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Foreword

This book has its roots in ISATEC, an international master course program created in
1999 by the Center for Tropical Marine Research (ZMT) and Bremen University.
The authors of the book are mostly ISATEC graduates now working as scientists or
administrators in their home countries. The editors asked them for case studies
reporting about the planning and implementation of national and local projects of
management of the resources and services of coastal zones.

The present book is a testimony to more than twenty years of joint efforts of a
research center and a university, both of them being engaged in multi-disciplinary
studies and interdisciplinary dialogues of natural sciences and humanities. They are
wide open to students from all over the world, particularly the Global South. As
founding director of ZMT and professor at Kiel University, I watched Matthias
Wolff and his team during the founding and early development of ISATEC. To me,
this book is a milestone on a long way which started more than half a century ago. In
the late 1950s/early 1960s, farsighted oceanographers like Anton Bruun (Denmark),
George Deacon (UK), and Roger Revelle (US) started a new era of ocean studies by
initiating the International Indian Ocean Expedition as a multi-national, multi-ship
exercise. The coordination of the sea-going efforts as well as organizing the storage
of oceanographic data and the sorting of the biological material was entrusted to the
Scientific Committee of Ocean Research (SCOR), founded in 1957 as the first
non-governmental global organization in marine sciences. The Intergovernmental
Oceanographic Commission (IOC), founded by UNESCO in 1960, became SCOR’s
governmental counterpart. When I entered the IOC secretariat in1964, it consisted of
a US marine geologist, a marine chemist from Japan, and myself as German
biologist. We were headed by a soviet physical oceanographer. Over more than
two years, I had the opportunity to visit many coastal places all over the world,
particularly in the tropics and subtropics. Many of those countries had become
independent only recently. Their scientific capacity was very limited, as was the
research infrastructure. In India, I met Kesava Panikkar. He was the leading ocean-
ographer in his country and the first president of IOC. He was a strong advocate of
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North/South partnerships under the acronym TEMA (Training, Education, Mutual
Assistance), with four lines of activities:

1. Fellowships for higher education at universities of the North and delegation of
lecturers to the young universities in the South.

2. Specific technical training by short-term courses or by hands-on training in joint
research projects.

3. Communication by participation in regional conferences and workshops and by
easy access to scientific literature.

4. Provision of scientific and technical advisors as well as of research tools.

When I was a professor at Kiel University, I tried to implement parts of TEMA.
Many of my students in fisheries biology and marine ecology came from the Global
South and wrote their thesis on problems related to their home waters. In addition,
some of my European graduates like Daniel Pauly (Hempel and Pauly 2002) or
Cornelia Nauen became engaged in bilateral research and teaching projects in
Africa, Latin America, and Southeast Asia or joined UN organizations. Particularly
in the 1960s and 1970s, governments of the North provided small research vessels,
laboratory equipment, and libraries to institutes in the South. Modern fishing vessels
fully equipped by bottom trawls and echo sounders were gifts during German state
visits in countries of the Global South. In several cases, however, vessels, gear and
instruments requiring sophisticated maintenance and repair turned out to be of little
or no use to the recipient. In the Gulf of Thailand, the introduction of bottom
trawling caused a collapse of local stocks and fisheries.

FAO financed and organized advanced regional training courses on stock assess-
ment and fisheries management and provided expert advice to the establishment of
national fishery research centers. Former colonial powers, particularly France and
Britain, tried to assist their former colonies through the establishment of regional
research centers and networks under the umbrellas of ORSTOM and the British
Council, respectively. The regional concepts did not meet short-term national policy
and personal interests of the local and national rulers, so much support was in vain.
On both sides, it took a long time to realize that in most countries, the coastal zone is
politically underrated or even neglected, in spite of its quickly growing human
population, its rich natural resources and services, and its specific threats like
storm surges and tsunamis.

The UN organizations, SCOR, and the well-established regional organizations
like the International Council for the Exploration of the Seas (ICES) made great
efforts to strengthen the North/South scientific contacts and to include “Southern”
scientists in the marine dialogue. Of great value were the participation of those
scientists in IIOE and subsequent multi-ship expeditions as well as the joint
processing and analysis of their data and samples.

In the 1970s, the ocean-wide international multi-ship surveys became replaced by
national single-ship studies of oceanic processes of ocean-atmosphere interaction
and of marine food webs and productivity. Plate tectonics, sea-floor spreading, and
paleo-oceanography became keywords, upwelling phenomena were studied in
detail. The advances in molecular biology and computerized modelling became
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drivers for the new field of marine microbiology and for the study of nutrient cycles,
energy budgets, and food webs.

The demand for fish meal and fish oil had increased, and hence had the exploi-
tation of the swarms of small clupeoids in coastal upwelling areas. The fluctuations
in those fisheries, the disastrous decline of many demersal fish stocks, and the
increase of pollution and eutrophication led to the concept of Large Marine Ecosys-
tems (LME), developed by Ken Sherman and widely adopted for regional research
and management (Hempel and Sherman 2003). It provided the framework for
international funding and North/South partnerships in regional projects of research,
monitoring, and management.

The new Law of the Sea had excluded foreign distant-water fleets from most of
the continental shelves. They looked for new resources like krill and for new fishing
areas, including the Southern Ocean. Its living resources made it the target for the
large international research effort BIOMASS (Biological Investigation of Marine
Antarctic Systems and Stocks, 1977–1991) initiated by the US scientist Sayed
Z. El-Sayed. “Its main aim was to gain a greater understanding of the biological
systems and stocks in the marine Antarctic environment” (El-Sayed 1994). The wide
scope of research of marine ecosystems like the Southern Ocean attracted many
young scientists from not only the North, but also from countries like India and
Brazil.

At the same time coastal states became obliged to monitor their extended eco-
nomic zones (EEZ) and their living resources. Governments realized the need for
strengthening the marine research capacity of their country and to foster regional
cooperation. In response to the growing demand for marine scientists, we established
the Centre for Tropical Marine Ecology (nowadays Leibniz Centre for Tropical
Marine Research) (ZMT) in Bremen in 1991. The ZMT had three major objectives:
(1) education and training of German and foreign students in tropical marine and
coastal ecology, (2) long-term research projects in partnership with institutions in the
tropics, and (3) coordination of German research activities in tropical coastal shores
and waters. Teaching at ZMT started with special courses of one or two weeks
mostly on ecological methods. They were held in Bremen or at partner universities in
the tropics. A few years later, the University of Bremen and ZMT invited German
and foreign students alike for the two-year M.Sc. curriculum ISATEC focussing on
tropical marine ecology, including its human dimensions. It was the first curriculum
in Bremen fully taught in English and focused on the management of tropical coastal
areas and their resources. ISATEC started with one year of class work in Bremen
followed by six months of field work at a partner university in a tropical or
subtropical country and finished with a semester in Bremen for writing the M.Sc.
thesis. Up to now over 360 students have graduated in the program. Many of them
continued as Ph.D. students in Bremen or elsewhere. They then returned to their
home country for positions in research, administration, or industry or became pro-
fessors at local universities.

As witnessed in this book, students and alumni of ISATEC played and still play
an important role in the research projects of ZMT. Over the past, long-term research
programs have been developed in Brazil, the Middle East, SE-Asia, and in the South-
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African Benguela LME. Those projects combine multi- and inter-disciplinary
research with training on the job of local and German graduates and junior scientists.
The projects are based on the concept of equal partnership as formulated in the
Bremen Criteria, which request inter alia

– A significant contribution to a scientifically important theme
– Joint planning and execution on equal footing
– A major contribution to strengthening the scientific capacity in the host country
– Long duration of one or two decades with firm financial commitment by Germany

and with substantial co-financing by the host country
– Unrestricted exchange of data
– Joint publications, preferably in international journals
– Joint participation in international conferences and workshops, not only for the

“permanent ticket holders” but also for many young scientists.

The greatest need for further capacity building is in the tropical and subtropical
countries.

A new generation of professionals is needed, addressing the sustainability issues
in a much broader sense than before. Management goals have to be defined and
defended under the pressure of conflicting ecological interests and political and
societal constraints. Most of the authors of this book are part of this new generation.
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Chapter 1
Introduction

Matthias Wolff, Sebastian C. A. Ferse, and Hugh Govan

Abstract After 20 years of successfully running an M.Sc. programme, called
ISATEC (International Studies in Aquatic Tropical Ecology) we considered it time
to revisit the tropical areas and to reflect on the global challenges in Tropical Coastal
Zone Management through the eyes of our former graduates involved in science and/
or policy making in their home countries. We enquired if progress can be seen over
the last three decades on the way toward reaching the Sustainable Development
Goals in tropical coastal countries, and what the persisting crucial problems are that
we need to focus our research, capacity development, and policy actions on. This
book was then conceived to provide a platform for ISATEC alumni to (1) share their
perspective on the current state of the art of coastal and resource management and
conservation in their countries, (2) reflect on challenges and future needs in research
and management for sustaining the ecosystems of the tropical coastlines for future
generations on the way toward reaching the SDGs, and (3) allow us to evaluate our
current training efforts to identify possible thematic gaps to be filled and training
approaches to be improved. The book covers all regions of the tropical belt. It is
structured into four parts: A first part (introduction and context)—that provides the
background and context of this book. A second part (case studies)—that describes
the state and current challenges in coastal and resource management in the countries
of the ISATEC alumni and collaborators that contributed to this book. A third part
(evaluation and synopsis)—that aims at a comparative analysis of the case studies
presented and a synthesis of findings. We derive emergent key issues for manage-
ment and conservation for the tropical coastal environments. A fourth, concluding
part—that reviews the success and relevance of our and similar training programs
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and looks at the progress made in ocean and coastal management over the past
decades as well as at gaps for future research and capacity development.

1 Challenges in Tropical Coastal Zone Management
and the ISATEC Program

As we write (May 2022), the global population is still being heavily impacted by the
COVID 19 pandemic, with over 526 million of infected people globally already and
over 6.3 million deaths. The extreme interconnectedness of our globalized world is
illustrated by a minute virus affecting people of all continents, countries, and social
strata. With a population close to 8 billion people, our species exceeds in abundance
and density all other mammals on this planet and has increasingly needed to exploit a
wider range of habitats and resources, so it is not surprising that Homo sapiens is
becoming host to a variety of new bacterial and viral infections. Indeed, mounting
evidence shows a clear link between human’s impact on the environment and the
risk of pandemics such as the present one (Tollefson 2020).

About half of our planet’s population lives close to the tropical shores, which are
also the areas of highest rates of population increase due to high birth rates and
massive migration from inland areas (Neumann et al. 2015). Urbanization and
tourism development are most pronounced here, contributing to complex webs of
often conflicting economic activities such as fishery, aquaculture, port construction,
oil drilling, or ship traffic, as well as the impacts of land-based activities such as
agriculture, logging, and mining.

As a result of these activities, coastal habitats have been damaged; mangrove
areas have decreased by about 6.6% in the past three decades FAO and UNEP 2020,
and seagrass meadows are reported to have declined by a rate of 7% per year since
the 1990s (Short and Wyllie-Echeverria 1996; Waycott et al. 2009). A loss of these
vegetated areas reduces the capacity of the coastal zone to combat global warming
and prevent coastal erosion (see http://thebluecarboninitiative.org/ and https://www.
iucn.org/theme/forests/our-work/forest-landscaperestoration/).

Coral reefs, the habitat of about 1/3 of all marine species (Fisher et al. 2015), are
severely threatened globally. Heat stress is causing mass bleaching and mortality of
reef corals. The 2016 bleaching event resulted in the loss of 30% of the coral cover of
the Great Barrier Reef within just 9 months (Hughes et al. 2018a, b). Since 2016,
there have been four mass bleaching events, affecting reefs around the world with
increasing intensity and frequency (Eakin et al. 2019; Hughes et al. 2018a, b).

In addition to ocean warming, other consequences of climate change in the ocean
are the rising sea level, already endangering many small islands (Martyr-Koller et al.
2021), ocean acidification (Feely et al. 2004), oxygen depletion (Breitburg et al.
2018), and extreme weather events that increase in strength and frequency, with
devastating effects on urban infrastructures and the functioning of coastal ecosys-
tems (Holland and Bruyère 2014). Climate change and its impacts on species and
ecosystems are expected to drive the loss of coastal resources and reduce the

http://thebluecarboninitiative.org/
https://www.iucn.org/theme/forests/our-work/forest-landscaperestoration/
https://www.iucn.org/theme/forests/our-work/forest-landscaperestoration/
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productivity of marine and coastal fisheries and aquaculture, especially at low
latitudes (Bell et al. 2013; Cheung et al. 2010). The repercussions are likely to be
huge and add to existing over-exploitation. Reductions in fisheries stock productiv-
ity will particularly affect coastal fisheries in the tropics, which are vital to the
wellbeing of island and coastal communities. Meanwhile, further changes in stock
distributions will have a particular impact on oceanic fisheries, which provide much
revenue for tropical and islands nations (Barange et al. 2018).

Coastal waters are being polluted with plastic and other solid and liquid wastes
deriving from near-by and far-away urban centers (Halpern et al. 2008). Effects of
land-based activities such as logging and mining impact the coastal waters of the sea
as do effluents from agriculture and animal husbandry, which contaminate rivers and
coastal waters with high loads of nutrients and toxic chemicals including antibiotics,
affecting coastal food webs and biota.

Due to this multitude of stressors, coastal habitats are greatly altered, species
change their abundances and distributional ranges, biodiversity is lost at an alarming
rate and many services provided by these ecosystems are lost, such as coastline
stabilization and CO2 storage and uptake by coral reefs, mangrove and sea grass
areas, food production through fisheries and aquaculture resources, coastal water
purification through extensive beach areas, climate stabilization by coastal wetlands,
habitat provisioning for an extraordinary number of species, and genetic resources
(Dasgupta 2021).

Global mapping of the different threats our planet is subjected to (IOC-UNESCO
and UNEP 2016) reveals highest threat scores in the countries of the tropical belt,
while low risk areas are all confined to the temperate zones. A very different picture
emerges if we look at the ecological footprint of different societies, which is the
highest in the wealthy countries of the global north (WWF 2016), since it is here that
most of the global energy, food, and water are consumed and where most of the
waste is produced and CO2 emitted.

The unrelenting quest for economic growth has increased the pressure on the
planet—the race among diverse and often competing interests for ocean food,
material, and space has been termed “Blue Acceleration” and poses existential
risks to humanity. At the same time, effectively applying norms of equity, conser-
vation, and sustainable use pose a commensurate opportunity (Jouffray et al. 2020).

To counteract the planet’s further degradation at multiple scales—from local and
individual to national and global—we need a more holistic system thinking to better
identify unsustainable consumption and production patterns, malfunctioning gover-
nance structures, and short-term focused economic planning, and may even consider
radical reform of economic models to overcome fundamental structural problems.
The concentration of power and state capture by economic interests is a widespread
phenomenon, including food production systems in the ocean such as the industrial
fleets of foreign, long-distance trawlers that operate along most of the tropical
coastlines, often not only leading to overfishing, but also to devastating conse-
quences for local small-scale food producers, who lose their livelihoods and fall
into a poverty trap (Wolff 2015).
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Most of the above issues were recognized by scientists and policy makers at least
three decades ago, and during the United Nations Conference on Environment and
Development (UNCED) (“Rio Conference”, 3–14 June, 1992) were taken up in
Agenda 21, the Rio Declaration on Environment and Development, a comprehen-
sive plan of action to build a global partnership for sustainable development to
improve human lives and protect the environment. Agenda 21 was adopted by
178 countries, and shortly afterward the Commission on Sustainable Development
(CSD) was created to ensure effective follow-up of UNCED, to monitor and report
on implementation of the agreements at the local, national, regional, and interna-
tional levels. In 2000, the Millennium Development Goals (MDG) with the aim of
reducing extreme poverty by the year 2015 were formulated by the UN member
states. This was followed by the formulation of the Sustainable Development Goals
(SDGs), a process that started during the Rio +20 conference in Rio de Janeiro in
June 2012. This process culminated in the subsequent adoption of the 2030 Agenda
for Sustainable Development, with the description of the 17 Sustainable Develop-
ment Goals (SDGs) at its core, by 2015.

Shadowing the above-mentioned global processes of identification and reaction
to major planetary threats, the Centre for Tropical Marine Research (ZMT) was
created in Bremen (Germany) in 1991 to contribute with research and capacity
development to the sustainable management and conservation of tropical areas to
help fulfilling the global goals eventually formulated as the 17 SDGs.

A strong pillar of the ZMT was the development of an international and interdis-
ciplinary Master of Science Program (ISATEC—International Studies in Aquatic
Tropical Ecology). Launched in 1999, ISATEC offered capacity development to
international students interested in research, management, and conservation of
tropical aquatic ecosystems. The vision was to train young scientists in this
multidisciplinary area of research and prepare them for work as scientists, managers,
or teachers in institutions dedicated to the sustainable use and conservation of
tropical habitats and their resources.

The ISATEC program was built on three pillars reflecting its main objectives
(Table 1.1)

1. Provide knowledge and understanding about ecosystem structure and function,
2. Learn concepts and tools for modeling and management of systems and

resources, and
3. Acquire skills for independent study, data analysis, and writing.

We envisioned a “coastal manager” (Olsen 1995) particularly skilled in conflict
resolution, management of group processes, and the development of transdisciplin-
ary research programs. At the same time, the graduate should have acquired “cultural
literacy” through having been trained in an international and intercultural group of
students and having spent his/her field research period in a tropical country, as well
as profound knowledge of ecosystem functioning and relevant approaches to system
studies.

This ongoing program has thus far graduated over 370 young scientists from
more than 65 countries. Many of the graduates are currently working in their area of
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Table 1.1 Thematic fields and study contents of the ISATEC program in 1999

Ecology Evaluation and management General skills

Basic understanding of eco-
system functioning and
energy transfer

Theoretical concepts and
methods for resource and
ecosystem assessment

Independent self-studies and
time management; scientific
writing and presenting

Comparison of tropical
aquatic systems in terms of
representative biota and envi-
ronmental envelope

Introduction to relevant
models and computer soft-
ware for fisheries and ecosys-
tem studies

To learn how to study and work
within an interdisciplinary and
intercultural team; the transdis-
ciplinary approach

Concepts and methods to
study and model populations
and communities

Cultivation systems for tropi-
cal resources; target species
and environmental
requirements

To know relevant databases
and how to access them and
make use of the data

Knowledge of the utilization
and economic value of aquatic
ecosystems and their
resources

Understanding of the com-
plexity of decision making in
environmental management

Knowledge of approaches for
ecosystem modeling, ability for
analysis of complex problems
and capacity for oral and writ-
ten communication

expertise in their home countries, which mostly are located within the tropical belt.
About 30% of the graduates have continued in academia, most progressing to PhD
studies.

After 20 years of successfully running this program we considered it time to
revisit those tropical areas and to reflect on the global challenges in Tropical Coastal
Zone Management through the eyes of our former graduates involved in science
and/or policy making in their home countries.

With former students, we enquired if progress can be seen over the last three
decades on the way toward reaching the Sustainable Development Goals in tropical
coastal countries, and what the persisting crucial problems are that we need to focus
our research, capacity development, and policy actions on.

This book was conceived therefore to provide a platform for ISATEC alumni to
(1) share their perspective on the current state of the art of coastal and resource
management and conservation in their countries, (2) reflect on challenges and future
needs in research and management for sustaining the ecosystems of the tropical
coastlines for future generations on the way toward reaching the SDGs, and (3) allow
us to evaluate our current training efforts to identify possible thematic gaps to be
filled and training approaches to be improved.

The book covers all regions of the tropical belt. It is structured into four parts:

1. A first part (introduction and context)—that provides the background and context
of this book.

2. A second part (case studies)—that describes the state and current challenges in
coastal and resource management in the countries of the ISATEC alumni and
collaborators that contributed to this book.

3. A third part (evaluation and synopsis)—that aims at a comparative analysis of the
case studies presented and a synthesis of findings. We derive emergent key issues
for management and conservation for the tropical coastal environments.
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4. A fourth, concluding part—that reviews the success and relevance of our and
similar training programs and looks at the progress made in ocean and coastal
management over the past decades as well as at gaps for future research and
capacity development.
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Part II
Case Studies

The 16 case studies presented in this book span tropical coastal areas of Africa, Latin
America, Asia, and the Pacific Island States and thus allow drawing some general
inferences for a global picture of current practices and challenges with regard to the
management and conservation of the tropical coastal seas.

Contributions are from Africa (Ghana, Tanzania, Ethiopia, Kenya, and Saudi
Arabia), Latin America (Peru, Ecuador, Guatemala, and Panama), Asia (Bangladesh,
Philippines, Indonesia, and Thailand), and the Pacific Islands (Cook Islands). The
individual authors selected the most relevant issues through coastal zone manage-
ment case studies in their countries of work.



Chapter 2
Kenya Case Study One

Hit-and-Miss: Assessing the Current Fisheries
Regulations in Light of the Changing Face of Marine
Artisanal Fisheries in Kenya

Paul Tuda, Rashid Imam, Benedict Kiilu, and Johnstone Omukoto

Abstract Marine artisanal fisheries play an important role among Kenyan coastal
communities, making a vital contribution to livelihoods and food security. Never-
theless, the contribution of this fishery sector to the national fishery and the gross
domestic product (GDP) is low and minimal investments have been pumped back
into the sector both in terms of budget and policies reflecting the status of the
fisheries sector. Since Independence (1963), the Kenyan fisheries sector has operated
without a comprehensive policy and legal framework. However, in 2008, the
government, through the state department of fisheries, enacted the national oceans
and fisheries policy to address the myriad of challenges facing the sector and to
contribute to the overall sustainable use of fisheries resources and marine ecosys-
tems. Nevertheless, the fishery has continued to face a myriad of challenges typical
to most fisheries in the developing countries occasioned by declining catches,
increasing effort and the use of unsustainable fishing practices, putting the liveli-
hoods of future generations at risk. Besides, the government has committed to many
international and regional instruments relevant to fisheries in an attempt to meet its
international obligation in supporting global efforts towards sustainable fisheries.

Nevertheless, there are constraints towards implementing some of these resolu-
tions and there is the risk that these commitments put further stress on the respective
fisheries management agencies already under severe pressure. The government has
prioritized participation in processes and forums towards the advance of interna-
tional and regional treaties at the expense of the national needs. Therefore, while the
national government might appear to be making significant progress in meeting the
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global targets, there is little evidence that there is compliance with national fisheries
legislation. A continued decline in the status of the fisheries stocks can still be
expected unless more resources and effort are put towards the fisheries sector
nationally.

Keywords Fisheries Management and Development Act · Management plans · Co-
governance · Kenya · Western Indian Ocean

1 Introduction

Marine artisanal fisheries play an important role among Kenyan coastal communi-
ties, making a vital contribution to livelihoods, food security as well as a socio-
cultural identity (Munga and Ndegwa 2014). Among the many economic activities
carried out along the Kenyan coastline, the artisanal fishery is practised along the
entire coast, even in the remote areas making a significant contribution to the
household income. However, the contribution of this fishery sector to the gross
domestic product (GDP) is low (<1%), and as such, receives low priority at the
national level (Mangi et al. 2007; Zeller et al. 2006). According to Malleret (2000),
marine fisheries contribute approximately up to 80% of the total household income
for most of the coastal communities in Kenya. However, these estimates are con-
servative, given the lack of adequate data and disaggregation of data to the socio-
economic level (Le Manach et al. 2015; Tuda and Wolff 2015).

Recent efforts through an Economic and Financial Impact Assessment (EFIA) of
Marine Fisheries in Kenya further revealed that comparison between official and
reconstructed data indicates that the annual fish catch is almost six times (53,665
metric tonnes) the official published fisheries statistics (9000 m) with an estimated
value to the fisherman being eight times the official published data (Owiti et al.
2018). The recommendation to review Kenya’s official marine artisanal fisheries
statistics in order to correct under-estimation in the economic estimates of Kenya
marine fisheries was therefore made to enable adjust management cost recovery and
revenue allocation framework by national and county governments with regard to
the fisheries sector.

1.1 Description of the Fishery

The marine fisheries in Kenya broadly include the coastal nearshore waters mostly
dominated by the artisanal fishers and the offshore fishery conducted mainly in the
Exclusive Economic Zone (EEZ) (Aloo et al. 2014). The coastal nearshore fisheries
are characterized by artisanal fishers using traditional fishing gears and small, mostly
non-motorized vessels operating nearshore and not exceeding 20 m depth (Kaunda-
Arara et al. 2003; Ochiewo 2004).
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Typical catches from the artisanal fisheries are diverse, consisting of over
160 species targeted by an array of gears and mostly dominated by coral reef and
seagrass associated species, which are estimated to constitute about 80% of fish
catches (Bosire et al. 2012; Samoilys et al. 2017). Overall, the demersal fish species
dominate the marine catch. According to the statistics from the State Department of
Fisheries (2014), demersal fish species accounted for 45% of the total marine
landings (10,135 metric tons) in 2014, followed by the pelagics accounting for
35% (7843 metric tons), molluscs 9% (2044 metric tons), and sharks, rays and
mixed-species “nei” (not elsewhere included) and crustaceans, which contributed
8% (1762 metric tons) and 3% (620 metric tons), respectively.

Whereas the artisanal fisheries are characterized by high species diversity, only a
few families and species dominate the catches, perhaps reflecting the most abundant
and commercially important species (Hicks and McClanahan 2012; Tuda et al.
2016). Overall, fish catches are dominated by species from the families Siganidae,
Scaridae and Lethrinidae, with at least 13 species from these families representing
more than 75% of the overall catch.

Over the past decades, studies point to a declining fishery evidenced by a decline
in the catch per unit effort (CPUE) and the mean trophic level of some commercially
essential species (McClanahan et al. 2008). However, the status of most fish species
remains unknown mainly due to the lack of comprehensive fish stock assessment,
which is hindered by a paucity of data on exploited species (Fondo et al. 2014). Even
though there are programs in place to collect routine fisheries data, these programs
are pegged on budgetary allocation, limiting the data collection periods and type of
data collected, resulting in nonspecific (mixed species) and highly aggregated data.
Thus, the existing stock assessment studies are based on data-limited approaches
focusing on specific species and/or regions but are not fully representative of the
entire fishery (Wambiji et al. 2015).

1.2 Fishing Boat Fleets and Gear

The marine artisanal fishery in Kenya is multigear-multispecies. Results of the most
recent frame survey of 2016 indicate that over 20 gear types are used with the five
most common including gillnets, basket traps, handlines, spearguns and beach seines
(Table 2.1) (Kimani et al. 2018). The use of these gears and techniques is primarily
driven by a range of geographical, contextual, financial and socio-cultural factors
such as resident village, choice of the landing site, financial capital, social networks
and age (Evans 2010; Mangi et al. 2007; Omukoto et al. 2018).

The number of fishers and fishing crafts, an indication of the fishing effort, has
dramatically increased in the past decade (see Tables 2.2 and 2.3). Whereas the
non-mechanized vessels has traditionally been used as the descriptor of the fishery,
an increasing number of fishers are now using mechanized vessels, which could also
signify the entry of private actors with a reduced number of fishers owning the crafts
(Karuga and Abila 2007; Wamukota 2009).
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Table 2.1 Summary of the main fishing gears as reported by the bi-annual marine frame survey
(Source: State Department of Fisheries 2014)

Years

2004 2006 2008 2012 2014 2016

Gill nets 7431 5916 3956 4168 3325 3835

Monofilament gill nets 902 1050 1472 3239 2692 2739

Prawn seine 226 264 545 730 610 445

Beach seine 294 560 139 217 193 131

Reef seine 158 146 146 63 89 157

Trawl nets 21 20 28 3

Cast net 520 812 499 408 332 357

Ring nets 1 11 15 22 31 38

Trammel nets 28 23 35 48 9 –

Long lines 10,608 8224 9009 16,476 9349 14,511

Hand lines 5682 6540 4132 4686 5806 4358

Traps 6318 5224 3169 4438 4057 3483

Scoop nets 562 764 596 652 566 827

Trolling lines 608 500 625 741 803 554

Spear gun/harpoon 449 624 1007 2939 2423 1700

Hand gathering 391 376

Others 956 2116 290 443 8 45

Table 2.2 Summary of the bi-annual marine frame survey detailing the number of fishing crafts

Years

2004 2006 2008 2012 2014 2016

Inboard engines 66 61 98 71 72 41

Outboard engines 69 133 221 296 428 587

Paddles 1023 991 1021 1242 974 1243

Sails 1075 1179 1227 1340 1248 1042

Poles – 3 120 167 191 61

Total crafts 2233 2368 2687 3118 2913 2974

Table 2.3 The number of
fishers operating in the
Kenyan coast as reported in
the bi-annual marine frame
survey

Number of fishers

Male Female

2004 9017 –

2006 10,254 –

2008 12,077 –

2012 13,706 –

2014 12,748 167

2016 13,162 255
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2 Legal and Regulatory Framework

The legal and regulatory framework for managing the marine fisheries resources in
Kenya encompasses the operational mandates of several national and international
institutions and agencies responsible for the management of natural resources.
Fisheries resources are governed by a number of legal, policy, and institutional
frameworks.

2.1 Global Instruments and Conventions to Which Kenya Is
a Signatory

2.1.1 Progress in Implementing the Instruments

This section presents important international instruments for fisheries management,
which the country is part of as well as progress in their implementation in the
country. The progress of implementation of these instruments was determined
based on a review of available literature as well as the author’s experience while
working in the country’s fisheries sector. Availability of provisions of the interna-
tional agreements in the national legislation, policy documents and fisheries man-
agement plans of the country was assumed to be an indicator of progress as far as
commitment to the implementation of the resolutions to which the country is
committed.

Kenya is a signatory to various international legal instruments and other
non-binding instruments with the objective of development and sustainable utiliza-
tion of its aquatic resources for sustainable economic growth. The progress of the
country in implementing some of the important goals ascribed to the global instru-
ments and conventions the country is part of is described in Table 2.4. Overall, while
the implementation of some of the resolutions requires more attention, it should be
mentioned that there are positive indicators that the country is committed to its
international obligations. Notably, the country has taken significant steps towards
mainstreaming the Blue Economy sector and positioning it to substantially contrib-
ute to the country’s economic growth as elaborated in the country’s Blue Economy
Sector Medium Term Plan (2018–2022). Further, in the Medium Term Plan, the
country has prioritized participation in processes and forums towards the advance of
international and regional treaties, conventions, and agreements relevant to fisheries,
aquaculture and maritime.
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Table 2.4 Progress in the implementation of important global instruments and conventions to
which Kenya is a party

Global instrument/Convention Aims/Objectives Progress of implementation

The United Nations Conven-
tion on the Law of the Sea
(UNCLOS) of 10 December
1982 (UN 1982)

To promote the peaceful uses
of the seas and oceans, the
equitable and efficient utiliza-
tion of their resources, the
conservation of their living
resources, and the study, pro-
tection and preservation of the
marine environment
(UNCLOS preamble).

Kenya is a signatory to both
the convention and the agree-
ment. It is well reflected in the
national fisheries legislation
(the Fisheries Management
and Development Act
No. 35 of 2016–FMDA 2016)
(National Council for Law
Reporting 2016) and other
national legislations as well as
prioritized in the country’s
Blue Economy Sector
Medium Term Plan
(2018–2022) (SDFABC
2017).

Agreement for the establish-
ment of the Indian Ocean Tuna
Commission (IOTC) (FAO
1993)

Established to promote coop-
eration among the parties with
a view of ensuring, through
appropriate management, the
conservation and optimum
utilization of stocks covered
by the agreement and encour-
aging sustainable development
of fisheries based on such
stocks.

The provisions are well
reflected in the national fish-
eries legislation and other
policy documents like the
National Oceans and Fisher-
ies Policy of 2008 and the
Kenya Tuna Fisheries Devel-
opment and Management
Strategy of 2013 (Ministry of
Agriculture Livestock and
Fisheries 2013). While it is
fairly implemented, there is
limited capacity to implement
some of the provisions.

Agreement for the implemen-
tation of the provisions of the
UNCLOS relating to the con-
servation and management of
straddling fish stocks and
highly migratory fish stocks

Sets out principles for the
conservation and management
of those fish stocks and estab-
lishes that such management
must be based on the precau-
tionary approach and the best
available scientific
information.

The provisions are well
reflected in the national fish-
eries legislation and other
policy documents like the
National Oceans and fisheries
policy of 2008 and the Kenya
tuna fisheries development
and management strategy of
2013. There is fair imple-
mentation within the IOTC
framework but limited capac-
ity is a major constraint.

The Rome consensus on world
fisheries

Maintaining world fish
resources and aquatic ecosys-
tems through improved fisher-
ies conservation and
management and better pro-
tection of fisheries from harm-
ful sea- and land-based

Well reflected in the national
fisheries legislation, the Envi-
ronmental Management and
Co-ordination Act of 1999
(EMCA -1999) (National
Council for Law Reporting
1999) and the country’s Blue
Economy Sector Medium

(continued)
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Table 2.4 (continued)

Global instrument/Convention Aims/Objectives Progress of implementation

Term Plan (2018–2022).
There are efforts to implement
but limited capacity is still a
major constraint.

FAO code of conduct for
responsible fisheries

Sets out principles and inter-
national standards of behav-
iour for responsible practices
with a view to ensuring the
effective conservation, man-
agement, and development of
living aquatic resources, with
due respect for the ecosystem
and biodiversity.

The provisions are well
reflected in the national fish-
eries legislation and other
policy documents like the
National Oceans and Fisher-
ies Policy of 2008 and the
Kenya Tuna Fisheries Devel-
opment and Management
Strategy of 2013 (Ministry of
Agriculture Livestock and
Fisheries 2013).

Agreement to promote com-
pliance with international con-
servation and management
measures by fishing vessels on
the high seas (compliance
agreement)

Enhancing the role of flag
states and ensure that a state
strengthens its control over its
fishing vessels to ensure com-
pliance with international con-
servation and management
measures.

While Kenya is not a signa-
tory, the provisions are well
reflected in the national fish-
eries legislation and well
implemented. There is con-
tinuous inspection of fishing
vessels to implement port
state measures (PSM) and
establishment of the National
Fisheries Observer Program
covering Kenyan flagged
fishing vessels in the
high seas.

International plan of action to
prevent, deter and eliminate
illegal, unreported and
unregulated fishing (IPOA-
IUU)

A voluntary instrument that
applies to all states and entities
as well as fishers and envis-
ages broad participation and
coordination and the use of a
comprehensive and integrated
approach to address impacts of
IUU fishing, reduction in inci-
dental catch of birds in long-
line fishing vessels,
conservation and management
of shark fisheries.

IPOA-IUU are well reflected
in the national fisheries legis-
lation. Key initiatives include
continuous inspection of
industrial fishing vessels to
implement PSM; Establish-
ment of National Fisheries
Observer Program; Establish-
ment of the Kenya Coast
Guard Service (KCGS)
(National Council for Law
Reporting 2017) to enforce
compliance within Kenya’s
EEZ; Construction and
operationalization of the
Fisheries Monitoring, Control
and Surveillance (MCS)
complex that is fully equipped
with a Vessel Monitoring
System (VMS).
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Table 2.4 (continued)

Global instrument/Convention Aims/Objectives Progress of implementation

Agreement on Port State Mea-
sures (PSM) to prevent, deter
and eliminate IUU fishing
(FAO 2009)

The objective of this agree-
ment is to prevent, deter and
eliminate IUU fishing through
the implementation of effec-
tive port state measures, and
thereby to ensure the long-
term conservation and sustain-
able use of living marine
resources and marine
ecosystems.

PSM provisions are well
reflected in the national fish-
eries legislation. Key initia-
tives include continuous
inspection of fishing vessels
to implement PSM within the
framework of the IOTC;
establishment and
operationalization of the
National Fisheries Observer
Program; establishment of the
KCGS to enforce compliance
within Kenya’s EEZ; con-
struction and
operationalization of the fish-
eries MCS complex that is
fully equipped with a VMS.

FAO voluntary guidelines for
flag state performance
(VGFSP)

The VGFSP provides guid-
ance to strengthen and monitor
compliance by flag states with
their international duties and
obligations regarding the flag-
ging and control of fishing
vessels to combat IUU fishing,
including monitoring, control
and surveillance (MCS) activ-
ities, such as vessel monitoring
systems (VMS) and observers.

VGFSP issues are addressed
at the FAO committee on
fisheries (COFI) sessions of
which Kenya is a party.

– VGFSP provisions are
well reflected in the national
fisheries legislation. Imple-
mentation status and indica-
tors are the same as those of
PSM.

Convention on International
Trade in Endangered Species
of Wild Fauna and Flora
(CITES) (UN 1973)

CITES aims at ensuring that
international trade in speci-
mens of wild animals and
plants does not threaten their
survival. While the convention
is legally binding on the
parties, it does not take prece-
dence over national legislation
but provides a framework for
each party to develop its own
domestic legislation to ensure
that CITES is implemented at
the national level.

CITES provisions are well
reflected in the national fish-
eries legislation and other
legislations like the Wildlife
Conservation and Manage-
ment Act of 2013 (WCMA–
2013) (National Council for
Law Reporting 2013) and the
EMCA -1999. Other initia-
tives by the government
include the development of a
Rapid Reference Guide To
Wildlife and Fisheries Crime
for use by investigators and
prosecutors.

The RIO Declaration on Envi-
ronment and Development
(UN 1992)

Sets out goals and programs
under which nations may con-
serve oceanic resources for
their own and the benefit of the
nations that share oceans with
them, and international pro-
grams that may protect the

Provisions are well reflected
in the national fisheries legis-
lation and other national leg-
islations like the EMCA -
1999 but implementation is
hugely constrained by limited
capacity.
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Table 2.4 (continued)

Global instrument/Convention Aims/Objectives Progress of implementation

Convention on biological
diversity (CBD) and supple-
mentary agreements to
the CBD: The Cartagena pro-
tocol on bio-safety and the
Nagoya protocol on access to
genetic resources and the fair
and equitable sharing of bene-
fits arising from their
utilization

The main objectives are the
conservation of biological
diversity, the sustainable use
of its components and the fair
and equitable sharing of the
benefits arising out of the uti-
lization of genetic resources.
Together with its ratified sup-
plementary agreements, the
CBD is a binding agreement.

CBD provisions are well
reflected in the national fish-
eries legislation and other
legislations like the WCMA-
2013 and the EMCA -1999.
Key initiatives include con-
tinuous funding of research
on marine and coastal eco-
systems to inform conserva-
tion programs; commitment
to related international
treaties, e.g., the Indian Ocean
and South-East Asia memo-
randum of understanding on
conservation and Manage-
ment of Marine Turtles and
their habitats. Still, limited
capacity and resources remain
a major bottleneck to the
conservation of biological
diversity.

The Kyoto Declaration and
Plan of Action The Bangkok
Declaration and Strategy for
Aquaculture Development
Beyond 2000 (NACA/FAO
2000)

The first international Confer-
ence on Aquaculture orga-
nized by the FAO held in
Kyoto, Japan in 1976 to
address a myriad of challenges
facing global aquaculture
development. It focused on
technology and science, net-
working, training and institu-
tional development.The
Parties resolved that aquacul-
ture policies, regulations and
practices should promote
practical and economically
viable farming and manage-
ment practices that are envi-
ronmentally responsible and
socially acceptable and where
appropriate, to build on the
FAO Code of Conduct for
Responsible Fisheries. (FAO
1995)

Provisions are well reflected
in the national fisheries legis-
lation and other legislations
like the EMCA -1999.
Aquaculture development
plans are reflected in the
country’s Agricultural Sector
Development Strategy of
2010, the National Aquacul-
ture Policy of 2011 (Ministry
of Fisheries Development
2011) and prioritized in the
country’s Blue Economy
Sector Medium Term Plan
(2018–2022). Further, A
Residue Monitoring Plan for
farmed fish was developed
but it is yet to be
implemented.

–Despite its huge potential,
mariculture production
remains negligible without
clear plans that are anchored
in the country’s aquaculture
policy.



22 P. Tuda et al.

3 Challenges and Constraints to Implementation

As advanced above, there are positive signs that the country is on course towards
meeting its international obligations. Nevertheless, there are constraints towards
implementing some of the resolutions to which the country is a party. On a broader
scale, the constraints revolve around the limited capacity of the country and weak
policy frameworks. In 2010, the country promulgated a new constitution and
adopted a two-level devolved system of governance, the national government and
the county governments. Consequently, some of the national government functions
were devolved to the county government level. While the assumptions behind
devolving some functions to the county governments were noble, there appears to
be a lack of a clear and coordinated approach to fisheries management issues
between the two levels of governments. For example, while the national government
has focussed on ensuring compliance by the industrial fishing vessels in the submis-
sion of catch data to inform fisheries management measures, there is little evidence
to suggest that artisanal fishers are fully complying. While there appears to be an
“informal consensus” that artisanal fishing catch data should be collected at the
county government level, the same is not transmitted to the national government to
inform overall fisheries management measures in the country. This has compounded
the problem of poor fisheries data in an already fisheries data-poor country. Addi-
tionally, fisheries development programs conceptualized and funded by the county
governments are not reported to the national government for sanctioning purposes.
This has resulted, in some cases, in the implementation of unsustainable programs by
county governments.

Other constraints to implement some resolutions include but are not limited to

1. A slow legislation process with important developed fisheries management plans
taking more extended periods to be gazetted into law. Some of these management
plans include the Small Scale Purse Seine Fishery Management Plan (final draft
completed by a technical team in 2015) (Ministry of Agriculture Livestock and
Fisheries 2015b); the Lobster Fishery Management Plan (final draft completed by
a technical team in 2015) (Ministry of Agriculture Livestock and Fisheries
2015a); Marine Aquarium Fisheries Management Plan (final draft completed by
a technical team in 2016) (Ministry of Agriculture Livestock and Fisheries 2016).

2. Limited national capacity to implement some resolutions of international agree-
ments to which the country is a party.

3. Limited capacity to engage and participate effectively in the discussion of crucial
straddling fish stocks and highly migratory fish stocks, including quota alloca-
tions and fisheries access arrangements.

4. Weak and inadequate legislation on aquaculture. The aquaculture legal and
regulatory framework is fragmented and remains a challenge to the development
of aquaculture systems. More so, there is no clear strategy for mariculture
development whose potential appears to be huge along the country’s coastline.

5. Uncertainty about the information regarding the current status of fisheries
resources within the Kenyan Exclusive Economic Zone.
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6. Inadequate infrastructure and human resource capacity in monitoring, control and
surveillance resulting in ineffective enforcement of fisheries laws and regulations
and an increase in IUU fishing activities.

7. Ineffective management and extension systems in the fisheries and aquaculture
sector including limited commitment and involvement of stakeholders in the
management of fisheries resources and protection of critical fish habitats.

8. Increased insecurity at sea, especially in the nearby coasts of the horn of Africa
countries.

9. Unequal sharing of fisheries information at the international and regional level.
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Chapter 3
Guatemala Case Study

Using the Marine Spatial Planning Approach to Design a
Marine Protected Area in the Guatemalan Pacific

Pilar Velásquez, Vanessa Dávila, and Manuel Ixquiac

Abstract As coastal marine ecosystems are facing increasing threats associated
with its unsustainable use, along with the fact that they are underrepresented within
the Guatemalan protected areas system, the need to protect them through Marine
Protected Areas (MPA) in the Guatemalan Pacific was prioritized since 2009. As
there are no national official guidelines to design MPA, a Marine Spatial Planning
approach was chosen to design “Las Lisas” MPA proposal, process that took place
from 2016 until 2018. Emphasis was given to organize stakeholder participation, as
“Las Lisas” proposed extent comprehended eight coastal communities and previous
protected areas declarations in the country has faced several backlashes given the
lack of involvement of local communities in the protected areas planning. As a result
of the join planning and design process, the MPA proposal for “Las Lisas” entails
104,002.46 ha, with 96.15% of those hectares being marine. Its chosen spatial
scenario is based on the current and potential activities being developed in the area
and it includes within its boundaries seven out of the eight coastal communities
originally considered, as one of them, La Barrona, decided not to be included within
the MPA proposal. As this is the first time a Marine Spatial Planning approach was
used to guide the construction of a coastal marine conservation intervention, is
expected for the lessons learned from this initiative to inform future efforts for the
territorial planning and ordinance of the whole Guatemalan Pacific.

Keywords Marine protected areas · “Las Lisas” · Marine spatial planning ·
Stakeholder participation · Marine protected areas design
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1 Background

Historically, marine conservation in Guatemala has been left aside. Going from the
declaration of the Mayan Biosphere Reserve as a protected area (PA) in 1989 until
the declaration of 339 PAs at year 2018 (Conap 2018) under different management
categories according to the Protected Areas Law (Decree 4–89), approximately 33%
of the national territory is a PA, considering mostly land. From these 339 PAs, only
one (i.e. Punta de Manabique Wildlife Refuge, located in the Guatemalan Carib-
bean) can be considered as a Marine Protected Area (MPA).

Under such panorama and being aware about that conservation gap within the
National System of Protected Areas (SIGAP by its Spanish acronym), especially in
the Guatemalan Pacific, the Guatemalan State prioritized to fulfill the identified gap.
In 2009, within the National Implementation Support Partnership (NISP) effort
framed on the Working Plan on PA of the Convention of Biological Diversity
(CBD), the National Council of Protected Areas (CONAP by its Spanish acronym)
identified the ecological representation and conservation gaps and omission within
SIGAP, effort that ended up in a Portfolio of Marine Sites for Conservation, which
identified the polygon named “Las Lisas-La Barrona” as one of the coastal marine
areas with relevant biological and social characteristics in need of the establishment
of conservation measures (CONAP &Ministerio de Ambiente y Recursos Naturales
MARN, 2009). Along with it, under the Global Ocean Biodiversity Initiative
(GOBI), CONAP supported the eight criteria adopted by the CDB Conference of
the Parties for positioning, within the Eastern Tropical Pacific, the area denominated
“Sipacate Naranjo-Cañón de San José” as an Ecologically or Biologically Signifi-
cant Marine Area (EBSA), which includes the marine zone of “Las Lisas-La
Barrona.” Based on both efforts, Guatemala required financial support to the Global
Environmental Facility (GEF) to implement, through the United Nations Develop-
ment Programme (UNDP) and during 2014–2019, the project “Conservation and
sustainable use of biodiversity in coastal and marine protected areas (MPAs),”which
aimed, among numerous goals, for creating two new MPAs and expanding three
existing coastal PAs in the Pacific region to contribute to the protection and
sustainable use of marine coastal biodiversity of global, national, and local impor-
tance (Programa de las Naciones Unidas para el Desarrollo (PNUD 2014). One of
these two newMPAs was “Las Lisas-La Barrona,” from now on called “Las Lisas.”1

1.1 “Las Lisas”

The coastal wetland and marine zone known as “Las Lisas” is located in the
Guatemalan Pacific Coast, bordering to the west with El Salvador, in the Santa

1Reasons for the change in name are explained further in the chapter.
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Fig. 3.1 “Las Lisas” location

Rosa and Jutiapa departments, in the Chiquimulilla and Pasaco municipalities,
respectively (Fig. 3.1).

The coastal section of the wetland is constituted by an interface between the land
and the ocean, where the land use and its environmental characteristics have molded
the ecological conditions of the area and the living conditions of its inhabitants. It is
an area of a dynamic biogeochemical activity but with a limited capacity to cope
with anthropic actions like productive, commercial, and exchange processes based
on the coastal marine resources that the region’s nature capital provides (Boix et al.
2011). “Las Lisas” is characterized by the Chiquimulilla Channel, a series of water
channels where artisanal fishing takes place all year long, surrounded by mangrove
forests formed by four out of the six mangrove species reported for Guatemala
(being the most common one Rhizophora mangle), where several Ciconiiformes and
Pelecaniformes species establish their breeding colonies; by sandy beaches that are
an important nesting zone for Lepidochelys olivacea, Chelonia mydas agassizii, and
Dermochelys coriacea; and by “El Jiote” river mouth, the main connection between
the coastal and marine ecosystems. Offshore, “Las Lisas” is characterized by the
confirmed presence of seven species of cetaceans of the Delphinidae and
Balaenopteridae families, being a common species the Humpback whaleMegaptera
novaeangliae; by the presence of several pelagic bird’s species like the Pink-footed
shearwater (Ardenna creatopus); by the presence of several fish and crustacean
species of commercial and/or nutritious importance like Lutjanus gutattus,
Centropomus nigrescens, and L. peru; and by the presence of an important nursing
zone for Hammerhead sharks (Sphyrna lewini). From a socioeconomical perspec-
tive, Las Lisas is formed by seven coastal communities (i.e., Las Lisas, El Ahumado,
Los Macizos, La Ginebra, Sarampaña, and La Viña del Señor in Chiquimulilla, and
El Jiote Pasaco in Pasaco), totalizing around 4332 inhabitants, who develop different
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economic activities as a source of livelihoods like fishing and providing tourism
associated services (PNUD 2017).

2 How “Las Lisas” MPA Proposal Was Designed

Even though there are official guidelines coming from CONAP for designing PAs,
these are completely focused on terrestrial areas, so there was a complete lack of
technical guidance concerning MPAs design coming from it. Despite these existing
guidelines and the known need of consulting and socializing this kind of conserva-
tion interventions with the whole array of stakeholders, recently, the design and
declaration processes of several PAs part of SIGAP did not take into consideration
such fact, situation that has led to conflicts when trying to implement the actions
considered as part of the management tools for these areas.

As pointed out by Lundquist and Granek (2005) successful marine conservation
is the result of (a) incorporating stakeholders at all phases of the process, (b) count
with defined goals and objectives at all stages of the design process, (c) including
available science to guide the size and design of MPAs, and (d) guide clear
monitoring strategies that assess success at scientific, social, and economic levels.
Taking into consideration such factors, the recent problems that the PAs declaration
has faced nationally and based on the design team extensive experience in the area,
“Las Lisas” MPA proposal was designed following the principles of Marine Spatial
Planning (MSP), design process that took place since August 2016 until
August 2018.

MSP is a practical approach for creating and establishing a more rational orga-
nization of the different uses of the marine spaces and its interactions that seeks to
equilibrate the development demand with the urgent need of protecting the marine
ecosystems, looking to achieve social and economic objectives in an open and
planned way (Ehler and Douvere 2009). According to the authors, MSP is a process
that comprehends ten steps. As steps eight (Implementing and enforcing the spatial
management plan), nine (Monitoring and evaluating performance), and ten
(Adapting the spatial management process) take place once the spatial management
plan is approved, only steps one to seven were applied for “Las Lisas” case as
follows:

Step 1 Identifying need and establishing authority. At the beginning, it was
established that an MSP approach was needed as the area is subject and will be
subject of incompatible uses that might affect it negatively, e.g. shrimp farms versus
mangrove restoration, trawling versus artisanal fishing, coastal development versus
turtle’s hatching locations, etc. In terms of providing authority for the MSP process,
it was established that the current Guatemalan legislation was enough (at that time)
to support it, as in the end, the resulting spatial management plan would be a
Technical Study and a Management Plan for “Las Lisas” MPA, management tools
recognized by the National Law of Protected Areas.



3 Guatemala Case Study 29

Step 2 Obtaining financial support. Financial support for developing the MSP
process and to draft the management tools for “Las Lisas” was provided by the
UNDP project “Conservation and sustainable use of biodiversity in coastal and
marine protected areas (MPAs).” At the end of the process, the Management Plan
for “Las Lisas”MPA included all the funding sources and amounts for implementing
the management tools for a period of 5 years.

Step 3 Organizing the process through pre-planning. Conservation and manage-
ment goals along with the objectives and expected outcomes of “Las Lisas” were
pre-defined by the planning MSP team. Such team was formed by representatives of
CONAP, UNDP, Center for Conservation Studies (CECON by its acronym in
Spanish) of the San Carlos University of Guatemala (USAC by its acronym in
Spanish) andWildlife Rescue and Conservation Association (ARCAS by its Spanish
acronym).

Step 4 Organizing stakeholder participation. This was the most important step
during the whole process. Historically, lack of stakeholder participation has hindered
conservation interventions along the country, i.e. scarce socialization and consulta-
tion processes with the whole array of stakeholders has led to top-bottom decisions
that ended up in low acceptation and/or rejection of new terrestrial PAs. To avoid
such situation, consultation and socialization of the MPA started at the very begin-
ning of the initiative and lasted until its end. This step included numerous informa-
tive, consultation and joint work meetings and/or workshops (approximately 30)
with the eight Community Development Councils (COCODEs by its Spanish
acronym), five fishermen organizations and independent fishermen, three munici-
palities (Chiquimulilla, Pasaco, and Moyuta), seven governmental organizations
(CONAP, MARN, Ministry of Agriculture, Livestock and Food—MAGA by its
Spanish acronym—Fisheries and Aquaculture Normativity Direction—DIPESCA
by its Spanish acronym—the National Defense Ministry—MINDEF by its Spanish
acronym—the National Forestry Institute—INAB by its Spanish acronym—and the
Office of the State’s Land Reserves—OCRET by its Spanish acronym),
non-governmental organizations, more than 20 private owners, academia (USAC,
Universidad Rafael Landívar—URL—and Universidad del Valle de Guatemala—
UVG) and other relevant stakeholders of the area (with a total participation of
approximately 600 persons) to inform about the initiative, to collect inputs, percep-
tions and/or opinions regarding the coastal marine polygon to be declared as an
MPA, and to discuss the guidelines that the management tools of the proposed MPA
should follow in order to achieve its conservation and sustainable use objectives.
Based on such consultation process, which included an exhaustive socialization
effort through local mobile speakers that visited each community, public spaces
for doubts solving and joint field visits to the area, seven out of the eight commu-
nities to be considered within the proposed MPA expressed their interest in being
part of the MPA and their commitment to the joint work to be developed to design
the area. The one community that did not agree in being part of the proposed MPA
was “La Barrona,” community located in the Moyuta municipality, in the Jutiapa
department, that provided the second part of the MPA original name (“Las Lisas-La
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Barrona) to identify the MPA proposal geographic scope. Several reasons were
identified as the cause of “La Barrona” reluctancy to take part of the process and
the MPA proposal. The opposition of the Moyuta Municipality Mayor appeared to
be the main one, along with the siltation of the Río Paz river mouth, problematic that,
according not only to the Moyuta Mayor, needs to be solved first prior declaring the
area as an MPA. By the time “La Barrona” finally decided not to be included within
the MPA proposal, the biological, oceanographic, and socioeconomic studies (MSP
step five), the consultation process and joint work with the other seven communities
was 50% completed. Socialization and consultation spaces in the seven communities
that agreed on being part of the proposal were facilitated until the end of the
initiative.

Step 5 Defining and analyzing existing conditions. In the case of “Las Lisas,” step
five entailed data acquisition (in the field and through literature) and the data
clustering identification. Parallel to steps one to four, literature search and an
exhaustive fieldwork (especially in the marine part of the area) took place to collect
information regarding 43 biological, social, economic, legal, and administrative
criteria that were considered as the ones defining the area. Such work included,
among others, gathering information on the distribution patterns and abundance of
important coastal marine taxa, artisanal fishing landings analyses, periodical ana-
lyses of physical-chemical water quality parameters, sediments analysis, tide mea-
surements, the update of the geographic benchmarks used by the Geography
National Institute (IGN by its acronym in Spanish) in the area and, with the
collaboration of the Marine Affairs General Direction (DIGEMAR by its acronym
in Spanish) of MINDEF, the bathymetric study of the Chiquimulilla’s Channel
portion considered within the boundaries of the proposed MPA and the first four
nautical miles at sea included within the polygon as well, with special emphasis in
the area identified as a shark nursery by previous studies (Ixquiac et al. 2009). All
these biological and oceanographic data, collected over a period of 15 months, were
complemented with the development of a socioeconomic study in the seven prior-
itized communities which was accompanied by an opinion survey regarding the
acceptance of the MPA process and the area’s future declaration as a protected one
and an archeological study of the area since signs of its early human occupation were
recorded previously by the Anthropology and History Institute (IDAEH by its
acronym in Spanish).

Step 6 Defining and analyzing future conditions. In order to obtain a preferred
scenario able to provide the basis for identifying and selecting management mea-
sures in the spatial management plan (step seven), a pattern identification process
was developed. During this step, an overlap of the information layers obtained
through step five was done through an integral territorial analysis on a biological,
oceanographic, habitat, and socioeconomical level. By using GIS tools and
geospatial analyses, based on the identified patterns and the conservation and
sustainable use goals for the MPA, the adequate location and extension of the coastal
marine polygon was determined.
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Step 7 Preparing and approving the spatial management plan. To obtain a com-
prehensive management plan and a zoning plan for “Las Lisas,” the patterns
identification result of step six was used for the characterization of the polygon
and to provide scientific basis for its internal zoning proposal. The obtained polygon
was presented, discussed, and analyzed in the summoned meetings with such
objective. When developing meetings with communitarians and fishermen, the
coastal marine polygon was printed out in an extended format for them to draw
their suggestions and comments to the proposal. Once this round of meetings was
concluded, the polygon was modified based on the gathered inputs and recommen-
dations, and then taken to the following round of meetings. All this information was
utilized to construct the Technical Study of the Multiple Purpose Use Area “Las
Lisas,” management tool that the National Law of Protected Areas in Guatemala
requires for analyzing the viability of declaring the zone as a protected one. Once the
Technical Study was completed, the planning team led a process for identifying the
management decisions of “Las Lisas.” Such process implied the joint and consensual
identification of the finalities and permitted and non-permitted uses within the
proposed polygon and in each of the zones identified within its boundaries based
on the previous step results. This step required after the technical definition of the
permitted and non-permitted uses of the area, a new round of consultations with the
whole array of stakeholders to jointly identify the conservation elements of “Las
Lisas” by using the Conservation Action Planning methodology by Granizo and
Granizo (2006) and to review, analyze, and agree on the proposed uses. Once the
conservation elements and the permitted and non-permitted uses were agreed upon,
conservation strategies were jointly constructed to achieve “Las Lisas” conservation
and sustainable use objectives. The gathered information was utilized to construct
the Management Plan of the Multiple Purpose Use Area “Las Lisas,” operative tool
that the National Law of Protected Areas requires for managing PAs once they are
declared. Despite not being declared as a PA by that time, CONAP required to
UNDP the construction of such tool. Both tools were complemented with and update
of the RAMSAR informative sheet for “El Paraíso-La Barrona” and a project of Law
Initiative to declare “Las Lisas” as a PA at a National Congress level.

2.1 Multiple Purpose Use Area “Las Lisas”

The regulative frame of the National Law of Protected Areas, the Governmental
Agreement No. 759–90, in its article 8, considers six different categories of PAs,
being the category III the selected one for “Las Lisas.” According to its definition, a
Multiple Purpose Use Area is an area relatively big that might have suffered
anthropogenic alteration, but still preserves a representative portion of the natural
landscape. Its conservation might be primarily oriented to support productive activ-
ities or conserving the area might be an objective by itself, in any case always
providing importance to its social and economic components. Being “Las Lisas” a
heavily populated area with diverse anthropogenic interventions (e.g. shrimp farms,
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salt farms, and basic touristic infrastructure along the coastline), where productive
activities like artisanal fishery and tourism take place in the representative ecosys-
tems of the Guatemalan Pacific Coast, such category was considered as the
appropriate one.

“Las Lisas” general goal is to conserve its natural capital along with the one of its
adjacent zones by maintaining the integrality of the essential ecological processes
that guarantee the species viability and the existing biological diversity through the
management and sustainable use of its resources for the wellbeing and maintenance
of the quality of life of its inhabitants. Specific objectives of the MPA are focused on
dynamizing participatory and inclusive processes leading to the creation and/or
reinforcement of a coastal marine culture responsible with the environment and to
increase the multidisciplinary scientific-technical information of the interaction
between the coastal marine ecosystems and the socioeconomic systems to inform
management decisions for the area, among others. As a result of the consultation and
joint construction process previously described, “Las Lisas” coastal marine polygon
has a total extension of 104,002.46 hectares (ha), being 101,790.58 ha of marine
nature (96.15% of its total extension) and 2211.88 ha of terrestrial nature (3.85%),
which makes “Las Lisas” an eminently MPA. To the east, “Las Lisas” adjoins with
the buffer zone of the National Park Hawaii, to the west includes El Jiote Pasaco
municipality, and north it reaches until the boundaries of the shrimp farm Mayasal,
including the mangrove forest located at its end. Its marine extension comprehends
the fishing areas 12, 32, and 52, contiguous to El Salvador border, reaching until the
bathymetric line of 200 meters (m) depth, which represents 27 nautical miles
(nm) into the Pacific Ocean (PNUD 2017). Its orientation is given by the form of
the three mentioned fishing areas, landmarks known, and regularly used by the
fishermen to orientate when fishing. “Las Lisas” polygon and its internal zoning is
shown in Figs. 3.2 and 3.3.

As seen in the maps, the terrestrial part of “La Barrona” was not included within
the polygon given its negative to be included within the MPA proposal. Neverthe-
less, its marine part was included within the polygon as the Moyuta Municipality
only has jurisprudence on “La Barrona” terrestrial territory. Not including “La
Barrona” terrestrial part doesn’t affect the MPA proposal governance and not
including it now doesn’t mean that it cannot be included in the future if enabling
conditions for it are given.

Based on the previously described MSP steps, the actual and potential uses of the
MPA zone and recommendations by its users, “Las Lisas” was internally zoned into
ten different categories.

In the marine segment of the polygon, the core of “Las Lisas” design is the
Fishing Recovery Zone (1). It is a zone that adjoins to the coastline where artisanal
fishery activities take place. Its preservation is recommended since the presence of a
nursery site for sharks, especially S. lewini, has been reported there. Its objective is to
decrease the pressure that the fishing activities possess over threatened marine
species, contributing to the optimal functioning of the area as a reproduction site
for sharks, what is expected to cause an overflow of prey to the rest of marine zones.
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Fig. 3.2 “Las Lisas” MPA proposal

The Fishing Recovery Zone pretends to become a reproductive refuge of species
with commercial importance for the artisanal fisherman, like a Core Zone or an
Intangible Zone. As fishing will be not allowed during certain seasons in the Fishing
Recovery Zone, it will be allowed within the Sustainable Fishing Zone (2a and 2b).
It corresponds to the marine zone going from the coastline until the bathymetric line
of 20 m depth. For its contiguity to the mangroves, it has high importance in terms of
migration of species that require both freshwater and salt water. Its objective is to
promote the use of responsible fishing activities. A Recreational Use and Sustain-
able Tourism Zone (3) was identified contiguous to the previously described zones.
This zone is characterized by a high primary productivity and presents the highest
diversity of marine megafauna reported in “Las Lisas,” especially cetaceans, bio-
logical characteristic that is currently being used by few tourism services providers
in a non-lethal way as a source of livelihood. Moving forward into the ocean, a
Multiple Use Zone (4) and a Marine Preservation Zone (5) were identified. The
benthonic zone of the Multiple Use Zone is characterized by a high abundance of
pelagic read crab (Galatheidae) and is currently used to develop navigation and
fishing activities mainly focused on mahi-mahi and different shark species. While
this zone has as a goal the development of ordained and controlled human activities
specially when fishing will be limited within the Fishing Recovery Zone and the
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Fig. 3.3 “Las Lisas” MPA proposal in detail

Sustainable Fishing Zone, the Marine Preservation Zone has as a strategic goal to
create national sovereignty in the area. One of the main concerns of the local
fishermen is the illegal intrusion of fishermen coming from El Salvador, who besides
representing a competition to get the fishing resource are posing a threat to “Las
Lisas”marine ecosystems and species by using gillnets with very reduced mesh light
(2 inches), illegal according to the Guatemalan Fishing and Aquaculture Law (Law
Decree 80–2002). By stating such a goal for this zone and pointing out in the
management tools for “Las Lisas” that it should be subject of special attention by
the naval national authorities is expected to reduce such problematic through
constant patrolling and surveillance. Scattered along the marine polygon of “Las
Lisas,” there are five small areas that correspond to sunk fishing vessels that are
functioning as artificial reefs in the zone and/or artificial reefs deployed in the area
around 2007 by DIPESCA, which are being used as fishing points by the artisanal
fleet and where sizes close to the reproductive sizes of several snapper species have
been reported. The use of gillnets and trawling in these areas were identified as a
non-permitted activity by most of the consulted stakeholders. These five areas are
specifically described within the marine zone they are located in and each of them
will require a specific management plan according to DIPESCA’s artificial reefs
management guidelines released in 2019. A Marine Buffer Zone (6) was included
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within the design to comply with the Protected Areas Law, which requires, in its
article 8, the establishment of buffer zones as a protection measure for new PAs to be
declared (PNUD 2017).

In its land part, “Las Lisas” was zoned into five categories. The Mangrove
Sustainable Use and Conservation Zone (7) is a zone of mangroves between
10 and 25 m high and, even though these mangroves are being exploited by the
local population, the area still presents an acceptable conservation status. Colonial
waterbirds and several Passeriformes use this area as a reproductive and/or foraging
zone. Its objective is to protect the mangrove community and native species from the
degradation caused by the immoderate mangrove cut down and the solid and liquid
waste inadequate disposition. An Ecologic Importance Zone (8), comprehending
sandy beaches, intertidal beaches, dunes and El Jiote river mouth was delimited. As a
zone of high productivity, its objective is to preserve the intrinsic ecological pro-
cesses that take place in zones under the effects of waves, currents, and wind action
along with preserving the larvae and juvenile moving areas of species that require
both salty and freshwater in their life cycle, mainly El Jiote river mouth. In this area,
it is expected to promote the natural nesting of marine turtles, especially C. mydas
agassizii, species with the highest nest harvest pressure during egg harvesting season
in the Guatemalan Pacific Coast. To address the increase of touristic visitation to
“Las Lisas”, a Special Use Zone (9) was delimited within the polygon. Its goal is to
territorially ordain the possible increase of such services offered by the local
communities and to promote/capacitate in sustainable tourism practices. Finally, a
Buffer Zone (10) was delimitated as well. This zone includes areas heavily affected
by forest clearing for cattle ranching, the Mayasal shrimp farm, and salt farms. The
intensive use to which this area is subject predisposes it for productive and agricul-
tural uses, so river contamination and watershed modification are happening. Due to
such reasons, its main objective is to allow the development of the already
established productive activities but limiting the forest loss, the river’s contamina-
tion, and most importantly the modification of the riverbeds, along with incentiviz-
ing the ecological restauration of the areas where possible and disincentivizing the
use of exotic species and the inappropriate use of the river volume (PNUD 2017).

Taking advantage of the momentum, the level of participation during the whole
process and the level of acceptance of the global MPA declaration initiative (94%
according to the developed socioeconomical study) and considering that the PA’s
declaration process might take an extended period of time until its official designa-
tion as a protected one at a Congress level, “Las Lisas” fishermen decided to go a
step further. Using the scientific evidence and the technical tools developed by the
initiative, they decided to submit a solicitude to MAGA to declare the identified
Fishing Recovery Zone as a spatial-temporal no-take zone through a MAGA Min-
istry Agreement according to the Fishing and Aquaculture Law. If accepted, “Las
Lisas” Fishing Recovery Zone will become the first no-take zone in the entire
Guatemalan Pacific, opening the door for future no-take areas in the area.



36 P. Velásquez et al.

3 Where “Las Lisas” Proposal Is Now, Lessons Learned
and What Is Left to Be Done

After concluding the described MSP process and completing the management tools,
they were submitted to CONAP in August 2018. To date, CONAP is still reviewing
the proposal before proceeding at a National Congress level. Not including “La
Barrona” (the area of the original proposal that decided not to take part of the
initiative), within the final MPA proposal was the main point for CONAP not to
fully embrace it, but as pointed out in the several meetings held with them, this is not
the contextual/political moment to include it, the rest of “Las Lisas” cannot be put on
hold until this moment arrives and not including it now does not mean that it cannot
be included in the near future. It is important to notice that this area had been subject
of serious mangrove loss due to alleged administrative and territorial discrepancies,
as pointed out by national newspapers even in their cover pages (Gonzáles 2019),
one of the other probable reasons why they decided to abstain from taking part of the
MPA initiative. In August 2021, after a new series of technical discussions, CONAP
accepted for “Las Lisas” MPA proposal to move forward with its revision process
without including “La Barrona” and including a new community, “El Chapetón.”
Currently, this community is included within Hawaii’s zoning, so such change will
be included once “El Chapetón” is excluded officially from it. By 2020, the
solicitude to declare the Fishing Recovery Zone as a spatial-temporal no-take zone
was still under analysis by MAGA. As this area is subject of trawling by the medium
scale fleet to obtain shrimp, MAGA required a consultation process with fishing
cooperatives that develop this kind of fishing in the zone, even though they are not
physically located within “Las Lisas” polygon. From May 2020 until April 2022,
once again with financial support administered by UNDP, but this time through its
Small Donations Program (PPD by its Spanish acronym), amidst the COVID-19
pandemic, a small project took place to technically revise, socialize, and discuss with
the beneficiaries and the shrimping sector the Fishing Recovering Zone proposed in
2018. As a result of the project, even though lack of acceptance of this increase was
shown by one sector by its end, the zone tripled its size and, along with the consulted
actors, permitted and non-permitted activities within it were identified and included
in a proposed Management Plan. To date, it is expected for MAGA to provide a
technical opinion to the new solicitude and to proceed legally, or not, with its
designation. If designated officially, the Fishing Recovery Zone will change its
extension from 1006.87 ha to 2940 ha, and such change should be considered within
CONAP’s revision process to the whole MPA proposal, which is still ongoing.

“Las Lisas” design process led to several lessons learned, being the most relevant
ones by MSP step:

Step 1 Identifying need and establishing authority. By using the MSP approach
instead of tools like MARXAN (used for designing the only MPA declared to date—
Punta de Manabique) it was intended to avoid some of the pitfalls mentioned by
Agardy et al. (2011), when designing MPAs. Such authors mention that integrating
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MPA planning in broader MSP and ocean zoning efforts is a way to avoid
uncontextualized MPAs. Even though ocean zoning efforts are not taking place in
the region, such task should become a mandatory one to be developed by the
Guatemalan State if it wants to guarantee the conservation and sustainable use of
the strategic marine resources present in the Guatemalan Pacific. As mentioned, to
date, national legislation was enough to support the MSP process for designing this
MPA but applying MSP on a national scale will require new legislation to support it
and to make its results juridically binding.

Step 2 Obtaining financial support. In this case, funding was provided by the
UNPD project mentioned above. Based on the developed MSP process, an approx-
imation of the estimated cost to undertake an MSP process in Guatemala is available,
which can be used to estimate the cost of a national scale one. In case the Guatemalan
State decides to develop it, such estimation should be taken to all the sectors,
e.g. sport fishing, maritime transportation, and tourism, for them to contribute
financially with the process.

Step 3 Organizing the process through pre-planning. Lack of clear conservation
and management goals, along with the lack of methodological approach coming
from CONAP, led to apply five different design approaches for each of the five
MPAs to be complemented and/or design with the support of the UNDP project,
which resulted in a set of MPAs that might not work as a network. Such alignment
should be a mandatory condition when designing a set of PAs or MPAs in the
country. Given “Las Lisas” results in terms of design and stakeholder’s acceptance,
it is recommended for CONAP to update its guidelines for PA and MPA design
including the methodological approach used for “Las Lisas.”

Step 4 Organizing stakeholder participation. “Las Lisas” design process showed
that this MPS step is the most important one and must be implemented since its very
beginning until its very end. The process showed that betting on bottom-up engage-
ment in order to increase the local stakeholder’s identification and responsibility
toward conservation measures might be the most appropriate approach when plan-
ning this kind of interventions in heavily populated areas as the Guatemalan Pacific
Coast. Involving “Las Lisas” social capital in the entire process should increase its
future involvement in the control and surveillance of the MPA and contribute to their
compliance toward its management rules (Agardy et al. 2011; Bergseth et al. 2015;
Campbell et al. 2012; Crawford et al. 2004; Pollnac et al. 2001, 2010). Such
involvement should focus special efforts on involving even more the national
authorities. To date, institutional follow-up in CONAP and DIPESCA is needed
for the proposal to move forward according to the procedures established by law,
which could have been avoided if counting with their even more continuous and
proactive participation. Government instability during the whole process has been
identified as one of the major shortcomings of the initiative and is expected to
continue affecting it.

Step 5 Defining and analyzing existing conditions. This case has also shown that
the design of MPAs in Guatemala should be a collaborative effort of different sectors
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based on their expertise and legal nature (e.g. DIGEMAR supporting the bathymetric
study of the area), which is expected to create institutionality around national efforts,
needed to provide follow-up to national interest initiatives once non-governmental
funding is due. Also, “Las Lisas” effort showed that not only scientific data is needed
to guide the design of PAs in the region and that this information must be shared to
inform the local stakeholder’s decisions on how to conserve and administer the
natural resources they depend on daily for them to participate actively in planning
processes.

Step 6 Defining and analyzing future conditions. Identifying the preferred scenario
for the MPA polygon was based on the different databases and digitalized informa-
tion about the 43 criteria chosen by the planning team to define the area of interest.
Having all these databases organized allowed the planning team to prepare different
spatial scenarios. Once they were ready and conceptualized, its viability, especially
on a social and an institutional level, was analyzed to present the most viable one to
the stakeholders and to refine it jointly with them. “Las Lisas” design process
showed the importance of counting with solid databases regarding the criteria chosen
to lead the spatial design. Also, showing graphically the overlap of the different
criteria prior showing the proposed polygon helped the stakeholders to understand
the rationale behind the proposal, which increased its acceptance.

Step 7 Preparing and approving the spatial management plan. Permanent and
continuous consultation with all the relevant stakeholders and spaces for them to
share their ideas and/or approaches to achieve the goals of the MPA showed to be
one of the key factors for constructing a spatial management plan with a possible
high level of compliance. Even though time consuming, it is necessary to focus on
efforts and funding in activities leading to increase the viability of the MPA
management tools. Generating a pocket version of “Las Lisas” management tools
including the polygon maps and a graphic description of the permitted and
non-permitted uses in each of the ten zones showed to be a good practice to increase
the socialization of the initiative. As mentioned before, CONAP is still reviewing the
proposal for its internal approval before proceeding at a National Congress level to
declare “Las Lisas” as an MPA.

In the middle term, it is expected, besides “Las Lisas” being declared as an MPA,
for the lessons learned of this MSP process to be used not only to update the CONAP
guidelines for PAs design, but also to inform and guide the territorial planning of the
Guatemalan Pacific as a whole. To date, the authors continue to seek funding to
collect more biological and oceanographic information of “Las Lisas” polygon, to
continue socializing the proposal in order to keep it in mind of “Las Lisas” stake-
holders, to continue socializing the Fishing Recovery Zone, and to implement
productive projects in the communities included within the MPA proposal.
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Chapter 4
Ghana Case Study One

Challenges and Opportunities in Marine Fisheries
Governance in Ghana

Seth M. Abobi

Abstract Fishing is carried out along the coastline and major rivers, lakes and
reservoirs of Ghana providing a major source of employment, income and food for
millions of people in the country. This paper discusses issues central to marine
fisheries governance in Ghana, with emphasis on the efforts and challenges towards
achieving sustainable fishing practices, and consequently sustainable development.
Some factors constrain current strategies for the management of Ghana’s marine
fisheries resources, which have led to a stagnation in total capture fisheries produc-
tion in recent times. High fishing pressure leading to overexploitation and high
incidences of illegal, unregulated and unreported (IUU) fishing are the key chal-
lenges confronting the marine fisheries sub-sector. The paper concludes that effec-
tive co-management structures and an increase in multisectoral and inter-ministerial
engagements are needed to advance efforts towards the effective governance of
marine fisheries in Ghana. The fisheries systems of Ghana are diverse, and the
management of some fisheries would require decentralisation. Existing laws and
regulations need amendments to achieve adequate implementation for the
co-management of Ghana’s marine fisheries resources as key pillar of sustainable
fisheries management. Efforts of regional bodies and national institutions in enhanc-
ing the fisheries legislative framework and removing weaknesses in the monitoring,
control and surveillance framework need to be supported to achieve effective marine
fisheries governing systems in Ghana.
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1 Introduction

Ghana is located in West Africa, along the Gulf of Guinea. The Ivory Coast borders
it in the west, Burkina Faso in the north, Togo in the east, and the Gulf of Guinea and
the Atlantic Ocean in the south. It has a total area of 238,535 km2 (Fig. 4.1) and its
current population is 31,072,940 (Ghana Statistical Service 2020).

Ghana’s marine fisheries sub-sector is the most critical source of local fish
production, delivering more than 80% of the total supply. It is a source of livelihood
for over 2.4 million people and contributes significantly to the food and nutritional
needs of the people, accounting for 60% of the country’s animal protein consump-
tion. It adds 4.5% to the Gross Domestic Product (GDP) and contributes to the
alleviation of rural poverty and the foreign exchange of the country (FAO 2004;
Sumaila 2019).

Inadequacies in Ghana’s fisheries governance and management systems, such as
the overlaps in roles and responsibilities of ocean governance institutions, have
created conflicts at the national level (Tsamenyi 2013). Conflicts arise when groups
or individuals seek the same resource using different methods of harvest or try to
utilise the same space for their activities, with either party seeking dominance
(Bennett et al. 2001; Charles 1992; FAO 2003). As a result of this, conflicts between

Fig. 4.1 Map of Ghana
showing the national capital
and the Exclusive Economic
Zone (EEZ) claimed by
Ghana
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local and large-scale fishers, and between legitimate fishers and fishers using illegal
gears, are frequent. Often, local fishers are worried about the depletion of fish
resources by the large-scale fisheries and about losing their rights to fish in some
areas of the sea, which may be declared as protected zones. The fisheries sector thus
plays a significant role in the socio-economic development of Ghana, and good
governance is imperative to reduce conflicts between resource users and other
stakeholders.

Conflicts between groups can emerge due to a variety of reasons. They can arise
as a function of social structure and differences in the needs of competing groups
(the sociological perspective), as a function of power relations (the political perspec-
tive) or as a result of rational decision-making by an individual or group seeking to
maximise personal profit from a pool of scarce resources (the economic perspective)
(Bennett et al. 2001). Small-scale fishers along the coast of Ghana are impacted by
the industrialisation of part of the fishery as well as by the coastal development of a
booming tourism industry. As a response, local fishers have sometimes acted to
secure their fishing and aquatic rights by organising themselves and implementing
community-based actions inspired by sustainability principles for resource
management.

The challenges to Ghana’s marine fisheries sub-sector are broad and diverse and
transcend ecosystemic, social and economic boundaries. The issues discussed here
include fisheries resource scarcity, a possible indicator of degradation and destruc-
tion of marine ecosystems, and resource use conflicts that often occur between small-
scale and industrial fishers in Ghana’s Exclusive Economic Zone (EEZ). Fleet
overcapacity is another critical challenge addressed, as declining catches since the
year 2000 could be attributed to the availability of premix fuels, highly subsidised by
the Government of Ghana. These fuels enable lower fishing operation costs, the
overcapacity of fishing fleets, and consequently, the overexploitation of Ghana’s
marine fisheries resources. Here I discuss the state of marine fisheries governance in
Ghana, factors that undermine the successful implementation of key management
measures in the country’s marine fisheries sub-sector, and the opportunities that
could help achieve effective governance of the sector. Additionally, the paper
elaborates on further suggestions for conflict resolution and sustainable marine
fishing.

2 Present Status of Marine Fisheries

Analysis of capture fisheries production data shows a steady increase since the 1970s
until the year 2000 (with catches varying between 350,000 and 500,000 tonnes
during the period of 1996–2001). After that, catches decreased to 202,000 tons in
2014 and seem to have increased again in recent years (Fig. 4.2).

The challenges of Ghana’s fisheries sector are widely known. They comprise
overexploitation of fishery resources, high incidence of illegal, unregulated and
unreported (IUU) fishing, open access artisanal fisheries, low economic returns,
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Fig. 4.2 Ghana’s capture fisheries production from 1950–2018. Data source: FAO (2020)

little value addition, underdeveloped aquaculture and high demand for fish (Mills
et al. 2012). In 2016, FAO (2016) reported further challenges: (1) sizable catches
occur only for 3 months (usually July–September) due to seasonal fluctuations in the
abundance of small pelagic fish species (especially sardinellas), implying that
monthly income from fishing those species can be minimal during the rest of the
year, (2) marine stocks are overexploited by the national industrial fleet, (3) poorly
constructed landing sites lack infrastructure and refrigeration facilities, leading to
large post-harvest losses.

Ghana’s coastal fisheries are a common-pool resource (CPRs) and the above-
mentioned subsidies make it easier for anyone to fish, leading to an increasing
number of fishing boats and the accelerated depletion of the fish stocks (Sumaila
2019).

3 Fisheries Governance Structures and Governing Systems

Several institutions are involved in the fisheries sector of Ghana. These include the
Ministry of Fisheries and Aquaculture and Development (MoFAD), the Fisheries
Commission, the Parliamentary Select Committee on Food, Agriculture and Cocoa
Affairs, civil society organisations (CSOs)—such as the Ghana National Canoe
Fishermen Council (GNCFC), an association for small-scale fishers—the Environ-
mental Justice Foundation (EJF), Hen Mpoano, Oxfam, Care International in Ghana
and Friends of the Nation.
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Fig. 4.3 An organisational chart illustrating the departments and agencies of Ghana’s Ministry of
Fisheries and Aquaculture Development (MoFAD). Developed based on information from the
website of MoFAD (2020)

However, the leading regulatory authority of the sector is MoFAD (Fig. 4.3). This
figure depicts the organisational structure of the Ministry. The Fisheries Commission
is the primary implementing agency of the MoFAD’s projects, policies and regula-
tions. The Fisheries Commission has five divisions and four units (Fig. 4.3) to carry
out its mandate effectively and efficiently. It is responsible for all monitoring,
control, surveillance, evaluation and compliance control in all areas of fisheries
development and management in Ghana, including fish health, post-harvest activi-
ties, safety and quality assurance.

In addition to these institutions, the Government of Ghana established the
National Premix Committee (NPC) in 2009 to oversee the administration and
distribution of premix fuel, a heavily subsidised petroleum product for the country’s
fishing vessels. The National Premix Secretariat (NPS) manages the allocation and
distribution of premix fuel. The Tema Oil Refinery (TOR) receives weekly requests
for the distribution of premix fuel. TOR blends and loads the product into tankers of
the assigned Oil Marketing Companies (OMCs) for distribution to the various
Landing Beach Committees (MoFAD 2020).
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Landing Beach Committees (LBCs) were formed at the various landing beaches
to empower the fishermen to run premix fuel stations at the landing beaches. Each
LBC was required to select an Oil Marketing Company to supply them with premix
fuel. According to the MoFAD, the proceeds from the sale of premix fuel at the
landing beaches are used towards developing the fishing communities (MoFAD
2020).

4 Conflicts in Fisheries Governance

Conflicts in the governance of marine resources of Ghana are driven by (1) sudden
changes in policy, (2) presence/absence of co-management organisations at the
community level, (3) the state of infrastructure along the coast and (4) coastal
tourism. Marine fisheries in Ghana are subject to major challenges and threats,
which include resource degradation, conflicts over resources and coastal space,
globalisation of markets and climate change, all shaped by the historical, economic
and political contexts of the country.

Conflicts between the small-scale artisanal fleets and the inshore and semi-
industrial fleets are common in Ghana (e.g. Bennett et al. 2001). There are also
reported clashes between fishers of the same gear group (always from the same or
neighbouring communities) chasing the same shoal of fish, a true ‘struggle for fish at
sea’; net entanglements (deliberate or accidental) are an additional aspect of this
conflict. Some norms govern behaviour at sea in Ghana, one of which is that the crew
that spots a shoal of fish (usually small pelagics) first has the right to attempt to
encircle that shoal with their net. However, disagreements over who saw the shoal
first are frequent. Net entanglements that result when two canoes attempt to encircle
the same shoal are the obvious consequence of this type of encounter. Fishermen
have reported that these types of conflicts have been rising in recent years, although
there are no data to support this assertion. Lack of trust and willingness to cooperate
between fishers and marine resource managers thus often impede fisheries manage-
ment practices and governance.

Nyarko (2017) reported the lamentations of fishers from the Central Region of
Ghana about conflicts at sea. Collisions between canoes and industrial fishing
vessels, and the destruction of artisanal fishing gear, in some cases within the zone
reserved for small-scale artisanal fishers (Inshore Exclusion Zone or IEZ), were
identified as a key threat to these fishers in Ghana. The author indicated that in 2016
alone, the study counted thousands of cases of industrial vessels destroying nets and
canoes of artisanal fishers at sea. Nevertheless, only around 5% of these cases were
reported to the Fisheries Commission, and even fewer cases (around 1% of the total)
resulted in compensation for the losses incurred (Nyarko 2017). Fisheries resource
scarcity is another major issue that determines the outcome of fisheries management
plans. Its three major drivers are a weak marine resource governance, the critical
socio-economic conditions of the fishermen and ecosystem deterioration (Pomeroy
et al. 2016). The institutional arrangements for the regulation of Ghana’s marine
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resources are too limited to address the root causes of resource scarcity efficiently.
Reducing the level of conflict among fishers requires strong political will and
positive changes towards resource availability, competition and sustainability for
all parts involved. Recently, potential attacks from pirates in the Gulf of Guinea have
become a security threat to fishers and undermine fishing activities in Ghana’s
marine waters. According to Sow (2018), Ghana was the country with the second
highest cases of boarded attacks in the Gulf of Guinea in 2018. In addition,
disagreements over the implementation of the closed season for all fleets in Ghana’s
marine waters by the Ministry of Fisheries and Aquaculture Development are
fuelling tensions between large-scale industrial fishing and small-scale artisanal
fishers.

Improving relations between small-scale fishers and the Fisheries Commission of
Ghana (the management authority) will be needed to reduce conflict between and
among the main actors of Ghana’s marine fisheries. If fishers trust each other and
have good working relationships, knowledge and information about the resource
(Pomeroy and Berkes 1997) will be shared, and co-operation between fishers for a
well-managed fishery will be enabled (Grafton 2005). Where there is co-operation
between fishers, conflict is minimal.

5 Co-Management in Governing Ghana’s Marine Fisheries

In the early 1990s, the Government of Ghana identified a co-management regime as
one of the pillars for achieving sustainable fisheries management (Mutimukuru-
Maravanyika et al. 2013). Subsequently, the concept of Community-Based Fisheries
Management Committees (CBFMC) was introduced. This concept aligns with
general common-pool resources (CPRs), which, besides fish stocks, include forests,
rangeland and water resources. CPRs are important for the well-being of society.
These CPR share two characteristics: (1) it is costly to develop institutions to exclude
potential beneficiaries from them and (2) the resource units harvested by one
individual are not available to others (Ostrom 1994).

In Ghana, fishers and operators in coastal fisheries are controlled by community
leaders that traditionally focus on conflict management but have not been able to halt
the general degradation of the fishery (Neiland et al. 2005). Policymakers need to
understand the traditionally established management rules of fisheries CPR to
improve fisheries governance.

While fishing communities are among the target groups for government policy
and development interventions with a focus on poverty reduction, there is still a
general lack of practical knowledge and understanding of the relationships between
people and CPR. This lack of knowledge poses a significant limitation when it
comes to designing and implementing appropriate policies for CPR management.
Consequently, many people are increasingly vulnerable to poverty associated with
CPR overexploitation, degradation and privatisation (Neiland 2005).
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Table 4.1 Co-management structure and roles of the different spatial levels (Adapted from
Mutimukuru-Maravanyika et al. 2013)

Level Roles in the co-management process

National • Ensure that there is uniformity in the fisheries laws formulated and ensure every
region abides by them
• Formulation of fisheries law
• Implementation of fisheries law
• Provide input into the laws
• Conflict resolution

Regional • The region serves as a link between the district and the national level
• Coordinate district level activities
• Although it initially appeared that a regional level was unnecessary, benefits
could be seen. Without this level, every district would have direct access to the
national level and issues would not be harmonised from districts. Moreover, the
regional level serves as a place where all issues coming from the various districts
could be looked at and agreed upon and later channelled to the national level for
action. This process would greatly facilitate work at the national level.

District • Finance community co-management activities from the district assembly com-
mon fund
• Act as a connection between co-management groups at the community level and
the central government (via regional level)
• Support enforcement of laws
• Ensure that support from the central government gets to the community

Community • Form a task force to enforce fisheries laws at the community level
• Address issues of sanitation
• Manage fisheries-related conflicts
• Perform other roles related to fisheries as decided by the community

The United States Agency for International Development (USAID) through the
Ghana Coastal Fisheries Governance Dialogue: Developing Options for a Legal
Framework for Fisheries Co-management in Ghana (Mutimukuru-Maravanyika
et al. 2013) discussed co-management frameworks for diverse fisheries systems.
An effective co-management structure should involve all tiers of administration,
from national, regional, district and community levels. Table 4.1 highlights the roles
expected at each level of the co-management arrangement. There is a need to ensure
that co-management legislations developed at the national level are devoid of
politics. Such legislation and arrangements should be effectively disseminated to
fishers and operators for their understanding and compliance. Moreover,
co-management requires adequate financing to impact positively on fisheries
governance.

Co-management requires an integrated multisectoral and ecosystem-based
approach. There is a need to involve other sectors, such as water and mining. Further
considerations should include fish habitats, subsidies, environmental pollution and
climate change that affect the status of the fisheries (Mutimukuru-Maravanyika et al.
2013). Mutimukuru-Maravanyika et al. (2013) highlighted two possible structures
for co-management (Table 4.2). The first is where authority for the management of
rivers, lagoons and nearshore demersal species is delegated to local leaders. In
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Table 4.2 Possible structure for a co-management arrangement in Ghana’s fisheries sector
(Adapted from Mutimukuru-Maravanyika et al. 2013)

Governance
structure

Jurisdiction/
Ecosystem type

Local management
units (e.g. CBM)
(with decentralised
authorities)

Rivers, lagoons,
estuaries, lakes,
reservoirs
Nearshore
bottom-living
(demersal)
marine species
(0–6 NM)

Tilapia, catfish, bivalves,
molluscs, crustaceans,
demersal marine finfish
(e.g. grouper) in local
management areas

MPAs, territorial user
rights for fisheries
(TURFs) gear prohibi-
tions, closed seasons,
mesh and species size
limits

Representational
co-management
(with centrally
retained
authorities)

Pelagic upwell-
ing ecosystems
(0–200 NM)
Offshore benthic
ecosystems
(6–200 NM)

Pelagic and offshore
demersal marine species
managed at the national
scale

Closed seasons, gear pro-
hibitions, mesh size
limits, limited licensing,
output limits

contrast, the second structure concerns the authority preserved at the national level
for the management of pelagic species and offshore demersal stocks.

Ghana’s fisheries Act and Regulations include the following: (1) Fisheries
(Amendment) Regulations, 2015 (L.I. 2217); (2) Agreement on Port State Measures
to Prevent, Deter and Eliminate Illegal, Unreported and Unregulated Fishing
(FAO 2017); (3) Fisheries Management Plan of Ghana 2015–2019 (Ministry of
Fisheries and Aquaculture Development, 2015); (4) Fisheries (Amendment) Act,
2014 (Act 880); (5) Ministerial Directive Re-Implementation of Closed Seasons for
Industrial Trawlers under the Fisheries Management Plan of Ghana (2015–2019);
(6) Minimum Sanitary Requirement—Conditions for Renewal of Fishing Licence
(2016); (7) Guidelines for the Registration and Licensing of Fishing Vessels in
Ghana (Ministry of Fisheries and Aquaculture Development/Fisheries Commission,
2013); (8) Fisheries Act 2002 (Act 625); and (9) Fisheries Regulations 2010.

Although these laws and regulations are available, co-management has not been
sufficiently addressed and implemented. Reviews of these legislations should thus
include adequate provisions on co-management.

6 Pathways Towards Improved Marine Fisheries
Governance

Achieving effective marine fisheries governance in Ghana requires broad consulta-
tions with both national and international bodies. PESCAO (Improve Fisheries
Governance in West Africa) is a project funded and supported by the EU, aiming
to contribute to sustainable fisheries resources development, food security and
poverty alleviation in West Africa, and Ghana is one of the beneficiaries of this
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project. On 6 December 2018 in Accra, the Government of Ghana, the EU and its
Member States met for the 2018 edition of the political dialogue. Such forums are
essential in building consensus and drawing actions towards effective marine fish-
eries governance systems and sustainable development in Ghana’s fisheries sector.
During the discussion, an agreement was reached on some measures to enhance
Ghana’s fisheries legislative framework, combat IUU fishing and remove weak-
nesses in the monitoring, control and surveillance framework, among others. These
actions are crucial to maintain sustainable fishing regimes in the marine sector and
contribute to efforts in achieving effective fisheries governance.

The following measures should be implemented to enhance sustainable fisheries
management in Ghana: closed seasons, vigorous enforcement of the rules for the
large-scale industrial fishery (including no access to nearshore fisheries), prohibition
of certain gears, improvement of port and landing infrastructure and market value
chain, enhancement of inland fisheries production through better lake and reservoir
management and investment in pond cultures to reduce marine fishing pressure. An
inter-ministerial committee including the MoFAD, Ministry of Food and Agricul-
ture, Ministry of Defence, Ministry of Interior, Ministry of Foreign Affairs and the
Ministry of Employment and Labour Relations is needed to achieve the above
measures. Moreover, the committee can discuss and implement measures for effec-
tive governance, and sustainable fishing regimes in the country’s marine fisheries
sector by (1) regularly assessing and strengthening efforts towards combating IUU
fishing and (2) drawing actions towards mitigating high fishing pressure. The
committee’s work can be facilitated through collaboration with regional fisheries
management, monitoring, control and surveillance organisations such as the Fisher-
ies Committee for the West Central Gulf of Guinea (FCWC) and PESCAO.

Further improvements in national fisheries management strategies are needed. A
recent call by Sumaila (2019) for the government to scrap fisheries subsidies is a
laudable proposal. Although removing subsidies on fuels for fishing operations will
reduce fisheries exploitation, in the absence of strong fisheries governing structures
and legal frameworks, the abolishment of the fisheries subsidies alone will be
inadequate to sustain the fisheries. Adequate governing structures are needed to
combat IUU fishing and support co-management schemes. Moreover, investment in
blue economy areas such as aquaculture and other alternative livelihood ventures
would be more beneficial for the fishing communities and help sustain the marine
fisheries sub-sector.

7 Conclusions

Ghana’s marine fisheries sector provides livelihoods for about 2 million people.
Effective governance, cooperative co-management and sustainable fisheries devel-
opment will protect the livelihoods of vulnerable fishing communities. The key
factors impeding productive fisheries include overexploitation and high fishing
pressure on marine resources, and high incidences of illegal, unregulated and
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unreported (IUU) fishing. These challenges could be resolved by (1) engaging
national experts to draw and implement measures for effective and efficient conflict
management, improving compliance of regulations, and effective communication
among the various stakeholders of the marine fisheries sector, (2) empowering and
adequately resourcing the CBFMCs and (3) taking advantage of the existence of the
MoFAD, MoFA, Ministry of Defence, Ministry of Interior, Ministry of Foreign
Affairs, and the Ministry of Employment and Labour Relations, for multisectoral
engagement towards improved marine fisheries governance in Ghana. Stringent
enforcement of Ghana’s fisheries laws is important in regulating fishing operations,
especially in the nearshore waters of the country, ensuring compliance to measures
that combat IUU fishing. A joint task force comprising members of the Navy Ghana
Armed Forces and Marine Police Unit of Ghana Police Service will be beneficial to
policing the country’s waters and handling offences contained in Ghana’s Fisheries
Act and regulations. Support of coastal fishing communities through fisheries
co-management schemes will facilitate the work of the task force. The government
should take a bold decision to stop fisheries subsidies and invest the financial
resources in developing aquaculture and inland fisheries production. Special courts
and tribunals should be established in the coastal regions to expedite process cases
involving contravention of Ghana’s fisheries laws and regulations.
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Chapter 5
Pacific Island Case Study

Impact of Tourism on Small Island Marine Ecosystems:
Insights from Two Pacific Archipelagos

Natalie Prinz and Jonas Letschert

Abstract Many Pacific Island Countries and Territories (PICTs) are characterised
by unique marine ecosystems which attract millions of international visitors every
year, creating a profitable business for tourist operators. On the downside, the rising
tourist numbers are associated with changes in these ecosystems. We performed a
literature search and reviewed 43 studies with a geographic scope covering the
central Pacific, of which 16 focused on direct impacts of tourism on the marine
environment. All but one study found negative or neutral effects of tourism on the
marine environment. Only five studies present results from 2014 until present, which
is insufficient, given the rapid increase in tourism numbers. Moreover, the majority
of the studies focused on popular tourism destinations, indicating a spatial bias of the
current knowledge about tourism impacts in the Pacific. In addition to the review, we
highlight direct and indirect effects of tourism on marine ecosystems in the area by
discussing two case studies. One case study relates to the feeding of reef fish in the
Cook Islands by tourists, and the other to the introduction of invasive species in
Galapagos. In both cases, species compositions at tourist sites differed from
non-visited sites. Based on our review and discussion, we conclude that tourism
can be responsible, and tourists may be willing to engage in conservation. We
formulate four recommendations that suggest increased: (1) monitoring of the
marine environment, (2) citizen science projects to include stakeholder observations
for monitoring environmental change, (3) reciprocal knowledge exchanges among
tourists, scientists and residents and (4) spatially balanced research on the effect of
tourism on marine ecosystems with methods applicable to many PICTs.
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1 Introduction

The Pacific Ocean contains vast and complex marine ecosystems, including the
world’s most extensive coral reefs (Morrison 2012). Coral reefs and other pristine
ecosystems in the Pacific are of high economic value, with over 500 million residents
of the Pacific rim countries depending on them (Wilkinson and Souter 2008).
Inhabitants of Pacific islands have always used their coasts as a source of nutrition
and have applied locally managed harvesting and conservation schemes (Connor
et al. 1996; Johannes 2002). These islands have few resources due to their colonial
history, small size and distance from major markets (Berno 1999). In many of these
small island developing states, which often self-identify as large ocean island states,
people are dependent upon marine areas and resources for food security (Gillett
2009). In the course of the twentieth and twenty-first century, tourism has developed
as a new source of income, complementing the ongoing fishing activity (Higham and
Luck 2007; Lachs and Onate-Casado 2020). All island states of Oceania (including
Australia and New Zealand) experienced a 15% increase of tourists since 2015
(UNWTO 2019). Tourism represents a crucial part of the Oceania economy stating
12% of the GDP and 13% of the employment (WTTC 2017).

The pristine marine environment of many Pacific Island Countries and Territories
(PICTs) is a major attraction for tourism (Asch et al. 2018) and access to remote
places linked to aquatic environments is increasingly provided (Nicoll et al. 2016).
The exceptional growth of the global marine tourism industry (Asch et al. 2018;
Orams 2002) is reflected in steadily increasing tourism numbers in some PICTs, and
very rapidly in other PICTs, over the last two decades (Fig. 5.1). In line with those
numbers, the type of dependence on marine areas, like reefs, is shifting from fishing
to tourism in some countries and more specifically on some islands of these countries
(Diedrich 2007; Hunter et al. 2018). Globally, nearly half of the net benefits of coral
reefs were derived from tourism and recreation already in 2003 (Cesar et al. 2003),
whilst in 2017 coral reefs were estimated to generate 2.2% of all global ecosystem
service values for tourism (Spalding et al. 2017). In particular, marine wildlife
tourism generates substantial income for reef-rich country economies and local
tour operators (Higham and Luck 2007) consisting of a diverse range of businesses,
from one person to large, multinational companies (Orams 2002). Popular activities
are animal catching, viewing, feeding and interacting with fish, turtles, sharks, rays
and marine mammals (Newsome et al. 2005).

Alongside other anthropogenic activities impacting tropical marine environments
(Earp et al. 2018), tourism activities can have various effects on the marine envi-
ronment, most of these considered negative impacts, such as a loss of biodiversity
(Morrison 2012). The mechanisms of impact can be categorised as direct,
i.e. physical damage by boats’ anchors, divers, trampling and harvesting of resources
or indirect, i.e. sedimentation, pollution, behavioural change of species and
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Fig. 5.1 Annual tourism numbers for Pacific Islands from 1995 to 2017. Numbers were derived
from the World Tourism Organization (UNWTO 2019) as well as online resources for Galapagos
(de Galápagos 2019), Hawaii (State of Hawaii DBEDT 2019) and Easter Island (www.subturismo.
gob.cl/)

introduction of non-indigenous species (NIS) (Table 5.1). In a review, Morrison
(2012) identified habitat destruction, marine site overcrowding, disruption of nesting
or breeding and increased coastal erosion due to tourism development as the main
dangers to threatened marine species in the Pacific. Based on IUCN (2010) data,
tourism had a negative impact on 15% of all species listed as endangered in the
Pacific region of which the majority were corals (83%). There is no correlation
between the number of tourists and the number of endangered species, however
there is a correlation when the permanent population is added to the number of
tourists (Hall 2010). Even the least intrusive efforts for the establishment of small-
scale ecotourism can have substantial alterations of the environment (De Haas 2002).
Overall, number of tourists, intensity of boat traffic and management of activities on
the PICTs are the factors that influence the magnitude and extent of alterations to the
ecosystems. These alterations may cause the ecological integrity of coral reefs to be
compromised, affecting their ecological functioning (Phillips 2015). For this study
we focused on the impacts of marine tourism on marine ecosystems in PICTs.
Tourism activities refer to all smaller-scale activities which are provided to tourists
coming to the islands via larger vessels or airplanes. This study does not include the
impacts on cultural or social-ecological systems.

http://www.subturismo.gob.cl/wp-content/uploads/2015/10/Cuadros-Anuario-de-Turismo-2017.xls
http://www.subturismo.gob.cl/wp-content/uploads/2015/10/Cuadros-Anuario-de-Turismo-2017.xls
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Table 5.1 Studies investigating the direct impact of tourism on the marine ecosystem and factors
analysed in this literature review

Country/
region

Tourism
types

Study
period

French
Polynesia

Shark
feeding

Higher number of
parasites in 1 out
6 fish species around
shark-feeding sites

Fish
sampling

2010 Vignon et al.
(2010)

French
Polynesia

Shark
feeding

Change in behaviour
of sharks

Monitoring 2010 Clua et al.
(2010)

French
Polynesia

Not stated Water pollution;
littering

Literature
review

1969–
1994a

Hutchings et al.
(1994)

Fiji Shark
feeding

More individuals; less
species richness

Monitoring 2003–
2012

Brunnschweiler
et al. (2014)

Fiji Shark
feeding

Increased long-term
abundance over feed-
ing years

Monitoring 2011 Brunnschweiler
and Baensch
(2011)

Palau Snorkelling Negative effects of
snorkelling for corals
(rubble, coral
fragments)

Monitoring 2015 Otto et al.
(2015)

Easter
Island

Not stated Littering (although
most is affiliated to
fisheries)

Monitoring,
interviews,
literature
review

2012–
2016

Kiessling et al.
(2017)

Easter
Island

Not stated Boat collision with
turtles; illegal turtle
meat consumption

Interviews;
monitoring

2011 Álvarez-Varas
et al. (2015)

Hawaii Whale
watching

Whales avoid boat
traffic

Monitoring 2008–
2010

Cartwright et al.
(2012)

Hawaii Consumption Increasing pressure on
reef fish

Investigating
restaurant
menus

1928–
1974

Van Houtan
et al. (2013)

Cocos Not stated Littering Monitoring 2006–
2015

Naranjo-
Elizondo and
Cortes (2018)

New
Caledonia

Not stated Corals; tourism as a
potential threat for
reefs

Literature
review

1946–
2006a

Wantiez (2008)

Galapagos Not stated Corals; tourism as a
potential threat for
reefs

Monitoring,
coral cores,
literature
review

1965–
2011b

Glynn et al.
(2018)

Galapagos Marine
traffic

Increasing rates of
NIS

Monitoring;
literature
review

1902–
2015a

Keith et al.
(2016)

Galapagos Diving Contact with corals Monitoring 2012–
2019

Moity et al.
(2018)

Guam Diving Contact with corals 2004–
2007

Burdick et al.
(2008)
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Table 5.1 (continued)

Country/
region

Tourism
types

Study
period

aThe study period was set starting from the first mentioned article
bThe study period was set to the range of the oceanographic data

Despite the burgeoning literature concerning the impact of tourism on marine
ecosystems, knowledge on most of the PICTs (excluding Australia, New Zealand
and Papua New Guinea in this review) is still incipient. In this chapter, we discuss
the influence of tourism on marine ecosystems in PICTs based on a literature review
and two case studies1: (a) snorkelling tours and feeding of fish communities in the
Cook Islands and (b) marine tourism influencing non-indigenous species (NIS)
dispersal in the Galapagos archipelago. The aim of this review is to provide an
understanding of the current impacts of marine tourism activities on coastal marine
environments of Pacific islands. Lastly, we discuss efforts to tackle these effects with
a focus on regulated ecotourism approaches and stakeholder engagement.

2 Methods

First, we performed a search in web of knowledge with the following set of
keywords: (Touris*) AND (Pacific) AND (island OR archipelago OR isla OR île)
AND (marine OR “salt water” OR aquatic) AND (ecosystem OR environment OR
system OR “food chain” OR biodiversity OR species OR organism OR biota). The
search resulted in 43 studies published up until 2019, which we screened for their
relevance. We selected studies that match our study area, the Pacific Ocean
(Fig. 5.2), and investigated the impact of tourism on marine ecosystems. During
this step we also considered relevant references within these studies if available.
Secondly, literature collected for the two case studies were revised and added to our
pool of literature items. We extracted numbers for annual tourists from the database
of the World Tourism Organization (UNWTO 2019), as well as from reports and
online resources for Galapagos (de Galápagos 2019), Hawaii (State of Hawaii
DBEDT 2019) and Easter Island (Fig. 5.1). The UNWTO (2019) summarises all
incoming tourism numbers, including arrivals via air and sea per country.

1ISATEC Master theses case studies by J. Letschert 2017, as well as N. Prinz (published in Prinz
et al. 2020)
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Fig. 5.2 Range of the study period for each reviewed literature item. Each bar is colour-coded to
reflect the publication date of the study

3 Results

The pooled literature search yielded 16 articles that investigated the direct effects of
tourism on marine ecosystems of islands and archipelagos in the Pacific Ocean
(Table 5.1). The focus of the selected studies are the effects of tourism on corals
(Burdick et al. 2008; Glynn et al. 2018; Moity et al. 2018; Otto et al. 2015; Wantiez
2008), sharks (Brunnschweiler et al. 2014; Brunnschweiler and Baensch 2011; Clua
et al. 2010; Vignon et al. 2010), other fish (Vignon et al. 2010), fish consumption
(Van Houtan et al. 2013), sea turtles (Álvarez-Varas et al. 2015), whales (Cartwright
et al. 2012), introduced species (Keith et al. 2016), litter (Hutchings et al. 1994;
Kiessling et al. 2017; Naranjo-Elizondo and Cortes 2018) and water pollution
(Hutchings et al. 1994).

Only one study was published in 1994 (Hutchings et al. 1994) and all others
between 2008 and 2019. The study period of the reviewed literature varies between
1 year and more than a 100 years, although most studies focus on time ranges within
the last decade (Fig. 5.2). The majority of PICTs with high numbers of visitors in
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Fig. 5.3 Study area with all small island states, territories and regions included in this review.
Colour and size of the points indicate the number of tourists in 2017 and the number of appearances
in our literature selection

2017 show more publications in our review when compared to PICTs with fewer
tourists (Fig. 5.3).

The majority of studies conducted in-water monitoring (8), followed by literature
reviews (4), interviews (2), fish sampling (1) and unconventional methods (1),
i.e. investigating restaurant menus. Naranjo-Elizondo and Cortes (2018) pose
tourist-including method, as they did not analyse the effect of tourism directly, but
used an opportunistic sampling design, searching seabeds for litter during recrea-
tional, touristic trips with a submersible. A second example for a citizen science
approach are recreational divers encouraged to report observed megafauna, which so
far resulted in 7000 sightings of 15 different species (Moity et al. 2019).

Almost all studies mentioned or detected negative effects of tourism on marine
ecosystems. The effects range from an individual scale, e.g. higher amount of
parasites on fish (Vignon et al. 2010), boat collisions with turtles (Álvarez-Varas
et al. 2015) and changed behaviour of sharks (Brunnschweiler and Baensch 2011;
Clua et al. 2010) and whales (Cartwright et al. 2012), over broader effects, e.g. the
physical contact of divers and snorkelers with corals (Moity et al. 2018; Otto et al.
2015), and depleting of reef fish populations through higher demand of tourists (Van
Houtan et al. 2013), to an ecosystem-wide scale, e.g. littering of beaches (Hutchings
et al. 1994; Kiessling et al. 2017) and deep sea areas (Naranjo-Elizondo and Cortes
2018), increased rates of introduced species (Keith et al. 2016) and water pollution
(Hutchings et al. 1994).

Only one study by Kiessling et al. (2017) mentions a positive influence of marine
tourism, as tourism on Easter Island leads to an increased demand of souvenirs
without plastic bags, which represents an incentive for local tourist operators to
practice their businesses in a more sustainable fashion. In fact, the results of
Kiessling et al. (2017) show that local engagement to clean beaches is higher, and
litter pollution lower on Easter Island than on the mainland of Chile.

Not all studies identified tourism as the main threat for marine ecosystems. In
particular, literature focussing on beached or dumped litter describes how a large
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portion of marine debris is associated with fisheries (Kiessling et al. 2017; Naranjo-
Elizondo and Cortes 2018). In the case of Kiessling et al. (2017), this makes up 64%
of collected debris. Furthermore, it was mentioned that the remaining debris is
unlikely to have originated only from tourism. In the case of Naranjo-Elizondo
and Cortes (2018) on the Cocos Islands, almost all plastic debris could be associated
with fisheries. However, other debris, such as cans and fabrics, were found in
relatively good state, indicating that it has near-coastal origins. Given the fact that
there are no permanent inhabitants on Cocos, it is likely that this debris originates
from tourists.

3.1 Cook Islands Case Study

In the Cook Islands, tourism has become the dominant sector of the economy and is
largely supported through activities on reefs (Mellor 2003). The total number of
tourists to the Cook Islands has increased steadily over the last half of the century,
from less than 10,000 in 1976 to about 168,700 visitors in 2018 (Cook Island
Tourism 2019; Mellor 2003; UNWTO 2019). Reef tourism is dominated by boating,
snorkelling and diving activities (Prinz et al. 2020), but also increases the sales of
marine resource products such as high-value food fish and farmed pearls (Mellor
2003). In part to maintain the value for the tourism sector, Island Councils undertake
efforts such as the creation of protected areas (ra’ui), bans, restrictions on destructive
fishing techniques and harvesting control of shellfish and marine mammals (Pinca
et al. 2009). Yet, tourism may still increase stress on the lagoon and reef resources.
Tourists are supplied with pelagic fish in order to spread the revenue from tourism
among fishermen and lessen the fishing pressure on lagoonal reef resources ((Pinca
et al. 2009); N. Prinz pers. observation). As an example, the sustainable management
of the touristic flagship lagoon Aitutaki is an objective shared by the entire commu-
nity due to its increasing dependency on tourism that is based on the lagoon’s
attractions (SCUBA, snorkelling, excursions to motu, fishing, etc.) (Pinca et al.
2009).

To quantify tourism impact on lagoonal reef fish, Prinz et al. (2020) conducted
research on the island of Aitutaki, which is inhabited by about 2000 people (Hoff-
mann 2002). In 2015, it was estimated that 29,261 tourists visited Aitutaki (Cook
Island Tourism 2019). Feeding fish with bread, among other foods, to attract them
for tourists has been a common practice for over 15 years during daily snorkelling
tours. Two sites within the lagoon were chosen where fish feeding for and by tourists
occured on a daily basis near an anchor buoy, and compared to two adjacent sites,
with similar substrate composition where feeding does not normally occur, but
experimental fish feeding was carried out for this study. To quantify the fish density
and taxonomic richness at bread feeding events, stationary visual censuses
(Bohnsack and Bannerot 1986) were conducted within a 3 m radius for 15 min
while counting all non-cryptic fish. Censuses were done 1 h before bread feeding,
during feeding and 1 h after feeding at all sites over 5 days. To estimate the effect of
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bread in the water on the feeding behaviour of two model species, 5 min focal
follows were conducted on five individuals per species, also before, during and after
feeding events.

Direct and indirect effects of bread supply on fish community composition and
behaviour were observed. Mean fish abundance and diversity were higher at sites
where fish were regularly fed artificially, compared to sites where fish were not fed
before. This is likely due to the habituation of bread-liking species to human food.
Overall, 25% of the 71 fish species found were attracted to bread and fed on it. Main
feeding groups were omnivores and piscivore-invertivores. During feeding events,
taxonomic richness decreased at all sites, as compared to 1 h before and after
feeding. This could be explained by the fact that only certain fish species are
attracted to the bread.

The first model species Chaetodon auriga fed readily on bread at the tourism
sites. Whilst bread was supplied, C. auriga was observed to cease feeding on natural
substrate and instead fed on bread. At the comparative sites however, no individual
of this species was observed to feed on bread. The second model species
Ctenochaetus striatus, a detritivore, was observed to test the bread but not feed on
it. Instead, their feeding rates on natural substrate decreased while bread was
supplied, compared to an hour before or after bread supply. This led to the assump-
tion that bread feeding may indirectly affect the natural foraging behaviour of certain
fish species, as vigilance increases due to the accumulation of fish in the water
column, during artificial feeding (Milazzo 2011). This practice, as common as it is,
may therefore contribute to shaping the concept of the “ecology of fear” in reef fish
(Brown 2019).

To investigate the social perception of this practice among local stakeholders
(local and foreign residents, compared to tourists), questionnaires were collected
(Prinz et al. 2020, supplementary material). The social-ecological approach was
included to better understand why tourists around the world partake in the artificial
feeding of animals “in the wild” and whether/why it is considered necessary. Local
stakeholders considered feeding fish an essential part of the lagoon cruise experience
for tourists. Tourists, in contrast, considered artificial feeding of fish not important to
the enjoyment of their visit, would appreciate the cruise without feeding, and argued
that fish feeding can be stopped (54% of responses, Fig. 5.4). This result poses an
opportunity for local management of lagoon cruises. The incorporation of stake-
holder perceptions, in this case, the perception of tourists that fish feeding may be
superfluous, is crucial to effectively develop management practices for marine
conservation. Therefore, the Aitutaki management plan is being developed to incor-
porate these results which are in line with other regulations around the globe having
targeted controlled or banned fish feeding (Authority 1994).

3.2 Galapagos Case Study

The Galapagos Islands are a globally renowned destination for extraordinary marine
fauna and a high degree of endemism (Bustamante et al. 2002; Tye et al. 2002). The
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Fig. 5.4 Stakeholder responses to the question of whether to continue or stop fish feeding in the
Aitutaki Lagoon (Cook Islands). Total number of responses n = 104 with responses from local
stakeholders n = 52 and tourists n = 52. Figure adapted from Prinz et al. (2020)

marine and terrestrial ecosystems have been the subject to anthropogenic influence
since the eighteenth century when whalers and pirates used the islands as shelter and
stop-off (Eibl-Eibesfeldt 2001). In the following centuries Galapagos became a
destination for research cruises and in the early twentieth century also for the first
touristic journeys. The ever-increasing number of yearly visitors reached its peak in
2017 with 241,800 (de Galápagos 2019). The Galapagos Marine Reserve (GMR)
was founded in 1998 and prohibits industrial fisheries, which is why tourism is the
largest source of income in the GMR. The large amounts of people visiting the
islands require more transportation and imported goods (i.e. food and water). This
has led to a higher frequency of arrivals of cargo ships and airplanes. In 2005,
100 cargo ships and 1100 airplanes journeyed to Galapagos (Rogg et al. 2005), each
arrival representing a potential risk for the introduction of NIS. During the last
decades, the touristic fleet of the Galapagos Islands grew from 40 to more than
190 ships (de Galápagos 2019; Epler 2007), partly due to a shift in the tourism
behaviour which is steering towards more day-tour and less cruise tourism (Mejia
and Brandt 2015; Watkins and Cruz 2007). Thus, remote locations become increas-
ingly connected to hub ports and popular visitor sites in the Galapagos archipelago.

One of the main conservation goals of the GMR is the prevention of NIS
introductions, and to this end the Galapagos Biosecurity Agency (ABG) performs
hull checks on newly arrived ships and prohibits ballast water discharge of ships
coming from outside the GMR (ABG 2013; Campbell et al. 2015). Despite all
efforts, the amount of NIS in the Galapagos is still increasing and is also positively
related to increasing urbanisation (Toral-Granda et al. 2017). The biodiversity of
marine NIS is usually underestimated in the tropics due to the difficulty of
performing in-situ monitoring and the taxonomic challenges posed by marine
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Fig. 5.5 Non-metric multidimensional scaling (NMDS) with each point representing a sample of a
settlement community of conservation (C, grey) or tourism sites (T, black). Samples from conser-
vation sites were more similar to each other than to samples from tourism sites and vice versa

invertebrates (Carlton et al. 2019). This is showcased by studies published in the past
4 years: Keith et al. (2016) reported seven marine NIS and 3 years later Carlton et al.
(2019) reported 53 marine NIS and 33 marine cryptogenic (origin unknown) species
for Galapagos.

To study the impact of tourism on benthic NIS, PVC settlement plates were
installed at four marine tourism sites and four conservation sites, the latter
prohibiting all anthropogenic activities. Settlement plates were floating about 1 m
below lowest low tide, which is a well-established method for the monitoring of
sessile port communities. After a settlement period of 3 months, identifications of
settled animals were made to the lowest possible taxonomic level (Fig. 5.5). Addi-
tionally, water temperatures were measured at each study site every 30 min, enabling
the detection of upwelling events whilst boat traffic was quantified using vessel
movement data based on automatic identification system (AIS). Multivariate statis-
tics (i.e. Permanova and SIMPER) revealed differences in species community
composition between study sites based on boat traffic, conservation status and
confounding factors such as temperature and upwelling events.

A total of 76 species were differentiated, of which seven were identified to
species, ten to genus and the rest to a higher taxonomic level. Of the identified
species, three are presumably non-indigenous and one cryptogenic in Galapagos.
The conservation status of the study site (tourism or conservation) significantly
influenced the community structure ( p = 2e-05), as all tourism sites were more
similar to each other than to conservation sites and vice versa. In general, marine NIS
occurred more frequently at tourism than at conservation sites. Boat traffic was only
slightly significant in affecting species compositions ( p= 0.04) and therefore cannot
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be identified as the major reason for different species compositions. However,
previous studies from Australia and the Mediterranean have shown the importance
of small-scale boating as an important vector for marine NIS dispersal (Anderson
et al. 2015; Ferrario et al. 2017; Marchini et al. 2015; West et al. 2007). Other marine
NIS vectors, such as species trade, ballast water discharge and aquaculture, are
absent at the study sites due to their remote location and the strong conservation
regulations in Galapagos. Moreover, it is rather unlikely that any reported NIS
arrived at the study sites by drifting of early life-stages in currents, because the
pelagic time of eggs and larvae of sessile species is only seconds to minutes limiting
their natural dispersal range. Therefore, the only possible vector apart from boat
traffic in Galapagos is species rafting on either natural debris, larger marine organ-
isms, or anthropogenic litter. However, the fact that species communities differ
between marine visitor and conservation sites (Fig. 5.5) and marine NIS diversity
was systematically higher at marine visitor sites argues against a random NIS
dispersal such as rafting and in favour of vessel-induced NIS dispersal. The results
are in line with other studies (Anderson et al. 2015; Letschert et al. 2021; Marchini
et al. 2015) and represent a strong argument to consider the effect of marine tourism
on marine NIS introductions in marine conservation plans.

4 Discussion

Despite the importance of tourism for local livelihoods (Hunter et al. 2018), the
industry’s cumulative effects on the ecosystem’s health are apparent in many parts of
the world. This literature review and both case studies summarise various effects of
tourism on marine ecosystems in PICTs (Table 5.1). Except for one study, all
literature mentioned here described negative or neutral effects of tourism on marine
ecosystems. These tourism-related impacts range from individual-scale (feeding,
contact, disease risk, harvesting) to ecosystem-scale changes (pollution, introduction
of NIS). These impacts can provoke direct or indirect shifts in animal behaviour and
loss of biodiversity. In both case studies, species compositions at sites frequently
visited by tourists differed from non-visited sites (Prinz et al. 2020). In the case of
feeding aquatic fauna, the direct observations of a change in community structure or
behavioural patterns may lead to regulations of feeding practices (Brookhouse et al.
2013; Brunnschweiler et al. 2014). Direct impacts of touristic activities can be
mitigated via restrictions and management strategies. In contrast, the introduction
of NIS into an area with distinct endemic diversity is initially not an obvious process
to tourists and, therefore, not negatively perceived. However, we argue that these
changes may affect tourism in the long term, as endemic fauna may be more
appreciated than introduced species, or a shift in ecological functioning may ensue
due to NIS. Hence, it is critical to develop holistic strategies to account for direct as
well as indirect changes in touristic hotspots.

The geographic focus of the discussed studies is dispersed throughout the central
Pacific Ocean. However, the majority of the PICTs with high numbers of visitors are
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also subject to increased research when compared to PICTs with fewer tourists
(Fig. 5.3). This may be due to the fact that countries with a higher reliance on
visitors focus more on ecological impact as sustaining tourism is of priority. Alter-
natively, countries with higher income through tourism may have more available
financial capacity to conduct research. Planning, managing and monitoring is critical
for understanding the severity and types of impacts from different activities (Trave
et al. 2017) since the number of annual tourists is constantly rising up until 2017 in
most PICTs (Fig. 5.1). Yet, our findings may indicate a bias in the current knowledge
of the impact of tourism on the marine environment in the central Pacific towards
more popular tourist destinations.

From the reviewed literature items, more than half included, at least partially, the
last decade in their study periods, but only five show results after 2014 (Table 5.1).
However, given the fast increase of annual tourists in some places, this is not a
suitable representation of monitoring and scientific values from the end of this
decade. Hence, it is important to generate more recent data in order to recognise
potential effects of visitors on marine environments early on. Given the examples of
negative effects of tourism on marine habitats and the relatively few locations
investigated, further research on that topic across the central Pacific is paramount.
The interaction between coastal human activity of PICTs and ecological change has
to be investigated simultaneously in order to manage marine tourism sustainably,
find ecosystem-based regulations and ensure ecological resilience alongside touristic
activities (Phillips 2015). Furthermore, institutional frameworks allocated to plan
and administer sustainable development and conservation programs can eliminate
poor public and political awareness of conservation principles and practices (Baines
et al. 2002; Morrison and Buckley 2010). The development of sustainable tourism in
the Pacific region is possible, yet the implementation of such plans may be the real
challenge, as many of the PICTs are lower-income countries with priorities on other
socio-economic issues and therefore less emphasis on environmental management.
The main aim in future years should be to develop adaptive co-management systems
that combine top-down strategic frameworks with bottom-up decision-making as has
been suggested before (Lachs and Onate-Casado 2020). With the our review we only
focused on effects of tourism on marine ecosystems and thus excluded studies
researching tourism impacts on the socio-cultural system of PICTs. Therefore,
further literature reviews with a broader focus are necessary to describe the impacts
of tourism on the socio-ecological system.

4.1 Tourism Fostering Conservation?

Despite many studies highlighting the negative effects of marine tourism activities
on marine flora and fauna, tourism can promote visitor awareness and create an
incentive for nature conservation efforts (Higginbottom 2004; Higham and Luck
2007; Kiessling et al. 2017; Newsome et al. 2005). Marine waste is a good example;
tourist activities may lead to an exacerbation of littering, which could decrease
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the location’s attractiveness to tourists (Gregory 1999). Thus, littering by visitors has
a negative feedback effect on tourism. Yet, obvious pollution can encourage visitors
and tourism operators to engage in anti-littering campaigns and increase behavioural
awareness (Kiessling et al. 2017). Tourism has long been cited as a justification for
the conservation of biodiversity and the establishment of MPAs and parks through-
out the Pacific Ocean (Morrison 2012).

The change from a fishing livelihood towards tourism-based income is one
example for a change in people’s perceptions. Large reef fish may have great
value on the market but also for various ecological roles and for reef tourism (Fenner
2014). The direct comparison between income from fishing versus tourism activity
may shift the interest towards live animals and protected marine environments
(Fenner 2014; Graham and Idechong 1998). Over the past three decades, tourism
has influenced island economies, such as Palau’s, and their focus on protecting
valuable resources in order to maintain its aesthetic value for visitors (Graham and
Idechong 1998). This example shows that tourism is an option for an alternative
sustainable livelihood, however, its feasibility depends on several other factors than
simply annual tourist numbers and may be more difficult to implement in other
PICTs.

4.2 Tourists Willing to Go Eco-Friendly

Campaigns, restrictions and targeted education on tourist trips may increase aware-
ness and be important for successful ecotourism to occur (Patroni et al. 2018; Prinz
et al. 2020; Wiener et al. 2009). Communicating scientific findings whilst engaging
in the tourism sector may be key to make conservation a part of the touristic
experience (Wiener et al. 2009) through the development of effective education
programmes (Patroni et al. 2018). For instance, analysing the tourist diver’s ecolog-
ical perception can help to inform managers and justify conservation as well as
increase their support for nature conservation restrictions by, in this case, applying a
carrying capacity for dive trails (Ríos-Jara et al. 2013). Arguably, well-designed,
themed experiences during ecotourism trips can target the tourist’s conservation
beliefs and enhance their understanding of a certain area or species (Higginbottom
et al. 2001), behaviour and/or philanthropic support for conservation (Powell and
Ham 2008). With conservation as a reason, tourists may be willing to pay more for a
better and more sustainable experience (Grafeld et al. 2016).

4.3 Remarks on the COVID-19 Pandemic

This chapter was written prior to the Covid-19 pandemic, which had serious
consequences for tourism due to travel restrictions worldwide. After the outbreak of
the virus in late 2019, the Pacific region was one of the first to suffer from a drop in
overseas arrivals (Abbas et al. 2021) with up to 100% decrease of visitors from the
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year before by April 2020 in some regions (Westoby et al. 2021). As tourism
contributed to up to 70% of some of the PICTs economies, the socio-economic impact
of the disappearance of touristim revenue on these states and territories is unprece-
dented (Connell and Taulealo 2021; Scheyvens et al. 2020). Connell and Taulealo
(2021) argue that tourism as we knew it may not restart in the immediate future and
PICTs inhabitants are forced to return to other businesses as a source of income. The
over-dependence on tourism resulted in various negative impacts on the economic
and social wellbeing of some of the PICTs (Connell and Taulealo 2021; Scheyvens
et al. 2020; Westoby et al. 2021). The fact that alternative economic development
opportunities are scarce (Connell and Taulealo 2021) and the future uncertain adds
to the complex situation for PICTs inhabitants. Instead, the attention is drawn
to adapt to the situation and focus on the transformational potential and recovery
of the travel and leisure industry (Scheyvens et al. 2020). The effect of this almost
immediate reduction in tourism pressure on marine environments was recorded to be
positive (reduction of boat traffic, CO2 emissions, pollution and increase in fish
population density of functionally important species, for example) as well as nega-
tive (increase in illegal fishing, poaching) (Edward et al. 2021; Spalding et al. 2021).
Yet, there may be cascading effects of complex dynamics between the local tourism
industries and marine environmental protection (Bates et al. 2021). Therefore,
tourism impacts on some areas of the marine environment in many PICTs will
have to be further explored in the context of the change caused by the pandemic.

5 Recommendations

Based on our findings we propose four recommendations to enhance the under-
standing of tourism impact in different tourism locations. These recommendations
can be adapted and used among PICTs to avoid irreversible changes in regularly-
visited marine tourism locations.

1. Monitoring the effects: Alongside tourism development and through its revenue,
we suggest to increase ongoing concomitant impact monitoring and incorporate
results into ecosystem management.

2. Citizen Science & Integrative approach: By integrating tourists in citizen science
projects, they contribute to the monitoring of the respective marine environment
in a cost-effective way. Moreover, environmental citizen science projects raise
tourists’ awareness for conservation, which may directly lead to a less harmful
behaviour during their visit.

3. Knowledge exchange: Communicating scientific findings whilst engaging in the
tourism sector may be key to make conservation a part of the tourism experience.
Tourist businesses and their employees can be trained to understand ecosystem
dynamics. In addition, scientists can be informed by local community leaders
about perceived environmental changes from the tourism operators.
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4. Balanced research design: Research should be more equally distributed among
PICTs and include sites with less tourists. Scientific studies should apply uniform
sampling designs to be able to make temporal and spatial comparisons.
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Chapter 6
Saudi Arabia Case Study

The Development of Saudi Arabia’s Red Sea Coastline:
Challenges Facing Sustainable Resource Use

Vanessa Robitzch, Alexander Kattan, Aislinn Dunne, and Darren J. Coker

Abstract Determined to advance toward a post-oil era, the Kingdom of Saudi
Arabia is rapidly transforming its economy and social structures. The country is
targeting new industries, investing in large-scale development projects, and opening
its borders for tourism. Through these ambitious projects, the Kingdom envisions an
economic and environmentally sustainable future independent of petroleum export.
However, these plans also pose major challenges to terrestrial and marine ecosys-
tems, particularly because much of this effort focuses on development along remote
coastal regions with historically low human populations. Here, we present the
historical use, current state, and future projections of coastal marine resources of
the Saudi Arabian Red Sea. Focusing on fisheries, aquaculture, and tourism, we
discuss the potential challenges and opportunities of increasing coastal develop-
ments in light of Saudi Arabia’s Vision 2030.
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1 Introduction to the Kingdom of Saudi Arabia and Its Red
Sea Coastline

Covering 80% of the Arabian Peninsula, the Kingdom of Saudi Arabia (KSA) is a
vast expanse of land largely composed of desert, rock, and sparsely-vegetated
biomes amidst a hot and arid climate. The nation’s harsh terrestrial environments,
however, contrast greatly with its surrounding seas (Vincent 2008). Flanked by the
Gulf to the east and the Red Sea to the west, KSA is home to some of the most unique
and biodiverse marine ecosystems on the planet. The Red Sea coast alone is home to
mangrove forests, seagrass beds, salt marshes, coastal lagoons, and coral reefs.
Together, these habitats form a network of ecosystems that support immense biodi-
versity (Jawad 2021). Oceanographic features shape the Red Sea’s environment with
prominent latitudinal gradients in temperature, salinity, and nutrients. Salinity
increases from approximately 36 in the south to 41 in the north, while temperatures
decrease from south to north with maximum annual temperatures of 33 °C in the
south and 27 °C in the north (Chaidez et al. 2017). Nutrients and chlorophyll-a
concentrations are also highest in the south, mainly due to the input of nutrient-rich
waters with lower salinities from the Gulf of Aden via the Bab El-Mandeb Strait
(Raitsos et al. 2015; Sofianos and Johns 2002) (Fig. 6.1). These environmental
gradients have been shown to impact various processes among Red Sea ecosystems
such as mangroves or coral reefs, and marine megafauna and plankton dynamics
(Racault et al. 2015; Sofianos and Johns 2003; Voolstra and Berumen 2019). Despite
the unique and biodiverse Red Sea ecosystems, research in the region has been
historically low compared to other tropical areas of the world. A review on the
research output from the Red Sea indicated six to eight times higher research activity
in Australia’s Great Barrier Reef and the Caribbean, respectively, over the same time
period (Berumen et al. 2013). Nonetheless, this trend has been steadily changing in

Fig. 6.1 Illustration of the environmental gradients in the Red Sea. (a) Nutrient concentrations
(green) and (b) sea surface temperature (red) are highest in the South; (c) salinity (blue) is highest in
the North of the Red Sea. Color and width indicate the intensity of the respective environmental
factor
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the past two decades due to increased interest in marine and coastal biodiversity and
available resources for exploring the Red Sea provided by the Kingdom (Voolstra
and Berumen 2019).

The Kingdom of Saudi Arabia has undergone monumental social and economic
changes in less than a century driven by a rapidly growing economy and population.
Given the scarcity of local food and natural water resources on land, the mostly
nomadic population of Saudi Arabia traditionally relied on a subsistence economy
built around trading goods along pilgrim routes, artisanal fisheries, and agricultural
practices mainly limited to herding camels, goats, and sheep (Al-Rasheed 2010). The
discovery of its vast petroleum reserves in 1938 rapidly transformed Saudi Arabia’s
economy (Lackner 1978). Saudi Arabia is now the biggest exporter of petroleum and
has the second largest proven reserves worldwide (usatoday.com, 22/05/2019).
From the 1990s up to 2014, petroleum exports and associated industries account
for approximately 90% of the budget revenue of Saudi Arabia (Presley and
Westaway 2017; Sultan and Haque 2018). Closely linked to the rise in oil exports
and increasing global oil demands, the gross domestic product of Saudi Arabia has
grown by more than 100-fold in the last five decades (Samargandi et al. 2014).
However, the discovery of oil not only propelled the economic development of
Saudi Arabia but also drastically altered demographics and the culture within the
country. The population of Saudi Arabia has steadily increased from three million in
1950 to over 30 million in 2013 (Forstenlechner and Rutledge 2011; Howarth et al.
2017). Among these, more than 8 million foreign workers were employed in Saudi
Arabia as part of the oil and the service sector (Baruch and Forstenlechner 2017).
The recent opening of KSA to tourism in 2019 will also change, at least temporarily,
the Kingdom’s demography. Hence, despite its solid economic development rapid
population growth, demographic changes, and the need for increased new infra-
structures will likely drive many of the future challenges in the country.

In this context, the Kingdom proposed a new roadmap for economic and social
development in 2016 termed “Vision 2030,” this plan aims to implement a series of
reforms and investments to prepare Saudi Arabia’s economy for a post-oil era
(Fattouh and Sen 2016; Khan 2016). As such, the government is looking for new
ways to diversify its economy, foster foreign investment, and reduce dependence on
foreign labor (Hvidt 2013; Moser et al. 2015). In its search for new opportunities
toward sustainable economic growth, Saudi Arabia is turning to the Red Sea
coastline and its marine resources. In this context, the Red Sea has great potential
for sustainable exploitation and development across many branches of the economy.
Vision 2030 seeks to promote and expand established industries such as cargo
transport and fisheries, but also to develop new avenues of income including mining,
aquaculture, and ecotourism (Cappelen and Choudhury 2017; Ekiz et al. 2017).
Several large giga-projects are being developed along the northern Red Sea coast-
line, including NEOM (a planned futuristic city), the Red Sea Project (by the Red
Sea Development Company, TRSDC), and AMAALA (luxury resorts and ecotour-
ism destinations). These projects are mostly coastal with large areas of land planned
for development. NEOM is planning to exist across 26,500 km2 (NEOM 2021), and
the Red Sea Project will cover 200 km of coastline and 90 currently undeveloped

http://usatoday.com
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islands (TRSDC 2021). Moreover, these projects promise to make large-scale
developments in a way that is not only minimally invasive to the environment, but
in some cases “regenerative” by enhancing the biota and increasing the biodiversity
that is currently there (TRSDC 2021). Naturally, the premise of large-scale devel-
opment and exploitation of the coastal environments poses not only great opportu-
nities but also major challenges and environmental risks for the development of
Saudi Arabia.

2 Red Sea Fisheries in Saudi Arabia

For centuries, small, subsistence fisheries were the mainstay for villages along the
Saudi Arabian coast of the Red Sea. In addition to cooler temperatures, abundant and
diverse fishery resources (in pelagic, coral reef, and neritic environments) along the
Red Sea influenced traditionally nomadic peoples, enduring harsh terrestrial land-
scapes and climate, to settle and establish coastal towns (Neve and Al-Aiidy 1973).
Historically, the subsistence fisheries of these maritime villages encompassed few,
small, and rudimentary vessels, known locally as sambuks or huris, with fishers
harvesting primarily from nearshore reefs using simple techniques such as hook-and-
line and small traps (Tesfamichael and Pauly 2016). While fish remain an important
source of protein in KSA (Burger et al. 2014), contemporary fishing practices in
Saudi Arabia continue to be mostly artisanal (64% of total catch). Industrial fishing
practices (i.e., trawling; 23% of total catch) are limited to the far southern coastline
around Jazan and the Farasan islands, the only region with significant area of soft-
bottom hábitat (Tesfamichael and Pauly 2012). However, the artisanal fishing fleet
underwent widespread motorization in the 1980s (Tesfamichael and Pauly 2012) and
further benefited from cheap fuel prices, refrigeration at-sea, and low-wage labor
immigration from nearby countries (Jin et al. 2012; Richards and Waterbury 1996;
Tesfamichael and Pauly 2016). The hiring of cheap foreign labor enabled Saudi
fishing families to stop harvesting themselves, a practice sometimes termed “investor
fishing” (Tesfamichael and Pauly 2016). These factors, coupled with a rapidly
growing population and demand for seafood, allowed Saudi fishermen to expand
their artisanal businesses, moving from subsistence to commercial fishing. Between
1990 and 2005 the number of registered traditional fishing vessels tripled. Moreover,
improved coastal infrastructure and transportation to large fish markets and a
growing number of restaurants have further fueled the increasing demand for
seafood. This pattern of unmitigated development and exploitation has doubtlessly
had a significant impact on Red Sea fisheries in Saudi Arabia across and along the
entirety of its coastline.

While data regarding the status of Saudi Red Sea fishery stocks remains limited,
the available information and evidence point to high and largely unregulated fishing
pressure over the past several decades. In reconstructing fishery landings from 1950
to 2010, Tesfamichael and Pauly (2012) report peak catch occurred in the
mid-1990s, while Jin et al. (2012) conclude artisanal fisheries in the Kingdom
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have been overharvested since the early 1990s. A number of additional and more
recent fishery-dependent studies also indicate overfishing, in particular for higher
trophic level taxa such as groupers (Hassanien 2021) and sharks (Spaet and Berumen
2015). By far, the most popular Serranids (groupers) for consumption in Saudi
Arabia are the roving coral grouper (Plectropomus pessuliferus marisrubri) and
the congeneric squaretail grouper (Plectropomus areolatus). These similar-looking
fish, both known locally as najel, have nearly doubled in market value over the past
decade from 15 USD/kg (DesRosiers 2011) to more than 25 USD/kg (Shellem et al.
2021). The rising prices of highly-desired fishery species may also suggest reduced
catches despite stable or increasing effort.

Several fishery-independent studies in the Saudi Arabian Red Sea, namely those
employing underwater visual census (UVC) techniques, further support the
overfishing hypothesis. For example, Roberts et al. (2016) only recorded two sharks
(both Triaenodon obesus) during the course of extensive survey effort (40 sites and
4 depths) along 8 ° of latitude, while Khalil et al. (2017) report the near-absence of
top predators and low abundance of commercially valuable fishes on reefs in the
central Red Sea. Large predators were similarly undocumented in eight sites using
UVC around the Al Wajh bank (Atta et al. 2019). While historic baseline data
informing what “pristine” reef fish assemblages look like are lacking for the Saudi
Arabian Red Sea, remote and relatively unexploited reefs in Sudan offer some
context. Taking advantage of similar benthic and oceanographic conditions on either
side of the Red Sea, Kattan et al. (2017) conducted UVC surveys at similar latitudes
in both Saudi Arabia and Sudan. This study revealed healthier reef fish assemblages
on Sudanese reefs compared to those in Saudi Arabia. This was characterized by
greater overall fish biomass as well as abundance and mean size of top predators.
Biomass of top predators (such as larger groupers, snappers, and jacks) was strik-
ingly different between the two countries, with three times greater biomass recorded
on remote Sudanese reefs compared to analogous sites in KSA. These results suggest
heightened fishing pressure in Saudi Arabia, particularly for commercially important
species.

Perhaps the most compelling evidence for unsustainable fishing practices in the
Saudi Arabian Red Sea comes from studies on sharks and rays, high trophic level
taxa whose absence is indicative of general overexploitation (Pauly et al. 1998).
Despite a 2008 royal decree outright banning the harvest of these animals, they
continue to be landed and sold at KSA fish markets along the coast. Worryingly, fish
market surveys for elasmobranchs suggest both growth and recruitment overfishing
for many species as well as the direct targeting of shark nursery áreas (Spaet and
Berumen 2015). Baited Remote Underwater Video (BRUV) and longline survey
efforts have likewise found depauperate numbers of sharks in the Saudi Red Sea,
especially when compared to neighboring Sudan and other regions of the global
ocean where reef sharks are considered common (MacNeil et al. 2020; Spaet et al.
2016).

The plight of sharks and rays in the Saudi Arabian Red Sea highlights the
fundamental challenge to a future of sustainable marine resource exploitation: the
advancement and enforcement of regulations. As pointed out by Spaet and Berumen
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(2015), financial and human resources should not be a limiting factor in a nation with
the world’s largest proven oil reserves. Moreover, as border regulations strictly
require all vessels to check in and out with local coast guard stations each time
they go to sea, enforcement infrastructure is already in place. With minimal training,
coast guard personnel could ensure that elasmobranchs (or any other protected taxa)
do not make their way to market (Spaet and Berumen 2015). Spearfishing is another
banned practice that openly continues to occur, as evidenced by the sale of spearguns
and related equipment at dive shops along the coast (authors’ personal observations).
Left unchecked, heavy spearfishing activity has the potential to visibly deplete large
target species, especially those exhibiting high site fidelity, as are groupers (Oakley
1984).

Importantly, protection of spawning aggregations, a fundamental approach to
sustainable management of aggregating species, appears to be lacking in KSA. For
example, to supply the high demand for parrotfish, fishers target a large and
predictable annual aggregation of Hipposcarus harid in the Farasan Islands, typi-
cally harvesting the aggregation in its entirety (Gladstone 1996; Spaet 2013).
Moreover, seasonal aggregations of Plectropomus pessuliferus marisrubri and
Plectropomus areolatus, which had experienced seasonal closures between 1985
and 1995 (DesRosiers 2011) are seemingly unregulated despite their high value.
While some management efforts are arbitrarily disseminated, typically via cryptic
social media posts circulated within the fishing community, the impact and reception
of these announcements appear suspect at best (AK personal observation). Further
inhibiting regulatory efforts is the paucity of scientific knowledge to inform man-
agement (Berumen et al. 2013) and the waning of local taboos and any self-
enforcement as Saudis have largely left the fisher workforce (DesRosiers 2011).

Despite the challenges Saudi Arabia faces for a future of sustainable fishery
management in the Red Sea, the Kingdom is well-poised to make progress. Funda-
mental to meaningful change is education of and support from the Saudi public,
which has shown encouraging progress in recent years. Results of a recent survey of
more than 1500 Saudi nationals indicate that, while the issue of overfishing remains
a lower priority, there exists meaningful awareness of marine environmental issues
and, more importantly, widespread support for government action as well as trust in
university and government scientists to address these threats (Almahasheer and
Duarte 2020). Also encouraging is the importance KSA is placing on environmental
protection in the pursuit of its goals of Vision 2030. The development of the marine
tourism industry, in particular, presents a strong incentive to promote healthy reefs to
be enjoyed by the likes of snorkelers, divers, and recreational fishers (see Sect. 6.4).
Finally, the creation of large giga-projects placing environmental protection and
enhancement at the core of their mission holds potential for the creation of large
marine protected areas in the northern reaches of the Saudi Red Sea.
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3 Aquaculture in the Saudi Arabian Red Sea: A Case Study
in the City of Al Lith

Aquaculture development in Saudi Arabia dates back to 1980 with the establishment
of the first aquaculture project at the Saudi Arabian National Center for Science and
Technology and subsequent founding of a national fish farming center in Jeddah
(Salama et al. 2016). In 1982, the National Prawn Company (now, National Aqua-
culture Group—NAQUA) was founded to benefit the economy of Saudi Arabia and
to meet the market’s demand for seafood. Today, NAQUA operates the largest
aquaculture facility in Saudi Arabia on the shores of Al Lith, a small town on the
central coast of Saudi Arabia (Berumen et al. 2019) (Fig. 6.2). The large facility in
the north of Al Lith spans over 65 km of coastline and occupies 40 km2 of land for
pond farms and hatcheries predominantly of prawns but also of finfish, sea cucum-
bers, algae, and beta-carotene (produced in hypersaline ponds cultivating Dunaliella
spp.) (Fig. 6.2). The facilities harbor more than 500 inland ponds, feed production
and handling systems, and a fully integrated facility for all post-harvesting processes
(NAQUA 2021). Since 2010, NAQUA has intensified its finfish aquaculture by
farming barramundi (Lates calcarifer) in the Red Sea (Berumen et al. 2019). These
fish are stocked in cage cultures positioned offshore from the large on-land prawn
farm (Fig. 6.1b). In 2021, NAQUA reported an annual growth capacity of 90,000 t of
white prawn (Litopenaeus vannamei) and produced 15,000 t of barramundi (Lates
calcarifer) per year (NAQUA 2021). Thereby, the facilities in Al Lith are among the
largest aquaculture operations of their type in the world (NAQUA 2021).

While the facility is a source of food and monetary income to the Kingdom, it is
also regarded as a critical source of anthropogenic wastewater to Al Lith’s coast and

Fig. 6.2 Overview of the Al Lith area. (a) Al Lith is a coastal town of Saudi Arabia in the Central
Red Sea. (b) Aquaculture facilities cover a large portion of the Al Lith coastline and are close to
coral reef habitats.
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a threat through the introduction of alien species. Escaped barramundi have been
reported in Israeli waters of the Gulf of Aqaba, 800 km north of the farms (Stern and
Rothman 2021); and effluents from both the on-land prawn farm and the offshore
cage cultures have been detected in nearby coastal waters by various monitoring
efforts. The intake of water from the Red Sea to the on-land prawn aquaculture
facility has an estimated flow of 42-48 m3 s-1 (Hozumi et al. 2018). Wastewater
from the ponds merges to one main effluent plume that, apart from a settling basin,
receives no additional treatment (Hozumi et al. 2018). An assessment from 2009
revealed that the outfall site had elevated concentrations of ammonium and phos-
phate (5–75 times and 4–14 times higher at the outfall compared to other sites,
respectively), along with significant changes in the microbial communities, includ-
ing the presence of potential pathogens (e.g., Francisella spp. and Rickettsiales)
(Becker et al. 2017). As the plume is further characterized by elevated levels of
salinity, density, and turbidity, it sinks and travels along paths determined by the
bathymetry to form a dense 1–3 m thick layer above the seafloor (Hozumi et al.
2018). Thereby, this dense, bottom-flowing plume can be observed as far as 8 km
from the discharge point and may have a detrimental impact on benthic and demersal
communities (Hozumi et al. 2018). Sawall et al. (2014) found that impacted reefs
near the outfall in Al Lith have less coral cover, a shift in community composition
toward bigger, more stress-tolerant species, and a greater fraction of non-living
substrate than its corresponding offshore reefs. The spatial coverage of harmful
algal blooms as well as the higher concentrations of chlorophyll-a near Al Lith
was also seen to increase with annual production of the shrimp farm from
2002–2010, which could be a biological response to the nutrient-rich effluent from
the facility (Gokul et al. 2020). In addition to the outflow from the on-land prawn
farm, effluent from offshore finfish cage cultures have also been detected. In a 2016/
2017 survey of the offshore barramundi cage cultures, elevated levels of chloro-
phyll-a and heterotrophic bacteria were detected down-current from cages, as were
altered ratios of nitrogen:phosphorus (Dunne et al. 2021). This study also detected
higher levels of ammonium, particulate matter, and phosphate in the waters close to
or down-current from the fish farm cages after fish in the cages were fed, with
elevated ammonium levels detected in water up to 800 m from the farm. These
studies all point to water quality impacts by various aquaculture activities in the area,
which must be managed in order to mitigate the effects on adjacent marine
ecosystems.

The potential conflict between coastal development and ecological conservation
is a global issue. However, the Red Sea, like many tropical regions, may be
particularly sensitive to water pollution due to naturally low-nutrient conditions.
The waters around Al Lith are generally characterized by oligotrophic conditions
(0.1–0.2 μm phosphate,< 0.1 μm ammonium, and< 0.7 μm nitrate + nitrite) (Furby
et al. 2014; Hozumi et al. 2018) and are also home to diverse marine habitats
including coral reefs, mangrove, and seagrass beds (Hozumi et al. 2018). Aquacul-
ture runoff is known to introduce significant amounts of nitrogen, phosphate, and
organic solids into the surrounding water, thereby having an impact on many
biological and biogeochemical processes (Nogales et al. 2011). Plumes from



6 Saudi Arabia Case Study 81

aquaculture sites can impact the survivorship of juvenile corals (Villanueva et al.
2005) and impair coral reproduction (Loya et al. 2004). Impacts of eutrophication in
general have been observed on coral reefs in the Red Sea, highlighting the need to
properly manage the effluent from Red Sea aquaculture. Naumann et al. (2015)
found that hard coral decline and increased turf algae cover was correlated with
higher ambient phosphate and ammonium concentrations on coral reefs in South
Sinai, Egypt, and Karcher et al. (2020) demonstrated that nitrogen-limited turf algae
benefited more than hard corals from experimental eutrophication in the central Red
Sea. If effluent from future Red Sea aquaculture is not well managed or treated, the
ensuing nutrient enrichment could have negative impacts on the surrounding benthic
habitats.

Demand for fresh fish is growing in Saudi Arabia, with annual fish consumption
per capita increasing from 3 kg in 1977 to 8 kg in 2007 (FAO 2021). Despite recent
expansions of the NAQUA facility in Al Lith, Saudi Arabia still imported 85% of its
total fish food supply in 2017 (FAO 2020). Saudi Arabia’s economic development
plan, Vision 2030, lists increased funding for aquaculture development as one of its
priorities, and the Ministry of Environment, Water, and Agriculture proposed to
develop aquaculture facilities along the whole coast of the Red Sea (MEWA 2021).
NEOM, Saudi Arabia’s largest giga-project located on the Red Sea, plans to create
the largest fish farm and hatchery in the Middle East and North Africa Region,
envisioning aquaculture development on a grand scale (NEOM 2021). As Saudi
Arabia develops its aquaculture production ambitions, mitigation of the eutrophica-
tion impacts will be needed in order to preserve the unique habitats along the Red
Sea coast.

Facilities around the world have developed management techniques to mitigate
the polluting effects of aquaculture. Recent studies have highlighted the role of
positioning offshore cages in deep waters with sufficient current to disperse nutrients
and to prevent water quality impacts (Price et al. 2015). The selection of suitable
sites with good water exchange and quality plays a significant role in the economic
viability and ecological impacts of aquaculture operations (Pérez et al. 2003) and
should be considered in the implementation of future fish farms in the Red Sea.
Criteria such as sufficient water depth and current speed for waste dispersal, as well
as avoiding sensitive habitats like mangroves, are crucial for aquaculture site
selection (Benetti et al. 2010). Situating fish farms in deeper water farther from
shore is associated with lower levels of pollution but higher operational costs (Cardia
et al. 2017), and Saudi Arabia will need to assess its unique benthic and oceano-
graphic environment (many coral reefs in an enclosed basin with limited water
exchange or storm and wave action) in order to choose appropriate aquaculture
sites that are commercially viable. A site suitability survey for cage farming sites was
performed in the Red Sea region of Saudi Arabia, considering several physical,
chemical, and biological parameters as well as possible conflicts of interest with
other users such as industry and local fisheries (Salama et al. 2016). Potential
impacts to the surrounding environment were not the focus of this survey and should
be part of future assessments. Managing the operations of aquaculture facilities can
limit their impacts through approaches that for instance limit the density of animals
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in farms (Gentry et al. 2017) or through effective feeding rates that reduce the
amount of uneaten food leaving fish farms (Dauda et al. 2019). Another promising
technique is integrated multi-trophic aquaculture (IMTA), where waste generated by
organisms at higher trophic levels (e.g., carnivorous fish) is absorbed by organisms
of lower trophic levels (e.g., algae or filter feeding bivalves) growing next to them.
IMTA has been successfully established in places such as Sangguo Bay, China,
since the late 1980s, and grows a large array of finfish, seaweeds, and molluscs to
improve economic and environmental quality of the aquaculture operations (Fang
et al. 2016). Modeling of fish farms in Gokasho Bay, Japan, predicted that planting
seaweed could reduce surface phytoplankton near fish farms by up to 30%, and that
bottom dissolved oxygen concentrations could be increased by up to 35% via the
ingestion of organic wastes by sea cucumbers (Zhang and Kitazawa 2016). While
IMTA has a long history in Asia, it has been less readily implemented in other parts
of the world (Chan 1993; Hughes and Black 2016). As IMTA is not widely practiced
in Saudi Arabia, research would need to be conducted to identify appropriate native
species and trophic links that would thrive in Red Sea coastal waters. This, in
addition to other management and operational strategies, might be employed as
Saudi Arabia moves forward with its aquaculture development goals.

As this industry expands in the coming decades, continued research to understand
and model the complex interactions of aquaculture systems in the oligotrophic Red
Sea will help operators and regulatory agencies assess the carrying capacity of Saudi
Arabia’s coastal areas. With Vision 2030, Saudi Arabia has the chance to apply the
newest concepts and modern operating procedures to develop a framework for
sustainable aquaculture. Marine aquaculture operations in the Red Sea have a high
potential to be an integral part of a holistic coastal zone management that considers
both multiple stakeholders’ needs and the concept of marine stewardship. However,
without a careful development plan, an expansion of this industry could have large-
scale detrimental impacts on the environment.

4 Tourism in the Kingdom of Saudi Arabia

Prior to 2019, Saudi Arabia was largely inaccessible to international tourists. His-
torically, visas to enter the country were only issued for employment, business
consulting, education, or religious pilgrimage, but citizens of other member states
party to the Gulf Cooperation Council (GCC; Kuwait, Qatar, Bahrain, United Arab
Emirates, and Oman) could also enter the country. Given these circumstances,
tourism in KSA has long been limited to GCC nationals, pilgrims, and expats
residing in the Kingdom. This has, to a large extent, stunted the development of
the tourism and hospitality sector in KSA. Marine-based tourism in particular has
been generally uncommon among the Saudi populace. Most marine tourism activity
in KSA’s Red Sea has historically been limited to the coastal metropolis of Jeddah
and a few other urban centers around the Farassan Banks and Yanbu. However, the
ambitious agenda of Vision 2030 seeks to fundamentally transform the country’s
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tourism sector. In September 2019, tourist visas were formally introduced, allowing
international visitors a year-long, multiple entry pass to spend up to 90 days in the
Kingdom (New York Times 2019). Complementing this announcement has been a
concerted effort by the government to rebrand KSA as a welcoming and exciting
destination, home to a special culture, fascinating history, and rich natural wonders.

Central to the tourism-related goals of Vision 2030 is the large-scale development
of entertainment and hospitality hubs to attract visitors, particularly those interested
in luxurious and exclusive destinations. To this end, several giga-projects have been
launched throughout the country, such as in Al-'Ula (a UNESCO World Heritage
archeological site) in the Medinah Region or in Soudah and Rijal Alma’a in the
mountains of the Asir Region (to be launched in 2023 and completed by 2030) (The
nationalnews.com 2021).

Three massive giga-projects along the Red Sea coast, already underway, will
have lasting impacts to the Kingdom’s coastal marine resources. These projects, all
situated along the sparsely-populated stretches of the northern coast, are NEOM,
AMAALA, and the Red Sea Project (https://www.amaala.com/; https://www.neom.
com/en-us; https://www.theredsea.sa/en/project/master-plan). These three projects
aim to deliver innovative and hyper-luxurious tourist destinations and economic
hubs with environmental protection and responsibility at the core of their missions,
promoting minimal environmental footprints and net-zero carbon emissions. Devel-
opers aim to leverage the natural beauty of the Red Sea coastline, pristine islands,
and the rich diversity of marine life inhabiting azure tropical waters to attract wealthy
tourists from around the world. The ambitious environmental agenda of the Red Sea
Project goes a step further, with goals to restore and even enhance biodiversity of
their jurisdiction through strict and sweeping measures such as large-scale fishery
closures and the elimination of livestock grazing (pers. comm.).

While large-scale development along the Red Sea coast represents a unique
opportunity for Saudi Arabia, it may pose severe risks to the environment and
marine life. Severe shoreline alterations due to infrastructure development at the
Saudi coast have already been reported (Alharbi et al. 2017). This includes dredging
and construction on shallow coastal structures, which can reduce water quality and
water flow along with smothering nearby shallow habitats. Road construction and
coastal development can lead to a higher sedimentation rate in the proximate marine
ecosystems, affecting seagrass meadows, coral reefs, and mangrove forests
(Brodersen et al. 2017; Ellison 1999; Ryan et al. 2008). Many of these shallow
coastal habitats provide key nursery habitats for juvenile reef fish, sharks, and
dugongs. Emerging sea turtle hatchlings can be affected by the light pollution
coming from buildings and street lights along the coast and modifications to nesting
beaches, increasing their mortality (Harewood and Horrocks 2008).

Coral reef tourism is a critical, undervalued economic resource, which depends
strongly on healthy coral reef ecosystems (Spalding et al. 2017). Tourists are
attracted to regions with healthy coral cover, clear warm water, and charismatic
megafauna (e.g., whale sharks, manta rays) along with endemic species. Therefore,
maintaining healthy reef ecosystems is key to a thriving tourism industry. Taking
steps to manage reef fisheries to promote healthy fish populations, reduce marine

https://www.amaala.com/
https://www.neom.com/en-us
https://www.neom.com/en-us
https://www.theredsea.sa/en/project/master-plan
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pollution and debris, and reduce carbon emissions would help to reduce stress on the
ecosystem. Many species that are commonly susceptible to overfishing are valued by
scuba divers (e.g., large groupers, napoleon wrasse, bumphead parrotfish, sharks)
and are generally worth more to the tourism sector than to the fishery (Huveneers
et al. 2017; Vianna et al. 2012). Therefore, understanding the economic benefits for
ecotourism is vital to install local value to this ecosystem. Approximatly 13% of reef
fish and 5.5% corals are endemic to the Red Sea (Bogorodsky and Randall 2019;
DiBattista et al. 2016), providing a strong drawcard to those seeking to observe
unique species. Citizen science is gaining popularity in vulnerable regions to engage
locals and tourists to assist in actively participating in conservation by instilling a
sense of ownership and connection with marine life and educating them about the
threats to the wildlife that inhabit these vulnerable ecosystems. By promoting
cooperation with the government to reduce environmental impact by human activ-
ities, countries like Indonesia have shown that the tourism industry may help to
achieve a sustainable use of coral reef ecosystems (Huang and Coelho 2017). Such
integrated governance to protect coral reefs, while at the same time promoting the
local economy, is a system that has been established in many other places worldwide
and may be helpful in the Saudi Arabian Red Sea as well (Mumby and Steneck
2008).

The introduction of tourism in KSA means that additional stress will be placed on
coastal marine ecosystems and the species that inhabit them. To avoid a significant
decline of the value of coral reefs, tourist activities must be regulated, public
awareness of environmental issues must be increased, and the political system
must be maneuvered for support (Olsson et al. 2008). Taken together, Saudi Arabia
has the unique chance to monitor and plan in detail from the very beginning to avoid
a potential drawback from the coastal development envisioned. This opportunity can
be used to develop coastal ecotourism and establish a solid coral reef protection
system, collaborating with local people as well as accounting for global threats, such
as climate change. Large-scale coastal development, as planned in Vision 2030,
deeply relies on strict regulations over a long-term period and, if not executed well,
may threaten tourist attractions along the Saudi Arabian Red Sea coast.

5 Future Projections, Impacts, and Climate-Driven
Challenges for the Red Sea Coastal Development in Saudi
Arabia

To accomplish ambitious development goals of Vision 2030, the various giga-
projects have been developed to accommodate a rising population and new tourism
venues, while simultaneously establishing an increasingly sustainable image, away
from an oil dependent economy. NEOM, AMAALAA, and the Red Sea Project are
some of the examples that will have the most impact on the Saudi Arabian Red Sea.
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Fig. 6.3 Coral reefs especially in the Southern Red Sea were strongly affected by the third global
bleaching event, in 2015

However, climate change is likely to pose a fundamental challenge for many
developmental goals, especially along the Red Sea coastline. Understanding how
multiple stressors compound and interact on an already vulnerable system is imper-
ative going forward. Unfortunately, climate change assessments in the Red Sea are
scarce. Meanwhile, mass coral bleaching events due to elevated sea surface temper-
atures have been experienced on a global scale in recent years (Hughes et al. 2017).
These events are expected to increase in frequency and severity, especially in regions
previously considered low risk. The Red Sea is known as a region that harbors
extraordinarily thermotolerant corals compared to other regions of the world (Fine
et al. 2013; Hume et al. 2016; Osman et al. 2018) and was for a long time thought to
be unaffected by climate change (Pineda et al. 2013), but recent coral bleaching in
the basin has challenged this concept (DeCarlo 2020; DeCarlo et al. 2021; Monroe
et al. 2018).

In 2015, a devastating bleaching event, declared as the third global bleaching
event by the United States National Oceanic and Atmospheric Administration
(NOAA), took its toll on the inshore reefs in the central-southern Red Sea (Monroe
et al. 2018) (Fig. 6.3). This resulted in a general decrease in coral cover and species
richness across all reefs investigated in the central región (Monroe et al. 2018) and
further corroborated previously identified trends in reef composition, where
branching, fast-growing species were increasingly heavily affected compared with
more massive coral species (Baird et al. 2009; Fitt et al. 2001; Loya et al. 2001;
Stimson et al. 2002). Using coral skeleton cores to identify periods of thermal stress,
DeCarlo (2020) also found evidence for significant bleaching events in the central
Red Sea during 1998 and 2010, which had remained unrecorded. In addition,
widespread coral bleaching was observed in 2020 (DC personal observation),
making it clear that the Red Sea is no longer an exception to the increased frequency
of bleaching events observed globally (Hughes et al. 2018).

Due to the urgency and economic ramifications of coral reef decline, it is
important to understand the drivers and mechanisms of the heightened
thermotolerance and the observed differences in bleaching susceptibility within the
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Red Sea. The northern reaches of the Red Sea are thought to harbor corals with an
increased thermotolerance compared to the southern reaches (Osman et al. 2018),
but these waters are also much cooler than those in the southern Red Sea. Hence,
different bleaching susceptibilities are likely influenced by the environmental gra-
dients (temperature, salinity, and nutrients) (DeCarlo et al. 2020; Genevier et al.
2019) (Fig. 6.1) and currents that characterize the Red Sea waters (such as upwell-
ings and eddies). Hypotheses as to why we find increased thermotolerance include
distinct genetic thermal filters due to the high temperature in the south that is
followed by a northward dispersion of thermally selected coral larvae (Fine et al.
2013), and environmental factors such as salinity itself that influence the
thermotolerance directly (Gegner et al. 2017).

Despite the heightened thermotolerance of corals in certain regions of the Red
Sea, it is clear that climate change is affecting Red Sea reefs, regardless of their
unique evolutionary or environmental circumstances. Climate-induced coral
bleaching and death are known to be exacerbated by local stressors such as
macroalgal growth or sedimentation (Donovan et al. 2021; Good and Bahr 2021),
so future coral bleaching along the Saudi Arabian coastline might be mitigated by
local environmental protections. Climate change will interact with multiple local
stressors across the región (Ellis et al. 2019) and will certainly undermine the basis of
all related industries, e.g., fisheries, tourism, aquaculture, and coastal development.
In addition to coral loss, it is expected that tropical storms, heatwaves, and sea level
will increase globally, adding pressure on biodiversity and coastal development in
the region. Therefore, it is no longer sufficient to understand the impact of specific
stressors but rather their combined effect. The Kingdom will need to manage local
stressors in order to lessen degradation to its coral reefs. Joining the global challenge
of reducing greenhouse gas emissions to tackle the omnipresent effects of climate
change is a good step forward, but regulations on issues such as water pollution and
overfishing are still needed and might further temper the projected impacts of climate
change to Saudi Arabia’s reefs and the economic activities to which they are tied.

6 Conclusion

While the Red Sea is a major component of the desert Kingdom’s natural resource
portfolio, its full utility has yet to be realized. Fishing and commercial coastal
development have so far comprised the bulk of economic activity along the coast.
The aspirations of Vision 2030, however, are poised to spur economic diversification
and herald progress for Saudi Arabia. Nascent but growing industries such as
aquaculture and eco-tourism offer great potential in the pursuit of sustainable
development.

A sustainable approach to expanding existing industries while pursuing novel
ones will be a significant challenge. To date, exploitation of Red Sea resources has
gone largely unregulated. Short-minded or nonexistent policies have to a large extent
failed to properly manage Red Sea fisheries, mitigate damaging coastal
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development, or reduce local impacts from aquaculture facilities. Moreover, contin-
ued impacts of global climate change will fundamentally test the resiliency of Red
Sea ecosystems, namely the coral reefs that underpin them. Hence, the long-term
viability of a sustainable marine-based economy will depend on active management
to minimize local environmental impacts, mitigate the widespread effects of climate
change, and balance the often conflicting needs of multiple industries. Policies and
spatial planning, informed through the continued investment in Red Sea science,
should jointly pursue a strategic transition from a purely growth-based economy to a
regenerative one that supports human well-being without exceeding the carrying
capacity of coastal environments.

Coastal development and increased exploitation of Saudi Arabia’s Red Sea
resources, as planned and underway at several sites along the coast, are inevitable.
Yet, doing so in a science-based and sustainability-driven manner will be crucial for
the Kingdom to meet its development goals while ensuring the well-being of both
people and nature. The success of Vision 2030 will depend in no small part on a new
approach to valuing, utilizing, and conserving the country’s natural resources in a
way that meets the growing demands of a diverse range of stakeholders.
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Chapter 7
Philippines Case Study One

Balayan Bay Short-Term Fisheries Closure: A Case of a
Successful Execution of Inter-agency and Multi-sectoral
Partnerships for Integrated Fisheries Management in
the Philippines

Regina T. Bacalso, Ian J. Tajonera, Rina M. Rosales, James Kho,
Marlito Guidote, Loretta Sollestre, and Nygiel B. Armada

Abstract In 2014 a closed season for the commercial fishery of small pelagics was
implemented for the first time in Balayan Bay, Philippines. The fishery closure was
identified as a strategic regulation to protect the small pelagics during their peak
spawning period, and subsequently, as a measure to promote fisheries sustainability.
Within a year immediately following the inaugural closed season, fishers in Balayan
Bay reported increases in their catches of not only the small pelagics, but also of the
intermediate-sized predatory pelagic fishes. The results of the fish catch monitoring
surveys and reproductive biology studies from before and after the closed season
appear to corroborate the fishers’ observations. They also yielded additional infor-
mation that prompted specific policy modifications. Hence, the scientific findings
were explicitly included in a provincial resolution to extend the seasonal fishery
closure for another six years. With the Bureau of Fisheries and Aquatic Resources
taking a central role in the succeeding fisheries monitoring and stock assessments,
survey results from Balayan Bay and adjacent bays were integrated recently, and
they provided the basis for the expansion of the geographic scope of the closed
season. This case study shall describe the processes that led to the successful
implementation of the Balayan Bay closed season. The roles and critically active
participation of multiple sectors and government agencies are highlighted.
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Fig. 7.1 Location of Balayan Bay showing the adjacent waters and the 20- to 200-m isobaths.
Bathymetric data were sourced from NOAA’s Global Relief Model (Amante and Eakins 2009)

Participatory data collection, effective science communication, participatory rule-
making, engaging the local champions, and an innovative application of incentives
to promote voluntary compliance are identified as key success factors.

Keywords Artisanal fisheries · Closure · Comanagement · Participation

1 Introduction

The Balayan Bay (Fig. 7.1) is one of 3 major bays comprising the Verde Island
Passage (VIP) Marine Key Biodiversity Area that forms part of the Philippines’
internal waters. Nine coastal municipalities within the Province of Batangas sur-
round Balayan Bay, with a combined total water area of approximately 1 559 km2. It
is located along the south-western edge of mainland Luzon and forms part of what is
known as the Southern Tagalog Region (Region IV-A) or the Calabarzon area.

Extensive coral reefs, seagrass beds, and mangrove forests provide a rich habitat
that supports both demersal and pelagic fisheries species (ECOFISH 2014b). These
include, among others, several species of snappers, jacks, emperor fish, scads,
mackerels, and sardines. In a fisheries survey conducted in 2014 by the Ecosystems
Improved for Sustainable Fisheries (ECOFISH) Project, small pelagics comprised
over 80% of the total recorded catches landed within Balayan Bay (ECOFISH
2014a). About 55% of the landed catch are marketed locally, i.e., within local
communities (“barangays”) and in municipal markets, while some 22% are exported
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to other nearby urban areas such as the populous centers of Batangas, Cavite, and
Metro Manila (ECOFISH 2015).

The capture fisheries sector in Balayan Bay is further classified into commercial
and municipal sectors. The commercial sector refers to fishing operations that utilize
fishing vessels with 3 gross tons or more. The main gear types are purse seines, ring
nets, and bag nets. On the other hand, the municipal sector refers to fishing
operations that utilize fishing vessels with less than 3 gross tons and includes the
subsistence-level type of fishing activities. The main gear types are simple hook and
lines, multiple handlines, surface gillnets, bottom-set gillnets, and jigs. Over 87% of
the total fisher population in Balayan Bay belong to the municipal fisheries sector
(ECOFISH 2015), which is estimated to contribute about half of the total annual
fisheries yield in Balayan Bay (unpublished data).

2 Management Context and Statement of the Problem

The Provincial Government of Batangas applies an Integrated Coastal Management
(ICM) framework in the management of its coastal and fisheries resources (Eng
2006; Thia-Eng 2008). The nine local government units (LGUs) of Balayan Bay
have also recently adopted the Ecosystems Approach to Fisheries Management
(EAFM) (FAO 2003, 2005; Garcia 2003) in order to addresses the trans-boundary
nature of the fishery resources and their associated habitats and ecosystems (Prov-
ince of Batangas 2015). Inherent to both the ICM framework and EAFM is the
acknowledgment of the intricate interdependence between the fishery sector’s
human and environmental dimensions. Governance-wise, both frameworks also
recognize the different scales of management from the local communities or villages
(called barangays), to the municipalities/cities (or LGUs), and the provincial and
national government agencies. They both highlight the need for partnerships
between the different offices and levels of government (Bermas and Chua 2018) as
well as other relevant sectors of civil society.

The Balayan Bay LGUs have a long history of inter-local coordination largely
due to numerous marine environmental protection initiatives undertaken by both
government and non-governmental organizations. Since the 1990s, they have
received assistance from various groups such as the World Wildlife Fund (WWF),
Conservation International (CI), Partnerships in Environmental Management for the
Seas of East Asia (PEMSEA), and later with the Coral Triangle Initiative (CTI)
under the USAID and other UN-supported programs (ADB 2011; DENR-PAWB
2009; Oglethorpe 2009; PEMSEA 2006, 2009; Province of Batangas 2015; Vergara
et al. 2008; Weeks et al. 2014; White et al. 2006; WWF-SSME Program 2004). In
2011, the Provincial Government of Batangas developed its Comprehensive Coastal
Resources Management Plan. It involved a series of studies to determine the status of
the coastal and fisheries resources in the Verde Island Passage and to identify priority
areas for management. The issue of declining catches was highlighted, thus
prompting the province to set resource conservation and fisheries sustainability as
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a major priority. To help identify possible management actions, the University of the
Philippines in the Visayas Foundation, Inc. (UPVFI) through the non-governmental
organization Conservation International conducted further detailed biological and
fisheries assessments. Two recommendations that were particularly relevant for
Balayan Bay are (1) strategic regulations to protect important stocks and/or critical
life stages (e.g., through seasonal fisheries closures) and (2) a comprehensive and
regular monitoring of the catches and fishing effort. Incidentally, the Philippines’
Bureau of Fisheries and Aquatic Resources of the Department of Agriculture
(DA-BFAR) is promoting seasonal fishing closures as one proactive strategy to
sustain fish stocks. With its inclusion as a major criterion in the Bureau’s national
fisheries awards program, seasonal fishing closures or “closed seasons” have become
quite popular across the country even in the absence of any objective basis for their
establishment.

With the assessment results as initial basis, the Province of Batangas considered
establishing a closed season for the small pelagics in Balayan Bay. The small
pelagics herein referred to are primarily the scads (Decapterus spp., Selar spp.),
mackerels (Rastrelliger spp.), and sardines and herrings (family Clupeidae). They
may also include the anchovies (family Engraulidae) and other schooling pelagics
such as the bullet and frigate tunas (Auxis). Due to the inherent biological produc-
tivity of these species, it was anticipated that their protection during close seasons
will yield immediate and perceptible results. Thus, a closed season was incorporated
in the Inter-LGU Fisheries Resources Management (IFRM) Plan of the 9 Balayan
Bay coastal LGUs as a management action to increase particularly the small pelagic
stock populations and improve the overall catches of the fishers in the bay (Province
of Batangas 2015).

This case study shall describe the processes leading to the implementation of the
inaugural closed season in Balayan Bay and highlight the innovations and key
ingredients that led to its successful implementation. Some main results from
the assessment and subsequent monitoring surveys will also be presented to provide
the biological context of the management initiative, show the potential impacts to the
fisheries, and to underscore their importance in informing the stakeholders’ decision
to continue the implementation of the closed season on a regular basis.

3 Promoting Multi-sectoral Participation
and Science-Informed Decision-Making

3.1 Reproductive Biology Study

In order to provide an objective basis for the scope and design of the temporal fishing
closure, the Ecosystems Improved for Sustainable Fisheries (ECOFISH) Project
worked with the Provincial Government of Batangas and Conservation International
to conduct a reproductive-biology study in the waters of the Verde Island Passage



7 Philippines Case Study One 99

with a focus on the small pelagic fishes found in Balayan Bay. Literature on the
reproductive biology of important small pelagic stocks in other Philippine fishing
grounds shows variations in the seasonality of the spawning activity (Aripin and
Showers 2000; Armada 2004; Campos et al. 2015; Dalzell et al. 1990; Guanco et al.
2009). These identified peak spawning months are often used as basis for determin-
ing the time and duration of temporal fishing closures to significantly reduce the
fishing pressure on the spawning stocks.

Ideally, a reproductive biology study is conducted for one year. However,
resource limitations prevented the execution of a year-long study in VIP. Thus, the
ECOFISH first consulted both the municipal and commercial fishers in the area to
glean valuable local knowledge about the seasonality of the different pelagic stocks
and the observed appearance of mature and spawning individuals. The fishers
reported that small pelagics occur within Balayan Bay and the adjacent waters of
the Verde Island Passage all throughout the year. Critically, the fish are most often
observed to have mature and gravid gonads from October to December of each year,
though they may also be observed outside of these months, albeit less frequently.
Based on this information, ECOFISH conducted a reproductive biology study for six
months from September 2013 to February 2014 to coincide with the observed peak
spawning months of the small pelagics in the area.

Unique to the study was the employment of local members of the community as
fisheries enumerators who were trained in fish gonad staging following a standard
scale suggested by (Bucholtz et al. 2008). They were also tasked to conduct a
fisheries-dependent survey to collect information on the catch and fishing effort of
the various fishing gears using a standardized data collection method (ECOFISH
2014a). The fisheries-dependent survey data gathered from both the commercial and
municipal fishing activities. It identified the commercial fishing operations, namely
the purse seines (pangulong), ring nets (pukotan) and bag nets (basnig) with the
highest average catch rates of 156, 154, and 73 kg/vessel/day, respectively, during
the survey period. The CPUE of the municipal fishing gears, on the other hand,
ranged between 5 and 30 kg/vessel/day. The catch data showed that small pelagics
comprised about 90% of the total landings during the survey period, with the species
Decapterus macrosoma and Selar crumenophthalmus comprising nearly half of the
total landings.

Based on the reproductive biology survey, mature individuals of Decapterus
macrosoma were already observed in September 2014. However, their frequency
of occurrence along with individuals with gravid gonads was highest during the third
quarter of November 2014 until the 1st quarter of December 2014, and again in the
third quarter of January 2015 (Fig. 7.2a). For Selar crumenophthalmus, mature
gonads were also recorded from September 2014 and with the highest frequency
of occurrence of gravid gonads during the first quarter of November 2014 and again
a few months later in February 2015 (Fig. 7.2b). Results from the other small pelagic
species are presented separately in Fig. 7.3, which shows variable peaks in the
frequency of occurrence of mature (Stage III) and gravid (Stage IV) gonads.
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Fig. 7.2 Percentage frequency occurrence of gonad stages I-IV of (a) Decapterus macrosoma and
(b) Selar crumenophthalmus between September 2013 and February 2014
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Fig. 7.3 Percentage frequency occurrence of gonad stages I-IV of selected small pelagic species
segregated by sex (m, f) between September 2013 and February 2014
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Box 7.1 Communicating the Assessment Results to the Balayan Bay
Stakeholders
After the initial assessments, ECOFISH presented the results as well as
recommendations to the TWG, which is composed mostly of the Municipal
Agriculturists of the 11 LGUs surrounding Balayan Bay and representatives of
various sectors including the municipal and commercial fishers, local NGOs
and private sector representatives. The TWG members in turn led the presen-
tation of results to the local government official using visual aids and infor-
mation materials that were designed to convey the results of the scientific
studies in a more readily understandable manner. Local terms were also used
whenever possible. Some examples are shown below.

Thereafter, the TWG members and local government officials led the
consultations with the resource users, specifically, the municipal and commer-
cial fishers. This strategy was thought of to empower the TWG and local

(continued)
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Box 7.1 (continued)
officials in advocating the use of scientific information to address threats to
fisheries livelihoods and to strengthen the institutional arrangements that can
facilitate stakeholder involvement in all processes of fisheries management.

3.2 Communicating the Science

The Provincial Government of Batangas formed a technical working group (TWG)
composed of scientists and stakeholder group representatives. It became the platform
for discussion and sharing information regarding the proposed closed season. The
TWG also functioned as the first-level decision-making body, tasked with develop-
ing the policy and regulations to be recommended to the nine Balayan Bay LGUs.
Through regular meetings, the TWG developed goodwill and trust among the
members, which was crucial for candid discussions on what the scientific studies
meant and the implications of proposed regulatory measures. It was in coordination
with the TWG that ECOFISH presented the results of the reproductive biology study
and the fisheries survey to the different fisheries stakeholder groups in Balayan Bay
through a series of consultation meetings in early 2014 (Box 7.1).

During the consultations, it was important to convey the message that the
observed declines in fish catches may only worsen if the current level of high fishing
effort is maintained, citing real examples of fisheries declines in other Philippine
fishing grounds (Stobutzki et al. 2006). It was also crucial to apply various ways of
communicating the results to different types and levels of stakeholders, i.e., from the
small-scale fishers to the owners of commercial fishing operations, to the policy-
makers, local chief executives and the provincial government. We found that
information in simplified graphs can be readily conveyed. We also found that the
information about the biology of the small pelagics and the results of the studies can
be effectively communicated via sequential narration accompanied by pictographs
and diagrams, and most importantly by relating them to their very own observations
(Fig. 7.4). Equating the complex science and proposed regulations with simple
concepts that are culturally relatable proved highly effective. The term “closed
season” was, for example, equated to the word “pagpapahinga,” which refers to
the act of resting and rejuvenation. The concept of a closed season for fishing was
then more readily appreciated as a period of rest and rejuvenation not necessarily for
the fishers alone, but more critically, for the biological resources that are being
exploited almost on a daily basis and all throughout the year.

Having on board well-respected fisheries scientists1 who are seen as credible and
effective communicators was also crucial in order to confer legitimacy to the
information relayed. However, relying on scientific information alone is not

1One such example was Dr. Wilfredo Campos who heads the OceanBio Laboratory at the
University of the Philippines in the Visayas, Miag-ao Campus. Their earlier researches provided



104 R. T. Bacalso et al.

Fig. 7.4 Comparing information from a resource use map produced by the commercial fishers and
results of the follow-up fish catch monitoring and reproductive biology study of small pelagics in
Balayan Bay and adjacent waters

sufficient for management decision-making. Experience has shown that data from
years of scientific studies do not necessarily translate into actionable policies and
management regulations. The stakeholders, therefore, also needed to understand and
consider the socio-economic impacts of management decisions, so that they could
weigh the costs and benefits. For example, if it were up to science alone, the Balayan
Bay could have been justifiably closed to fishing for a period of at least three months
between September and February to protect more spawning aggregates of the
different small pelagic species. Upon consideration of the socio-economic impacts
that this might entail, the stakeholders ultimately proposed to limit the scope (i.e.,
duration, species, and gear types) of the closed season in order to minimize the short-
term adverse impact on livelihoods, while still substantially achieving the long-term
goal of stock recovery and sustaining fisheries catches.

While the Governor did not personally engage in the details of the process, it is
important to note that the popularity and goodwill of the Governor’s office is what
allowed the provincial government staff to convince the LGUs and the different
fisheries stakeholders to engage in open dialogue and to trust the scientific findings.
It was also critical to identify and engage with champions from the Provincial
Government’s Environment and Natural Resources Office (PG-ENRO) who have
worked as public servants for decades and were viewed by the stakeholders and
LGUs as trusted, dedicated and reliable figures who embody the continued sincerity
of the province to support resource management initiatives in Balayan Bay. After the
series of consultation meetings, and with the consideration of both the biological and
socio-economic implications of a closed season, the stakeholders decided to imple-
ment for the first time a closed season in Balayan Bay that prohibits fishing by use of

the scientific basis for the proposed management options in the Verde Island Passage. These
subsequently led to more specific studies to narrow down the scope of the proposed closed season.



7 Philippines Case Study One 105

purse seines, ring nets and bag nets for one month (December 1 to 31, in 2014). This
closed season was also dubbed the “Pagpapahinga ng Look Balayan.”

3.3 Translating the Science into Policy

The key processes leading to the adoption of the closed fishing season in Balayan
Bay first involved communicating the research results in a straightforward manner to
the different stakeholder groups as described in the preceding section. Second,
designing the closed season was done in a consultative and highly participatory
manner. The TWG and the different stakeholder group representatives jointly
identified the target species, the specific gear types involved, and the duration of
the closure, while the fisheries scientists provided the objective bases for the policy.
The fisheries surveys and biological assessments likewise provided critical informa-
tion that supported the evaluation of the feasibility of compliance and enforcement.
It helped narrow down the scope of the closure and streamline the planned enforce-
ment activities. With only a targeted group of commercial fishing operations to
monitor, resources for enforcement can be optimized. The narrowed scope of the
closure also made the regulation easier to draft and have approved, because the rules
were easily understood. While each LGU legislated its own closed season ordinance,
the rules were uniform, simple, and complementary for the entire Bay. This ensured
that the affected fishers will not have an incentive to fish within the waters of a
“friendly” LGU that may have more lenient rules and impose lighter penalties than
their homeport. Crucially, the policy was informed not only by the biological
characteristics of the stock, but also of the socio-economic characteristics of the
resource users. The results of an income survey helped design a cash-for-work
program that was incorporated into the policy as an incentive to promote voluntary
compliance. The survey of 1,530 crew members revealed an average monthly
income of Php 3,000, with a low of PHP 500 (8 respondents) and a high of PhP
20,000 (2 respondents). A third of the respondents indicated additional sources of
income aside from fishing, such as farming, carpentry, and other types of manual
labor. Educational attainment was low: 40% were able to finish elementary educa-
tion, while another 43% were high school graduates. With these statistics, affected
crew members were able to qualify for the cash-for-work program as most of them
were receiving incomes below the computed daily regional wage of the Region to
which Balayan Bay belonged.



106 R. T. Bacalso et al.

4 Implementing the Closed Season

4.1 Cash-for-Work Program

The Sustainable Livelihood Program (SLP) was the flagship program of the
country’s Department of Social Welfare and Development (DSWD) from 2010 to
2016. One of its components was the Cash for Building Livelihood Assets (CBLA)
Program, which is described as “a strategy in developing physical and natural assets
to increase livelihood gains which is implemented through short-term community
mobilization activities that provides an allowance that is equivalent to 75% of the
prevailing daily regional wage. Also included is the establishment or rehabilitation
of common service facilities within the community to increase production as well as
the viability of the program participants’ enterprise. CBLA also serves as a skills
training activity for the participants which could increase their employability given
their work experience.” 2

The inclusion of CBLA in the Balayan Bay seasonal closure took off from the
way the program was originally defined, although in this application the fish stocks
were treated as livelihood natural assets, and the seasonal closure was a way of
developing and improving the assets to increase livelihood gains, i.e., through
improved fisheries. The short-term community mobilization activities consisted of
jobs that helped the LGUs implement their coastal resources management (CRM)
mandates. The final list of tasks was determined through a series of dialogues with
both LGU representatives and fishing crew representatives, for each of the munic-
ipalities involved (Table 7.1). Some of the dialogues were conducted on a per LGU
basis, while others were organized by the Provincial Government of Batangas. One
noticeable feature though was the natural tendency of LGU officials to identify tasks
that were related to coastal resources management, even if this was not made a
requirement for the program. This may be due to the long history of CRM programs
in the area, as noted in the introduction.

As part of the closed season implementation, the CBLA program was launched in
all Balayan Bay LGUs. The beneficiaries had to physically register prior to the start
of the closure and were organized into work groups to perform tasks that were suited
to their skills and/or preferences. The daily time records were then used as verifica-
tion for making cash payments scheduled in the middle and at the end of the closure.
Two payment tranches were made during the closure proper. The first tranche
representing the first 11 days was scheduled on December 21 and 22, a few days
before Christmas. This meant a lot to the fisherfolk, as they were assured of their
Christmas eve meals, a very important event for family gatherings in the Philippines.
Payments were handed out individually to each crew member on the list by a
representative of the DSWD, with the LGU’s Municipal Agricultural Officer and
ECOFISH staff witnessing the payment. The second tranche was done a few days
after the end of the closed season.

2DSWD. June 2014. SLP Concept Note: DSWD-USAID Partnership.
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Table 7.1 Tasks Identified for CBLA Program Beneficiaries During the Balayan Bay Seasonal
Closure, December 2014

Municipality Potential Work

Bauan Coastal cleanup
Cleaning of drainage canals in Poblacion
Construction of MRF in coastal barangays
IEC signages for recycling program
Organic fertilizer production

Lemery Coastal cleanup
Cleanup of mangrove areas
Removal of dilapidated structures along Maguinan coastline (former fish port)
De-clogging of Pansipit River
Salt production (if this can be set up by December)

Calaca Coastal cleanup

Balayan Coastal cleanup
Mangrove tree planting
Cleanup of sanctuary
MRF construction
Planting of bamboos (tie-up with NGP)
IEC materials
Construction, repair of mangrove boardwalk

Calatagan MPA guardhouse
Cleanup of creek
Zoning for seaweed farms
Construction needs of LGU
Eco-police
Participate in new social enterprises, e.g., tomato processing
Repair of bridges
Raft making for mangrove ecotours

The biggest challenge faced at the onset was the initial lack of trust on many
levels. As this was the first ever implementation of a closed season in Balayan Bay,
there was the issue of fishing crew members doubting whether actual remuneration
would be received once they stopped fishing. There was also the lack of trust on the
part of commercial fishing vessel owners, on whether the LGU would indeed take
care of the daily sustenance of their crew members. There was some doubt from the
part of the DSWD that LGUs can vouch for their constituents’ participation in the
local CBLA schemes. Finally, some LGUs expressed skepticism on the sincerity of
DSWD to provide cash payments to all their constituents affected by the closure.
Because of all these doubts, the first round of the closure was only able to get around
50% of fishing crew members to participate in the CBLA component. The identifi-
cation of displaced fishing crew members proved to be difficult at the onset because
of the sheer number (ca. 3 285 crew members), but this was eventually overcome
with the full participation of the barangay LGUs and the commercial fishing
operators themselves. When the barangay captains and vessel owners got on
board, the survey was carried out, paving the way to completing the roster of willing
participants to the program.
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The CBLA program appeared to be the tipping point for some of the mayors, as
well as for many of the displaced fishing crew members. Once the provision of
alternative jobs was assured, the mayors readily signed the ordinance and provided
full support for the various components of the closure scheme. Moreover, the types
of jobs provided were in support of coastal resources management, further ensuring
the improved state of Balayan Bay’s coastal resources.

4.2 Effective Enforcement Through Inter-agency
and Inter-local Government Cooperation

An inter-local enforcement operation planning was convened on the auspices of the
Provincial Government and the Provincial Police to outline the strategies to uni-
formly enforce the closed season across Balayan Bay. The authors of the closed
season ordinances, municipal agriculturists or fishery technicians of each LGU, the
chief of police and chief investigators, the heads of recognized Bantay Dagat (fish
wardens) groups, and representatives from the local station of the Philippine Coast
Guard and the Bureau of Fisheries and Aquatic Resources were all present during the
3-day operation planning. As part of the operation planning, the participants
conducted a simplified mapping exercise to identify where commercial fishing
vessels operated on a regular basis (see Fig. 7.4). This basic information served as
lead information where potential violations of the closed season may occur. In the
same exercise, each municipality and enforcement agency identified their enforce-
ment assets (e.g., patrol boats, global positioning systems, search lights, communi-
cation system) for inventory and pooling of resources. The enforcers also received an
orientation on the scientific grounds for the closed season.

The closed season coincided with the Christmas season. This would have made
voluntary compliance by the fishers extremely difficult without the cash-for-work
program. The challenge also holds true for the enforcers. Each municipality
established a local response team who were tasked to enforce the closed season at
the LGU-level. The response team members were largely male and heads of family.
Some of the Chiefs of Police (COPs) who come from municipalities outside of the
Balayan were expectedly on home break for the Christmas holiday and therefore,
in-resident non-commissioned police officers took the helm at varying times during
the closed season. While on a “holiday mood,” people are traditionally more tolerant
and forgiving, including the enforcers who allegedly let minor violations pass during
this time.

Incredibly, all official reports of the Philippine National Police during the closed
season produced good compliance to the closed season. Except for some attempts by
commercial operators from nearby provinces who were forewarned via radio, there
were no known violations. One month after the closed season, the PGENRO and the
Batangas Provincial Police Office conducted a post-operation conference where all
Chiefs of Police were made to report. All COPs reported full compliance. This was
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corroborated by their counterpart from the local government units and civil society
organizations.

During the closed season, BFAR deployed its Monitoring, Control and Surveil-
lance (MCS) boat, a 30-meter long patrol vessel to support the enforcement activ-
ities. The MCS boat was anchored in the vicinity of Lemery, Batangas—the
municipality with the highest number of home-ported commercial fishing boats.
The mere physical presence of the MCS boat proved to be an effective deterrent for
potential violators. The local response teams were also required to take part in an
intensive information drive prior to the launch of the closure. They talked with
village chiefs to explain the ordinance, the enforcement operation, and how the
community can participate by reporting the violations. Altogether, the combination
of voluntary compliance promoted by economic incentives, participatory gover-
nance across all levels, and social capital build-up led to the highly successful
implementation of the closed season in Balayan Bay.

5 Monitoring of (Implementation and) Impacts
and Feedbacking

In the months immediately following the inaugural closed season in Balayan Bay,
the Provincial Government of Batangas along with the members of the TWG
gathered the representatives of the coastal LGUs, enforcement agencies, commercial
fishers, local enforcers, fisherfolk communities and partner NGOs in a feedbacking
session. The most common observation shared by the participants was an increased
abundance of small pelagic fishes in the catch and their availability in the market
after the closed season. Further, some participants also reported increased catches of
intermediate pelagics (e.g., Spanish mackerel, skipjacks tunas). They added, how-
ever, that the small pelagics that were caught were still small in size. They further
expressed concern that these may be the young recruits from the spawning event in
the months prior. This prompted several participants to suggest a longer closed
season in order to also protect the juvenile fish from fisheries exploitation. They,
likewise, called for continued monitoring of catches and additional assessments,
particularly on the catches of “dulong,” which is a local name generically applied to
small goby-like fishes that are typically caught with fine mesh netting in the
nearshore; however, they may also include the juveniles of many other fish species
including the small pelagics.

Thus, another reproductive biology study and fisheries surveys were conducted to
document any potential changes in the stocks and fish catches that may be attributed
to the implementation of the closed season. This time the surveys were conducted
from September 2015 to May 2016 in an attempt to also document the reported
minor spawning events outside of the identified peak spawning months. The same
standard data collection and assessment methods were applied with some changes
and/or additions in monitoring stations, as informed by the previous survey results.
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Fig. 7.5 Mean weights of small and intermediate pelagics in the landings of major gear types
targeting small pelagics in Balayan Bay between 2 survey periods

For consistency, however, only information that was collected between the months
of September and February of each survey year were used for the statistical com-
parisons3. While relative increases were observed in the average catch rates of the
major gear types targeting small pelagics, only the increment by the purse seine
CPUEs was statistically significant. However, the mean weights of both small and
intermediate pelagics in the total landings increased significantly (Fig. 7.5), thereby
corroborating the fishers’ observations. Disaggregated by fishing gear type, the
increments of small pelagic catches by purse seines and drift gillnets were also
statistically significant. The reproductive biology survey results for Decapterus
macrosoma also showed an increase in the frequency of occurrence of mature
(Stage III) and gravid (Stage IV) individuals between the 2 survey periods. Some
individuals with spent gonads (Stage V) were also observed in March and April
2016, thereby confirming the reported minor spawning events at this time of
the year.

These findings were presented to the members of the TWG and other stakeholder
representatives in October of 2016. There was then a general acknowledgment of the
success of the closed season and an expressed willingness to institutionalize it as an

3Non-parametric comparison of means, Mann-Whitney U Test (Sig = 0.000).
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annual fisheries management initiative in Balayan Bay. Moreover, news of increased
catches in Balayan Bay quickly spread and encouraged even the neighboring
province of Oriental Mindoro to replicate the Batangas closed season (Malampaya
Foundation 2017).

6 Succeeding Implementation of the Closed Season

Buoyed by the success of the inaugural closed season in Balayan Bay, the province
of Batangas along with several coastal LGUs championed its implementation for a
second year. Unfortunately, there was no more financial support from the national
government to fund the CBLA or cash-for-work program. While this discouraged a
couple of LGUs from participating, two additional Batangas LGUs nonetheless
participated. With no DSWD funds involved, the participating LGUs committed to
fund the economic incentives themselves. Promisingly, these and other details
pertaining to the continued coordination between agencies were incorporated in
the LGUs’ modified ordinances. Even more remarkable was the explicit inclusion
of the scientific findings in the Provincial Resolution4 to support the extension of the
annual implementation of the closed season for a period of 6 years (2015–2020). In
addition to the purse seines, ring nets and bag nets, other fine mesh nets were
included in the list of regulated gears. The harvesting of “dulong” has likewise
been banned. The Bureau of Fisheries and Aquatic Resources (DA-BFAR) now
plays a central role in the fisheries monitoring and assessments not only in Balayan
Bay, but also in adjacent bays. Supported by the recent BFAR findings5, the spatial
coverage of the closed season eventually included these adjacent bays. While the full
compliance reported in the first year of implementation has not been replicated, the
Province of Batangas and the fisheries stakeholders continue to practice and reap
consistent gains from multi-sectoral participation and science-informed decision-
making in managing their fisheries resources.

4Provincial Resolution No. 377, 2015 Resolution Supporting the Six-Year (2015–2020) Extension
of Pagpapahinga ng mga Look ng Balayan, Talim at Nasugbu, Implementing a Closed Season for
Purse Seine (pangulong, paipot), Ring Net (pukutan, pukot), and Bag Net (basing) Operations in
Balayan, Talim, and Nasugbu Bays.
5‘Preliminary result of the stock assessment in Calatagan, Balayan and Nasugbu Bays’ a presen-
tation by the DA-BFAR Region IV-A during the consultation meetings and feedbacking sessions
(unpublished).
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7 Summary

This case study highlighted the following main innovations in implementing the
inaugural closed season of the Balayan Bay and the succeeding closed seasons in the
Province of Batangas:

Fully participatory data gathering to inform decision-making. The local knowl-
edge of resource users filled in the initial data gaps and informed the design of the
baseline data collection. Local members of the community were also trained and
employed in the baseline data gathering and in subsequent monitoring activities. The
biological and socio-economic survey results both informed the decision-making by
the TWG, which is composed of various stakeholder group representatives.

Non-traditional application of a CBLA program wherein fish stocks were
treated as livelihood natural assets and the seasonal closure was a way of developing
and improving the assets to increase livelihood gains. As a clear demonstration of
their acknowledgment of the value of these assets, the participating LGUs are now
appropriating local funds to support the economic incentives themselves. Further,
the closed season likewise demonstrated that fishers can perform other jobs, albeit
for a short period of time.

Uniform ordinances enabled a bay-wide enforcement of the close season and
eliminated the possibility for potential violators to take advantage of “friendly”
waters that may have more lenient rules and lighter penalties.

Broad participation in rule-making led to increased voluntary compliance and
local vigilance. The commercial fishers complied with the rules that they themselves
helped define and the municipal fishers with their local fish wardens were alert in
monitoring their municipal waters for potential violators. This similarly reflects a
key lesson of several other CRM cases in the Philippines and elsewhere that
highlight stakeholder participation as one of the crucial factors in successful coastal
and fisheries management (Anda and Dalabajan 2009; Beger et al. 2004; Christie
et al. 2005; Karr et al. 2017; Pomeroy 1995; Quimby and Levine 2018; White et al.
2005; White and Courtney 2004).

This case study also described how the different actors each provided a piece of
the management puzzle that led to the successful implementation of the closed
season. The NGOs, fisheries scientists and the local community worked together
to establish and communicate relatable science that became the basis for the closed
season policy and regulations. The LGUs and the Provincial Government of
Batangas acted as champions in good governance. Regular consultations with the
stakeholder groups and feedbacking of the assessments and survey results conveyed
the government’s sincerity and transparency, thereby earning them the trust of their
constituents and subsequently, their compliance to the closed season. The DSWD
representing the national government provided the pivotal economic incentive that
gained the full support of all Balayan Bay mayors and the owners of the commercial
fishing operations during the inaugural closed season. The inter-agency and multi-
sectoral nature of the enforcement teams allowed for the efficient use of resources
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and manpower to conduct a comprehensive enforcement of the closed season across
the entire bay.

The assessments likewise showed potential evidence of the closed season’s
success in improving the small pelagic stocks, specifically Decapterus macrosoma.
Increases in the average catch rates of the major fishing operations targeting small
pelagics and the recorded significant increases in the average weight of small
pelagics in the catch are also indicative of stock improvements within a short period
of time. In a fishing ground where majority of the users are small-scale and
subsistence-level fishers, it is crucial to be able to demonstrate positive results within
the short term to ensure continued support of the management initiative for the
long term.

The recorded increase of intermediate pelagic species in the catch may further be
an indicator of improved ecological productivity (i.e., increased food availability for
larger consumers) in Balayan Bay. It is thus important to further quantify these
potential biological and ecological impacts through regular and more comprehensive
fisheries monitoring and assessments. Furthermore, the potential economic impacts
of the closed season should likewise be quantified sensu (Rola et al. 2018) and traced
through the value chain in order to identify its full impacts (+/-) across a broader
range of resource users and ultimately, the consumers. Apart from the cash-for-work
program, it would also be important to identify the other factors that promoted
voluntary compliance in order to help fine-tune the subsequent implementation of
the closed season in Balayan Bay, should the Province of Batangas resolve to extend
its implementation anew after the original extension of six years has passed.
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Chapter 8
Kenya Case Study Two

Locally Managed Marine Areas: A Double Helix of
Challenges and Opportunities: The Case of Kuruwitu
LMMA along the Kenyan Coast

Benards Okeyo and Dishon Murage

Abstract Properly managing coastal resources, particularly in developing countries
where the majority of people living on the coast largely depend on those resources,
can be a difficult situation. Along the Kenyan coast, this challenge has elicited
several approaches. There have been different forms of co-management, radiating
from loose associations of fishers and fish workers, Beach Management Units
(BMUs) enacted by the law, to Locally Managed Marine Areas (LMMAs). This
study explores and reviews the successes, challenges and opportunities brought up
by the Kuruwitu LMMA in Kenya. It involved visits to the site and several
discussion sessions involving Kuruwitu LLMA members, fish workers and an
array of community members. The interviews were captured by open semi-
structured interview schedules usually at the working sites of those interviewed. It
was found that the main reason for its easy acceptance was its close resemblance to
the traditional management systems with the additional advantages of being
anchored in law, being more elaborate—largely conscious of the several interests
of the major stakeholders and having an increased ability to obtain support from
external sources. With the LMMA at Kuruwitu, the fishery is now restricted, fishers
are trained, and income-generating ventures opened. However, several challenges
remain, namely, the initial capital that came with the publicised event has dwindled,
less capacity to generate internal funds, the beneficial plans and projects have stalled.
Unfulfilled expectations from the community linger and it is easy to detect some
dissatisfaction with a number of elements. Nonetheless, the LMMA demarcation and
exploitation restrictions remain and the fishers talked of slight increment in catches
over the recent years.
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1 Introduction

1.1 What Are LMMAs?

The term LMMA has evolved as a global generic term for community or locally
managed areas in the marine environment, which have some form of protection or
regulation built through consensus by the surrounding community and stakeholders.
In Kenya, several names have come up to refer to these areas, including community
conservation areas (CCAs), tengefu (Kiswahili for ‘set aside’, (McClanahan et al.
2016) or community conservancies. The names often relate to the legislation used to
declare them or to the various actors who have promoted their existence (Samoilys
et al. 2015). Govan et al. (2009) defined an LMMA as ‘an area of nearshore waters
and coastal resources that is largely or wholly managed at a local level by the coastal
communities, land-owning groups, partner organizations, and/or collaborative gov-
ernment representatives who reside or are based in the immediate area’.

LMMAs have perhaps been successful due to their ability to complement gov-
ernment approaches on the management of fisheries besides being culturally sensi-
tive. Even better, they sometimes have emerged from the people that directly depend
on the marine and coastal resources and that are compelled to sustainably manage
their resources through such arrangements. Because these LMMAs are rooted in the
local communities and sometimes even sprouting from their anxieties in regard to
local resources not to mention trying to address pertinent issues affecting local
coastal and marine resource users, they seem to have an easy birth and less
complicated political tussles.

Whereas LMMAs and MPAs (Marine Protected Areas) are often similar in
intention, the approach to their formation may be quite different. MPAs are gazetted
by government agencies and are usually demarcated for nature conservation (fishing
is usually not allowed or restricted to some areas only—mostly within the reserves).
LMMAs are largely enacted local agreements and demands. Their activities are
largely regulated by consensus. Indeed, within the LMMAs, the amount and dura-
tion of resource uptake is determined by agreement amongst local resource users.
Nonetheless, it is important to appreciate that there is often still some government
control within the LMMAs, like within the Kenyan coast, government agencies are
involved in the exploitation and conservation of fishery and wildlife resources
through taxation of fishery products, generation of fish capture data thus making
them integral stakeholders within the LMMAs.
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1.2 History of LMMAs in Kenya

Like in many other tropical coastal areas, the sustainable management of coastal and
marine resources remains a challenge to many interested bodies like the government
agencies, non-state actors and local residents dependent on the resources. Issues of
overexploitation, increasing fishing pressures, degradation of critical habitats, espe-
cially spawning and breeding grounds of many fish species are of relevance.
Moreover, conflicts may arise from land tenure—most shoreline areas along the
Kenyan coast have contested ownership. Besides, there exist divergent interests in
regard to the development of the coastal zone adding further complexity to the
marine resource management challenges. As a result, coastal communities have
struggled over the years with systems that could ameliorate this scenario.

One of the systems widely adopted over the last years has been the adoption of
collaborative fisheries management, more often referred to as ‘co-management’. In
Kenya, co-management is a relatively new concept, estimated to have begun in the
1990s when the Kenyan Government first introduced the Beach Management Units
(BMUS). These BMUS were an initial step to incorporate local resource users into
the management mechanism of their resources. It was, in fact, an attempt to change
from the top-down management systems of the local fishery to a more self-regulated
system, where resource users, together with government agencies (Fisheries Minis-
try), would look for joint management solutions to a sustainable fishery. It took
many years to take root. In the initial years, the concept was viewed with disdain and
suspicion by the resource users as it was thought to be another management ploy by
the Kenyan government to seize full control of the fishery resources. The back and
forth arising from the aforementioned delayed the enactment of the relevant legis-
lation till 2016 when the Kenya Fisheries Management and Development Act
No. 3.5. This is the very Act that establishes the current Beach Management
Units—known for bringing together several stakeholders within a common fishing
area and equally usedas vehicles for fisheries co-management. Together with the
BMU Regulations of 2007, these guidelines further provided the designation of
co-management areas in respect to individual BMUs and even joint co-management
areas wherever desirable and ultimately the formation of LMMAs.

1.3 The Evolving Concept of Co-Management

Globally, co-management is taken to mean a mode of governance through which
resource users’ and government share responsibility and authority for the manage-
ment of fishery resources, with support and assistance as needed from other stake-
holders, external agents, academic and research institutions (FAO 2020). In a
publication by Linke and Bruckmeier (2015) particularly in regard to fisheries
co-management is noted for its multi-functional, multi-faceted nature complete
with its need to address different knowledge and resource management problems.



120 B. Okeyo and D. Murage

Along the Kenyan coast, fisheries remained an open-access resource for many
years—available for any interested party with the requisite skills and who is living
near a fishing area. Over time, rules emerged amongst the fishers and fishing
communities both (1) in regard to the rights of the human community for exploiting
the fishery resources and (2) in regard to the interaction with the biophysical
environment supporting the fishery resources and the fishery itself. The former
was to create harmony and reduce conflicts amongst the partakers of the fishery
resources, whereas the latter was to ensure the sustainability of the resource base.

From the beginning, it is clear that the pillars of the co-management were not
entirely new. The traditional arrangements had already exhibited several compo-
nents of fishery co-management as we know it today. The present definition of
fisheries co-management may, therefore, be seen as an attempt to put into writing a
practice that had long been accepted amongst the fishery resource users along the
Kenyan coast. Hence, in print, fisheries co-management qualifies as a partnership
arrangement amongst interested parties to sustainably exploit the fishery resources
without causing damage to the ecosystem.

The realisation of the fishery co-management concept in Kenya started with the
formation of the BMUs—which consists of fishers, fish traders, boat owners, beach
property owners as well as other stakeholders within the beaches supporting sus-
tainable fishery and harmonious co-existence.

BMUs co-manage the fishery in tandem with the relevant government ministry in
charge of fisheries using the Fisheries Act and BMU regulations generated through
internal administrative rules—usually referred to as by-laws. The by-laws are later
registered with the State Agency for Fisheries (Government of Kenya 2007). There
exists a possibility for a BMU to get into a joint co-management with another nearby
BMUs to be able to cover a larger area and may opt for joint action—say to allow
foreign fishers to obtain fishing rights within their areas at an agreed fee. Here,
“foreign” fishers need not come from outside the Kenyan borders but may be those
whose fishing grounds are away from the landing sites in question. In fact, permis-
sion to fish and exploit resources could entail the payment of a fee, acceptance for a
joint fishing expedition, exchange for gear, training of youthful unskilled fishers or
sharing of catches. Even those who had lineages to the local community through
marriages or common ancestry can exploit the relations to gain access.

It thus appears that there is a thin line between the co-management concepts
applied by an LMMA and by BMUs. The main difference seems to be the scale—
LMMAs usually bring together several BMUs within a framework of an agreed
co-management plan or strategy, whereas a BMU is a smaller unit often restricted to
a handful of landing sites.

1.4 Formation of LMMAs

As mentioned above, LMMAs are a fishery management practice that has emerged
over time. Some workers have traced its roots to the FAO’s Ecosystem Approach to
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Fisheries Framework (FAO 2011–2019), which is considered as the appropriate and
practical way of implementing the Code of Conduct for Responsible Fisheries. The
FAO EAF-Net picks outthe main principles, given below, in order to guide the
formation and operation of an LMMA or a CCAs (Community Commonly Areas);

(a) Fisheries should be managed in a manner that causes the least impact on the
ecosystem to an acceptable level.

(b) Maintains ecological relationships between species.
(c) Management measures are compatible across the entire distribution of the

resource.
(d) Precaution in decision-making and action is taken whenever needed knowledge/

information on ecosystems is incomplete.
(e) Ensures that governance enhances both human and ecosystem well-being and

equity.

These principles applied together with that of the Ecosystem-Based Approach are
seen as adequate for the sustainable management of a commonly designated fishery
area like that of an LMMA.

1.5 LMMA Formation Phases

From the FAO’s Ecosystem Approach to Fisheries, four main phases are identified,
namely;

1. Initiation and Planning.
2. Identification of Assets, Issues and their Priority.
3. Management Programming.
4. Implementation Phase.

In a study undertaken along the Kenyan coast by Kawaka et al. (2017), it has been
shown that for the Kenyan situation the establishment of LMMAs has taken usually
five stages, namely;

1. Conceptualisation.
2. Inception.
3. Implementation.
4. Monitoring and management.
5. On-going adaptive management.

From the discussion with several stakeholders, we found that the
conceptualisation phase is usually necessary to allay fears about the concept, partic-
ularly in regards to the local fishers’ feeling that their resources could be on the verge
of being hijacked by the state or by ‘outsiders’. Equally, this phase is important to
ease fears of the fishing grounds being declared out of bounds for local fisheries.
Whereas this phase is instrumental for exploring and communicating the main goals
and the underlying need for the establishment of an LMMA, it is also here that
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awareness of LMMA contributes to its development and the process are elaborated.
Both local indigenous knowledge and scientific knowledge are integrated, and
potential issues of concern jointly examined. Indeed, ownership issues are explored
at this phase in order to remove fears usually harboured by the local communities in
regard to alienation of their land. In cases where there have been successful launches
of LMMAs—visits are made to those during this phase as well. In fact, the
establishment of the Kuruwitu LMMA, one of the most outstanding LMMAs
along the Kenyan coast, was preceded by a successful visit to a Tanzanian
LMMA—where ideas were exchanged, fears allayed and hopes for a successful
and rewarding management strategy were entrenched.

2 The Formation of the First Kenyan LMMA; The Case
of Kuruwitu

Kuruwitu was the first LMMA implemented along the Kenyan coast. Initial talks
about it started in the year 2003 through a common agreement between local
artisanal fishers and several stakeholders straddling from local non-state actors,
government agencies to international non-profits. The need for an LMMA in the
area was arising from a perceived degradation of the marine and coastal resources
within the larger Kuruwitu area. The local communities attributed this degradation to
the waning system of management of these common resources in the face of the high
demand from the ballooning coastal population, as well as a relaxed and near-
absence of government control. The other stakeholders—the businesses and the
Non-Governmental Organisations—viewed it as a case of weakened resource
exploitation controls occasioned by corruption and apathy towards the implementa-
tion of resource-use policies.

The LMMA initiative was then seen as a vehicle that could give the local
communities and fishers the right and capacity to locally manage their resources
(Rocliffe et al. 2014). It borrowed heavily from the hitherto local traditional system
of resource control—where the elder-based system of resource governance was used
to determine: (1) the rules and regulations of the resource exploitation (2) the
institutions to take charge in the implementation of those rules and regulations as
well as (3) the decision-making processes—that are run by the different community
members. Thus, whereas the term LMMA was new to many, the concept sounded
familiar and was easily anchored onto the known governance structures. Indeed, the
initial resistance to such a management option dimmed owing to its bottom-up
approach. Prior to this initiative, Kenyan coastal communities had resisted govern-
ment attempts to give up their rights to manage their coastal resources for the
creation of Marine National Parks or Reserves—a resistance that thwarted the initial
proposal to establish a marine conservation area in the Diani area, famous for its
touristic activities (Benards 2015).
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2.1 Why in Kuruwitu?

In Kuruwitu, resource control was vested in the locals and ‘outsiders’ helped to
reinforce local talents and interests in the exploitation of the marine resources.
Indeed, the involvement of a local community-based non-state actor, which was
later re-named as the Kuruwitu Conservation and Welfare Association, was instru-
mental for the realisation of the LMMA.

Today, twelve years later, we take up the responsibility to deal with the chal-
lenges and opportunities that have since cropped up. We seek to determine if the
major intentions have been realised and assess the intervening factors that have since
emerged either for the prosperity or disadvantage of the LMMAs. Further, we
explore the opportunities that have emerged and describe the local communities’
ability to build on the initiative, including the extensive outlay of capital infused
during the formative years of the LMMA.

2.2 The Big Challenge at Kuruwitu

The Kuruwitu area, like other places along the Kenyan coast, had faced several
challenges like declining fish catches, non-adherence to traditional fishery manage-
ment rules, and an increasing population of disfranchised local fishers—finding it
hard to put enough food on the table for their families. On the other hand, the
non-state actors and the government agencies were finding it difficult to build a
strong well-united group of people interested in the conservation of marine resources
of this region. The Beach Management Units (BMUs)—already initiated by the State
Department for Fisheries—needed a stimulus to bring together the stakeholders and
inspire them to work towards the same goal.

3 Methods

3.1 The Kuruwitu Area (Fig. 8.1)

3.2 Characterisation of the Kuruwitu LMMA in Kenya

In order to characterise the performance of the Kuruwitu LMMA over time, we
employed a modified organisational and capacity development tool (Table 8.1) and
administered questionnaires to elicit responses on the organisational and institutional
development changes as well as other key aspects of the Kuruwitu LMMA over the
last 12 years. The former assisted to assess the sustainability of the initiative and to
tease out areas that could be improved if the initiative was to continue to serve its
intended purposes. The questionnaires were administered to officials working at the
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Fig. 8.1 Map of Kenyan coast showing Locally Managed Marine Areas (LMMAs) including the
Kuruwitu area as well (Courtesy of Harrison Onganda of Kenya Marine and Fisheries Research
Institute—2022)

facilities cum offices of the Kuruwitu LMMA within the nearest village centre of
Shariani. The building serving as an office has remained intact and continued to offer
several services like; (1) being a meeting area, (2) centre for selling fish to clients,
and (3) lately serving as a centre for selling fresh water to the those living in the
adjacent areas. We also found a group of enterpreunral local women using one of the
rooms for selling tourist artefacts and clothes. Additional, we scouted for former
officials and members who for one reason or another had taken inactive roles in the
management of the LMMA. We also held several interviews with the fishers, many
of them within the landing sites—usually when back from fishing expeditions or
when repairing gears and vessels. Summaries from the questionnaires administered
provided additional insights.

4 Results

Using the above organisational and institutional development tool, we assessed
important parameters of growth and development of the Kuruwitu LMMA since
its inception, over 12 years ago (see Table 8.1).
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Organisational Strategy There is a plan in place which was generated by consen-
sus. Over time, there appears to have been no revision of the plan after the five-year
lapse. The main reason was that, once the donor funds that assisted the formalisation
of the LMMA had dried out, there were not enough funds generated internally to
support crucial tasks. This lack of money then became a major challenge. Unfortu-
nately, LMMAs are not usually able to generate internal funds to support their
ambitious plans, which affects other organisational aspects like governance and
conflict resolution mechanisms. Actually, elaborate governance structures, meetings
and decision-making processes are not regularly convened anymore if funds have
run out. Under these conditions, qualified staff may even leave the LMMA manage-
ment context in search for better livelihood support.

External Relations Like any other legal bodies, once in place by law—LMMAs
are expected to create liaisons—which then should support their day-to-day opera-
tions. We learnt that the contact has dwindled and even internal meetings are fewer
when compared to the formative years during which meetings were common and
members highly motivated to attend. The production of communication materials
like brochures and pamphlets has since stalled, largely due to the limited funds
generated as well as the capacity of management to provide such materials.

Programme Planning and Sustainability Most of the intended plans/projects/
activities were implemented within the five-year period of active external support.
Yet no major additional tasks have been initiated. This lack of new assignments blurs
the sustainability of the LMMAs, although the fact that no one of the stakeholders
involved underestimates the viability of the enclosure for fishing purposes shows
that it may be sustainable in the future.

Advocacy and Engagement This aspect was probably much more needed during
the formative stages. Good formal and informal links with both government and
non-governmental bodies were built. While currently there is not much interaction
mostly due to reduced funds and activity levels, the members appear concerned with
engagement and are willing to attend meetings and discussions with other groups.

Monitoring and Evaluation Members concerned with day-to-day running of the
LMMA were well briefed on the need for regular monitoring and evaluation. There
was, however, no specific plan for internal monitoring and evaluation, except for
those controlling activities that were brought about by the presence of a donor. The
same also applied to the generation of reports.

Gender Composition Of the people involved in the LMMA, only 26.3% were
females, indicating that males were dominating in the organisational development of
the LMMA. This is perhaps due to land tenure ownership, which is monopolised by
the males within this region. Furthermore, the different gender roles enforced that
women mostly remained at home to undertake home-related chores while men took
up communal tasks like participating in the formation of communal bodies like
LMMAs.
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Fig. 8.2 Diagram showing the main occupation of the respondents within the fishery-related tasks

Occupation of Members We undertook two surveys to target non-fishery-related
occupations and those involved in fishery operations. This was easy since fishery-
related activities were far away from the main road (Mombasa—Malindi Highway)
and close to the Kuruwitu LMMA Centre, whereas fishing-related activities were
concentrated within approximately 2 km of the shore.

From the first survey (activities far away from the shoreline and close to the
Kuruwitu LMMA Centre), it emerged that members of the LMMA had diversified
livelihood roles ranging from farmers (45%), casual labourers (30%), land and
property owners (10%) with still many other members undertaking beach-related
chores, being guards, tour guides, chefs and cobblers.

Concerning the second survey, related to the diversification of roles across fishing
and related activities, it emerged that fishing took the largest share (60%) and fish-
dealing the lowest (10%), as shown in Fig. 8.2.

In sharing the initial capital outlay that was involved in the formative stages of the
LMMA, both fishing-related and non-fishing-related activities had been supported.
Thus, it is fair to say that such local initiatives could act as appendages for capital for
commercial activities and as a way of supporting socio-economic ventures for the
general well-being of those communities.

4.1 Lack of Funds

This has been mentioned several times as a fundamental problem. In fact, the
formation of the LMMA itself relied on millions of Kenya shillings from a joint
funding by the Kenyan government and European Union. Were it not for that
decisive funding, perhaps the LMMA could not have come to fruition. Also, within
the initial fund, there was a component meant to assist many of the stakeholders,
especially the fish dealers. This targeted the improvement of their catches, the taking
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up of alternative livelihoods and the development of related skills. For example
fishing boats, fishing gears, cooler boxes and a relatively well-furnished fish han-
dling facility were provided to the fishermen and fish dealers. Also, markets as far as
Nairobi were sorted for the Kuruwitu LMMA as fish catches were lifted to Nairobi—
a city of 4.5 million inhabitants roughly 500 km away, by a local airline for free from
Kuruwitu to Nairobi.

A major concern is that several years later most of those facilities have either
broken down or are currently malfunctioning and are yet to be repaired or replaced.
Sad as it may be, this is a common feature for many a community-funded projects.
Initially, the Kuruwitu LMMA organisation would collect a given percentage from
fees on all catches processed through their facilities. With many of the facilities
grounded, this line of revenue is diminished or lost. This is then manifested in other
streams of revenue, e.g. reduced registration or membership fees, fish catches
storage fees, etc.

4.2 Dependence on Marine and Coastal Resources

When analysing the dependence on marine and coastal resources—it became clear
that almost everyone in the vicinity of the Kuruwitu LMMA obtained, to some
extent, benefits from the marine area, as shown in Fig. 8.3. These benefits came in
the form of fish, corals (both live and dead corals were part of shoreline collections
paraded for sale at the Kiriwutu LMMA Centre), seawater—both fresh water and
saline water are a rare resource in the villages and communities within the LMMA
enclave—the launching of the LMMA came with digging of boreholes to supply not
so fresh water as well also connected a few places to the fresh water pipeline. Other
benefits were the access to the beach complete with a few facilities like places to sit,
to drink and even make some food not to mention the improved ability to move and
access far off areas inhabited by sea grasses due to the availability of motorised
vessels.

The interviewees were categorical that the benefits they have reaped have been
mostly due to the area limiting and having the enclosure. By the successfully
observation of resource exploitations practices within the LMMA enclosure, fishers
hinted that the fishery, once over-exploited, had shown signs of recovery. In their
view, this recovery was possible due to the rejuvenation of related ecosystems like
the seagrass meadows and mangroves in the shorelines of the LMMA enclosure.

Kuruwitu makes the best use of all marine resources with 45% benefiting from
fish as a resource, fishing and fish vending, whereas 30% of respondents from
Shariani also benefit from fish (Fig. 8.3). The other villages benefit from corals,
seawater, the beach and seagrass on an average rate of exploitation. Pingilikani has
the lowest contribution of less that 5%, while Kapecha exploits fish resources only,
at a rate of less than 5%.
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Fig. 8.3 Differences in village sharing of benefits between the various coastal and marine resources

4.3 Stakeholders of the Kuruwitu LMMAs

We identified the stakeholders involved by (1) checking the individual member
affiliation to different agencies and (2) looking at the institutional affiliation to the
agencies. Concerning individual member affiliations, we realised that 39% of the
respondents were affiliated to agencies that support their activities. These agencies
included (a) aquarium-based companies that collected live fish for the local and
foreign markets, (b) state department of fisheries, (c) the Kenya Marine and Fisheries
Research Institute (KMFRI), (d) the Kenya Wildlife Services (KWS) and (e) local
fish trading entrepreneurs. In several cases, members were attached to two or more
agencies. For example 36% of the respondents were affiliated to both KWS and
Fisheries, 7% to KMFRI and Fisheries, while others got attached to single compa-
nies. The range of stakeholders was the same both for the individual members as well
as for the Kuruwitu LMMA as an institution. We did not attempt to evaluate the
strength of relationships between the LMMA and the various stakeholder groups—a
research topic that could be undertaken by another study in the future.

4.4 Other Challenges Facing Kuruwitu LMMA

The biggest challenges facing this LMMA as perceived by the interviewees were:
changing weather patterns (45.6%), pollution of the sea (12.3%), lack of equipment
(12.3%), overfishing (10%) and poaching (8.8%). Bleaching of corals, lack of fish
market demand, difficult access to roads, conservation restriction and conflict in land
ownership were other challenges mentioned, but only by a few respondents
(Table 8.2).

It is difficult to verify the above challenges from scientific literature as there has
not been a lot of research done on the Kuruwitu LMMA. However, it is important to
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Table 8.2 Summary of the
challenges facing the
Kuruwitu LMMA

Challenges Responses

Changing weather patterns 45.6%

Pollution of sea 12.3%

Lack of equipment 12.3%

Overfishing 10.5%

Poaching 8.8%

Bleaching of corals 3.5%

Market of fish 1.8%

Access to road 1.8%

Conservation restriction 1.8%

Land ownership 1.8%

Total 100.0%

note that many of the interviewees ascribe the main challenges to natural factors out
of their control, i.e. changing weather patterns and pollution of the sea. From
discussions with many fishermen, they hint on the changing fishing seasons and
the waters getting too clear. While these could be good indicators of changing
weather patterns, it would be better to conduct a much deeper investigation into
these challenges to confirm their effect on the local fishery. Again, while this could
be true, it could also be a way of obscuring their impacts like overfishing the
dwindling fish stocks. Moreover, it is clear that the enactment of the LMMA
would have little influence on such natural factors like the changing weather patterns
and pollution especially if the sources of pollution happen to be far away from the
jurisdiction of the LMMA.

5 Conclusion

The concept of Locally Managed Marine Areas (LMMAs) seems to have taken root
within the Kenyan coast. It resembles in many ways the traditional management of
common fishing areas where rules of engagement and levels of resource exploitation
were built through mutual agreements and consensus. The initial creation of the
Beach Management Units (BMUs) seemed to have also taken cue from the tradi-
tional management systems, although they were and continue to be, useful only for
‘smaller’ fishing grounds usually close to landing sites. The LMMA concept is in our
view an improved approach, which seems to pick from both, the traditional and
BMU ideas of managing these common shared resources. The better component
espoused by the LMMAs is that they are anchored strongly in law, their governance
systems are more elaborate and hence their ability to seek support from external
sources is greater. The Kuruwitu LMMA is a leader at this front. Stakeholders
quickly came together to conserve their common fishery resources, to oversee the
process of LMMA implementation and to seek financial support from different
donors.
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Twelve years down the line opportunities have emerged, the LMMA has been
formed, the fishery has been closed for non-restricted exploitations, people have
been trained, and several income-generating ventures have opened up. Indeed, the
relations with the external world soared and, in the process, social capital was built.
Many members of the Kuruwitu LMMA have attended conferences outside the
country and have learned new ways of resource management and conservation.
Not least, sharing their own ways and making their own struggles and successes
known. For a small community, shelved within the isolated village of Shariani away
from the major touristic cities of Mombasa and Malindi, this is not a small
achievement.

There are still some major challenges, namely, the initial capital that came with
the highly publicised event has since dwindled, and without much capacity and room
to generate internal funds, many of the initial projects have stalled. Expectations
from the community regarding the LMMA still remain to be met or considered.
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Chapter 9
Tanzania Case Study

Potential and Challenges of Integrated Multi-Trophic
Aquaculture (IMTA) System of Seaweed and Sea
Cucumber in Tanzania

Godfrey Fabiani, Mary Namukose, Robert Eliakim Katikiro,
Yussuf S. Yussuf, Nuri M. Steinmann, and Flower E. Msuya

Abstract Integrated Multi-Trophic Aquaculture (IMTA) is an ecosystem-based
method to produce food from different elements of the food web. IMTA processes
involve recycling nutrients such as feces, waste feed, or soluble inorganic forms.
Production activities under IMTA system in Tanzania face a number of challenges,
yet the potential for production is enormously high. This chapter makes use of
available published and grey literature on the farming of sea cucumbers and sea-
weeds from selected endeavors in Tanga (Northern Tanzania) and Zanzibar Island to
examine which species of sea cucumbers and algae are farmed and their associated
impacts. The potential and challenges of management strategies for IMTA are
discussed thoroughly. Special emphasis is placed on the adoption of IMTA as a
feasible economic and ecological method for production of sea cucumbers in the
country. Economic analysis of IMTA shows that these activities should be viewed as
part of a large system that includes more than one species from different trophic
levels. IMTA can have a whole range of economic and ecological benefits compared
with monocultures yet concerns about its impacts on ecosystems and the general
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public remain unexplored. The potential for IMTA of sea cucumbers and seaweed is
high, and the market is readily available. However, the IMTA approach requires
thorough investigations, skills, and preparations, which are currently at minimal
level in Tanzania. Lack of seeds is a major obstacle to IMTA development and is
worsened by theft issues, lack of capital, and appropriate skills. This chapter calls for
technical support from development partners in managing the IMTA systems at all
stages in the production cycle.

Keywords IMTA · Sea cucumber · Seaweed · Potential · Challenges · Tanzania

1 Introduction

Aquaculture is increasingly becoming one of the fastest-growing industries in the
world. Global production from farming of aquatic organisms and capture fisheries
are almost becoming similar in recent decades (FAO 2016). For example, total
global fish production for human consumption stood around 167.2 million tonnes
in 2014 and aquaculture contributed around 73.8 million tonnes in this period (FAO
2016). Growth in fish consumption in most countries outstrips supply (Kobayashi
et al. 2015), thus production needs to increase through aquaculture. Aquaculture
plays an important role in providing animal protein for a growing human population
and offers opportunities and benefits to coastal communities, such as employment
and income. Therefore, it plays a critical role in the livelihood of the coastal
communities (FAO 2014). Despite a huge potential of aquaculture, its share in
Africa is still lagging behind other regions of the world (FAO 2018) and Tanzania
is no exception. In mainland Tanzania for example, aquaculture started in the early
1950s with experiments on tilapia farming (Lee and Namisi 2016). However, at
present, the industry includes more species such as catfish, trout in fresh water,
tilapia in fresh and brackish water, milkfish, and prawns in marine waters (MALF
2016). Nonetheless, production is not substantially large amounting to 4000 tonnes
per annum (MALF 2016). Women have been active in aquaculture activities in
Tanzania, particularly in the farming of seaweeds (Kappaphycus and Eucheuma) for
carrageenan production, e.g., in Zanzibar (Msuya 2013). There are private maricul-
ture operations with commercial farms for prawns at Bagamoyo and Mafia, where
several hundred employment opportunities are being realized. The large-scale prawn
farm on Mafia Island produces around 350 metric tonnes of prawn per year.

Despite its importance and expansion worldwide, aquaculture is known to neg-
atively impact the aquatic environment if it is not well designed and implemented
(Marinho et al. 2013). Dissolved inorganic and particulate organic matter of the
uneaten food remains, as well as dead fish, feces, and excretion products from
intensive aquaculture farms cause negative effects to the environment (Marinho
et al. 2013). Aquaculture is also associated with the destruction of coastal habitats
such as mangrove forests to establish fish farms as well as with the environmental
impacts caused by the discharge of polluted waters on adjacent ecosystems (Neto
et al. 2015). Concerted efforts including planning, legislating, compliance, and
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monitoring of the environmental quality of the medium where farming takes place
are required to minimize these risks (Neto et al. 2015). Given its massive benefits on
food production and economic profits, the scientific community has, over the past
two decades, devised strategies to minimize its negative impacts instead of banning
this activity.

Different types of farming of aquatic organisms are practiced in various regions
of the world. One of the known types particularly in the West Indian Ocean (WIO)
region is mariculture of sea cucumbers (Lucas et al. 2019), which are recognized for
their important role in maintaining marine ecosystem health and in the generation of
foreign income. However, they are still farmed in rudimentary ways (Purcell et al.
2016). To improve the farming, recommendations, and practices of integrating sea
cucumbers and other marine organisms have been put forward and practiced. Recent
studies have shown the importance of producing sea cucumbers in Integrated Multi-
Trophic Aquaculture (IMTA) system (Beltran-Gutierrez et al. 2016; Davis et al.
2011; Fabiani 2013; Namukose et al. 2016). IMTA aims to be an ecologically
balanced aquaculture practice that co-cultures species from multiple trophic levels
to optimize the recycling of farm waste as a food resource (Ren et al. 2012).
Mariculture under an IMTA system utilizes the ecosystem services provided by
organisms of low trophic level such as seaweed and sea cucumbers (Barrington et al.
2009). Apart from usage of ecosystem services, this form of aquaculture that pro-
duces benthic macro-invertebrates, such as deposit feeding sea cucumbers, is also a
means for generating income (Davis et al. 2011). A study by Hayashi et al. (2010)
show that in an integrated system, seaweed provides shading for sea cucumbers
amidst intensive heat at low tide and were also used as a potential source of food.
Several studies (Beltran-Gutierrez et al. 2016; Fabiani 2013; Namukose et al. 2016)
highlight the importance of an appropriate stocking density of sea cucumbers for
profit optimization under and ecologically sustainable IMTA system.

Until recently, little research in Tanzania has addressed in a participatory, holistic
and integrated manner, the feasibility of IMTA for sea cucumbers as a means to
increase yield and foster livelihoods in Tanzania. Issues pertinent to the goals of
specific projects were addressed, while the whole set of challenges facing the sea
cucumber farming community was often overlooked. This chapter presents an
overview of the IMTA of sea cucumbers in Tanzania including challenges faced.
Its analysis aims to unravel the potential of adopting IMTA for a rapid growth of
aquaculture as a market and demand response.

2 Methodology

The chapter uses available published and grey literature on the farming of sea
cucumbers particularly from selected endeavors in Tanga (northern Tanzania) and
Zanzibar Island, Tanzania, to understand which species of sea cucumbers are
currently farmed, patterns, rates and impacts, and management interventions. Gaps
and bottlenecks in management are highlighted. Special emphasis is placed on
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adoption of IMTA as a feasible economic and ecological method for production of
sea cucumbers in Tanzania and the WIO region. Recent work and experiences on
IMTA from various regions of the world is referred to discern good practices and
areas for further investigation.

2.1 Study Area

This review focusses on two areas: Tanga (mainland Tanzania) and Zanzibar Island.
In Tanga, a study by Fabiani (2013) focused on the Pangani district, which is among
the areas where seaweed is produced in Tanzania. It is located at around 5° 24′S and
38° 59′ E in the northeast of Tanzania, about 50 km south of Tanga town, at the
mouth of the Pangani River (Gramly 1981). In the south, there is a national park
called Saadani, which extends up to Bagamoyo District (Pangani District 2008). The
warmer seasons in the district are from December to February, while May to July are
the coolest months. Temperatures seasonally vary from 24 to 33 °C (Pangani District
2008). The Pangani District has good potential for developing polyculture of
seaweed and sea cucumbers. In the past, sea cucumbers were naturally abundant
within the vicinity (Fabiani personal communication with villagers). The area also
has a proven potential for seaweed farming as villagers have been farming seaweed
since 1990s. In addition, artisanal fishing has been conducted in the area (Crawford
and Shalli 2007).

The second area is in Kiwani Bay, south of Zanzibar, close to the Bweleo and
Muungoni villages on the south-western part of Unguja Island, Zanzibar (Fig. 9.1).
These sites were selected for studies by Namukose et al. (2016) and Beltran-
Gutierrez et al. (2016) Since the Kiwani bay experiences relatively strong currents
during high tide, with the substrate comprised of coarse to medium-coarse sandy
sediment and seagrass patches, this bay was considered suitable for sea cucumber
farming (Namukose et al. 2016).

3 Potential of IMTA of Sea Cucumbers and Seaweed
in Tanzania

Tanzania has a potential for aquaculture including the farming of sea cucumbers,
offering prospects of better incomes and employment for its people (Lee and Namisi
2016). It has a coastline of approximately 1424 km long and its territorial waters
cover an area of 64,000 km2 (Bugomba 2012). Three large offshore islands (Mafia,
Pemba, and Unguja), where much of inshore artisanal fishing is done presently, also
have a great potential for IMTA of sea cucumbers.
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Fig. 9.1 Map of Tanzania showing IMTA experimental sites

3.1 Seaweed Farming

Seaweed farming in Tanzania is among the most important economic activities for
coastal residents and is mostly conducted by women (Hedberg et al. 2018). The
farming activity supports the socioeconomic livelihood of coastal communities
(Radulovich et al. 2015). For instance, in Zanzibar, seaweed farming is one of
top-three important economic activities together with clove and tourism in regard
to foreign income earnings (Said et al. 2018). The two commercial species
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Fig. 9.2 Farm of the seaweed, Euchema denticulatum, at Ushongo village in Pangani

commonly produced are Eucheuma and Kappaphycus. Although the farmed strains
were mainly imported from the Philippines, these species are also found naturally in
Tanzania (Bryceson 2002). There is extensive experience in seaweed farming in
Tanzania dating back to 1989. Currently, around 26,000 seaweed farmers are located
in Zanzibar, and 5000 seaweed farmers were counted in 2012 in mainland Tanzania
(Msuya and Hurtado 2017). In 2012, the quantity of seaweed exported from Zanzi-
bar (in dry weight) was approximately 14,400 MT for a total value of about US $3.6
million (Breuil and Grima 2014). Seaweeds have been used in the manufacturing
industry for products of hydrocolloid components, such as alginate, agar, and
carrageenan (Radulovich et al. 2015). These hydrocolloids are used by the biotech-
nology industries for cosmetics, food, pharmaceutical products, paper, and textiles,
as stabilizers, thickeners, emulsifiers, and fillers (Khalil et al. 2018). The species
farmed in Tanzania produce carrageenan (Fig. 9.2).

In Tanzania, there are several possibilities of adding value to the culture of
seaweed including modifying methods of culture, processing, and marketing. In
recent years, the Zanzibar Seaweed Cluster Initiative (ZaSCI) has been adding value
through the production of seaweed soaps, seaweed powder, massage oil, body
cream, cakes, cookies, jam, puddings, and salads. Body creams, soaps, and powder
are marketed commercially in and outside Zanzibar (Msuya 2013; Msuya and
Hurtado 2017; Seif 2013) and ZaSCI-various reports.
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3.2 Sea Cucumbers Resources

Sea cucumbers are echinoderms from the class Holothuroidea and are listed among
the most valuable species on the Chinese seafood market, with the dried body wall
sold as beche de mer or trepan (Purcell et al. 2013; Uthicke et al. 2004). They are
found in seas and oceans from the intertidal zone to the deep sea all over the world
(Xu et al. 2015). As benthic detritus feeders, they are able to ingest muddy, sandy
sediments and assimilate the organic matter in it (Altamirano et al. 2017). Through
their feeding, they recycle nutrients in the water column and hence increase primary
production, for example, in coral reefs and seagrass ecosystems (Namukose et al.
2016). In addition, they also facilitate bacterial activities in sediments, by
decomposing organic matter (Altamirano et al. 2017). A study by Purcell et al.
(2012) indicated that there are 1200 species of sea cucumbers, of which 70 are of
commercial importance including tropical and temperate species. The main driving
force beyond the sea cucumber fishery and aquaculture is the growing consumer
market, especially in China (Xu et al. 2015). In Tanzania, like other parts of the
world, sea cucumbers are also regarded as playing a vital role in the maintenance of
marine ecosystem health and in the generation of foreign exchange income
(Table 9.1) (Eriksson et al. 2010; Jiddawi and Ohman 2002). Overfishing of sea
cucumbers in recent decades has posed a serious threat to the marine ecosystem

Table 9.1 Commercial sea cucumber species harvested in Tanzania. Source: modified fromMgaya
and Mmbaga (2007) and Purcell et al. (2012)

Scientific Name Common Name Local Name

Actinopyga echinites Deep water redfish Unknown

A. mauritiana Surf redfish Mbura-khaki

A. miliaris Blackfish Kijino

Bohadschia argus Leopard Tigerfish Barango

B. marmorata Brown-spotted sandfish Unknown

Holothuria atra Lollyfish/blackfish Pesa

H. cinerascens Zanga fleur Unknown

H. edulis Pinkfish Unknown

H. Fuscogilva White Teatfish Pauni nyeupe

H. fuscopunctata Elephant trunkfish Unknown

H. Leucospilota Snakefish Sumu /Kichupa

H. nobilis Black Teatfish Pauni - nyeusi/Chui

H. parva Unknown Unknown

H. scabra Sandfish Jongoo mchanga

H. spinifera Brownfish Nanasi

Pearsonothuria graeffei Blackspotted Unknown

Stichopus chloronotus Greenfish Unknown

St. herrmanni Curryfish Unknown

Thelenota ananas Prickly redfish Spinyo mama

Thelenota anax Amber fish Unknown
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(Jiddawi and Ohman 2002) and to the livelihoods of coastal communities (Eriksson
et al. 2010). Despite their importance for the country, the abundance of sea cucum-
bers has declined as a result of overfishing, climate change, and changes in market
structure (Eriksson et al. 2010; Yunwei et al. 2007). While Tanzania produced as
much as 1644 metric tonnes in 1996, the production has sharply declined to only
10 metric tonnes in 2004 (Mgaya and Mmbaga 2007).

In Zanzibar, catch declines were reported by Jiddawi (1997), in Mtwara by Guard
(1998), and Kithakeni and Ndaro (2002) made similar observations for Dar es
Salaam. Furthermore, 13 out of 30 sea cucumber species found in Zanzibar are
exploited commercially and are mostly caught below the minimum legal landing size
(Eriksson et al. 2010). Consequently, the authorities in Tanzania decided to impose a
moratorium on the fishery in 2006 to minimize the further degradation of the
resources. However, as of yet no significant recovery has been noted (Eriksson
et al. 2010). The focus at the moment should be the promotion of mariculture of
sea cucumbers which is an alternative approach for increasing production in Tanza-
nia (Eriksson et al. 2012; Kunzmann et al. 2018).

4 Genetic Population Structure of Sea Cucumbers

Studies on population genetic structures in an aquaculture context are becoming
more important and have recently been used in management decisions for inverte-
brate organisms including holothurians (Soliman et al. 2016). The increasing
demand for sea cucumbers and their ecological importance have triggered more
studies on the sea cucumbers genetic population structure (Purcell et al. 2018). The
understanding of the mechanisms by which demographic exchange can maintain
gene flow and overcome local extinction and of the translocation effects of speci-
mens is essential in this context. The degree of inter-population connectivity and the
location of genetic breaks shared among species in the community define the spatial
scale at which management is most effective in ensuring population persistence
(Soliman et al. 2016).

Likewise, a large number of artificially produced sea cucumber released from
aquaculture facilities might alter the genetic composition of wild populations by
either displacing them or through interbreeding (An et al. 2013; Han et al. 2016).
Furthermore, there is growing interest in the optimization of the genetic character-
istics of the cultured species to avoid low seed performance (Kim et al. 2008). It has
become clear from former studies that for successful breeding to take place, the base
population must have sufficient genetic variation and that good estimates of genetic
diversity can help to conserve the genetic resources (Munguía-Vega et al. 2015).
Therefore, a genetic monitoring system is necessary to avoid the loss of genetic
variation in sea cucumber aquaculture activities. The use of different molecular
methods and DNA markers, including allozymes, amplified fragment length poly-
morphism (AFLP), expressed sequence tags (EST), microsatellite, mitochondrial
DNA, restriction fragment length polymorphism (RFLP), random amplification of
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polymorphic DNA (RAPD) and single nucleotide polymorphism (SNP) markers
have allowed rapid progress in a variety of aquaculture studies (Yang et al. 2015).
For example, microsatellite markers have been used for various analyses of sea
cucumber populations to examine the reproductive contribution of released sea
cucumber specimens into natural populations (Kim et al. 2008). Furthermore, the
population genetic structure of H. scabra in Zanzibar, Tanzania has been recently
studied to provide genetic baseline data for this region. Microsatellite genotyping
indicates low but significant differences between populations within the Zanzibar
archipelago, with an overall low genetic diversity (Steinmann et al. 2019).

5 Potential and Challenges of Integrated Multi-Trophic
Aquaculture

5.1 Potential of Integrated Multi-Trophic Aquaculture

5.1.1 Sea Cucumber Seeds

One of the major limiting factors to the IMTA of sea cucumber farming in Tanzania
is the lack of hatchery systems for producing seeds. People planning to venture on
IMTA of sea cucumbers depend on wild sources, which are not always available.
Insufficient supply of sea cucumber seeds coupled with an absence of a regulatory
framework that could provide incentives to IMTA adopters have shown to be
drawbacks for IMTA establishment in Tanzania. However, in 2018 the FAO in
collaboration with the Korea International Cooperation Agency (KOICA) and the
Government of Zanzibar, established a Multi-Species Mariculture Project that
includes one commercial hatchery for the production of juveniles of mud crabs,
milkfish, and sea cucumbers. This hatchery is expected to produce one million sea
cucumber juveniles by 2020 (Menezes 2018). Should this hatchery be effectively
managed, it will increase the availability of sea cucumber seed in Tanzania.

5.1.2 Sea Cucumbers and Seaweed under an IMTA System

Integrated Multi-Trophic Aquaculture (IMTA) is an ecosystem-based method to
produce food from different elements of the food web. It is done through recycling
nutrients such as feces and waste feed or soluble inorganic forms (Lamprianidou
et al. 2015). The organisms from different trophic levels effectively convert nutrients
from an organic to an inorganic form (DFO 2013). The process involves recuperat-
ing some of the nutrients in collected biomass. The main target is to achieve
environmental sustainability through bio-mitigation, economic stability through
product diversification and risk reduction, and social acceptability (Chopin et al.
2010). IMTA goes beyond environmental sustainability; it provides economic
diversification and reduces economic risk when suitable species are chosen.
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Nowadays, IMTA advanced systems have several other components such as crus-
taceans in mid-water reefs; deposit feeders such as sea cucumbers, sea urchins and
polychaetes in bottom cages or in suspended trays and bottom-dwelling fish in
bottom cages for either different or similar functions but for different size brackets
of particles (Lamprianidou et al. 2015).

5.1.3 Economic Viability of IMTA

One of the significant roles of economic viability analysis is to understand tradeoffs
among IMTA activities and options for development. According to Kunzmann et al.
(2018) generally, performance in terms of returns varies substantially between
IMTA and traditional monoculture system. However, a higher economic yield is
normally achieved in IMTA when compared to a monoculture system. So far, a great
deal of effort has been put into promoting traditional monoculture and polyculture as
alternative livelihood activities in Tanzania. Hitherto, in the long-term, even with the
best outcomes in terms of profit, these efforts are not likely, on their own, to
substantially reduce environmental pollution (Kinney 2017). Economic analysis of
IMTA shows that these activities should be viewed as part of a large system that
includes more than one species from different trophic levels (Alexander et al. 2015).
IMTA can have a whole range of economic and ecological benefits compared with
monocultures, including greater overall production, more product diversity and
positive ecosystem services (Ferreira et al. 2012). It is argued that the cost of setting
up IMTA does not need to be a great challenge if it builds on a monoculture setup
which is already well established like in the seaweed farms. The infrastructure of
seaweed farming is well developed in Tanzania and the cost of expanding to IMTA
is minimal due to the structures already in place. It is thus much more cost-effective
to convert existing fish farms to IMTA than to build a brand new IMTA facility from
scratch. The improved efficiency and the extra benefit of broader commercial and
valuable products (e.g. seaweed and sea cucumbers instead of one product (mostly
farmed seaweed) could offset the start-up costs.

The IMTA concept is highly flexible and can be developed in open or closed
systems (Barrington et al. 2009). However, local participation in IMTA is currently
non-existent in Tanzania, though it is an area with the potential to employ large
numbers of people and generate large amounts of revenue. Some pilot studies on
economic analysis of combined seaweed and sea cucumber farms show how the
appropriate IMTA can be achieved.

5.1.4 Community Perception of IMTA

The community perceptions provide important information about the way commu-
nities and other stakeholders value IMTA (Kinney 2017). However, there are also
concerns about the activity’s impacts, and parts of the public remain largely unaware
of IMTA of seaweed and sea cucumber. In order to improve public understanding



9 Tanzania Case Study 143

and support for seaweed and sea cucumber culture, a mix of long and short-term
approaches are required. This is particularly important to ensure that decisions about
IMTA use the most recent and relevant information with regards to the activity’s
social impacts and that it creates meaningful dialogues within communities. There
are opportunities for the government and the communities to build on this activity
and increase awareness of the IMTA of seaweed and sea cucumbers specifically on
socioeconomic and environmental benefits. In addition, regular monitoring of public
opinion is important as communities’ perceptions tend to change quickly and
normally vary across different aquaculture production systems (Mazur and Curtis
2008).

5.1.5 Promising Market

Sea cucumbers have been cultivated in Chinese IMTA systems for many generations
together with organisms like seaweed and fin fishes (Perez and Brown 2012). Thus,
the combination of sea cucumbers with the high market value of seaweed may give
good grounds to farm sea cucumbers in IMTA systems in Tanzania similarly to how
it is done in countries like Madagascar and China. There is high demand and thus a
high market value for these organisms across Asia, although not yet in Tanzania. For
example, in China it is common to eat sea cucumbers together with other seafood.
On the Chinese market for sea cucumbers the average price forH. scabra of less than
10 cm product length was (in 2016) around US$213 per kg and US$5.5 per
individual. Equally, for H. scabra larger than 10 cm length the average price per
kg was US$570 per kg and US$54 per individual in Hong Kong stores (Purcell et al.
2018). In Tanzania there has been a large market of selling sea cucumbers to Chinese
traders. This provides an opportunity to continue selling should the production of sea
cucumbers (including in IMTA) can be strengthened (Fig. 9.3).

5.2 Challenges of IMTA of Sea Cucumbers

The major challenges facing Tanzania’s IMTA include lack of sea cucumbers seed,
lack of capital investment, poaching, low skills, and conflict of interest with other
users of the coastal zone i.e. fishers. Some researchers (Beltran-Gutierrez et al. 2016;
Davis et al. 2011; Fabiani 2013; Namukose et al. 2016) have noted the challenges
related with the dependence on wild sea cucumber seed collection that not only
could affect the stock in the ecosystem but could also affect the stocking plan for the
farmers. More importantly, the inadequate supply of sea cucumber seed will be a
hurdle to the growth of IMTA. Farmers are likely to give up farming because they
run into shortage of seeds. However, if the currently opened marine hatchery in
Zanzibar operates successfully, farmers are likely to get sufficient sea cucumber
seed. But if the hatchery operates haphazardly producing seeds just occasionally, the
seed supply will remain an obstacle to IMTA development. Other factors that are
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Fig. 9.3 Sandfish, Holothuria scabra, during experiment at Ushongo in Pangani

affecting the growth of IMTA include lack of a comprehensive aquaculture policy
(Fabiani 2013). Indeed, improvements in IMTA systems, such as increasing pro-
ductivity, and developing a sustainable mechanism for production and distribution
of inputs, are challenges that still remain to be addressed.

6 Recommendations

• Sea cucumber and seaweed grow better when appropriately combined in an
IMTA system.

• Enhancement of an IMTA of sea cucumber and sea seaweed can generate
additional income for coastal communities.

• High investment costs, especially from construction materials to prevent sea
cucumbers from escaping, require more attention.

• Technical expertise especially on the use of suitable infrastructures for IMTA is
still lacking and more training of culturists is needed.

• Sea cucumber hatchery operations should be strengthened to overcome the
problem of seed shortages.

• Efforts to improve IMTA should go hand-in-hand with strategies for adoption of
new techniques.

• While IMTA could enhance mariculture in the country, activities need constant
monitoring to preserving the marine ecosystem.
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Chapter 10
Indonesia Case Study

Let Us Get Political: Challenges and Inconsistencies in
Legislation Related to Community Participation in the
Implementation of Marine Protected Areas (MPAs) in
Indonesia

Wasistini B. Barnhart and Sebastian C. A. Ferse

Abstract The process of Marine Protected Area (MPA) establishment in Indonesia
entered a new stage with the shift of the political regime in the late 1990s that marked
the transition from a centralized, authoritarian regime to a more democratic,
decentralized one. New legislation on MPAs has become more representative and
democratic and includes provisions for the involvement of communities in the
establishment of MPAs, something that did not exist in the previous legislation.
This chapter examines the body of legislation that covers community involvement in
the MPA establishment process in Indonesia. The examination draws on an analysis
of texts and documents, and includes the history of legislation on marine area
management, its development, and the more recent state of MPAs in Reform Era
legislation. MPAs in Indonesia have many names, falling into several categories and
sub-categories defined in different pieces of legislation. These pieces are scattered in
the legislation and are not easy to find. Furthermore, due to Indonesian MPAs being
administered by multiple ministries and governed by multiple legislations, there are
gaps and inconsistencies particularly in the differences between categories. Lastly,
MPA legislation provides opportunities for communities to be informed and
consulted in the MPA establishment process. However, this falls short of the active
participation of communities that is required in order for MPAs to be successful. For
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future administrations, it is important to understand the need to involve coastal
communities in every step of the MPA establishment process, beyond being
informed and consulted. To support this, trainings and workshops on how to achieve
higher levels of community participation for national and provincial governments, as
well as a continuous evaluation process, are suggested.

Keywords MPA · Community · Participation · Establishment · Legislation ·
Indonesia

1 Introduction

As the largest archipelagic country in the world, marine resource management has
been practiced since time immemorial in Indonesia (Noel and Weigel 2007). These
practices were conducted locally, mainly based on shared tribes, kingdoms, and/or
religions (Cinner 2005; Polunin 1984) Since Indonesia became a sovereign country
in 1945, marine resource management is arranged as legislations that apply to
Indonesian citizens instead of local practices (Cinner 2005; Ruddle and Satria
2010). This chapter draws on an analysis of texts and documents to describe the
evolution of the legislation, which is mainly tied to political circumstance, and
discusses the challenges this embedding entails. The establishment of Marine
Protected Areas (MPAs) is chosen as a focal aspect of marine resource management
in order to provide a comprehensive picture, from locally practiced to the nation-
wide framework. Most of the analysis was developed in the frame of a dissertation
regarding the role of local communities in MPA establishment completed in 2015
(Baitoningsih 2015). Subsequent legislation is listed to provide an up-to-date over-
view of relevant legislation at the time of writing, but is not analyzed in detail.
Reflecting the high importance of marine resources for coastal communities in
Indonesia, MPAs in the country are managed as multi-use areas with a zoning
system that allows some (restricted) marine resource use (Lazuardi et al. 2020).
This aspect is also reflected in the fact that MPAs are established mostly in nearshore
(i.e., up to 12 nm from shore) areas, and underlines the importance of community
participation in the implementation of MPAs in Indonesia (Ferse et al. 2010; Fidler
et al. 2022).

2 A Brief History of Marine Resource Management
in Indonesia

The history of marine resource management in Indonesia can be divided into five
significant eras (Fig. 10.1), as outlined below.
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Pre-Colonial Era 
(≤ 17th 

Century)

Colonial Era 
(17th Century -

1945)

Post-
Independence 

Era (1945 -
1965)

New Order Era 
(1966 - 1998)

Reform Era 
(1998 - present)

Fig. 10.1 Five eras of marine resource management in Indonesia

2.1 Pre-Colonial Era (≤ Seventeenth Century)

Traditional management in the form of customary law (Indonesian: hukum adat) and
community territorial rights (Indonesian: hak ulayat) is known and practiced within
coastal communities since pre-colonial times. These practices involve regulation of
harvesting times of particular species or of marine resources in general in order to
ensure the yields (i.e., catches) are distributed equally among members of the
community (Govan et al. 2008; Novaczek et al. 2011; Polunin 1984). Violation of
customary laws and regulations generally resulted in customary sanctions that were
either social, economic, or supernatural, or physical punishment (Ruddle and Satria
2010). Examples for such customary practices are Sasi in Maluku (Evans et al. 1997;
Harkes and Novaczek 2000; Novaczek et al. 2011) and in West Papua (McLeod
et al. 2009), and Lilifuk on the island of Timor, in Nusa Tenggara Timur (Anakotta
et al. 2009; Baitoningsih 2015).

Sometimes harvesting times are defined by a religious practice that follows no
particular pattern. A higher animist priest decides the closure time of fishing in a
certain marine area after a revelation, and normal harvesting is resumed after the ban
is lifted. However, the harvesting time is not celebrated as in the Sasi practices.
Violation of these kinds of rules would usually result in supernatural sanctions, i.e.,
some form of spiritual repercussion. An example of such religious practice is the
Panadahi from Raijua Island in Savu Sea, East Nusa Tenggara (Baitoningsih 2015).

Other practices apply no closure time but regulate fishing permits in order to
prevent conflicts among fishermen over access to the fishing ground. The permits are
issued by local rulers. Examples of these practices are Panglima Laot in Aceh
(Wilson and Linkie 2012), seke in North Sulawesi, awig-awig in Lombok, and
petuanan laut in Maluku (Ruddle and Satria 2010).

All of these traditional practices are underpinned by shared ethnicities, kinship
(i.e., clans), and/or beliefs (Cinner 2005; Polunin 1984). As a result of Indonesia’s
political development during the process of becoming one country, many of these
practices are no longer operative, are less wide-spread, or have been considerably
modified reflecting socioeconomic and political developments (Ruddle and Satria
2010). Internal migrations of people from different ethnicities and beliefs, and
different governments from the colonial era to present, contributed to the abandon-
ment of traditional marine resource management practices (Cinner 2005; Ruddle and
Satria 2010).
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2.2 Dutch Colonial Era (Seventeenth Century – 1945)

During the Dutch Colonial Era (seventeenth century – 1945), the government began
to establish protected areas in the early twentieth century following an international
movement towards the protection of game species and/or scenic landscapes
(Boomgaard 1999; Cribb 1988; Jepson and Whittaker 2002). The protected areas
were managed by the Forestry Service of the Dutch Colonial Government’s Depart-
ment of Economic Affairs (Cribb 1988).

Sixty-six protected areas were established during this era, including three sites
that contain marine areas, i.e., Sukawayana Nature Reserve in West Java,
Napabalano Nature Reserve in Southeast Sulawesi, and Banyuwangi Selatan
Reserve in East Java (Jepson and Whittaker 2002). However, the marine part in
these three protected areas were merely an extension of terrestrial areas (Wood
2007).

2.3 Post-Independence Era (1945–1966)

In this era, no new protected area was established (Wood 2007). During this time,
Indonesia was still struggling to gain international recognition as a new country,
combating insurgencies, and deciding on the direction of its national development
(Booth 2010; Suryo 2000).

2.4 New Order Era (1966–1998)

During this time, protected areas were managed by the Ministry of Forestry,
continuing the arrangement of the colonial era (Cribb 1988) and reflecting the
land-based development paradigm that was predominant in Indonesia at the time
(Idrus 2009; Satria and Matsuda 2004; Siry 2011; Syarif 2009; Wiadnya et al. 2011).

Scattered references to marine affairs and fisheries in the legislation divided
responsibility for their administration among the ministries of Forestry, Agriculture,
and the Environment (Kusuma-Atmadja and Purwaka 1996; Satria and Matsuda
2004; Siry 2011; Syarif 2009).

Legislation pertaining to the establishment of protected areas was enacted in
1990, known as the Biodiversity Conservation Law (Kusuma-Atmadja and Purwaka
1996; Syarif 2009). Although this law mainly targeted land or forest protection,
seven “Marine” National Parks were established at Seribu Islands, Cendrawasih
Bay, Bunaken, Taka Bonerate, Wakatobi, Togean, and Karimunjawa (Patlis 2005;
Wiadnya et al. 2011).

Following the top-down approach in every sector of the government, laws and
regulations on marine management were centralized at the national level. This meant
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eliminating the recognition of traditional marine management systems (Boomgaard
1999). Furthermore, the top-down approach also disregarded the needs and desires
of local governments in managing their resources and environment (Seymour and
Turner 2002; Siry 2011; Suryo 2000). Several conflicts erupted from this different
perspective on marine management between central government and local govern-
ments and communities (Erb 2012; Gustave and Borchers 2008).

Corruption played an important role during this era (Fritzen 2007; Suryo 2000),
and affected the management of marine areas. Controls over fishing, such as quotas,
only existed on paper, destructive fishing practices were supported by law enforce-
ment individuals, and mangrove conversion into shrimp ponds that did not follow
spatial and/or environmental management plans were some of the examples of
practices involving corruption (Baitoningsih 2009; Fritzen 2007; Seymour and
Turner 2002; Siry 2011; Suryo 2000). This mismanagement, along with the change
in the climate pattern, led to the decline of marine resources in Indonesia (Glaser
et al. 2010; Kusumanti 2013).

2.5 Reform Era (1998 – Present)

Following the economic crisis in 1997, there were growing demands for a govern-
ment reform. With the new government regime, Indonesia became a more
decentralized system, in which greater power and autonomy was given to provinces
and districts (Fritzen 2007; Idrus 2009; Seymour and Turner 2002; Siry 2011; Syarif
2009).

Another key transformation of the Reform era was that the marine sector was
granted the same priority as the agriculture and forestry sectors (Siry 2011). Accord-
ingly, in 1999, a new ministry to deal with marine issues was established, which later
became the Ministry of Marine Affairs and Fisheries (MMAF). MMAF took steps to
improve marine management in order to prevent improprieties and avoid the repe-
tition of conflicts that had taken place under the previous Soeharto administration
(Gustave and Borchers 2008). Decentralization (Satria and Matsuda 2004; Siry
2011), bottom-up processes (Satria and Matsuda 2004; Syarif 2009), and stakeholder
involvement (Siry 2011) were incorporated into the laws and regulations on marine
management, particularly with regards to MPA establishment processes.

Following the spirit of the Reform era, in the first law setting out the authority of
local government (Law 22/1999), district governments were given the permission to
manage marine areas up to four nautical miles from the coastline (Article 10 Clause
3), while provinces were given the authority over marine areas between four and
twelve nautical miles from the coast (Article 3). Subsequently, this law was revised
by Law 23/2014, which transferred all districts’ authority to manage the inshore
marine areas to the provincial level. This affected numerous MPAs that had been
established under districts at the village level, e.g., in the frame of the Coral Reef
Rehabilitation and Management Program (COREMAP), as not all provincial
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governments were ready and able to provide the dedicated resources for MPA
governance at the provincial level (Lazuardi et al. 2020).

3 Current Legislation on MPAs

While the newly established MMAF established several new marine-focused MPAs,
several dozen MPAs in Indonesia remain under the responsibility of the Ministry of
the Environment and Forestry (MoEF) as a legacy of the situation during the New
Order Era. These MPAs fall under a different set of regulations and frameworks and
have different targets than those established by the MMAF, which aim primarily at
sustainable fisheries (MMAF 2020). As management of all MPAs is slated to
eventually transition to MMAF, the remainder of the chapter focuses on those
types of MPAs under the responsibility of the MMAF. MMAF distinguishes three
categories of MPAs (described below), while MoEF classifies its protected areas,
aimed primarily at nature conservation, into two main categories: Nature Reserve
Areas and Nature Conservation Areas. To implement marine conservation, MMAF
has issued a number of legislations. However, specific regulations on marine con-
servation framework and implementation are scattered amongst different pieces of
more general legislation and are not easy to find. Two laws constitute the main point
of departure for marine conservation; they are Law 31/2004 on Fisheries (subse-
quently revised in Law 45/2009) and Law 27/2007 on the Management of Coastal
Zones and Small Islands (subsequently revised in Law 1/2014).

3.1 Law on Fisheries

Law 31/2004 was the first law under the administration of MMAF that recognized
the need to conserve fishery resources. As the title of the law suggests, the principal
aim of conservation of Indonesian marine areas is the sustainable management of
fishery resources, rather than biodiversity conservation as suggested by IUCN
(Dudley 2008). Supplementary regulations provided further explanation of how
the conservation of fishery resources is to be operationalized, including identification
of categories of protected areas and details of the corresponding establishment
processes (Government Regulation No. 60/2007, MMAF Regulations No. 2/2009
and 30/2010; the latter two have recently been replaced by MMAF Regulation
31/2020). An overview of the laws and MMAF regulations related to marine
conservation areas is given in Table 10.1.

Government Regulation 60/2007 on Fishery Resource Conservation first refers to
the term Marine Conservation Area (Kawasan Konservasi Perairan – KKP; literally
this translates to “Aquatic Conservation Areas,” but it only applies to marine, not
freshwater areas) for MPAs, which are broadly defined as “marine areas that are
protected and managed by a zoning system to achieve sustainable management of
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Table 10.1 Laws and MMAF regulations related to the management of Marine Conservation
Areas

Type Number Concerning

Law (UU) 31/2004,
revised by
45/2009

Fisheries

27/2007,
revised by
1/2014

Management of Coastal Zones and Small Islands

Government regulation
(PP)

60/2007 Conservation of fisheries resources

MMAF ministerial
regulation (PerMen
KP)

17/2008,
replaced by
31/2020

Conservation areas within coastal zones and Small
Islands

2/2009,
replaced by
31/2020

Establishment procedures for marine conservation
areas

30/2010,
replaced by
31/2020

Marine conservation area management and zonation
plans

13/2014 Marine conservation area networks

21/2015 Partnerships for the Management of Marine Con-
servation Areas

14/2016 Criteria and categories of marine conservation areas
for marine nature tourism

17/2016 General guidelines for the distribution of govern-
ment assistance in the Ministry of Marine Affairs
and Fisheries

47/2016 Utilization of marine conservation areas

31/2020 Management of Conservation Areas

fisheries resources and their environment” (Article 1). This category of protected
area consists of four sub-categories: national parks, tourism parks, nature sanctuar-
ies, and fish sanctuaries (Article 8). These sub-categories differ in the kinds of
activities permitted there. Zones in each sub-category include some or all of the
following: strictly protected areas called core zones, fishery-related use areas called
sustainable fishery zones, non-fishery use areas called utilization zones, and areas
used for other purposes called other zones (Article 17 Clause 4).

3.1.1 Establishment Process of Marine Conservation Areas

According to the MMAF Regulation on Establishment Procedures for Marine
Conservation Areas (No. 2/2009; the process is streamlined for different conserva-
tion areas but remains largely similar in the new Regulation 31/2020 on the Man-
agement of Conservation Areas), five steps are required to establish an MPA
(Fig. 10.2). A proposal for establishing a Marine Conservation Area may come
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Fig. 10.2 Steps of the Aquatic Conservation Area establishment process

from different stakeholders, including individuals, community groups, research
institutes, education institutes, government agencies, and NGOs (Article 9 Clause
1). The proposals need to contain ecological and/or biological data on the proposed
areas and the management plans for around 25–30 years. By giving different
stakeholders the opportunity to propose Marine Conservation Areas, the intention
was to improve on the former centralized process administered by the Ministry of
Forestry.

3.1.2 Role of Coastal Communities in the Marine Conservation Area
Establishment Process

As mentioned above, community groups may propose a Marine Conservation Area.
However, if the proposal comes from a different stakeholder, the role of coastal
communities is limited to being informed and consulted about the proposal. First,
they are informed (in Step 2) about the proposed Marine Conservation Area through
“socializations.” Second, they are consulted (also in Step 2) in order to provide input
on the category of the proposed area that include its location and total area. The
procedure for conducting socializations and public consultations is not mentioned;
these could involve entire communities or only their representatives.

However, in the subsequent MMAF Regulation on Management and Zonation
Plans of Marine Conservation Areas, the role of communities was enhanced. They
are to be publicly consulted on the zoning and management plans of the proposed
areas in two rounds of consultations (Article 30), and representatives of community
groups and traditional communities are to be involved in a working group develop-
ing recommendations for the spatial plan of the Marine Conservation Area, which
also requires public consultation (Article 31). Again, the procedure for conducting
these public consultations or for involving community representatives is not elabo-
rated. Thus, even though this regulation requires communities to be involved in more
than one step of the MPA establishment process, their role is still limited. The entire
process is mandated to government and the role of communities is largely restricted
to being informed and consulted, with formal decisions being made at higher levels
of government.

Furthermore, the Fisheries Law and its supplementary regulations do not contain
any provision for objections or opposition from communities. It seems that the
whole Marine Conservation Area establishment process is designed to gain support
and approval from local communities. Since there is no provision for arbitration, the
process can only be successfully concluded by avoiding disputes altogether. The
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process as set out in the more recent regulations thus still seems poorly adapted to
social and political conditions in the more democratic Reform Era.

3.2 Law on the Management of Coastal Zones and Small
Islands

This law is an elaboration of the Law on Local Government (No. 22/1999) which
mentions the authority of provincial and district governments on marine waters. This
law governs the spatial planning of coastal areas up to 12 nautical miles from the
coastline (and is also known as the coastal spatial planning law). This law establishes
four categories of use in coastal and marine areas: general use area, conservation
area, area of strategic national importance, and sea lane. Each district and province
that has coastal areas should allocate their areas accordingly. Further details of the
procedure for developing coastal spatial plans are set out in the MMAF Regulation
on Management Planning of Coastal Zones and Small Islands (No. 16/2008, later
revised in No. 34/2014 and No. 23/2016). Specific procedures for conservation areas
are set out in the MMAF Regulation on Conservation Areas within Coastal Zones
and Small Islands (No. 17/2008, later replaced by MMAF Regulation 31/2020). An
overview of laws and regulations related to the management of coastal zones and
small islands is given in Table 10.2 and small islands are given in Table 10.2.

Law 27/2007 mandates the establishment of conservation areas in coastal and
marine areas. Furthermore, the MMAF Regulation on Management Planning of
Coastal Zones and Small Islands (No. 16/2008 and revisions) defines four categories
of conservation areas: Marine Conservation Area, Coastal and Small Islands Con-
servation Area, Maritime Conservation Area, and Protected Coastlines (Article
15 Clause 4). The procedures for establishing different categories of conservation
areas are set out in the MMAF Regulation on Conservation Areas within Coastal
Zones and Small Islands (No. 17/2008) and the successor, Regulation 31/2020.
While Marine Conservation Areas were governed by Regulation 2/2009, Regulation
17/2008 governed two categories of conservation areas, i.e., Coastal and Small
Islands Conservation Areas and Maritime Conservation Areas. Their subsequent
replacement, Regulation 31/2020, applies to all types of conservation areas in
coastal, small island and marine areas.

According to Regulation 17/2008, the category Coastal and Small Islands Con-
servation Area (Kawasan Konservasi Pesisir dan Pulau-pulau Kecil – KKP3K)
consisted of four sub-categories, i.e., coastal park, small islands park, coastal
sanctuary, and small islands sanctuary (Article 5). The Maritime Conservation
Area (Kawasan Konservasi Maritim – KKM) category consists of two
sub-categories, i.e., Maritime Customary Protected Area and Maritime Cultural
Protected Area (Article 7). The new Regulation 31/2020 on Conservation Areas
distinguishes the three categories parks (with sub-categories coastal park, small
islands park, marine national park, and marine tourism park), sanctuaries (with
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Table 10.2 Laws and regulations related to the management of coastal zones and small islands

Type Number Concerning

Law (UU) 5/1983 Exclusive economic zone of Indonesia

6/1996 Indonesian territorial waters

27/2007, revised by
1/2014

Management of Coastal Zones and Small
Islands

32/2014 Maritime affairs

Government regula-
tion (PP)

15/2010 Spatial planning

Presidential regula-
tions (PerPres)

121/2012 Rehabilitation of coastal zones and Small
Islands

122/2012 Restoration of coastal zones and Small
Islands

73/2015 National Level Coordination of the Man-
agement of Coastal Zones and Small Islands

MMAF ministerial
regulation (PerMen
KP)

16/2008, revised by
34/2014 and 23/2016

Management planning of coastal zones and
Small Islands

17/2008, replaced by
31/2020 (see
Table 10.1)

Conservation areas within coastal zones and
Small Islands

20/2008 Utilization of Small Islands and surrounding
waters

24/2016 Procedures for the rehabilitation of coastal
zones and Small Islands

sub-categories coastal sanctuary, small islands sanctuary, marine nature sanctuary,
and fisheries sanctuary), and Maritime Conservation Area (same sub-categories as
before). This latter category of conservation area deals with submerged ancient
relics, hence it will not be discussed further.

Under the revised Regulation 31/2020, the three categories all may contain three
types of zones: core zones, which are mandatory for all categories of conservation
areas and where access and use of marine resources are highly restricted; limited-use
zones, which have to be present in parks and Maritime Conservation Areas and are
set aside for specific purposes, and other zones, which are not mandatory and whose
specifications depend on the purpose of the type of conservation area (Articles
11–15).

3.2.1 Establishment Process of Coastal and Small Islands
Conservation Areas

The steps of the establishment process for Coastal and Small Islands Conservation
Areas are similar to those for Marine Conservation Areas (Fig. 10.2) (MMAF
Regulation No. 17/2008 Article 9). However, in the initial Regulation 17/2008,
there were differences in the details. The proposal to establish a Coastal and Small
Islands Conservation Area may come from different stakeholders; however, NGOs
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are not mentioned (Article 10). Furthermore, in Step 2 of the process, “socializa-
tions” are not mentioned (Article 11 Clause 3). Only one round of public consulta-
tion is required at this stage; as in other regulations, no details are given on how the
consultations should be conducted.

Endorsement of Coastal and Small Islands Conservation Areas requires zoning
and management plans. However, in contrast to Marine Conservation Areas, whose
zoning and management plans are governed by a separate regulation (No. 30/2010),
no such regulation exists for Coastal and Small Islands Conservation Areas.

The new MMAF Regulation No. 31/2020 has removed the previous differences
by stipulating one process that applies for all types of conservation areas (Articles
17–30). The initial proposal may come from the national or regional government,
so-called customary law communities with acknowledged management areas, or
individual persons. Step 2 does not mention socializations, but stipulates public
consultation. The following steps, designation and endorsement, are mandated to the
gubernatorial and ministerial level, with evaluation by a directorate general. Social-
ization is then stipulated following endorsement of the conservation area.

3.2.2 Role of Coastal Communities in the Coastal and Small Islands
Conservation Areas Establishment Process

The first Reform Era-law on the management of coastal zones and small islands
states that the interests of different communities should be accommodated in the
design of coastal spatial plans (Law No. 27/2007, Article 61). However, the role of
communities in coastal spatial planning is limited to Step 2 of the process. The
absence of a regulation on zoning and management plans for Coastal and Small
Islands Conservation Areas further limited their involvement (this has been amended
to some extent by the new Regulation 31/2020, which established the same proce-
dure for the establishment of all conservation areas). Law 27/2007 contained no
provision for community input to these plans. There was a provision for objections to
be voiced during the establishment process in the coastal spatial planning law;
however, objections could only be raised before the plans are endorsed (Article
60 Clause 1 g), which seems impossible to apply given the very limited provision for
communities’ involvement prior to this stage. It seems that the principal objective of
the establishment process was to obtain support and approval from communities.
The revision of the law (Law No. 1/2014) amended some of the previous shortcom-
ings, aiming in particular to better accommodate customary communities.

3.3 Connections and Inconsistencies in MPA Legislation

MPAs in Indonesia have many names, based on the categories and sub-categories
defined in different pieces of legislation.
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Table 10.3 Summary of inconsistencies in MPA regulations by MMAF and subsequent resolution
in Regulation 31/2020, which replaced the two earlier regulations

Aquatic Conservation Areas
(MMAF Regulation No.2/
2009)

Coastal and Small Islands Conservation
Areas (MMAF Regulation No.17/2008)

1. Proposers Mentions NGOs (article
9 clause 1)

Does not mention NGOs (article
10 clause 1)

2. Survey and
potential
appraisals

Mentions “socialization”
activities (article 13 clause
3b)

Does not mention “socialization” activi-
ties (article 11 clause 3)

3. Scope of areas Up to 12 nm from the coast
(article 8 clause 1 g)

From the inland border of coastal
sub-districts (kecamatan) up to 12 nm
from the coast

To date, the fisheries law and the coastal spatial planning law are broadly
compatible. However, additional categories of MPAs may be introduced in the
future, particularly outside the coastal areas, e.g. in the zone between the limits of
territorial waters and the boundary of the exclusive economic zone (EEZ) (UNCLOS
1982) that have been defined in the more recent Law on Maritime Affairs
(No. 32/2014). Currently, all MPAs in Indonesia are designated and management
under government authority at the national or regional level. However, there are
discussions and developments to also formally acknowledge and accommodate
other forms of marine conservation, such as Locally-Managed Marine Areas
(LMMAs) or Other Effective area-based Conservation Measures (OECMs;
MMAF 2020).

As discussed earlier, inconsistencies are found in the different pieces of recent
legislation. Moreover, the difference between Marine Conservation Areas and
Coastal and Small Islands Conservation Areas is unclear (Wiadnya et al. 2011).
Coastal areas cover marine waters up to 12 nautical miles from the coastline (Law
No. 27/2007), and Marine Conservation Areas may also be located within this range
(MMAF Regulation 2/2009 Article 8 Clause 1 g). A summary of inconsistencies in
the recent MPA regulations is presented in Table 10.3. To some extent, these
inconsistencies have been addressed by the recent MMAF Regulation 31/2020,
which establishes a uniform approach for the different categories of conservation
areas under MMAF jurisdiction. However, the discrepancy in MPAs administered
by MMAF and MoEF, and the respective different legislations, remains an issue.
While MoEF MPAs are part of conservation areas that contain terrestrial sections,
MMAF MPAs focus primarily on marine areas. Coastal ecosystems, e.g., man-
groves, coral reefs, saltmarshes, and seagrass beds, as well as their hinterlands, are
connected in diverse ways that all are of relevance for the life of marine species;
hence protecting only the aquatic (i.e., submerged) part of the ecosystems, without
the adjacent terrestrial parts, will not provide the same benefits for conservation. For
MMAF MPAs the issue has been settled based on consensus rather than science. If
the majority of an MPA consists of water, it belongs to the Marine Conservation
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Area category, whereas an MPA that has a bigger portion of land area is considered a
coastal and small islands conservation area.

3.4 Role of Coastal Communities According to MPA
Legislation

The role of the communities is essentially the same in the different regulations, and
consists of being informed and consulted. Guidelines or requirements on how to
involve communities are not provided; this aspect is open to interpretation. But it is
certainly not envisaged that communities should be equal partners with government
(Ferse et al. 2010; Sen and Nielsen 1996) or become decision makers in their own
right (Borrini-Feyerabend et al. 2004). The main benefit of the provision for com-
munity participation in MPA legislation under the administration of MMAF is that
communities are likely to be more aware of the establishment of an MPA in their
area than under previous legislation administered by the Ministry of Forestry. Hence,
unpleasant “surprises” are less likely than they were before. Still, problems arising
from inadequate participation in MPA implementation, such as lack of compliance,
are likely to persist. The more recent steps towards better provisions for community
involvement and the recognition for other, community-based forms of management
by MMAF may offer new opportunities in the coming years (Agung et al. 2022;
Jack-Kadioglu et al. 2020).

4 The Way Forward

Decentralization, bottom-up processes, and stakeholder involvement are the key
differences in the legislation on marine area management in the more democratic
Reform Era compare to the previous eras. However, in practice, district governments
interpreted the laws conservatively and did not make use of the full potential for
stakeholder involvement provided by the law. Instead the focus was mainly on
raising local revenues, e.g., from mining, without considering environmental factors
that led into increasing of pollution. In the revision of the Law of Local Government
(Law No. 23/2014), the central government shifted the authority over marine areas
up to four nautical miles from the coastline from district to provincial governments
(Article 27 Clause 3). Provincial governments may delegate marine area manage-
ment to district governments when it is considered necessary, but in practice, this has
meant that the capacity for management of many MPAs established at the district
level suddenly faced significant challenges in terms of resources and preparedness
use (Lazuardi et al. 2020).

Furthermore, even though bottom-up processes are encouraged, top-down com-
mand is still being practiced. Governance is still reliant primarily on leaders than the
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system (Suryo 2000). It is therefore a sensible strategy for MPA proposers, e.g.,
NGOs, local communities, or universities, to approach higher government agencies
or leaders, but also involve broader stakeholders, particularly coastal communities.

While the recent administration (2014–2019) placed a strong emphasis on com-
bating illegal fishing often carried out by foreigners, as such practice was considered
the main cause of low fishery production, MPA establishment remains a main focus
of the Indonesian government.

For this to succeed, it is important that the government understands the need to
prioritize marine conservation in the form of MPAs, and other effective conservation
measures, as an additional tool for fishery management. Cooperation and collabo-
ration in MPA design and management are needed to improve the current state of
MPAs in Indonesia. Particularly, MPAs establishment needs to involve coastal
communities in every step of the process, beyond being informed and consulted.
Recent developments in the legislation on MPAs in Indonesia suggest that there is
increasing scope for local communities to be involved, but how this turns out in
practice largely depends on the willingness and efforts of the government agencies
still ultimately in charge of MPA management. Hence, trainings and workshops on
how to achieve higher levels of community participation for national and provincial
governments are needed. However, these trainings and workshops should be
complemented by systematic follow-up in the form of continuous evaluation that
analyzes the level of participation and its relation to marine management effective-
ness. It will be a long process, but it is needed as part of more democratic Indonesia.
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Chapter 11
Panama Case Study

Coastal Zone Management in Panama: Lessons Learned
and Outlook for the Future

Janina Seemann, Tania E. Romero, Arturo Dominici-Arosemena,
Juan Maté, Anabell J. Cornejo, Jessica M. Savage, Felix Rodriguez,
and Arcadio Castillo

Abstract Globally, efforts are being made to sustainably conserve and manage
threatened ecosystems and the associated ecosystem services derived. However,
evidence suggests that economic interests are increasingly being prioritized over
the environment and the livelihoods of local resource-dependent communities. This
review consists of four case studies from key coastal regions in Panama, exploring
the successes and failures of different approaches to resource management and the
impacts of management on the complex socio-ecological interactions between
people and their environment. Primarily, we describe how communication and
interaction between stakeholders are critical to effective coastal resource conserva-
tion. Panama provides an example of a complex sociological web attempting to
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balance a developing economy with the needs of a diverse and often marginalized
population. While there is consensus surrounding the need for environmental man-
agement efforts, ineffective communication, community engagement, and knowl-
edge exchange have severely impaired success. Overall, we highlight the importance
of effective knowledge collection and exchange. For example, effectively utilizing
the extensive historical and cultural heritage within the Panamanian indigenous
societies would help to encourage stronger cooperation between policymakers and
local communities. Fostering trust while simultaneously encouraging transparent
and effective natural resource governance.

Keywords Case studies · Panama · Management plans · Governance ·
Enforcement · Coastal community · Stakeholder · Participation

1 Introduction

Panama’s history is characterized by short-term economic interests of individual
groups that were often prioritized over the sustainable use of resources, or the
maintenance of the livelihoods of local communities, typical of many other places
worldwide (COI-UNESCO/CPPS 2016; Harding 2006; Jackson et al. 2001; Little
et al. 1987). Attempts to preserve natural areas to support sustainable development in
Panama started with the foundation of the Campana National Park in 1966 (Larson
and Albertin 1984) and the creation of the first marine national park in Portobelo in
1976 (Strassnig 2010), followed by several similar initiatives. Unfortunately, pro-
tection was not coupled with the immediate introduction of management plans or
plans were introduced too late. This issue was compounded by both administrative
and structural gaps in the legislations and supporting institutions, as well as a lack of
political will to enforce them (Spalding et al. 2015). The recent creation of the
Ministry of Environment, and the coastal and seas directorate (DICOMAR) (taking
over the administration of coastal areas from Authority of Aquatic Resources,
ARAP), has caused further delays in the implementation of protection efforts, due
to a lack of budget, personnel and equipment. Thus, marine resources have declined
along both the Pacific and Caribbean coasts of Panama. Several studies have
reported overexploited fisheries, physical destruction of the coastline, sea-level
rise, and the occurrence of both temperature stress and hypoxic events (Altieri
et al. 2017; Castellanos-Galindo et al. 2017; Marviva 2014; Seemann et al. 2018;
Van Oosterzee and Duke 2017). Similarly, evidence suggests that most of the coastal
areas are exposed to polluted effluents from industries, agricultural land use and the
disposal of untreated wastewater (D’Croz 1988.; INEC 2010; Seemann et al. 2014).

This chapter outlines the most important developments and efforts for coastal
protection in four case study regions in Panama (two sites on the Pacific coast and
two sites on the Caribbean coast), in order to discuss reasons for successes and
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Fig. 11.1 Map of Panama with the four study sites

failures on a national level. The sites on the Pacific coast include the Gulf of Panama
and the Gulf of Chiriquí, and on the Caribbean coast Bocas del Toro and Guna Yala
(Fig. 11.1). Our aim is to help extract positive trajectories and experiences and
identify challenges and obstacles to natural resource management and nature pro-
tection, in order to improve the application of coastal zone management and
conservation efforts in Panama and beyond.

2 Study Sites

2.1 Study Site 1: Gulf of Panama, Pacific

2.1.1 Description of the Study Site

The Gulf of Panama is located on the Pacific coast (COI-UNESCO/CPPS 2016). The
most important coastal zones in the Gulf are the Pearl Islands, the Panama Bay
wetlands and the Gulf of San Miguel. The coastal topography of the Gulf of Panama
is influenced by a coastal seasonal upwelling in the dry season (D’Croz and O’Dea
2007). The Pearl Islands Archipelago is 48 km away from Panama City with an area
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of 1688 km2 with 250 islands and islets (Guzman et al. 2008). Around 3200 people
live in the archipelago (INEC 2017), where eight local communities are established
depending mainly on artisanal fishing (Cooperlas 2010). It has 36 nesting areas for
marine turtles (PNUD-MiAmbiente 2017a) and the largest aggregation of coral reefs
in the area (Glynn et al. 1991; Guzman et al. 2008). The Panama Bay wetlands cover
an area of 856 km2 (ANAM 2014) and most were declared as a RAMSAR site in
2003 (Centro Regional Ramsar para la Capacitación e Investigación sobre
Humedales para el Hemisferio Occidental (Hemisferio Occidental 2009). The entire
area is on an alluvial coastal plain of mangroves. The Gulf of San Miguel is located
in the south-eastern part of the country in Panama’s largest province Darién. It has an
area of 16,803 km2. Around 19,000 people live in the area (INEC 2010). With an
extension of 1760 km2, it supports approximately 17% of the country’s mangrove
population (Suman 2007). Abundant populations of pelagic fish and sailfish are
found in the Gulf during seasonal upwelling.

2.1.2 Historical Development of Coastal Use

The dynamics of marine ecosystems in the Gulf have been impacted by long-term
shifts in El Niño variability for at least the past 6000 years (Toth et al. 2012).
Secondary impacts result in the collapse of coral reefs in the Pearl Islands (Toth et al.
2012). During the El Niño event in 1982–1983, most of the coral reefs disappeared
due to the death of corals from a temperature-induced bleaching and the intense
bioerosion (Glynn and Manzello 2015). La Niña events (Conroy et al. 2008) inhibit
reef development due to the associated increased precipitation and water turbidity
(Kleypas 1997; Lachniet et al. 2004). However, many of these reefs show signs of
resilience and recovery (Glynn et al. 2001). Serious levels of overfishing were
observed in the Pearl Islands Archipelago (Ramírez-Ortiz et al. 2017). Furthermore,
the development of tourism has caused a massive undirected development. For the
coastal area, the human settlement is driven by the development of Panama City in
1519 by the Spanish Crown (Mendizábal 2004). Later in the early 1900s, the North
American military bases in the Panama Canal zone constrained and expanded the
urban footprint towards the east. Predominantly, salt marshes and mangroves were
reclaimed and built upon, which has resulted in the loss of important habitats. Today,
the communities are impacted by severe floods and the loss of fishery resources
(ANAM 2014). Though Panama City has operated a sanitation project since 2001,
unregulated construction of houses caused problems with unconnected sewage
systems (INEC 2010). Infrastructural issues are combined with the industrial and
agricultural runoff, and the whole coastal region is exposed to pollution (Scodelaro
et al. 2015).
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2.1.3 Management Efforts and Challenges

Coastal management in the Gulf of Panama is characterized by a lack of organiza-
tion. However, in the Pearl Islands a Marine Special Management Zone has been
identified after an extensive participatory process (COI-UNESCO/CPPS 2016) and
has resulted in the creation of a framework for participatory governance and laws.
Using this framework, limiting factors, such as weak participation from local
communities, a limited exchange of knowledge, a lack of governance, and monitor-
ing and enforcement from local authorities, were identified as resulting in the failure
of fisheries management efforts. Different NGOs tried to implement coastal man-
agement systems (CEASPA 2009). In 2017, ARAP developed a proposal for a
Management plan for sustainable fisheries. The plan considers social and economic
factors to characterize the well-being of the fishing sector. However, it still needs to
be implemented. The region has also been included in the “Sustainable Tourism
Master Plan,” which focuses on the potential of sustainable tourism and aims to
regulate land use. However, economic interests are still prioritized over sustainable
development (Almanaque 2010; CEASPA 2009). For the coastal management
efforts around Panama City (Panama Bay wetlands), much of the coastal area and
adjacent mudflats were initially protected by conservation efforts from the NGO
Audubon Society of Panama, prior to being declared a RAMSAR site in 2003. The
RAMSAR designation also resulted in the creation of a management action plan.
However, this plan did not include any binding tools for decision-making. The NGO
still develops programs for bird identification, environmental education and com-
munity organization, facilitating the development of sustainable pilot projects with
the support of several stakeholders (Kaufmann 2012). The action plan was formal-
ized in 2015 by an official wildlife refuge law (Law No.1 2015). However, a
management plan has not yet been prepared. The Panama Bay area has recently
become part of the National Waste Management Plan 2017–2027, and the munici-
pality is implementing a pilot program for waste management (Basura Cero) with
several educational and inter-institutional challenges. More recently in 2018, the
Municipality of Panama has also begun to develop the District Territorial Spatial
Plan and has released a resilience strategy, legally adopted by a Municipal Council
(Acuerdo Municipal Número 7 2019), which channels urban growth in an orderly
and balanced way to reach a sustainable competitive city with the inclusion of
actions for protection of urban coastal wetlands in the City. The Gulf of San Miguel
is characterized by the implementation of several conservation and multi-use areas,
such as the international RAMSAR site called Punta Patiño. This area is privately
part-owned by the NGO National Association for Conservation (ANCON). The
surrounding communities are restricted to artisanal fishing, and the area was declared
as an important area for birds in Panama (Angehr and Rosabel 2009). ANCON
supports community programs for biocommerce, sustainable production, surveil-
lance and monitoring of key species, for education and sustainable tourism (ANCON
2017).
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2.2 Study Site 2: Gulf of Chiriquí, Pacific

2.2.1 Description of the Study Site

The Gulf of Chiriquí is a large (13,119 km2), wide, semi-open shelf area on the
western Pacific coast of Panama extending for 1527 km (D’Croz and O’Dea 2007;
Maté 2006). There are various archipelagos (455 islands and islets, including Coiba
Island, the largest island on the Pacific coast of Central America), two large
estuaries, fringing mangroves covering 693 km2, and 12.5 km2 of coral reefs
(Guzmán and Breedy 2008).

2.2.2 Historical Development of Coastal Use

The Gulf of Chiriquí is an important area for fishing in coastal and marine areas of
the Panamanian Pacific. While the artisanal/commercial fisheries mostly focus on
snappers, lobsters, conch, and sharks (Maté 2006), the industrial fleet mainly target
shrimp and small pelagic fish (Maté 2006). Hannibal Bank is the most important area
for fishing, including sportfishing for billfish (Maté 2006).

2.2.3 Management Efforts and Challenges

The Gulf of Chiriquí encompasses eight managed areas under five categories of
management. All eight areas include mangroves, five protect coral communities
and/or coral reefs (Alvarado et al. 2017), and three are either archipelagos or a single
island surrounded by rocky outcrops (Alvarado et al. 2017; Maté 2003). While some
areas have approved management plans throughout a participatory process with key
stakeholders, the implementation of those management measures is minimal. Polit-
ical and economic interests, insufficiently trained staff, inadequate budgets, or a lack
of necessary equipment (e.g., surveillance boats) within the organizations responsi-
ble for their implementation are cited as the main reason for the lack of implemen-
tation (Alvarado et al. 2017).

The Coiba National Park, as the largest continental MPA in Panama, is a key case
study as it is believed to have the best chances for success. Coiba was created in 1991
and legal status upgraded to law in 2004, it is recognized as a UNESCO World
Heritage (2005), and has approved management and sustainable fisheries plans. It
has three bodies of governance, including a board of directors as the top decision-
making entity (a 12-member body, eight from the central and local government, and
one each from the business sector, fishing sector, NGOs, and academia). Despite the
apparently favorable enabling environment, the park has largely failed to accomplish
its management goals. Reasons for this include the lack of consensus between
stakeholders, which tend to prioritize their own individual interests rather than the
interests of the national park (Alvarado et al. 2017; Maté 2003; Spalding et al. 2015;
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Suman 2002). Sustainable fishery plans were approved in 2014 and 2018 for the
Coiba National Park and the Special Zone of Marine Protection (ZEPM by its
Spanish acronym), respectively. The plans were based on scientific data including
the first reports of snapper aggregations for the Pacific coast of Central America
(Vega et al. 2016) justifying the first national closed season for snappers in Coiba.
The lack of enforcement of the Coiba sustainable fisheries plan meant that the
current high exploitation levels of the fishery resources eventually impacted on
silky snapper populations (Vega et al. 2016). The ZEPM regulation was based on
available data with little local participation and was approved to comply with a
deadline set by the UNESCOWorld Heritage Committee and occurred 14 years after
the creation of the MPA. Through the years, these deficiencies in fisheries manage-
ment have resulted in numerous requests for compliance from the UNESCO World
Heritage Committee (Alvarado et al. 2017). The draft decision of the World Heritage
Committee was discussed in July 2018 and expresses serious concerns on how the
ZEPM regulations will guarantee the long-term preservation of the outstanding
values of this ecosystem (https://whc.unesco.org/en/soc/3760). In general, fisheries
activities in the Gulf of Chiriquí continue to have a big impact (Carey 2001;
Valverde 2013). Sustainable management of marine resources in Panamá is severely
hindered by the lack of reliable fisheries statistics (Harper et al. 2014; Maté 2006).
Finally, the Gulf of Chiriquí is expected to experience increasing pressure from a
variety of local and global factors. El Niño sea warming has previously resulted in
coral bleaching and mortality (Glynn 1990; Glynn et al. 2001). However, deeper
areas (>11 m) have shown to act as refuges during warming events (Smith et al.
2014; Smith et al. 2017). These areas have also demonstrated resilience to ocean
acidification (Manzello 2010; Manzello et al. 2017). Sea level rise associated coastal
erosion impact regularly coastal areas in the region. For example, mangrove forests
are vulnerable to sea level rise as well as to high-temperature events (Marviva 2014;
Van Oosterzee and Duke 2017) threatening the ability to store carbon (328.12 tC/ha
according to (PNUD-MiAmbiente 2017b)) and other goods and services valued at
approximately $27 million per year (PNUD-MiAmbiente 2017a). Eutrophication or
physical destruction has localized impacts, fortunately of little concern. Nutrients are
naturally carried into the upper ocean layer through local upwelling of small pockets
of cool, deep water (D’Croz and O’Dea 2007). During anomalous rainy years, strong
nutrient inputs to the gulf result from freshwater runoff in the ocean waters (Valiela
et al. 2012). Due to the limited deforestation, runoff is not yet having a detectable
impact on the estuarial runoff regime and has not yet altered the overall levels of
nutrient runoff (Viana et al. 2015).

https://whc.unesco.org/en/soc/3760
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2.3 Study Site 3: Bocas del Toro, Caribbean

2.3.1 Description of the Study Site

The Bocas del Toro Archipelago (on Panama’s NW Caribbean coast) encompasses a
coastal coral reef-seagrass-mangrove system. It is comprised of six islands
surrounded by the mainland and consists of two adjacent semi-enclosed bays.
The Almirante Bay in the NW with an approximate surface area of 446 km2 and
the Chiriquí Lagoon in the SW with a surface of 941 km2 (D’Croz et al. 2005). The
northern part is ocean-exposed and the exchange of water between the ocean and the
bays occurs though passages between island and sand cays. Furthermore, the
Archipelago is exposed to freshwater discharge from several large rivers and creeks,
and an oceanic inlet at Boca del Drago that deposits sediment from the rivers Sixaola
(Costa Rica) and Changuinola, into Almirante bay. The population (approximately
10,000 people) is largely concentrated in the town of Bocas del Toro on Colón
island.

2.3.2 Historical Development of Coastal Use

Since 1905, the Archipelago was strongly influenced by the agricultural develop-
ment of the banana industry (Chiquita) (Greb et al. 1996.). In the late 1980s, the
government promoted commercial fishing, aiming to develop Panama as a major fish
exporter (Shepherd 2008; Windevoxhel and ter Heegde 2008). Panama has fishing
regulations declaring fundamental restrictions for fishing areas, seasonal closures,
size and age classes and type of gear (Asamblea Nacional 1959; Spalding et al.
2015). However, fishing regulations were largely unenforced, and the commercial
sector caused a collapse of the fish stocks by the late 1990s, including those in Bocas
del Toro. Subsequently, in 1996, the central government prioritized the archipelago
as an area for tourism development, encouraging the recreational use of coastal
resources (Guzman et al. 2005; Guzmán and Guevara 1998). Encouraging tourism
investment was combined with real estate development, which resulted in significant
changes in land use and land tenure over time, limiting opportunities for traditional
livelihoods or for local communities to maintain ownership (Spalding et al. 2015).
Forest cover decreased, and aquatic pollution increased; further complicated by
insufficient territorial planning to support tourism, or the growing population and
inadequate infrastructure for waste management. Little of the coastline remained in
its natural state (Collin et al. 2005; Guzman et al. 2005; Seemann et al. 2014). In
addition, frequent high temperatures and hypoxic events in the marine system,
caused regular mass mortalities (Altieri et al. 2017; Johnson et al. 2018) resulting
in fundamental changes in the ecological state of the bay system in recent decades.
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2.3.3 Management Efforts and Challenges

Destructive developments and subsequent impacts on ecosystem function, resulted
in various management efforts developed by NGOs, government agencies, and
research organizations, but evidence suggests that none of them have really been
successful.

In 1988, the 13,000 ha Isla Bastimentos National Marine Park (IBNMP) was
declared (see Table 11.1), aiming to protect many habitats, including coral reefs and
mangroves. The lack of success of this initiative is attributed to: (1) the design
approach. Boundaries were based on opportunities for economic and tourism devel-
opment, rather that scientific reasoning (Allison et al. 1998; Guzmán and Guevara
2001; Windevoxhel and ter Heegde 2008). (2) inadequate community involvement
and consultation. (3) the lack of enforcement of management rules and regulations
from authorities such as MiAmbiente attributed to limited resources and enforce-
ment of the sustainable use of resources. In 2008, the Smithsonian Tropical Research
Institute (STRI), in collaboration with ARAP established the Matumbal Marine
Reserve adjacent to the Research Station (Resuelto ARAP No. 10 2008) aiming to
support the repopulation of key marine species. Despite lower rates of mangrove
deforestation, infrastructure development did not advance as fast or as extensively as
other areas in the archipelago. However, STRI was unable to efficiently keep the area
in its natural state and communicate information about the reserve to local people.
The third legally protected area is located at the mainland in the north of the shipping
harbor Almirante. The wetlands of San Pond Sak were declared a RAMSAR site in
1993. Though this site does not receive any measurable protection, the wetlands are
excluded from the land conversion into Banana plantations.

In 1999, a bottom-up, ecosystem-based management program (PROARCA/
Costas, see Table 11.1) was developed on a community/municipal level, to comple-
ment the IBNMP (Windevoxhel and ter Heegde 2008). Developed with support
from numerous national and international organizations, the goal of the PROARCA
program was to restore fish stocks to support local livelihoods, while ensuring
equitable stakeholder engagement. A community-based program called
ADEPESCO (Association for Fishery Development and Conservation) provided
participatory training and consulting processes in 10 communities to develop fishery
rules and create new zonation-based management. However, the project quickly
failed. This failure can be partially attributed to key issues within the organizational
structures. The governmental institutions and management organizations had oppos-
ing priorities and the exchange of knowledge and participatory approaches had failed
to develop a common strategy (Windevoxhel and ter Heegde 2008).

Since 2000, with the increasing popularity of ecotourism, a greater numbers of
conservation minded visitors and residents have had a positive impact on attitudes
and approaches to tourism. This is especially true for the diving industry where there
have been many positive developments. Demand for more legitimate habitat and
resource protection has also led to seasonal fishing bans (i.e., bans on lobster fishing
between May and June implemented in 2015). Similarly, the increased awareness of
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environmental degradation has also fostered harvesting fish species more sustainably
(i.e., the invasive lionfish, Pterois volitans, or the local aquaculture of Pompano,
Trachinotus carolinus). Additionally, increasing tourism, research, and conservation
activities in the archipelago have fostered livelihood diversification opportunities, as
many former fishermen have become tourist guides, boat drivers, MPA rangers or
research assistants (Smith et al. 2016). Increasing awareness may be related to the
successful implementation of an effective waste management program between
citizens and the municipal government. Privately funded bins were installed and
are emptied by the governmental garbage trucks, also encouraging waste separation
and recycling. Citizen awareness of environmental problems is increasing with
regular beach cleans and a plastic straw ban being carried out in some restaurants.

The history of management strategies at the Bocas del Toro archipelago is
complex. A large proportion of the struggles relate to ineffective management; but
also, to the social structures and hierarchies present, creating and exacerbating
conflicts, distrust and reciprocal blaming on a community level. However, recently,
local identity and pride have fostered a new participatory approach with citizens,
which supports bottom-up natural resource management.

2.4 Study Site 4: Guna Yala, Caribbean

2.4.1 Description of the Study Site

Guna Yala Comarca is an area exclusively inhabited by Guna indigenous commu-
nities, except for the border town of Puerto Obaldia (Castillo and Lessios 2001). The
Guna have had autonomy and authority over the region since 1938 (Andrefouet and
Guzman 2005), and the Guna General Congress (GGC) is recognized as the max-
imum authority (Howe and McDonald 2015). Additionally, the elected leader from
the community called “Sáhila” is also key to the governance of the Guna. The Guna
Yala region has approximately 365 coral islands (Ventocilla et al. 1995) and extends
about 480 km along the Caribbean eastern seaboard of Panama to the Colombian
border (Andrefouet and Guzman 2005). The low river discharge and the influence of
clean and clear open ocean waters allow the development of 638 km2 diverse coral
reef system that is considered the best on the Caribbean coast of Panama (Andrefouet
and Guzman 2005; D’Croz et al. 1999).

2.4.2 Historical Development of Coastal Use

Tourism, lobster fisheries, mola embroidering, and coconut export are the main
economic activities in Guna Yala. Marine resource extraction includes fish such as
sardines, groupers, snappers, bonito, mackerel, and jacks, as well as other seafood
such as spiny lobsters, spider crabs, conch, and other large snails, and octopus
(Colton 2011). Traditional artisanal fishing gear is used (i.e., hand lines and hook,
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hand, gill nets, and others). Lobsters are the most important seafood resource,
contributing largely to the Guna economy. However, slightly less than half of the
export consists of pre-reproductive lobster individuals (Castillo and Lessios 2001).
The Goliath grouper (Epinephelus itajara), a critically endangered species included
on the IUCN Red Species List, is speared by young Gunas to be sold at restaurants
and hotels in Guna Yala.

2.4.3 Management Efforts and Challenges

Enforcement of Panamanian regulations related to marine resource exploitation by
the GCC focus on what is landed on the islands and seizing the product or even
imposing fines or other punishments to those contravening the rules. There are no
regulations concerning fish species or size classes, thus fishermen extract whatever is
available and can be harvested. However, the spiny lobster (Panulirus argus) has a
three-month fishing ban from March 1 to June 30 (ARAP AR N° 004 of February
26, 2018), which is one month less than the general agreement throughout Central
America partially enforced by the GGC. Lobster protection and commercialization is
strictly enforced. Only local consumption occurs during the ban. While newly paved
roads have contributed to an exponential increase in tourism in the last eight years
(Howe and McDonald 2015), the revenue from this activity does not appear to
benefit the region ecologically. The increase in tourism has further encouraged the
Guna to extract fish and other reef organisms (Guzman 2003) and to build infra-
structures to accommodate touristic demands (CENDAH 2018). This increase in
tourism, as well as the growth of the Guna population, has resulted in an increase of
oil contaminants, garbage and human waste (CENDAH 2018; Colton 2011; Howe
and McDonald 2015). Mainland landfills and associated recycling activities are
attempting to reduce the impact of waste on the islands. The 4.8 km beach around
the community of Armila have the highest abundance and density of leatherbacks
(Dermochelys coriacea) nesting sites in the Central American Caribbean and is
considered the fourth largest nesting aggregation for this species in the world
(Patino-Martinez et al. 2008). This community does not allow coastal construction,
egg consumption or capture of adult female turtles (Patino-Martinez et al. 2008), in
stark contrast to other areas in the Caribbean Panama where hunting, consumption,
commercialization of different parts of the turtle, destruction or alteration of nesting
habitats do occur. The Area Silvestre Corregimiento de Narganá is the only formally
recognized protected area (established in 1987 by the GGC and recognized in 1999
by the Gaceta Oficial 25, 116 of 7 September 1999). Guna people demand local
empowerment, outside the national legislations (Guzmán et al. 2003). By
establishing smaller local management areas, the Guna can protect and preserve
marine areas close to their communities (Colton 2011; Guzmán et al. 2003). While
some communities adopted this strategy (Paulson 2017), surveys should be
conducted to validate the effectiveness of the measure and to provide data sets to
upscale such successful methods.
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Nevertheless, coral mining, land-reclamation practices as result of population
expansion, mismanagement of natural resources, sedimentation and nutrient enrich-
ment from deforestation of coastal watersheds are still the main anthropogenic
causes for local reef degradation (Guzmán et al. 2003). Other threats include mass
mortality events of the sea urchinDiadema antillarum (Guzman 2003; Lessios 2005;
Ogden and Ogden 1996). Additionally, other global changes are increasing the
pressure on marine ecosystems, thus it is questionable if the existing management
will be able to cope with additional stressors from coral bleaching events and sea
level rise and protect the indigenous community. Sea level rise has been estimated at
2 cm per year (Guzmán et al. 2003), and floods erode the sandy beaches and islands,
impacting coconut plantations, turtle nesting beaches, and the communities that live
in the area (CENDAH 2018).

3 Discussion and Conclusions

The coastal management approaches described a variety of attempts for protection
and should help identify opportunities and practices for success as well as
approaches to avoid. Management efforts range from community-based approaches,
NGO and multi-stakeholder systems, governmental, top-down approaches, research-
driven approaches, and citizen science approaches. Likewise, a variety of categories
of protection are described, including Marine Protected Areas, Special Management
Zones, International RAMSAR Sites (Ramsar 1993), Private Reserves, and Auton-
omous Indigenous protected area declaration. Our comparative analysis of 4 study
areas, summarized in Table 11.1 suggests some key factors that affect the manage-
ment outcome:

1. Historical and cultural heritage (i.e., UNESCO world heritage sites or long-
established indigenous comarcas) can offer some initial protection to key areas.
Such areas and systems have much better preconditions for a successful manage-
ment since resources have not been exploited to a point of scarcity, and sustain-
able strategies can be implemented much more easily.

2. The implementation and enforcement of a management concept and the widely
agreed need for management and action are essential for the success of protection
and sustainable use of resources. Coastal management failed in several of our
study sites due to either the pure lack of management, or the lack of the
enforcement of existing management plans.

3. The engagement of the local communities is essential for success. However,
participation depends on the quality of the collaboration between the different
stakeholders, their ownership in the processes and their flexibility for adjustments
to achieve a common goal. Common strategies require flexibility and the poten-
tial for modifications to the process itself and the initially agreed outcomes.

4. NGOs can be essential mediators between communities and authorities, although
both, the implementation of management concepts and the enforcement of
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conservation efforts goes beyond their capabilities for enforcement if areas are
not directly owned by the NGO. Common efforts between NGOs and govern-
mental institutions can be promising, provided the NGO and the governmental
institution have common priorities and a strong collaboration leads to the devel-
opment of a common strategy.

5. Effective coastal management requires good communication and understanding
between all institutions and stakeholders, otherwise personal interests can
become predominant and may cause the failure of the effort. Negotiations or
discussions should be supported by appropriate structures and processes (i.e.,
with boards and committees), so that stakeholder feel sufficiently represented.

6. Community efforts are the most promising strategy at a small scale and develop-
ing responsibility of citizens is a strong bottom-up measure for successful coastal
management, as was shown in several examples discussed here. However,
especially on larger scales, where governmental enforcement is expected and
needed, communities cannot substitute governmental tasks.

7. Lack of knowledge causes a lack of understanding of the need for any protection
effort. The success of an efficiently managed ecosystem is often related to the
understanding and the economic interest of the local community and all
stakeholders.

8. Science plays an important role to support effective management and conserva-
tion efforts. It can help to determine areas and possible measures, to ensure that
stakeholders are involved in receiving and providing information and to benefit
from the conservation efforts. Also, research can be an important tool to help
collect information to provide long-term data sets, which can help to generate
compliance to the need for environmental protection and to maintain ecological
benefits.

This comparison of sites could help to sort out some lessons learned, success
stories and failures, which should not be repeated. There are many positive examples
in place, which have the potential to be scaled up. However, an intensified exchange
of knowledge and strong cooperation is needed to make failures and successes
transparent for stakeholders involved and to learn for the future.
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Chapter 12
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Looking into the Management Strategies of Three
Philippine National Integrated Protected Area System
(NIPAS) Sites
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Abstract Philippines is famous for its rich natural marine resources and was among
the first countries in the region to create marine protected areas (MPAs) that
addressed the need to conserve and protect these resources. The National Integrated
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Protected Areas System (NIPAS) Act implemented in 1992, along with its updated
2018 version—Enhanced NIPAS Act-, provide a comprehensive framework that
brings together essential agencies under the government sector, local communities
and other stakeholders to the table to discuss how to manage the coastal environment
which local populations are highly dependent on. This chapter introduces three
NIPAS sites, namely Siargao Integrated Protected Landscape and Seascape, Sagay
Marine Reserve, Masinloc Oyon Bay Marine Reserve and the status of marine
resources vis-à-vis the site-specific management practices developed by local stew-
ards responsible for the sustainable use of these coastal resources.
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1 Introduction

Efforts to preserve the marine environment in the Philippines began as early as the
1970s—one of the first countries in South East Asia to establish marine protected
areas (Alcala and Russ 2006). As of May 1, 2019, the MPA database (Cabral et al.
2014; MPA Support Network 2014) provides details of 1401 existing MPAs in the
Philippines. Within this list, there exist two categories of MPAs: the locally managed
MPAs, declared by local governments under the Philippine Fisheries Code (Repub-
lic Act [RA] 8550) and the Local Government Code (RA 7160), and the nationally
managed MPAs under the National Integrated Protected Areas System (NIPAS) Act.

The NIPAS Act (RA 7586) was enacted in 1992 for the purpose of establishing
protected areas found to be remarkable and biologically important public lands
(terrestrial, wetland, or marine) with habitats of rare and endangered plant and
animal species. Within this Act, the Protected Area Management Board (PAMB)
is designated to be the responsible body for the proper implementation of the NIPAS
Management Plan. It is a multi-sectoral body composed of the Department of
Environment and Natural Resources (DENR)‘s Regional Executive Director, the
Protected Area Superintendent (PASu), representatives from the local provincial and
municipal government, local non-government organizations (NGO)/People’s Orga-
nizations (POs), the indigenous cultural community (ICC), the Bureau of Fisheries
and Aquatic Resources BFAR (for jurisdiction over fishery resources), the Coast
Guard (for coastal areas), and, if necessary, one representative from the Mines and
Geosciences Bureau (MGB) (for mining activities). The efficient coordination and
cooperation of the PAMB is crucial in the successful management of the NIPAS
sites. All development and protection of the protected area is decided by the PAMB
and issued through specific policies and regulations. Since the declaration of the
1992 NIPAS Act, 33 sites were affirmed as marine NIPAS areas. The NIPAS Act
was updated in 2018 through the Enhanced NIPAS Act (RA 11038), declaring an
additional sixty-one (61) MPAs, totaling ninety-four (94) marine NIPAS sites.

We present different management approaches of three NIPAS sites (Siargao
Integrated Protected Landscape and Seascape [SIPLAS], Sagay Marine Reserve
[SMR], Masinloc Oyon Bay Marine Reserve [MOBMR] (Fig. 12.1). These sites
are exposed to both monsoons and typhoons and each site also experiences varying
levels of anthropogenic threats. Thus, this chapter aims to present how each PAMB
individually recognizes site-specific natural and human induced pressures and their
approach in addressing these threats. In recent years, these sites have also become
famous eco-tourist destinations making it imperative that management of the marine
resources in each site be strengthened. All three sites were visited by the DENR-
funded Coral Reef Visualization and Assessment (CoRVA) program as part of a
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Fig. 12.1 Location of
selected NIPAS sites
(1) Siargao Island Protected
Landscape and Seascape
(SIPLAS). (2) Sagay Marine
Reserve (SMR).
(3) Masinloc Oyon Bay
Marine Reserve (MOBMR)

national assessment on the coral reefs and associated habitats between 2014 and
2017. Here we present the data that was collected during the CORVA program to
present the current status of these NIPAS sites.

In this chapter, thresholds to specifically categorize Philippine coral reef and reef
fish communities by Licuanan et al. (2017a) and Hilomen et al. (2000), respectively,
are used. Gomez et al. (1981) had introduced a scale based on live coral cover (i.e.,
hard and soft coral) which had been long used as the standard scale in the assessment
of Philippine coral reefs. However, Licuanan et al. (2017a) introduced a new scale
based solely on hard coral cover (HCC) taking into account that soft corals are not
considered important reef builders (Licuanan and Gomez 2000). The new scale
characterized HCC as poor (0–22%), fair (>22–33%), good (>33–44%) and excel-
lent (>44%), with the exceptional Tubbataha Reefs as the benchmark in the Philip-
pines (Licuanan et al. 2017b). Hilomen et al. (2000) utilized the fish abundance and
biomass to describe the reef fish communities. Reef fish assemblages are character-
ized into very poor (<201 individuals/1000 m2), poor (202–676 individuals/
1000 m2), moderate (677–2267 individuals/1000 m2), high (2268–7592
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individuals/1000 m2) and very high (>7592 individuals/1000 m2) according to reef
fish abundance. In terms of biomass, reef assemblages are categorized into very poor
(<5.0 mt/km2), poor (5.1–20 mt/km2), moderate (20.1–35.0 mt/km2), high
(35.1–75 mt/km2) and very high (>75 mt/km2).

2 Siargao Islands Protected Landscape and Seascape

The Siargao Islands Protected Landscapes and Seascape (SIPLAS) is located in the
southern province of Surigao del Norte, Mindanao Island (Fig. 12.2). It was declared
a NIPAS site on October 10, 1996, by Proclamation No. 902 and is one of the largest
contiguous protected areas in the Philippines, covering 278,914 hectares of terres-
trial, wetland, and marine areas. The geographic location of Siargao Island, bordered
to the east by the Pacific Ocean and with the strong southward Mindanao current
producing great surfing waves, has led to SIPLAS becoming known as the surfing
capital of the Philippines.

Nine municipalities comprising 132 barangays (villages) can be found within the
SIPLAS, with a total population of 116,587 (Philippine Statistics Authority 2015).

Fig. 12.2 Coastal habitats within Siargao Islands Protected Landscape and Seascape (data from
CORVA9 report 2017, 2019)
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Table 12.1 Typhoon Data
from October 1998 to January
2015 of selected NIPAS site
(Japan. . .)

No. of Typhoons passed within
200 km

Siargao Islands Protected
Landscape And Seascape

24

Sagay Marine Reserve 16

Masinloc—Oyon Bay Marine
Reserve

35

The municipalities are classified to be fourth to sixth class1 with agriculture, mainly
coconut, as the primary source of income. Twenty-four percent of the population is
directly dependent on fishing, the second main source of income (Philippine Climate
Change Adaptation Project 2015). SIPLAS experiences pronounced rainy seasons
from November to January and are exposed to both the southwest (Habagat) and
northeast (Amihan) monsoons. Its location also makes SIPLAS vulnerable to
oncoming cyclonic typhoons that develop in the Pacific and enter Philippine territory
from the east (Table 12.1).

Out of the 278,914 ha of the protected area, 76% (216,118 ha) are marine area, of
which coral reefs and its associated habitats comprise only 9.14% (25,497 hectares)
(Fig. 12.2). Hard coral cover (HCC) was observed to be varied in different sites
within SIPLAS, with a mean HCC of 20% (Fig. 12.3). This is equivalent to a poor
reef health status, according to Licuanan et al. (2017a). A high percentage of algal
assemblages was present at all sites, possibly due to the high sediment load. The rare
fox coral (Nemenzophyllia turbida), an important evolutionarily distinct, globally
endangered (EDGE) species was found in Socorro (CORVA2 2017).

A total of 248 reef fish species were identified in SIPLAS. Fish assemblage inside
the marine protected areas of Siargao were moderately abundant (1568 individuals/
1000 m2), while fish biomass within the MPAs was moderately high (40 mt/km2).
Reefs outside the MPAs had poor to high reef fish biomass (CORVA3 2017).
SIPLAS is famous for one of the largest mangrove areas in the Philippines, covering

1The Department of Finance Order 23–08 (released 2008) prescribed the income classification of
Provinces, Cities, and Municipalities in the Philippines to determine the financial capability of
Local Government Units (LGUs). Funding requirements for developmental projects and priority
needs in their locality are based on this classification. Every four years, the LGUs are re-classified
based on their average annual income. For municipalities, the income classes are as follows:

Class Average Annual Income

1st Php 55 M or more

2nd Php 45 M or more but less than Php 55 M

3rd Php 35 M or more but less than Php 45 M

4th Php 25 M or more but less than Php 35 M

5th Php 15 M or more but less than Php 25 M

6th Below Php 15 M
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Fig. 12.3 Relative coral abundance in (1) Siargao Island Protected Landscape and Seascape
(SIPLAS). (2) Sagay Marine Reserve (SMR). (3) Masinloc Oyon Bay Marine Reserve
(MOBMR) (data from CORVA database, CORVA2 2017, 2019 report)

approximated 6697.01 ha (CORVA9 2019). The most abundant species was
observed to be Rhizophora stylosa, while the most dominant species in terms of
basal area was Sonneratia alba (CORVA4 2019). The seagrass beds are also
extensive with an estimated area of 638.61 ha, dominated by Cymodocea rotundata.
Marine megafauna such as turtles and saltwater crocodiles have been observed to
visit or reside within these habitats (CORVA4 2019).

2.1 Threats and Issues within SIPLAS

The SIPLAS management plan (Philippine Climate Change Adaptation Project
2015) identified a decrease in mangrove cover from 9779.3 ha in 1988 to
7768.6 ha in 2011, either by the conversion of mangrove areas to settlement or
fishponds or for use in housing or fuelwood/charcoal. CORVA9 (2019) reported a
similar trend, however recent images showed there has been an increase in mangrove
area (Table 12.2). This could be attributed to natural regrowth, decreased illegal
deforestation or reforestation efforts from the launch of the Mangrove Protection and
Information Center in Brgy. Del Carmen. These efforts stemmed from increased
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Table 12.2 Change in man-
grove areas in selected NIPAS
sites based on Land Use Land
Cover maps derived from
Landsat images (CORVA9
2019)

Area (ha)

1990s 2000s 2010s Present

Siargao Islands
Protected
Landscape And
Seascape

6765.30 6433.57 6196.17 6697.01

Sagay Marine
Reserve

140.04 154.62 511.38 349.47

Masinloc-Oyon Bay
Marine Reserve

72.88 80.39 76.64 87.76

awareness of the natural protection provided by mangroves from storm surges after
the 2013 Super Typhoon Yolanda (Haiyan).

Another threat to marine biodiversity is illegal fishing (dynamite fishing and
intrusion of commercial fisheries), overfishing and the illegal collection or slaughter
of marine turtles and turtle eggs. Other issues that need to be addressed in the coming
future include water pollution from farming and improper waste disposal that could
come about from the continued expansion of settlement areas, and proliferation of
commercial and tourism establishments.

Generally, typhoons in the western Pacific are formed about east of the Philip-
pines, ranging from 130° to 180° East and 5° to 15° North (Mei et al. 2015). In the
recent years, these typhoons have been recorded to be stronger and wetter, with more
southerly trajectory than normal (Holden and Marshall 2018). As such, SIPLAS’
location in southern Philippines, directly exposed to the Pacific, makes it very
vulnerable to climate change. Vulnerability assessments by the Philippine Climate
Change Adaptation Project (2015) revealed that increases in temperature leading to
erratic rainfall patterns could induce landslides, as agriculture and mangrove defor-
estation have denuded watersheds of the main island. Landslides would not only
affect the local population but also biodiversity. Increased temperature may cause
the extinction of native plants and animals. The coastal and low-lying communities
would be highly prone to storm surges in light of increased storm intensities due to
climate change.

2.2 Management Strategies

The PAMB and partner LGUs in SIPLAS acknowledged there is a need to
strengthen climate change resilience and enhance the adaptive capacity of the
communities of the nine municipalities. To fulfill this need, SIPLAS aims to focus
its management strategies on five key points: management zoning, climate change
adaptation, collaborative management, community-based resource management and
sustainable financing. Management zoning addresses biodiversity conservation
issues as well as livelihood and socio-economic development needs. In both the
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Table 12.3 SIPLAS Management programs (PCCAP 2015)

Programs Target activities

Terrestrial management program Biodiversity conservation

Socio-economic development

Coastal and marine management programs Coastal habitat and species conservation

Fisheries management

Socio-economic development/alternative liveli-
hood support

Cross-cutting management programs Ecotourism development

Waste management

Disaster risk reduction planning and
preparedness

IEC campaign

Sustainable financing development

Governance enhancement and institutional
strengthening

Knowledge and capacity building

PAMB meetings/policy support

Monitoring and evaluation

General Administration & Management Personnel services

Capital outlay

Maintenance and office operating expenses

terrestrial and coastal and marine zones, sustainable eco-tourism is promoted as a
livelihood alternative.

Due to the high vulnerability of SIPLAS to impacts of climate change, the
integration of climate change adaptation measures and disaster risk reduction is a
priority. By using an integrated ecosystem approach, management programs (see
Table 12.3) were developed to address short- and long-term adaptation measures.

Collaborative management of the protected area will ensure continuance of the
management programs. Strengthening stakeholder partnerships, LGU participation,
inter-LGU alliances and networks and co-management with willing stakeholders
will encourage local communities to be active in the PA management activities. Such
an approach is important for stakeholders to have direct involvement in the sustain-
able use and management of their resources.

One priority concern of the PAMB, PASu office and LGUs is the protection and
conservation of terrestrial and marine resources. By assigning the community
residents as the primary custodians, they develop a sense of responsibility for the
natural resources of which they are the direct beneficiaries. To encourage sustainable
alternative livelihood, the PAMB provides assistance and guidance in development
of biodiversity-friendly livelihood activities and community-oriented eco-tourism
programs that are initially identified by the communities based on their knowledge of
the local resources.

Although the NIPAS Act and the implementing rules and regulations provide for
an integrated protected area fund (IPAF), this provision is insufficient for the full
implementation of the management plan. Hence, SIPLAS needs to augment this
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budget by generating internal funds, e.g., through levies on development and
resource use, and concessions and conservation fees for associated tourism devel-
opment. Payment for ecosystem services, such as the use of water, is also explored as
a sustainable funding mechanism.

2.3 Management Structure

Being one of the largest NIPAS sites with nine LGUs, the SIPLAS PAMB currently
consists of 156 members, with different sectors and interests well-represented in the
PAMB. Agreements between the PAMB and LGUs provide clear responsibilities
and accountabilities of all parties. Administrative and financial transactions are
handled by the PASu Office, with a designated Special Collecting Officer (SCO)
responsible for revenues generated and received. The Provincial Environment and
Natural Resources Office stands as the custodian for the IPAF PA accounts and is
responsible for the accounting and administrative support of the management fund.
To ease periodic reporting as well as monitoring and evaluate on of the Management
Plan, the PAMB has clustered the LGUS into three groups based on location and
biophysical features: a northwest cluster (Del Carmen, San Benito, Sta. Monica),
northeast cluster (Burgos, San Isidro, Pilar and General Luna) and a southern cluster
(Dapa and Socorro). The current management plan that has been presented here was
targeted for implementation from 2015 to 2020 and is therefore due for updating.

3 Sagay Marine Reserve

The SagayMarine Reserve (SMR) is located in the municipality of Sagay City on the
northeast tip of Negros Occidental. SMR covers a total area of 32,000 hectares,
consisting of the islands of Molocaboc, Diutay, Matabas and Suyac and extending to
the Carbin, Macahulom, and Panal Reefs. It was declareded a NIPAS site on June
1, 1995 by Proclamation No. 592 and further enacted on April 14, 2001, by Republic
Act No. 9106.

Six coastal barangays of Sagay City are located opposite the SMR, with a total
population of 44,895 (Philippine Statistics Authority 2015). Sagay City is consid-
ered to be a first-class municipality, with agriculture as the main source of income.
Within the coastal barangays, fishing and collection of shells are the main sources of
livelihood. Backyard farming is highly encouraged, thereby providing alternative
food sources for these barangays.

SMR is exposed more to the northeast monsoon between November to February
but can also be affected by the southeast monsoon from July to October. Being at the
center of the Visayan region, SMR occasionally experiences typhoons that may
traverse towards the northwestern part of the country. The coastal habitats constitute
approximately 23% (7317 ha) of the protected area (Fig.12.4). Relative hard coral



12 Philippines Case Study Two 197

Fig. 12.4 Coastal habitats mapped within Sagay Marine Reserve (data from CORVA9 report 2017,
2019)

cover in the SMR is reported to be high at 60% (CORVA database), corresponding
to the excellent category (Licuanan et al. 2017a, 2017b), with a dominance of fast-
growing Echinopora species in the Macahulom reef while Carbin reef is dominated
by massive Porites (CORVA2 2019). Macroalgae in Carbin reef were observed to be
low, indicating the reefs may be highly resilient and have increased chances of
recovery after natural disturbances such as bleaching. These reefs were severely
affected by the 1998 bleaching event and were able to recover successfully
(J.R. Togle, pers. comm.) The coastal barangays of SMR are lined by mangroves,
with old growth of mangroves along Barangays Taba-ao, Bulanon and Vito, and
extensive mangrove reforestation projects are present in the island of Molocaboc and
Suyac (SMRGMP 2015). Similarly, seagrass meadows are also abundant in the coast
of Sagay (1041.16 ha, (CORVA9 2019)).

3.1 Threats and Issues in SMR

The main threat within the SMR includes poaching activities and the enroachment of
fishermen from neighboring cities and municipalities that use destructive or illegal
fishing practices such as dynamite fishing and the use of fine fish nets. The man-
power of the local coast guards, known as “Bantay Dagat,” is insufficient to monitor
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the entire protected area. Potable water supply is an important issue for the island
barangays of Molocaboc and Sugay, which do not have any natural water source as
these islands are naturally accreted sand bars. As in most parts of the country, effects
of climate change such as rising sea level and increased storm intensities are already
being felt in SMR. The need to direct efforts for mitigation and adaptation, and for
disaster risk reduction, is an urgent issue.

A potential development for the city of Sagay was the development of a port to
increase the livelihood opportunities for the local population. The city requested for
the establishment and construction of a fishing port to cater to small and big fishing
vessels, and the request was approved by the PAMB in 2005. Although the port
could potentially increase the city’s overall income, the presence of the port has led
to increased environmental stress from tourist influx into SMR and a higher potential
of oil spill pollution from operational spills or the grounding of vessels in SMR’s
coastal waters.

3.2 Management Strategies

According to the SMRGMP (2015), the SMR considers the following two strategies
to address management issues, namely site management strategy and sustainable
financing. The management strategy would integrate current management activites
in SMR. The empowerment of the community residents and fisherfolks and estab-
lishment of an institutionalized community-based law enforcement unit would, as in
SIPLAS, provide local residents with a sense of responsibility for the protection and
monitoring of the reserve. The community-based enforcement unit is supposed to be
capacitated through training and support from the LGU.

Sustainable financing is a key issue for SMR, as it does not receive any allocation
from the DENR to finance its management programs. Ideally, the IPAF provides
each PAMB a general management fund but unfortunately, this has not trickled
down to the SMR. Revenues from the user fees and eco-tourism activities such as
visits to Carbin Reef and the Suyac Island Mangrove Eco-Park are collected by the
LGU for sustainability of the NIPAS. Additionally, the city of Sagay has generously
augmented the funds for the continued management of SMR.

To address biodiversity protection, the SMR actually has two management plans
in place, formulated by the Sagay City Environment and Natural Resources Office
(SCENRO), namely the Initial Protected Area Plan (IPAP) and the Coastal Fisheries
Resources Management (CFRM) Plan. The IPAP was prepared by the SCENRO in
1997 to address the protection and sustainability of the marine areas and to enhance
the awareness of the local community of Sagay on environmental protection. The
CFRM plan, designed to complement IPAP, was crafted in 2008 with the Fisheries
and Aquatic Resources Management Council (FARMC) to focus on sustainable
management of marine resources within the SMR by enhancing capabilities of the
local government units (LGUs) and to include other government agencies such as the
BFAR and DENR.
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The PAMB recognizes the need for science-based policies, hence they admit the
need for a scientific research station. Altough climate change is identified as a threat,
the 2015 management plan of SMR lacks approaches on how to address climate
change adaptation. Moreover, the CORVA program recommended that ecotourism
activities, such as visits of the giant clam colony in Carbin Reef, within the reserve
be regulated to ensure protection of the coastal resources.

3.3 Management Structure

The Sagay Marine Reserve PAMB is chaired by the DENR Regional Director.
However, the SMR Protected Area Superintendent (PASu), who is in charge of
day-to-day supervision, is sustained by the local government of Sagay, while a PASu
from the DENR exists only at a deputized level. This arrangement has resulted in a
ongoing conflict between the LGU and the DENR, as the LGU of Sagay appears to
be managing the SMR independently. The Sagay City LGU, despite of the lack of
financial and managerial support from the DENR, has made the best of the situation
and appears to have been effectively managing SMR as the status of the coastal
habitats has been observed to be in good to excellent condition.

4 Masinloc-Oyon Bay Marine Reserve

The Masinloc-Oyon Bay Marine Reserve (MOBMR) in the western province of
Zambales was declared a protected area on August 18, 1996 (Proclamation No. 231).
MOBMR has a total area of 7568 ha, covering eleven western coastal barangays in
the municipality of Masinloc and three barangays in the northern portion of the
Palauig municipality. The reserve has a land area of 680.97 ha comprising six islands
(San Salvador, Magalawa, Luan, Panglit and Pilapir) and a marine area of
6887.53 ha.

There is a total population of 52,590 individuals living in the barangays adjoining
the MOBMR (Philippine Statistics Authority 2015). Masinloc is a first-class munic-
ipality, while Palauig is a third-class municipality. The primary income source for
the coastal barangays is fishing. There is an existing coal-fired thermal power plant
managed by AES-MPPCL, Philippines in the northern barangay of Bani that
employs at least 30% of its workforce from the local population. The company
contributes a percentage of its earnings to an Environmental Guarantee Fund. Other
industries in the MOBMR are generally small- or medium-scale enterprises.
MOBMR is exposed directly to the Habagat (SW monsoon) from June to October.
Its location also makes it prone to more typhoons coming from both the Pacific and
the West Philippine Sea (see Table 12.1).

The coastal habitats comprise 16.9% of the protected area (1279.19 ha)
(Fig. 12.5). Of this, about 10% has been placed under strict protection through
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Fig. 12.5 Coastal habitats within Masinloc-Oyon Bay Marine Reserve (data from (CORVA3
2017; CORVA9 2019))

four MPAs, namely Panglit MPA, Bani MPA, San Salvador MPA and Taclobo
(Giant clam) Farm. Relative hard coral cover was reported to be 19% (poor).
Vulnerable corals such as Acanthastrea ishigakiensis and a Nemenzo coral,2

Echinopora mammiformis, were found in MOBMR. The reefs were found to have
a high Acropora—low Porites typology, with relative covers of 55% and 27%,
respectively, indicative that the reef is prone to coral bleaching (Cantin and Lough
2014; Hoogenboom et al. 2017). Additionally, the high proportion of macroalgae
(44%) is an indicator of high eutrophication in the reserve (CORVA2 2019; Flower
et al. 2017).

The reef fish communities were found to have higher species richness within the
MPAs (48 species/500 m2) over stations outside MPAs (46 species/500 m2), with an
abundance of mobile invertebrate feeders and herbivores. Average total fish abun-
dance was 331 ind/500 m2. Herbivores are the highest contributors to the estimated
biomass. The lowest biomass was found in the Panglit MPA (6 mt/km2), while
the highest was observed in the Taklobo MPA (34 mt/km2). The mangroves of the

2Nemenzo corals are among the 375 Philippine coral species that were described by Prof. Francisco
Nemenzo, the father of Philippine coral taxonomy. The complete listing may be found in Nemenzo
(1986) with an online photo collection at https://www.dlsu.edu.ph/research-1/centers/shore/
coenomap/

https://www.dlsu.edu.ph/research-1/centers/shore/coenomap/
https://www.dlsu.edu.ph/research-1/centers/shore/coenomap/
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MOBMR (estimated 87.76 ha) are a famous eco-tourism attraction, particularly the
mangrove-formed island of Yaha. The most abundant species of mangrove was
found to be Rhizophora apiculata. Seagrass meadows are also vast in MOBMR
(167.03 ha), with Cymodocea rotundata as the most abundant species.

4.1 Threats and Issues in MOBMR

The PAMB of MOBMR identified illegal fishing (use of dynamite, cyanide, and
illegal fishing nets) to be one of the main threats to the biodiversity of the marine
habitats. Mining and deforestation activities are strictly prohibited within the munic-
ipality of Masinloc. However, the MOBMR shares the watershed of the Masinloc
River with the neighboring municipality of Candelaria, and MOBMR still receives a
significant sediment load from the small-scale mining allowed in Candelaria.

To augment the food supply of the municipality, several fish cage operators have
been allowed in MOBMR. Excessive feeds from these mariculture activities have
decreased water quality within the reserve. Another source of pollution is the
indiscriminate waste disposal of coastal communities and informal settlers. The
heat and ash fall from the thermal power plant in Bani also threaten nearby coral
reefs. Conversion of mangrove areas to aquaculture ponds was previously an issue in
MOBMR. Recent findings of the CORVA9 project show that this may been com-
petently mitigated by the PAMB, with a decrease in aquaculture structures and a
corresponding increase in mangrove areas (Table 12.2) in recent Landsat satellite
images.

As the population in the municipality of Masinloc increases, the issue of human
encroachment into protected area becomes more substantial. A larger population
would put more pressure on the marine resources as food source, and the possibility
of mangrove deforestation increases in line with an increased need for lumber and
space for settlement.

4.2 Management Strategies

The MOBMR PAMB aims to protect and conserve the marine biodiversity and
promote sustainable development for both commercial and community-based
resource enterprises. To achieve this, management strategies aim to address the
following: management zoning, ecological consciousness of local communities
and capability strengthening of the MOBMR management.

Management zoning permits human activities within the reserve while continuing
the protection of biodiversity in the ecosystem. Proper zoning also allows restoration
of degraded areas. For this purpose, there is a prescribed strict protection zone
(2617 ha) wherein all human activities are prohibited except for scientific studies
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Table 12.4 MOBMR management programs (MOBMR Management Plan 2017)

Programs Target activities

Biodiversity and protection program Habitat and biodiversity conservation

Resource extraction regulations

Research documentation

Economic support program Alternative livelihood

Ecotourism

Community organizing and empowerment
program

Environmental consciousness

Community participation in PA management

Institutional development program Establishment of the integrated protected area
fund
(IPAF)

Management institutionalization

Formation of management system

Supportive LGUs

Law enforcement and protection Protection

Wildlife/fisheries management

Protected area administration

Climate change mitigation and adaptation

Sustainable financing

Research and development

and a multiple-use zone for settlement, sustainable land use and other income-
generating or livelihood activities.

A study by Dizon et al. (2013) found that there was a low level of community
awareness of the existing MPAs within MOBMR Increasing the ecological con-
sciousness of the communities within the MOBMR could possibly improve the
perception of the MPAs and enlighten the locals on the potential benefits they
could receive from the proper protection of the habitats.

To further improve the management of MOBMR, strengthening the capacity of
the coastal and marine managers is essential. This would assist the PAMB in
implementing targeted management programs specified in the MOBMR manage-
ment plan (Table 12.4).

A connectivity model simulation in the CORVA-7 project (2019) showed that the
entire province of Zambales is self-seeding, i.e., both coral and fish larval recruits
simulated to be released in Zambales tended to settle not far from release points
(“Zambales for Zambales”). This finding provides the MOBMR PAMB the valida-
tion to push for firmer policies for habitat protection and to enhance the networking
of the marine protected areas within the entire province to ensure sustained coral and
fish larval supply. CORVA also reiterated recommendations on proper management
of the watershed leading the MOBMR, specifically involving the neighboring
municipality of Candelaria, which contributes to the sediment and nutrient input
into the bay.
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4.3 Management Structure

Although the MOBMR covers only two municipalities, the PAMB includes repre-
sentatives from all fourteen barangays. Additionally, fisher folk organizations are
also actively involved in PAMB meetings as they are the primary beneficiaries of a
well-managed MPA. In the account of Vera (2004), he detailed conflicts between the
fisherfolks, LGU, DENR and the Bureau of Fisheries and Aquatic Resources
(BFAR) over the proliferation of mariculture cages in the reserve are described.
Although the issue has been partially contained (O. Gregorio, pers. comm 2018), it is
still a cause for concern for all involved parties.

5 Conclusion

The three NIPAS sites were chosen for this study primarily to represent each of the
island regions, i.e., Luzon (MOBMR), Visayas (SMR) and Mindanao (SIPLAS).
Each NIPAS site encompasses coral reef, mangrove, and seagrass habitats; thus,
they could serve as excellent study sites for research on the interconnectivity of the
coral reef and its adjacent habitats, which are currently lacking for the Philippines.
The sites have been selected to have similarly vast coastal marine habitats that not
only support an incredible biodiversity of marine life but also support the productive
fishing industry of the nearby coastal communities. All sites were mainly rural
municipalities with agriculture and/or fishing as the main occupation, and the
communities in each site thus rely heavily on the marine resources either for daily
sustenance or income. As in most locations in the Philippines, the three sites are all
prone to the impact of typhoons, only varying in degrees of exposure.

In spite of the similarities in natural and economic resources, the main difference
among the three sites that determines whether the management of the NIPAS is
effective pertains to the effective exchange among the local stakeholders. The
SIPLAS PAMB, being one of the largest NIPAS, consists of numerous agencies
and stakeholders from nine municipalities. It was evident that good communication
appears to be an important success factor in the proper management of protected
areas. The open lines among the involved parties have contributed significantly to
achieving management goals.

The internal conflicts involving political, financial and jurisdictional boundaries
between the LGU and the local DENR office in Sagay City has been ongoing for
quite some time. However, among the three sites, the status of the coral reef system
was best in SMR, which was surprising given the controversies over the protected
area. We observed in this case that the local government was fully conscious of the
reserve’s resources, and its direct involvement in the management of the MPA,
independent of the governing board, appears to have contributed to optimal state of
the reefs.
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In the MOBMR, we observed a lack of awareness and participation of the local
communities in the PAMB, which is likely to have contributed to the poor condition
of the reefs in Masinloc. To address this, the PAMB has actively promoted the
protected area and its ecological and economic benefits in schools and through
municipal events. It is hoped that an increased recognition of these benefits would
lead to active participation in the management of the local resources. Furthermore,
there is an urgent need for a watershed (Ridge-to-Reef) approach to control the
sediment load into Masinloc Bay. We suggest that this could be achieved by
including the neighboring municipality of Candelaria as a member of the PAMB.

As the Philippines are among the countries most susceptible to climate change
(OML and PAGASA 2019), climate adaptation should be a priority across all sites.
However, this was not evident in the current management plans in SMR and
MOBMR. Management plans at all sites were due to be updated as this chapter
was being written and are expected to be climate ready.

There was a consensus at all NIPAS sites, including those not discussed here, that
the carrying capacity of the ecosystem is rarely considered in management planning.
These sites are becoming famous for the excellent beaches and other tourist attrac-
tions, especially with the increased affordability of airfare and better road systems in
the country. Although the Department of Tourism (DoT) is technically included
within PAMB, it primarily has a vested economic interest in the sites, with less
consideration for ecological implications of the influx of tourists. The DENR needs
to take more stringent measures to define the environment’s maximum load so as not
to jeopardize the state of these protected coastal habitats.
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Chapter 13
Bangladesh Case Study

Impacts of Climate Change and Anthropogenic
Pollution on the Occurrence and Pathogenic Potential of
Vibrio spp. in the Coastal Zone of the Bengal Delta

Sucharit Basu Neogi, Shinji Yamasaki, Rubén José Lara,
and Matthias Wolff

Abstract Hydro-climatic extremities together with aquatic pollution are bringing
enormous health hazards, particularly by multi-drug resistant (MDR) waterborne
pathogens in the Bengal delta. This chapter highlights selected issues of anthropo-
genic pollution and climatic stigmas influencing coastal Vibrio spp., which play
important role in nutrient turnover but some are disease-causing. Seasonality and
variations in salinity, temperature, tidal amplitude, precipitation, and occurrence of
cyclone and flood substantially modulate estuarine Vibrio dynamics. Increased
anthropogenic discharges may induce phytoplankton and zooplankton blooms in
coastal waters, enriching suspended particulates, chitinous and organic compounds,
and eventually stimulate Vibrio populations. The abundance of potentially patho-
genic Vibrio cholerae is higher in anthropologically polluted estuaries, especially in
regions receiving sewage or aquaculture effluents. Interestingly, the occurrence of
MDR V. cholerae has been observed to spread at a similar scale in both the polluted
estuary and pristine Sundarban wetland. Ecosystem-based understanding of the
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compounding processes and multi-faceted consequences of anthropogenic pollution
and climate change to waterborne pathogens would be integral to facilitate
multidisciplinary actions. Holistic approaches integrating ecohydrological interven-
tions, water and waste treatment, wise use of natural antimicrobial compounds,
maintenance of adequate hygiene, and socio-economic perspectives are required to
cope with the alarming future hazards to health and ecosystem services.

Keywords Vibrio · Pathogenicity · Antimicrobial resistance · Hydro-climatic
variations · Plankton · Nutrients · Estuarine dynamics · Anthropogenic pollution

1 Introduction

The Bengal delta is one of the most vulnerable regions to climate change impacts
where the intrusion of saline water to further inland and changes in rainfall patterns
will inevitably affect the supply and quality of fresh water, consequently increasing
the risks of waterborne diseases in the low-lying coastal regions (Cruz et al. 2007).
Enteric infections caused by pathogenic Vibrio spp. are the predominant waterborne
diseases, including more than 100,000 cases of cholera per year in the Bengal delta
(Ali et al. 2015). Vibrio spp. are Gram-negative, rod-shaped, facultatively anaerobic
and motile bacteria, which are autochthonous to estuarine, coastal and marine
environments. Over 100 species of Vibrio have been documented and the majority
play important roles in nutrient turnover by degrading a variety of organic matters,
including a huge amount of chitin produced by shrimps and crustacean zooplankton,
as well as pollutants like polycyclic aromatic hydrocarbons (Thompson et al. 2004).
In the water column, Vibrio cells are mostly found as free-living in the nano-
plankton fraction (<20 μm), but also attached to larger organisms (Neogi et al.
2012). Although most Vibrio spp. are commensal to aquatic hosts and some act as
symbionts, a number of them are pathogenic to humans, aquaculture species and are
also implicated in coral bleaching (LeRoux et al. 2015; Thompson et al. 2004).
Concerning human infections, cholera-causing Vibrio cholerae is responsible for
millions of episodes and thousands of deaths worldwide annually (WHO 2020).
Among other important pathogenic species are Vibrio parahaemolyticus, one of the
leading pathogens of seafood-borne gastroenteritis causing tens of thousands of
cases each year worldwide and Vibrio vulnificus, which can cause gastroenteritis,
necrotizing fasciitis and wound infections with a high fatality rate among immuno-
compromised patients (Chakraborty et al. 1997).

The regular occurrence of intense monsoon rainfall, floods, and cyclones is
instrumental to induce the estuarine ecosystems of the Bengal delta as endemic
hotspots to major waterborne diseases. Apart from hydro-climatic stressors, poor
hygiene status, low water and food security, and geographical dispositions, social
disparities define the risks and vulnerabilities to water-related diseases in this region,
one of the most densely populated and burdened with pollution impacts (Hashizume
et al. 2008). The Ganges-Brahmaputra delta, particularly the Bengal coast, is
considered as the pivotal base for not only the previous six cholera pandemics
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(1823–1923), each lasting 6–24 years, but also the ongoing seventh pandemic since
1961 (Mutreja et al. 2011; Pollitzer 1954). As early as 1884, endemic occurrence of
the cholera bacterium in the world’s largest mangrove wetland, the Sundarban in the
Bengal coast was reported by Dr. Robert Koch (Pollitzer 1954). In the recent decade,
the majority of the low-altitude regions of coastal Bangladesh are experiencing a sea
level rise (SLR)-mediated increase in the salinity of groundwater, and millions of
people have no option but to use contaminated natural surface waters for household
purposes including drinking, and therefore, are highly vulnerable to waterborne
diseases (Wu et al. 2014).

Along with dense settlements, intensive agriculture, and aquaculture practices,
the impacts of anthropogenic pollution to water security are enormous in the Bengal
delta. In the context of climate change, manifold socio-economic complexities due to
acute freshwater scarcity, rapid environmental changes and water-related hazards,
especially Vibrio-related diseases, are posing immense challenges to public health
among the poverty-ridden coastal populations (Rahman Talukder et al. 2015).
Moreover, health intervention programs need to divulge effective strategies to resist
the increasing occurrence of multi-drug resistance (MDR) among waterborne path-
ogens, including Vibrio spp. (Nair et al. 2010). Many attributes of aquatic ecosys-
tems, including the dynamics in biodiversity, water quality, and pollutant loads, have
implications for waterborne disease transmission and health of human and animals
(Neogi et al. 2016). An in-depth understanding of the driving socio-ecological
mechanisms and the multidimensional impacts of anthropogenic pollution and
hydro-climatic changes to coastal ecosystem dynamics and associated health risks
is integral to formulate ecosystem-based adaptation strategies for millions of
disaster-prone coastal residents in the Bengal delta.

2 Major Ecosystem Factors Driving the Occurrence
and Spread of Vibrio spp.

2.1 Physicochemical Properties of Water

Among the climate-influenced physicochemical properties of coastal waters, the
increase in salinity is the most influential factor stimulating Vibrio populations in
the Bengal estuaries (Batabyal et al. 2014; Lara et al. 2011b; Neogi et al. 2012).
Higher occurrence of V. cholerae has been reported to coincide with an increase in
water pH, usually observed after plankton blooms in lentic ecosystems inland (Islam
et al. 1994). A positive correlation of temperature (both atmospheric and sea surface)
and increased cholera incidences after a time lag of several weeks was observed at
regional scale in Bangladesh. This might be indirectly attributable to temperature
impacts on composite ecosystem processes inducing toxigenic V. cholerae
populations (Islam et al. 2009; Lobitz et al. 2000; Neogi et al. 2018).
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2.2 Aquatic Biota Acting as Reservoirs or Antagonists

Vibrio cells are found associated with zooplankton (copepods, cladocerans, rotifers),
phytoplankton (filamentous algae, diatoms), chlorophytes (seaweeds), macrophytes
(water hyacinth, duckweed), crustaceans (prawns, oysters, crabs), insect larvae
(chironomids), corals and fish spp. (Hossain et al. 2018; Islam et al. 1994; Tamplin
et al. 1990; Thompson et al. 2004). Association with diverse groups of aquatic
organisms, including migratory fishes, provides an ecological advantage for the
epiphytic Vibrio populations, including nutrition, enhanced survival, escape from
predators, and transport to distant places (Tamplin et al. 1990). Ingestion of a few
plankton cells, contaminated with epiphytic V. cholerae, while drinking untreated
surface water is considered a potential mode of primary infection initiating cholera
(Colwell et al. 2003). However, a number of aquatic biota, e.g., amoebic protozoans
and ciliates may act as antagonist for the survival and dispersal Vibrio spp. (Neogi
et al. 2014). The self-limiting nature of cholera outbreaks may be partially explained
by the bacteriophage-mediated regulation of V. cholerae O1 populations in the
aquatic ecosystems of the Bengal delta (Faruque et al. 2005).

2.3 Role of Particulate and Dissolved Organic Matter

Plankton-degraded materials, including chitinous substrates, eventually accumulate
in the nutrient pool of suspended particulate matter (SPM). At least 1–2 log higher
numbers of Vibrio spp. were observed for the <20 μm fraction containing sediment
and organic nanodetritus when compared to the larger microplankton fractions in the
estuarine waters of the Bengal coast (Lara et al. 2011b). Both SPM and chitin were
observed to correlate with toxigenic V. cholerae populations in the Karnaphuli
estuary (Fig. 13.1). Dissolved organic carbon (DOC) and nitrogen (DON), generated
from degradation of SPM, potentially act as a growth stimulant for Vibrio spp.
(Neogi et al. 2011). Suspended particulates (<20 μm) in the water column eventually
settle down and accumulate in the benthic sediment of aquatic ecosystems. Obser-
vations obtained from the beach, river, canal, and pond ecosystems at the Kuakata
coast, Bangladesh, showed that independent of salinity, benthic sediments with more
culturable Vibrio counts than surface water serve as an important environmental
reservoir (Neogi et al. 2018).
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Fig. 13.1 Influence of hydro-climatic factors on cholera outbreaks and salient roles of cyclone and
tide on aquatic physicochemical properties and Vibrio populations. (a) Map showing the study
regions including the sampling sites (closed circles) in the Karnaphuli estuary (b) Comparative
variation of cholera incidences in coastal and inland areas of Bangladesh with riverine discharge,
sea surface temperature (SST), chlorophyll (Chla), and water salinity in nearby offshore region of
the Bengal coast. Data were in accordance to Jutla et al. (2011) and Akanda et al. (2011). All values,
representing the mean of three consecutive months (JFM, FMA, etc.), have been scaled between
0 and 1. (c, d) Variations in Vibrio occurrence along with water salinity, turbidity, and chitin in the
Karnaphuli estuary before and after a cyclone (BC and AC, respectively) (Neogi et al. unpublished).
(e, f) Tide mediated variation in Vibrio occurrence and physicochemical factors in water samples
collected at a stationary point of the Karnaphuli river estuary and Sundarban mangrove creek. DAPI
count, number of total prokaryotes; DIN, dissolved inorganic nitrogen; POC, particulate organic
carbon, SPM, suspended particulate matter. Data are presented as Mean ± SD (n = 3)

3 Diversified Impacts of Climatic Factors
on the Occurrence of Vibrio spp.

3.1 Climatic Regulations on the Metamorphic States
of Vibrio Populations

After being expelled from an animal host, most V. cholerae cells become
transformed from highly active culturable form into a viable but non-culturable
(VBNC) state upon exposure to stressful aquatic conditions, e.g., low nutrient,
salinity, and temperature (Roszak and Colwell 1987). Most (>90%) populations
of Vibrio spp. in the Bengal estuaries usually persist in VBNC state, detectable by
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fluorescent microscopy (Neogi et al. 2012). Intriguingly, VBNC cells of V. cholerae
may regain culturability upon availability of conducible environmental or host
factors (Senoh et al. 2014; Sultana et al. 2018). In the Bengal coast, VBNC cells
of the pandemic V. cholerae O1 serogroup are reported to occur throughout the year
within aquatic biofilms, which may aid in the bacterial resistance to physicochemical
stressors or biotic (Matz et al. 2005; Sultana et al. 2018). Increased availability of
Ca2+ from intruding seawater may influence biofilm development of Vibrio spp. in
estuarine waters (Kierek and Watnick 2003).

3.2 Drastic Impacts of Cyclone Driven Hydro-ecological
Alterations

The coastal Bay of Bengal regularly embraces cyclones, at least several in number
during both pre- and post-monsoon seasons each year, with an increasing frequency
of ca. 26% between 1881 and 2001 (Singh 2002; Unnikrishnan et al. 2011). Frequent
outbreaks of cholera epidemics after a cyclone reported for the Bengal coast can be
related to the drastic increase of estuarine Vibrio populations, coinciding with
seawater intrusion (Fig. 13.1; Lara et al. 2009). Biogeochemical analyses revealed
that the increased Vibrio abundance post-cyclone could be attributable to the signif-
icant increases in SPM (turbidity), chitin, POC and DOC in estuarine waters (Neogi
et al. 2018).

3.3 Influence of Tidal Dynamics and Sea Surface Height

In comparison to a low count (<101 CFU mL–1) at low tide, Vibrio populations in
the Karnaphuli estuary, Bangladesh were observed to increase significantly (>102–
104 CFU mL–1) during high tide with increasing salinity (Fig. 13.1). A synchronous
influence of tides and water salinity on Vibrio populations in benthic sediment and
surface water was observed at the Hoogly estuary, West Bengal (Batabyal et al.
2014). Year-long sampling in this estuary showed culturable Vibrio populations are
influenced by a combined interaction of environmental conditions of the current and
previous tides (flood or ebb), and depend on the lunar phases (Batabyal et al. 2014).
Apart from tidal influence, sea level rise (SLR) induces incursion of seawater
containing a higher number of Vibrio spp. Moreover, SLR-mediated inundation
may cause degradation of halophobic organisms and damage sanitation facilities,
thus increasing the load of organic nutrients in estuarine waters. The mean sea
surface height of the Bengal coast has been increasing at least twice faster rate
than the global average of 2.0 mm per year (Singh 2002). Together with a riverine
discharge of sediments and nutrients, seasonal variation in sea surface height may
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have compounding impacts on estuarine bio-physicochemical properties, influenc-
ing the population dynamics and ecological fitness of Vibrio spp. in the Bengal coast.

3.4 Influence of Global Warming

In the Bay of Bengal, the mean sea surface temperature (SST) has been increasing at
ca. 0.05 °C/year, which is much higher than the tropical Pacific and Atlantic Oceans
(0.01–0.02 °C/year) (Mitra et al. 2009). An average temperature of <23 °C
corresponded to the lowest average of cholera incidences at Matlab, Bangladesh
where the highest frequency of cholera occurred at temperatures >28 °C, in conjec-
ture with a synergistic impact of sunshine hours (Islam et al. 2009). A positive
relationship between chlorophyll (phytoplankton) concentration and SST, attribut-
able to increased riverine discharge mediated nutrient input during the warmer
months, and a strong impact of the El Niño Southern Oscillation (ENSO)-mediated
variations in SST and rainfall on cholera incidences post-monsoon in Bangladesh
have been reported (Fig. 13.1; Pascual et al. (2000)). Increasing atmospheric tem-
perature is causing faster melting of the Himalayan glaciers, and eventually increas-
ing riverine discharge mediated nutrient input to the coastal waters (Ghosh et al.
2015), which may favor the growth of plankton and Vibrio populations. Intensified
UV-ray with higher sunshine hours may induce natural mutation and horizontal
transfer of pathogenic traits, e.g., cholera toxin gene (ctxAB), in V. cholerae (Faruque
et al. 2000).

3.5 Salient Impact of Monsoon Rainfall

A strong influence of monsoon rainfall on aquatic V. cholerae populations is
reflected by the spatio-temporal variability in cholera outbreaks. There is a
pre-monsoon (March-May) peak at the coastal regions, whereas, one smaller
pre-monsoon and a larger post-monsoon (September-November) peak at the inland
regions of Bangladesh (Fig. 13.1). During pre-monsoon, a progressive intrusion of
saline water due to the reduction in riverine flow may favor the growth and spread of
halophilic Vibrio spp. Along with the advent of monsoon, increasing precipitation
causes a substantial reduction in water salinity, and consequently, Vibrio populations
in the Bengal estuaries (Lara et al. 2009). Despite the dilution impact of increasing
water level, the cholera incidences during monsoon can be attributable to a large-
scale secondary contamination and increased contamination of sewage materials, as
observed in the Hoogly estuary near Kolkata (Batabyal et al. 2014). On the other
hand, the post-monsoon cholera peak in inland regions has been related to the
predisposed large-scale inundation, the concentration of washed materials with
receding flood water, interrupting drinking water access, damaging sanitation
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infrastructure, and dispersal of sewage materials contaminated with toxigenic
V. cholerae (Akanda et al. 2013).

4 Anthropogenic Impacts Influencing Vibrio Populations

In addition to climate-mediated influences on coastal Vibrios, the incidences of
cholera and other Vibrio-related diseases in the Bengal delta have been attributed
largely to the booming human settlement without adequate waste management and
safe water facilities. This densely populated region (ca. 1200 km–2) accounts for the
highest water pollution level, in terms of nitrogen and phosphorus inputs, compared
to other major riverine coasts (Liu et al. 2012). The prevalent social, behavioral,
livelihood, health, and development activities related to human settlements are
increasingly polluting coastal environments and have salient impacts on aquatic
biodiversity, influencing the persistence of Vibrio spp. in the Bengal delta.

4.1 Influence of Aquaculture Practices

Aquaculture is the most important sector meeting people’s protein need in the
Bengal delta. High stocking density and use of fertilizers and artificial feed increases
disease risk in aquaculture settings. For example, the occurrence of V. vulnificus
pathogen in the rapidly growing tilapia aquaculture in Bangladesh was attributed to
the use of phosphate and urea fertilizers (Mahmud et al. 2010). In recent years, acute
hepatopancreatic necrosis disease (AHPND) caused by the binary-toxin (PirAvp/
PirBvp) producing V. parahaemolyticus strains is posing a severe threat to shrimp
industries globally including the Bengal delta (Eshik et al. 2017). High abundance of
organic load, chitinous and mucilaginous plankton, and biofilms grown in aquacul-
ture settings are potential growth-promoting factors for Vibrio spp. (De Bodt and
Defoirdt 2018; Tamplin et al. 1990). In the upstream region of the Sundarban
mangrove, a relative increase in Vibrio populations near shrimp farms (Fig. 13.2)
could be attributable to aquaculture discharge mediated increase in organic nutrients
and chitinous shrimp exuviae. Untreated effluents from aquacultures, including
shrimp farming, are known to cause water quality deterioration, chemical and
biological pollution, sedimentation, and loss of aquatic biodiversity in the region
(Didar-Ul Islam and Bhuiyan 2016). However, systematic holistic investigations are
required for a better understanding of the multifaceted impacts of aquaculture
discharges to coastal ecosystems with comparison to the occurrence of aquatic
Vibrio spp. and related diseases.
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Fig. 13.2 Probable influence of anthropogenic discharge and shrimp aquaculture on coastal Vibrio
populations (Neogi et al. unpublished). (a, b) Distribution of Vibrio spp. and fecal coliform,
indicator of sewage contamination, with variation in water salinity, and anthropogenic pollution
in the Karnaphuli estuary surface water before and after a cyclone. CVC, culturable Vibrio counts;
FC, fecal coliform counts. (c, d) Occurrence of culturable Vibrio and fecal coliform bacteria in the
creek waters at different sampling sites in the upstream, middle and downstream regions of the
Sundarban wetland. Vibrio populations were influenced by anthropogenic discharges, including
shrimp aquaculture in the upstream, and intruding seawater with higher salinity in the downstream
regions. Mean bacterial counts (n = 3) are shown and the significant differences ( p < 0.05) are
indicated by asterisks

4.2 Impacts of Agriculture Effluent

In the estuarine regions of Bangladesh, the use of fertilizers and agrochemicals has
increased a lot to produce high agriculture yield, as part of adaptive livelihood for the
climate refugees. High input of agriculture run-off, particularly after the wet mon-
soon, has been related to nutrient enrichment stimulating higher algal production and
zooplankton blooms, which may trigger pathogenic Vibrio populations in the coastal
Bay of Bengal (Huq et al. 2005). Upon availability of extracellular phosphate
V. cholerae cells can survive better withstanding acidic, osmotic, and oxidative
stresses in the aquatic environment (Jahid et al. 2013). Agrochemicals derived
from agriculture sources, including livestock and poultry industries, may also
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bring salient changes to aquatic biodiversity, influencing Vibrio populations,
although a lack of systematic quantitative studies in this regard still remains.

4.3 Sewage Pollution Impacts

The drainage of anthropogenic wastes including sewage materials not only increases
the indicator coliform bacteria but also pathogenic Vibrio spp. of clinical origin in
the natural waterways, e.g., at the upstream region of the Sundarban mangrove
wetland (Fig. 13.2). Similarly, the peak of pathogenic V. cholerae populations at a
comparatively low salinity region of the Karnaphuli estuary, coincided with higher
abundance of fecal coliform and independently of the temporal changes in physico-
chemical factors of surface water (Fig. 13.2). Climatic catastrophes, e.g., cyclones
and intensive precipitation mediated flooding, may cause drastic overflow or dis-
ruption of sewerage system and wastewater treatment plants, potentially magnifying
chemical and biological (including Vibrio pathogens) pollutants in freshwater res-
ervoirs and coastal surface waters, with subsequent increase in waterborne disease
incidences (Batabyal et al. 2014; Lara et al. 2009).

4.4 MDR Spread

Due to a lack of awareness among the people in the Bengal delta, antimicrobials are
mostly applied as instructed by the drug sellers, without justifying the type of
illnesses, e.g., common flu and self-regulated Vibrio infections. Such unwise use,
together with truncated therapy of antimicrobials, are resulting in an alarming rise in
MDR pathogens and treatment failures. Moreover, the widespread application of
antimicrobials in aquaculture, poultry and animal husbandry, is eventually polluting
the aquatic environment with MDR pathogens, and residual antimicrobial com-
pounds. A large fraction (30–95%) of the clinical pathogens, including Vibrio
spp., has been reported to become resistant to all classes of antimicrobials (Nair
et al. 2010). Antimicrobial residues, at sub-inhibitory concentrations, potentially
induce biological responses promoting MDR occurrence among aquatic bacteria
(Allen et al. 2010). Interestingly, a comparatively similar occurrence of MDR
V. cholerae populations in the Karnaphuli estuary, which is highly polluted with
anthropogenic effluents, and the pristine Sundarban wetland, distantly located from
human settlements, has been observed despite a higher incidence of potentially
pathogenic populations in the polluted estuary (Fig. 13.3). Therefore, a probable
role of migratory wild fauna, including birds and fishes, in the spread of MDR
pathogens to remote coastal locations cannot be ruled out.
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Fig. 13.3 Comparative occurrence of virulence and MDR traits in V. cholerae strains isolated from
a highly polluted and anthropogenically less influenced coastal zones in the Bengal delta (Neogi
et al. unpublished). (a) Higher occurrence of virulence genes in the Karnaphuli estuary (KP E) with
heavy anthropogenic pollution from the adjacent port city, Chittagong, in comparison to the
comparatively pristine Sundarban mangrove wetland (SB M). Colony blot hybridization with
radio-labeled probes was used to detect the pathogenic genes, encoding cholera toxin (ctxA), zonula
occluden toxin (zot), toxin co-regulated pilus (tcpA), serogroup O1 (O1), NAG stable toxin (stn),
cholix toxin (chxA), Vibrio Seventh Pandemic islands (VSP I and II) and Type III secretion system
(T3SS). (b) Comparison of antimicrobial resistance patterns, determined by disc diffusion method,
in V. cholerae strains isolated from the heavily polluted Karnaphuli estuary and pristine Sundarban
wetland. Top panel showing resistance patterns in V. cholerae strains in each horizontal bar, filled
with red, blue, and yellow, indicating full, intermediate, and no resistance (% of total strains),
respectively, to a particular antimicrobial agent. Bottom panel showing a summary of comparative
variations in MDR patterns of the V. cholerae strains isolated from these two categories of coastal
ecosystems

4.5 Influence of Socio-economic and Behavioral Factors

Apart from the climatic and pollution-mediated impacts, the occurrence and spread
of waterborne diseases greatly depend on human behavior, particularly related to
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water management. Inadequate sanitation, improper disposal of waste materials,
including children’s feces, lack of hand washing practice, and poor personal and
environmental hygiene are considered as the major factors inducing secondary
transmission of cholera and waterborne diseases at household level (Huda et al.
2012). For the extremely poor in coastal areas, efforts to climb up the income ladder
are hindered by periodical push-backs due to water-related health hazards. Promot-
ing community resilience to health disasters has been challenging due to prevalent
social disparities involving gender, socio-economic status, and behavioral ill prac-
tices (Nasreen and Tate 2007). The pivotal role of water, sanitation, hygiene
interventions, environmental risk perceptions, and behavioral changes to prevent
Vibrio infections is widely acknowledged yet it needs to be effectively promoted in
the Bengal coast (Hoque et al. 1996; Rabbi and Dey 2013).

5 Discussion

Waterborne diseases, predominantly caused by Vibrio infections, are among the
most important causes of morbidity and mortality in the low-lying Bengal coast.
Global warming may induce a series of hydro-climatic extremities, including a
temperature increase of 2–5 °C during warmer months, intensification of south-
west monsoon, accompanied by more rainfall (>10%), riverine discharge, and
floods, and SLR-mediated seasonal inundation of almost one-third of the Bengal
coast by the end of this century (Caesar et al. 2015). An increase in the frequency of
cyclones post-monsoon, and higher intensity of storms pre-monsoon during
2070–2100 has been projected (Unnikrishnan et al. 2011). These predicted scenarios
will most likely bring large-scale alteration in hydro-geological processes, including
riverine discharge, tidal height and amplitude, salinity, and nutrient dynamics in the
Bengal delta. Increased salinity-mediated enrichment of estuarine Vibrio populations
may coincide with substantial alteration in the bacterial diversity, depending on the
ecological fitness of individual species at particular salinity range. Hydro-climatic
extremities, compounded with anthropogenic pollution, in this heavily populated
(over 270 million) delta may bring enormous modifications to coastal
bio-physicochemical processes influencing Vibrio populations and ‘One health’,
which includes human, animal, and environment perspectives (Atlas et al. 2010).

The Bengal coast, serving as the main outlet of the Ganga-Brahmaputra riverine
discharges, is among the world’s highest sediment discharge zones, depositing
ca. 500–1100 million MT year–1 of sediment into the Bay of Bengal (Darby et al.
2015). Resuspension of benthic sediments, e.g., by strong tide or cyclones, may
substantially enrich Vibrio populations by providing nutritional substrates, or
through a direct input of particle-attached bacteria into the water column (Lara
et al. 2009). The amount and quality of dissolved nutrients in coastal waters
influencing Vibrio populations are compositely influenced by climate regulated
variations in estuarine turbulence, riverine discharge, rainfall, water salinity, tide,
wind flow, coastal current, plankton bloom, chitinous particles, and also pollutants
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Fig. 13.4 Interactive multidimensional drivers associated with the health hazards and vulnerabil-
ities to Vibrio-related infections. Hydro-climatic and anthropogenic drivers are distinguished as five
management domains (encircled in green border). The interactive framework of the major drivers is
listed in the rectangle boxes, overlapped with the management domains. The occurrence of
pathogenic and MDR traits of Vibrio populations in coastal waters are compositely governed by
these hydro-climatic and anthropogenic factors involving ecosystem dynamics at multiple levels
(dotted circles): aquatic physicochemical properties, ecosystem processes. Seasonality in climatic
factors, e.g., temperature, rainfall, cyclone occurrence, wind flow and coastal currents, riverine
discharges and tide-driven hydro-dynamics regulate not only the aquatic bio-physicochemical
factors but also the intrusion of anthropogenic pollutants in coastal waters. Vibrio-related disease
outbreaks also depend on the associated spatio-temporal differences in socio-environmental risks
and vulnerabilities

from anthropogenic discharges (Fig. 13.4). Hydro-climatic alterations predicted for
the near future, together with increased coastal pollution, may favor pathogenic
Vibrio species to cause more health hazards. However, increased Vibrio occurrence
may facilitate oceanic carbon sequestration by aiding the conversion of organic
matter into refractory DOC (Neogi et al. 2011). The turnover of complex organic
compounds, including chitin and PAH, into simple forms by Vibrio spp. is an
important contribution to the aquatic food web; otherwise, a large fraction of organic
carbon and nitrogen would remain inaccessible to most organisms (Meibom et al.
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2005). Intriguingly, while growing on chitinous particles, Vibrio cells may not only
neutralize antagonistic organisms but are also induced for natural transformation to
acquire new genes, including those responsible for toxigenic and ecological fitness
(Matz et al. 2005; Meibom et al. 2005).

Anthropogenic activities may perturb the natural dynamics and diversity of
aquatic Vibrio populations in a number of ways, including rampant discharge of
pollutants (microbiological and chemical) through domestic, agriculture, aquacul-
ture and industrial effluents, barrier construction to alter riverine flow, deforestation-
mediated soil erosion and improper management of aquatic resources (Fig. 13.4;
Lara et al. 2011a). Anthropogenic discharge-mediated enrichment of organic and
inorganic nutrients may instigate plankton blooms and eventually stimulate Vibrio
populations in coastal waters (Huq et al. 2005; Liu et al. 2012). Although effluent-
derived residual antimicrobials can potentially induce the spread of MDR Vibrio
populations, detailed knowledge on such influences is scarce. In the Bengal basin,
saltwater intrusion favoring the spread of Vibrio populations is not only facilitated
by climate-influenced factors but also improper management of coastal polders,
shrimp culture, and large-scale extraction of groundwater for agriculture and indus-
trial purposes (Mahmuduzzaman et al. 2014). Discharge of ships’ ballast water
contaminated with pathogenic Vibrio spp. into coastal waters has been related to
the global spread of Vibrio-related diseases (Ruiz et al. 2000). At the Baltic coast,
V. cholerae and V. parahaemolyticus cells have been observed to survive within
biofilms grown on microplastics (<5 mm), which have recently been recognized as
the most ubiquitous pollutants (Kirstein et al. 2016). Aquatic biofilms on plankton
and SPM, serving as an important niche for Vibrio populations, may also facilitate
intra- or inter-species horizontal transfer of genes related to pathogenicity, antimi-
crobial resistance, and adaptive features (Bari et al. 2013; Neogi et al. 2019; Sultana
et al. 2018). Estuarine microplastics and maritime activities with hydro-climatic
changes potentially play a vital role in the transmission dynamics and spread of
Vibrio spp. in the Bengal coast, not yet been studied in detail.

Availability of safe water is a critical public health issue, particularly when
coastal aquifers are exposed to salinity intrusion and the natural surface waters
become heavily contaminated by anthropogenic pollutants. Various categories of
anthropogenic factors at household or community levels are also attributable to
enhancing the risk of Vibrio-related diseases (Fig. 13.4). A number of interventions,
e.g., provision of safe drinking water, improved sanitation, point-of-use water
treatment, adequate cooking, desalination of brackish water, seasonal rainwater
harvesting, vaccination and adequate treatment of infected persons, filtration with
eightfold “shari” clothes, good hygiene practices, and behavioral changes to reduce
cross-contamination can be opted to prevent or reduce Vibrio related diseases at
household or community level in rural Bangladesh (e.g., Colwell et al. 2003; Hoque
et al. 1996; Hossain et al. 2015; Islam et al. 2014; LeRoux et al. 2015). With the
support of field-based sampling, remote sensing technology observing chlorophyll
concentration, SST, SLR, tidal height, riverine discharge, salinity and turbidity of
coastal waters can be employed in prediction models considering the relationships
among the disease outbreaks and climate-influenced coastal ecosystem dynamics
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(Lobitz et al. 2000; Neogi et al. 2018). However, an integrative effort combining all
these potential interventions to reduce Vibrio infection is lacking in the Bengal delta.
Therefore, management policy should incorporate ecohydrological tools, e.g., reg-
ulating water flow to reduce sediments, sequestration of nutrients, protection of
watersheds and freshwater flows through proper management and disposal of sew-
age, biosolids, pharmaceutical and animal wastes (Lara et al. 2011a). As a potential
alternative against MDR infections, extracts from a number of culinary spices (e.g.,
red chili, sweet fennel, ginger, and garlic) and plant leaves (e.g., neem and guava
plants) have been experimentally observed to inhibit the growth and cholera toxin
production in V. cholerae (Yamasaki et al. 2011). Recent studies have claimed the
superiority of using extracts from particular plants (e.g., drumstrick and red sea-
weed) over the synthetic antibiotic to reduce Vibrio infection and promote the
growth of aquaculture species (Kaleo et al. 2019; Karnjana et al. 2019). Organic
farming using natural antimicrobials to reduce chemical pollution, and application of
probiotics, or phage therapy to prevent vibriosis may also be considered as environ-
mentally friendly interventions (Faruque et al. 2000; Quiroz-Guzman et al. 2018).
Observations noted in this chapter suggest the need of holistic interdisciplinary
efforts, including participatory actions of community members, natural and social
scientists, development managers, and policymakers, to promote dynamic interven-
tion approaches, interactively integrating ecosystem, climatic and socio-
anthropogenic domains influencing the spatio-temporal risks and vulnerabilities of
harmful Vibrio populations.

6 Conclusion

Climatic variation, particularly changes in salinity and precipitation, and pollution-
mediated impacts on aquatic nutrient dynamics may have cascading effects on the
biodiversity and Vibrio abundance in the Bengal delta. Re-suspension of benthic
sediments, especially under the influence of strong tide, wind, and river flow, causes
a substantial increase of SPM, chitin, and other particulate or dissolved nutrients,
which may stimulate estuarine Vibrio populations. The observed increasing scale of
SLR-mediated brackish water intrusion, coupled with reduced river flows, during
winter will eventually intensify the magnitude of seasonal inundation of the
low-lying coastal areas and Vibrio-related disease outbreaks. Synergistically, anthro-
pogenic discharge-derived pollutants, including organic nutrients and agrochemi-
cals, may not only favor an increased occurrence but also confer drug resistance,
virulence, and ecological fitness in coastal Vibrio populations. In this context,
collaborative actions would be integral to promote peoples’ knowledge and partic-
ipatory adaptation measures, involving the vulnerable groups, policymakers,
and managers at multidisciplinary sectors, e.g., health of humans and animals,
water and sewage, agriculture, industry, biodiversity and environment, disaster
response and watershed management. Holistic assessment, following ecosystem-
and basin-based approaches, of the “climate-pollution induced variations” in
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toxigenic and MDR Vibrio populations, disease outbreaks, and peoples’ vulnerabil-
ity in diverse geo-socio-environmental contexts would vitally contribute to the
multi-dimensional and dynamic intervention strategies for tackling the anticipated
future disasters to health and environment in the Bengal coast.
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Chapter 14
Ghana Case Study Two

Assessment of the Vulnerability of a Small Coastal
Community to Climate Change for Adaptation Planning
in Ghana

Elizabeth Effah, Denis W. Aheto, Emmanuel Acheampong, and John Blay

Abstract This study contributes to climate change adaptation planning by demon-
strating how climate change may impact coastal communities and their livelihood
opportunities in fisheries and small-scale crop farming. To assess vulnerability to
climate change using flooding and drought indicators, an assessment framework that
accounts for interactions between natural and human impacts was adopted, combin-
ing historical climate data and local knowledge. Temperature, rainfall, and humidity
for the district from 1970 to 2012 were used to calculate the intensity of the
indicators. Data from 2000 to 2012 show that rainfall and humidity decreased by
0.2 mm and 2% per year, respectively, while air temperature increased by 0.2 °C per
year. This suggests that the community was highly vulnerable to drought and
flooding during that period, with few practical strategies to deal with them. From
1970 to 2012, the community’s physical assets and livelihoods were thus vulnerable
to flooding (13.9 mm m–2 h–1) and drought (30.9 mm m–2 h–1). Therefore, it appears
necessary to pursue community relocation to higher ground to mitigate the adverse
effects of climate change-related events.

Keywords Climate variability · Vulnerability · Livelihoods · Adaptation planning ·
Ghana

E. Effah (✉) · D. W. Aheto · E. Acheampong · J. Blay
Department of Fisheries and Aquatic Sciences, University of Cape Coast, Cape Coast, Ghana

Centre for Coastal Management –Africa Centre of Excellence in Coastal Resilience (ACECoR),
University of Cape Coast, Cape Coast, Ghana
e-mail: elizabeth.effah@ucc.edu.gh

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
M. Wolff et al. (eds.), Challenges in Tropical Coastal Zone Management,
https://doi.org/10.1007/978-3-031-17879-5_14

227

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-17879-5_14&domain=pdf
mailto:elizabeth.effah@ucc.edu.gh
https://doi.org/10.1007/978-3-031-17879-5_14#DOI


228 E. Effah et al.

1 Introduction

Global climate change caused by rising concentrations of greenhouse gases in the
atmosphere is perhaps the most serious threat confronting the earth in recent times.
Various aspects of the environment, such as ocean circulation (McManus et al.
2004), extreme weather events (van Aalst 2006), biodiversity loss, and changes in
habitat ranges of organisms (Bellard et al. 2012), are being driven by global climate
change. The thermal expansion of ocean waters plus the melting of polar ice and
glaciers are raising seawater level and pushing it further inland with devastating
effects on coastal habitats such as wetlands, aquifers, as well as agricultural lands,
and infrastructure (Allison et al. 2009; Nicholls and Cazenave 2010). The United
Nations Intergovernmental Panel on Climate Change (IPCC) projects a sea-level rise
of 40–60 cm by the year 2100 (IPCC 2007). It has been noted that these changes will
most heavily impact the poorest and most vulnerable countries and disproportion-
ately affect key economic sectors (World Bank 2018).

Global assessments have identified coastal areas in Africa as highly vulnerable to
sea-level rise and its consequences (Nicholls et al. 1999). In addition to various
socio-economic, demographic, and policy limitations, most coastal communities in
Africa are highly dependent on fisheries resources which are also threatened by
global climate change, specifically by the warming of coastal waters. Many
unsustainable activities, such as fisheries over-exploitation, coastal pollution, and
habitat degradation, add to the stress these natural communities are exposed to.

The economy of Ghana in West Africa is highly dependent on climate-sensitive
sectors such as agriculture, fisheries, and forestry (World Bank 2018). The marine
fisheries sector employs as many as 2.2 million people and generates about US$1
billion in revenue annually (World Bank 2018). The Environmental Protection
Agency (EPA) of Ghana determined that should reach the sea level increase by
one meter, an estimated area of 1100 km2 of Ghana’s coastal areas could be
inundated (GCCP 2012). Projections by Appeaning Addo et al. (2011) suggest
that low-lying coastal communities in Ghana will be permanently flooded by 2100
due to sea-level rise. This presents grave implications, given that one-third of the
Ghanaian population lives within 3 km of the coast (GCCP 2012). These impacts
could exacerbate the already precarious state of coastal biodiversity, fisheries, and
physical infrastructure of Ghanaian coastal communities (Appeaning Addo et al.
2011; Armah et al. 2005).

Unfortunately, developmental efforts in Ghana do not give sufficient priority to
climate change issues (GCCP 2012) for several reasons. First, societal and individual
awareness of climate change effects on the ecosystems and adaptation initiatives is
low. For example, in some low-lying coastal communities, as many as 84% of the
local dwellers do not know of any practical measures that can be adopted to prevent
flooding disasters (Appeaning Addo et al. 2011). Consequently, adaptation to the
effects of climate change is not made deliberately and self-consciously. Second,
there is a low institutional capacity to conceptualize climate change issues for
integration into the country’s developmental efforts (GCCP 2012). The financial
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and technical ability to develop climate change adaptation programs is also limited.
Furthermore, coastal governance structures are weak, partly because indigenous
institutions (e.g., the “asafo groups”) responsible for law enforcement and emer-
gency response and management situations, as well as local norms and taboos
limiting access to marine resources, are not fully integrated into contemporary
resource management initiatives. As a result, public institutions cannot fully meet
their obligations to protect coastal communities against floods and other adverse
effects of global climate change.

All in all, it has become necessary to highlight the vulnerability of coastal
communities to the impacts of climate change and other associated hazards that
eventually result in high levels of poverty, including food insecurity, disease,
conflict, marginalization, and poor governance (FAO 2007). Hence, vulnerability
assessments that examine the costs and risks of climate change-related events are
essential (Fankhauser et al. 1998; Pittock and Jones 2000; Smit et al. 1999; Tol et al.
1998; Yohe et al. 1996). Efforts should also consider adaptation and mitigation
import essentials of the strategy (Fankhauser 1996; Kane and Shogren 2000; Smith
et al. 1996). This is because developing adaptation strategies to deal with risks
associated with climate change is essential for identifying practical mitigation
actions (Burton 1997; Parry 1986; Smit et al. 1999). Unfortunately, Ghana’s climate
change models and policy discussions have focused more on reducing greenhouse
gas emissions with little attention to adaptation planning (GCCP 2012); a similar
concern has been raised by others working in other poor and developing countries.
Furthermore, the value of local indigenous knowledge on climate change adaptation
has received little attention globally despite the communities often being the first to
experience the effects of climate change (IPCC 2014). Several studies have demon-
strated that local indigenous knowledge can be utilizable for adaptation strategies
including early warning systems (Ajibade and Shokemi 2003), risk recognition, and
response measures (Thomas et al. 2004).

This paper, therefore, aims to evaluate the vulnerability, in terms of assets and
livelihoods, of a small coastal community in Ghana to the long-term impacts of
climatic factors such as rainfall and air temperature variations. Here we refer to
physical infrastructure as assets and fisheries and non-fisheries’ livelihoods related to
crop farming.

2 Materials and Methods

2.1 Study Area

This study was conducted at Old Akwidaa (4° 45′ 0 N; 2° 1′ 0 W), a coastal
community located on a sand bar in the Western Region of Ghana (Fig. 14.1) with
a population of approximately 5000 people (2010). Because of its proximity to the
ocean, wetlands, and a lagoon, the area is prone to flooding (Fig. 14.1). The locals’
primary occupation is fishing, followed by small-scale crop farming and petty
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Fig. 14.1 Map showing the
study area in the Western
Region of Ghana

trading. The site has tourism development potential near the Slave Fort and a sea
turtle nesting beach (Personal observation).

2.2 Theoretical Framework

Vulnerability assessments serve as the foundation for developing adaptation strate-
gies to mitigate the adverse effects of climate change. The approach proposed by
Monnereau et al. (2015) for assessing climate vulnerability was used in this study.
This approach determines the susceptibility of various sectors to climate change
effects, such as livelihoods, species or ecosystems, infrastructures, resources, and
assets, based on three measures: (a) the sector’s exposure to the threat, (b) the
sector’s sensitivity to the threat, i.e., the degree to which a system is affected (either
adversely or beneficially), and (c) the sector’s adaptive capacity to cope with the
threat. Figure 14.2 depicts the relationship between these three measures.
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Climate-induced hazard (flood 
and drought resulting from 
rainfall and air temperature)

Potential Impact (PI)
i.e. PI =E × S

Exposure (E): how prone 
the physical and ecological 

assets are to floods and 
droughts

Sensitivity (S): The 
likelihoodof damage of 
assets and livelihoods, if 

exposed to climatic factors

Vulnerability (V) 
i.e. (V= PI × AC)

Adaptive Capacity (AC): 
how the community copes 
with, or adapt to the 
climatic factors

Fig. 14.2 Analytical framework for vulnerability assessment of climate-induced risks (adapted
from Monnereau et al. 2015)

2.3 Data Collection

Field surveys were conducted to assess vulnerability based on critical assets and
livelihoods, as well as changes that have occurred over a four-decade period. The
community’s vulnerability was assessed using an open-ended questionnaire. District
planning officers and disaster management officials were questioned about climate-
related risk adaptation measures implemented in the district and community. In
selecting individuals from the community, a purposive sampling approach was
used, and a total of 220 people were interviewed. The questionnaire sought the
opinions of individual community members to avoid group influence. Interviewees
were asked to provide verbal descriptions of the temperature and rainfall changes
they had witnessed and the adaptive measures they had taken to deal with them.
Climate change impacts on livelihoods and assets, exposure, and factors exacerbat-
ing vulnerability were all addressed in the interview questions. The Ghana Meteo-
rological Agency provided rainfall, air temperature, and relative humidity records for
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Ahanta West District, where the study site is located, from 1970 to 2012 to illustrate
historical trends in climate conditions for the area.

2.4 Assessment of Climate-Induced Risks

Changes in the study area’s air temperature, rainfall, and humidity were based on the
anomalies associated with each climate variable. The anomalies were calculated
according to the approach of Jones et al. (2008). The combined effects of the changes
in the climatic variables in the study area were evaluated based on drought and
flooding conditions (Eqs. 14.1 and 14.3).

2.4.1 Drought Conditions

The intensity of dry conditions (D) was determined as the difference between the
amount of rainfall (R) and the rate of water loss through evaporation (E):

D=R 1-Eð Þ ð14:1Þ

E=
ϴ Hs - hð Þ

h
ð14:2Þ

where ϴ is the evaporation coefficient of water, Hs is maximum humidity (mm), and
h is humidity ratio (mm). A ϴ value of 1 was assumed as in Eames et al. (1997).

2.4.2 Flooding Conditions

The research was carried out in a community about 100 m from the sea at low tide
(personal observation). The community has no drainage and is built on a muddy clay
substrate. Furthermore, the study was conducted during the primary rainy season,
when the soil is likely to be saturated. As a result, the level of flooding (F) was
assumed to equal the amount of rainfall (R) in the area.

2.5 Assessment of Climate Vulnerability

The vulnerability of the study area to climate-induced risks was evaluated from the
potential impact (PI) of the climate-induced conditions and the adaptive capacity
(AC) of the community as:
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Table 14.1 Sensitivity scores for assessing the vulnerability of physical assets and livelihood
opportunities to drought and floods

Community
assets

Sensitivity Score

Drought Floods

Roads Deplorable
feeder roads

Accessible tarred roads (IPCC 2001 0

Clinics Wooden/Mud
structures

Concrete structures/Relocation of com-
munity (IPCC 2001)

Bridges Wooden
bridges

Metal or concrete bridges (IPCC 2007 1 1

Houses
(human
residence)

Mud/Wooden
structures

Concrete structures (IPCC 2007

Markets Unplanned
weak market
structures

Well-planned enforcement guidelines in
coastal locations (IPCC 2001)

Schools Mud structures Concrete structures (IPCC 2007

Fish landing
sites

No fish landing
site

Fish landing sites with storage facilities
and Electricity (Adelekan 2010)

Cold storage
facilities

No storage
facility

Storage facilities (Adelekan 2010

Farmlands No coping
strategies

Diversification of livelihoods (Fosu-
Mensah et al. 2010)

Farm crop Alternate
livelihood

Use of extension services for crop
improvement/Diversified livelihoods
(Gbetibouo 2009)

Petty trad-
ing centers

Alternate
livelihood

Provision of concrete structures/Alternate
our livelihoods (Fosu-Mensah et al. 2010)

Mangrove
forests

Degraded
ecosystems

Transformed ecosystems (IPCC 2007 1 1

Total Sensitivity to drought and floods 8 8

Vulnerability= PIð Þ× ACð Þ ð14:3Þ

where PI is the product of exposure (E) and sensitivity (S) of community assets to
climate change factors (see Monnereau et al. 2015).

In the present study, the climate change factors considered were drought and
flooding conditions, and the assets considered were physical infrastructure (e.g.,
roads, health clinics, etc.), natural ecosystems (e.g., mangrove forests), and liveli-
hood opportunities (e.g., fisheries) (see Tables 14.1 and 14.2).

The exposure of assets to a given factor (drought or flood) was estimated by
comparing the prevailing intensity to historic levels in the study area as follows:

Ei,d =
αi, d

βi,d
; Ei,f =

αi,f
βi,f

ð14:4Þ
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Table 14.2 Adaptive capacity scores assess the protection of different community assets against
drought and floods

Community
assets

Observed
coping
strategy

Adaptive
capacity score

Drought Floods

Roads No strategy
for
protection

Accessible tarred roads accessible roads
(IPCC 2001)

Clinics No strategy
for
protection

Provision of concrete structures (IPCC 2007 0 0

Bridges No strategy
for
protection

Provision of concrete structures (IPCC 2007 0 0

Houses
(human
residence)

No strategy
or
protection

Provision of concrete structures (IPCC 2007)
Relocation and building on stilts (EPA 2000)

Markets No strategy
for
protection

Well-planned markets (accessible with stalls)
(IPCC 2007)

Schools No strategy
for
protection

Provision of concrete structures (IPCC 2007 0 0

Fish landing
sites

No fish
landing site

Construction of fish landing site made of
concrete (Adelekan 2010)

Cold storage
for fish

No cold
storage
facility

Creation of storage facilities and improved
processing techniques (Daw et al. 2005)

Farmlands No strategy
for
protection

Diversification of livelihoods (Fosu-Mensah
et al. 2010)

Farm crops Alternate
livelihood

Improved agricultural practices, e.g., irriga-
tion, provision of improved seed varieties/
Diversification of livelihoods (Daw et al.
2005; Fosu-Mensah et al. 2010)

Mangrove
forest

No strategy
for
protection

Transformed ecosystems (IPCC 2007

Total Adaptive Capacity against drought and floods 2 2

i,d i,f fl i,d i,f

prevailing levels of drought and flooding, respectively, and βi,d and βi,f are the
respective average long-term drought and flooding intensities in the study area.

The total exposure of the community to drought (En, d) or flooding (En, f) was
calculated from the equations:



ð
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En,d =

Pn

i
Ei,d

n
; En,f =

Pn

i
Ei,f

n
ð14:5Þ

where n is the total number of community assets assessed.
The sensitivity of the community assets to climate change factors was estimated

based on the likelihood of each asset suffering damage if exposed. Some strategies
have been recommended for effective mitigation of the effects of global climate
change (see Fosu-Mensah et al. 2010; IPCC 2014). The expectations of these
strategies about the state of local community assets were used as reference points
for assessing the sensitivity of the study area to climate change effects. We assumed
that assets that meet the expectations of the recommended measures (Table 14.1) are
not likely to be damaged by climate-induced stressors; these were each given a
sensitivity score of 0, meaning they are “not prone to the effects” of drought and
flooding. Assets were awarded a sensitivity score of 1, meaning “prone to effects” of
drought and flooding, if they did not meet the recommendations. These scores were
assigned to each community asset regarding drought and flooding conditions; they
were represented in our calculation using Si, d, and Si, f respectively. The sensitivity,
Sn, d or Sn, f, of the entire community to either drought or flooding, respectively, was
then calculated using the relations below:

Sn,d =

Pn

i
Si,d

n
; Sn,f =

Pn

i
Si,d

n
ð14:6Þ

The potential impacts of drought and flooding conditions on the community were
then calculated as En, d × Sn, d and En, f × Sn, f respectively.

For the community’s adaptive capacity, an approach similar to that described
above for the determination of sensitivity was used. The total adaptive capacity, An, d

or An, f, of the entire community to either drought or flooding, respectively, was
obtained from the relations:

An,d =

Pn

i
Ai,d

n
; An,f =

Pn

i
Ai,d

n
ð14:7Þ

The potential impact of drought and floods on the community was then calculated
as En, d × Sn, d and En, f × Sn, f respectively.

The total vulnerability of the study area to drought and flooding events was then
estimated in line with the climate vulnerability assessment framework of Monnereau
et al. (2015) as:

Vd =An,d × En,d × Sn,dð Þ; V f =An,f × En,f × Sn,fð Þ 14:8Þ
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3 Results

3.1 Climatic Conditions of the Study Area

3.1.1 Temperature Variations

Air temperature changes in the Ahanta West District generally reflect warming over
the study period. Maximum air temperatures increased by 6.4% between 1970 and
2012, according to an analysis of mean air temperatures. From an average temper-
ature of 28.97 °C in the first decade, 1970–1979, the average temperature increased
to 29.52 °C from 1979 to 2012, a 0.55 °C or 1.8% increase. As a result, temperature
records show a gradually increasing trend of about 0.02 °C over the last four decades
(Fig. 14.3a, b). These findings are consistent with general trends in global atmo-
spheric temperatures.

3.1.2 Rainfall Variations

Figure 14.4 depicts the rainfall pattern in the study area. The lowest annual rainfall
was 100.0 mm in 1983 and 1998, while the highest was 245.9 mm in 1979. Between
1970 and 2012, the average yearly rain fell by 145.9 mm. The amount of rainfall did
not change significantly during the period studied. The rainfall anomaly trend is
depicted in Fig. 14.4b. The positive anomaly represents an increase in rainfall, while
the negative anomaly represents a decrease in rainfall. The trend decreased by
20 mm on average between 1980 and 2012.

3.1.3 Changes in Humidity

The relative humidity pattern measured during the study is shown in Fig. 14.5. The
mean annual relative humidity recorded for the district, on the other hand, shows a
gradual decline over the period studied. Mean relative humidity was higher in the
first decade (from 1970 to 1980) when values ranged from 79 to 79.5 mm, but it fell
to 72 mm from 1982 to 1998. From 1999 to 2006, it was slightly higher. Then,
between 2006 and 2012, there was a slight decrease. Over the last four decades,
average relative humidity has decreased by 0.05 mm. Relative humidity has gener-
ally decreased by 0.05 mm over the four decades. Figure 14.5b depicts a relative
humidity anomaly trend. The trend shows that humidity increased in the first decade
and decreased from 1980 to 2000. Then, it gradually decreased from 2000 to 2012,
with an estimated 2 mm decrease.
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Fig. 14.3 (a) Mean annual temperature of Ahata West District (1970–2012). (b) Temperature
anomaly of Ahata West District (1970–2012)

3.1.4 Changes in the Rate of Evaporation in the Ahanta West District

Figure 14.6 depicts changes in evaporation rate over the period studied. From 1970
to 1982, the rate was generally low. Following that, evaporation increased until



238 E. Effah et al.

Fig. 14.4 (a) Mean annual rainfall of the Ahata West District (1970–2012). (b) Rainfall anomalies
recorded over the study area between 1970 and 2012
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Fig. 14.5 (a) Mean annual relative humidity of the study area. (b) Anomalies of relative humidity
of the study area

1995, then decreased slightly from 1996 to 2005. Finally, the trend gradually
increases for the remainder of the observation period, from 2005 to 2012. In general,
the rate of evaporation is rising.



240 E. Effah et al.

Fig. 14.6 Rate of evaporation in the Ahanta West District

Fig. 14.7 Residents’ perception of climate change-related phenomena

3.2 Perception of Climate Change Phenomenon
in the Study Area

People’s perceptions in the study area confirmed the observed changes in climatic
conditions (Fig. 14.7). The majority (85–95%) of those polled strongly agreed that
there had been changes in their community’s climatic conditions, while 8%
disagreed. These opinions were expressed about air temperature, rainfall, and other
climate change-related factors like sea-level rise and increased storm intensity.
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3.3 Exposure of Community Assets to Climate Change
Effects

A trend was observed when evaluating the exposure of the community’s assets
(physical infrastructure and livelihoods) to floods and droughts over the last four
decades (Fig. 14.8). A sharp increase in exposure to floods and droughts occurred
between 1970 and 1971, after which the rise slowed down and was gradual until
2012.

3.4 Vulnerability to Climate Change Effects

From 1970 to 2012, we can see an increase in the vulnerability of physical infra-
structure and livelihoods to flooding and drought. Over the last four decades, the
trend indicates an overall increase. While both factors resulted in low vulnerability
scores (10) from 1970 to 1982, higher scores for drought (13.9 mmm2 h–1) and flood
(30 mm m2 h–1) were estimated for the remaining period. Most importantly, from
2005 to 2012, vulnerability to floods and drought appears to have stabilized
(Fig. 14.9).

4 Discussion

It has long been recognized that global climate change is associated with extreme
weather events such as storm surges, prolonged droughts, and heavy flooding (IPCC
2014). The effects of these threats are especially dire in Africa, where there is near-
total dependence on natural ecosystems for survival and economic development
(IPCC 2014). However, these challenges are usually not captured in local planning
programs, partly because there is little understanding of the combined effects of the

Fig. 14.8 Exposure of assets and livelihoods to flood (a) and drought (b)
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Fig. 14.9 Vulnerability of assets and livelihoods in the community to flood and drought

different climate change factors. In this paper, we evaluated how the interplay
between air temperature, humidity, and rainfall exposes a coastal community in
Ghana to flooding and drought conditions. The objectives were to estimate the
vulnerability of assets and critical livelihoods to drought and floods and assess the
community’s understanding of climate change and their preparedness to cope with
the phenomenon. The study revealed rainfall and humidity decreased by ~0.2 mm
and 2% per annum while air temperature increased by 0.02 °C per annum since
1970. These trends in climatic conditions in that coastal community in Ghana were
not different from the global picture.

Consequently, particularly from 2000 to 2012, the Akwidaa community was
highly exposed to drought and floods at an average exposure value of 0.99 ± 0.21
and 1.0 ± 0.24, respectively. However, despite the recommendations of the IPCC
and other authorities, the community had no effective strategies to cope with these
risks, making the community’s assets vulnerable to drought (~30.9 mm m2 h–1) and
floods (~13.9 mm m2 h–1). Because of their proximity to the sea, stream, and lagoon,
community assets, particularly physical infrastructure, are vulnerable to flooding.
Flooding causes physical infrastructure to deteriorate and inundates crop farms,
fishing boats, nets, and landing beaches. Homes made of erodible materials may
be destroyed, leaving residents homeless and jobless in most cases. The degradation
of mangrove forests, which could otherwise protect against coastal erosion, has also
contributed to the problem’s exacerbation. The effects of climate change-related
events on coastal areas are expected to have a particularly negative impact on the
structures of artisanal fisheries. According to Ghana’s National Climate Change
Policy, heavy rains would increase the risk of flooding and its associated problems in
Africa. Inundations can cause seawater intrusion into freshwater areas, threatening
stabilizing ecosystems such as mangrove forests and fisheries resources (GCCP
2012). Mangroves, which boost fish productivity by serving as breeding and
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spawning grounds, are already disappearing due to coastal erosion and flooding
(Uyigue and Agho 2007).

Over the years, catch levels have declined due to drought conditions associated
with extreme temperatures because high temperatures affect fish growth, reproduc-
tion, and other metabolic processes, as well as nutrient levels in the water (Ficke
et al. 2007). According to Ficke et al. (2007), the temperature is a critical climate
factor affecting fisheries globally, influencing fish metabolism, physiology, and
behavior. Similarly, it plays a vital role in coastal upwelling, which increases
nutrient levels in the oceans and fish productivity (GCCP 2012; World Fish Center
2009). The study’s findings suggest that fisheries and livelihoods are vulnerable to
various climate-related variability, ranging from changes in aquatic ecosystem
structure and productivity to changing patterns and abundance of fish stocks (FAO
2007).

According to some reports, climate change and variability are real (Kankam-
Yeboah et al. 2010; National Adaptation Strategy 2008; UNDP 2010), with severe
consequences for the country due to their potential impacts on natural and social
systems. Climate change has an effect on fishery production in a variety of ways
(World Fish Center 2009). Internal and external stressors such as water scarcity, poor
infrastructure, and unemployment exacerbate vulnerability. Similarly, (Bohle et al.
1994) argued that developing strategies to cope with future climate change requires a
complete understanding of current vulnerability. This school of thought emphasizes
the potential benefits and increased resilience resulting from climate-appropriate
practices and infrastructure. Given the uncertainty surrounding future conditions
under various climate scenarios, effective adaptation may be critical in reducing
vulnerability.

5 Conclusions and Recommendations

In conclusion, this study found that, on average, air temperature in the area increased
at a rate of 0.02 °C per year. At the same time, rainfall decreased by approximately
0.2 mm/year over the 40-year study period. The relative humidity in the area has also
reduced by 0.05 mm/year, indicating a decrease in the atmosphere’s moisture
content. Over the last 43 years, the local people’s assets and livelihoods have
become increasingly vulnerable to drought and flood. Changes in environmental
conditions have an impact on people’s assets and livelihoods. Because floods appear
to be the most likely climate-induced factor affecting the area’s assets and liveli-
hoods, we recommend that the community consider relocating to higher ground to
mitigate its harmful effects.
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Chapter 15
Ecuador Case Study

Transboundary Marine Conservation and Fisheries
Management in Ecuador and Northern Peru

Gabriela Navarrete-Forero, Alonso Del-Solar-Escardó,
Eliana Alfaro-Cordova, Leonardo Rodríguez-Escalante,
Solange Andrade-Vera, and Demian A. Willette

Abstract Marine fisheries are an important source of food security, livelihood, and
employment for coastal communities around the world. However, their sustainabil-
ity is undermined in contexts of weak institutions at multiple levels of governance,
illegal fishing, and poor seafood traceability. Ecuador and Peru share historical,
ecological, social, and economic features in terms of marine affairs, conservation,
and fisheries development, and therefore face similar challenges to sustainability.
The goal of this synthesis is to provide an overview of the aspects in common and to
highlight the relevance of bi-national cooperation in scientific research in times of
transformation of seafood systems into more sustainable ones. We show that there
are important fishery resources in common, and potentially many more that are
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poorly known and monitored. At the national-government level, Ecuador and Peru
cooperate through international organizations to manage some shared stocks like
tropical tunas, dolphinfish and Chilean jack mackerel. At the community level,
members of artisanal fishing associations have participated in bi-national workshops
around dolphinfish management. We propose that bi-national academic and scien-
tific research networks can also contribute to this process and suggest some lines of
research in which the cooperation could develop.

Keywords Marine fisheries · Regional management · Sustainability · Ecuador ·
Peru · Transboundary stocks

1 Introduction

Global marine fisheries have grown over the past century, reaching a peak of 90–130
million metric tons per year in the mid-1990s, before the steady decline in recent
decades (FAO 2016b; Pauly and Zeller 2016). The availability of diesel-powered
vessels and sonar technology after World War II facilitated the development of
distant-water fishing fleets by the United States, Japan, China, the Soviet
Union/Russia, Taiwan, South Korea, Spain, and France. As their name implies,
distant-water fleets fish away from their country’s waters in international seas and in
the maritime zones of foreign nations, including those of Ecuador and Peru. How-
ever, perceiving the threat of exhaustion of local fisheries resources by distant-water
fleets, in 1952 the governments of Chile, Peru and Ecuador signed the “Santiago
Declaration on the Maritime Zone,” claiming exclusive sovereignty and jurisdiction
over seas extending 200 nautical miles (nm) from each country’s respective coast
(Chile Ecuador and Peru 1976). This declaration, however, was not ratified interna-
tionally and was largely ineffective in stemming the problem. Following the com-
bined pressure from Asian and African nations, along with others in Latin America
(Thorpe and Bennett 2001), the international community agreed on the designation
of 200 nm Exclusive Economic Zones (EEZ) of coastal nations in the United Nations
Convention on the Law of the Sea in 1974 (UNCLOS; UN 2019). Under UNCLOS,
distant-water fleets may harvest unexploited fish in foreign EEZs if they pay a
negotiated fee for access. Bolstered by the newly-established zones, and pressured
to harvest domestic stocks to exclude foreign fleets, Ecuador, Peru, and other Latin
American nations rapidly developed their own fishing fleets and joined the global
fishing nations (Thorpe and Bennett 2001).

The race to capture fish led to governmental fuel subsidies and over-capitalization
of the fishing industry and unsustainable harvest of local stocks. Consequently,
multiple regional stocks have since been designated “fully exploited,”
“overexploited,” or “depleted,” including South Pacific hake Merluccius gayi,
mackerels Trachurus picturatus, Trachurus murphyi and Scomber japonicus, and
South American pilchard Sardinops sagax (FAO 2016a, b). Other relevant regional
pelagic fisheries include those of sharks and tunas, and more recently the rise of the
dolphinfish Coryphaena hippurus and giant squid Dosidicus gigas fisheries
(Argüelles et al. 2008; Del Solar et al. 2017).
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The decline of stocks due to unsustainable fishing is further compounded by the
forecasted deleterious effects of climate change (Defeo et al. 2013; Dueri et al. 2014)
and by the global challenge of Illegal, Unreported, and Unregulated (IUU) fishing.
IUU fishing relates to unsustainable harvest practices and is linked to organized
crime. Its products infiltrate fish and fishmeal distribution channels, particularly in
developing countries with low levels of governance (Agnew et al. 2009). The
mislabelling of seafood products contributes to cover this malpractice from con-
sumers (Cawthorn et al. 2018; Grillo et al. 2018). As a response, some of the main
fish importers in the European Union and United States are improving their stan-
dards of seafood traceability (Willette and Cheng 2018).

In this context, the UN Agreement on Port State Measures to combat IUU fishing
(FAO 2009) defines the route for national governments to develop more efficient
control systems and improve their legislation and the procedures used to detect IUU
fishing. This approach targets industrial vessels that land their catch in major ports
but does not include small-scale fisheries. Thus, different approaches are needed to
improve seafood traceability across fisheries sectors. For Ecuador and Peru, both
industrial and artisanal fishing are important contributors to the national economy
and food security. In the following sections, we will present arguments in favor of
strengthening cooperation between these countries in order to meet the challenges of
IUU fishing, market competitiveness and local food security.

2 Historical Development of Fisheries Management
and Coastal Conservation in Ecuador and Peru

Ecuador possesses a continental EEZ and an insular EEZ surrounding the Galapagos
Archipelago, with marine conservation and fisheries management efforts having
historically focused on the Galapagos region. In contrast, Peru has a single, contin-
uous EEZ with no islands located far from the coastline (Fig. 15.1). Both countries

Fig. 15.1 Biogeographic and political subdivisions off the Ecuadorian Peruvian coast (Spalding
Mark et al. 2007).



250 G. Navarrete-Forero et al.

exploit their marine resources in open access regimes, and largely depend on
extractive, export-oriented economies.

The first initiative to protect marine biodiversity in Ecuador occurred in 1934
when the Galapagos Archipelago was declared a “conservation area” (Varea 2004).
The oldest institutions conducting research for the conservation of the Galapagos
Islands are the Galapagos National Park Directorate (GNPD), created by the Ecua-
dorian government, and the Charles Darwin Foundation, both founded in 1959 (see
Box 15.1). Meanwhile, marine conservation in Peru started in 1958, with measures
to maintain guano exploitation (i.e., bird excrement from coastal capes, exported as
fertilizer). The state prohibited fishing nearby the capes because the activity—in
combination with El Niño events, (see Cushman 2003)—was reducing the birds’
source of food, anchoveta Engraulis ringens. Currently, the National Reserve of
Guano Islands, Islets and Capes System allows ecosystem-based management and
resource use around these highly productive areas.

The 1950s saw the rise of industrial fisheries in Ecuador and Peru. In Ecuador, the
shrimp trawl fishery began in this decade and eventually entered in conflict with
coastal communities for the use of ancestral fishing grounds and high rates of
bycatch. In 2012, the shrimp-trawl fishery was officially closed (MAE 2012). In
Peru, the industrial fishing of anchoveta started in 1952 (Mendo and Claudia 2016).
For a long time, this was the most important economic activity associated to the sea.
Anchoveta stocks collapsed in the early 1970s but measures were taken and the
fishery is today one of the largest single-species and best-managed fisheries in the
world (Chavez et al. 2008; Tarazona and Arntz 2001).

During the 1970s, mangrove deforestation for shrimp farming prevailed in
Ecuador and Northern Peru. The process started in Ecuador early in the decade
and affected the traditional fishing communities depending on crustaceans, molluscs,
and fish (Terán et al. 2007). The mangrove forest ecological reserve Manglares
Churute was created in Ecuador in 1979 to counter this process. During the 1990s,
the Ecuadorian government adopted the strategy of managing mangrove forests
through concessions assigned to legally constituted fishing associations. Similarly,
the Peruvian State initiated a series of experiments in shrimp aquaculture in 1970,
and by 1978 it allowed the private sector to take part. For Peru, shrimp aquaculture
was an alternative to the recently collapsed anchoveta fishery, but it was also
motivated by a shift toward a liberal economy. Shrimp production in Peru has
increased ever since, despite disastrous El Niño events in 1982–1983 and
1997–1998, which destroyed ponds, channels, and facilities (Mialhe et al. 2013).
In 1988 the Sanctuary “Los Manglares de Tumbes” was created as an important
natural reserve to protect the mangrove forests of northern Peru in response to the
growth of unregulated shrimp farming in the area (INRENA 2002). However, its
management is still challenging due to contamination, deforestation, aquaculture,
agriculture and urban expansion, added to information gaps that deter decision-
making (Flores et al. 2013). Ecuador is currently the second largest exporter of
frozen shrimp after India, while Peru occupies the 13th place (Workman 2019).

During the 1980s the artisanal fishing fleet of Ecuador experienced a significant
development of its capacity to reach fishing areas outside the continental platform. In
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1989, the National Fisheries Institute (INP) of Ecuador started monitoring the main
artisanal fishing ports along the coast, collecting information about landings, fishing
effort and biological data about the main target species (Peralta 2009).

The signing of the Convention on Biological Diversity (CBD) in Rio 1992 had a
positive effect on conservation efforts in Ecuador, although not immediately. In
2000, stakeholders from the coastal region engaged with the Ministry of Environ-
ment, exerting pressure for the declaration of a series of coastal marine protected
areas. However, a study of biodiversity conservation gaps and priorities in conti-
nental Ecuador concluded that the existing protected areas failed to cover and
represent the different ecosystem types, particularly, the marine ecosystems (Terán
et al. 2007). A portfolio of potential conservation areas resulting from the study was
included in the National Strategy for Biodiversity 2015–2030 to guide the develop-
ment and expansion of the National System of Protected Areas (MAE 2016).

In Peru, the creation of the Peruvian Ministry of Environment in 2008 constituted
a turning point from fisheries-oriented coastal zone management, toward ecosystem-
based management. The current policy for integrated coastal zone management
(Ministerio del Ambiente 2016) was assessed by Barragan and Lazo in 2018. The
authors explain that the State has recently included coastal zone management in the
political agenda, but only as a bottom-up process. They consider that this is an
incomplete approach, lacking a clear description of the role of the State in supporting
coastal communities in policy implementation, and in facilitating the advance of
regions and districts. Therefore, Peru is considered to be in a transition toward a
more integrated model but still with a long way to go. For instance, it has been
suggested that the marine nature of the Guano Islands and Capes system should be
complemented with a protected terrestrial coast strip that would act as a coastal
ecological corridor, but this is not yet included in official plans (Barragán and Lazo
2018).

In summary, Ecuador and Peru have had similar, parallel processes of natural
resource exploitation in marine and coastal ecosystems. Both have significant
environmental sustainability challenges and therefore national policies are now
turning toward ecosystem-based management.

Box 15.1 Fisheries Management in Galapagos, Ecuador
The importance of Galapagos for global marine biodiversity has been widely
recognized: UNESCO World Heritage Site (1978), Biosphere Reserve and
Whale Sanctuary (1985), and Shark Sanctuary (2016). However, multiple
drivers of environmental degradation are still acting, including biological
invasions and extinctions, overfishing, massive tourism, and contamination
(see Wolff and Gardener 2012).

The Galapagos Marine Reserve (GMR) is a multi-use oceanic protected
area of ~138,000 km2 from a 40 nm buffer measured from the baseline around
of the archipelago and its inland waters. Industrial fishing was prohibited in

(continued)
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Box 15.1 (continued)
1998 by the Special Law for Galapagos, and its special regulation for fishing
activity. However, industrial fishing has been displaced outside the boundaries
of the GMR. The local artisanal fishery is the only permitted and managed by
GNPD and takes place in 99% of the GMR (Moity et al. 2018). Measures to
reduce the fishing effort and pressure on coastal and demersal fish include the
use of anchored fish aggregation devices (FADs). These are being evaluated as
sustainable alternatives for the fishing sector. Evidence shows that the GMR
had a positive effect on industrial fisheries targeting yellowfin and skipjack
tuna during the first decade of operation (Wolff et al. 2012), whereas the
sustainability of industrial fisheries operating outside the GMR is threatened
by the overuse of FADs (Bucaram et al. 2017).

Despite management efforts and the existence of a muti-stakeholder man-
agement board (“Junta de manejo participativo”), the threat of illegal fishing is
still real for Galapagos. In 2017, a Chinese-flag fishing vessel was caught
inside the GMR containing 300 tons of protected species, including hammer-
head sharks (EFE 2017). More recently, the Ecuadorian Navy caught four
fishing vessels manned by Peruvian crews inside the Galapagos EEZ, once
again, targeting protected shark species (El Comercio 2019). The illegal entry
of industrial vessels is evident, especially long-liners (Carr et al. 2013; Jacquet
et al. 2008). Long-line fishing is not a sustainable option for Galapagos, where
marine-based tourism is related to megafauna sighting (Cerutti-Pereyra et al.
2019; Moity and Izurieta 2017). In addition, marine-based tourism represents
the biggest economic revenue (58%) (Lynham et al. 2015) in the GMR. Other
illegal activities such as fishing inside no-take zones, targeting species in
closed seasons and using banned fishing gear are daily local challenges.

Although small-scale fishing practices and management are different
between Ecuador mainland and the Galapagos Archipelago, governance prob-
lems persist in both sub-regions due to incongruent jurisdictional and legal
frameworks, and a lack of attention to the social and cultural dimensions of
fisheries governance (Barragán Paladines 2015).

3 A Continuous Environment Across Political Borders

Marine ecology around the political border between Ecuador and Peru is highly
dynamic due to the proximity of three biogeochemical provinces: the Central
American Coastal Province, which extends from Baja California to the Gulf of
Guayaquil, in Ecuador; the Humboldt Current Coastal Province which covers the
coastal waters off Chile and Peru from 40–45 to 5°S; and the Pacific Equatorial
Divergence Province, dominated by the South Equatorial Current west of the
Galapagos Archipelago (Longhurst 1998). The exact latitudinal extent of these
provinces is subject to variations associated with the El Niño Southern Oscillation
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(ENSO). Additionally, this political border is located inside the Tropical East
Pacific—Guayaquil biogeographic ecoregion (Spalding Mark et al. 2007), domi-
nated by the Gulf of Guayaquil, the largest estuary in the Pacific coast of South
America (Fig. 15.1).

The predominant feature throughout this region is the presence of the Humboldt
Current (HC)—the most productive eastern boundary current system in terms of fish
production (Mendo and Claudia 2016; Miloslavich et al. 2011). The northern coast
of Peru is particularly productive in this sense. For example, the Region of Piura
represents only 10% of the Peruvian coastline but hosts ~30% of all fishers and
~35% of all artisanal boats and small-scale vessels (Guevara-Carrasco and Bertrand
2017). In the HC system, upwelling of cold water sustains a highly productive
plankton community, which in turn supports a high biomass of small pelagic fish
(mainly anchovies and sardines) and top predators feeding on them. However,
during ENSO’s warm phases, the upwelling current brings warm, nutrient-poor
but oxygen-enriched water from offshore and from equatorial latitudes (Taylor
et al. 2008). This generates a disruption of the food chain that cascades all the way
from the phytoplankton through herbivores and leads to the drastic reduction of
pelagic fish stocks (Longhurst 1998).

The environmental oscillation between ENSO’s warm and cold phases also
causes changes in the composition of the marine communities for a given latitude
(IOC 1989). For instance, warm phases have been associated with a decrease in
catches of Engraulis ringens, Merluccius gayi peruanus, Aulacomya ater, and
increases of Trachurus picturatus murphyi, Octopus spp., and Penaeus spp.; addi-
tionally, the fisheries have shown a trend from mono- to multi-specific catches
(Badjeck 2008) during these times. In the case of the highly valued scallop
Argopecten purpuratus, warmer waters have increased catches almost 50-fold in
the Ica Region, central Peru, which lies under typical upwelling conditions (~14°S).
On the other hand, scallop stocks collapse around 4°S, due to increased rainfall that
leads to decreased salinity and higher discharge of particulate matter (Mendo et al.
2008; Taylor et al. 2008; Wolff 1987). Similarly, Ecuadorian waters are also heavily
affected by ENSO and the HC’s upwelling system, as documented in studies of
periodic modifications of ocean biogeochemistry (Borbor-Cordova et al. 2019;
Wolff 2010).

4 Fishing Target Species Common to Ecuador and Peru

This section presents the biodiversity of fishery resources that have been
documented both in Ecuador and Peru. It is supported by a list of species (see
Appendix) compiled using public information in English and Spanish. Species were
included in this list based on their latitudinal distribution across the political border
and after confirmation of their presence in both countries from the literature.
Taxonomic synonymy was checked using online databases (Maddison et al. 2007)
and conservation status was retrieved from IUCN (2019). The compiled list consists
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Fig. 15.2 Two-variable circular diagram built with information from 117 fishing-target species
reported both in Ecuador and Peru. The first variable is ecological distribution (benthic, demersal,
pelagic)—represented on the left hemisphere. The right hemisphere contains the second variable:
threat categories from least to most (NA not assessed, DD data deficient, LC least concern, VU
vulnerable, NT near threatened, EN endangered IUCN 2019). Bands connecting both sides repre-
sent the proportion of species in each combination. Number of species in each category is written
next to the category’s name. Percentages of species in each subcategory are colored on peripheral
scales (e.g., demersal and LC: 62%). Diagram generated with Circos Table Viewer (Krzywinski
et al. 2009)

of 117 species, including fishes (95 spp.), crustaceans (16 spp.), and molluscs
(6 spp.).

There is a considerable gap of knowledge in terms of IUCN categories as 35.8%
of the list corresponds to species not assessed, or data deficient (Fig. 15.2). The
largest gap is among benthic species. Demersal species are mostly under the least
concern category, but also include the majority of data deficiency cases. More than
half the pelagic species are in threatened categories.
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4.1 Threatened Species by Large-Scale Distribution

Coastal Species The coastal zone contains the largest proportion of species in the
total list (66.7%). Almost half of coastal species are in the low-concern category, but
the population trends are unknown for the majority (78.2%). Two rays (Rhinobatos
leucorhynchus, Myliobatis longirostris), and two sharks (Squatina californica,
Mustelus mento) are near threatened, while three other shark species (Galeorhinus
galeus, Mustelus whitneyi, Triakis maculata) are considered vulnerable.

Oceanic Species Oceanic waters are occupied by 21.4% of the species in the list.
Population trends are known for 76.0% and decreasing for 64.0% of oceanic species.
Eleven species of rays (genus Mobula), sharks (genera Carcharhinus, Rhincodon,
Isurus, Sphyrna, Alopias) and tuna (Thunnus orientalis, T. obsesus), and billfishes
(Makaira mazara, Istiompax indica, Kajikia audax, Xiphias gladius) are either
vulnerable or endangered.

Semi-oceanic Species The semi-oceanic species account for 11.9% of our list,
including one ray (Mobula tarapacana) and 13 sharks. The near threatened species
are Carcharhinus galapagensis, C. limbatus, C. brachyurus, C. leucas and
Galeocerdo cuvier, the vulnerable species are M. tarapacana and Carcharhinus
falciformis, and the endangered species are Sphyrna mokarran and S. lewini. The
population trends are unknown for 71.4% of the semi-oceanic species reported.

4.2 Major Fishing Targets and Shared Stocks

Ten species from our list—nine fishes and one squid—were found among the major
targets for marine fisheries between 1950 and 2010 (Table 15.1), according to catch
reconstructions for Ecuador (Alava et al. 2016; Schiller et al. 2016) and Peru (Mendo
and Claudia 2016). In five of these cases, Ecuador and Peru exploited the same
stocks. Nowadays, Jumbo flying squid and Pacific sardine are marginal fisheries in
Ecuador, while Chilean jack mackerel is developing (Pablo Guerrero, personal
communication).

The most important shared stocks are currently those of tropical tunas (Thunnus
obesus, T. albacares, and Katsuwonus pelamis), Chilean jack mackerel (Trachurus
murphiyi), and dolphinfish (Coryphaena hippurus; Pablo Guerrero, personal com-
munication). Ecuador and Peru seek to coordinate research and management mea-
sures for these stocks through different mechanisms. Tropical tunas and dolphinfish
are managed through the Inter-American Tropical Tuna Commission (IATTC),
while Chilean Jack mackerel is managed through the South Pacific Regional Fish-
eries Management Organization (SP-RFMO).
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Table 15.1 Major species in catch reconstructions from 1950 to 2010, present in Ecuador and Peru

EEZs where the species was a main
targeta

Continental
Ecuador

1. Jumbo flying squid Dosidicus
gigas

x x DD x

2. Blue shark Prionace glauca

3. Anchoveta Engraulis ringens

4. Pacific sardine Sardinops
sagax

x LC

5. Peruvian hake Merluccius
gayi peruanusi

6. Chilean jack mackerel
Trachurus murphyi

7. Pacific thread herring
Opisthonema libertate

8. Chub mackerel Scomber
japonicas

9. Skipjack tuna Katsuwonus
pelamis

LC x

10. Bigeye tuna Thunnus obesus
aPauly and Zeller (2016)
bIUCN (2019): DD data deficient, LC least concern, VU vulnerable, NT near threatened
cEl Telégrafo (2019); Pablo Guerrero, personal communication)

5 Economic and Societal Value of Fishery in Ecuador
and Peru

Ecuador and Peru are among the top 25 nations in the world for landed value of fish
and fisheries products (FAO 2016b). They are located in the FAO major fishing area
87 (Pacific, SE) where the percentage of overfished stocks is estimated at 41%, and
the rate of IUU fishing at 19% (Cawthorn et al. 2018). During 2014, Ecuador
contributed with 0.8% of the total global marine captures, while Peru represented
4.4% in total, and 1.5% excluding anchoveta. Peru is around three times larger than
Ecuador in area, coastline length and population size, and marine fishing catches in
Peru are around one order of magnitude higher to those of Ecuador (Table 15.2).
Fishing has been an essential subsistence activity for local coastal populations in this
region since pre-Columbian times (see Béarez et al. 2012).

Industrial fisheries are key economic sectors in Ecuador and Peru. Ecuador is the
highest tuna producer in the Eastern Pacific Ocean (EPO). The port of Manta takes
the largest amount of tuna landed by the industrial purse seine fleet in the EPO
(Martínez-Ortiz et al. 2015). Ecuador exports 80% of its industrial fisheries products,
mainly to Europe, the United States, China, Japan, Colombia, and Mexico (Ecuador
Pesquero 2017). Likewise, Peru has the world’s biggest single-species industrial
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Table 15.2 Comparative summary of marine fisheries statistics from Ecuador and Peru

Characteristics of marine fisheries Ecuador Peru

Coastal geography
Latitudinal range 01° 24′ N–03°

25′ Sa
03° 25′ S–18° 21′ S

Coastline length >1200 km
(exc.
Galapagos)b

3080 kmi

Oceanic surface 270,670 km2 b 1,100,000 km2 i

Inshore Fishing Area (IFA) 27,202 km2 o 71,057 km2 o

National population 17,317,049 in
2019 c

31,237,385 in 2017 j

Proportion of the population living in the
coast

52% in 2010 c 43% in 2007 k

Economic value of fisheries
Marine capture production in 2016 (tones) 715,357 e 3,774,887 (total)

919,847 (excluding anchoveta) e

Variation from 2015 to 2016 (tones) 72,181 e –1,011,664 (total)
–96,784 (excluding anchoveta) e

Fleet size
Industrial fisheries

Number of designated ports for imple-
mentation of FAO Agreement on IUU

2 (Manta,
Guayaquil)f

7 (Piura, Chimbote, Trujillo, Ica,
Moquegua, Arequipa, Lima)f

Number of vessels 698g 1071m

Number of direct jobs 24,000d 232,357k

Artisanal/small-scale fisheries

Number of landing sites 243h 116m

Number of fishing boats (plus >10
000 units not registered in each country)

45,793 in
2013a

17,920 in 2015i

Number of fishermen ca. 80,000h ca. 70,000i

Fishmeal production

Number of plants 31d >8000n

Number of jobs 950 formal
121 informald

>12,000k

Domestic consumption
Apparent fish consumption per capita
2013–2015

5–10 kg year–1
e

10–20 kg e

aMartínez-Ortiz et al. (2015)
bInocar (2012)
cINEC (2010)
dSCI (2020)
eFAO (2018)
fSPRFMO (2018)
gAyala Villa (2017)
hAlava et al. (2015)
iGuevara-Carrasco and Bertrand (2017)
jINEI (2019)
kChristensen et al. 2014
lINEI (2014)
mINEI-PRODUCE (2013)
nGrillo et al. (2018)
oZeller et al. (2015)
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fishery of anchoveta Engraulis ringens for the production of fishmeal (Christensen
et al. 2014). Industrial purse seine fisheries targeting anchoveta contribute to up to
30% of the GDP generated by the fishery sector in Peru.

Fishmeal production is another activity the two nations have in common. Peru is
the largest fishmeal producer in the world (FAO 2014; Grillo et al. 2018) and
Ecuador is currently ranked 13th for this commodity (Index Mundi 2019). Fishmeal
production is principally related with industrial fishing as most fishmeal comes from
small-pelagic species and fish residues from the industrial sector. Yet there are
reports of fishmeal-processing facilities lacking official registry and buying prime
materials from IUU fishing activities to cover market demands. This way, illegal
fishmeal infiltrates processing and trade chains of balanced meal in Peru and
Ecuador (Grillo et al. 2018). Furthermore, some of it is then transported from Peru
to Ecuador to satisfy shrimp farms’ high demand for preparing animal feed. Poor
traceability of fishmeal represents a competitive disadvantage for both countries in
international markets (Cawthorn et al. 2018; Trujillo 2017).

Artisanal and small-scale fisheries represent the main source of fish for local and
national markets in Ecuador and Peru, but have long been overlooked in national
policies (Arellano and Swartzman 2010; MAE 2010).

In Peru, fish represents 26% of the animal protein in domestic human consump-
tion (Béné 2006)—among the highest in the world—and small-scale fisheries
provide four times more employment than the industrial sector (Alvarez 2003).
Additionally, artisanal purse seine, squid boats (and other artisanal subsectors
including mariculture) contribute with more than 60% of the fisheries’ GDP, and
generate more than 75% of the total employment (Christensen et al. 2014). Such
statistics are unclear in Ecuador because the artisanal fishing sector has been poorly
monitored and managed, particularly in continental waters (Alava et al. 2016;
Barragán and Lazo 2018).

Management measures for artisanal fisheries are different in each country. In
Ecuador, artisanal fishing has an exclusive zone of up to 8 nm from the coastline,
while in Peru this is up to 5 nm. Artisanal fishing often occurs beyond that limit and
even outside the EEZ’s boundaries, either to target oceanic species (e.g., dolphinfish,
tuna, billfish, sharks), or because other target species are becoming more scarce in
near shore areas (Guevara-Carrasco and Bertrand 2017; Martínez-Ortiz et al. 2015).
The multi-gear, multi-species nature of these fisheries further complicates their
monitoring and regulation. Moreover, artisanal fishers tend to rotate efforts among
fishing grounds and chase migrating fish (i.e., ontogenetically, seasonally, or on the
search for food), resulting in longitudinal and latitudinal displacements. This
becomes particularly problematic for communities located close to the bi-national
frontier, because fishers become illegal as soon as they cross the invisible political
boundary. This has created conflicts between local authorities and communities in
both countries, yet fishers have organized bi-national meetings on either side of the
border to address this situation.
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6 Antecedents of Bi-national Cooperation Between Ecuador
and Peru

As noted in Sect. 1, Ecuador and Peru have a common history of cooperation in
marine affairs, despite the territorial conflicts that occurred during the twentieth
century. They are partners alongside Colombia and Chile in the Permanent Com-
mission of the Southeast Pacific (CPPS), established in 1952 (Barragán and Lazo
2018). In 1989, scientists from the CPPS countries participated in a workshop to
analyze the biological effects of ENSO in the region and identified an “alarming”
lack of knowledge exchange among fisheries researchers (IOC 1989). In 2010, the
CPPS developed the Regional Action Plan for the conservation of sharks, rays, and
chimeras, which allowed these countries to aim for common goals. As it is common
with other regional plans, adequate operationalization has been one of the main
issues to tackle.

International organizations for fisheries management (e.g. SP-RFMO, IATTC)
have allowed a better coordination of actions and policies between Ecuador and
Peru. Despite these regional organizations involving several parties, Ecuador and
Peru have worked more closely to establish common strategies for the most impor-
tant shared stocks. The clearest example is that of dolphinfish fisheries management
which has been addressed within the IATTC since proposed by Ecuador in 2012.
Dolphinfish is highly relevant for Ecuador and Peru because together they produce
around 90% of the catches from the Eastern Pacific (Pablo Guerrero, personal
communication). Similarly, Ecuador posed another request in the 2019 SP-RFMO
meeting, asking Peru to approve an increase in the fishing quota over the Chilean
jack mackerel stock. This request was supported by other parties in the organization
(El Telégrafo 2019).

In 2014, Ecuador and Peru signed an agreement toward bi-national management
of protected areas, followed by meetings, projects, and a common fund (Plan
Binacional Peru-Ecuador 2018). Then the National Institute of Fisheries in Ecuador
(INP, renamed in 2020 as the Public Institute of Fisheries and Aquaculture Research
IPIAP) and the Institute of the Sea of Peru (IMARPE) started working on a joint
model of stock assessment for dolphinfish. The same year, hundreds of fishers from
both countries gathered for the I Binational Congress for Responsible Artisanal
Fisheries, in Lobitos (Piura, Peru). A second congress took place in Huaquillas
(El Oro, Ecuador) in 2015. Since then, further initiatives have been working toward a
bi-national strategy for responsible fisheries—although this is still unofficial. The
growing number of cooperation initiatives between both countries, and the fact that
they are coming from “top-down” and from “bottom-up,” makes this a particularly
important time for developing and formalizing this strategy between the two coun-
tries. More bi-national agreements have been recently signed in the same direction
(El Universo 2019).

A very relevant and important agreement has to do with the launch in 2017 of a
5-year project led by the UN’s Development Fund (UNDP), in collaboration with the
NGOs Conservation International (CI) and the Worldwide Fund for Nature (WWF).
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The project is part of FAO’s Coastal Fisheries Initiative Latin America (CFI-LA),
which is funded by the Global Environment Facility (GEF) as “a global effort to
preserve marine resources and ensure that coastal fisheries can continue to play their
crucial role in society, contributing to food security, as well as economic and social
development.” It focuses on the following main areas: (1) ecosystem-based, collab-
orative fisheries management and governance of the following fisheries: mahi-mahi,
hake, shrimps, mangrove crabs and cockles, and pole and line tuna; (2) marine
spatial planning in the Bay of Sechura in Peru and the Gulf of Guayaquil in Ecuador;
and (3) sharing knowledge to develop more holistic processes and integrated
approaches to coastal fisheries management. It is worth noting that even when this
CFI project includes both countries, each working group is independently managing
and developing their tasks toward their particular targets, which might break the
whole meaning of bi-national collaboration. At present, the project is yet to produce
its final result, so it is not clear if an internal collaboration between countries will
arise in the end.

7 Challenges and Needs for Trans-boundary Collaboration
Towards Sustainable Fisheries Management

In this chapter, different aspects common to Ecuador and Peru in relation to their
coastal and marine resources have been described. Special focus has been given to
fishery resources due to their essential role in economic and social development, at
the local and national levels. The fishing sectors of both countries demand attention
and support from different segments of society in order to enhance their transfor-
mation into sustainable systems, capable of adapting to global change and thriving
over crisis.

Sustainability is a continuous process that allows the use of a resource without
compromising its availability for future generations (Hilborn et al. 2015). In partic-
ular, seafood sustainability requires understanding how people affect and respond to
ecosystem processes—in other words, understanding fisheries as social-ecological
systems that emerge from resource use. The basic elements for sustainable
management are: (a) specific objectives and targets for fishing pressure and abun-
dance, (b) monitoring of fishing pressure and abundance, (c) assessments to deter-
mine if targets are being met, (d) feedback management systems that adjust
regulations in response to the assessments and in particular restrict fishing pressure
when it is too high, and (e) enforcement systems to assure compliance with regula-
tions (Hilborn et al. 2015). According to our review, regional organizations (e.g.,
CIAT) offer a platform for the application of those elements to trans-boundary
fisheries management between Ecuador and Peru (Sect. 6)—but equivalent spaces
are still needed to address the transformation of small-scale fisheries.

Transformation of fisheries’ socio-ecosystems toward sustainability requires
action in three equally relevant dimensions: environmental protection, social
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development, and economic growth (Hilborn et al. 2015). The main challenges faced
by Ecuador and Peru in these areas are also those of many developing countries:
prevent overfishing, preserve mangrove ecosystems, combat IUU fishing, increase
seafood traceability, strengthen fishing associations, visualize women’s participa-
tion, protect environmental services, among others. In addition, climate change is a
transversal component because it is fundamental to know the impact of this global
threat on fishing target species, ecosystems and coastal communities. Given the
similarities between Ecuador and Peru and the resources they have in common, we
argue that some challenges could be better addressed by means of official bi-national
cooperation, while others could benefit from academic cooperation and knowledge
exchange among stakeholders from both countries. A detailed classification and
association of challenges, needs, and prospective collaborators is presented in
Fig. 15.3.

Challenges around economic growth in the fishing sector (Fig. 15.3) involve the
transformation of value chains into more inclusive and competitive ones. Progress in
this aspect can be reached through reduced bycatch rates and increased seafood
traceability, which in turn, allow access to markets with strict sustainability stan-
dards. Such a goal can be supported by the application of emergent methods and
technologies like molecular tools for assessing fishery activity and fish traceability
along the value chain. On the other hand, inclusiveness implies recognizing the
importance of women and their role within the value chain of marine resources,
which can be promoted through bi-national studies and workshops similar to those
conducted by fishing associations in recent years (Sect. 6). The situation around
illegal fishmeal production and its commercialization (Sect. 5) represents a clear
opportunity for both countries to join efforts in solving a common problem.

In terms of social development (Fig. 15.3), there are challenges related with social
organization and equal access to basic rights, and challenges related with effective
stocks management. Empowering women and fishing associations is necessary to
support the rights of local communities and their participation during decision-
making processes. Governments can foster such processes by facilitating the
exchange of experiences among organizations from the region in the context of
bi-national workshops and assist organizations with capacity building in gover-
nance. Moreover, bi-national cooperation is essential for the definition of science-
based management measures for shared stocks of migratory species, which currently
differ from country to country (e.g., dolphinfish ban periods, minimum and maxi-
mum catch size, regulations on elasmobranchs and sailfishes). This implies collab-
oration in fisheries research, agreement on common management measures, and
coordination of enforcement procedures.

General challenges in the environmental protection component are related to the
prevention of habitat degradation and regulation of resource use. Habitat degradation
through direct (e.g., mangrove deforestation) and indirect (e.g., upstream contami-
nation) impacts affects seafood quality and safety. Indeed, water quality assessments
are urgent in the border zone as reported concentrations of heavy metals in seafood
samples have been above safety levels for human consumption across the Gulf of
Guayaquil in Ecuador (Navarrete-Forero et al. 2019). Similar situations potentially
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Fig. 15.3 Multi-category alluvial diagram illustrating three primary Aspects of Sustainability and
the associated challenges and needs to reach a more sustainable fisheries sector. Prospective
collaborators are indicated to meet the challenges and needs for sustainability. Diagram generated
in RAWGraphs (Mauri et al. 2017)
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occur on the Peruvian side due to widespread gold mining activities in the Andean
region. In addition, our analysis of IUCN threat categories (Sect. 4) shows significant
knowledge gaps for certain ecological groups, particularly among benthic species
that are the basis for livelihoods in mangrove ecosystems. In this context, scientific
cooperation is needed in order to assess populations in their natural distribution and
not as separate entities based on a political boundary.

Another field for scientific collaboration included in the environmental protection
component is the fight against IUU fishing. The multiple effects of IUU fishing on
the ecosystem, society and economy justify its consideration as a target for
bi-national cooperation. This requires basic scientific research about population
genetics, but also applied research to develop tools for enforcement procedures
and increase transparency in their application.

Perhaps the greatest challenge in this context is to develop governability across
scales in the fishery sector, which would allow the effective implementation of
sustainable management strategies. Bi-national agreements are valuable for
addressing the biggest challenges such as the fight against IUU fishing, which
need coordination among multiple institutions and stakeholders. However, no strat-
egy can be effectively applied without local governance and resource users’ com-
pliance. Therefore, different sectors of society should join the task and support
small-scale fishing associations in their empowerment processes. We consider that
while a legal framework for bi-national cooperation at the national government level
is necessary (Nikanorova and Egorov 2019), it is also possible to establish cooper-
ation through interdisciplinary research networks between both countries, and even
from countries where the fishery products are consumed. This sort of bottom-up
pressure can encourage further collaboration at higher levels of governance or at
regional platforms, and its influence in the transformation of fisheries socio-
ecosystems should not be underestimated.
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Chapter 16
Thailand Case Study

Artificial Reefs as a Fishery Management Tool: A Social-
Ecological Assessment in the Gulf of Thailand

Naomi R. Bauer, Isabell J. Kittel, Eike Schoenig, Sebastian C. A. Ferse,
and Christian Wild

Abstract Thailand’s coral reefs not only attract a wealth of tourists, contributing to
the national economy but also provide a significant revenue through the fisheries
sector, as well as playing an important social, economic and nutritional role for local
coastal communities. However, as with most coral reefs around the world, these are
being severely degraded due to overfishing, destructive fishing practices, eutrophi-
cation, coastal development, and pollution. This has affected Thailand’s fishing
sector, with both commercial and small-scale fishing showing a declining trend
since 2002. Since 1978, Thailand has been deploying artificial reefs to compensate
for these losses and as a tool to strengthen coastal habitats and small-scale fisheries,
in both the Gulf of Thailand and the Andaman Sea.
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1 Introduction

This case study investigated artificial reef prototypes—metal structures, deployed in
2013 in the bay of Chaloklum, Koh Phangan, Gulf of Thailand. The concepts behind
their deployment were to (a) create new fishing grounds, (b) protect the bay from
commercial vessels, and (c) enhance recreational activities. Aims of this study were
to assess the prototypes ecological effectiveness in regard to fish communities,
abundance and biomass, as well as their success regarding the acceptance, useful-
ness, and benefit for the local key communities. Using an interdisciplinary approach,
combining underwater fish surveys with stakeholder interviews and observations,
we evaluated whether the structures provide ecosystem services such as biodiversity
maintenance, food provision and recreation, to support local livelihoods and/or
maintain a typical reef fish assemblage in comparison to the surrounding natural
reefs.

Artisanal fishers were the primary users of the prototypes, catching valuable
target species belonging mainly to the families Carangidae, Lutjanidae, and
Serranidae, occasionally selling them to local restaurants and/or markets. The
metal structures had a higher total abundance of fishes, including valuable target
families, contributing to a higher biomass and economic value than local coral reefs.
Although many common species were found between the natural reefs and artificial
prototype; fish community composition was very dissimilar. For example, the metal
structures missed important functional groups such as corallivores and herbivores.
This contributed to a lower species richness (species number and diversity).

As the artificial structures harbour many important target species for subsistence
fisheries, we conclude they have the potential to play an important role in the local
economy. Size classes for these target species populations consisted more of juve-
niles and maturing individuals than adults, indicating that either larger individuals
move away from the structures or, alternately, a tendency of recruitment and (over)-
fishing. Thus, despite the findings suggesting species-specific attraction and produc-
tion, further analysis should focus on catch effort and fishing pressure to ensure
sustainable use for the long-term support of the fishing community.

The prototypes’ ability to maintain a biologically diverse natural reef fish assem-
blage is questionable, and thus measures should be taken to increase their attrac-
tiveness to missing functional groups. These findings add to the current literature that
artificial habitats can never fully replicate a natural habitat. However, how one
derives the success of such a project will depend on the objectives for deployment.
In our case, the artificial structures can be considered a short-term win, providing
valuable economic services, such as food provision, recreation via fishing trips, and
habitat protection.
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1.1 Historical Development of Coastal Use, Coastal Resource
Management and Conservation in the Gulf of Thailand

1.1.1 Reef Degradation in the Gulf of Thailand: Drivers and Trends

The Gulf of Thailand is no exception to local and global anthropogenic disturbances
such as overfishing, destructive fishing practices (Wattayakorn 2006; Wilkinson
2008), eutrophication, coastal development and pollution (Wattayakorn 2006), its
situation aggravated due to its geological nature of a semi-enclosed basin
(Choowong 2002). Coral reefs cover approximately 75 km2 with prominent condi-
tions such as low salinity and high turbidity (Sudara and Yeemin 1997; Yeemin et al.
2009). This is partly due to the Gulf forming a discharge area for numerous rivers.
Relatively static conditions of circulation and mixing of water masses are generally
weak and variable allowing contaminants to accumulate (Wattayakorn 2006).
Municipal and industrial wastewater enters the Gulf untreated causing eutrophica-
tion, ultimately affecting shrimp, shellfish and green mussel production (Cheevaporn
and Menasveta 2003).

Thailand’s reefs are currently a major attraction for international visitors
(Worachananant et al. 2008), with the ability to generate a large consumer surplus
(Seenprachawong 2016). However, intensive coastal development produces exces-
sive sediment run-off and erosion associated with the conversion of mangrove forest
(McManus 1988; Wilkinson 2008; Wong 1998; Yeemin et al. 2006); leading to
sedimentation and degradation of near-shore reefs (Phongsuwan et al. 2013). Fur-
thermore, reef degradation has been progressively attributed to tourism through
activities such as reef walking, snorkelling and SCUBA diving, as well as anchor
damage by powerboats (Wong 1998; Worachananant et al. 2008; Yeemin et al.
2006). Reef-based tourism is an essential contributor to the national economy, but
long-term sustainability of the industry and well-being of local communities are
undermined through unplanned development, causing environmental degradation
and socio-cultural conflicts (Wongthong and Harvey 2014). Constant disturbance
and pollution classified over 50% of coral reefs in the Gulf of Thailand in very poor
to fair condition, with risk of continued degradation (World Bank 2006).

1.1.2 Coastal Management and Fishery Trends in the Gulf of Thailand

For the 70 million people of the Kingdom of Thailand, fisheries and aquaculture play
an important social, economic and nutritional role, with fish as one of the most
significant sources of animal protein for most Thai people (FAO 2020). Until
recently, Thailand’s seas have been highly productive, forming the base of
Thailand’s fisheries industry (Kheawwongjan and Kim 2012). Due to the develop-
ment of fisheries technology and gear, fisheries production increased since the 1960s
(Kheawwongjan and Kim 2012), peaking around the beginning of the millennium
and decreasing ever since (FAO 2020). Reconstructed fisheries total catch, within
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Thailand’s Exclusive Economic Zone (EEZ), between 1950 and 2014 was estimated
to increase from 400,000 t�year-1 in 1950 to a peak of 2.6 million t�year-1 in 1987,
before declining to around 1.7 million t�year-1 in 2014. Catch by Thailand’s fleet in
neighbouring countries’ EEZs increased from 52,000 t�year-1 in 1965 to a peak of
7.6 million t�year-1 in 1996, before declining to around 3.7 million t�year-1 by 2014
(Derrick et al. 2017). In 2017, Thailand’s total marine catch was estimated at 1.3
million tonnes and inland waters, i.e., aquaculture production at 0.2 million tonnes,
with only 60% of the total marine catch caught in Thai waters and the rest from
waters outside the Thai EEZ (FAO 2020). Thai trawlers have expanded to farther
fishing grounds and into the now exclusive economic zones of neighbouring coun-
tries, whether through official and private agreements and/or illegally (Butcher
2004). Conflicts amongst stakeholders have also arisen, worsened by the cost of
fishing, increasing labour costs and low price of certain fish species (FAO 2020). It is
no surprise that assessments of fish stocks under the UNEP/GEF South China Sea
Project indicate that most stocks are now under high fishing effort, with most target
species considered fully fished or over-fished (Wilkinson 2008). Further, with the
destruction of the marine ecosystem and high socio-economic pressure, forced,
bonded, slave labour and piracy increased (Environmental Justice Foundation 2015).

1.1.3 Artificial Reefs as a Fishery Management Tool in the Gulf of
Thailand

In order to compensate for the decrease in fisheries catch and strengthen coastal
habitats, Thailand’s Artificial Reef Program was initiated in 1978 under the juris-
diction of the Department of Fisheries (Kheawwongjan and Kim 2012; Supongpan
2006). Its goal is to enhance and restock fish resources in both the Gulf of Thailand
and the Andaman Sea (Kheawwongjan and Kim 2012; Supongpan 2006). Until
1986, this was mainly experimental, with a focus on material, structure and duration.
Since 1988, artificial reef development policies have been included in Thailand’s
national socio-economic development plans. Between 1988 and 2003, the Thai
Department of Fisheries implemented a Small-Scale Fisheries Development Project,
comprising of three aspects: coastal small-scale fisheries development, artificial reef
installation and fishery resource rehabilitation (Supongpan 2006). The project’s
objective was to conserve areas for marine coastal resources, with 50 km2 of
designated small-scale fishing ground in both the Gulf of Thailand and Andaman
Sea to help reduce conflicts and poverty (Supongpan 2006).

From 1978 to 2006, nine types of artificial reef structures were deployed in both
provinces (Kheawwongjan and Kim 2012). Concrete, modelled into simple patches,
rings, tubes and blocks were the dominant structure type but were criticised for their
short duration, broken easily by environmental and/or fishing gear impact. Recycled
materials made of iron, such as war ships, trains and oil rigs and even fiberglass were
deployed since 2002 (Kheawwongjan and Kim 2012). A total artificial reef area of
2026 m–2 is dispersed in both seas, of which most structures are deployed in
nearshore shallow waters from 1 to 20 m depth (Kheawwongjan and Kim 2012).
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With the background to create fishing grounds for subsistence fisheries, higher
densities of artificial reefs were created in areas with less natural reefs and vice
versa (Kheawwongjan and Kim 2012). In the Surat Thani province (which encloses
the case study described here), the Department of Fisheries deployed 2805 concrete
cylinders within 5–10 m water depths over a threadfin fishing ground used by
commercial and artisanal fishers. After the artificial reef installation, the fish catch
increased from 4.7 to 8.3 kg per trip for artisanal fishers, as trawler boats could no
longer access the area (Polovina 1991).

1.2 Case Study: Social-Ecological Assessment of Artificial
Reefs in the Gulf of Thailand

1.2.1 Background

In late 2013 four metal structures were placed on the seabed floor (~18 m bottom
depth) in the Bay of Chaloklum, Koh Phangan (Fig. 16.1). Originally placed on the
demarcation line (which is up to 3 nautical miles) between artisanal fisheries zone
and industrial fisheries zone (DOF 2015), the metal structures were deployed as a
collaborative project between local fishers, the Department of Marine Coastal
Resources (DMCR), and the Petroleum Institute of Thailand (PTIT). The project,
instigated by the local fishing community, was a response to severe fish catch
declines and aggravated fishing efforts. As part of a 3-year trial period, these
structures were deployed to simulate the effects of using decommissioned oil rigs
as artificial reefs. Their objectives being to (a) create new fishing grounds, (b) protect
the bay from commercial vessels, and (c) enhance recreational activities. The project,
initially funded by the PTIT, would be monitored throughout, by the governmental
body DMCR and the international marine research and conservation institute
COREsea. However, since their deployment, the structures were not fully studied
with respect to their deployment objectives and stakeholder usage, as well as their

Fig. 16.1 Metal structures with the DMCR team before deployment in Chaloklum Bay. Photo-
graph courtesy of Lotus Diving, Chaloklum, Koh Phangan



282 N. R. Bauer et al.

associated fish community in relation to the surrounding natural reefs. The following
study set out to monitor these aspects.

1.2.2 Approach

From October 2015 to April 2016, a study combining the use of social and ecolog-
ical assessments investigated three of the four metal structure’s (hereon referred to as
artificial reefs) ecological effectiveness in regards to fish communities, abundance
and biomass, as well as their success in regards to the acceptance, usefulness and
benefit for the local key communities. Using an interdisciplinary approach, combin-
ing underwater fish surveys with stakeholder interviews and observations, the aims
were to evaluate whether the structures could provide ecosystem services such as
biodiversity maintenance, food provision and recreation, to support local livelihoods
and/or maintain a typical reef fish assemblage in comparison to the surrounding
natural reefs.

The final analysis describes positive and negative socio-economic impacts of
artificial reefs, as well as their influence on ecological functions, identifying local
specific challenges and problems encountered and further describing the needed
actions for management, environmental monitoring, biodiversity conservation and
policy.

2 Methodology

2.1 Study Area

The Bay of Chaloklum, on the north coast of Koh Phangan, stretches approximately
4.7 km. The 2.7 km long beach strip hosts mainly small restaurants, dive operators
and some resorts. A small river on the eastern side of the bay discharges into the sea
and usually hosts the Thai longtail boats, which are used for fishing and as taxi boats
for tourists. Fishing occurs in the area, and gleaning of snails and mussels on the
beach strip was frequently observed. For the social assessment reef users were
defined as any person or group using the natural and/or artificial reefs, whose
activities affect these reefs, or even those who have an interest in these activities
either directly or indirectly. For the ecological assessment, underwater fish surveys
were conducted at three natural reef locations and three artificial reef locations within
the Bay of Chaloklum (Table 16.1; Fig. 16.4).

All natural reef study sites were chosen in terms of comparable current regime,
water depth, vertical relief, distance to shoreline, reef health and accessibility. Coral
Bay Point on the eastern side of Chaloklum bay is a shallow sloping fringing reef.
Rocky Boulders and sandy patches are common here. However, massive, plate-like
and occasional branching corals can be found. Koh Maa is a peninsula, on the North
East of Koh Phangan. It is further away from the rest of the sampled locations and
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Table 16.1 GPS-Data of reef locations in decimal degree

Reef type Name X coordinate Y coordinate

Artificial East Out 100.01214478 9.80224605

West In 99.9982567 9.80259270

West Out 99.99819512 9.80303250

Natural Coral Bay Point 100.01212603 9.79783036

Koh Maa 99.97726727 9.80083911

Kong Ork 100.01511928 9.80338171

offers a relatively intact sloping reef along a rocky wall. Massive and plate-like
corals are dominant with occasional branching corals. Kong Ork is a rocky reef
consisting of submerged granite boulders on the far east of Chaloklum Bay,
containing massive and plate-like corals, as well as wire corals found in the deeper
regions.

The artificial reefs are located in the outer part of Chaloklum Bay (Fig. 16.4). The
East Outer reef is approximately 300–400 m away from the nearest coral reefs, Coral
Bay Point and Kong Ork. The West Inner and West Outer reef is approximately
600 m away from Hin Ngam. All metal structures are situated on a silty sand seafloor
bed. The structures are cube-shaped, made from hollow steel rods, sized 9 × 9 × 9 m
and coated with anti-rust. Their benthic flora and fauna consisted of turf algae,
sponges, crustaceans, especially barnacles, echinoderms and mollusks. Corals
were absent.

2.2 Field Methods

The sociological assessment combined the use of consultations with key represen-
tatives within the Chaloklum community, semi-structured interviews with local
fishermen, restaurant owners and dive operators, and targeted surveys with dive
instructors and their customers. Throughout the project, observations were collected
and recorded through written reports and photography. Maps and fish ID cards were
used to aid interviews, along with a translator when available (Jones et al. 2010).
Reef users were asked to identify locations used on the map, whether for diving or
fishing. Fish ID cards consisted of all fish species commonly observed in the
surrounding vicinity and those spotted on the fish surveys at Coral Bay Point, Koh
Ma, Kong Ork and the artificial reefs. Fishers were asked to value all fish species
identified on the cards in Thai Baht.

For the ecological assessment, study sites were reached by long tail boat from the
village of Chaloklum. As Thailand was experiencing a severe El Nino during this
period (UN ESCAP 2015) the seasonal and daily environmental conditions widely
varied over the period of the study. Consequently, surveys were collected irregularly
with a minimum of six sub-replicates at each site, as and when weather permitted.
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Sub-replicates served to establish a baseline of the fish assemblage and to control the
short-term variability of the individual inspections.

Fish population and assemblage data was collected through underwater visual
census techniques by COREsea volunteers previously trained in fish identification
and sizing. Methods were adapted from the traditional Belt Transect Method (Brock
1954) where species sight identification, abundance and size estimates (Bortone
et al. 2000) were recorded on underwater slates for all diurnally active fishes—
excluding cryptic species of the families Blenniidae and Gobiidae—over a timed
dive of 60 min (Cinner et al. 2009). Each survey was taken between 10:00 and 14:
00 h in order to maximise visual conditions (Bortone et al. 2000) and the same
starting point was used, as well as the direction of transect using a compass.

Sizes of fish were sorted into eleven different size classes (Table 16.2). Size
classes range in a 2.5 cm step from 0 to 10 cm, in 5 cm steps from 10 to 30 cm, and
10 cm steps from 30 to 50 cm, and everything above

Transect dimensions for the natural reef fish surveys consisted of three
50 m × 5 m (250 m2), laid parallel to the shoreline, totaling an area of 750 m2

(Fig. 16.2). The technician laid the transect tape out at the specified depth range
(varying between 5 and 15 m depending on site and tide) with the surveyors
following to conduct the survey (Fig. 16.2). At the end of the third transect all divers
waited five minutes. The survey was then conducted backwards counting all
remaining fish in the transect. The time of count and swimming speed was
standardised by dividing the average dive time of 60–10 min per transect.

For the artificial reef fish surveys, methods were adapted to the reef size,
structure, environmental conditions and maximum diving depth of the voluntary
divers. This could not exceed 15 m due to constrains of no decompression diving
limits. Transect dimensions consisted of four 9 m × 4 m (36 m2), totaling an area of
144 m2 (Fig. 16.3). The water depth range for the artificial surveys varied between
11 and 15 m depending on tide. Only the upper level of the metal cube structure was
analysed (a) to minimise biases in depth and (b) due to logistical and safety

Table 16.2 Size classes using total length (tip of snout to end of caudal fin) as used in the
underwater visual census. Size classes A–G were drawn onto the A4 slate for reference. For larger
fish volunteers were encouraged to use elbow to fingertip length as reference

0–2.5 2.5– 5–7.5 7.5–10 10–15 15–20 20–25 25–35 35–45 45–55 >55

Fig. 16.2 Example of belt transect method for the natural reef site at Koh Ma
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Fig. 16.3 Belt transect method for the artificial reef sites

constraints. The team consisted of one safety diver and two surveyors (Fig. 16.3).
Divers descended slowly along the mooring rope towards the artificial reef. If good
visibility was available, divers stopped three to four meters above the structure and
assessed the fish assemblage for mobile and schooling fish species. Then, divers
descended down to the structure and to one of the edges of the artificial reef to
conduct the survey. One swim around the structure corresponded to one transect.
Low visibility, higher depth and strong currents constrained the divers to two
transects per dive. The time of count and swimming speed was standardised by
dividing the average dive time of 60–7 min 30 s per 9 m.

2.3 Data Analysis

Semi-structured interviews were qualitatively analysed across stakeholders to look
for common themes. Using the data from fisher and dive operator interviews, fishing
and dive locations were mapped. Data from the targeted surveys was analysed
quantitatively using proportional data to compare dive preferences and whether the
artificial reefs in Koh Phangan could meet these preferences. Using information from
Fisher interviews, fish species were categorised as target or non-target species. Fish
prices from the Fisher interviews were then pooled to create a list of target species
and value.

All underwater fish survey data was compiled and taxonomically categorised
using the Linnaeus system to species, genus and family (Jones et al. 2010) and
further into functional subgroups (Pratchett et al. 2011). Please see (Kittel 2016) for
information on functional subgroups. A total of 120 species were identified during
the underwater visual census. As the sampling area differed between reef types,
144 m2 for the artificial reefs and 750 m2 for the natural reefs, reef area was
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standardised to 100 m2. Abundance was calculated as number of fish per 100 m2.
Biomass was calculated as kilogram of fish per 100-m2.

Abundances of individuals in each size class were converted into biomass
applying the following equation

W = a × Lb

where

W = weight of the fish in grams
L = observed total length in cm
a = regression intercept
b = regression slope

The L value was calculated as the mid-value of the size classes (Table 16.2), and
the (a) and (b) values for total length were obtained from the online database
FishBase (Froese and Pauly 2016). Biomass values were combined with the value
of target species given by fishers to create an overall economic value for both reef
types. Restaurant values were also analysed in order to explore the local economic
value of each target species.

To compare fish assemblage between reef types, natural and artificial, and to
evaluate whether artificial reefs harboured fish of ecological importance, multivar-
iate techniques were applied using indirect gradient analysis with DCA ordination.
Sites were arranged along axes on the basis of data on species composition
represented by presence/absence data. This preference was used over abundance
data due to the large variation in data points affected by schooling species.

Statistical analysis was conducted in RStudio (R Core Team, 2014) and Microsoft
Excel (2007). Significant levels were set to 0.05. Using nonlinear mixed effects
model with the nlme library in R; reef type, depth and visibility were compared to
explain species richness (total number of species) and abundance (total number of
individuals), as well as the abundance of target families Lutjanidae, Carangidae, and
Serranidae. For the family abundances, a value of 0.01 was added to all data points to
account for 0 abundances.

All mixed models (glmm) used location as a random effect to account for
non-independence of samples within location (Cinner et al. 2009), and date to
account for day effects i.e. some samples were taken at different locations within
the same day and other such samples were taken at other dates. In case of glmm,
models used appropriate generalised linear models (glm) to test for fit of data and
were inspected using Residuals vs Fitted, Normal Q-Q plot, Scale Location, and
Residuals vs Leverage and any outliers were removed. A model comparison was
used with backwards deletion of variables in order to find the minimum adequate
model.

All fish family abundance models (Carangidae, Lutjanidae and Serranidae) used a
Gamma (log) distribution to correct for overdispersion and the use of nonintegers.
For the species richness model, a Poisson distribution was used for the count data in
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order to correct for overdispersion. For the total abundance model, a Gamma (log)
distribution was used to correct for overdispersion and the use of non-integers.

3 Results

3.1 Reef User Community in Chaloklum

Findings indicate a small overlap between fishing and dive locations, where both
fishers and divers used the site Koh Ma (KM) and Mae Haad (MH) (Fig. 16.4).
Figure 16.4 visually displays the overlap in space between the reef users. Mae Haad,
although not utilised for fish surveys in this study, is commonly used as a scientific
research site and is highly touristic, attracting many swimmers and snorkelers.

The local governing body, DMCR and the international marine research and
conservation institute, COREsea, indirectly use the local coral reefs and the metal
structures for research. They work together with the local fishers to gain access to the
sites in and around Chaloklum, as well as working together with local dive schools to
promote education and stewardship.

Fishers were identified as the predominant users of the artificial reefs in
Chaloklum. This study may represent 25–33% of the local fishing population, as
locals reported only 15–20 fishers located in Chaloklum. A higher percentage could

Fig. 16.4 Map of natural and artificial reef locations used by fishers and divers. Map produced in
QGIS 3.18
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not be obtained due to the short time scale of the study, the lack of availability by the
translator and a lack of available fishers. Due to squid season (15 February–15 May
2016), fishers were fishing at night time and sleeping in the day. Out of the five
fishers interviewed, four were male and one female. Three of the fishers were aged
>45 and two of the fishers were ≤30. All fishers fished for subsistence, selling their
catch locally, to the market, community or restaurants, when and only if they caught
an excessive amount (“over 200 kg” as claimed by one fisher). All fishers used
traditional gear with handlines being the preferred type. This consists of a fishing
line, a reel, hook and bait. Nets were occasionally used, as stated by one, “only in
open spaces”. Two out of the five fishers, occasionally used fish traps in order to
catch carnivorous fishes such as those from the Carangidae family. All five fishers
attended the artificial reefs on a regular basis, weather permitting due to its “easy
access”. One fisher visited every day, and four out of the five fishers visited four to
five times a month.

Dive operators rarely used reef sites within and around Chaloklum, with the
exceptions of Mae Haad and Koh Ma. Managers of the four local dive operators
interviewed for this study gave three main reasons why the artificial reefs are not
being used;

1. There is no demand as customers want to visit Sail Rock.
2. There is a limited appeal due to PADI marketing.
3. The site is not reliable when considering visibility and water current conditions.

Dive instructors commented on the need for new dive sites and better dive
conditions, claiming the famous Sail Rock, a rocky outcrop approximately 17 km
offshore from Chaloklum was overrun with divers and fishers alike. Surveys
conducted with 21 dive instructors revealed that 69% had the opinion that local
sites compared worse over the past 10 years. The manager of COREsea had a similar
impression. He stated the sites have degraded over a 20-year interval and that
“within the last five years there has been an increase in coral cover, but it’s still
nowhere near the state of the 90s”.

To investigate whether artificial reefs have the potential to become a new dive
site, dive instructors and customers were asked about their dive preferences.
Seventy-six percent of 23 interviewed dive instructors expressed the opinion that
species diversity (as described by the variety and quantity of species) is the most
important factor when visiting a dive site. In comparison, only 40% of 30 interviewed
dive customers reported this as the most important factor, equally with characteristic
species (described by examples such as parrotfish or whale shark). 52% of 31 dive
customers ranked interesting species as the most important factor when choosing a
dive site. Next in line was topography (described by the underwater landscape) with
37% of 30 dive customers considering it the second most important factor, with good
visibility falling shortly behind (30%). Most importantly dive customers showed a
preference in visiting an artificial reef. Fifty-five percent out of 31 dive customers
had already visited one and out of the 45% who had not, 86% expressed an interest in
visiting one.
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3.2 Target Fish and Their Associated Value

Interviews with the fishers identified a total of 12 families and 44 species as target
catch. The highest numbers belonged to the families Carangidae, Lutjanidae and
Serranidae. For these families, potential influences on abundance were evaluated
using a backward stepwise analysis of covariance, initially containing reef type,
depth and visibility as explanatory variables. Reef type was a significant explanatory
variable when comparing all three families.

The artificial reefs had a significantly higher total number of Lutjanidae individ-
uals per 100 m2 (1320-fold) in comparison to the natural reefs with less than one
individual per 100 m2 (χ2 = 14.90, df= 1, P= 1.14 × 10–4). No significant effect of
water depth (χ2 = 0.05, df = 1, P = 0.82) or visibility was observed (χ2 = 0.57,
df = 1, P = 0.45). When comparing Serranidae abundance, the artificial reefs had a
significantly larger (17-fold) total number of individuals per 100 m2 in comparison
to the natural reefs (χ2 = 7.01, df = 1, P = 0.01), with the total abundance for each
reef type increasing with increasing visibility (χ2 = 10.92, df = 1, P = 9.8 × 10–4).
Depth was analysed but not found to have a significant influence (χ2 = 0.48, df = 1,
P = 0.49). The artificial reefs also had a significantly higher total number of
individuals of Carangidae (900-fold) per 100 m2 than the natural reefs (χ2 = 8.76,
df= 1, P= 3.08 × 10–3), with abundances increasing for each reef type with both an
increase in visibility (χ2 = 10.92, df = 1, P = 4.4 × 10–10) and depth (χ2 = 11.67,
df = 1, P = 6.36 × 10–4).

Out of the 44 species identified as target catch, 38 species were given a value of
Thai Baht (THB) per kilogram (Table 16.3). The highest number of target species
came firstly from the Serranidae, with a price range of 30–210 THB/kg, then the
Lutjanidae, with a price range of 80–160 THB/kg and then, Carangidae with a price
range of 57–180 THB/kg. The highest values were given to species within the
Serranidae: Plectropomus maculatus, Epinephelus malabaricus and Epinephelus
corallicola. Epinephelus fuscoguttatus and Plectropomus maculatus were also
given values of 1000 THB/kg and 500 THB/kg, respectively, if caught and kept
alive.

The total biomass of all valued target fishes was greater on the artificial reefs with
a mean value of 804.15 kg per 100 m2, in comparison to natural reefs, with 62.12 kg
per 100 m2. This is approximately a 13-fold difference in biomass per 100 m2. The
overall economic value for all target species, based on fisher’s estimates per 100 m2

was greater for the metal structures than the natural reefs. The total value was
calculated as 76,066 THB for all target fish per 100 m2 on the artificial reefs, in
comparison to 3560 THB on the natural reefs.

Fishers occasionally sold species, particularly from the families Lutjanidae and
Serranidae, to the local restaurants in Chaloklum (Fig. 16.5). Consequently, the
restaurants directly use the reef resources, but do not wholly rely on them.
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Table 16.3 Target species and fishers value (THB/kg)

Family Target species Reef type Value (THB/kg)

Caesionidae Caesio caerulaurea Common 20

Caesionidae Caesio teres Common 85

Caesionidae Pterocaesio chrysozona Common 20

Carangidae Atule mate Common 80

Carangidae Caranx sexfasciatus Common 115

Carangidae Gnathanodon speciosus Natural 180

Carangidae Megalaspis cordyla Common 57

Carangidae Selar boops Common 80

Ephippidae Platax teira Artificial 140

Haemulidae Plectorhinchus chaetodonoides Natural 120

Haemulidae Plectorhinchus picus Artificial 120

Haemulidae Diagramma pictum Natural 150

Lethrinidae Lethrinus lentjan Natural 60

Lutjanidae Lutjanus argentimaculatus Common 143

Lutjanidae Lutjanus carponotatus Natural 80

Lutjanidae Lutjanus decussatus Natural 80

Lutjanidae Lutjanus lutjanus Common 80

Lutjanidae Lutjanus russellii Common 128

Lutjanidae Lutjanus fulviflamma Common 160

Nemipteridae Scolopsis ciliata Common 40

Scaridae Scarus ghobban Natural 50

Scaridae Scarus rivulatus Natural 50

Scombridae Scomberomorus commerson Common 145

Serranidae Cephalopholis boenak Common 30

Serranidae Cephalopholis formosa Common 63

Serranidae Epinephelus bleekeri Artificial 90

Serranidae Epinephelus corallicola Common 175

Serranidae Epinephelus erythrurus Artificial 150

Serranidae Epinephelus fasciatus Natural 75

Serranidae Epinephelus fuscoguttatus Common 150

Serranidae Epinephelus malabaricus Common 200

Serranidae Epinephelus merra Common 80

Serranidae Plectropomus maculatus Natural 210

Siganidae Siganus canaliculatus Common 93

Siganidae Siganus guttatus Artificial 90

Siganidae Siganus javus Common 90

Sphyraenidae Sphyraena jello Naturala 163

Sphyraenidae Sphyraena qenie Naturala 107
aSphyraena jello and Sphyraena qenie were only observed on fish surveys at the natural reefs, yet,
were caught on the artificial reefs by local fishers. “Common” indicates species recorded on natural
and artificial reefs
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Fig. 16.5 Examples of fish for sale at six local restaurants in Chaloklum. A mix of fresh and
saltwater species is displayed. Restaurant owners stated that all saltwater species were caught
locally. Fish sizes were generally of larger-sized individuals and no juveniles were observed for
sale. Please see Taylor (2016) for species and restaurant values

3.3 Fish Assemblage on the Metal Structures and Natural
Reef Sites

A distinct fish assemblage between the natural and artificial reef types was observed,
with species composition more similar within reef type than between reef locations,
but more variable between the natural reef sites, than between the artificial reef sites
(Fig. 16.6).

Taking into account all species observed on underwater fish surveys, the artificial
reefs hosted only 12%. In comparison, the natural reef sites hosted 47% of the
species observed, and a further 41% were shared. Although many common species
were found between the two reef types; the metal structures missed important
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Fig. 16.6 DCA Ordination displaying similarities between and within reef type in regards to
species composition. Note the distance between natural reef sites (left circle) and artificial reef
sites (right)

functional groups such as Corallivores (Chaetodon sp.) and Herbivores/Scrapers
(Scarus sp.) (Fig. 16.7). This contributed to a lower species richness. The natural
reefs had a significantly higher number of species in comparison to the artificial reefs
(χ2 = 9.12, df = 1, P = 0.003, P < 0.05), with no significant effect of visibility
(χ2 = 3.39, df = 1, P = 0.07) or depth (χ2 = 0.001, df = 1, P = 0.97).

In contrast, the artificial reefs had a significantly higher total number of individ-
uals per 100 m2, with an approximately 17-fold difference in comparison to the
natural reefs (χ2 = 20.361, df = 1, P = 6.41 × 10–6), the total abundance for each
reef type increasing with increasing visibility (χ2 = 31.06, df = 1, P = 2.5 × 10–8),
with no significant influence of water depth (χ2 = 1.58, df = 1, P = 0.21).

4 Discussion

While concrete blocks are the dominant form of artificial reef in Thailand, the metal
structures in Chaloklum were described by an informant as the “first of their kind”.
This fits with recent research, suggesting that the trend is now moving towards
deploying recycled structures as these are more readily available at a lower cost
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Fig. 16.7 DCA Ordination displaying species composition between reef types. Blue points
represent natural and artificial locations as seen in Fig. 16.6. All species names shortened,
displaying only most frequent species across plots. Species displayed on the right side of the
ordination are more associated with the artificial reef sites while those on the left are more
associated with the natural reef sites. Species associated with both reef types are located in the
middle of the ordination diagram

(Kheawwongjan and Kim 2012). The ecological and economic performance of these
structures is therefore important in addressing this trend.

Artificial reefs provide services and goods, such as habitat and coastal protection
(Chou 1997; Moberg and Ronnback 2003; Pickering and Whitmarsh 1997; Rilov
and Benayahu 2000), fishing and recreational enhancement (Chen et al. 2013;
Leeworthy et al. 2006; Polovina 1991; Sutton and Bushnell 2007) and restoration
and rehabilitation of natural reefs (Rilov and Benayahu 1998; Seaman 2000; Spieler
et al. 2001). However, despite providing a variety of biological functions, they are
primarily deployed for socio-economic reasons (Sutton and Bushnell 2007), to
provide services deemed important for society, for example, by fishers’ associations
through private initiatives and funding (Chou 1997). In our case study, the objectives
set out during deployment were to a certain extent met.

The metal structures were reported to effectively prevent trawlers from fishing
within the demarcation line. In this case, the available structure, material and design
had a positive outcome. However, it is important to note that trawl nets caught on
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reefs, whether natural and/or artificial can cause continuous problems for marine
wildlife and divers alike. It is therefore important that GPS locations for the metal
structures, as observed in this study, are regularly checked and included in naviga-
tion charts. Furthermore, the Buoys indicating their location must always be present
and re-installed if lost due to stormy weather. The fourth metal structure, Metal East
Inner, was specifically excluded from our case study for this reason. According to the
DMCR, the location of this metal structure had been lost and was thought to be
covered by a ghost net, labelling it unsafe for our divers. However, in April 2016 just
before this study came to a close, DMCR and COREsea successfully found this
structure on an exploration dive. A new Buoy was attached and DMCR were able to
take an underwater visual census, including general habitat samples such as nutri-
ents, salinity and oxygen. Unfortunately, no quantitative data exists in order to
compare with the other three metal structures. As the two artificial reefs (Metal
West Outer and Inner) are fairly close in our case study, survey data from the Metal
East Inner could provide information over the possible synergistic effects or prefer-
ence effects possibly leading to statistically non-independent artificial reef locations.
This would be interesting for further studies, perhaps comparing the West and East
locations along with the Outer and Inner structures.

Three of the five fishers suggested that over a 30-year time period there has been a
large reduction in the number and diversity of fish on the natural reefs. Fishers’
perceptions of the local reef sites over time suggested a decline in natural reef health,
with bad fishing conditions in the last 5–10 years. Too many boats, especially larger
ones that dwarfed the smaller fishers, and “too many fishermen coming from
outside” of Koh Phangan were attributed as the main causes. This combined with
“bad fishing weather” and unpredictable seasons saw a decline in fish catch. Declin-
ing fish catches have had a significant effect on fishers, pushing them to survive on
marginal incomes (McManus et al. 2000). Nevertheless, a significant improvement
was observed in the last 2–3 years. This was accredited to the introduction of new
fishing laws, which stopped “outsiders” and larger boats from coming within 5.4 km
of the rocks on either side of Chaloklum bay. This links with the introduction of the
metal structures, which were deployed inside the boundary line between the small-
scale and commercial fisheries zone (DOF 2008). This ensured usage only by
artisanal fishers.

The metal structures were not currently used for recreational diving in our case
study (Fig. 16.5). Dive managers reported the visibility and strong currents there
were too unreliable and therefore, regarded as unsafe for newly certified divers. This
unfortunately makes up a significant proportion of the dive customers in Koh
Phangan. This is unfortunate as the redistribution of divers in a given area, through
artificial reef deployment is important in reducing overcrowding and pressure on
natural reefs (Leeworthy et al. 2006; Polak and Shashar 2012; Sutton and Bushnell
2007). Under optimal conditions, the artificial reefs could provide a unique new dive
site, with opportunities to see a high abundance of fish, especially schooling and
predatory species, as well as a distinct fish assemblage (Fig. 16.7) including large
groupers (Serranidae spp.), batfish (Ephippidae spp.) and porcupine fish
(Diodontidae spp.), in turn reducing dive pressure on the natural reef locations.
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Dive managers and instructors interviewed in our case study openly expressed
worries about the conditions of the local natural dive sites and an overuse of the main
tourist site Sail Rock. Key themes were addressed including; reduction in coral cover
and an increase in rubble, increase in coral damage, reduction in water quality and
visibility, reduction in the variety and quantity of marine life (specifically, a lack of
species such as nurse sharks, turtles, Christmas tree worms and nudibranchs). In
addition, causal mechanisms for their above reasons were given including: negli-
gence, increase in pollution and sediment runoff, higher volume of boats, divers and
snorkelers, uncontrolled tourist development, an increase in hot summers and
warmer waters, and overfishing. As a result, it seems the local dive community
recognises the ongoing extent of natural reef degradation, to which they themselves
contribute. Therefore, the addition of the metal structures in Koh Phangan, combined
with the interest of dive customers to visit an artificial reef may have the potential to
successfully divert diver’s attention from natural sites in the future.

At the time of the study, the metal structures provided successful fishing grounds
for artisanal fishers, who were the most prominent and direct users. Fishers stated,
there are “lots of fish to catch” at the artificial reef, with 69% of identified target
species being observed on fish surveys. Fishers showed a preference for marketable
reef associated, pelagic, predators such as Carangidae, Lutjanidae, Scombridae and
Sphyraenidae. These species are also valued on a regional scale contributing to the
marine fisheries in Thailand (FAO 2020). Furthermore, reef-associated, non-pelagic,
predators, such as the Serranidae family, were also highly valued by the fishers.
These preferences support the general trend in fisheries for targeting higher trophic
feeders (Jones et al. 2010). Nevertheless, target catch varied with each individual
fisher. This was mainly due to differences in fishing location, depending on acces-
sibility and boat size, plus, their dependability to sell. Fishing only for subsistence
often meant all species caught were kept, despite value or size. Furthermore, fishers
may withhold facts if they are not willing to reveal compromising information. In
general, colourful reef-associated species such as Chaetodonidae, Labridae, and
Pomacanthidae were not included in target lists. One fisher revealed that
Pomacanthus annularis is occasionally caught in fish traps, but stated they are
“beautiful to see, but aren’t eaten”. This may indicate the fishers’ politeness to
please the interviewer, knowing they are associated with the COREsea institute.
On the other hand, it may suggest, fishers realise the aesthetic value of colourful fish
for the tourism industry on Koh Phangan.

As seen with this project, artificial reefs do not necessarily mimic natural reefs but
establish their own fish community (Figs. 16.6 and 16.7), which is influenced by
spatial orientation, reef size, relief, surface area and structural complexity which
influence the attractiveness of an artificial reef to target species (Rilov and Benayahu
2000; Simon et al. 2013). Age of deployment has also been suggested to play a role
in species richness increasing over time (Bodilis et al. 2011; Simon et al. 2013;
Yeemin et al. 2006). Furthermore, both rugosity (the measurement of surface
roughness) and variety of growth forms are important predictors of observed species
richness on artificial reefs, with vertical relief a strong predictor of total fish
abundance (Gratwicke and Speight 2005).
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The artificial reefs in this case study have a fairly monotonous topographic
complexity with only two sizes of holes in the hollow steel tubes. These are covered
by sponges and offer shelter for middle to large-sized fishes (20–80 cm) (Fig. 16.8).
The outside of the steel tubes are covered by turf algae, sponges, crustaceans,
echinoderms, molluscs and barnacles growing on top of each other, the latter
offering hiding spaces for smaller fish species, such as damselfishes (up to 15 cm)
(Fig. 16.8).

In comparison, the natural reefs in and around Chaloklum offer a much wider
horizontal area of which 750 m2 was surveyed. Furthermore, they offer a fairly
complex topography with varying vertical relief due to the extensive range of growth
forms, i.e., branching, massive and plate-like corals, thus providing shelter for fish of
various sizes. This could explain why we see a significantly lower species richness
on the artificial sites in comparison to the natural reef sites. Furthermore, the artificial
reefs occupy a relatively small horizontal surface area, of which 144 m2 was
surveyed. This only accounted for the upper surface of the structure as lower parts
of the structure could not be sampled due to logistical and safety reasons. Species
thus associated with deeper vertical depths may not have been accounted for (Rilov
and Benayahu 2000). It is important to note that abundances of Carangidae signif-
icantly increased at the artificial reefs, with increasing depth. Thus, for further
studies, it is suggested that the vertical relief be taken into better consideration as
seen in (Paxton et al. 2020), for they found that taller artificial reefs had higher
densities of transient predators than the surrounding natural reefs, a pattern indicated
in our case study.

Despite the relatively low complexity and short time since deployment, the
artificial reefs offered 9 × 9 × 9 m of equally vertical and horizontal substrate,
with sunny and shaded sides, in an otherwise structurally flat environment. Species
in the families of Carangidae and Lutjanidae, as well as Scombridae and
Sphyraenidae, had higher abundances on the artificial reefs in comparison to the
natural reefs. These families were most probably drawn to the structures because of
their transient behaviour—as fast-swimming, highly mobile, schooling species—
and feeding traits (Folpp et al. 2013, Paxton et al. 2017, 2020). These species are
likely to respond to the overall presence of an artificial reef as a feeding focal point,
where vertically-extensive structures have been documented to host high abun-
dances of schooling prey fish and thus, predators (Arena et al. 2007; Paxton et al.
2017; Simon et al. 2013). Furthermore, reef-associated, non-pelagic, predators, such
as the Serranidae family also had a significantly higher abundance on the artificial
reefs in comparison to the natural reefs in Chaloklum. Abundances surveyed
increased with increasing visibility most probably due to the observed behaviour
of hiding when divers approached (Fig. 16.8). Considering Serranidae as “resident”
species, exhibiting high degrees of site fidelity and residence time (Paxton et al.
2020) and all sizes of C. boenak, C. formosa and E. merra observed at the artificial
reefs, we suggest the structures not only provide food but additional habitat, includ-
ing shelter and refuge area (Fig. 16.8), allowing for species-specific production.
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Fig. 16.8 East Outer Metal Reef: Two and a half years of succession provided small habitat and
shelter to dwellers, such as Serranidae species. Hollow tubes and layering of barnacles and mussels
supported larger and smaller fishes, indicating production, as well as providing a stop-over for
pelagic fish on their migration routes

Fig. 16.9 Observational fishing trip with a local fishing and snorkel tour company at the metal west
outer reef. Traditional fishing gear was used, handlines baited with sweet bread or squid, and a
variety of species was caught

As 31% of target species specified by fishers were recorded only at the natural
reefs, it seems the artificial reefs offered a reduced variety of seafood and cannot
fully compensate for the ongoing reduction in fish stocks affecting local fishers.
Adaptive measures were observed with local fishers participating in other economic
sectors. Indeed, two of the younger fishers in our study had part-time work outside of
fishing. On a national level, Thailand has seen a drop in the number of young fishers
from 32.5 to 24.3 % within the last decade (DOF 2008). Jones et al. (2010) found
similar results on the Andaman coast, with a noticeable decline in small-scale fishers
being recruited into the industry. This was attributed to urbanisation and increasing
opportunities within tourism. In this study, only two fishers wholly relied on fishing
for their livelihoods. One purely fished for subsistence, whereas the other used his
fishing boat to provide fishing and snorkelling tours (Fig. 16.9). Furthermore, one
fisher owned a local beach bar and restaurant. Consequently, it demonstrates that
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tourism plays an increasing role in the fisher’s livelihoods with the artificial reefs not
only promoting target species and supporting subsistence fisheries but recreational
fishing opportunities, thus meeting its’ second and third deployment objectives.

Carangidae, Lutjanidae, Scombridae and Sphyraenidae were not only highly
valued by the local fishers but by local restaurants too. Most saltwater species
available for sale were also identified at the artificial reefs during underwater
surveys. Despite the novel approach, using fishers’ estimates rather than standard
market prices to estimate the monetary value (Tuya et al. 2014), at a 21-fold
difference in the total economic value between artificial and natural reefs, there is
an indication that the establishment of these structures has direct local economic
benefits. As the artificial reefs aggregated large amounts of economically important
species, fishers’ catch per unit effort was presumably increased. However, individual
fishes observed during the visual census and caught by fishers were mostly juveniles.
This could suggest that larger individuals move away from the structures or alter-
nately a tendency of recruitment (over)fishing (Polovina 1989), which exacerbates
the deterioration of populations, as the species’ fecundity decreases. To have a more
specific analysis of the structures’ socio-economic benefits, more information
including catch rates, catch size/weight and potential costs of fishing, such as gear
prices, boat repairs, fuel etc., usually used in a cost-benefit analysis, need to be
collected and taken into consideration (Supongpan 2006). Despite the artificial reefs’
ability to produce and not just aggregate species, their sustainable management must
be addressed, focussing on catch effort and fishing pressure to ensure sustainable use
for the long-term support of the fishing community.

5 Conclusions, Lessons Learned and Changes in Policy

Despite the suggested benefits to small-scale fishers, artificial reef programs in
Thailand have not managed to enhance and restock resources. In fact, the FAO
(2020) states that the biomass of exploitable fish stocks has fallen within marine
capture fisheries, mostly through the release of untreated sewage and illegal,
unreported and unregulated (IUU) fishing. Both commercial fishing and small-
scale fishing have shown a declining trend since 2002 (FAO 2020). However, the
decline of fish stocks in Thailand’s coral reefs has been attributed to commercial
fishers rather than artisanal fishers (Jones et al. 2010).

Being the socio-economic backbone of coastal communities in Southeast Asia,
small-scale fishers are heavily reliant upon local catch, often contributing more food
fish for humans than industrial fisheries (Teh and Pauly 2018; Teh et al. 2013). In
order to protect them, new reforms and policies have been implemented in recent
years to improve fishing and coastal conditions in Thailand. The Royal Ordinance on
Fisheries which came into force in 2015 as the new fisheries law, introduced robust
financial sanctions for engaging in illegal fishing, new restrictions on destructive
gear types, and basic protections for artisanal fisher rights through the introduction
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and enforcement of the Inshore Economic Zone—a zone currently set at 3 nautical
miles (5.5 km) from shore, and reserved for artisanal/small-scale fishing vessels)
(Environmental Justice Foundation 2019). Thailand has also fought to control
IUU fishing by introducing new monitoring systems such as satellite tracking and
unique vessel identifiers, enabling authorities to verify vessel identity and owner-
ship, as well as collecting precise fishing locations, durations, and times, helping to
detect unauthorised fishing activity (Environmental Justice Foundation 2019). Fur-
thermore, Thailand has established a network of 30 “Port in Port out” (PIPO) centers
across the country, which can liaise vessel information with at-sea patrols conducted
by the Royal Thai Navy, DoF, Marine Department, and other relevant agencies
(Environmental Justice Foundation 2019).

In 2019, the Thai fishing industry received approval from the European Com-
mission through its compliance with international law, enforcement of its fisheries
legal framework, and its curbing of IUU fishing (European Commission 2019). Over
75% of fishers interviewed by the Environmental Justice Foundation (2019)
suggested that these recent reforms have minimised intrusions by commercial
vessels into restricted areas, allowing fish stocks, especially the prevalence of
juvenile economically important species, to recover. This trend is in line with our
interviews conducted in Koh Phangan. By deploying the metal structures around the
demarcation line, trawlers and big commercial vessels no longer had access to local
natural reef sites around Chaloklum. Fishers and COREsea members alike suggested
positive outcomes from these new regulations and the deployment of the artificial
reefs. Fishers suggested an increased catch in the last 2–3 years and praised the
artificial reefs, for their ability to promote and aggregate marketable species;
supporting not only the fishers directly but local restaurants and markets too.
Furthermore, the COREsea manager suggested an increase in coral cover on the
natural reef sites, within the last 5 years. These results, despite being anecdotal,
suggest that (a) the metal structures have succeeded in reducing fishing pressure at
local natural reef sites, and (b) positive attitudes are displayed towards the artificial
reefs, an important factor when considering the success of any conservation tool
(Bennett and Dearden 2014).

To continue on this path and protect Thailand’s traditional fishing communities,
strict enforcement of the IEZ, diligent vessel monitoring and thorough vessel
inspections should be made. Furthermore, local case studies throughout Southeast
Asia have shown positive social and environmental changes, regarding integrated
coastal management and resource use, by strengthening interagency and inter-sector
cooperation, increasing policy-science integration, building local capacity and cre-
ating innovative financing for long-term investments (Chua et al. 2018). Such factors
should be taken into consideration during artificial deployment and long-term
monitoring, to ensure that the positive socio-economic and/or positive ecological
impact is not short lived.
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Chapter 17
Peru Case Study

Big Challenges for Small Islands: Management and
Governance of “Lobos de Afuera” Islands in the
Peruvian Upwelling Ecosystem

Alonso Del Solar, Eliana Alfaro-Cordova, Tania Mendo,
Kelly Ortega-Cisneros, Milena Arias Schreiber, Jorge Grillo-Núñez,
and Joanna Alfaro-Shigueto

Abstract The management of coastal marine ecosystems requires a multi-sectorial,
multidisciplinary approach, where both public and private sectors work together
towards the conservation and sustainable use of the ecosystems. In an ideal scenario,
the values and interests of all stakeholders should be considered in management
strategies aligned with national and international norms and regulations. To this end,
the establishment of Marine Protected Areas (MPAs) could provide a platform for
stakeholders to collaborate and achieve common management and conservation
goals. In Peru, the “Guano Islands, Isles and Capes National Reserve System” was
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established in 2009 to conserve the biodiversity of the Northern Humboldt Current
System. This MPA consists of 22 islands and isles, 11 capes, and their adjacent sea,
divided into 25 polygons that cover 140,000 ha, representing a big challenge in
terms of management. In this chapter, we draw upon the case study of the octopus
fishery in the polygon named Lobos de Afuera Islands (ILA) at the northern part of
the MPA, to analyse the advances and setbacks, as well as the challenges associated
with stakeholders participation, in relation to the accomplishment of the sustainabil-
ity goals defined for this polygon. We assess institutional and knowledge challenges
for ILA and describe how the deficient acknowledgment of users, the ecological
knowledge gaps and a complex administrative system, which involves many insti-
tutions, have hindered the understanding of the social-ecological system and the
islands management and governance desired outcomes. The neglect to acknowledge
the octopus fishers as longtime users of ILA, due to the current illegal status of their
fishery in northern Peru, and therefore as formal stakeholders in the polygon’s
management, decreases the possibility of applying appropriate co-management
strategies. However, a group of octopus divers has recently been formalised into a
fishers association and aim at being accepted as formal stakeholders of ILA, through
ongoing capacity building related to data collection and organisational skills. The
problems of the rigid, inefficient, and limited institutional setup at ILA are also
opportunities for identifying bottlenecks and blackboxes, from where research
priorities towards an integrated management strategy can be outlined. The increased
knowledge of this social-ecological system can also be extended to the whole Guano
Islands MPA, where additional flexibility and operational capacities will be needed
due to the connectivity among many polygons. Potential pathways towards useful
ecosystem-based management may include the emergence of transversal govern-
ment bodies that can respond faster to the MPA’s inner dynamic and to external
pressures, allowing for a less bureaucratic and more integrated approach to manage-
ment. Moreover, MPA authorities could promote signing general and specific
agreements with public and private institutions, prioritising lines of research beyond
sporadic projects, towards long-term sustainable management in ILA. The lessons
and challenges here presented could also serve to improve the design and imple-
mentation of future MPAs in Peru to meet its international commitments.

Keywords Peruvian coast · Lobos de Afuera Islands · MPA · Governance · Marine
conservation · Resource management · Small-scale fisheries

1 Introduction

The rapid growth of human populations inhabiting coastal areas, along with
advances in technology and the soaring worldwide demand for seafood products,
are impacting marine ecosystems and the goods and services they provide. Global,
regional, and local social-ecological dynamics, including high-impact anthropogenic
stressors, such as resource overexploitation and pollution, are becoming particularly
complex issues to address, evermore in the face of climate change. Maintaining the
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health and fostering resilience of marine ecosystems is not only important for their
own sake and beauty, but crucial for the livelihoods of coastal communities directly
benefiting from them (i.e. through fisheries, tourism, or other ecosystem services), as
well as for sustaining seafood production industries worldwide. Thus, governments
and other institutions dealing with resource management have the responsibility to
present strategies that secure ecosystems services, while guaranteeing sustainable
livelihoods.

Addressing this complex situation can often lead to conflicting ideas regarding
the conservation, exploitation, management, and sustainability of marine ecosys-
tems. Even with the advances made over the past few decades on implementing
ecosystem-based management (Pikitch et al. 2004), efforts towards adequate gov-
ernance and management measures remain one of the key environmental and
development challenges of the present century. Evidently, not all social-ecological
systems behave alike, thus not one single approach is sufficient to ensure the
sustainable use of marine resources and to safeguard the oceans for human wellbeing
and intergenerational equity. To this end, there is much debate among scientific,
stakeholder, and political circles on effective regulatory instruments and social
innovations that would facilitate an integrated sustainable development of coastal
social-ecological systems.

Among regulatory instruments, Marine Protected Areas (MPAs) have been
designed and implemented with varying results for many decades (Edgar et al.
2014). MPAs allow managers and stakeholders to protect certain fragile or func-
tionally important ecosystems, while controlling the impacts of economic activities
such as fisheries. Ideally, an MPA will allow for more public awareness, improved
academic work, and adequate enforcement of relevant regulations through collabo-
ratively established plans and goals; backed up by both public and private stake-
holders. However, not all MPAs are based on the best scientific evidence and are
sometimes used as legitimised exclusion zones. Wolff (2015) argues that MPAs
should not be created simply to prevent specific activities (e.g. fishing), but rather
should lead the way to share the ocean via the appropriate assessment and manage-
ment tools. Nevertheless, evidence has highlighted the conservation benefits of
MPAs, which include positive effects on species and functional diversity, the
rebuilding of depleted fish stocks, and the preservation of ecosystems and their
services (Halpern 2003; Lester et al. 2009; Martins et al. 2012; Worm et al. 2006).

In the Peruvian Upwelling System, one of the most productive systems in the
world in terms of fisheries (Carr 2001; Chavez et al. 2008), there are currently only
four out of eleven protected coastal areas that include marine ecosystems. This
corresponds to approximately 0.6% of Peru’s exclusive economic zone (EEZ). In
contrast, terrestrial protected areas cover ~21% of the total land area of Peru. The
current MPA coverage in Peru lags behind the international commitments of
protecting at least 10% of coastal and marine areas by 2020 and 30% by 2030,1

though this last commitment is not binding and it is even disputed if participants

1WCC-2016-Res-050-EN
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Fig. 17.1 Location of the twenty-five polygons comprising the Guano Islands MPA, and a close-
up of our study site, in Peru, western coast of South America. Numbers along the coast represent the
polygons; in italics, the islands and isles, and in bold, the capes. From north to south: (1) Lobos de
Tierra, (2) Lobos de Afuera, (3) Macabi, (4) Guanyape, (5) Chao, (6) Corcovado, (7) Santa,
(8) Culebras, (9) Colorado, (10) La Litera, (11) Don Martín, (12) Mazorca, Huampanu & Salinas,
(13) Grupo de Pescadores, (14) Cavinzas & Palomino, (15) Pachacamac, (16) Asia, (17) Chincha,
(18) Ballesta, (19) Lomitas, (20) San Juan, (21) Lomas, (22) Atico, (23) La Chira, (24) Hornillos,
(25) Coles

agreed on such an arbitrary number (Charles et al. 2016). The aim should be to
achieve MPAs that are managed effectively, not just established in paper.

The Peruvian coastline contains several capes, tips and bays, as well as a series of
islands and islets that run parallel to the coast along the continental shelf. They span
almost twelve degrees of latitude (~6–18° S) and are located within the first 32 nm
(60 km) offshore (Fig. 17.1). These islands and capes, in conjunction with the
nutrient-filled upwelling waters, provide the conditions for highly diverse and
abundant ecosystems with a very rich trophic structure. They serve as habitat for
many species of fish and shellfish, birds, reptiles, and mammals, which use them as
reproduction sites, nurseries, and feeding grounds, or as a temporal resting place or
refuge. Seabirds have historically taken possession of the islands and high capes to
use them as nesting or resting grounds. They feed mostly on small pelagic fish such
as sardines (Sardinops sagax) or the Peruvian anchovy (Engraulis ringens) (Jordan
1967; Vogt and Duffy 2018; Zavalaga and Paredes 1999) and tend to migrate long
distances (Weimerskirch et al. 2012; Zavalaga et al. 2011). Due to the large amount
of excreta produced by these seabirds—mainly cormorants, pelicans, and boobies,
which not only form huge piles on land but also fertilise the surface of the ocean—
this system is commonly known as the guano islands, isles, and capes. The fact that
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they are categorised as continental islands suggests a strong geological and ecolog-
ical connectivity between them and mainland, which is key for understanding the
functionality of the system. In 2009, the guano islands, isles, and capes system was
given the status of National Marine Reserve named as “The Guano Islands, Isles and
Capes National Reserve System” (hereafter, Guano Islands MPA).

In the present chapter, we develop a case study within this MPA, at “Lobos de
Afuera” Islands (hereafter, ILA) in northern Peru and its artisanal octopus fishery
(Octopus mimus). We describe the ecosystem, characterise its octopus fishery and
assess the progress made in relation to ILA’s MPA objectives, aiming at identifying
institutional limitations, knowledge gaps and challenges to its management and
governance. The bulk of this chapter was written in 2019. However, we have
updated some information on the main status of the MPA, to the best of our
knowledge.

2 Resource Use Within the Guano Islands MPA: Octopus
Fishery in Lobos de Afuera Islands

2.1 Guano Islands MPA

The management of Natural Protected Areas in Peru is led by the National Parks
Service (SERNANP, Ministry of Environment), through the National System of
Natural Protected Areas (SINANPE). The Guano Islands MPA is a National Reserve
and, as such, SERNANP can establish different conservation levels for each area,
following the framework used for terrestrial protected areas: (1) Strict protection,
(2) Wild zone, (3) Tourism and recreation, (4) Direct use, (5) Special use, (6) Recov-
ery, and (7) Historical-Cultural. Each polygon in the Guano Islands MPA is classi-
fied based on scientific information and the approval of the main stakeholders.
Furthermore, because this MPA includes marine areas with fisheries as the main
economic activities, part of the responsibility in the MCS activities has to be shared
with the Ministry of Production and the Navy (Ministry of Defence). The Ministry of
Agriculture is also involved through AGRO RURAL, which safeguards the island
guano and by extension the guano birds.

The Guano Islands MPA consists of 22 islands and 11 capes divided into
25 geographical areas named “polygons” for management purposes adding up to a
total area of 140,833.47 ha (Fig. 17.1, Valverde et al. 2016). Each polygon com-
prises an area of at least one insular or continental landmass surrounded by water
extending roughly two nautical miles offshore. The MPA was established to “con-
serve a representative sample of the marine biodiversity from the Northern Hum-
boldt Current Upwelling System, ensuring the continuation of natural processes as
well as the sustainable and fair use of its resources”.2 It currently has a so-called

2Supreme Decree N° 024-2009-MINAM
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management committee that groups all stakeholders along the MPA (users, govern-
ment, civil society, others). Considering the extent of the Guano Islands MPA, this
committee was divided into 25 sub-committees, one per polygon. These committees
are not decision-making bodies but provide a space for discussion and knowledge
exchange among actors, which can serve as guidelines for managers.

In 2016, the Guano Islands MPA master plan for the period 2016–2020 was
published. This master plan is the roadmap to implementing any project in the MPA
and assigns general and specific objectives under three main categories: (1) environ-
mental: to conserve terrestrial and marine ecosystems, (2) economical: to develop
sustainable activities, and (3) sociocultural: to promote the participation of local
stakeholders in management (Valverde et al. 2016). Since the establishment of this
MPA, the Ministry of Environment’s National Parks Service (SERNANP) has
received external international financial and technical support to help implement
its master plan and strengthen the capabilities of stakeholders, with emphasis on
ecosystem-based management and appropriate monitoring, control and surveillance
(MCS) tools and policies. This was the case of the project “Strengthening Sustain-
able Management of the Guano Islands MPA”, through which SERNANP called for
proposals to carry out subprojects and address the objectives posed in the master
plan for the different polygons within the MPA. One of these subprojects was
developed for the polygon ILA, which spanned from October 2017 to February
2019 and was implemented by a multidisciplinary team led by the Peruvian NGO
Pro Delphinus (under SERNANP’s supervision). A summary of some of the results
and challenges of this project (hereafter, ILA-subproject) is included in this chapter.

Lobos de Afuera Islands (ILA) are located at the northern part of the Guano
Islands MPA, close to the ecotone between the NHCUS and the warmer Tropical
East Pacific (TEP) waters (De La Cruz et al. 2017). Of the 22 islands in the MPA,
these are the farthest offshore, close to the edge of the continental shelf, 45 nm
(~84 km) from the nearest mainland port. ILA consists of two main islands that are
separated by a narrow 30-m long channel surrounded by a handful of smaller islets
(Fig. 17.2). ILA has a total area of 8265 ha, 97% of which is water, representing
about a 2–3 nm radius around the islands.

Because ILA’s rocky shores are exposed to high wave impact, the intertidal
community has only a few species of crustaceans and mollusks. Among them, the
barnacle Pollicipes elegans was a highly demanded crustacean used in local gas-
tronomy but no longer abundant around these islands. In the sub-tidal region,
biodiversity and abundance are larger. A survey reported by De La Cruz et al.
(2017) found 47 species of fish within two miles around the islands and down to
thirty metres depth.

Commercially important molluscs are mostly found on the protected east side of
the islands. Towards deeper waters, several demersal and pelagic resources either
pass through or approach the islands for feeding and/or mating (De La Cruz et al.
2017). Besides marine mammals identified by Figueroa et al. (2017) (i.e. Otaria
byronia, Megaptera novaeangliae, Tursiops truncatus, and Delphinus capensis),
blue whale (Balaenoptera musculus) have been recently observed in the surround-
ings (Alfaro-Cordova pers. comm.). On land, ILA provides reproductive and resting
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Fig. 17.2 Views of Lobos de Afuera Islands. Source: ILA-subproject. Lobos de Afuera Islands
MPA (top: Lyanne Ampuero, bottom: ProDelphinus)

grounds for several species feeding on fish close-by or using these areas as a stop on
their long migration routes. Figueroa et al. (2017) identified the South American sea
lion and 43 species of seabirds, all of which fit into some category or status of
conservation under Peruvian legislation. The introduction of the common rat, one of
the permanent residents on the islands, represents a particular threat to eggs and
youngsters of nesting birds and reptiles (Ampuero et al. 2018).
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Table 17.1 Summary of the artisanal fisheries characteristics identified during the ILA-subproject

Operating
distance from
shore (nm)

Fishers organisations

0–2 8 75.0% Air-
assisted
diving

Octopus “pulpo” Octopus mimus

12.5% Hand-line Peruvian rock seabass “cabrilla”
Paralabrax humeralis12.5% Purse-

seine net

2–5 10 41.7% Hand-line Eastern pacific bonito “bonito” Sarda
chiliensis
Chub mackerel “caballa” Scomber
japonicusPeruvian rock seabass “cabrilla”
Paralabrax humeralis
Sharks and rays

33.3% Drift and
bottom
nets

25.0% Purse-
seine net

5–15 4 75.0% Purse-
seine net

Eastern pacific bonito “bonito” Sarda
chiliensis

25.0% Hand-
line-Pa

Giant squid “pota” Dosidicus gigas

Note: 18 fishers organisations were identified, but 4 of them fish both in the first 2 nm and from 2 to
5 nm, so the table adds up to 22 organisations
Source: Grillo et al. (2018)
aRefers to the special multi-hook sample hand-line used for catching giant squid

2.2 Small-Scale Fisheries in ILA

Fisheries at ILA have been restricted since 2001 through two main National
Decrees3: a Presidential ban on motorised fishing vessels within 2 nm of any
guano island, and a prohibition enacted by the Defence Ministry on all fishing
activities up to 200 m from the shore. Nevertheless, different small-scale and
industrial fishing fleets have since been reported within the first 5 nm (9.3 km)
surrounding the islands, targeting demersal and pelagic species of fish and shellfish
and using mainly drift, bottom, purse-seine nets and air-assisted diving (De La Cruz
et al. 2017; Table 17.1). A recent characterisation of the small-scale fisheries
operating around ILA estimated 118 small vessels (6–9 m length) organised in
18 fishing organisations, from which 3 were identified as “not formally established”
(Grillo et al. 2018). It is worth noting that members of 4 further organisations were
identified fishing in both the first 2 nm and within 2–5 nm, adding up to 22 organi-
sations in Table 17.1.

To arrive at ILA, small-scale fishers usually travel between 8 and 17 h from
different nearby ports. Some of the boats set sail together and the length of the
duration of a fishing trip depends mainly on the season, environmental conditions,

3D.S. N°-014-2001-AG, 2001 ; D.S. N°-028-DE, 2001
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and the size of the boat’s hold. Fishing trips during the winter last approximately
15 days in total, compared to an average of 10 during the summer, when environ-
mental conditions are favourable for the availability of most of the targeted
resources. This means that fishers not only get higher yields during the summer
but engage in more trips to ILA, thus increasing their effort considerably.

Outside the limits of the ILA MPA, fishers catch mainly bonito, mackerel, rock
seabass, sharks, rays, and giant squid. The fishery inside the reserve is usually multi-
specific but targets principally octopus (Octopus mimus) and Peruvian rock seabass
(Paralabrax humeralis) (Table 17.1). Seabass are usually caught with hand-lines but
fishers have been observed setting small purse-seine nets to target this fish and other
small fish when catches are low. Both octopus and seabass are present all year round,
though it is during the summer that catches per vessel increase considerably.
Furthermore, vessels that target elasmobranchs with drift nets and giant squid with
mechanical hand-line have also been reported fishing illegally inside the reserve
(within ~2 nm), on the outer limits of the polygon area (De La Cruz et al. 2017).
Although juveniles of giant squid and elasmobranchs are also caught by smaller
hand-line boats fishing close to ILA, most catches are reported outside the polygon
boundaries by larger vessels.

Nearly 30 nm north of ILA is the island “Lobos de Tierra” (ILT), which belongs
to the northernmost polygon of the Guano Islands MPA and is a very productive area
as well. Halfway between ILA and ILT runs a deep marine canyon that is well
known among fishers for its good quality as a fishing ground. ILT is also conspic-
uous for its large stocks of the Peruvian scallop Argopecten purpuratus, which is a
highly economic profitable resource. It has been reported that fishers who tend to fish
at ILA also fish at ILT, and vice-versa, motivated by environmental and economic
conditions.

2.3 Octopus Fishery in ILA

The octopus fishery takes place all year round and is one of the most important
fisheries at ILA in terms of catches and value. During summer, the number of vessels
can rise up to almost 30, but there are usually 8 boats that are permanently and
exclusively fishing octopus. These are small wooden boats equipped with off-board
engines and with crews of about 3–6. Divers use a hose attached to a petrol fuelled
on-board air compressor (Fig. 17.3). They usually dive for a total of 8 h each day
(Eliana Alfaro-Cordova, personal observation). Octopus landings from ILA takes
place at several ports along the northern coast of Peru and are estimated between
800 and 2000 kg/year in winter and summer, respectively (Grillo et al. 2018). Even
though this fishery has been operating at ILA since decades, it is an illegal fishery
and was not included in the 2016 MPA’s master plan.
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Fig. 17.3 Typical octopus divers boat at ILA. Source: ILA-subproject (Eduardo Valverde)

In 2001, the Ministry of Fisheries set a minimum-weight limit of 1 kg for
octopuses catches, which corresponds to ~13 cm of mantle length, above the average
length of maturity reported for the species in northern Peru (Ramírez et al. 2016).
Furthermore, since 2002, the extraction and commercialisation of octopus in the
adjacent regions of Piura and Lambayeque (including ILA and ILT) have been
prohibited via three ministerial resolutions.4 These regulations were based on studies
from the Peruvian Marine Institute (IMARPE), indicating that the majority of
octopuses at ILA did not reach the minimum extraction weight of 1 kg (Carbajal
et al. 2001, 2003; Ramírez et al. 2008, 2016). The octopus population in ILA during
2017 was estimated at 32,943 individuals with a biomass of 31,963 kg
(surveyed area: 15,861.25 m2, up to the 20 m isobath) (De La Cruz et al. 2017).

4Weight limit: Ministerial Resolution (MR) N°-209-2001-PE; Prohibition: MRs N°-292-2001-PE,
N°-069-2003-PRODUCE and N°-063-2009-PRODUCE.
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Table 17.2 Successes and challenges identified with regards to the ILAMPA objectives according
to the three main goals established in the master plan (environmental, economic and sociocultural),
and an institutional category added as a transversal component

Component Challenges Successes

Environmental
(to conserve the terrestrial
and marine ecosystems)

No clear and well-articulated
research plan
Remote nature of islands
requiring interinstitutional
cooperation
Interconnectivity with ILT
needs to be considered

More biological and fisheries
data were collected
Increased monitoring (fisheries
data)

Economic
(to develop sustainable
activities)

Illegality of octopus fishery
hindering access to funds
Interinstitutional cooperation
needed to address illegality of
Octopus fishery

Formalisation of octopus fish-
ers
Access to funds by different
fisher organisations

Sociocultural
(to promote the participa-
tion of local actors in MPA
management)

Identification of relevant stake-
holders in participatory process

Establishment of stakeholder
committee

Institutional—transversal Historic lack of collaboration
among isntitutions
Length of bureaucratic pro-
ceedings (i.e. to address illegal-
ity issue)

Cooperation agreement
between SERNANP,
AGRORURAL, and IMARPE

3 Towards the Sustainable Management of ILA

3.1 Challenges and Successes in Achieving the ILA MPA
Objectives

Using the example of the octopus artisanal fishery we evaluated some of the
challenges and successes in achieving the ILA MPA objectives posed for the
ILA-subproject, i.e. to formalise fishers associations, to achieve increased economic
revenue for fishers, to increase stakeholder participation, and to maintain the pres-
ence and distribution of several conservation target species. We divided our analysis
into four categories: (1) environmental, (2) economic and (3) sociocultural (based on
the main goals established in the master plan), and (4) institutional (transversal
component). A summary of these is shown in Table 17.2.

3.1.1 Environmental

The remoteness of ILA and associated low operational capacity of the regional
offices for monitoring the area are important factors constraining the achievement
of the environmental goals. SERNANP can obtain information on marine biota
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through interinstitutional agreements with IMARPE, AGRORURAL, and private
institutions. Within the marine realm of the polygon, IMARPE has conducted a
baseline study of the intertidal and subaquatic marine biota (De La Cruz et al. 2017)
and is also responsible for the annual assessment of important resources, such as
O. mimus. Currently, IMARPE carries out a yearly assessment of the octopus
population, being the main source of information supporting the octopus fishery
ban in Piura and Lambayeque regions. Two main issues with the ban are: it assumes
one single octopus stock for ILA, ILT, and other localities along the Piura and
Lambayeque shoreline, and it does not incorporate data from catches. These limita-
tions add uncertainty to the analysis and hinder the decision-making process.

Through the ILA-subproject, biological and fisheries information on octopus was
obtained by working directly with a group of artisanal divers. This collaboration
represented a first step forward towards filling knowledge gaps, improving the
monitoring of ILA’s octopus fishery and designing strategies for its management.
This data collection also supported an ongoing genetic connectivity study of differ-
ent stocks of O. mimus along the Peruvian coast, providing an interesting contribu-
tion to the study of their population structures; something important to consider for
further management regulations (Ortiz-Alvarez, pers. comm.).

To be able to design and set up adequate management strategies, it is essential that
the ecosystem dynamics are understood, incorporating novel methods of analysis
and allowing long-term budget for research and monitoring. Through the
ILA-subproject, SERNANP has contributed with important information about octo-
pus in ILA, while the biology, population and social-ecological dynamics of many
other species are still poorly understood. Without this basic knowledge, there would
be issues with the identification of conservation goals and the implementation of
management strategies.

3.1.2 Economic

The development of sustainable economic activities in ILA is mainly focused on
small-scale fisheries. Guano extraction and tourism are not feasible economic
activities in ILA, because guano is typically scarce and tourism activities are limited
by the long distances from shore. Considering the formalisation of fisheries as the
first step towards sustainability, SERNANP promoted it through the signing of
so-called “conservation agreements” with the users (i.e. fishers). These agreements
were proposed as a way to engage formal parties in the co-management of ILA.
Additionally, the agreements allowed fishers gain access to funds (from the
ILA-subproject) to make their activities more sustainable (e.g. by investing in
improving gear and equipment to achieve best practices of extraction and conserva-
tion of their target resources).

The identification of the octopus diving fishery as one of the main activities was
very important for addressing ILA’s economic objective. This group of fishers has
been operating in a semi-organised manner at ILA since 1998, mainly diving for
benthic and demersal species and particularly targeting O. mimus. Through the
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ILA-subproject, SERNANP initiated a dialogue with the divers and prompted the
formal establishment of the fishers’ association “Asociación de Pescadores
Artesanales y Extractores de Productos Hidrobiológicos “Lobos de Afuera”
(APAEPHLA)”. This organisation originally consisted of eleven artisanal wooden
outboard motorboats, all equipped with air compressors for hookah diving.

Once formalised, the association could potentially sign the conservation agree-
ment with SERNANP and access to specific funds. Furthermore, it was perceived
that the increased monitoring of the octopus population by IMARPE, the divers’
involvement in data collection, and their commitment to co-developing management
strategies with SERNANP would allow them to continue fishing under controlled
conditions towards a formal reopening of the fishery. Unfortunately, despite their
successful formalisation, these divers could not sign the conservation agreement and
access the funds because their activity remained illegal (since the ban on O. mimus
continues). This put a stop to the collaboration between the divers and SERNANP,
particularly because their activities were still perceived and recognised as illegal and
they were not formally included in ILA’s management sub-committee (which will be
discussed in the next section). Nevertheless, conservation agreements were success-
fully signed with gill-net (drift) and hook-and-line fishers from Lambayeque and
Piura, who occasionally target the islands.

3.1.3 Sociocultural

To promote the participation of local actors in MPA management, SERNANP had
mapped the main users and stakeholders of each polygon in the Guano Islands MPA.
The involvement of stakeholders was monitored through a tool labelled Participatory
Management Radar (Valverde et al. 2016). These stakeholders’ maps are basically a
list of people and institutions that use the islands and capes system for an economic
activity. It is an important tool to develop adequate baseline parameters of the social-
ecological system under study.

A stakeholders committee was created to facilitate formal dialog and decision-
making. Considering the extent of the Guano Islands MPA, this committee was
divided into 25 sub-committees, one per polygon. For example one stakeholder
(management) sub-committee for ILA and one for ILT. However, as pointed out by
(Laínez del Pozo 2017), SERNANP used ILT’s map of actors with minor modifi-
cations for ILA because they shared some actors and it was cost-effective given their
limited budget. For example ILA does not have a stock of the scallop A. pupuratus,
but the master plan included it as a conservation target, evidencing the use of ILT’s
information as a template for ILA. The assumption that ILT and ILA have the same
actors was unfounded and hindered the participation of key stakeholders in this
governance process from the very beginning (Laínez del Pozo and Jones 2020).
Since the stakeholder maps listed the same actors for both polygons, the two
sub-committees were later merged and split into two new ones, based on the location
of their members. Presently each polygon has two sub-committees, corresponding to
the regions of Lambayeque and Piura. Laínez del Pozo and Jones (2020) assessed the
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representativeness of these committees and showed that only ~10% of the 146 actors
identified (mainly local governments, universities, corporations, NGOs and fisher
associations) had a direct or indirect relationship with ILA, indicating that the current
stakeholder map is flawed.

The current Guano Islands MPA master plan acknowledges 85 organisations of
small-scale fishers who directly benefit from ILA. It does however not define or
describe these organisations further, nor provide details about their activities and
relations. Concerning the approach used in building the stakeholders map, Laínez
del Pozo (2017) addresses this in detail, stating that SERNANP “prioritised bureau-
cratic procedures over the effectiveness of the participatory processes”. Most actors
were included because “they were formally registered and showed interest by
attending the first meetings organised by SERNANP, but they do not have any
activity there and many have never visited the islands” (Laínez del Pozo 2017).
During the ILA-subproject, SERNANP updated and validated the map of actors to
include new stakeholders in both of ILA’s management sub-committees. However,
due to conflicts of interest between the former mammbers of the management
sub-committee and octopus fishers, the diver’s association was not accepted to be
included in the participatory management body of ILA.

Unfortunately, SERNANP rushed the establishment of ILA’s zoning in late 2019,
seeking quick approval from all the ILA fishers. This led to a misunderstanding that
created tension and jeopardised the conservation agreement between octopus fishers
and SERNANP. The fact that octopus fishing is banned in ILA complicates matters
even more for the divers. In 2019, a joint law enforcement operation between
SERNANP and the Navy took place in ILA and was inflicted upon octopus fishers,
something that had never happened before. This action generated further mistrust
and consequently, even though they are now a formal organisation, the octopus
divers are still not included as formal actors in ILA’s management sub-committee.

3.1.4 Institutional

The main decision-maker in all matters related to the Guano Islands MPA is
SERNANP. However, the islands and capes are located in a marine environment,
slightly different from those continental, landlocked ecosystems that SERNANP is
used to deal with. This MPA has a special mix of economic activities and social-
ecological values that demanded the inclusion of other sectors of society and
government in its management. One of the main limitations in the current MPA
management (through institutional silos, i.e. Ministries of Environment, Production
and Defence) is a historic lack of collaboration between government institutions,
resulting in an inability to communicate and collaborate effectively. Moreover, often
the prospects of collaboration come from an external source; such as international
pressure and the need to create marine protected areas for the achievement of global
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conservation goals. This was combined with a limited expertise and capacity on
management of MPAs by the local institutions.

To illustrate this point, if, for example someone wants to sail to ILA for tourism or
research, go fishing and stay overnight, this person should in theory ask the Navy for
permission to sail, the Ministry of Production to extract fish and SERNANP to
disembark, each through their own communication channels. The permit emitted by
SERNANP would have to be validated upon arrival at ILA. However, SERNANP
does not have permanent Park Rangers on any island and their regional monitoring
offices do not have the capacity or the budget to take care of everyday (or even
sporadic) activities related to MCS.5 In remote islands such as ILA, only one or two
patrolling rounds are done per year. Although the Navy has a camp at ILA, it is
administrated exclusively by the hydrography direction, which is responsible for the
maintenance of the lighthouse and data collection on marine abiotic factors, so they
do not have a mandate in island-related permits. The Ministry of Production is
responsible for fisheries policies, guiding their implementation and ensuring com-
pliance and has a directorate of Control and Surveillance. However, their capabilities
are really limited, in particular when dealing with protected areas. The only other
institution with permanent presence in ILA is AGRO RURAL (Ministry of Agri-
culture), which must present an annual plan of guano extraction to SERNANP and
cannot proceed without its consent.

SERNANP has made efforts to improve collaboration among institutions and
signed agreements with AGRO RURAL and IMARPE to improve biological mon-
itoring at the Guano Islands MPA and support biological monitoring of insular and
marine zones, respectively. These agreements work to some extent but have failed
when information needs to be readily available for analysis and discussion mainly
due to bureaucratic delays in data sharing. The limited presence of SERNANP in
ILA has resulted in a limited efficacy to achieve the objectives presented in the
master plan. The problems of this rigid, inefficient and limited institutional setup at
ILA can also be extended to the whole Guano Islands MPA, where additional
flexibility and operational capacities will be needed due to the interconnection
among many polygons.

3.2 Pathways Towards a Sustainable Management of ILA

We present the lessons and challenges taken from the octopus fishery in ILA that
could serve as indicators of the management and governance of the Guano Islands
MPA as a whole, though we try to avoid overgeneralisations. This MPA’s current
master plan expired in 2020, but we expect that the present work will provide some

5It is worth noting that in late 2018 the ILA management sub-committee of Lambayeque agreed on
creating a MCS system, though it seems like they never met again to develop it further, nor did
SERNANP follow through on that demand.
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input for the next participatory process. We identify four main pathways towards a
sustainable management of ILA, described in no particular order below.

3.2.1 Resume Relation and Dialogue with Octopus Divers Association

This dialogue (ideally led by SERNANP with the involvement of the civil society)
should take into account interest of fishers in developing a formal and sustainable
activity as well as adequate levels of organisation and management capacities. The
development of management actions together with fishers is necessary to establish
feasible options that can be implemented and increase ownership of the management
process with the hope that will ultimately increase compliance. The group of
“octopus divers” presents a great opportunity for accomplishing this perspective
and keep developing a management strategy that includes them and their everyday
data on the process. This will provide a very good opportunity to not only formalise
and manage the octopus fishery in ILA, but to actually collect first-hand data from
this organised group of divers, in favour of this fishery’s management. In July 2021,
the Ministry of Production published the Fisheries Management Regulation of
Benthic Invertebrates,6 which aims to regulate these resources through properly
established extraction and monitoring plans designed and built through a bottom-
up framework. This regulation is yet to be fully implemented but provides a great
opportunity to involve the octopus divers of ILA in the design of their own
management plans, though they need to be properly acknowledged as users first.

3.2.2 Updating the Master Plan

An important next step for the MPA is the elaboration of the updated master plan—
led by SERNANP—focusing on all the difficulties and gaps identified during the
first phase (2016–2020). For ILA, this would mean not only revising the map of
stakeholders but also acknowledging that the illegal octopus fishery takes place and
is in urgent need of adequate management, with all the caveats that fishing inside an
MPA should have. This should be developed in a participatory manner. We also
suggest that the ILA-ILT conundrum should be explicitly addressed in the discus-
sions regarding the soon-to-be updated master plan, highlighting the need to improve
coordination and cooperation among the different management sub-committees.

3.2.3 The Creation of a Transversal Committee

As mentioned above, the Guano Islands MPA has a management committee
(divided into sub-committees for each polygon) that groups all stakeholders

6DS 018-2021-PRODUCE



17 Peru Case Study 319

(i.e. users, government institutions, and civil society) to discuss all issues concerning
the MPA. These committees are however not making any management decisions,
but only recommendations, so the institutions involved in the management
(i.e. SERNANP, PRODUCE and DICAPI) are not necessarily making decisions in
an integrated manner.

We propose the creation of an autonomous executive body that is led by these
institutions and integrates all information and aspects relevant to the management of
the MPA, reducing bureaucracy and facilitating participatory and decision-making
processes. In broad terms, this body or committee would define the roles and
responsibilities within and across institutions with views to reduce the overlap in
activities, facilitate and coordinate communication and cooperation among institu-
tions and stakeholders, facilitate capacity building of managers and users, among
others. This committee would require a well-established transversal framework to
allow for an adequate integrated (National) management strategy; at least for
legislation and enforcement in their jurisdiction. As mentioned above, one of the
main problems in this regard is the limitation in constant and sufficient funding, so
there needs to be a strong political decision in this regard.

The control and surveillance activities could be boosted if the Navy, AGRO
RURAL and SERNANP, all have clear functions and share conservation and
management goals regarding this MPA. For this purpose further agreements could
be signed between SERNANP and various institutions from the private sector and
the civil society to facilitate the achievement of specific objectives, all within the
proposed framework of the autonomous body for the management of ILA (or all
MPAs for that matter).

3.2.4 Develop a Long-Term (10–20 Years) Interdisciplinary
Research Plan

This plan should highlight basic research needs and gaps, for example in biology,
ecology and associated socio-economic activities such as fisheries. In the specific
case of the octopus fishery, as mentioned above, relevant studies were started based
on the data collected during the ILA-subproject, such as the characterisation of the
fisheries or the genetic variablity between stocks nationwide. However, there is an
urgent need for updating the studies that sustain the octopus fishing ban in the north
region of Peru. To this end, studies could focus on octopus physiology, stock
assessment, population genetics, trophic ecology and fisheries, being useful for
addressing management issues such as establishing an appropriate ban resolution.

The construction of ecological models, coupled with socio-economic inputs and
drivers, could aid in the pursuit of an ecosystem-based management strategy, not
only for ILA but also for the whole Guano Islands MPA. For example the connec-
tivity between ILA and ILT could also be addressed in these terms. The most
important aspect here is the ability to collect the appropriate data to understand
these systems, including accurate fisheries information. This will allow for a better
understanding of how the MPA will react to future environmental and anthropogenic
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stressors such as climate change, El Niño events, fisheries and policy implementa-
tion and enforcement. The ability of the MPA to meet its conservation goals could
also be tested with ecological forecast simulation models. To this end, the transpar-
ency of the data generated must be guaranteed.

We want to reinforce the idea that a lack of basic knowledge leads to deficiencies
in management and control measures further along the process, so basic science
should not be understated. In the case of ILA, more biological-ecological informa-
tion is needed and should be collected before attempting a co-management strategy.
De La Cruz et al. (2017) provide a snapshot of the most important marine resources
but fails to describe their ecological interactions (and associated socio-economic
activities) any further.

Finally, in order to comply with international standards and goals, Peru is seeking
to create more MPAs in the near future. Currently, the country is focusing on
increasing the national coverage closer to the established MPA mark of 10%, and
different social-ecological systems are relevant candidates for this purpose. In this
sense, the “Dorsal de Nasca National Reserve” was established in June 2021,7 being
the first of its kind to include a fully submerged protected area. This brings the
country closer to its MPA goals, which is very positive. However, it is imperative
that the MPAs being developed have proper conservation goals and sound scientific
research, and are not created only to fulfil international requirements. Most impor-
tantly, the capacities of the institutions involved have to be radically improved for
the successful management of existing and future MPAs.
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Evaluation and Synopsis

Matthias Wolff, Sebastian C. A. Ferse, and Hugh Govan

1 Diagnosis of Important Issues of Tropical Coastal Zone
Management and Conservation

While the countries covered in the presented cases differ in their political settings,
state of socio-economic development, history, connectedness to the global market,
and many other characteristics, they all have in common multiple stakeholder
interests in the use of the coastal area and its resources, and most feature very high
population densities in their coastal zones and/or a high dependency on marine
resources., Moreover, all areas are exposed to and impacted by, the effects of climate
change.

The various contributions cover the following broad themes: Living resource use
(fishery and mariculture), Management and governance, Adaptations to climate
change, pollution and coastal degradation, Non-extractive use (tourism and other
activities), and Conservation (MPAs, LMMAs; see Table 18.1 for an overview).

The challenges to achieving successful tropical coastal zone management and
conservation identified by the case studies fall into the following categories:

(a) Adequate regulatory frameworks and appropriate institutions
(b) Meaningful stakeholder participation and processes
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Adequate information/knowledge base and appropriate communication
(d) Sustainable implementation, enforcement, monitoring, capacity and funding

In the following, examples and lessons learned for these four main areas drawn
from the case studies are presented and discussed.

2 Challenges for Coastal Zone Management and Lessons
Learned

2.1 Adequate Regulatory Frameworks and Appropriate
Institutions

Unsurprisingly, laws and regulatory frameworks receive a lot of attention in our case
studies, but their inadequacy points to a need to adapt existing frameworks or design
more practicable frameworks or enforceable rules and regulations.

In the Thailand case study (Chap. 16), a situation of widespread overfishing and
IUU (illegal, unreported, and unregulated) fishing began to be effectively addressed
following a revision of the fisheries law that introduced robust financial sanctions,
new restrictions on destructive gear types, and the introduction and enforcement of
an inshore zone reserved for small-scale fisheries, thus providing basic protection for
artisanal fishers. In the Panama case study (Chap. 11), the authors compare man-
agement challenges across four study areas and show that existing natural or cultural
heritage legal designations may provide a good foundation for successful manage-
ment actions, but these must either be adapted to ensure local participation (see next
section), or new methods developed and legislated.

The Saudi Arabia case study (Chap. 6) illustrates that competing human activities
(artisanal fisheries, aquaculture, tourism development) may greatly impact the Red
Sea environment and pose serious threats to the growth of a marine economy in
Saudi Arabia. The development of legally binding management plans and new or
improved regulation of human activities in the coastal zone is proposed as a basis for
active management of multiple uses and sectors.

Regulatory frameworks may be needed for resources that move across national
boundaries, and the Peruvian/Ecuadorian case study (Chap. 15) shows that the
habitat for hundreds of common species of both countries is driven largely by the
Humboldt Current system, which calls for transboundary management and conser-
vation measures. Indeed, the regional level is increasingly recognized as critical for
ocean governance and achievement of SDG 14, and a cornerstone for ecosystem-
based management (Wright et al. 2017). Arguments for a transboundary approach to
conservation and management of coastal resources could also be made in other
tropical regions, such as for the Western Indian Ocean, where countries like Kenya
and Tanzania share many marine resources. Industrial fisheries in general and
particularly in the case of transboundary stocks can be more sustainably regulated
through the implementation of FAO’s Port State Measures through the development
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of inspection protocols to detect illegal fishing. Additional measures could include
certification of their fisheries, so that they become more competitive in international
markets.

While capture fisheries seem to already exceed the carrying capacity of many
coastal and inland ecosystems in the tropics and sustaining or reducing current catch
levels seem generally advisable, the mariculture sector seems to still have a great
potential in many tropical areas (e.g., Saudi Arabia case study, Chap. 6). However,
often a weak aquaculture/mariculture legal and regulatory framework is encountered
and in many places, there is no clear strategy for mariculture development (e.g.,
Tanzania case study, Chap. 9).

Adequate regulatory frameworks are needed not only for extractive activities, but
also to address the impacts of environmental degradation, pollution, and climate
change. In the case study on Vibrio occurrence in Bangladesh (Chap. 13), complex
interlinkages between climate change, activities in the coastal zone, and human
health, justify a call for holistic approaches that integrate aquaculture practices,
farming, sewage/pollution and coastal zone management in improving coastal health
and human wellbeing. This emphasizes that management of coastal systems requires
frameworks that not only cover a diverse range of activities but also integrate across
different societal and administrative sectors—an approach already reflected in the
concept of integrated coastal zone management harking back to the 1992 Earth
Summit (UNCED).

The successful management of protected areas likewise hinges on adequate
regulatory frameworks. As Cordero-Bailey and co-authors describe in their case
study from the Philippines (Chap. 12), the National Integrated Protected Area
System there provides a successful, comprehensive framework for the implementa-
tion and management of protected areas that integrates multiple stakeholders such as
government agencies and representatives of local communities. The core of the
framework, a dedicated management board that is a multi-sectoral body, provides
an institutionalized structure for coordination and communication across multiple
stakeholders. Agreements between the overall management board and local man-
agement units provide structural links across different levels of administration and
outline clear responsibilities and accountabilities of all parties.

The challenges in developing adequate regulatory frameworks are also described
in the Indonesian case study (Chap. 10), which traces the development of legislation
on marine conservation and area-based management in the country. Key challenges
are posed by competing and sometimes conflicting competences across sectors and
levels of government, in part brought on by processes of political decentralization, a
heterogeneity of management types and goals, both among sectors of government
and in terms of customary marine management structures, as well as inadequate
provisions for stakeholder participation, in particular local communities. Some of
these challenges are addressed by new legislation issued in the last few years. Recent
trends in legislation and policy debates around marine conservation point to an
increased attention given to local communities and other forms of effective man-
agement besides Marine Protected Areas.
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Closely linked to the existence of supportive regulatory frameworks and pro-
cesses of stakeholder participation is the existence and/or involvement of appropriate
institutions that underpin management.

The well-known Galapagos world heritage site where habitat conservation and
resource protection are assured by a powerful, well-financed National Park Author-
ity rather steals the limelight from other nearby efforts such as the MPAs in the
Peruvian case study (Chap. 17), where the coordination between institutions and
more flexible arrangements are vital. The importance of developing institutions fit
for this purpose is particularly illustrated in the exploration of the potential for joint
management of transboundary stocks in the Ecuador case study (Chap. 15). In these
examples, there may be clear legally binding management and conservation plans
that all stakeholders can refer to but implementing institutions and actual implemen-
tation need more attention.

NGOs as institutions(see the Panamanian and Peruvian case studies, Chaps. 11
and 17) were identified as very important potential mediators between local com-
munities and authorities, although both, the implementation of management plans
and the enforcement of conservation efforts goes beyond their capabilities alone if
areas are not directly owned by the NGO. Common efforts between NGOs and
governmental institutions were shown to be successful, provided that the
executivepower of both is clearly defined. The authors emphasize that effective
coastal management requires good integration between all institutions and stake-
holders, otherwise personal interests can become predominant and may cause the
failure of the effort.

In Balayan Bay in the Philippines case described by Bacalso and colleagues
(Chap. 7), a successful mechanism for the cooperation across multiple management
units and sectors that integrated the different stakeholders involved was a key to
success. The technical working group formed under the auspices of the provincial
government was instrumental in convening the stakeholders, collating scientific
information and translating it into policy, and coordinating across the involved
local management units. A similarly integrative structure, but at the national level,
is described in the other Philippine case study (Chap. 12). Cordero-Bailey and
colleagues describe how, under a national legislative framework for MPA manage-
ment, a multi-sectoral management board provides an institutional architecture and
support that provides a structure for the exchange among multiple stakeholders and
for legislation at lower levels. A challenge in that case was the lack of a uniform
funding structure, resulting in different approaches in each of the sites under the
national framework that differed in their degree of success in financial sustainability.
The challenge of coordinating across multiple entities and sectors that pertain to
marine resources is illustrated in the Indonesian case study (Chap. 10), where
ministries with different priorities (Ministry of Environment and Forestry and
Ministry of Marine Affairs and Fisheries) as well as a range of customary institutions
that are recognized to different extents co-exist, resulting in a situation that
approaches legal pluralism. The recent establishment of a Coordinating Ministry
for Maritime Affairs underlines the attempt to achieve better coordination and
streamlining across sectors and agencies at the national level.
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2.2 Meaningful Stakeholder Participation and Processes

Tropical coastal zones often need to withstand intense pressures from diverse and
sometimes conflicting users whose very survival depends on the extraction of
resources in contexts where government resource management is often challenged
through lack of staff, finance, or presence in the area. Managing complex and fragile
tropical coastal ecosystems in the context of poverty and highly dependent users
seems to particularly demand processes of participation which adequately engage the
affected stakeholders to the extent that involvement results in more effective imple-
mentation or enforcement (Christie et al. 2009; Pollnac and Pomeroy 2005).

In the Galapagos world heritage site (discussed in the Ecuador case study,
Chap. 15), local communities are engaged through a co-management board which
is comprised of representatives of all stakeholder groups of the archipelago and is
considered essential for success. But the quality of the collaboration between the
different stakeholders and ensuring alignment of common goals are issues that need
to be continually managed. The Thailand case study (Chap. 16) is a good illustration
of the need for adequate consideration and inclusion of multiple stakeholders in
order to tackle complex issues such as IUU over-fishing. Likewise, the Bangladesh
case study (Chap. 13) concludes by identifying the need for participation of a broad
range of stakeholders to address the complex interplay of climate and environmental
change, human activity, and health, and to develop participatory adaptation mea-
sures. In both cases, dedicated processes and institutions to facilitate such stake-
holder participation remain to be developed.

The case study of Panama (Chap. 11) illustrates attempts to balance a developing
economy with the needs of a diverse and often marginalized population. Success in
generating consensus on the need for environmental management needs to build on
more than just regulatory frameworks and implement genuine processes of partici-
pation through bottom-up initiatives to move on from the early stages of integrated
coastal zone management in Panama.

In the Kenyan case study of Kuruwitu (Chap. 9), Benards and colleagues describe
different forms of co-management, radiating from loose associations of fishers and
fish workers, Beach Management Units (BMUs) enacted by law, and Locally
Managed Marine Areas (LMMAs). The successes, challenges, and opportunities
brought up by the Kuruwitu LMMA in Kenya indicate that the process of a bottom-
up (or user-driven/participatory) approach was key especially as it closely resembled
the traditional management systems, with the more formal and elaborate instrument
having the added advantage of a legal basis and enhancing the ability to seek support
from external sources. Providing legally-backed frameworks to locally-driven, bot-
tom-up management approaches can combine local support and meeting of local
needs with legal recognition, international support, and financial backing (Ferse
et al. 2010; Gurney et al. 2021). The first Ghana case study (Chap. 4) illustrates the
perils of inadequate participation, as multiple contrasting national strategies that did
not account for the priorities of local coastal communities resulted in conflicts and an
increase in IUU fishing activities.



332 M. Wolff et al.

The Balayan Bay case study from the Philippines (Chap. 7) shows how partici-
patory, community-based fisheries management can be successful if it focuses on
using participatory planning, adaptive management principles, cooperation across
multiple management units, monitoring, and collaboration with scientists. The other
Philippine case study (Chap. 12) similarly underlines that the success of the managed
areas largely depended on the successful inclusion and participation of multiple local
stakeholders and that challenges arise where internal conflicts among local stake-
holders remain unresolved. Effective exchange among stakeholders and good com-
munication was a key factor.

In the Indonesian case study (Chap. 10), the legal basis for meaningful partici-
pation by local stakeholders remains challenging, although the importance of the
issue appears to be increasingly recognized, and policies explicitly address the role
of local communities in resource use and management.

2.3 Adequate Knowledge Base and Appropriate
Communication

The generation and communication of knowledge is an essential component of
tropical coastal management. Whether this relates to the use of local and traditional
knowledge, existing scientific knowledge, or the generation of new knowledge
through scientific or even participatory research and surveys, a key issue is ensuring
that the knowledge is communicated and available to decision-makers and resource
users.

Knowledge of the functioning of coastal habitats and the dynamics of its biolog-
ical communities is required to guide any protection effort, and scientific research
plays a crucial role in selecting coastal management areas and measures. In addition,
regular monitoring and evaluation of the effectiveness of the conservation efforts
was found to be imperative.

In the transboundary example of the Peruvian/Ecuadorian case (Chap. 15), Ecua-
dor and Peru together need to fill a range of information gaps about their common
fisheries resources, which could be addressed by promoting binational research
networks.

For artisanal fisheries, filling information gaps is similarly important, ranging
from species diversity in catch and by-catch, to connections with fishmeal plants, the
legal framework, institutional dynamics, and fisher involvement in illegal fishing
activities. It is necessary to bring more attention to this sector and promote partic-
ipatory research for the development of management schemes and alternative
sources of income. In addition, a series of policies should be developed toward the
modernization of this sector, including traceability and strengthening of fishing
associations. Here, the expertise of Peruvian research institutions like IMARPE
(particularly in traceability) can be crucial.
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The artisanal sector and its importance need to be more visible to the eyes of
consumers and stakeholders, together with its role in the fulfillment of their basic
necessities. Improving the information base and integrating different forms of
knowledge from a wide range of stakeholders calls for a transdisciplinary approach,
where actors from different scientific disciplines and from outside academia jointly
frame problems of societal relevance and generate new knowledge (Jahn et al. 2012).
Yet, transdisciplinary work requires not only the willingness to engage by different
actors, but also a new and different set of skills than those usually present in
researchers and managers—both of which remain challenging in many tropical
coastal settings as well as academic environments (e.g., Rölfer et al. 2022), and a
key area in need of further development.

The Bangladesh case study (Chap. 13) demonstrates a complex relationship
between climate change and human health, which could only be tackled by the
integration of diverse types of knowledge—from climate science to etiology and
human behavior—and adequate communication of this complex interplay to a
diverse range of stakeholders, including coastal inhabitants and managers. In the
Balayan Bay case study, Philippines (Chap. 7), monitoring and data collection was
carried out jointly by managers and scientists and involved members of the local
communities as data collectors. The generated information was communicated to
policymakers as well as local stakeholders by the technical working group. This case
thus constitutes an illustrative example of joint data collection, assessment, and
dissemination of knowledge, where knowledge eventually led to action and imple-
mentation. As the Thailand case study (Chap. 16) well illustrates, assessing the
success of a management intervention requires information to verify that goals are
met, which depends on a clear definition of goals and success criteria. In that case
study, information on the outcome of the project came from diverse stakeholders and
types of knowledge, including anecdotal information from fishers and divers and
dedicated data collection by a local NGO collaborating with a government
department.

The need to jointly collect and discuss information across a range of different
stakeholders is also discussed in the case study from the Cook Islands in the Pacific
(Chap. 5). Ongoing monitoring of tourism impacts and the integration of tourists and
local stakeholders in monitoring efforts via citizen science approaches is
recommended to accompany further tourism development, increase tourist aware-
ness and thus the sustainability of tourism, manage its impacts, and integrate the
views of local and external stakeholders in the development of management plans.

In the Al Lith region of Saudi Arabia, a more in-depth understanding of the Red
Sea environment, and respective research, is deemed critical to guide decision-
makers (Chap. 6). Policies and spatial planning will not only have to address the
interests of all stakeholders involved but also prepare the economy for future impacts
of climate change and other anthropogenic disturbances. The study concludes that
the inevitable increased exploitation of Red Sea resources needs a science-based
governance to guide the development of these industries to support a sustainable
economy of Saudi Arabia in the ‘Post-Oil’ era.
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In one Ghana case study (Chap. 4), Abobi emphasizes conflicts between fisheries
and other activities in the coastal zone such oil and gas explorations or the construc-
tion of tourism infrastructure. Here, decreasing fishing grounds, potential damages
of fishing gears from oil and gas vessels, and interferences with large commercial
fishing vessels are major concerns.

The adoption of a holistic, multi-sectoral approach is demonstrated in multiple
case studies, such as that from Bangladesh, the NIPAS framework in the Philippines,
the EAFM approach in Thailand, or the national MPA framework in Indonesia, yet
the extent of exchange of information and co-creation of knowledge differs among
those cases.

2.4 Sustainable Implementation

A major issue emerging as a real global threat is the mismatch between the research,
policy, and information frameworks supporting commonly agreed action, and the
actual implementation, enforcement, monitoring, capacity development, and
sustained/ongoing funding of these actions.

A common theme in all the developing country examples is that of extreme
resourcing constraints facing institutions trying to implement legislation or maintain
and enforce management systems. This has led to a number of innovative
approaches, but these should not mask the vital, but often overlooked, issue that
environmental management institutions and systems are chronically under-
resourced.

The Balayan Bay/Philippines case study (Chap. 7) provides a good example of a
sustainable structure for adaptive management. It describes the development and
implementation of a new management instrument, a closed season, and its subse-
quent continuation by local and provincial institutions. Key for success was the
integration of local stakeholders throughout the process, a consideration of local
livelihood needs, and the take-up of some of the funding support by local actors,
which ensured funding and ongoing compliance independent of the initial project.
The Thailand case study illustrates the potential contribution a holistic approach in
implementation and financing can make, leading to more sustainable implementa-
tion of measures than if done by an individual institution alone.

The Kenyan KuruwituLMMA (Chap. 8) enabled regulation of the fishery, fisher
training, and new income-generating ventures, but a major challenge emerged in
terms of long-term funding and the lack of capacity for sustainable financing,
causing even a well-planned project to stall and subsequent community disappoint-
ment. Nonetheless, the enclosure and the exploitation restrictions remain and the
rapid decline in the fishery has slowed at least for now.

Another problem illustrated by Tuda and colleagues in the other Kenyan case
study (Chap. 2) is that national capacity may be too low to implement resolutions of
international and multilateral agreements to which the country is a party. In this
context, the lack of local experts may preclude the effective engagement and
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participation in international discussions on the management of important straddling
fish stocks and highly migratory fish stocks, including quota allocations and fisheries
access arrangements.

ThisKenyan example highlights problems that emerge in most tropical countries:
a slow legislation process, which means that new management plans may take too
long to become codified into law and binding.

The Tanzanian case study (Chap. 9) shows that there are currently important
activities in seaweed farming, mainly conducted by women, but also in shrimp and
sea cucumber farming at medium and large scale. These activities provide several
hundreds of employment opportunities. While the production potential appears high,
hatchery production of sea cucumber seed is still very limited and represents a
bottleneck for further expansion of this activity. It seems that more governmental
effort should be dedicated to the enhancement of the mariculture sector, which could
also contribute to reducing the fishing pressure on wild fish and invertebrate stocks.

3 Adaptability of Tropical Coastal Areas to Global
and Local Change Impacts on the Tropical Shores

In the second case study from Ghana (Chap. 14), Effah and colleagues show how an
assessment of the vulnerability of coastal communities to climate change revealed
that increased warming and decreased and more erratic rainfall are already exposing
local villagers to devastating drought and flooding events. As yet, no effective
strategies are in place to cope with these risks. The authors suggest that communities
be relocated to higher grounds to mitigate the adverse impacts of floods. This
relocation of entire villages would require further studies on alternative village
sites, strong involvement of all stakeholders in the planning, as well as a proactive
engagement of the local authorities and policymakers.

In the Red Sea/Al Lith case study (Chap. 6), a drastic impact of global change on
the coastal ecosystems of Saudi Arabia (e.g., its reefs and mangroves) is foreseen,
and effects of a massive coral bleaching event in the year 2015 are described. While
the northern reaches of the Red Sea seemed to be little affected since corals here
seemed of an increased thermal tolerance, the massive coral bleaching event dis-
turbed the southern and central reaches and places such as Al Lith, followed by a
general decrease in coral cover and species richness across all reefs investigated in
the central region. This further corroborated previously identified trends in terms of
shifts in reef composition from branching, fast-growing species to more massive
coral species. Hence, a projection of the impacts of the ongoing effects of climate
change, in parallel with the identification of mechanisms and drivers conveying this
observed thermal tolerance, is considered imperative. This calls for further studies
and extensive interdisciplinary collaborations with the other Red Sea countries.

In the Asian region, the Bengal Delta case study area (Chap. 13) is definitely one
of the regions most vulnerable to climate change impacts. In the recent decade, the
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majority of the low-lying regions of coastal Bangladesh are experiencing a sea level
rise (SLR)-mediated increase in the salinity of groundwater. As a result, millions of
people have no option but to use contaminated natural surface waters for household
purposes including drinking, and therefore, are highly vulnerable to waterborne
diseases such as Cholera (Vibriospp.). In the Bay of Bengal, the mean sea surface
temperature (SST) has been increasing at much higher rates than in the tropical
Pacific and Atlantic Oceans. A positive correlation between temperature increase
and the magnitude of cholera incidences after a time lag of several weeks was
observed at the regional scale in Bangladesh. Frequent outbreaks of cholera epi-
demics were also observed after strong cyclones that coincide with seawater intru-
sion and seem to have increased in frequency and strength over the past years.

In this particular example, global change-induced effects of temperature and sea
level rise and extreme climate events such as cyclones thus directly affect the health
status of the local populations. However, this link between climate change and
regional epidemics is often overlooked. As stated by the authors, holistic approaches
integrating ecohydrological interventions, water and waste treatment, wise use of
natural antimicrobial compounds, maintenance of adequate hygiene, and socio-
economic perspectives are required to cope with the alarming future hazards to
health and ecosystem services.

The South American case studies of Peru and Ecuador (Chaps. 15 and 17)
describe how the Humboldt Current upwelling of cold and nutrient-rich water is
recurrently impacted by ENSO (El Niño Southern Oscillation) events. Warm,
nutrient-poor but oxygen-enriched waters from offshore and from equatorial lati-
tudes intrude the coastal areas, disrupting the food chain with cascading effects from
phytoplankton through herbivores and pelagic fish stocks up to higher predators.
Any management and conservation plan needs to consider the ENSO impact on the
ecosystem, and climate and ocean dynamic models are needed to allow predicting
how global change-induced variations in ENSO strength and impact may affect the
ecosystem in the future. El Niño-induced warming has also shown to cause coral
bleaching and mortality in the warm waters of Panama and Ecuador (see Chaps. 11
and 15); however, deeper areas (>11 m) have been shown to act as refuges during
warming events, and have also demonstrated resilience to ocean acidification.
SLR-associated coastal erosion regularly impacts coastal areas in the region, affect-
ing mangrove forests and thereby threatening the ability to store carbon.

To be able to adapt to the above-described climate impact on the tropical shores,
stakeholders and policymakers need to incorporate climate-smart actions for coastal
management and also for coastal development into plans. However, these plans
assume adequately resourced essential resource management services exist; where
they do not, this foundation therefore must be laid. Terrestrial, upstream, and
watershed issues should be covered as well (as in the Ghana and Bangladesh case
studies, Chaps. 13 and 14), not only in terms of relocation but with regards to
climate-smart infrastructure, disaster risk reduction, and vulnerability assessments.
This requires the uptake and use of the available knowledge on local climate change
effects, paralleled by a constant environmental monitoring and, eventually, concrete
actions such as the translocation of thermotolerant species (e.g., corals) to risk areas
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to increase ecosystem resilience, or the selection/introduction of better-adapted
species for mariculture. In extreme situations (see Effah’s example of Ghana,
Chap. 14), village areas that are critically endangered by the effects of climate
change may have to be replaced by better-suited new village sites, requiring the
relocation of people.

4 Capacity Development and Knowledge Generation
in Tropical Coastal Management: Present State
and Further Needs

4.1 General Challenges and the Example of ISATEC

The need for capacity development has been formulated in several of the contribu-
tions of this book. In fisheries, which is the main human activity along most tropical
coastlines, we usually find limited capacity for stock assessment and ineffective
control and enforcement. The lack of local expertise may also preclude the effective
engagement and participation in international discussions on the management of
important straddling fish stocks and highly migratory fish stocks, including quota
allocations and fisheries access arrangements (cf. first Kenya case study, Chap. 2).
Country reporting on SDG 14.1 (proportion of well-managed resources) to the FAO
is often difficult due to the uncertainty of the information that tropical coastal states
have about the current status of fisheries resources within their national waters. Very
often, infrastructure and human resource capacity is just too low for the needed
monitoring, control, and surveillance, resulting in ineffective enforcement of fisher-
ies laws and regulations and an increase in IUU fishing activities. Due to a limited
knowledge, commitment, and involvement of stakeholders, the management of
fisheries resources and protection of critical fish habitats may remain ineffective.
Inadequate sharing of fisheries information at the international and regional level is
another feature characterizing many of the tropical coastal countries. Capacity
development in integrated coastal management and fisheries assessment and man-
agement is thus required in most tropical places, as well as an intensification of
research and capacity development cooperation among partners in the Global South
and/or among those from the Global North and the Global South. This enhanced
North/South cooperation should include transdisciplinary approaches and needs to
be mindful of diverse and potentially diverging interests and needs, differences in
funding and associated power dynamics, authorship norms, and differences in
research culture and training, particularly in the development of training programs
(Mahajan et al. 2022). If we recall the challenges and success factors (a–d) for
coastal management derived in Sect. 1 we can start to define the content of interdis-
ciplinary training programs in this subject area and can also critically review those
that are already in place.
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Most contributors of this book have been trained by the international M.Sc.
Program ISATEC (International Studies in Aquatic Tropical Ecology) at Bremen
University in Germany, www.isatec.uni-bremen.de), which has focused on the
interdisciplinary field of tropical aquatic resource management since 1999. As
briefly described in Sect. 1, ISATEC was tailored to integrate ecological, social,
and economic aspects of coastal management, putting emphasis on a holistic under-
standing of coastal social-ecological systems, and the skills for analysis and model-
ing of complex systems. In doing so, it was intended that ISATEC graduates obtain
the knowledge and skills to either continue research or work in NGOs or govern-
mental institutions dedicated to the management and conservation of the coastal
zone and its resources.

After more than two decades, ISATEC has been evaluated three times by
independent accreditation agencies. ISATEC obtained excellent scores each item
and was considered innovative, relevant, and well-balanced in its different thematic
fields. Its interdisciplinary focus was considered appropriate, modern, and timely, as
was the interactive training approach and the international/intercultural setting of the
program.

Over 90% of the graduates have found jobs (or research positions) immediately
after graduation, and many of them have become decision-makers in their home
countries.

When looking at other success factors of the program besides the concept,
thematic orientation and training mode, it is worth highlighting that the program
was continuously sponsored with 7–10 full-time scholarships per year (by the
German Academic Exchange Service, DAAD), which enabled talented young sci-
entists from developing countries to come to Bremen and take part in the interna-
tional and multicultural group of young students from all over the world. A further
success factor was that all ISATEC students did their thesis research project along
tropical coastlines, thereby interacting and cooperating with tropical research part-
ners on research topics of local relevance, allowing the students to learn much about
the reality of tropical coastal areas and people.

To be successful, programs like ISATEC need to combine high-level academic
training with practical research work in the tropics. Besides training in multiple
academic disciplines, interaction with and integration of stakeholders beyond aca-
demia, i.e. transdisciplinary skills and approaches, should receive more attention in
future training. Programs should seek financial support (for scholarships) from
outside to enable talented students from topical areas to join the program, indepen-
dent of their financial situation.

As ISATEC is a program associated to a university of the Global North, far away
from the tropics, it is vital to consider developing such programs in the Global South,
in tropical countries. Fortunately, this is occurring in many parts of the world
including through so-called “twin programs” being developed with two universities
(from the Global North and South, respectively) partnering in the education of their
students. All these attempts are promising, if infrastructural and academic conditions
can assure the high-level education needed in this complex field of interdisciplinary
research.

http://www.isatec.uni-bremen.de
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4.2 State of the Tropical Coastline, Current Trends,
and Needs for Enhancing Research and Capacity
Development

In Part I of this book we asked if progress can be seen over the last three decades on
the way toward reaching the Sustainable Development Goals (SDG) in tropical
coastal countries and what the persisting crucial problems are that we need to
focus our research, policy, and training actions on.

When looking back over the past decades, it must be recognized, that, despite our
and similar worldwide efforts to enhance capacity development and knowledge
accumulation in tropical coastal and resource management, the state of tropical
coastal systems remains critical in many regions.

The past years have seen increasing demands on coastal and marine resources in
terms of food, materials and space, in a process referred to as “Blue Acceleration”
(Jouffray et al. 2020). The WWF Living Planet Index (LPI) Report. Almond et al.
(2020) summarizes the main threats and their impacts on tropical coastal habitats
such as coral reefs, mangroves and seagrasses, and provides estimates of the human
ecological footprint. The index highlights the global damages observed on coral
reefs due to massive bleaching events—as also reported in several of the contribu-
tions of this book—as well as area losses observed in mangrove and seagrass
habitats. The Ocean health index (OHI,1 https://www.nature.com/articles/
nature11397), which is reported since the year 2012 based on social, ecological,
and economic data analyzed by an interdisciplinary team(Halpern et al. 2012), gives
reason for hope, as it shows some improvement over the last years. The overall score
obtained from 221 regions, including all coastal countries (71/100 for the year 2019),
sends a message that the ocean is not “dying” as many people may think. Indeed,
there are positive examples of marine conservation from around the world that show
sustainable use and management of marine systems and resources remains possible
(Knowlton 2021). The often cited apocalyptic view of Worm et al. (2006), according
to which the ocean shall be depleted of its fishery resources by the middle of this
century, is also strongly debated in the scientific community, and there is solid
evidence that a substantial stock rebuilding is taking place in many parts of the world
(Branch 2008; Hilborn et al. 2020). However, the OHI score remains far from
100, indicating that marine life would fare better and more benefits would be
obtained if the ocean was used in more sustainable ways. While the trends in goal
scores across the 8 years of assessments vary among regions, globally an increase is
reported in Artisanal Opportunities, Carbon Storage, Clean Water, Food Provision

1OHI: A healthy ocean sustainably delivers a range of benefits to people now and in the future.
Goals are to obtain the maximum flows of ecological, social, and economic benefits. Each goal
measures the delivery of specific benefits with respect to a sustainable target. A goal is given a score
of 100 if its maximum sustainable benefits are gained in ways that do not compromize the ocean’s
ability to deliver those benefits in the future. Lower scores indicate that more benefits could be
gained or that current methods are harming the delivery of future benefits.

https://www.nature.com/articles/nature11397
https://www.nature.com/articles/nature11397
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and Tourism & Recreation, while scores declined for Biodiversity, Coastal Protec-
tion, Natural Products, and the Species sub-goal. Declines in scores for Coastal
Protection were primarily driven by the substantial loss of coastal sea ice in
sub-Arctic coastlines. The Large Marine Ecosystem (LME) research group of IOC,
UNESCO, and UNDP (2016) has calculated the highest poverty and vulnerability
scores for tropical regions, where extreme weather events and strong plastic pollu-
tion add to an extremely high contemporary threat index for these regions.

As observed in previous years, regions with stable and effective governance
tended to score much higher than those where corruption, dictatorship, civil strife,
war, and poverty have been chronic. Previous progress on sustainable development
has been critically challenged and reversed in part by the recent global COVID-19
pandemic (UN 2021), which has severely affected artisanal fisheries and coastal
fishing communities, particularly in the Global South (Bennett et al. 2020; Knight
et al. 2020). This underscores that improving ocean (and coastal ecosystem) health
will require efforts from all sectors to promote peace, justice, gender equality,
socially-responsible business, and other aspects of civil health, because progress in
those areas makes it much easier for communities and nations to improve the
environmental and economic conditions needed to boost ocean health. This partic-
ularly holds for the countries of the tropical belt. In fact, when we look at the OHI for
all the countries of our case studies presented, only the Philippines and the Pacific
Island states have index values around the global mean of 71, while all other
countries rank substantially lower.

Realization of the accelerating impacts of humans on the natural environment and
implications for the future prospects of human development and life on this planet is
reflected in a number of scientific, policy, and societal developments. The term
Anthropocene used to refer to our current epoch on Earth (Crutzen 2002) acknowl-
edges the intimate interrelationship between humans and their environment and
recognizes humans as a force of nature. The concept of the Anthropocene has
since featured prominently in various areas of ecology, natural resource and man-
agement research. Related to this, Sustainability Science has gained increasing
prominence, with entire institutes and universities explicitly focusing on the science
and practice of sustainability established in recent years (e.g., the Leuphana Univer-
sity in Lüneburg/Germany, or the Institute for Advanced Sustainability Studies
(IASS) in Potsdam/Germany). Sustainability Science was internationally recognized
as a new scientific discipline at the 2001 “Challenges of a Changing Earth” open
science conference convened by the International Council for Science (ICSU), the
International Geosphere-Biosphere Programme (IGBP), the International Human
Dimensions Programme on Global Environmental Change (IHDP) and the World
Climate Research Programme (WCRP) (Steffen et al. 2002). An increasingly holistic
view of human-nature relationships and attempts to improve these relationships by
enhanced cooperation at the science-society-policy nexus has led to the establish-
ment of the global Future Earth program, a global Sustainability Science program
formally launched at the Rio+20 conference in 2012, which replaced the earlier
International Geosphere-Biosphere Program and the International Human Dimen-
sions Program and places a strong emphasis on transdisciplinary approaches and

https://de.wikipedia.org/wiki/International_Council_for_Science
https://de.wikipedia.org/wiki/International_Geosphere-Biosphere_Programme
https://de.wikipedia.org/wiki/International_Human_Dimensions_Programme_on_Global_Environmental_Change
https://de.wikipedia.org/wiki/International_Human_Dimensions_Programme_on_Global_Environmental_Change
https://de.wikipedia.org/w/index.php?title=World_Climate_Research_Programme&action=edit&redlink=1
https://de.wikipedia.org/w/index.php?title=World_Climate_Research_Programme&action=edit&redlink=1


18 Evaluation and Synopsis 341

sustainability research (Mauser et al. 2013). National research funding bodies have
established dedicated programs for sustainability research, such as the German
Ministry for Research and Education (BMBF)’s Research for Sustainability
(FONA) program. At the international level, funding initiatives such as the Belmont
Forum’s Transdisciplinary Research for Pathways to Sustainability program like-
wise address transdisciplinary research focused on sustainability. In international
policy, the Sustainable Development Goals established by the United Nations
through the Agenda 2030 process embody the attempt to establish common, inter-
national goals for sustainability and processes to reach them.

Most recently, the United Nations General Assembly has launched two Decades
dedicated to the sustainable development of oceans and coasts and the restoration
and rehabilitation of natural environments, the UN Decade of Ocean Science for
Sustainable Development (“Oceans Decade”; Ryabinin et al. 2019) and the UN
Decade on Ecosystem Restoration (see Waltham et al. 2020).

To tackle the ongoing challenges of resource degradation and overuse and
effectively address the diverse and interrelated sustainability challenges that are
manifest along the world’s coastlines, including poverty, inequity, health, and
other aspects of wellbeing, the next generation of coastal managers and researchers
needs to be aware that tropical coastal zone and resource management requires a
complex multilayered approach, which, first of all, needs to place the different users
of the coastal zone in the appropriate socio-ecological and socio-political context. At
the same time, a constant monitoring of changes of the coastal zone and of the
drivers behind is crucial, as is the co-production of knowledge engaging all stake-
holders and policymakers.

Since the social and political realities of tropical zones differ among countries and
geographical regions, management priorities need to be adapted to the local needs
and identified through a transdisciplinary, bottom-up approach of stakeholder
involvement.

If we now ask if the ISATEC training program that we have conducted over the
past two decades is still well tailored to the needs of knowledge and skills of a coastal
manager or if there are important gaps that should be addressed in our and other
future training programs, we can first of all state that the training that most of the
authors of the case study contributions of this book have received appears to have
qualified them well for their subsequent work in the coastal zone. They have
managed to describe the complex situation in their study areas and were able to
identify and holistically analyze the coastal management problems of their respec-
tive areas. Since most of the authors have been working in the study areas for some
years after their graduation, training and work experience have been combined in
their work.

If we look at more recent changes of the coastal zone and the driving forces, there
may be a need for re-focussing and re-prioritizing the training program for the future
as argued below.

It appears that climate change, while already a relevant topic 20 years ago, has
greatly increased in importance for the coastal zone, and issues such as climate
change-associated risks for the coastal zone, its resources and its inhabitants, have
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become much more prominent recently. In particular, questions of climate change
adaptation to address the reality of unavoidable impacts unfolding already, and
bound to increase in extent and magnitude, constitute a pressing need in most
tropical coastal areas. As a consequence, the training on these aspects needs to be
intensified and integrated into the other elements. The increase in the global tourism
industry (ship-and land-based) with a special focus on tropical coastal areas, as well
as other globally operating industries such as deep sea mining, maritime transport, or
energy generation in the coastal zone (wind, solar, geothermal energy), are also
increasingly changing the face of the coastal zone, and need to be looked at in
training programs. GIS skills for coastal mapping and the knowledge and skills for
the use of modern software for optimizing the use of the coastal zone is thus
becoming increasingly relevant for training. In our times of great acceleration of
change, of increasing inequality and of the transformation of societies and ecosys-
tems, we have to strengthen a Social-Ecological Systems Approach and have to
teach concepts on how to advance both environmental and human wellbeing at the
same time. We need to focus on the keystone actors of the coastal zone, need to put
emphasis on the ecosystem approach to fisheries and aquaculture, and need to train
our students to apply a transdisciplinary approach when dealing with stakeholders.

In our training, we should emphasize that a prerequisite for reducing human
pressures and drivers is to understand the nature of decision-making that results in
environmental, social, and ecological degradation. System thinking offers a way to
understand the root causes for unsustainable consumption patterns, destructive
production patterns, malfunctioning governance structures, and short-term economic
planning. When applied to food systems including fisheries, root causes include
poverty traps, gender inequality, instruments such as harmful subsidies, and the
concentration of power and the impacts on justice and equity (Bennett 2022)

We, trainers, researchers and editors of this book, have learned a lot over the years
by interacting with students, colleagues, and coastal stakeholders. Some of our
important insights may be summed up as follows: (a) the strongest driver of our
global ecological crisis is our free market economy, which stimulates globalization,
industrial development, concentration of wealth and power, inequality, and ecosys-
tem destruction; (b) without changing the underlying rules and policies, and without
implementing democratic, bottom-up systems of people inclusion for decision-
making, our path toward the planet’s destruction will continue and the SDGs will
not be reached; (c) we scientists can help to understand how the world works and
what is happening, but the society, including each individual citizen but particularly
those setting the rules for commercial actors to operate, needs to act for our life
supporting systems to be preserved.
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