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A B S T R A C T

The complexity of current socio-environmental impacts on marine and coastal ecosystems has pushed scientific
endeavors toward more participative and holistic approaches, such as the Post-Normal Science, Marine
Ecosystem-Based Approach and Integrated Coastal Management. Knowledge integration is a key element of
these approaches. Nevertheless, the development of integrated and interdisciplinary research still faces many
obstacles. Here, we discuss the process of scientific knowledge production and integration among the diverse
research areas of Oceanography and between science and society. Aiming to contribute to the development of
future interdisciplinary scientific research and to improve science-policy interface in coastal zones, we con-
ducted an analysis of an oceanographic research project in which an interdisciplinary and applied approach was
adopted to understand the components, processes and importance of a coastal bay in Southeast Brazil. From
interviews with project researchers, a documentary analysis and a social network analysis, we showed that
interdisciplinarity was stronger (a) within groups from related research fields and (b) with specific management
modules. Similarly, integration between the project and society was limited to specific research modules. In
addition, it was possible to identify actions that would foster integration in future research projects, related to
developing common research goals, concepts and methods, such as promoting opportunities for integration and
investing in publications for lay people in addition to scientific publications. Despite not achieving the objectives
of interdisciplinarity and integration with every project module, the project resulted in important legacies that
have impacted the Araçá Bay community and local decision-making. This project can be considered to be a good
example of integrated science in Brazil, especially regarding the under-explored potential of interdisciplinarity
development within oceanographic projects.

1. Introduction

Understanding the complexity and diversity of marine and coastal
zones demands integration among distinct scientific areas, knowledge
systems and stakeholders (Arkema et al., 2006; Haines-Young and
Potschin, 2011; Long et al., 2015; Slocombe, 1998). At this point, in-
terdisciplinarity is one key principle for studying and managing marine
and coastal zones (Cheong, 2008; GESAMP, 1996; Long et al., 2015;
McLeod and Leslie, 2009; Smith, 2002). Here, we consider inter-
disciplinary research (IR) to be “a mode of research by teams or in-
dividuals that integrates information, data, techniques, tools, perspec-
tives, concepts, and/or theories from two or more disciplines or bodies
of specialized knowledge to advance fundamental understanding or to
solve problems whose solutions are beyond the scope of a single dis-
cipline or field of research practice”, as defined by the Committee on

Facilitating Interdisciplinary Research (CFIR, 2005, p. 26).
Aiming to holistically manage marine and coastal zones, in addition

to IR, scientific knowledge must reach nonacademic stakeholders to be
considered in decision-making arenas. In this context, Integrated
Coastal Management (ICM) and the Marine Ecosystem-Based Approach
(MEBA) are relevant strategies that propose the integration of scientific
research and policy-making to environmental management of coupled
social-ecological systems (Cicin-Sain and Knecht, 1998; McLeod and
Leslie, 2009).

Although there is an increasing interest in developing IR (Van
Noorden, 2015), incorporation of it in the political decision-making
processes is still an unusual practice in the marine and ocean realms,
due to the lack of understanding of the role of IR within marine en-
vironments regarding its epistemological aspects, its scientific as-
sumptions and the process by which scientific and political processes
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coevolve (Christie, 2011). According to Christie (2011), if IR was a
more prominent, key aspect used in the political process, it would
benefit processes such as political challenges definition, environmental
changes characterization, actions identification and proposition, and
implemented policies effectiveness assessments. The integration of
scientific knowledge benefits the science-policy interface and supports a
more reliable and qualified decision-making process (Blanchard and
Bremer, 2013).

Challenges regarding the science-policy interface in marine and
coastal zones are also a result of the lack of comprehension between
scientists and managers (Cheong, 2008; Cicin-Sain and Knecht, 1998;
Van Koningsveld et al., 2005) and the absence and/or fragmentation of
scientific information (Sandersen et al., 2013). Even in the case of
coastal areas, for which plenty reliable scientific data exist, science-
based decision-making processes are rarely put into practice if in-
formation is fragmented among separate knowledge areas, or if the
integration between the scientific community and the political arena is
poor (Blanchard and Bremer, 2013; GESAMP, 1996).

In addition, science-based decision-making processes face a sec-
ondary obstacle in the integration of different stakeholders and the
willingness to coproduce knowledge, challenges that have been ad-
vanced by the post-normal science approach (Blanchard and Bremer,
2013). Post-Normal Science (PNS) is a problem-solving strategy that
aims to address complex societal problems that have uncertain facts,
values in dispute, high stakes and a pressing need for decision-making
(Funtowicz and Ravetz, 1993). PNS criticizes “normal science” because
it usually excludes lay people from the decision-making processes. In-
stead, PNS calls for a democratic dialog that must be extended to all
those who have a stake in the discussed issue, that is, to an extended
peer community (Funtowicz and Ravetz, 1997). Therefore, it is neces-
sary not only to practice IR but also to do so in a social context and in
collaboration with other stakeholders, considering the principles of the
MEBA and ICM (Cicin-Sain and Knecht, 1998; GESAMP, 1996; McLeod
and Leslie, 2009; Puente-Rodríguez et al., 2015), developing what we
refer to here as “integrated science”. Integrated science, thus, is scien-
tific research that integrates different scientific disciplines (IR),
knowledge systems and stakeholders.

While IR scientific literature on marine and coastal regions is scarce,
the lack of PNS literature is even greater, especially regarding the
perception of scientists who engage in integrated science. There are
barriers to this integration, such as the need to include social aspects in
marine sciences to produce a higher level of applied science to serve
decision-making (Stori et al., 2017). These challenges are especially
well recognized by scientists involved in IR projects, especially those
who aim to promote integrated science, many of whom were educated
in “normal science” procedures and need to work with other disciplines
and stakeholders who do not share the same concepts and methods.

In this context, this study aimed to map and understand the process
of scientific knowledge production and integration among the diverse
research areas and between science and society, using a case study. The
following section describes the social-ecological context of the case
study, the Biota/Araçá Project. Next, we present a social network
analysis of the knowledge integration in the Biota/Araçá-Project, dis-
cuss it in face of the PNS, ICM and MEBA perspectives, and provide
recommendations for science integration improvement in future re-
searches. We finish the paper by showing how this experience may
contribute to coastal management.

2. Methods

2.1. The Biota/Araçá Project study case

Araçá Bay is located in the northern coastal area of the State of São
Paulo (SE Brazil), in the São Sebastião municipality (Fig. 1). Araçá Bay
comprises a range of marine and coastal habitats in its almost
500,000m2, such as beaches, intertidal flats, mangrove fragments, and

rocky shores, and is recognized as one of the most biodiverse coastal
bays of the Brazilian Coast (Amaral et al., 2010, 2016). Until recently,
however, the bay's social aspects remained understudied (Turra et al.,
2016). Although two conservation units -the Marine Protected Area of
the Northern Coast of São Paulo State and the Alcatrazes Municipal
Environmental Protected Area - protect the bay territory, in recent
decades Araçá Bay has suffered from expansion of regional enterprises,
such as the São Sebastião Port (Mani-Peres et al., 2016). Due to the
complexity of the possible impacts of these projects on Araçá Bay, there
was a need for integrated scientific information, both from the natural
and social sciences, which could subsidize the decision-making process
(Amaral et al., 2016).

In this context, between 2012 and 2017, approximately 180 scien-
tists from distinct research areas and institutions conducted the scien-
tific project “Biodiversity and functioning of a subtropical ecosystem:
subsidies for integrated management”, the Biota/Araçá Project1

(Amaral et al., 2016). This project aimed to support local decision-
making processes regarding environmental, economic and sociocultural
aspects of the Araçá Bay ecosystems and its users, and to provide a
critical analysis and contributions to the development of future inter-
disciplinary scientific research and the improvement of the science-
policy interface in the coastal zone (Amaral et al., 2018a,b). The
complexity of these goals required the project to be organized into
twelve research modules: six on biological processes, two on physical-
chemical processes, and four on socio-economic and management
processes. Each module had a principal researcher as a manager, five of
whom were also head project coordinators. This administrative ar-
rangement was tasked with carrying out the challenge of integrating
diverse oceanography areas (biological, physical and human), as well as
integrating the scientists with Araçá Bay's stakeholders.

By making an effort to be included into the complex social-ecolo-
gical context of Araçá Bay since its initial phases, the Biota/Araçá
Project became a relevant stakeholder in the region. The researchers
interacted among different knowledge areas as well as with other social
actors, provided scientific information for decision-making and pro-
moted meetings and opportunities for debate and social engagement of
Araçá dwellers (Santos et al., 2018; Grilli et al., submitted). Therefore,
we understand that the Biota/Araçá Project is a convenient case study
to analyze how integrated science can be promoted within an inter-
disciplinary research project.

2.2. Data sampling and analysis

To understand and map the scientific knowledge production and
integration by the Biota/Araçá Project researchers, we conducted a
documentary analysis of the initial project submitted to the funding
agency and of the project's annual reports from 2013 to 2015. These
documents were requirements from the funding agency and they re-
present a formal and robust description of the knowledge production
and integration that had been proposed before the project start (initial
project) and how this has been achieved (or not) over years of research.

Additionally, we interviewed the project researchers and the mod-
ules' managers. Members of the former group were interviewed via an
electronic form (Google Forms) sent by e-mail, due to the high number
of people (146 researchers and students2). To increase the response
rate, initial contact was made prior to sending the form, as re-
commended by May (2004). Hence, an e-mail was sent to all Biota/

1 The Biota/Araçá Project is a thematic project inserted within a bigger re-
search program, the “Research Program on Biodiversity Characterization,
Conservation, Restauration and Sustainable Use” (Biota/FAPESP Project).

2 The sample was designed by selecting the researchers that were listed on
project's annual reports and who developed their studies in Brazil. That is,
foreign scientists that worked only as consultants in the Biota/Araçá Project and
research technicians were not considered in the survey.
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Araçá Project researchers explaining the relevance of the research,
detailing the research goals, notifying them that they would receive a
Google Forms interview request and asking for their cooperation. After
a week, the same warning e-mail was sent. After another week, the
electronic form was sent along with a consent term, which attested that
they participated voluntarily, guaranteed their anonymity, explained
the purpose of the research, and indicated respect for ethical issues
regarding research involving human beings (Appendix A). The ques-
tionnaire (Appendix B) was sent four times (once per week) for one
month, during which the researchers had the possibility and were re-
minded to answer it.

The modules managers were interviewed following a nonstructured
questionnaire (Appendix C), either in person - for those who live in or
near São Paulo city - or using Skype interviews - for those who live in
other cities or states. The interviewed coordinators also received and
signed the consent term. The interviews were recorded and transcribed.
To preserve the identity of the modules managers, they were referred as
Manager 1 to 12. However, the managers' numbers do not match (on
purpose) with the module numbers. That is, Manager 1 is not the
manager of the module 1 and so on. We decided to capture research
integration awareness separately between researchers and managers
because the latter have a broader perspective on the project develop-
ment and dynamics.

The documents, forms and interviews were analyzed by breaking
down the text into unities or categories (Cappelle et al., 2003) to obtain
information that indicated relationships among the scientific modules
and between the modules and society. Based on the categories, we
generated indicators of research integration that were the grounds for
building the social networks.

Social Network Analysis (SNA) is a tool to map the relationships
among individuals, institutions, and any social subject (for further in-
formation on the method, refer to Hansen et al., 2011). In SNA, the
vertex represents the social subject and the edges represent the re-
lationships among them, including the direction of the relationship
(direction of the link), its frequency and intensity (weight of the links).
From that, SNA enables the calculation of metrics by in-degree (how

many edges enter the vertex), out-degree (how many edges depart from
the vertex), betweenness centrality (importance of a vertex to the
maintenance of the network and to the information flow) and closeness
centrality (fraction of the average length of the shortest path between
the vertex and all others network vertices), as well as the application of
cluster analysis to identify if there are distinct groups linked to the
integration flow. We built the social networks using NodeXL software.

The social networks representing the information and knowledge
exchange of the Biota/Araçá Project were built as follows: i) the vertices
correspond to the twelve research modules and society, and the edges
show the relationships between them; ii) the arrows indicate the di-
rection of the relationship, that is, which module is reported to in-
tegrate with whom, with the width of the edges indicative of the
strength of the relationship; iii) the larger the vertices, the higher the
betweenness centrality values; iv) more centered vertices have higher
closeness centrality values; v) the cluster analysis is run using the
Girvan-Newman algorithm (Girvan and Newman, 2002) and the groups
originating from it are delimited by spotted circles.

3. Results

The documentary analysis considered the initial project and three
annual reports, from 2013, 2014 and 2015. Regarding the interviews,
from the 146 electronic forms sent, 41.78% (or 61 forms) were an-
swered, from 9 research modules. No answered questionnaire was ob-
tained from any researcher from modules 8 (Fisheries diagnosis), 11
(Ecological and economic modeling) or 12 (Management and organi-
zation of spatial data and metadata). All 12 modules managers were
interviewed.

3.1. Social network analysis

In the Biota/Araçá Project, 62% of the researchers reported that
their research depended on data generated by other modules. Of these,
21% described their access to the necessary data as “very accessible”,
38% as “accessible”, and 31% as “low accessible”, “very low accessible”

Fig. 1. Location of Araçá Bay, São Sebastião, northern coast of the São Paulo State, Brazil. From Grilli et al. (submitted).
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or “not accessible”. Regarding the willingness for working together,
27% of the project researchers classified it as positive, i.e., “high” or
“very high”, 47% as “medium” and 26% negatively, as “low”, “very
low” or “null”.

Finally, the majority of the researchers (77%) reported the intention
to publish with researchers of another area of the project. Of these re-
searchers, 74% reported that they had never worked with these re-
searchers from other areas before. All module managers reported
working with at least one different module, and half of them believed
that this interaction would not have occurred if it had not been fostered
by the Biota/Araçá Project. As a positive aspect of this interaction, 75%
of the respondents demonstrated the intention to continue working
together after conclusion of the project, indicating the formation of
research networks.

Five social networks were built to illustrate how the interaction and
the knowledge produced within the Biota/Araçá Project were in-
tegrated among the different research modules and between the project
and society: the initial project network (step 0), the annual reports
network (all three reports pooled), the researchers interview network,
the modules managers interview network and the summary network
(Figs. 2–6, respectively). The networks' attributes values are listed in
Tables 1–5 in Appendix D. We considered the following inputs for
building the networks to be indicators of research integration: collec-
tive planning, collective sampling, data sharing (both providing, re-
ceiving and validating data), collective data analyses and collective
publishing.

It is important to highlight that our goal was to provide a wider
picture of research integration within the three principal areas of the
Biota/Araçá Project (biological, physical-chemical and management)
and the interaction between the project and society, not to analyze the
integration of each module individually. Therefore, the modules iden-
tity was partially concealed and the biological modules were indicated
as BM (1–6), the physical-chemical modules as PCM (1 and 2) and
management modules as MM (1–4).

Moreover, some relevant information about data sampling influ-
enced the network analysis: 1) in the initial project network included
only 11 modules because the 12th module, “Management and organi-
zation of spatial data and metadata”, was formulated later; 2) no an-
swered questionnaire was obtained from the researchers from module 8

(Fisheries diagnosis), 11 (Ecological and economic modeling) and 12
and, consequently, the relationship between those modules and the
other modules, and with society, may be underrepresented in the re-
searchers' and summary's networks (Figs. 4 and 6, respectively); 3)
there were no questions about the interaction between project re-
searchers and society in the researcher's questionnaire, and thus this
sector is missing in this network (Fig. 4); 4) there was no data sampling
regarding the Araçá Bay stakeholders, therefore, the relationship be-
tween society and the project modules is always undirected in the social
networks.

3.2. Research integration evaluation and improvement

Researchers and module managers were asked to assess the in-
tegration among the Biota/Araçá project areas, based on their initial
expectations. The integration among the project areas was lower than
the initial expectations for 48% of the project researchers and 42% of
the module managers. On the other hand, the integration was better
than expected for 13% of project researchers and 25% of modules
managers. Finally, 39% of the researchers and 33% of the module
managers assessed the project integration as expected. Regarding self-
evaluation, however, researchers and module managers answered dif-
ferently. Approximately half of researchers (47%) evaluated themselves
negatively in promoting research integration, while this rate was 15%
for module managers. On the other hand, 15% of researchers con-
sidered that they had a good interaction with other areas and 42% of
module managers evaluated themselves positively.

To enhance research integration in future projects, researchers and
module managers suggested actions that would improve their partici-
pation and interaction with other study areas, which could be divided
between the different phases of the research project (Table 1). Finally,
regarding the project's outputs, the researchers and modules managers
noted the Biota/Araçá Project's main legacies for decision-making and
general society in oceanographic research (Table 2).

4. Discussion

To deal with the complex social-ecological aspects often found in
coastal zones (such as in Araçá Bay) is important to extend peer

Fig. 2. Social network built from the Biota/Araçá Project initial project analysis. BM: Biological Modules; PCM: Physical-Chemical Modules; MM: Management
Modules.
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communities and seek participative solutions that can properly support
decision-making (Blanchard and Bremer, 2013; Funtowicz and Ravetz,
1997; Puente-Rodríguez et al., 2015). This demands different strategies
that can be employed by the research team.

Regarding integration within the research project, strategies such as
fostering data sharing, joint publications and interpersonal relation-
ships play a significant role in bringing together researchers who
probably would not have interacted without these strategies, even
when working on the same project (CFIR, 2005). These strategies
contribute, therefore, to the establishment of a research network that,
ideally, will continue to exist after the research project has ended. As
indicated by the interviews, one can say that the Biota/Araçá Project
was successful in building new research networks, since most re-
searchers reported a willingness to continue working with other re-
searchers with whom they had not worked before the project.

In a general analysis, the integration between the Biota/Araçá
Project areas and between the project and society was demonstrated to
be similar in all social networks. The biological and management
modules had the highest metric values (indicated by symbol size,
number of connections and position in the network), while both phy-
sical-chemical and society had the lowest metric values. Therefore, the
social networks demonstrated that some modules had a higher inter-
action both with other disciplines and with society than others. This can
be seen in the summary network, in which the biological module 1
(BM1), the physical-chemical module 2 (PCM2) and the management
module 1 (MM1) had the lowest values for betweenness centrality and
closeness centrality, while the MM2, MM3 and MM4 had the highest
values, and thus are represented by larger and more centered vertices
(Appendix D, Table 5).

Considering the differences reported between networks, it is

Fig. 3. Social network built from the Biota/Araçá Project annual reports (2013, 2014 and 2015) analyses. BM: Biological Modules; PCM: Physical-Chemical Modules;
MM: Management Modules.

Fig. 4. Social network built from the Biota/Araçá Project researchers interviews (N=61). BM: Biological Modules; PCM: Physical-Chemical Modules; MM:
Management Modules.
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observed that the network reported in the module managers' interviews
was the most integrated. This inference follows from two metrics: 1) it
was the only network of which every module contributed to research
integration; and 2) it had the smallest differences between the highest
and lowest values of both betweenness centrality and closeness cen-
trality (excluding the summary network). On the other hand, the net-
works from the annual reports and research interviews demonstrated
much less integration, and 5 and 4 modules, respectively, had be-
tweenness centrality null values. That is, the modules show no con-
tribution to network maintenance. This indicates that the module
managers' research integration planning (Fig. 2) and perception
(Fig. 5), were not shared by the project researchers (Fig. 4), nor were

they clearly translated into the annual reports (Fig. 3). This aspect was
also found in research integration awareness and evaluation, in which
modules managers assessed their integration more positively than the
project researchers. This indicates that the communication within the
project, between module managers, researchers and students, could be
improved, as we discuss further in this work.

The cluster analysis revealed a strong interaction between biological
and physical-chemical modules, since they were grouped together in all
networks. Although the management modules also had some relation-
ship with the other two areas of the research, they had a stronger in-
teraction among themselves and with society. Despite this, the MM 1
was the least integrated module, since it was kept in a separated group

Fig. 5. Social network built from the Biota/Araçá Project module managers' interviews (N=12). BM: Biological Modules; PCM: Physical-Chemical Modules; MM:
Management Modules.

Fig. 6. Social network built from the summary of the documentary analyses and interviews from the social networks. BM: Biological Modules; PCM: Physical-
Chemical Modules; MM: Management Modules.
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in every network. Therefore, the social network analysis demonstrated
that research integration in the Biota/Araçá Project occurred strongly
between the biological and physical oceanography areas, and within
the social oceanography areas, and weakly among these areas and be-
tween the project and society.

It is expected that scientific disciplines that are epistemologically
alike integrate in a more effective manner than distant research fields,
such as integrating natural and social sciences. This occurs mainly be-
cause of differences in theoretical and methodological approaches, as
well as because of distinct subject of analysis and timing of research
(Brewer, 1999; Wear, 1999; Campbell, 2005; CFIR, 2005; Brown et al.,
2015). Furthermore, environmental researches traditionally approach
problem solving through the lens of natural sciences with little inputs
from social sciences, often in the end of the research project (Campbell,
2005; Ledford, 2015). However, the acknowledgment of the complexity
of coupled social-ecological systems in environmental manners has in-
fluenced researchers to balance both scientific approaches and to in-
tegrate them since the beginning of the research project (Pittman et al.,
2016), as pursuit by Biota/Araçá Project. Therefore, the SNA showed
that the project promoted interdisciplinarity at some level, but it also
unveiled that there is room for improvement in future research projects.

Science integration is an adaptive management process and should
undergo the management loop that includes problem identification,
planning, action, monitoring, evaluation and reformulation to improve
itself. Assessing how people involved in the process evaluate it can thus
provide information about best practices and points in need of atten-
tion. Additionally, because the way in which a person perceives a
process affects his or her willingness to participate in it, this perception
can be a measure of the potential for the activities in development to
promote engagement (Diduck and Sinclair, 2002; Raakjær Nielsen and
Mathiesen, 2003).

Having a good planning phase is a requirement for the development
of any research project, especially for interdisciplinary ones (Tait and
Lyall, 2007). Therefore, developing strategies that value different study
areas and knowledge systems - such as academic, traditional and local -
in the beginning of the research project has the potential to decrease
communication problems. Consequently, it can reduce possible lack of
trust among project participants (CFIR, 2005; Tait and Lyall, 2007) and
to contribute to the promotion of more integration among participants.

Researchers and modules managers highlighted the need to promote

more personal meetings over the course of the project, and suggested
that they could be more informal (Table 1). Some researchers reported
feeling a reservation to participate or to provide their opinion in very
formal events. Likewise, managers suggested that the project's work-
shops could include more practical, dynamic and collaborative activ-
ities, promoting a more informal and inviting environment.

Additionally, meetings intended to balance knowledge, as well as
small workshops, can foster the sharing of conceptual and methodolo-
gical approaches among scientific areas. For this purpose, the
Integrated Management module promoted the “Araçá Bay Integrated
Management Workshop”. This event promoted a conceptual leveling
among the researchers within the module and with other management
modules, including the participation of a representative of one of the
protected areas that encompasses the Araçá Bay, and resulted in a book
chapter (Stori et al., 2017). The chapter managed to integrate the dif-
ferent theoretical backgrounds of the module team to promote marine
and coastal sustainable management. This kind of practice could/
should have happened more often during the project, with the forma-
tion of a theoretical and methodological studying group open to all
project members.

Planning and implementing integration strategies and events is not
a simple task and demands much time and effort from the project co-
ordination team (Tait and Lyall, 2007). In this context, module man-
agers suggested that having an administrative staff or an operational
manager responsible for planning and implementing these strategies
would improve integration and secure researchers' time for dedication
to scientific work. Despite the importance of this extra personal as not
to overload managers, it is worth noting that they do not consider de-
veloping integration techniques as a scientific work, in spite of the
specific goal of the project to contribute to the development of inter-
disciplinary research and science-policy interface in the coastal zone.
This perception is another point that should be addressed in this kind of
research, as to foster integrated science.

Regarding the final phase of the project, it is important that research
findings are widely published, and not only in academic journals. The
project results should be accessible to all research participants, both
scientists and nonacademic actors. This may happen through the pub-
lication of printed material, such books and folders, as well as through
social media and collaborative online platforms. Both project re-
searchers and module managers noted that the publication of project

Table 1
Actions to improve research integration, according to the Biota/Araçá Project' researchers (N= 61) and modules managers (N=12).

Initial phase Sampling, analyses and publication After publication

● To have common research questions among the modules
● To make common targets and deadlines explicit, since project design
● To nurture trust about data sharing and research integration
● To have more personal meetings
● To structure the project with fewer modules but more interdisciplinary

ones, with two managers from distinct research areas
● To formulate a preparatory project

● To have module talks and meetings more often
● To design more dynamic, collaborative and informal

workshops
● To increase participation of students and post-doctoral

fellows in integration activities
● To have an operational manager responsible for planning

and implementing integration strategies
● To create a project glossary

● To provide more visibility to
project's products

● To have personal staff trained in
media publication

● To better use online platforms
● To create an online bulletin of the

project

Table 2
Legacies of the Biota/Araçá Project according to the Biota/Araçá Project' researchers (N= 61) and the module managers (N=12).

To Oceanography To decision-making To society

● Interdisciplinary approach
● Project concept
● Integration between coastal management and

environmental studies
● Considering local knowledge
● Educating researchers with integrated approach
● High diversity of sampling methods
● Vast number of academic products
● New species identification

● Promoting diverse stakeholder involvement
● Influencing in a local Environmental Impact Assessment

process
● Providing considerable amount of scientific data for

decision makers
● Enhancing socio-environmental relevance of Araçá Bay
● Elucidating trade-offs between diverse uses of Araçá Bay

● Translating scientific knowledge to general
public

● Involving local community into the research
realm

● Rephrasing university social responsibility
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findings could have been better disseminated, especially via the project
social media platforms, which were evaluated as underused. Therefore,
considering the substantial number of participants in the Biota/Araçá
Project and the physical distance between them, as normally occurs in
large and international projects, it is necessary that online tools be
better explored.

Finally, analyzing the outcomes of the Biota/Araçá Project, in-
tegrated science in the project is represented by the intent to provide
reliable interdisciplinary scientific results that could be incorporated
into a participative and democratic decision-making process. This was
attempted both by incorporating local and traditional knowledge into
scientific planning strategies (Mani-Peres et al., 2016; Xavier et al.,
2018) and by presenting project's findings to the Araçá Bay stake-
holders. This increased the extended peer community to public policies
formulation in a scenario that comprises uncertainties, high stakes,
plural opinions and the urgent need for decision-making, materialized
in the Local Plan for Sustainable Development (PLDS/Araçá, 2016),
which was one of the products of the project.

The legacies of the project to oceanographic science indicated by
researcher and coordinators can be grouped into conceptual and prac-
tical levels. On the conceptual level, the project contributed to the
understanding and practice of Oceanography as an interdisciplinary
science, seeking to characterize the coastal environment through its
natural and social aspects. This is extremely relevant to the manage-
ment of marine and coastal zones, because interdisciplinarity is a re-
quirement for any management planning that values using and sharing
natural marine and coastal resources sustainably, as put forward by
ICM and the MEBA (Haines-Young and Potschin, 2011; Leslie and
Mcleod, 2007; Sandersen et al., 2013). Therefore, the inclusion of four
management modules (a third of the total number of modules) in a
thematic project whose goals were mainly biased towards biodiversity
characterization (Biota/FAPESP) was a meaningful legacy.

At the practical level, the Biota/Araçá Project contributes to marine
science research by 1) identifying species new to science (Amaral et al.,
2018a,b); 2) describing a wide range of sampling methods for coastal
environments (Amaral et al., 2018a,b); 3) publishing findings in both
academic (scientific peer-reviewed articles, theses and monographs)
and nonacademic publications, such as books for the local community
(Amaral et al., 2016; Mancini et al., 2017; PLDS/Araçá, 2016; Xavier
et al., 2016) and brochures (Mancini and Gomes-Fischer, 2016;
Schaeffer-Novelli et al., 2015; Wongtschowski et al., 2015); and 4)
capacity building, i.e., encouraging the development of an ecosystem
approach and post-normal science in students and researchers, as noted
by two researchers in the quote below:

This experience of thinking about the whole context of Araçá Bay,
with a holistic approach of the ecosystem dynamics and socio-en-
vironmental issues faced by local community, empowers researchers
to develop more societal problem-oriented science, while helping
decision-makers in the development of strategies to manage en-
vironmental resources (Researcher 1).
Understanding how Araçá Bay ecosystem works will help me to
understand the functioning of other similar ecosystems, as well as to
comprehend the relevance of integrating different research areas
and scientists (Researcher 2).

Furthermore, the Biota/Araçá Project provided reliable scientific
information to local decision makers. Due to the regional political
context at the time of the Biota/Araçá Project development, the project
had the opportunity to provide important contributions to decision-
making. The most relevant contribution was likely the scientific data
that helped to revoke the environmental license of the São Sebastião
Port expansion project (Santos and Turra, 2017; Turra et al., 2017).
This occurred due to the good relationship between project researchers
and local stakeholders, such as the State attorneys from the Public
Prosecutor's Office. All of the module managers have recognized the
contribution of the Biota Project to the environmental impact

assessment process of the São Sebastião Port as a determinant fact,
which changed the future of Araçá Bay.

In addition to its influence on the local environmental impact as-
sessment process, another recognized legacy of the Biota/Araçá Project
was to make explicit the trade-offs among the multiple uses of Araçá
Bay. Coastal zones are the most anthropogenically transformed and
used areas in the world (Barbier, 2009). According to the MEBA prin-
ciples, it is necessary to consider the trade-offs between the profits
made from the exploitation of marine resources and the consequent
ecosystem services loss (Barbier, 2009). In the case of the Biota/Araçá
Project, this is illustrated in the quote below:

Society has to know what is being negotiated, what is being lost and
what is being gained with a given development project. Then, the
relevance of a project like the Biota/Araçá Project is to highlight this
kind of dilemma that society will face (Manager 2).

Finally, knowledge is power. Prior to the Biota/Araçá Project, Araçá
Bay was publically interpreted as an unimportant area both en-
vironmentally and socio-economically. After five years of the project,
however, the data showed that the bay is extremely biodiverse and has
both great social and cultural relevance (Amaral et al., 2016). There-
fore, another important legacy from the Biota/Araçá Project to the
management of Araçá Bay is the amount of local data produced, which
may be useful in future decision-making, as cited in the quote below:

I think that the most important legacy to decision-making is the
amount of local data that allows to understand the environment and
its functioning. From that, it will help managers to take better de-
cisions in the future. At least it is what we hope (Manager 11).

Nevertheless, the production of relevant scientific knowledge on its
own it is not enough to accomplish marine and coastal zones sustain-
ability (Puente-Rodríguez et al., 2015), and a science-based decision is
not necessarily a good decision, given local specificities (Blanchard and
Bremer, 2013; Sandersen et al., 2013). Management proposals from
scientific research must consider local social and cultural aspects, policy
practices, and both legal and financial tools (Sandersen et al., 2013).
Otherwise, it is very unlikely that local managers would implement the
research findings, even though they are scientifically reliable
(Sandersen et al., 2013). This contributes to the weakening of the sci-
ence-policy interface, since in this case, scientists would feel frustrated
because their work will not be put into practice, while managers and
politicians will not see the research proposals as feasible (Cash et al.,
2003; Cheong, 2008; Cicin-Sain and Knecht, 1998; Van Koningsveld
et al., 2005). Therefore, involvement of multistakeholders in knowledge
production for decision-making (beyond scientists and decision makers)
is a fundamental aspect of developing initiatives that are both scienti-
fically reliable and socially feasible and hence could be realistically
implementable (Espinosa-Romero et al., 2011; Leslie and Mcleod, 2007;
Puente-Rodríguez et al., 2015).

The consideration of the opinion of local social actors is even more
relevant in a context of high complexity and uncertainty (both scien-
tifically and politically; Blanchard and Bremer, 2013; Funtowicz and
Ravetz, 1997), as is the case for Araçá Bay. Thus, integration of diverse
knowledge systems aims to produce a unique, democratic, under-
standable and legitimate perspective (Blanchard and Bremer, 2013;
Funtowicz and Ravetz, 1997). According to the module managers, the
Biota/Araçá Project legacies go beyond the provision of scientific
knowledge for Araçá Bay: the project brought the Araçá community
into the research realm, leveling the relationship between scientists and
local stakeholders, as highlighted in the quote below:

We have a scientific research that has been developed where there
was a societal demand. We are giving answers to society, and con-
sequently providing space for local changes and transformations.
That is much more than public policy orientation (Manager 1).

It is important to emphasize that this interaction between the Biota/
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Araçá Project researchers and local stakeholders occurred even before
the start of the project. The interaction became stronger along the
project, during which the researchers translated the scientific knowl-
edge produced from the project findings into a range of publications for
lay people (previously cited). In fact, a summary of the scientific find-
ings in language proper for local managers and other stakeholders is
fundamental to the implementation of research results in participative
and integrated management models, such as the MEBA (Leslie and
Mcleod, 2007).

Prior to the Biota/Araçá Project, the Araçá Bay local community
was very fragmented and unwilling to participate in institutionalized
discussions (Grilli et al., submitted). From the interaction between re-
searchers and Araçá stakeholders, the project fostered local community
social engagement in different regional participative decision-making
processes regarding Araçá Bay socio-environmental issues (Grilli et al.,
submitted). Examples of such participative processes are the Marine
Protected Area of the Northern Coast of São Paulo State (APAMLN) and
the São Paulo North Coast River Basin Council (CBH-LN) meetings,
which contribute to building social capital and fostering social learning
(Grilli et al., submitted). This engagement occurred especially because
of the Araçá Bay Local Plan for Sustainable Development formulation,
in which there were various participative meetings, and which resulted
in the creation of the group “Araçá Guardians.” This alliance brought
together diverse local stakeholders, including researchers from the
Biota/Araçá Project. Despite the fact that the local community remains
fragmented in some respects, the formation of the “Araçá Guardians”
group is an incontestable legacy of the project.

Finally, the Biota/Araçá Project experience brings up a discussion
about the level of social responsibility of universities in relation not
only to integrated management of marine and coastal areas, but also to
society as a whole. According to the module managers, the role of
academic institutions in providing answers to societal demands is an-
other fundamental legacy of the project. This is especially relevant re-
garding the current university institutional context, in which the system
of researchers' selection, evaluation and promotion still fosters scientific
knowledge production to be fundamentally departmental, disciplinary,
fragmented and disconnected from society (CFIR, 2005; Nightingale
and Scott, 2007). However, the current complex and emergent social
challenges demand a structural change in scientific organization occur
within universities (Waldman and Dalpian, 2017) to build a more
participative, democratic and post-normal type of knowledge.

5. Conclusion

The Biota/Araçá Project experience revealed that the inter-
disciplinary research promotion was asymmetric, with a stronger col-
laboration within natural sciences, i.e., between the modules of phy-
sical and biological oceanography, and within the management and
more socially oriented modules. Interdisciplinary work was demon-
strated to have space for improvement between the natural and social
areas of the project. Similarly, integration between the project and
society, despite being objectively sought, could be improved.
Nevertheless, the Biota/Araçá Project can be interpreted as a positive
example of interdisciplinary and integrated science, especially re-
garding the underexplored, great potential of interdisciplinarity de-
velopment within oceanographic research projects.

The objectively recorded legacies of the project for the Araçá Bay
stakeholders support this interpretation. First, providing scientific in-
formation to the environmental impact assessment process of a large
enterprise in the area (the São Sebastião Port) assisted the invalidation
of environmental permission previously granted. Second, the project
improved social capital in the area through the joint elaboration of the
Local Plan for Sustainable Development of Araçá Bay and the creation
of the “Araçá Guardians” group. Third, the efforts in the elaboration
and dissemination of nonscientific and outreach materials (brochures,
books, and documentary movie) aimed to translate the importance of

the bay to the general public. Finally, the project highlighted the social
accountability of universities by approximating researchers and local
community, being the latest not only the subject of the research by also
having a protagonist role in knowledge production.

The Biota/Araçá Project demonstrated several important steps that
need to be taken to produce integrated science and how it can con-
tribute to coastal management. Through the dissemination of this ex-
perience both in scientific papers and through capacity building, it is
expected that the problems faced and the lessons learned will con-
tribute to other projects with similar approaches and challenges.
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