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a b s t r a c t

The broad scale and rapid rate of change in the global environment is causing some of the world's most
challenging problems, such as habitat degradation, loss of biodiversity, and food insecurity. These
problems are especially pressing in coastal environments in the tropics, resulting in significant impacts
on human wellbeing and ecological systems across the globe. The underlying causes of marine and
coastal environmental change are both anthropogenic and natural; and, while it is difficult to parse out
causal linkages as either exclusively human or naturally occurring, feedbacks between drivers only
exacerbate the issues. Increasingly, scholars are turning to integrated research efforts, whereby multiple
disciplines are used to answer pressing questions about and find solutions for the sustainability of hu-
man life and natural ecosystems across the coastal tropics. This article leverages the recent wave of
interdisciplinary research to explore the various ways in which the social sciences have successfully
contributed to a more complete understanding of coastal systems across the tropics. It also identifies
opportunities for research that move beyond single disciplinary approaches to coastal science. The
concluding discussion suggests social science knowledge areas that are underutilized in coastal research
and provides suggestions for increasing the incorporation of social science in coastal research programs.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

The broad scale and rapid rate of change in the global envi-
ronment is causing some of theworld's most challenging problems,
such as climate change, loss of biodiversity, and food insecurity
(Ledford, 2015). These problems are especially pressing in marine
and coastal environments, where approximately 60% of the global
population lives and relies on its natural resources for subsistence
and livelihoods (UN, 2011). As a consequence, human wellbeing is
being impacted across coastal regions of the globe, particularly in
the tropics (Glaser et al., 2012; Moberg and R€onnb€ack, 2003). At the
same time, a growing coastal population is imparting stress on
natural resources and landscapes. Ultimately, the underlying
drivers of marine and coastal environmental problems are both
anthropogenic and natural (Leenhardt et al., 2015); and, it is the
feedback between drivers that exacerbates the issues (Agardy and
00A Bexell Hall, Corvallis, OR
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Alder, 2005). Here, we provide examples of ways in which both
human and environmental drivers have been integrated in
research, and provide suggestions on how to engage with social
science to further understand these complex interactions.

The study of these complex relationships is required to solve
challenges at various spatial, temporal, ecological, cultural, societal
and political scales. Scientific approaches provide unique tools to
do this by tracking baseline data and generating new insights about
natural and human coastal systems. It is increasingly recognized,
however, that single-discipline approaches are unable to address
the problems that threaten our coastal ecosystems (Nature, 2015b).
Indeed, unraveling these complexities requires new approaches
that span disciplinary boundaries within both natural and social
sciences to reduce uncertainty, provide better and more informed
solutions, and incorporate a holistic approach to environmental
management (Barnard and Elliott, 2015; Liu et al., 2007; Viseu,
2015). In response, scholars are turning to integrated research
and graduate training efforts, whereby multiple disciplines are
leveraged to answer pressing global questions about the sustain-
ability of human life and natural ecosystems along the coast (Brown
et al., 2015; Ciannelli et al., 2014).
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Integrated approaches to science can range from multidisci-
plinary, interdisciplinary and transdisciplinary efforts. As
Rosenfield (1992) suggests, multi- and interdisciplinarity is char-
acterized by the parallel working of more than one discipline on a
shared problem, with little to no integration. In contrast, trans-
disciplinarity calls for a collaborative team of stakeholders, poten-
tially including non-academic actors that work together on a jointly
defined issue within a shared conceptual framework and/or
approach. At this level, the integration of natural and social sciences
requires collaborators to be able to understand each other, at a
minimum, and ideally be able to share and synthesize information
across all involved disciplines (Ciannelli et al., 2014; Nature, 2015a).
Integrative efforts to simultaneously address both human and
environmental issues include efforts to link social and natural data
using systemic analytical frameworks, and expand these to take
into account cultural and political concerns, as well as special
attention to modes of engagement and communication. The cou-
plings, and the frameworks used to study and communicate them,
can be grouped under the concept of coupled human and natural
systems (CHANS), as defined by Liu et al. (2007) by: (a) focusing on
processes that link human and natural systems; (b) emphasizing
the feedbacks between human actions and environmental out-
comes; and (c) paying attending to the scalar dynamics of the in-
teractions. In turn, then, the information generated by these
comprehensive research approaches can better inform holistic
management and policy efforts.

While calls for interdisciplinary research are on the rise (Van
Noorden, 2015), challenges to engaging the social sciences of
coastal research remain, and are not easily resolved. These chal-
lenges include the difficulties of integrating social and ecological
theories into problem formulation, the normalized inclusion of
social science as an afterthought to project design, the lack of clarity
in the difference between and role of each field of social science, the
relative lack of social science data and funding for social science,
problems of scale and comparability between social and biophysi-
cal data, difference in jargon between social and natural scientists,
and existence of complex causalities in social-ecological relation-
ships (Forsyth,1998; Fox et al., 2006; Gunderson and Holling, 2002;
Leenhardt et al., 2015; Strang, 2009; Turner, 2000). A discussion of
these challenges, however, is beyond the purview of this paper.
Instead, this article leverages the recent wave of interdisciplinary
research to explore the various ways in which the social sciences
have successfully contributed to a more complete understanding of
coastal systems across the tropics. It also identifies opportunities
for research and engagement that move beyond single disciplinary
approaches to coastal science. We begin with a brief summary of
the main threats to tropical coastal social-ecological systems, fol-
lowed by an overview of the range of social science approaches to
coastal research. We then present examples of research that has
incorporated social science to address problems along the coast,
within three broad tropical coastal issues: fisheries, climate change
induced coral bleaching, and habitat degradation. In concluding, we
discuss social science knowledge areas that are underutilized in
coastal research in the tropics and provide suggestions, in the form
of research questions, on ways to engage with social science in
coastal research programs. We would like to point out that this is
not a primer on how to effectively carry out social science research,
nor is it an exhaustive review of interdisciplinary efforts to date.
Instead, we highlight research in which natural and social sciences
are well integrated, and identify areas with potential to improve on
the inclusion and use of social science tools.
2. Summary of social and environmental threats to tropical
coastal ecosystems

Coastal environments across the globe are changing at an
increasing rate (Valiela, 2006). These changes include rising sea
levels, ocean acidification, alterations in freshwater discharges, loss
of habitats, increased ocean pollution, introduction of exotic spe-
cies, and changes in food webs due to high levels of finfish and
shellfish extraction. Parallel to these changes we are seeing broad
social transformations such as population growth, increased reli-
ance on natural resources from species to landscapes, unequal
distribution of income, loss of cultural traditions, as well as rapid
rates of urban development, each of which have contributed, to
some extent, the degradation of coasts that we currently experi-
ence (Glaser et al., 2012; Moberg and R€onnb€ack, 2003). The feed-
back between these environmental and social changes is key to
determining outcomes. Below we illustrate these feedbacks in
three important aspects of coastal tropics: marine fisheries, coral
reefs, and coastal habitats.

Coastal ecosystems are broadly affected by the increase of
greenhouse gases in our atmosphere through higher sea surface
temperatures and changes in the chemical composition of the
ocean. While these impacts are not equally distributed around the
globe, they interact with natural environmental variability and
ocean cycles resulting in often unexpected and unpredictable out-
comes that, in turn, affect the availability and sustainability of
tropical marine resources for human use. These same human uses
often also represent significant threats to the resilience of marine
resources, as unsustainable anthropogenic disturbances reduce
their ability to respond to or bounce back from environmental
stressors (Hoegh-Guldberg, 2011). Challenges specifically associ-
ated with tropical finfish and shellfish harvest include ineffective
management schemes, conflicting conservation agendas, shifting
global political economies, and technological changes, all of which
contribute to the current state of global fisheries (FAO, 2016).
Despite efforts to adopt a more comprehensive approach to fish-
eries governance through the use of strategies such as ecosystem-
based fisheries management (Pikitch et al., 2004), there are still
inherent limitations to characterizing the social and natural drivers
of change in fisheries across the global tropics. For instance, as of
2010, wild marine catch from tropical countries accounted for 45%
of the global catch, up from 12% in 1950. Unfortunately, information
about these fisheries is very limited, particularly in the small-scale
fishing sector (Chuenpagdee et al., 2006). We do know, however,
that the combined social and ecological drivers have resulted in
decreasing food and livelihood security to resource dependent
communities, as well as detrimental effects to non-targeted spe-
cies, habitats, and species compositions (Valiela, 2006).

Similarly, the extent and health of coral reefs has declined
substantially since the 1980s (Goreau and Hayes, 2009). Reefs are
critical sources of food, storm protection, medicinal knowledge, and
tourism revenue for the over 275 million people who live within
30 km of reef systems (Burke et al., 2011). This important ecosystem
is threatened by direct human actions such as destructive fishing
habits and increased sedimentation associated with upland modi-
fications as well as from more indirect pathways that include sea
level rise and warming, and increased incidences of disease asso-
ciated with global climate change (Burke et al., 2011; Goreau and
Hayes, 2009; Jackson et al., 2014; Valiela, 2006). In particular,
large scale coral bleaching has been directly linked to increased
seawater temperatures of as little as 1 �C (Goreau and Hayes, 2009).
Bleaching, in turn, results in the inability of corals to grow skele-
tons, reproduce, and defend themselves. The cumulative effect of
these drivers of change dramatically affects both social and
ecological components of the system (Jackson et al., 2014).
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Finally, sediment flows and other disturbances that affect the
highly diverse geological composition of terrestrial coastal regions
are also driven by region-specific climate and oceanographic con-
ditions. However, these natural processes are rapidly being
enhanced by land use changes that result from anthropogenic
pressures such as urbanization, deforestation, and infrastructure
development (Silva et al., 2014). Climate change and its immediate
threats, such as sea level rise and higher frequency of storm events,
also play an important role in coastal change, often affecting both
the structure of coastal environments, as well as changes in
freshwater inputs, sedimentation and runoff (Valiela, 2006). These
are relatively well-studied system level processes that necessarily
require further consideration in the context of increasing anthro-
pogenic influence. For instance, since 1980, approximately 35% of
global mangrove forests have been lost to shrimp and fish aqua-
culture, forestry, freshwater diversions, and land reclamation (Giri
et al., 2011; Valiela et al., 2001). The act of mangrove deforesta-
tion is driven primarily by the desires and needs of some human
populations. In turn, the loss of mangroves and their associated
ecosystem services, such as providing nurseries for smaller fish,
coastal protection against storms, and water filtration, often
negatively impacts the same or completely different groups of
people (Valiela et al., 2001).

Clearly, there are inherent trade-offs in the anthropogenic in-
fluences on coastal ecosystems. Over centuries, humans have
altered coastal and estuarine landscapes, while these same land-
scapes have played a pivotal role in shaping human culture (M�a~nez
et al., 2014; Rowland and Ulm, 2012). Indeed, people generally
engage in activities to benefit themselves and/or their commu-
nities. However, these actions create feedback loops, often at
different social, temporal, or geographic scales, that may in turn
harm them or others. In light of these feedbacks between human
activity and natural outcomes, the need to better understand both
human and natural systems, and how they interact, becomes
increasingly evident. Indeed, jointly exploring the various compo-
nents of these social-ecological interactions could substantially
improve our understanding of ongoing coastal threats and, thus,
provide insights on how to best inform policy and management
efforts aimed at mitigating or preventing them (Conchedda et al.,
2011; Vilardy et al., 2011).

3. Engaging the social science of coastal research

As we have suggested thus far in this paper, coastal research has
often been limited to understanding the biophysical aspects of
change, at the exclusion of the social, cultural and political pro-
cesses leading to or resulting from those ecosystem trans-
formations. Unfortunately, a lack of engagement with or
consideration of social science approaches often represents a lim-
itation to truly integrative and comprehensive coastal research that
can in turn inform policy and management efforts (Bennett et al.,
2016; Fox et al., 2006; Strang, 2009). Admittedly, not all research
requires a social component. We argue, however, that problem-
based research calls for socially relevant and scientifically
informed responses. To this end, in this section we outline the va-
riety of social science disciplines that contribute to a better un-
derstanding of the links between social and environmental
processes.

The first step to achieve true engagement is to understand the
philosophical and epistemological underpinnings of all involved
disciplines. A detailed account of these nuances is beyond the scope
of this paper. However, we want offer some clarity about our def-
initions of social science. By “social” we mean the range of human
processes, including behaviors, culture, policy and management.
Each of these aspects is explored by different academic disciplines
through approaches that range from theoretical, to empirical, to
applied (Spalding et al., under review). For instance, Psychology
studies mental functions and behaviors, Sociology studies human
society, Anthropology studies people and culture, Political Science
studies government, politics, power, Economics studies the distri-
bution and allocation of goods and services, and Human Geography
studies humans across space and place. Understanding and finding
ways of incorporating these disciplines into traditionally natural
science focused coastal research is especially important for coastal
areas in the tropics that are often data poor, have limited institu-
tional resources, and where human communities tend to have a
high level of dependency on natural resources. Furthermore,
intellectually, the inclusion of social science has the potential to
contribute to the reduction of uncertainty around coastal and
estuarine system processes. It also provides opportunities to
engage with a broad stakeholder base, fostering stewardship, pro-
moting ocean literacy, and generating trust. Take, for example, the
use of expert elicitation for collecting and ranking data. Cultural
anthropologists focus on eliciting information from key informants,
often elders or leaders with substantial power within a local
community, while natural scientists often focus on eliciting infor-
mation from those with an academic degree pertinent to the topic.
An understanding of psychology, for instance, would help us
recognize that relying exclusively on local community or academic
perspectives will inherently contain biases that influence the
framing of our results. Integrating both, however, presents a more
complete view of the system and facilitates conversations across
stakeholders that may not typically interact. The end result is a
diverse stakeholder base that can work together to refine research
questions and support scientific relevance.

Recent publications highlight scholars' efforts to promote
interdisciplinary collaborations by explaining the fundamentals of
the human dimension of the environment as they relate to
research, conservation and management (Bennett et al., 2016;
Biedenweg et al., 2016; Spalding et al., under review). These pub-
lications point out that relevant disciplines are often sub-
disciplines within the classics, including environmental anthro-
pology (the study of how culturemediates the relationship with the
natural environment); environmental, conservation, and social
psychology (the study of human cognition and emotion and how
those impact human behaviors); environmental and ecological
economics (a subfield and interdisciplinary field, respectively, that
looks at the relationships between economies and natural re-
sources/ecosystems); sociology (the study of human societies and
the factors that influence their processes); and environmental
governance (a subfield of political science that focuses on the
process of managing natural resources) (Bennett et al., 2016).
Within each of these fields are key concepts that have been
generally found to be helpful for understanding social-ecological
systems (Decker et al., 2012). For example, understanding the
foundation of human behaviors, which includes values and atti-
tudes towards the action, is based within psychology as is under-
standing the perceptions and attitudes that people have towards
resources and proposed management strategy. Exploring the way
that people value natural resources (also a driver of behaviors) is
based in several disciplines, including economics, anthropology,
and psychology. And, while not explicitly based in a social science,
the evaluation of how public health relates to ecosystem health,
such as food-born illnesses associated with harmful algal blooms, is
a critical component to understanding the feedbacks between the
social ecological systems.

In practice, the incorporation of social science approaches and
concerns improves our knowledge base in order to generate better
policies (Ban et al., 2009). If we develop potential management
strategies in a vacuum of social knowledge, we risk developing



Table 1
Social science themes and relevant disciplines for interdisciplinary coastal systems
studies.

Themes Relevant disciplines

Perceptions and attitudes Environmental Psychology
Cognitive Anthropology

Behaviors Psychology
Economics
Sociology

Management and governance Social and Organizational Psychology
Economics
Political Science
Anthropology

Valuation Economics
Psychology

Changing human communities Sociology
Anthropology
Psychology

Physical health Public health
Medicine
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policies that are irrelevant, likely to fail, and don't address the core
factors driving change. This also rings true with communication.
When we share information about the ecosystem and proposed
policies using the language and context of the reader, it is more
likely that policies will be understood and followed. Social scien-
tists can enhance this in an obvious way by informing the context
and content of targeted communication efforts. Less obviously, the
use of many social scientific methods that engage stakeholders in
the research process also results in the development of trust and
buy-in that are critical for effective communication, policy, and
behavior change.

4. Methods: A review of existing interdisciplinary efforts in
coastal research and potential opportunities for further
engagement

It is our goal to demonstrate effectiveways that integrated social
and biophysical sciences have been used in tropical coastal research
to better understand complex systems, and to identify social sci-
ence research opportunities that are crucial to strengthening the
understanding of the human dimension of coastal research. To
achieve this we conducted a literature review on three globally
recognized environmental problems within coastal regions: (a)
fisheries; (b) coral bleaching as a result of climate change; and (c)
habitat degradation. Peer reviewed manuscripts were identified
from Web of Science for the period between January 2010eAugust
2016 using the following keywords: interdisciplinary, social-
ecological system, ecosystem-based management, adaptive man-
agement, coastal zone management, and social. All searches
included marine or coastal and tropical. The results were further
refined by whether explicit attention was given to the interaction
between the social and biophysical systems in the abstract, and
excluded studies that were either entirely social or ecological. This
resulted in a total of 182 articles that were coded for their focus on
one of the three issues globally recognized as threatening coastal
regions in the tropics (fisheries, climate change induced coral
bleaching, and habitat degradation).

Within the three issues, these 182 papers were further analyzed
in terms of whether authors used an empirical approach to research
and whether they looked at how the social system affected the
natural system or vice versa. We intentionally excluded literature
reviews and/or articles that were limited to calls for inter-
disciplinarity. This resulted in a total of 50 papers; 30 that looked at
fisheries, and 10 each that addressed coral bleaching and habitat
degradation. These 50 papers were further coded into seven pri-
ority social science research themes enabling us to identify trends
in the use of social science information that could contribute to a
deeper understanding of coastal environmental problems and po-
tential solutions: 1) perceptions and attitudes about coastal con-
ditions and management practices across diverse social groups, 2)
drivers of human behaviors at different levels of society (individual,
communal, and commercial) that impact coastal ecosystems, 3)
monetary and non-monetary values that people attribute to coastal
ecosystems, 4) impacts of management and governance on people's
attitudes, perceptions, and behaviors and, consequently, on the
status of coastal systems, 5) impacts of changes in human com-
munities, such as cultural modifications or demographic shifts, on
coastal resources, 6) links between human and natural coastal
ecosystem health, and 7) strategic development of policies as a
result of integrated socio-ecological modeling (Table 1). These
themes were identified based on our collective experience working
in tropical conservation systems and the literature review con-
ducted for this paper.

We recognize that the Web of Science search results did not
identify all papers that effectively integrate social and ecological
science to respond to tropical coastal problems over the past ten
years. Our purpose in this paper, however, is to provide examples of
how such work can be done, to generate synthetic categories of
social science themes and illustrate the relevant disciplines for each
theme in order to facilitate future engagement with social science
scholars.
5. Findings: Trends in the use of priority social science
themes across major coastal issues of concern

5.1. Fisheries

The use of social science in fisheries research appears to bemore
common than in research on coral bleaching and habitat degra-
dation. The 30 papers that fit our criteria highlighted a variety of
social and ecological concerns, ranging from climate change to
anthropogenic extractive pressure, and represented the benefit of
incorporating social science to the study of tropical coastal
fisheries.

Nine of these papers assessed the effectiveness and impacts of
management and governance and another nine focused on the
development of integrative socio-ecological models to generate
findings specifically aimed at informing policy. The former were
mostly evaluative of management schemes and covered topics such
as improving fish abundance by limiting fishing timing or tools
(Cinner et al., 2009), assessments of management efforts (Cohen
et al., 2013), how scientific monitoring informs adaptive manage-
ment and what level of stakeholder engagement is necessary to
obtain “positive” management outcomes (Montambault et al.,
2015), and what levels of environmental disturbance are accept-
able to include in management schemes (Maynard et al., 2015). The
latter, in contrast, described integrated socio-ecological models to
inform questions of sustainability, resolve conflicting management
objectives (e.g. fisheries vs. conservation), and support concerns of
economic development and food security (Bell et al., 2013; Ciss�e
et al., 2014; Dichmont et al., 2013).

Eight papers focused on the impacts of human behavior on
fisheries and changes in coastal communities. Human behavior
studies included, for instance, a coupled analysis of the impact of
spearfishing and space-based conservation scheme on reef fish
populations (Frisch et al., 2012), and a more traditional look at the
impacts of fishing activity on resource availability (Castello et al.,
2015). Papers that explored changes in the human communities
as a result of resource availability or other variations in the resource
included socioeconomic assessments of communities in the



Table 2
Sample research questions for the three fields by overarching themes.

Themes Fisheries Coral bleaching Coastal habitat degradation

Perceptions and
attitudes

What are some perceptions and attitudes of
coastal resources users towards conflict, as new
uses of the marine space emerge and gain
traction in the current ideological and
administrative shift towards capitalizing on the
blue planet as the final frontier?

How do framing and mental models about
climate change impacts on corals contribute to a
more complete understanding of a coral reef
system?

How do resource-dependent coastal
communities perceive rapid coastal
development and associated increases in
economic opportunities, in the context of
natural resource degradation?

Behaviors How do SCUBA fishing behaviors negatively
impact reef systems that support important
fisheries?

Is there a difference between proximate and
distant human impacts on coral bleaching? And
what are the implications for management?

What actions do individuals engage in that
serve to protect mangrove habitats?

Management and
governance

How do current institutions and policies
influence individual, communal, and
commercial fishing behaviors?

What are best practices for the assessment of
implementation and effectiveness of proposed
resource management schemes, both at the
social and ecological levels?
How are decisions related to coastal resource
management made and how do current
institutions and policies influence individual,
communal, and commercial behaviors in the
context of rapid climate change?

How are decisions made about coastal
development?

Valuation How can we relate demographic and economic
conditions to preferences of different fishing
groups, the thresholds under which those
preferences remain, now and in the future?

What social, ecological, and future climate
scenario information do we need in order to
monetize climate change (or any other external
stressor)?

What are the economic trade-offs between
restrictive fisheries management and tourism
growth in climate-change affected tropical
coastal regions?
What are the differences in perceived value of
coastal habitats for recreation, research,
ecosystem services, culture, intrinsic or
existence values, and bioprospecting?

Changing human
communities

What have been the relationships between
different types of fisher people over time? And,
Why have those relationships changed?

What are the livelihood strategies of current
communities near reef ecosystems? How might
these change as a result of modified natural
regimes?

Who lives on the coast and how has this
changed over time?

Physical health What are the health effects of changes in diet as
a result of declines in resource availability?
How do alternative sources of employment and
income (in response to resource decline)
compare to fishing in terms of risk and
providing access to health coverage for
participants?

How does eutrophication of coastal waters
impact the health of those who rely on local
foods as compared to those who don't? And,
How does recreating in coastal environments
affected by rapid climate change contribute to
mental health and wellbeing?
How do diverse health impacts affect human
behaviors (such as migration or shifting
resource use) and modify human-induced
changes on coral reefs?

How do resource-dependent coastal
communities perceive rapid coastal
development and associated increases in
economic opportunities, in the context of
natural resource degradation? And. How does
this affect their health and wellbeing?
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context of fisheries range shifts (Madin et al., 2012); a study of the
changes in consumption and fishing pressure accompanied by
increased reliance on alternative occupations, as a result of
resource decline (Turner et al., 2007); and an assessment of the
implications of ecosystem change for both conservation and food
security (Unsworth et al., 2014).

Two of the articles took into account attitudes and perceptions,
specifically opinions based on local ecological knowledge as well as
scientific expertise, on a range of topics such as food security,
sustainability, and conservation. Finally, only one paper used eco-
nomic valuation approaches to estimate a range of potential eco-
nomic losses in fisheries-derived income due to projections of coral
reef degradation according to varying future climate change sce-
narios (Speers et al., 2016). A particularly interesting paper by
Holdschlag and Ratter (2013), combined three of the social science
themes, namely attitudes and perceptions (knowledge), behaviors
(stressors, that also included environmental stressors), and change
in communities (social responses), in the context of the Bahamas as
an island socio-ecological system affected by environmental vari-
ability and resource change.

The framework, methods, and findings of these papers
improved on existing tropical coastal research by providing inno-
vative modeling tools for the integration of science into the policy-
making process by further exploring the proximate and distant role
of human behavior in environmental outcomes. They also explored
human community responses and adaptation to changing resource
availability, illustrating the inextricable link between fisheries and
people. Indeed, as the shift from single-species to ecosystem based
management of fisheries has improved recognition of the broader
ecosystem-level influences on species dynamics and reduces indi-
rect social and economic costs (Pikitch et al., 2004); so does the
inclusion of social science. For instance, fisheries management plan
design could be streamlined to target species, ecosystem, and hu-
man dimensions, effectively reducing uncertainty. As pointed out
earlier in the discussion of benefits of socio-ecological integration,
these studies would contribute to tropical coastal research by
exploring new themes and sources of data, recognizing drivers of
change, and supporting non-traditional forms of engagement to
expand stakeholder support of policies and governance. Further-
more, fishing and coastal communities' relationship to the sea is
filled with mystique and lore. Several authors have produced
fascinating literary accounts of the history of fishing and its impacts
on people that may, by all accounts, serve in the future as historical
references to times past.

Future research could include studies of perceptions and atti-
tudes towards conflict, as new uses of the marine space emerge and
gain traction in the current ideological and administrative shift
towards capitalizing on the blue planet as the final frontier; and
demographic and economic analyses to identify the preferences of
a range of diverse fishing groups, the thresholds under which those
preferences remain, and whether these will even exist in the future
as resources decline. Particularly understudied in fisheries were the
linkages between human and natural coastal ecosystem health. In
this vein, researchers could attempt to answer questions such as:
What are the health effects of changes in diet as a result of declines
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in resource availability? And how do alternative sources of
employment and income (in response to resource decline) compare
to fishing in terms of risk and providing access to health coverage
for participants? (Table 2).

5.2. Climate change induced coral bleaching

Based on the extensive academic and political dialogue around
the threats of global climate change, we expected to see a growing
body of literature addressing the interactions of the social system
with both sea level rise and ocean acidification. From our literature
review, however, most of the published studies that explored how
global climate change modified interactions between human
communities and tropical coastal ecosystems focused on coral
bleaching. The biological response of corals towarmwater events is
quite well described and is increasingly being modeled for pre-
dictive purposes (Gurney et al., 2013). However, as the papers
reviewed for this section demonstrate, the inclusion of social sci-
ence approaches greatly enhances our ability tomediate the impact
of cumulative stressors on reef ecosystems and the human com-
munities that depend on them.

Of the ten papers resulting from our literature search that
included social science research related to coral bleaching, four
described socio-ecological models aimed at informing policy,
where the stressors were primarily human activities and manage-
ment efforts (Anthony et al., 2015; Gurney et al., 2013; McClanahan
et al., 2009;Weijerman et al., 2015). Three reflected on how climate
change impacts on coral reefs would affect coastal communities
(Cheablam and Shrestha, 2015; Cinner et al., 2013; Hern�andez-
Delgado, 2015); two explored the impacts of specific human be-
haviors on corals (Bahr et al., 2015; Riegl et al., 2012); and one used
expert perceptions of the effectiveness of local management on
coral reefs (Ban et al., 2015).

Reports of coral bleaching are often limited to presenting the
damage to reefs and serve as a compelling illustration of the effects
of climate change on tropical ecosystems. However, as these papers
demonstrated, research that includes human concerns goes beyond
thesemessages of devastation, and adds a layer of dynamismwhere
human activities that affect and are affected by coral reefs can
exacerbate or mitigate impacts, support coral reef and human
community resilience to climate change through effective man-
agement, and broadly adopt an active role as either stressor or
affected party.

Due to the complex and indirect effects of climate change, it is a
challenge to isolate the drivers of ecosystem change to establish
causal relationships. In this respect, it was not surprising to note
that the social science research incorporated into coral bleaching
studies tended to explore combined human and natural stressors,
and their cumulative effects on the resource, with implications for
management. Furthermore, while the dynamicmodels described in
these papers were aimed at improving governance for environ-
mental outcomes, they rarely focused on the inverse: the impact of
coral reef bleaching on human communities. An exception of note is
the paper by McClanahan et al. (2009) that explored the links be-
tween social adaptive capacity and environmental susceptibility to
identify appropriate management options for different sites. Un-
derstanding these impacts can play a significant role in describing
the feedback loops between the human impacts of coral bleaching
and the human actions the perpetuate it, thus informing the
development of strategies that attempt to close the loop and more
towards a coupled human natural systems approach.

Potential research questions that could further enhance our
understanding of the social ecological system around coral
bleaching include analyses of the actual implementation and
effectiveness of proposed management schemes, both at the social
and ecological levels (Table 2). Studies might evaluate strategies for
implementing complex management schemes, focusing on how
decisions related to coastal resource management are made and
how current institutions and policies influence individual,
communal, and commercial behaviors in the context of rapid
climate change. Another opportunity for research on coral bleach-
ing and human communities is related to issues of human health.
Potential areas to explore could include how eutrophication of
coastal waters impacts the health of those who rely on local foods
as compared to those who do not, and how recreating in coastal
environments affected by rapid climate change contributes to
mental health and wellbeing. For those interested in coupled hu-
man and natural systems research, these studies could be furthered
to explore how diverse health impacts then affect human behaviors
(such as migration or shifting resource use) and modify human-
induced changes on coral reefs.

5.3. Coastal habitat degradation

As in the case of coral bleaching, we identified ten papers from
our initial search that explicitly engaged the social sciences to
explain tropical coastal habitat change in terms of cause and effect
of change. All ten papers addressed the role of human actions and
behaviors on the environment as a driver of coastal change and
degradation. Specific topics included the combination of human
behaviors, governance, and economic effects on the environment,
the impact of anthropogenic use variables on coastal water bird
habitat, and the role of tourism, urban growth, and ineffective so-
cial development policies on coastal erosion. (Camargo et al., 2009;
Conchedda et al., 2011; de Araujo Barbosa et al., 2016, Sandberg,
2010; Silva et al., 2014).

Another subset of papers explored linked processes in which
human behaviors affected coastal environments that then, in turn,
led to changes in the human communities that reside along the
coast (Barletta et al., 2010; Vilardy et al., 2011). For instance,
Barletta et al. (2010) analyzed the social causes of habitat loss and
resulting socioeconomic impacts on three river basins in South
America, while Vilardy et al. (2011) provided a historical overview
of infrastructure development and its impacts on humanwellbeing
along the Caribbean coast of Colombia. While potentially useful for
future policy-making, their methodology did not explicitly include
management concerns. The remaining three papers intellectually
included social aspects of habitat degradation, but did so through
the use of visualization tools based on satellite imagery of man-
groves in South Asia rather (Giri et al., 2011; Gopinath, 2010) and
quantitative modeling of tropical coastal lagoons (Tavares et al.,
2015) rather than field-based methods that can validate and
amplify the understanding of social pressures.

Unique to the studies on habitat degradation was the emphasis
on feedbacks between human actions and ecological change. The
existence of feedbacks is effectively a key requirement for a com-
plete coupled human and natural systemwhere the human-natural
integration is considered as awhole, and provides opportunities for
comprehensive management, engagement, and better science
overall.

Potential opportunities for improving the integrated science of
tropical coastal habitat degradation include developing studies on
the attitudes and perceptions towards change, the economic
valuation of resources that drive change as compared to resources
that are degraded as a result of change, and the possible links be-
tween habitat degradation and human health (Table 2). In the
context of coastal degradation and associated impacts on human
communities, the latter especially represents an opportunity to
research the relationship between threats to human health, fish-
eries decline as a result of habitat change, as well as increased
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contamination from sedimentation and runoff from land based
sources of pollution. Potential questions to explore could include:
how do resource-dependent coastal communities perceive rapid
coastal development and associated increases in economic oppor-
tunities, in the context of natural resource degradation? What are
the economic trade-offs between restrictive fisheries management,
tourism growth, in climate-change affected tropical coastal re-
gions? What are the differences in perceived value of coastal hab-
itats for recreation, research, ecosystem services, culture, intrinsic
or existence values, and bioprospecting?

6. Discussion

As our literature review shows, there is a range of thematic
variety in the research that incorporates social science to the study
of tropical coastal change. The existing literature on coastal fish-
eries drew primarily from management and governance studies,
research on coral bleaching was represented mostly by socio-
ecological models that included some form of climate predictions,
and studies on coastal degradationmostly took into account human
actions and behaviors and community change. For all three topics,
opportunities to improve interdisciplinary science included the
study of attitudes and perceptions, valuation, and the link between
environmental and human health. Additionally, we suggest there is
a critical need for the use of truly integrated socio-ecological ap-
proaches that focus on the three previously listed themes. Indeed,
these represent opportunities for future research that could
significantly improve our knowledge about coastal ecosystems and
efforts to manage these increasingly threatened resources.

Table 2 provides examples of ways to engage with social science
that could contribute to our understanding of these complex sys-
tems. As we demonstrated, while some themes have been more
commonly studied, such as management and governance, human
actions, and climate-based socio-ecological models; others have to
date been less integrated. For each theme we include examples of
social science research questions that could improve tropical
coastal research. These questions can span temporal, spatial and
analytical scales. For example, stakeholders can refer to individuals,
communities, and village or NGO representatives. Similarly, there
are often several academic disciplines (see Table 1) that can inform
the process of developing social science research questions and
appropriate data collection methods. We encourage readers to use
Table 2 as a starting point and not assume that it is exhaustive.

In addition to expanding the framework of tropical coastal sci-
ence to include the social sciences, scientists and resource man-
agers need to address the primary obstacles to this integration that
have already been identified at length in other papers (e.g., Bennett
et al., 2016; Fox et al., 2006; Strang, 2009; Turner, 2000; Viseu,
2015). This includes committing to developing transdisciplinary
research teams prior to defining the research question and
methods. Teams should not just include one human dimensions
expert, but a sufficient number with appropriate expertise to fully
explore the issue. Just as we cannot expect an oceanographer to be
able to classify coral species simply because (s)he is a biophysical
scientist, we cannot expect an economist to be the best resource for
developing a study on culture or governance.

Furthermore, the success of interdisciplinary research teams
depends on factors that affect all human relationships: mutual
respect, the development and maintenance of trust, the patience
and capacity to communicate and clarify misunderstandings, the
willingness to compromise and expand framing, and dedication.
Too often, social scientists have felt underprivileged, in that they
often receive less funding, less respect, and less opportunities for
leadership than those from the biophysical sciences. In fact, many
social scientists have expressed that their biophysical colleagues
are more likely to perceive them as “service” professionals than
“equals” (Welch-Devine and Campbell, 2010; Viseu, 2015). In order
for interdisciplinary collaboration to be effective, it must be obvious
that people's scientific identities will not be denigrated or appro-
priated, that funding and time will be allocated justly and appro-
priately, and that sufficient time will be allocated to the
substantially complex communication process (Strang, 2009).
Lastly, researchers hoping to engage the social sciences need to be
clear about the definition and purpose of social science. Incorpo-
rating stakeholders in research as is often donewith citizen science,
for example, is not social science (Strang, 2009). It is a method for
collecting biophysical data. As we have shown, the social sciences
have their own empirical tools that enable a research team to un-
derstand how social processes interplay with biophysical processes
to explain our observations. It is our hope that the review con-
ducted for this article served the purpose of illustrating existing
efforts at transdisciplinarity as well as new opportunities for social
science research that could contribute to future integrated coastal
research in the tropics.
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