we intentionally extracted more factors than we expected to keep.
This applied to participant (P) 4, 21, P27 and P37. Orthogonal ‘Var-
imax’ rotation was used to mathematically maximize the ratio of be-
tween over within group variation.

2.2.4. Discourse interpretation

The description of the discourses was based on interpretation of
numerical z-scores of the statements and the qualitative post-sorting
interviews (van Exel and de Graaf, 2005). To simplify quick inter-
pretation of the decimal z-scores, we categorized them into the original
sorting ranks, based on the new range delimited by the highest and
lowest z-score (Table 4). Statements and interview elements were ca-
tegorized based the following themes: motivation (not) to conserve
mangroves, the prioritization between land-uses and between man-
groves and the responsibilities of stakeholders within mangrove con-
servation. We distinguished between the overlapping values and

! Higher participant loadings correspond to a higher weight given to the re-
spective participants in the calculation of the z-scores of the individual state-
ments per factor.

Ocean and Coastal Management 178 (2019) 104810

Table 4

Categorization of the z-scores into the associated sorting
ranks, based on the range delimited by the highest and the
lowest z-score.

Associated rank z-score

0.981 to 1.261
0.701 to 0.980
0.420 to 0.700
0.140 to 0.419

- 0.281 to 0.139
-1 - 0.845 to - 0.282
-2 - 1.409 to - 0.846
-3 -1.972 to - 1.410
-4 —2.537 to —1.973

o =N WH

perspectives (no significant difference between statement z-scores), the
differences in emphasis (significant difference between statement z-
scores but same category: agree or disagree) and the differences in
opinion between discourses (significant difference between statement z-
scores and different category: agree versus disagree).

3. Results
3.1. Areas of disagreement between discourses

We can identify and describe three discourses based on the first 3
rotated factors, which explain 48.52% of the total variance (Table 2).
Each factor has a different collection of significantly loading (i.e. like-
minded) participants, thus each discourse is defined by the sorts of a
different group of like-minded participants (Table 2). A ‘discourse’
consists of both the area of consensus between all participants as well as
the area of disagreement that characterises that respective discourse.
Due to the large overlap between discourses (with correlation ranging
from 0.82 to 0.88 between factor z-scores), the described discourses on
mangrove conservation and management could also be interpreted as
variations of the same discourse (Fig. 1, Table 5). However, to be
consistent with the Q methodology terminology, we refer to these
variations as ‘discourses’.

The following descriptions represent the areas of disagreement,
characterising the three respective discourses and thus characterizing
the values and perspective of participants supporting the respective
discourses. They are based on the statements with significantly different
statement z-scores (i.e. the weighted average of the statement rankings
given by grouped participant, Table 3) and the post-sorting interviews.

Discourse 1 - Engaged and actively involved citizens are the key to
more successful mangrove conservation and management.

Motivation - D1 generally reflects a more optimistic view regarding
mangroves’ usage value as an incentive for their conservation in
Singapore (S36, S28, S30, S23). All cultural and regulatory ecosystem
services provided by mangroves are considered relevant in Singapore
and are relevant incentives for Singapore citizens to conserve man-
groves.

Prioritization - Even in mangrove areas where wildlife needs are of
the greatest importance, there should still be activities linked to cultural
ecosystem services because these increase public advocacy for man-
grove conservation. Although D1 supporters agree that disturbances to
natural areas from cultural activities should be minimized (S37) the
more restrictive formulation of S5 may have led to a fear of missing out
on the benefits of cultural ecosystem services to mangrove conserva-
tion.

Responsibility - D1 reflect a generally less critical view of the gov-
ernment and its current top-down approach to mangrove conservation
and management in Singapore (S12, S50, S35, S3, S24). Both the
bottom-up (led by civilian or private interest groups) and the top-down
(led by the government) approach to mangrove conservation and
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Fig. 1. Visual depiction of the structure of the three described discourses. The
shaded area in the centre represents the large area of agreement or consensus
between the participants (i.e. the large overlap between the identified dis-
courses).

Table 5

Factor correlation (column 2 to 4), percentage of variance explained by the
respective factors (column 5) and number of Q sorts loading significantly on the
respective factors (p < 0.001) (column 6).

Factor 1 Factor 2 Factor 3 Variance Number of
explained (%) loading Q sorts
Factor1 1.0 0.85 0.88 19.82 13
Factor 2 1.0 0.82 18.74 13
Factor 3 1.0 9.96 4

management should be equally important. Citizens can take on more
responsibility, including monitoring and maintenance, under proper
guidance (S15, S47, S49). However, D1 supporters remain cautious
regarding public access to Environmental Impact Assessments (S50).
This is due to their concern with the sensitive and/or private in-
formation contained in the EIAs which should not be shared with the
larger public, such as the location of sensitive fauna and flora.

Discourse 2 - Approaches should be tailored to the unique context of
Singapore to reverse currently still inadequate mangrove conservation
and management.

Motivation - D2 generally reflects a more pessimistic view regarding
mangroves' usage value as an incentive for their conservation in
Singapore (S36, S28, S30, S23). Some mangrove uses do not apply to
Singapore's unique context and should not be emphasized when moti-
vating their conservation, e.g. mangrove's heritage value (i.e. one of the
cultural uses) and the regulatory use of mangroves for climate change
mitigation. D2 supporters state that most Singaporeans do not know
mangroves are part of their cultural heritage. As a result, emphasizing
the value of mangroves' cultural heritage is not relevant to mangrove
conservation in Singapore (S28).

Prioritization - D2 reflects a generally more critical view of the
government and its current top-down approach to mangrove con-
servation and management in Singapore (S12, S50, S35, S3, S24). The
priorities of coastal and other relevant government authorities are still
far from balanced, with an absolute prioritization of economic devel-
opment and gain over everything else, including mangrove conserva-
tion.

Responsibility - D2 supporters are more cautious regarding the risk
of actively involving citizens (including army staff) in mangrove con-
servation without proper (professional) guidance. They would rather
encourage less intrusive ways for citizens to take more responsibility,
e.g. by making environmentally conscious decisions regarding con-
sumption and behaviour on a daily basis (S15, S47, S49). The relevant
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government institutions should continue to be the more important de-
cision-makers and active mangrove managers. They still need to step up
to their responsibilities.

Discourse 3 - Coastal developments and industries can have a sig-
nificant positive impact on mangroves, however, the government
should remain the main decision-maker and active mangrove manager.

Motivation - Prioritizing mangroves within coastal development and
industries will lead to substantial benefits for both mangrove con-
servation and for development (S33, S17, S46). D3 supporters expect a
positive effect on the public perception of private companies and gov-
ernment institutions, linked to the consideration of biodiversity in their
actions. This, in turn, can lead to economic gains through increased
investments as well as mangrove ecosystem services.

Prioritization - Developers and industrial companies can and should
prioritize mangroves by funding conservation and restoration projects
or by adapting coastal infrastructure to promote the re-establishment of
mangrove biodiversity. Although D3 does not consider adapted coastal
infrastructures to be a substitute for natural mangrove forests, it should
always be encouraged where applicable since their compensation for
the mangrove loss can be substantial.

Responsibility - Government institutions should continue to be the
more important decision-makers and active mangrove managers. D3
supporters are generally neutral regarding the bottom-up role of dif-
ferent stakeholder groups (i.e. citizens, NGOs, army) in the conserva-
tion of mangrove forests, suggesting a stronger reliance on the gov-
ernment to conserve mangrove biodiversity relative to D1 and D2 (S15,
S16, S14, S47). Citizens should be involved, only in a non-intrusive way
(matching the opinion of D2 supporters) (S15, S47, S49).

3.2. Areas of agreement between discourses

The following descriptions represent the areas of agreement be-
tween discourses (i.e. consensus values and perspectives) (summary in
Fig. 2). They are based on the statements’ z-scores (Table 3) and on the
post-sorting interviews. Generally, all participants agree no further loss
of existing Singapore mangroves should be allowed (S2, S7, S18, S20,
S37).

Motivation - Participants agree that cultural ecosystem services and
especially the recreational value of mangroves should be further pro-
moted to awaken citizen engagement towards mangrove conservation
(S11, S19, S28, S30, S36, S42). Mangroves are part of Singapore's cul-
tural heritage (e.g. the historical kampongs and Singapore's natural
heritage (S28), they increase the visitation quality of Singapore's
manmade and natural green areas (e.g. aesthetical value) (S30) and
provide recreational (e.g. fishing, S42) as well as educational (S11) and
scientific opportunities (S19). Although ranked rather neutrally, the
post-sorting interviews clarify that participants agree mangroves should
be visited for educational and recreational purposes (S11). The weak
ranking of S11 is because participants consider unfacilitated mangroves
to be unsafe (e.g. areas without boardwalks and information panels). To
allow more human-nature encounters, the number of facilitated man-
grove areas should be increased (S11, S16). Eco-tourism should not
necessarily be promoted to compensate management costs, although
there is no strong opposition against it either (S 29). Beside the im-
portance of cultural ecosystem services, the participants themselves are
personally strongly motivated by mangrove's inherent value (non-use
values) to conserve mangroves (S6, S27).

Prioritization - Urban/economic development, cultural ecosystem
services as well as mangrove conservation can be ensured, provided
there is more efficient land-use planning. Due to the current focus on
economic development in Singapore, ensuring mangrove conservation
necessitates indefinite legal protection of mangroves under national
park and nature reserve status (S12, S18) as well as increasing the
number of areas under national park and nature reserve status (S12,
S2). Continued economic development can be ensured by promoting
intensification of existing industrial sites and promoting redevelopment
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Means objectives

1. Indefinite legal protection of mangroves under national park
and nature reserve status (2.836)

2. Increase the number of areas under national park and
nature reserve status (1.058)

2. Promote mangrove’s cultural ecosystem services (ES) (1.058)

3. Promote mangrove’s inherent values (0.985)

4. Highlight the presence of threatened biodiversity associated
with mangroves (0.965)

5. Increase native biodiversity component of both natural and
artificially managed green areas (where possible) (0.827)

6. Promote zonation of sensitive mangrove biodiversity from
areas with a focus on mangrove’s cultural ES ( 0.751)

7. More (intensive) classes on mangroves and their importance
(0.690)

Strongly influenced by post-sorting interviews:

e Increase number of facilitated mangrove areas

e Promote intensification of existing industrial sites

e Promote redevelopment of degraded industrial sites

e Limit further population growth

+—— P | 1. Contribute to well-being and basic

Process objectives

1. Allow public inquiery of planned developments
(e.g. consultable Environmental Impact Assessments
in a comprehensive format) (1.048)

2. Consultation of a wide body of stakeholders and
actors, including knowledgeable citizens (0.870)

3. Active involvement of citizens in maintenance and
monitoring of nature areas under guidance of
committed and knowledgeable individuals (0.802)

Strongly influenced by post-sorting interviews:

e Involve all relevant (government) institutions in a
coordinated manner
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Fundamental objectives

human needs of citizens (2.067)
2. Maximise mangrove extent (1.737)
Maximise mangrove ‘health’ (1.387)

v

Strategic objectives
Strongly influenced by post-sorting interviews:
e Ensure public acceptance and support for
mangrove conservation

e Informed and engaged mangrove stakeholders
and actors

e Informed and innovative decision-making

e Decrease sense of distrust towards government

e Dominant mangrove actors (i.e. actors with
legislative power and/or major land owners) take
on prominent role in mangrove conservation

Fig. 2. ‘Means-ends objective network’ (Keeney, 2005; Marttunen et al., 2017) of stakeholder objectives deduced from the consensus between identified discourses (§
3.2), based on both statement z-scores and post-sorting interviews. Objectives that are literally reflected in specific statements are ordered from highest absolute z-
score (averaged over the 3 discourses) to lowest absolute z-score (averaged over the 3 discourses). When formulation was strongly influenced by post-sorting
interviews, objectives could not be numerically ordered based on z-scores. Arrows indicate the direction of influence between the objectives.

of degraded industrial sites rather than reclaiming mangrove areas
(S18, S39). However, further population growth should be limited to
make sure economic development and mangrove conservation can co-
exist (S39). To limit the disturbance from recreational and educational
activities to sensitive mangrove areas, mangrove areas should be sub-
divided in areas with a focus on sensitive mangrove biodiversity and
areas with a focus on mangrove's cultural ecosystem services (S32,
S37).

When it comes to prioritizing the conservation of certain mangrove
areas over others, participants agree that all remaining mangrove areas
should be conserved regardless of their characteristics (52). The pre-
sence of threatened species is the only characteristic ranked system-
atically high by all discourses (S13), indicating it is an important in-
centive to increase conservation efforts (S10, S13, S31, S45). Based on
the post sorting interviews, all discourses agree ecologically valuable
mangrove forests should be conserved (S31). However, D3 disagrees
with the implication of S31 that some areas are not ecologically valu-
able, which results in its neutral ranking.

Responsibility - Top-down mangrove conservation and management
should be integrated into the all relevant government institutions in a
coordinated way (S12). There is disagreement on the relative impact

and thus importance of bottom-up initiatives compared to top-down
initiatives on mangrove conservation (S15, S16, S14, S47). However,
participants agree citizens should be involved in the maintenance and
monitoring of nature areas, provided it is done under guidance of ex-
perienced individuals (S15, S49). Moreover, public inquiry of planned
developments should be allowed (S50) and the government should
consult a wide body of stakeholders and actors, including knowledge-
able citizens (S34, S40, S50).

4. Discussion

By delineating and describing discourses on (effective) mangrove
conservation and management we gain insight into their complexity
(Brown et al., 2014). The shared values and perspectives — included in
areas of consensus between the identified discourses — can then be used
as a basis to determine shared stakeholder objectives, which are re-
levant in a decision-making context (Fig. 2, § 3.2, § 4.1, § 4.4) (Keeney,
2005). Because of the large overlap found between discourses, we can
interpret the differences between the three discourses to be three dis-
tinct variations of one dominant discourse, characterised mainly by
differences in emphasis rather than strong contradictions (§ 3.1, § 4.2).
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4.1. (Mis-)matches of consensus between discourses with current
management approach in Singapore

4.1.1. Motivation to conserve mangroves

To increase advocacy for mangrove conservation and management,
the general (though not universal) consensus was that mangrove cul-
tural ecosystem services (particularly recreational value) should be
promoted to citizens, rather than potential economic value of man-
groves in the form of provisioning services. In a highly economically
developed state with limited available space, small remaining man-
grove patches and a 100% urban population, people's interactions with
the environment is primarily through recreational activities (Neo, 2007;
Han, 2017), rather than the extraction of provisioning services such as
fuelwood or (shell)fisheries. This was not always the case, Singaporeans
historically had a stronger and more direct relationship with mangrove
forests, with indigenous communities such as the Orang Seletar and
Orang Biduanada Kallang communities living inside the mangroves and
extracting provisioning services prior to British colonisation in 1819
(Murphy and Sigurdsson, 1990). However, as mangroves were lost to
development and extraction of provisioning services was lost through
legislation, perceptions and interactions with the environment changed,
such that in the present-day Singaporeans now more strongly value
tangible cultural ecosystem services such as recreation (Thiagarajah
et al., 2015).

Now, the recreational value of nature and its beneficial effect on
urban liveability and well-being is strongly recognised by the Singapore
government and has been a main driver for its past and current con-
servation efforts. Moreover, the potential economic gain linked to at-
tracting investors by creating an attractive urban environment has
generated strong political will for urban greening (Lye, 2008;
Henderson, 2013). The “City in a Garden” view has thus been guiding
Singapore's program of intensive urban greening since its independence
in 1965 and is now an important pillar of national identity (Tan, 2006;
Tan et al., 2013). Such a focus on urban liveability will also have
shaped stakeholder perceptions to consider mangrove management
with a similar focus.

4.1.2. Prioritization within green areas and between land uses

The broad definition of what constitutes nature by the Singapore
Government and its focus on a ‘clean and green’ environment has often
led to the recognition of presumed aesthetically pleasing, entertaining
but predominantly artificially managed areas with many non-native
species as valuable green areas (Kong and Yeoh, 1996; Neo, 2007; Lye,
2008; Henderson, 2013). Whereas the identified discourses reflect a
desire for a larger native biodiversity component, which is considered
to render green areas more valuable to visitors. This would entail a
focus on Singapore's remaining natural landscapes (such as mangrove
forests) as well as the expansion of native biodiversity (including
mangrove forest species) into artificially managed areas where possible.
However, discourses reflect the notion that a focus on native biodi-
versity should not mean neglecting the comfort and safety aspects of
publicly accessible natural areas, as these are aspects that are highly
valued by Singapore citizens (Yuen et al., 1999). This is currently a high
priority within the management of parks and nature reserves, with the
quick reaction to a recent crocodile sighting on a visitor path in Sungei
Buloh Wetland Reserve by increasing warning signs and extending
barricades along the path a recent example of this (URL 1).

The limited land area available in Singapore has led to an ex-
tensively planned and regularly updated vision for Singapore's future.
Despite the aim of creating a liveable city reflected in the ‘City in a
Garden’ vision for Singapore, as a developmental state, economic
growth remains the government's top priority within Singapore's de-
velopment vision (Neo, 2007; Han, 2017). According to the identified
discourses, this development vision should always prioritize re-
development (‘brownfield development’) and intensification over ex-
pansion into remaining natural areas (‘greenfield development’). This
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would allow the more efficient use of existing developed areas and
allow the sparing of existing natural areas. It would also decrease the
need to de-gazette existing natural areas, including parks and nature
reserves, for future development purposes. This has previously occurred
with mangrove nature reserves such as the Pandan Forest Reserve,
which was developed in the 1960s for industrial land, and required
amendments to the existing Nature Reserve Ordinance (e.g., Corlett,
1988).

4.1.3. Responsibility of dominant stakeholders

The characterizing top-down governance with limited and highly
selective consultation towards the public within this developmental
state may explain the request for increased consultation of mangrove
management stakeholders in future decision-making on mangrove
management. Although consultation of the public had increased after
the historically weak re-election of the leading People's Action Party in
2011 (Henderson, 2013), this has apparently not been noticed by many
relevant stakeholders. This relatively new and clearly welcomed in-
crease in public consultation by government agencies may thus benefit
from a more publicized approach. Improved decision-making on man-
grove conservation and management also needs involvement of all re-
levant government institutions in a more coordinated manner. Some of
the institutions with potential impact on this intertidal habitat and its
components (fauna and flora) do not clearly consider this in their re-
sponsibilities (Lye, 2008).

4.2. Disagreement between identified discourses

Discourse 1 is characterised by a stronger emphasis on the relative
importance of bottom-up approaches (compared to discourse 2 and 3)
as well as a less critical stance on recent approaches of the government
towards mangrove conservation and management in Singapore (com-
pared to discourse 2).

By characterizing participants based on their personal interests and
professional profile, discourse 1 seems to be mainly shaped by stake-
holders with a specific interest in mangroves (rather than nature con-
servation in general or other ecosystems) (Table 2). This specific in-
terest may result in discourse 1 supporters being more aware of recent
changes in the government's approach to mangrove conservation and
management, while supporters of discourse 2 and 3 may base their
perspectives solely on their knowledge of Singapore as a developmental
state throughout history. Such stakeholders often had a less critical
stance towards top-down management decisions and actors, suggesting
that transparency and consultation in decision-making is allied with
more positive perceptions of managers. Interestingly, while stake-
holders supporting discourse 1 had increased knowledge of public-
government consultation around mangrove management, this lead to a
desire for further consultation and more bottom-up management ap-
proaches.

Discourse 2 supporters were generally quite sceptical about the
promotion of certain ecosystem services — such as their value as cultural
heritage sites, and particularly as carbon sinks — to generate support for
mangrove conservation. This is in contradiction to recent moves at
national and international policy levels to use ecosystem services such
as carbon to incentivize mangrove conservation (Ullman et al., 2013;
Howard et al., 2017). Similar to most countries, Singapore has made
important commitments towards the reduction of Greenhouse Gas
Emissions (including carbon emissions) after signing the Paris Agree-
ment in 2015 (URL 2). Although mangroves are not explicitly men-
tioned within the national carbon emission reduction approach, they
are explicitly mentioned within the climate change and sea level rise
adaptation approach. However, Singapore's mangroves do have the
ability to contribution to national carbon mitigation strategies, as they
store more than 1.6 million tonnes of CO,-e, equivalent to 3.7% of
national annual CO, emissions (Friess et al., 2016).
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4.3. Large consensus found between discourses on mangrove conservation
and management

Though three conservation discourses were identified within the
stakeholder group, we found a large area of consensus, with 21 state-
ments out of 50 statements ranked similarly by participants of all dis-
courses (i.e. no significant differences between statement z-scores,
Table 3). This suggests that disagreement between various mangrove
conservation and management stakeholders may not be a prominent
inhibitor of future decision making at the national scale. A comparable
study by Hugé et al. (2016) — identifying stakeholder discourses on
mangrove conservation and management in a rural setting of Malaysia
— also observed a large overlap between discourses with correlation
ranging from 0.45 to 0.50 between factor z-scores. This may be ex-
plained by the century long implementation of the current management
approach in this rural setting of the Matang Mangrove Forest Reserve
(MMFR), possibly resulting in less conflicting views challenging the
management (Hugé et al., 2016). However, the overlap between dis-
courses was not as substantial as in Singapore (Table 5). It seems sta-
keholders realise the urban context of Singapore strongly limits the
range of realistic conservation and management approaches of man-
grove forests (§ 3.2, § 4.1), resulting in the larger overlap between
discourses. This is further exemplified by the wish for diversification of
mangrove uses besides the main management focussing on charcoal
production in the rural context of the MMFR. This wish for diversifi-
cation is absent from the discourse in the urban context of Singapore,
where the sole direct use of mangroves agreed with, is in the form of
cultural ecosystem services.

The relatively large consensus we find does not match the pattern of
strong differences between conservation discourses described in lit-
erature focussing on a larger spatial scale and biodiversity conservation
in general (e.g. Martinelli, 2008; Mace, 2014; Kueffer and Kaiser-
Bunbury, 2014). However, elements from different sides of the latter
‘classic conservation debate’ can be recognised in the consensus values
and viewpoints of conservation stakeholders in Singapore (Fig. 2). For
example, all participants strongly agree that the inherent value of
mangroves is an important personal motivation for mangrove con-
servation. However, at the same time participants recognise the im-
portance of highlighting mangroves' cultural ecosystem services (a
human-centred perspective) to motivate Singapore citizens to support
mangrove conservation. This exemplifies how values and perspectives
on opposite sides of the ‘classic conservation debate’ are com-
plementary in practice rather than mutually exclusive (Miller et al.,
2011; Robinson, 2011; Petriello and Wallen, 2015).

4.4. Relevance to decision-makers

In the case of complex decision-making challenges such as biodi-
versity conservation and management decisions, decision-makers are
increasingly expected to consider multiple stakeholders and their re-
spective objectives. The identified discourses can be used as a founda-
tion to formulate shared objectives of multiple mangrove conservation
and management stakeholders in an urban context (Fig. 2). The crucial
step of identifying shared stakeholder objectives can be facilitated by
structuring the consensus between identified discourses into a ‘means-
ends objective network’. A means-ends objective network in a problem
structuring method that allows a clear distinction of fundamental ob-
jectives from means objectives (i.e. how to reach the fundamental ob-
jectives), process objectives (i.e. how to approach the decision-making
process itself) and strategic objectives (i.e. objectives influenced by all
the decisions made over time) (Keeney, 2005; Marttunen et al., 2017).
We based ourselves on the consensus values and perspectives between
discourses to deduce shared objectives. These are directly applicable in
a decision-making process on mangrove conservation and management
in an urban context. Considering too many objectives greatly increases
the complexity of the decision-making (Ishizaka and Nemery, 2013). By
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clearly identifying the objectives of stakeholders they can subsequently
be prioritised, rendering the decision-making process feasible in reality
as well as well-informed (i.e. a well-motivated and not over-simplified
selection of objectives).

4.5. Research limitations

To increase the chances of identifying all stakeholder discourses on
mangrove conservation and management present, we targeted stake-
holders of mangrove conservation and management with different
professional, geographical and social backgrounds, resulting in a range
of knowledge and interest levels on mangroves (Table 2) (Dryzek and
Niemeyer, 2008). Due to the directional sampling (rather than random
sampling) approach, we cannot draw conclusions on the dominance of
the three identified discourses within Singapore based on the number of
participants representing the respective discourses. This will be ad-
dressed in a follow-up study, where the numerical support base of
Singapore citizens for the identified discourses and the values and
viewpoints embedded within is identified based on a survey approach.

5. Conclusions

Biodiversity conservation is not value-free. To set up the Q metho-
dology interview we extracted value statements and viewpoints from
peer reviewed literature on environmental issues relevant to mangrove
conservation and management in Singapore. This is the first time values
and viewpoints relevant to mangrove conservation and management in
a highly urbanized context were analysed in a methodologically re-
plicable way, allowing us to identify and describe stakeholder dis-
courses on mangrove conservation and management in urban contexts.

Identifying the plurality of conservation discourses limits the range
of realistic values and viewpoints, highlights consensus and areas of
disagreement and yields information that is relevant to decision makers
on social acceptability of conservation and management actions.
However, the elaborate description of discourses does not allow deci-
sion-makers to easily consider and integrate findings into a decision-
making process. We demonstrated an application of how the identified
discourses can inform decision-making by deducing shared stakeholder
objectives based on the consensus values and viewpoints and struc-
turing these within a ‘means-ends objective network’ (Fig. 2). These
shared objectives can readily be incorporated in decision-making pro-
cesses on mangrove conservation and management in urban contexts.

The limited extent of Singapore and the government's sense that
there is consequently “no room for error” has led to an extensively
planned and regularly updated vision for Singapore's future. This po-
litical will for meticulous planning may not be as prominent in other
cities containing mangroves in a larger urban area. However,
Singapore's approach to development is expected to be increasingly
copied due to the economic successes it has brought forth (e.g. China's
Tianjin Eco-city project; Lucas, 2015), especially in other Asian coun-
tries which have a tradition of top-down policy making (Han, 2017).
These future developments can consider the identified objectives in the
planning phase to be one step ahead of future management criticisms
from environmental stakeholders and from the wider public, as well as
improve the long-term management and conservation of valuable
mangroves forests present in these urban settings.
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