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Highlights

e Expert perceptions of proximate and distal drivers of Caribbean coral reef health
e Research on distal drivers remains limited compared with proximate drivers

e 173 drivers of reef health identified, including 37 proximate and 136 distal

e Perceptions about fishing and reef management differ by country and sector

e Perceptions-based approaches provide evidence for marine management priorities

Abstract

Marine management has typically prioritised natural science methodological traditions as an evidence
base for decision-making; yet better integration of social science methods are increasingly shown to
provide a more comprehensive picture to base management decisions. Specifically, perceptions-based
assessments are gaining support, as they can provide efficient and holistic evaluation regarding
management issues. This study focuses on coral reefs because they are particularly threatened
ecosystems, due to their ecological complexity, socio-economic importance, and the range of
environmental drivers that impact them. Research has largely concentrated on assessing proximate
threats to coral reefs. Less attention has been given to distal drivers, such as socio-economic and
governance factors. A common understanding of threats related to coral reef degradation is critical for
integrated management that takes account of peoples’ concerns. This study compares perceptions of
drivers of reef health among stakeholders (n=110) across different sectors and governance levels, in
four Caribbean countries. Interview data identified 37 proximate and 136 distal drivers, categorised
into 27 themes. Five sub-groups of themes connecting proximate and distal drivers were identified.
Perceptions of two of these narratives, relating to ‘fishing and socioeconomic issues’ and ‘reef
management and coastal development’, differed among respondents from different countries and
sectors respectively. However, the findings highlight a shared perception of many themes, with 18 of
the 27 (67%) mentioned by >25% of respondents. This paper highlights the application of perceptions
data for marine management, demonstrating how knowledge of proximate and distal drivers can be
applied to identify important issues at different context-specific scales.
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1. Introduction

The effectiveness of natural resource management is a continuing global concern, and is hindered by
incomplete knowledge and understanding of complex social-ecological systems [1], leading to a
limited appreciation of the impacts of social, economic, political and environmental change on natural
resources exposed to threats such as climate change [2]. This complexity presents natural resource
managers with the challenge of prioritising and addressing a multitude of threats to natural resources,
often with limited financial resources [3, 4]. Prioritisation of research and management strategies for
natural resources rely on the perceptions and knowledge of managers, policy makers and scientists,
their ability to share understanding, and to develop common goals and research priorities. While
scientific knowledge and evidence-based management are typically given precedence as a basis for
resource management decisions, priority- and agenda-setting [5-7], there are compelling reasons to
understand how individuals involved in the management of natural resources perceive environmental
threats.

Several studies have highlighted the benefits of collaborative priority-setting exercises with various
actor groups (policy makers, managers and scientists) involved in conservation science and natural
resource management [8-10]. Priority-setting exercises to identify and prioritise research questions
have been undertaken across a range of scales and contexts, including for specific resource sectors
such as agriculture, fisheries and marine conservation [11-14]. However, few studies have applied
participatory methods to collate perceptions regarding environmental threats, specifically in relation
to globally declining marine ecosystems, for example coral reefs [4, 15-17]. Gathering opinions with
the aim of developing a common understanding and building consensus regarding environmental
issues can facilitate shared understanding in natural resource management [1, 18, 19]. For example, it
has been suggested that informing policy with a shared understanding of key individuals’ perceptions
about threats may help reduce the uncertainty and competing knowledge and priorities that currently
beset coral reef management [20]. Furthermore, as the underlying foundation of beliefs and
perceptions of individuals are known to influence and determine behaviour [21], awareness of
perceptions is key when implementing effective management.

Coral reefs are an ideal case study to explore these issues, because many are impacted locally and to
varying degrees by several key drivers (i.e. fishing, pollution, development), yet also all face
significant pressure from climate change impacts [22]. It is widely acknowledged that coral reefs are
some of the most complex, and heavily threatened marine ecosystems worldwide, that they continue
to deteriorate as a result of human activities [23-25] and governments urgently need to prioritise
effective management measures to address this negative trend. More than 60% of reefs are estimated
to be under immediate and direct threat from local stressors such as overfishing, coastal development,
and physical damage [26, 27]. In conjunction with climatic changes, this figure rises to 75% [27].
Caribbean coral reefs are particularly at risk [28], experiencing rapid ecological decline [29]. Growing
demands for coral reef-related ecosystem services, from fisheries, dive tourism and shoreline
protection, together with predicted impacts from climate change, make improving Caribbean coral
reef management a necessity [27, 30, 31].

As the intensity of stressors affecting coral reefs is expected to increase, managing and discriminating
among threats will be critical to support conservation efforts [24]. Several reviews highlight a broad
suite of proximate and distal threats affecting coral reefs globally [23, 32, 33]. Proximate drivers are
those acting directly on the reef to produce a negative impact on its health, for example coral
bleaching [e.g. 34], increasing algal cover [35], removal of herbivores [36] and coral disease [23].



Distal drivers are those that are physically removed from the reef, but underlie proximate impacts;
such as, climate change [37, 38], poverty [10], and poor governance [30, 39].

Understanding the implications of all drivers of reef degradation is of both scientific interest and
practical relevance for coral reef management [31]. However, research on distal drivers remains
limited in comparison to the range of studies assessing proximate drivers of coral reef degradation [2,
16, 40, 41], particularly when the regional Caribbean picture is considered [28, 42, 43]. While many
coral reef management interventions are based on sound scientific knowledge, it is argued that they
often fail due to a poor understanding of the underlying social, economic and governance contexts
[40, 44]. There is a pressing need to re-focus research on the role of distal drivers of coral reef decline
to understand the diverse human dimensions of coral reefs [2]. This is critical to ensure the continued
flow of coral reef ecosystem services in this period of rapid environmental change [30, 33, 45].

This research addresses a knowledge gap in coral reef management by specifically focusing on an
assessment of perceived proximate and distal threats to Caribbean reefs among individuals involved in
coral reef management, including managers, policy-makers and scientists. The Caribbean is an ideal
case study because the coral reefs in the region have been highlighted as particularly threatened by a
range of common stressors [e.g. 27, 28, 46], and it is geographically, socio-economically and
politically diverse, which may influence perceptions of threats. There has not yet been a systematic
assessment of perceived threats to Caribbean coral reefs that includes the broadest suite of both
proximate and distal drivers.

This study demonstrates the importance of understanding perceptions of threats among individuals
responsible for reef management across different countries, employed in a range of reef-related
sectors (e.g. fisheries, environment, tourism, and conservation), and working at different governance
levels (local and national). The coral reefs of the four study countries (Barbados, Belize, Honduras
and St Kitts and Nevis) all face common anthropogenic threats, for example from fishing, coastal
development, pollution and climate change [27]. However, each country’s reefs have experienced a
different history of natural disturbance and varying levels of marine protection, [e.g. see 47, 48-50],
leading to country-specific differences in the status of reef health [51]. This study therefore
hypothesised that perceptions would differ among countries. For example, actors in the Central
American countries (Belize and Honduras) with a long and extensive history of marine protection,
might be expected to have different perceptions regarding reef health and management compared to
the island countries (Barbados and St Kitts and Nevis). Similarly, there was an expectation that
divergences in perceptions between different sectors and governance levels, as expertise in different
areas or at different jurisdictional scales, will focus attention and develop a knowledgebase around
specific threats. The objectives of this study were therefore to: 1) identify both the proximate and
distal drivers of coral reef health perceived by individuals involved in coral reef research and
management in the four Caribbean countries; and 2) to explore differences in perceptions of these
drivers among countries, sectors and governance levels.

2. Methods

2.1. Study sites

Data were collected in Barbados, Belize, Honduras, and St Kitts and Nevis, selected to represent a
range of coral reef health, social and economic conditions, governance and management structure, and



levels of marine resource dependency across the region (Table 1). Coral reefs are important for small-
scale fisheries and coastal tourism in all four countries, providing employment, income and food
security; although levels of dependence differ among countries (Table 1).

Table 1. Characteristics of study countries (country statistics source: [51]; *[50]; **[52] ***Data do not
distinguish between coral reef fisheries from other forms of fishing practices [53]; *Data denote contribution of

fisheries and aquaculture [54]).

Country statistics Barbados St Kitts and Belize Honduras
Nevis

Land area (km?) 430 168 22,966 112,088
Continental or island Island Island Continental ~ Continental
Shelf area to 30m within Maritime Claim (km?)* 80 460 7850 35850
Caribbean coastline length (km)* 95 120 2220 2325
Land area draining to Caribbean (km?)* 430 270 22965 92395
Population (2008) 255,203 51,065 300,647 7,318,789
Population change 1990-2000 (% change)* 4.0 -8.1 21.9 31.8
Population density 2000 (people/km?)* 622 143 10 57
GDP per capita (US$) (2008) 14,422 10,874 4,569 1,957
GDP % contribution fisheries*** 0.9 1.42 7.2 5.25%
GDP % contribution tourism 11.8 6.9 23.2  Unavailable
Reef area (km?)* 90 160 1420 1120
% of reefs facing high or very high threats* 100 100 34 21
% at med/high risk from coastal development* 100 95 11 25
% at med/high risk from land-based sediment and 60 100 49 10
pollution*

% at med/high risk from marine-based pollution* 15 26 8 6
% at med/high risk from fishing pressure* 100 100 37 29
Number of MPAs** 1 0 19 18
Total MPA area (km?)** 2.1 0 2554 2167

As reef management takes place at both national and local levels within each country, three sites were
chosen for study at the local level (Fig. 1. b-e). Site selection sought to capture a gradient of reef
resource use, selecting one site where reef use is predominantly by reef fisheries, one where reef-
related tourism is predominant, and one where a mixture of reef-related tourism and fishing was

present.
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Figure 1. Maps of a) location of study countries, and (b-e) study sites within Barbados, St Kitts and Nevis, Belize
and Honduras. Symbols represent reef-use characteristics of each community; circle = predominantly fishing,
triangle = mixed fishing and tourism, square = predominantly tourism [Source: 55].

2.2. Data collection

Semi-structured interviews were carried out in each country at local (n=49) and national (n=61)
levels, enabling collection of rich and detailed data of perceptions of current drivers of reef health at
different scales. Local level respondents included individuals involved in reef management or
decision-making within the twelve communities (Fig. 1. b-e). National level respondents included
individuals involved in reef management, decision-making or policy at a national level.

Interviews were conducted between February 2011 and August 2012. Lists of potential respondents in
each country were derived from preliminary internet searches and grey literature (e.g. documents and
reports by local organisations), and validated during initial interviews. Snowball sampling was used to
further populate the list of respondents to interview. Respondents were targeted purposively to be
representative of the range of actors involved in reef management in each country. A broad range of
individuals representing a variety of sectors and organisations at different levels participated in the
study (Table 2). Sectors included reef resource use (fisheries and tourism), and those relating to the
community, enforcement, conservation, environment, and research. Sectors spanned government
departments or ministries with a responsibility for reef management or resource use, non-
governmental organisations involved in reef management, research and stakeholder support, industry
organisations with interests in reef or marine resources, and educational organisations such as
universities undertaking research on coral reefs.
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Table 2. Number of respondents interviewed from each country, at each governance level and within the seven
sector types.

Country Barbados St Kitts Honduras Belize Total
and Nevis

Level Local 5 1 20 23 49
National 9 24 13 15 61

Total 14 25 33 38 110

Sector Community 0 0 1 2 3
Conservation 3 4 12 15 34
Enforcement 1 2 6 2 11
Environment 2 5 7 3 17
Fisheries 3 8 5 5 21
Research 2 2 0 1 5
Tourism 3 4 2 10 19

Total 14 25 33 38 110

Interviews lasted between 45-90 minutes. Interviews were audio recorded and then transcribed
verbatim, unless participants were unwilling, in which case detailed notes were taken. The semi-
structured interviews included questions regarding: the respondent’s sector; perceptions of reef health
and impacts to reefs; and reef management and governance. Open-ended questions were specifically
asked to elicit perceptions of proximate and distal drivers of reef health, (i.e. ‘What do you think are
the most important impacts to reefs in your area/country?’ and ‘What are the causes of these
impacts?’). These two key questions were intentionally designed to elicit responses about proximate
and distal drivers, but without leading the respondents to think in either terms, thereby allowing
respondents to divulge the full list of impacts they could think of, and the associated underlying
causes of each impact. Respondents were therefore encouraged to describe the combinations of distal
factors that led to proximate stressors, and were not constrained to single answers in relation to any
threat. Many respondents also made references to proximate and distal drivers in response to other
guestions about reef health and management throughout the interviews, which were also included in
the analysis. As the interviews were intended to collect a wide range of information on reef
governance and management in addition to drivers of reef health, respondents were asked additional
questions relating to governance and management drivers.

2.3. Data analysis

Interview transcripts were coded using NVivo 9 [57], by two researchers, with frequent cross-checks
and discussion with the wider research team. The coding structure was developed iteratively. The first
phase used inductive coding to identify all different drivers mentioned. Each statement in the
transcripts that revealed a perceived relationship between a proximate driver and reef health (e.g.
“sediment affects the reefs”), between an distal driver and a proximate driver (e.g. “poor agricultural
practices lead to sedimentation”), or between two distal drivers (e.g. “lack of awareness leads to
poor agricultural practices”’) was coded. This resulted in an extensive and diverse set of drivers, and
initiated the second coding phase, which used a more deductive approach, based on a review of
threats described in the scientific literature, to group the drivers into related themes (Table 3). For
example, the ‘coastal habitat destruction’ theme comprised any drivers that mentioned issues relating
to the direct loss of wetland, mangrove or seagrass habitats, or sand mining. Given the focus of the
interview questions on coral reefs, statements inferring impacts on coral reef health without explicitly



mentioning reefs, for example “Poor agricultural practices lead to sedimentation”, were also coded
as a relationship between sedimentation and reef health. An NVivo coding matrix query displayed the
number of respondents that mentioned each theme across the four countries, two governance levels
and seven sectors.

Principal Components Analysis (PCA) was used to identify subsets of related driver themes that were
correlated with one another but independent from other drivers, reflecting underlying narratives
connecting drivers themes [16, 58]. Three themes were not included in the PCA. First, ‘governance
structure and process’ was removed on account of it being mentioned by 100% of respondents, and
therefore not varying across the sample. In addition, this theme was a specific focus of prompting in
the wider interview, resulting in a large number of drivers (59) which is beyond the scope of this
paper to fully explore. Second, ‘other ecological changes’ and third, ‘social drivers’ were excluded
because drivers within these were mentioned infrequently and were not strongly associated with any
theme. In total 24 driver themes were included in the PCA, which was based on a correlation matrix
and used varimax rotation of the principal components (PCs) to help interpret indicator loadings and
identify underlying narratives. Classification trees were used for each PC retained to identify how
perceptions of these narratives varied among respondents. Respondent-level PC scores were included
as the dependent variable, and the nominal variables site, governance level and sector as predictors.
Statistics were conducted with the psych and rpart packages in R [59].

3. Results

3.1. Proximate and distal driver coding framework

In total, 173 drivers of reef health were identified, including 37 proximate and 136 distal. These were
categorised into 27 themes (11 proximate and 16 distal) (Table 3). Proximate driver themes included
those related to ecological issues affecting reefs, habitat, resource use, and direct climatic impacts.
Distal driver themes included coral reef governance and management, social and economic issues and
other external influencing factors, as well as physical environmental changes for example from
agriculture, climate change and coastal development (Table 3).

The themes each included between 1 to 59 drivers (mean £ SD = 6.4 £ 11.5 drivers per theme). The
number of drivers associated with each theme provides an indication of dimensionality within each
theme, and potentially a level of awareness by respondents. For example, within the proximate driver
theme categories, respondents identified only one driver associated with the algae and coral disease
themes. However, six drivers were associated with the proximate fishing impacts and pollution
themes. Similarly, in the distal driver theme categories, while a few themes contained only one or two
drivers (e.g. markets, tradition and culture, non-local impacts), the majority contained numerous
different yet thematically associated drivers.



Table 3. The 27 driver themes with the description and number of different drivers included within each theme. The three themes in grey are not included in the PCA.

Driver theme Description of drivers N“"?ber of
drivers
PROXIMATE
Algae References to algae growing on, or covering coral reefs 1
Bleaching, water temperature & Coral bleaching, including descriptions of corals turning white, and references relating to increasing water temperature, and references to ocean 3
acidification acidification
Coastal habitat destruction Drivers relating to loss of mangrove, wetland and seagrass habitats, and sand mining 3
Coral disease References to coral disease 1
Fishing impacts (direct) General and specific issues relating to unsustainable fishing, including fishing in protected areas or out of season, fishing undersized, bycatch, discarded 6
gear and fewer herbivores
Invasive species General issues relating to invasive species on reefs, and specific issues relating to lionfish 2
Other ecological changes A broad array of other ecological drivers mentioned infrequently, including fish migration, red tides, fish kills and Diadema die-off 4
Physical damage General and specific issues relating to physical damage, including boat and anchor impacts, extraction of corals, and diver and snorkeler impacts 3
Pollution General and specific mention of pollution, including chemical and organic waste, rubbish and sewage, oil and gasoline and sun cream 6
Sedimentation & dredging References to sedimentation, dredging and erosion affecting corals 3
Storms & natural disasters Drivers relating to rough seas and hurricanes, earthquakes, sea level rise and high tides, as well as general mention of natural disasters 5
TOTAL PROXIMATE DRIVERS 37
DISTAL
Agricultural changes Range of drivers relating to agricultural impacts, including shrimp farms, changes in agricultural practices, overgrazing and vegetation removal 6
Climate changes References to climate change and global warming, carbon emissions, changes in seasonality, rainfall, flooding, and El Nifio and La Nifia events 6
Coastal development & changes General issues relating to poor coastal development, as well as drivers relating to quarrying, removal of coastal vegetation and poor drainage 5
Enforcement Issues of lack of effective enforcement, non-compliance with rules and regulations, and inadequate penalties for infractions 3
Fishing impacts (indirect) Indirect impacts relating to unsustainable fishing, including increased fishing pressure, technological changes and displacement of fishing effort 5
Governance structure & process Drivers relating to structures or arrangements in place for reef governance, for example institutional arrangements, legislation and policy. Drivers 59
relating to processes and principles guiding interactions and decision-making, for example leadership and engagement [see 55 for detail of governance
processes]
Marine transport & industry Issues relating to shipping and increases in boat traffic, factories and industrial sites 4
Management Drivers relating to the implementation of reef management measures, for example a lack of marine protected areas, seasonal closures, and alternatives 13
for resource-users; and issues relating to inadequate sewage treatment, watershed management and rubbish disposal. Also includes drivers relating to a
lack of specific management plans, and a reliance on ad hoc management for reefs
Markets Issues relating to market demand for coral reef resources 1
Non-local impacts Reference to general impacts from non-local sources, and specific issues such as pollution 2
Prioritisation Drivers highlighting a lack of prioritisation or differences in priorities for reef management, or value systems affecting decision-making 3
Resources, capacity & funding Drivers relating to either a lack of, or an ineffective use of, resources and capacity for management of reefs; as well as issues such as changes to the 4
funding landscape.
Social drivers Social drivers influencing reef management, including political differences, changes in lifestyle affecting people’s behaviour and the dynamics of small 4
societies
Socioeconomic issues General and specific mention of socioeconomic issues, relating to livelihood dependency and access to resources, poverty, education, unemployment, 15
population increase and health
Tourism Drivers relating to tourism, including snorkelling and diving impacts, issues of irresponsible tour guiding, cruise ships, and the curio and aquarium trade 5
Tradition & culture Issues relating to cultural factors, local customs and traditions impacting reef health and management 1
TOTAL DISTAL DRIVERS 136
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3.2. Patterns in perceived proximate and distal drivers of Caribbean reef health

Respondents’ perceptions highlight a shared understanding of many impacts, with 18 of the 27 themes
(67%) mentioned by over 25% of respondents (Table 4). Many proximate driver themes were
commonly mentioned, with 84% of respondents mentioning pollution, 78% mentioning direct fishing
impacts, 76% mentioning physical damage, and 72% mentioning issues of bleaching, water
temperature and acidification. Other direct impacts commonly referred to were destruction of reefs
from sedimentation and dredging (61%), and damage due to storms and natural disasters (48%).
Algae affecting reefs was stated by approximately a third of respondents (31%). In contrast, less than
a quarter of respondents mentioned proximate drivers relating to coastal habitat destruction (21%),
invasive species (20%) and coral disease (12%).

All respondents mentioned issues relating to governance structure and process (100%), and the
majority referred to problems associated with enforcement (96%). Other commonly stated distal
driver themes included resources, capacity and funding (89%), management issues (82%), and
prioritisation of coral reefs (80%). Respondents’ commonly perceived distal threats posed by coastal
development (76%), leading to coral reef degradation, and climate change (71%). While the tourism
industry and socioeconomic issues were indicated relatively often (63% and 62%, respectively), other
social issues, such as indirect fishing impacts (22%), tradition and culture (22%) and markets (11%)
were less frequently perceived.

3.3. Differences in perceptions of themes

Country, sectoral and governance level differences in respondents’ perceptions of the 27 themes were
apparent (Table 4). For example, respondents from Barbados were more likely to perceive proximate
drivers relating to pollution (100%), but least likely to mention either of the fishing-related themes
(43% (direct) and 0% (indirect)). In contrast, respondents from the other three countries were near-
ubiquitous in their perceptions of direct fishing impacts (St Kitts and Nevis (96%), Belize (92%), and
Honduras (82%)). Respondents from Belize and Honduras were more likely to mention themes
relating to coastal and habitat destruction (32% and 30% respectively), whereas fewer highlighted this
in St Kitts and Nevis (20%).

With regards to country level perceptions of distal drivers, there were clear similarities in perceptions
of governance structure and process (100%) and enforcement issues (>93%). Some key differences
included, Belizean and Honduran respondents more commonly mentioning tourism (79% and 76%
respectively) and non-local impacts (50% and 33% respectively). Respondents from Barbados more
commonly stated a lack of prioritisation of reef management (93%), impacts from agricultural
changes (50%) and local tradition and cultural factors impacting proximate drivers of reef health
(43%).

In terms of sectoral differences, the enforcement sector was comparatively more concerned with
pollution (91%), and had a relatively low perception of the bleaching, water temperature and
acidification theme (55%) and natural disasters (27%); while the fisheries sector more commonly
mentioned physical damage causing impacts to reefs (95%). Both of these sectors also had the highest
proportion of respondents concerned with indirect fishing impacts on reefs (45%). Perceptions about
tourism and non-local impacts were highest among the tourism sector (89% and 58%, respectively).
The community sector was found to have relatively high perceptions relating to issues of resources
and capacity, prioritisation of reef management, and socioeconomic issues (all 100%); and the



research sector commonly mentioned prioritisation of reef management (100%), and local traditions
and culture (50%).

The two governance levels (local and national) were relatively closely aligned in their responses
(Table 4). National level respondents were slightly more likely than local level respondents to
mention issues relating to bleaching, water temperature and acidification (national, 77% and local,
65%), and coastal development (national, 80% and local, 65%).

3.4. Underlying narratives connecting driver themes

Respondents’ perceptions were described by five principal components, which together represented
43% of the variance in the data (Table 5). The first narrative (PC1) was strongly driven by themes
relating to coral reef management and impacts from coastal development. The second narrative (PC2)
comprised themes broadly relating to fishing and socioeconomic factors. The third narrative (PC3)
was driven primarily by themes relating to climate change impacts, pollution, and agriculture. Themes
in the fourth narrative (PC4) related to physical damage, storms and natural disasters. The fifth
narrative (PC5) primarily reflected a dichotomy between tourism and other external (non-local)
impacts, and issues relating to prioritisation of reef management. All five factors included both
proximate and distal themes.

Classification tree analysis identified the variables country and sector as best able to predict responses
in relation to two of the five narratives (Fig. 2). The variable sector had the greatest power to predict
scores on PC1 (reef management and coastal development), distinguishing between stronger
perceptions of this narrative among members of the community, conservation and environment
sectors, compared with other four sectors. The variable country was best able to predict scores on PC2
(fishing and socioeconomic issues), distinguishing responses among Barbados respondents compared
to respondents from the other countries. The governance level variable was not a strong predictor of
scores for any of the components. Scores for PC3, PC4 and PC5 were not predicted by any of the
respondent characteristics.

10



Accepted for publication in Marine Policy, July 2017

Table 4. The 27 driver themes and the percentage of respondents from each country, sector and level that mentioned each theme and the overall mean times mentioned for all
respondents. The list of themes are ordered by the overall percentage scores mentioned per country. Country codes are: BD = Barbados (n=14), BZ = Belize (n=38), HD = Honduras
(n=33), SKN = St Kitts and Nevis (n=25); sector codes are: CN = Conservation (n=34), EF = Enforcement (n=11), EN = Environment (n=17), FS = Fisheries (n=21), TM = Tourism
(n=19), CM = Community* (n=3), RE = Research* (n=5), (* denotes less than ten respondents per group); and level categories are Local (n = 49) and National (n = 61). Colour
scale: red-orange-yellow-light green-green denotes high to low response values in 20% quintiles. The three driver themes in grey were not included in the PCA.

% mentioning each

Driver theme overall % % mentioning each theme per country % mentioning each theme per sector theme per level
PROXIMATE BD BZ HD SKN CN EF EN FS TO CM RE Local National
Pollution 67

Fishing impacts (direct) 67

Physical damage 33

Bleaching, water temp' & acidification 63 33

Sedimentation & dredging 67

Storms & natural disasters 33
Algae

Coastal habitat destruction
Invasive species

Coral disease

Other ecological changes
DISTAL

Governance structure & process
Enforcement

Resources, capacity & funding
Management

Prioritisation

Coastal development & changes
Climate changes

Tourism

Socioeconomic issues
Agricultural changes

Non-local impacts

Fishing impacts (indirect)
Tradition & culture

Social drivers

Marine transport & industry
Markets




Table 5. Principal Components Analysis (PCA) of proximate (P) and distal (D) driver themes associated with
reef health. Factor loadings of <0.3 are not displayed. Themes strongly loading onto each component (loadings
>0.5) are shown in bold.

Driver theme PC1 PC2 PC3 PC4 PC5
% variance explained 10% 9% 9% 8% 7%

Coastal development & changes (D) 0.85

Sedimentation & dredging (P) 0.70

Management (U) 0.58

Coastal habitat destruction (P) 0.50 -0.30

Resources, capacity & funding (D) 0.39

Fishing impacts (P) 0.72

Socioeconomic issues (D) 0.56

Marine transport & industry (D) -0.47 0.34

Fishing impacts (D) 0.43 0.37

Algae (P) 0.42

Agricultural changes (D) 0.68

Climate changes (D) 0.59

Pollution (P) 0.51

Bleaching, water temp & acidification (P) 0.36

Storms & natural disasters (P) 0.74

Physical damage (P) 0.70

Markets (D) 0.39 -0.44

Invasive species (P) -0.38

Tourism (D) -0.65
Prioritisation (D) 0.51
Tradition & culture (D) 0.48
Coral disease (P) 0.46
Non-local impacts (U) 0.32 0.31 -0.43
Enforcement (U) -0.32 -0.33

(a) (b)

PCA1 PC2
-7T1e-18 26e-18

n=110 100% n=110 100%
sector = enforcement.fisheries,research,tourism -[yes | Country = Barbados [no |-+

PC1 PC1 PC2 PC2
-0.35 0.36 -0.85 0.12

n=56 51% n=54 49% n=14 13% n=96 87%

Figure 2. Classification-tree analysis evaluating country, sector and governance level as predictors of
perceptions of narratives described by (a) PC1 and (b) PC2. Colours indicate direction of scores on PCs (green =
high, red=low). Each node shows the predicted value and the number and percentage of respondents.
Respondents meeting the split conditions pass down to the left-hand branch.
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4. Discussion

This study offers unique insights to advance current understanding of threats to coral reefs by
assessing how a diverse set of reef management stakeholders perceive a broad range of proximate and
distal drivers of reef health in the Caribbean. Here the drivers, the potential sources of variation in
responses, and the implications for the future management of coral reef resources are discussed. More
generally, this study offers further support that perceptions data can be used to examine and compare
issues relating to environmental drivers across multiple countries. This approach may provide insights
into how broad-scale environmental perceptions can be used to help improve national or international
management strategies and policies [60]. For example, by understanding variability in perceptions in
relation to scientific assessment of threats, and by documenting commonalities and differences as a
basis for discussions of common priorities.

4.1. Understanding the drivers of Caribbean coral reef health

A recent large-scale scientific assessment of the status of Caribbean coral reefs urgently stresses the
need to better understand the drivers of ecological degradation of reefs in this region [26]. Focusing
on potential anthropogenic drivers of change for the Wider Caribbean, the authors argue that all too
often there is a failure in distinguishing between drivers of coral decline (e.g. overpopulation,
overfishing, pollution) and their direct effects (e.g. reduced fish abundance, coral bleaching, increased
macroalgae) — as drivers are often inextricably linked to one another. Indeed, the findings presented
support this view, showing respondents perceived more than 100 different proximate and distal
drivers affecting reefs across the region.

While Jackson et al. [26] relied on ecological data to support their conclusions, clear similarities are
identified between their findings and the qualitative data reported here. Across the Caribbean the
major drivers of reef degradation are categorised by Jackson et al. [26] as: population increase
(residents and visitors); overfishing (e.g. including issues relating to herbivore reduction, macroalgae
increase, gear types); coastal pollution (e.g. including issues relating to sedimentation, coastal
development, agriculture and land clearance); ocean warming and coral bleaching; invasive species
(e.g. lionfish, marine transport and ballast water issues); coral disease (e.g. invasions, water
temperature and pollution); and hurricane impacts. All of these threats have been reported in reviews
addressing the impacts to coral reefs [e.g. see 23, 30, 32, 61, 62].

Expert judgement and opinion have been used to assess threats to specific marine regions (e.g. the
Northwestern Hawaiian Islands [63], the California Current [64]), ecosystems (e.g. 23 distinct global
marine ecosystems [65], seagrass bioregions [66]) and species (e.g. sea turtles [67, 68]). However,
very few studies have gathered perceptions of reef managers and policy makers specifically regarding
threats to coral reefs in the Caribbean [i.e. 4, 15]. A study of coral reef researchers undertaken in 2004
found that of 39 possible threats to coral reefs identified, individuals working in the Caribbean
considered common issues to be: human population, overfishing, coastal development, nutrient
enrichment, algal abundance, bleaching, habitat destruction, mangrove loss, tourism, pollution, coral
disease and Diadema dieoff [15]. Lack of education about reefs, and issues relating to laws and
enforcement were also identified to negatively affect Caribbean reefs [15]. In the Caribbean UK
Overseas Territories, issues relating to climate change, coastal development, pollution and overfishing
were deemed by reef managers and policy makers to be the most important stressors to coral reefs [4].

Compared to responses about proximate drivers, there were more notable divergences between
reporting of distal threats in the scientific literature and results presented here. Studies have
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highlighted the importance of individual distal drivers that relate to some of these themes; such as
market access, population density and socioeconomic development [2, 45, 69], food and human
security issues, governance challenges [70], and education [30]. Specific management and governance
issues have also been highlighted relating to Caribbean coral reefs [71, 72]. The qualitative approach
of this study provided respondents with space to freely discuss the distal drivers of reef health,
providing a more complete understanding of the complex and diverse factors associated with the
management and governance of Caribbean reef ecosystems. The methodology permitted prompting
about issues relating to governance and management, which inevitably influenced response rates,
nevertheless results demonstrate notable consensus on perceptions of these important drivers.

This study goes beyond the current literature in articulating for the first time perceived proximate and
distal drivers in a multi-country coral reef context. While significant research has been undertaken to
enhance our knowledge of the biophysical dynamics and impacts affecting coral reefs, and responses
from this study are consistent at this level, relatively few studies have used a holistic approach to
understand the range of underlying impacts [2]. This study adds weight to growing recognition that
perceptions-based data can be hugely informative for natural resources management. Integration of
stakeholder knowledge and perceptions data can provide important contextual factors that may
otherwise be obscured by more traditional quantitative and longitudinal monitoring methods [16].
Stakeholder participation in monitoring and evaluation can also lead to opportunities for capacity
building, coproducing knowledge, and ensuring context-specific, fit-for-purpose management
recommendations [60]. These data deserve a central place in the plurality of methods available when
adapting contextually sensitive management programs and policies [60]. This study has taken this
more holistic approach, for the first time, to canvas and assess managers and policy makers’
perceptions of both proximate and distal threats to Caribbean coral reefs. Gathering perceptions on the
relationships between proximate and distal threats can provide important context-specific data that is
quicker and cheaper to collect than trying to assess a diversity of links quantitatively, and may be
complementary to quantitative ecological research by generating hypotheses to test. However,
individual perceptions may be influenced by a number of external factors, including interaction with
peers, media, or the misinterpretation of trends, therefore triangulation of qualitative and quantitative
methods remains important.

4.2. Variation in perceptions

This study hypothesised that perceptions may vary between countries on account of differences in key
characteristics, such as historical marine management, reef health and resource use. Indeed,
perceptions of a narrative related to fishing and socioeconomic issues (PC2) were weaker in Barbados
compared to the other three countries. This highlights differences in dependency on reef fishing,
market demand for reef resources and the subsequent extent of fishing activity in each country,
indicating that fishing impacts on reefs are perceived to be potentially of greater concern in Belize,
Honduras and St Kitts and Nevis, compared to Barbados, which is least dependent on nearshore
fisheries [73].

Sectoral differences are highlighted with differences in perceptions relating to PC1, comprising
perceptions of a narrative relating to reef management and coastal development. Respondents from
the community, conservation and environment sectors were shown to perceive this narrative more
strongly, compared to the other four sectors. Community respondents (e.g. local mayors) seeing and
working at the grass-roots level may be more familiar with problems associated with poor
management and impacts from coastal development. In addition, members of the conservation,
environment and community sectors may be more likely to deal with a broader array of issues and
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threats, compared to sectors such as fisheries and tourism that may have a narrower remit in relation
to reef management.

4.3. Implications for coral reef management

The two principal components associated with varying perceptions among respondents across
countries and sectors go some way to identifying distinctions in group level discourses around drivers
impacting Caribbean reefs. Arguably however, one of the notable findings of this study is the overall
commonality in respondents’ perceptions across the four study countries, sectors and governance
levels. Results empirically show that coral reef managers and policy makers across the Caribbean
region are in broad agreement when it comes to the problems faced. Importantly, this includes
perceptions about the distal drivers that are fundamental to effective reef management, and have to
date, been less frequently documented [56]. This study may therefore present a relatively optimistic
picture of shared understanding regarding the threats to Caribbean reefs - a critical factor in effective
environmental management is a mutual appreciation and awareness of the issues [1].

Yet, the results also highlight a level of diversity among individual perceptions. Thus, rather than
local country-specific or contextual characteristics, differences may also be attributed to personal
experience, cultural norms, awareness and/or knowledge [60], which we were unable to test here. The
importance of understanding where individuals gather their knowledge (e.g. primary scientific
literature, personal experience) has been identified as an important factor in the success of adaptive
marine management and governance [74, 75]. Indeed, it has been shown that although marine
resource managers and scientists may have similar research interests and identify common priorities,
managers and policy makers tend to rely less on scientific information, and more on individual
experiences when developing and implementing management actions [76, 77]. This is a key
consideration, because while personal experience can be linked to awareness of an issue, issues more
commonly perceived may not be those of greatest ecological importance.

Indeed, additional factors may affect individual perceptions. For instance, perceptions may be
influenced by social norms or taboos, which may help to explain the limited perception of fishing as a
threat to reefs in Barbados, as it is uncommon in Barbados to make negative references to overfishing
because of concerns for the viability of local fishers’ livelihoods [78, pers. comm.]. Social and
economic factors have also been shown to influence how people perceive their environment [79],
while other barriers, such as social ties or fear of reprisals may prevent people from voicing their
concerns [80]. Taking account of explanatory factors when distinguishing between whether an issue is
widely perceived (i.e. there is high awareness) and whether it is ecologically important, can be helpful
in explaining and contextualising future management options. Critically, perceptions data may be a
good basis for management action [60], but effort should also be made to determine whether the
majority perception is consistent with findings of quantitative ecological research.

5. Conclusions

For coupled social and ecological systems such as coral reefs, the inability to clearly identify cause-
and-effect relationships between stressors and responses, relating to proximate and underlying factors,
currently limits effective management [31]. By fully assessing the relationships between distal and
proximate drivers and response trends, more effective targeting of coral reef management strategies
can be achieved. Improved communication, collaborative approaches to research, and improved
conditions for management agencies to publish, read and participate in scientific research have been
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shown to lead to a shared understanding among coral reef managers and academics [76]. Future
efforts should support effective communication channels and collaborative approaches to enhance a
continued mutual understanding of the threats and management requirements for Caribbean coral
reefs. Combined knowledge of proximate and distal drivers can offer a context for future decision-
making that better reflects the concerns of local people and their natural resource managers.

Acknowledgements

We would like to thank all of the participants who kindly gave their time for interviews and to the
numerous partners and collaborators in each country who supported the research team: D Gill, M
Phillips, R Ford, S Bonilla, S Brune, S Gardiner, J Pollock, L Chicas and C Guerrero. The research
was supported by funding from the European Union 7" Framework programme (P7/2007-2013) under
grant agreement No. 244161.

References

[1] W.M. Adams, D. Brockington, J. Dyson, B. Vira, Managing tragedies: Understanding conflict over common
pool resources, Science 302(5652) (2003) 1915-1916.

[2] J.N. Kittinger, E.M. Finkbeiner, E.W. Glazier, L.B. Crowder, Human Dimensions of Coral Reef Social-
Ecological Systems, Ecol. Soc. 17(4) (2012).

[3] P. Fidelman, L. Evans, M. Fabinyi, S. Foale, J. Cinner, F. Rosen, Governing large-scale marine commons:
Contextual challenges in the Coral Triangle, Mar. Pol. 36(1) (2012) 42-53.

[4] J. Forster, 1.R. Lake, A.R. Watkinson, J.A. Gill, Marine biodiversity in the Caribbean UK overseas
territories: Perceived threats and constraints to environmental management, Mar. Pol. 35(5) (2011) 647-
657.

[5] N. Myers, R.A. Mittermeier, C.G. Mittermeier, G.A.B. da Fonseca, J. Kent, Biodiversity hotspots for
conservation priorities, Nature 403 (2000) 853-858.

[6] C.M. Roberts, C.J. McClean, J.E.N. Veron, J.P. Hawkins, G.R. Allen, D.E. McAllister, C.G. Mittermeier,
F.W. Schueler, M. Spalding, F. Wells, C. Vynne, T.B. Werner, Marine biodiversity hotspots and
conservation priorities for tropical reefs, Science 295(5558) (2002) 1280-1284.

[7]1 M.A. Rudd, Scientists' Opinions on the Global Status and Management of Biological Diversity,
Conservation Biology 25(6) (2011) 1165-1175.

[8] M.A. Rudd, E. Fleishman, Policymakers' and scientists' ranks of research priorities for resource-management
policy, Bioscience In press (2014).

[9] W.J. Sutherland, E. Fleishman, M.B. Mascia, J. Pretty, M.A. Rudd, Methods for collaboratively identifying
research priorities and emerging issues in science and policy, Methods in Ecology and Evolution 2(3)
(2011) 238-247.

[10] M.A. Rudd, How Research-Prioritization Exercises Affect Conservation Policy, Conservation Biology
25(5) (2011) 860-866.

[11] W.J. Sutherland, S. Armstrong-Brown, P.R. Armsworth, T. Brereton, J. Brickland, C.D. Campbell, D.E.
Chamberlain, A.l. Cooke, N.K. Dulvy, N.R. Dusic, M. Fitton, R.P. Freckleton, H.C.J. Godfray, N. Grout,
H.J. Harvey, C. Hedley, J.J. Hopkins, N.B. Kift, J. Kirby, W.E. Kunin, D.W. Macdonald, B. Marker, M.
Naura, A.R. Neale, T. Oliver, D. Osborn, A.S. Pullin, M.E.A. Shardlow, D.A. Showler, P.L. Smith, R.J.
Smithers, J.L. Solandt, J. Spencer, C.J. Spray, C.D. Thomas, J. Thompson, S.E. Webb, D.W. Yalden, A.R.
Watkinson, The identification of 100 ecological questions of high policy relevance in the UK, Journal of
Applied Ecology 43(4) (2006) 617-627.

[12] M.A. Rudd, K.F. Beazley, S.J. Cooke, E. Fleishman, D.E. Lane, M.B. Mascia, R. Roth, G. Tabor, J.A.
Bakker, T. Bellefontaine, D. Berteaux, B. Cantin, K.G. Chaulk, K. Cunningham, R. Dobell, E. Fast, N.

16



Ferrara, C.S. Findlay, L.K. Hallstrom, T. Hammond, L. Hermanutz, J.A. Hutchings, K.E. Lindsay, T.J.
Marta, V.M. Nguyen, G. Northey, K. Prior, S. Ramirez-Sanchez, J. Rice, D.J.H. Sleep, N.D. Szabo, G.
Trottier, J.P. Toussaint, J.P. Veilleux, Generation of Priority Research Questions to Inform Conservation
Policy and Management at a National Level, Conservation Biology 25(3) (2011) 476-484.

[13] J. Pretty, W.J. Sutherland, J. Ashby, J. Auburn, D. Baulcombe, M. Bell, J. Bentley, S. Bickersteth, K.
Brown, J. Burke, H. Campbell, K. Chen, E. Crowley, I. Crute, D. Dobbelaere, G. Edwards-Jones, F. Funes-
Monzote, H.C.J. Godfray, M. Griffon, P. Gypmantisiri, L. Haddad, S. Halavatau, H. Herren, M.
Holderness, A.M. Izac, M. Jones, P. Koohafkan, R. Lal, T. Lang, J. McNeely, A. Mueller, N. Nisbett, A.
Noble, P. Pingali, Y. Pinto, R. Rabbinge, N.H. Ravindranath, A. Rola, N. Roling, C. Sage, W. Settle, J.M.
Sha, S.M. Luo, T. Simons, P. Smith, K. Strzepeck, H. Swaine, E. Terry, T.P. Tomich, C. Toulmin, E.
Trigo, S. Twomlow, J.K. Vis, J. Wilson, S. Pilgrim, The top 100 questions of importance to the future of
global agriculture, Int. J. Agric. Sustain. 8(4) (2010) 219-236.

[14] S.J. Cooke, AJ. Danylchuk, M.J. Kaiser, M.A. Rudd, Is there a need for a '100 questions exercise' to
enhance fisheries and aquatic conservation, policy, management and research? Lessons from a global 100
questions exercise on conservation of biodiversity, J. Fish Biol. 76(9) (2010) 2261-2286.

[15] J.A. Kleypas, C.M. Eakin, Scientists' perceptions of threats to Coral Reefs: Results of a survey of Coral
Reef researchers, Bull. Mar. Sci. 80(2) (2007) 419-436.

[16] T.D. Brewer, Dominant discourses, among fishers and middlemen, of the factors affecting coral reef fish
distributions in Solomon Islands, Mar. Pol. 37 (2013) 245-253.

[17] .M. Pandolfi, R.H. Bradbury, E. Sala, T.P. Hughes, K.A. Bjorndal, R.G. Cooke, D. McArdle, L.
McClenachan, M.J.H. Newman, G. Paredes, R.R. Warner, J.B.C. Jackson, Global trajectories of the long-
term decline of coral reef ecosystems, Science 301(5635) (2003) 955-958.

[18] K.H. Rogers, The real river management challenge: Integrating scientists, stakeholders and service
agencies, River Res. Appl. 22(2) (2006) 269-280.

[19] R. Mahon, S. Almerigi, P. McConney, C. Parker, L. Brewster, Participatory methodology used for sea
urchin co-management in Barbados, Ocean & Coastal Management 46(1-2) (2003) 1-25.

[20] B.G. Bischof, Negotiating uncertainty Framing attitudes, prioritizing issues, and finding consensus in the
coral reef environment management "crisis”, Ocean & Coastal Management 53(10) (2010) 597-614.

[21] 1. Ajzen, THE THEORY OF PLANNED BEHAVIOR, Organizational Behavior and Human Decision
Processes 50(2) (1991) 179-211.

[22] M. Scheffer, S. Barrett, S.R. Carpenter, C. Folke, A.J. Green, M. Holmgren, T.P. Hughes, S. Kosten, I.A.
van de Leemput, D.C. Nepstad, E.H. van Nes, E. Peeters, B. Walker, Creating a safe operating space for
iconic ecosystems, Science 347(6228) (2015) 1317-1319.

[23] B. Riegl, A. Bruckner, S.L. Coles, P. Renaud, R.E. Dodge, Threats and conservation in an era of global
change, Ann. N. Y. Acad. Sci 1162 (2009) 136-186.

[24] C. Mora, A clear human footprint in the coral reefs of the Caribbean, Proc. R. Soc. B-Biol. Sci. 275(1636)
(2008) 767-773.

[25] D.R. Bellwood, T.P. Hughes, C. Folke, M. Nystrom, Confronting the coral reef crisis, Nature 429(6994)
(2004) 827-833.

[26] J.B.C. Jackson, M.K. Donovan, K.L. Cramer, W. Lam, Status and trends of Caribbean coral reefs: 1970-
2012., Global Coral Reef Monitoring Network, IUCN, Gland, Switzerland (2014) 306.

[27] L. Burke, K. Reytar, M. Spalding, A. Perry, Reefs at risk: revisited, World Resources Institute, Washington
D.C., US.A. (2011) 130.

[28] P.J. Mumby, A. Hastings, H.J. Edwards, Thresholds and the resilience of Caribbean coral reefs, Nature
450(7166) (2007) 98-101.

[29] M.J. Paddack, J.D. Reynolds, C. Aguilar, R.S. Appeldoorn, J. Beets, E.W. Burkett, P.M. Chittaro, K.
Clarke, R. Esteves, A.C. Fonseca, G.E. Forrester, A.M. Friedlander, J. Garcia-Sais, G. Gonzalez-Sanson,
L.K.B. Jordan, D.B. McClellan, M.W. Miller, P.P. Molloy, P.J. Mumby, I. Nagelkerken, M. Nemeth, R.
Navas-Camacho, J. Pitt, N.V.C. Polunin, M.C. Reyes-Nivia, D.R. Robertson, A. Rodriguez-Ramirez, E.
Salas, S.R. Smith, R.E. Spieler, M.A. Steele, 1.D. Williams, C.L. Wormald, A.R. Watkinson, I.M. Cote,
Recent Region-wide Declines in Caribbean Reef Fish Abundance, Current Biology 19(7) (2009) 590-595.

17



[30] P.F. Sale, Management of coral reefs: Where we have gone wrong and what we can do about it, Marine
Pollution Bulletin 56(5) (2008) 805-8009.

[31] S. Aswani, P.J. Mumby, A.C. Baker, P. Christie, L.J. McCook, R.S. Steneck, R.H. Richmond, Scientific
frontiers in the management of coral reefs, Frontiers in Marine Science 2 (2015) 1-13.

[32] D.W. Souter, O. Linden, The health and future of coral reef systems, Ocean & Coastal Management 43(8-
9) (2000) 657-688.

[33] T.P. Hughes, N.A.J. Graham, J.B.C. Jackson, P.J. Mumby, R.S. Steneck, Rising to the challenge of
sustaining coral reef resilience, Trends in Ecology & Evolution 25(11) (2010) 633-642.

[34] O. Hoegh-Guldberg, Coral reefs in a century of rapid environmental change, Symbiosis 37(1-3) (2004) 1-
3L

[35] R.B. Aronson, W.F. Precht, Conservation, precaution, and Caribbean reefs, Coral Reefs 25(3) (2006) 441-
450.

[36] P.J. Mumby, R.S. Steneck, A.J. Edwards, R. Ferrari, R. Coleman, A.R. Harborne, J.P. Gibson, Fishing
down a Caribbean food web relaxes trophic cascades, Mar. Ecol.-Prog. Ser. 445 (2012) 13-24.

[37] O. Hoegh-Guldberg, P.J. Mumby, A.J. Hooten, R.S. Steneck, P. Greenfield, E. Gomez, C.D. Harvell, P.F.
Sale, A.J. Edwards, K. Caldeira, N. Knowlton, C.M. Eakin, R. Iglesias-Prieto, N. Muthiga, R.H. Bradbury,
A. Dubi, M.E. Hatziolos, Coral reefs under rapid climate change and ocean acidification, Science
318(5857) (2007) 1737-1742.

[38] K.R.N. Anthony, J.A. Maynard, G. Diaz-Pulido, P.J. Mumby, P.A. Marshall, L. Cao, O. Hoegh-Guldberg,
Ocean acidification and warming will lower coral reef resilience, Global Change Biology 17(5) (2011)
1798-1808.

[39] P. Christie, A.T. White, Best practices for improved governance of coral reef marine protected areas, Coral
Reefs 26(4) (2007) 1047-1056.

[40] T.D. Brewer, J.E. Cinner, A. Green, R.L. Pressey, Effects of Human Population Density and Proximity to
Markets on Coral Reef Fishes Vulnerable to Extinction by Fishing, Conservation Biology 27(3) (2013)
443-452.

[41] S.K. Wilson, R. Fisher, M.S. Pratchett, N.A.J. Graham, N.K. Dulvy, R.A. Turner, A. Cakacaka, N.V.C.
Polunin, S.P. Rushton, Exploitation and habitat degradation as agents of change within coral reef fish
communities, Global Change Biology 14(12) (2008) 2796-2809.

[42] D.R. Bellwood, A.S. Hoey, J.L. Ackerman, M. Depczynski, Coral bleaching, reef fish community phase
shifts and the resilience of coral reefs, Global Change Biology 12(9) (2006) 1587-1594.

[43] C.E. Benkwitt, Density-Dependent Growth in Invasive Lionfish (Pterois volitans), PLoS ONE 8(6) (2013).

[44] J.E. Cinner, T.R. McClanahan, T.M. Daw, N.A.J. Graham, J. Maina, S.K. Wilson, T.P. Hughes, Linking
Social and Ecological Systems to Sustain Coral Reef Fisheries, Current Biology 19(3) (2009) 206-212.

[45] T.D. Brewer, J.E. Cinner, R. Fisher, A. Green, S.K. Wilson, Market access, population density, and
socioeconomic development explain diversity and functional group biomass of coral reef fish assemblages,
Global Environmental Change-Human and Policy Dimensions 22(2) (2012) 399-406.

[46] C. Wilkinson, D. Souter, Status of Caribbean coral reefs after bleaching and hurricanes in 2005, Global
Coral Reef Monitoring Network and Reef and Rainforest Research Centre, Townsville, p. 152. (2008).

[47] R. Mahon, M.B. Mascia, The Barbados (alias Folkestone) marine reserve, Barbados: A late bloomer?, Gulf
and Caribbean Research 14(2) (2003) 171-180.

[48] V.N. Agostini, S.W. Margles, S.R. Schill, J.E. Knowles, R.J. Blyther, Marine zoning in Saint Kitts and
Nevis: A path towards sustaimable management of marine resources, The Nature Conservancy, pp288,
2010.

[49] L. Cho, Marine protected areas: a tool for integrated coastal management in Belize, Ocean & Coastal
Management 48(11-12) (2005) 932-947.

[50] P.A. Kramer, P.R. Kramer, E. Arias-Gonzalez, M.D. McField, Status of coral reefs of northern Central
America: Mexico, Belize, Guatemala, Honduras, Nicaragua and El Salvador. , In Status of coral reefs of
the world: 2000, ed. C. Wilkinson, pp 287- 313. Australian Institute of Marine Science, Townsville, 2000.

[51] L. Burke, J. Maidens, Reefs at risk in the Caribbean, World Resources Institute, Washington D.C., U.S.A.
(2004).

18



[52] CIA World Factbook, Central Intelligence Agency, World Factbook. URL:
https://www.cia.gov/library/publications/the-world-factbook/ (Accessed February 2014), (2010).

[53] MPA Global, Database of the world's marine protected areas. URL: http://www.mpaglobal.org (Accessed
May 2017). (2017).

[54] CRFM, Caribbean Regional Fisheries Mechanism, www.caricom-fisheries.com (Accessed December
2011). (2010).

[55] C.S. Beltran Turriago, Value-chain analysis of international fish trade and food security in the Republic of
Honduras. , Fisheries and aquaculture department products, trade and marketing FAO Report, pp73
(2011).

[56] R.A. Turner, C. Fitzsimmons, J. Forster, R. Mahon, A. Peterson, S.M. Stead, Measuring good governance
for complex ecosystems: Perceptions of coral reef-dependent communities in the Caribbean, Global
Environmental Change-Human and Policy Dimensions 29 (2014) 105-117.

[57] QSR, NVivo qualitative data analysis software; QSR International Pty Ltd. Version 9, 2010.

[58] N.A. Marshall, P.A. Marshall, Conceptualizing and operationalizing social resilience within commercial
fisheries in northern Australia, Ecol. Soc. 12(1) (2007).

[59] R Development Core Team: A Language and Environment for Statistical Computing. Vienna, Austria: R
Foundation for Statistical Computing. Available: http://www.R-project.org, (2016).

[60] N.J. Bennett, Using perceptions as evidence to improve conservation and environmental management,
Conservation Biology 00(0) (2016) 1-11.

[61] P.J. Mumby, R.S. Steneck, Coral reef management and conservation in light of rapidly evolving ecological
paradigms, Trends in Ecology & Evolution 23(10) (2008) 555-563.

[62] C.M. Crain, B.S. Halpern, M.W. Beck, C.V. Kappel, Understanding and Managing Human Threats to the
Coastal Marine Environment, in: R.S. Ostfeld, W.H. Schlesinger (Eds.), Year in Ecology and Conservation
Biology 2009, Wiley-Blackwell, Malden, 2009, pp. 39-62.

[63] K.A. Selkoe, B.S. Halpern, R.J. Toonen, Evaluating anthropogenic threats to the Northwestern Hawaiian
Islands, Aquatic Conservation-Marine and Freshwater Ecosystems 18(7) (2008) 1149-1165.

[64] S.J. Teck, B.S. Halpern, C.V. Kappel, F. Micheli, K.A. Selkoe, C.M. Crain, R. Martone, C. Shearer, J.
Arvai, B. Fischhoff, G. Murray, R. Neslo, R. Cooke, Using expert judgment to estimate marine ecosystem
vulnerability in the California Current, Ecol. Appl. 20(5) (2010) 1402-1416.

[65] B.S. Halpern, K.A. Selkoe, F. Micheli, C.V. Kappel, Evaluating and ranking the vulnerability of global
marine ecosystems to anthropogenic threats, Conservation Biology 21(5) (2007) 1301-1315.

[66] A. Grech, K. Chartrand-Miller, P. Erftemeijer, M. Fonseca, L. McKenzie, M. Rasheed, H. Taylor, R. Coles,
A comparison of threats, vulnerabilities and management approaches in global seagrass bioregions,
Environ. Res. Lett. 7(2) (2012).

[67] M. Fuentes, J.E. Cinner, Using expert opinion to prioritize impacts of climate change on sea turtles' nesting
grounds, J. Environ. Manage. 91(12) (2010) 2511-2518.

[68] C.J. Donlan, D.K. Wingfield, L.B. Crowder, C. Wilcox, Using Expert Opinion Surveys to Rank Threats to
Endangered Species: A Case Study with Sea Turtles, Conservation Biology 24(6) (2010) 1586-1595.

[69] I.D. Williams, J.K. Baum, A. Heenan, K.M. Hanson, M.O. Nadon, R.E. Brainard, Human, Oceanographic
and Habitat Drivers of Central and Western Pacific Coral Reef Fish Assemblages, PLoS ONE 10(4)
(2015).

[70] T. McClanahan, E.H. Allison, J.E. Cinner, Managing fisheries for human and food security, Fish and
Fisheries 16(1) (2015) 78-103.

[71] B. Chakalall, R. Mahon, P. McConney, L. Nurse, D. Oderson, Governance of fisheries and other living
marine resources in the Wider Caribbean, Fish Res. 87(1) (2007) 92-99.

[72] R. Mahon, P. McConney, Managing the managers: improving the structure and operation of small fisheries
departments, especially in SIDS, Ocean & Coastal Management 47(9-10) (2004) 529-535.

[73] P. McConney, R. Mahon, H.A. Oxenford, Barbados case study: the Fisheries Advisory Committee.
Caribbean Conservation Association, in association with the University of the West Indies, Centre for
Resource Management and Environmental Studies (CERMES) and Marine Resources Assessment Group
Ltd. (MRAG), (2003).

19



[74] C. Cvitanovic, A.J. Hobday, L. van Kerkhoff, S.K. Wilson, K. Dobbs, N.A. Marshall, Improving
knowledge exchange among scientists and decisionmakers to facilitate the adaptive governance of marine
resources: A review of knowledge and research needs, Ocean & Coastal Management 112 (2015) 25-35.

[75] C.N. Cook, R.W. Carter, R.A. Fuller, M. Hockings, Managers consider multiple lines of evidence
important for biodiversity management decisions, J. Environ. Manage. 113 (2012) 341-346.

[76] C. Cvitanovic, S.K. Wilson, C.J. Fulton, G.R. Almany, P. Anderson, R.C. Babcock, N.C. Ban, R.J. Beeden,
M. Beger, J. Cinner, K. Dobbs, L.S. Evans, A. Farnham, K.J. Friedman, K. Gale, W. Gladstone, Q.
Grafton, N.A.J. Graham, S. Gudge, P.L. Harrison, T.H. Holmes, N. Johnstone, G.P. Jones, A. Jordan, A.J.
Kendrick, C.J. Klein, L.R. Little, H.A. Malcolm, D. Morris, H.P. Possingham, J. Prescott, R.L. Pressey,
G.A. Skilleter, C. Simpson, K. Waples, D. Wilson, D.H. Williamson, Critical research needs for managing
coral reef marine protected areas: Perspectives of academics and managers, J. Environ. Manage. 114
(2013) 84-91.

[77] P.F.E. Addison, L.B. Flander, C.N. Cook, Are we missing the boat? Current uses of long-term biological
monitoring data in the evaluation and management of marine protected areas, J. Environ. Manage. 149
(2015) 148-156.

[78] R. Mahon, Personal communication with J.Forster, 30 March, 2016.

[79] J.E. Cinner, R.B. Pollnac, Poverty, perceptions and planning: why socioeconomics matter in the
management of Mexican reefs, Ocean & Coastal Management 47(9-10) (2004) 479-493.

[80] G. Holmes, Exploring the Relationship Between Local Support and the Success of Protected Areas,
Conservation & Society 11(1) (2013) 72-82.

20



