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– FOREWORD –
In 1988, a strategic decision was taken by the Institute of Marine Science (IMS),
of the University of Dar es Salaam, to select Chwaka Bay as the priority site for
the Institute’s research activities. This decision meant that the limited resources
available were to be directed towards supporting research conducted in the Bay
rather than spreading them thinly over several sites. This was a logical decision, as
at the time, the Institute was facing a number of challenges including few qualified
researchers and inadequate scientific facilities.
Chwaka Bay was chosen because of the closeness to the IMS and the presence of
important tropical ecosystems such as mangrove forests, seagrass beds and coral
reefs. At the same time, the coastal communities of Chwaka Bay were experiencing socio-ecological and resource management issues, features common to many
coastal areas in the country.
In 1989, the IMS, with the support from the Tanzania-Sweden Bilateral Marine
Science Programme, developed a research partnership with Stockholm University
and Uppsala University. This programme provided a framework through which
research by both Tanzanian and Swedish scientists were supported and needed
equipment acquired. Students and researchers supported by other programmes,
such as the SAREC-funded Eastern Africa Regional Marine Science and researchers associated with Norwegian and Dutch institutions were also active in the Bay.
Through these efforts, Chwaka Bay became the centre of research activities for
scientists and students from the University of Dar es Salaam (including IMS) as
well as for students and researchers from abroad. This multi-national community
of academics have produced between them a number of technical reports, MSc
and PhD theses as well as several international, peer-reviewed, articles.
In line with the Western Indian Ocean Marine Science Association (WIOMSA)
special interest in linking scientific knowledge to management and governance
affecting marine and coastal ecosystems in the WIO region, the Fourth WIOMSA
General Assembly in 2009 approved the initiative to publish site-based books.
Such publications will mainly be based on the review and synthesis of the research
conducted in these areas, with the intention of developing approaches and strategies that will contribute to improve management effectiveness of these areas. So
far, three sites have been the focus of multi-disciplinary research in the region and
for which volumes like this will be compiled. The sites are Chwaka Bay in Zanzibar,
Tanzania, Maputo Bay in Mozambique, and Gazi Bay in Kenya.
This publication is designed as a resource book that summarizes the wealth of
information available from research conducted in the Bay. By providing a holistic
view of Chwaka Bay, the book has the potential to attract readership from not
only researchers and students but also from resource managers, decision makers,
practitioners as well as the general public and tourists. More notably, the book
can inspire the implementation of science-based management strategies and the
11

Chwaka Bay intertidal “moonscape”. Photo: Max Troell.

development of research proposals addressing research gaps and emerging topics. The book also provides important baselines that can assist in comparing and
measuring the success of future interventions.
The decision of having Chwaka Bay as the priority site for research was initially
seen as limiting, however, in hindsight it has proved its usefulness in a number of
ways. The extensive number of publications produced since 1988, which are the
basis of this book, is a reflection of some of the successes of the Chwaka Bay model.
More importantly, this book is a cause for celebration as it is a testimony of the
achievements of more than two decades of the Swedish research capacity support
to Tanzania. Over the years, strong linkages have developed between Swedish and
Tanzanian scientists. Furthermore, the collaboration between WIOMSA and the
Universities of Dar es Salaam and Stockholm in the production of this publication demonstrates that the Sida support to WIOMSA and to the Tanzania-Sweden
Marine Science Bilateral Programme complement and add value to each other in
their common areas of focus.
On my own behalf and on behalf of WIOMSA, we gratefully acknowledge the
financial support from Sida for the production of this book. We are pleased to have
been involved in and supported the production of this important publication. We
thank all the authors for their contributions. We wish also to express our sincere
appreciation to the editors, whose commitment and hard work secured the successful production of this high quality book.
Julius Francis
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– PREFACE –
When talking about different visits to Chwaka Bay in Zanzibar, Tanzania, it is
common to hear remarks about the striking beauty of the scenery. The tidal movement’s amazing features, leaving the Bay almost empty at low tide and the vision
of a huge recipient of dark blue green water at high tide, the numerous channels
where sail boats and fishers are silhouetted, women working in the sea, the refreshing breeze filling the afternoon air together with the soft voices and laughter of the
children playing on the beach. All of us that have lived in Chwaka Bay have special
memories, stories, jokes, photographs, the taste of mikundaji, the taste of tasi. All
of us that have been there have friends and invaluable enriching experiences. We
think that poetry would do justice to the Bay depicting its full colors. We recognize
this, but we are scientists, and as such we make an effort in this volume to portray
the Bay in the language that we know best.
So, this is a scientific book about Chwaka Bay, with all its limitations and all its
potential. It is about the biology, ecology, physical and geological features as well
as natural resources and management. It also deals with how people living in the
surrounding villages interact with their environment on a daily basis to make
their living. It highlights current challenges facing the Bay and its people, threats
and research gaps. The contents of this volume are divided into the major themes
of natural systems, including biology and ecology, interlinkages, human-related
activities, and wider social issues relevant for management.
From time immemorial, people living around Chwaka Bay have depended almost
entirely upon the resources generated within the Bay for subsistence and income.
Visitors from all over the world have come to Chwaka Bay and have interacted
differently with the environment and used its resources, thereby contributing to
shape the natural and social environment of the area. Many scientists from different parts of the world have visited Chwaka Bay for various scientific explorations,
particularly from the late 1980s when collaboration between the University of Dar
es Salaam and Sida/SAREC, Sweden, was established. This has resulted in numerous publications in different scientific media. However, no thorough compilation
of the scientific information in the area has been published in book format.
This book is an attempt to bring together into a single volume the scientific information produced over the years. The compilation work begins by analyzing the pioneer
report on ecology and socio-economics of the Bay, compiled by Mohammed and
Jiddawi (1999), followed by a comprehensive bibliographic search to identify the
widest possible range of publications in scientific journals, scientific and technical reports and scientific theses that relate to Chwaka Bay. In addition, interviews
with locals and in some cases personal observations have been considered. The
chapters were written by experts in the specific topics. All chapters were subjected
to rigorous reviews; first internally in an author’s workshop and thereafter each
chapter was sent to external peer review. The literature review attempted to be as
13

extensive as possible, however we do not claim to have covered all available work
and the literature presented here extends only to June 2012. We know that there
is quite an amount of on-going research that could be the part of a new volume
in, let’s say, ten years from now. We believe that several people, such as scientists,
students, managers, tourists, the public in general and coastal populations will find
this book useful as it provides a larger picture of the social and economic context,
the natural environment and management issues that shape all life in Chwaka Bay.
We particularly hope that this contribution will be of value to the people living in
the villages surrounding Chwaka Bay in their efforts towards sustainability. We
hope that the language of science provides, if not the beauty of poetry, at least some
profound insights.
A note about reading the book: All chapters of the book were written by knowledgeable scientists who have been working in Chwaka Bay. The authors were given
a lot of freedom to frame their own chapters and decide on the final language style
and references included. The book gathers most of the research done in Chwaka
Bay and highlights important gaps and challenges. It also provides valuable points
for management. Each chapter can be read independently. Cross references are
given to help the reader, but each reader will find his/her own interests and own
linkages.
Throughout the book the terms “Zanzibar” and “Unguja” are used. While Zanzibar
archipelago is part of the United Republic of Tanzania (URT) and includes the two
large islands of Unguja and Pemba; in the book, the colloquial terms of “Zanzibar”
and “Tanzania” are sometimes use to refer to Unguja Island only and URT respectively. We would also like to make a comment on salinity and its units. The
units ppt and ‰ (parts per thousand), as well as PSU (practical salinity units)
are widely used in the literature; however, with the consideration of the Practical
Salinity Scale (PSS) as a conductivity ratio, salinity was redefined as a dimensionless quantity. In the book, we provide the original units given by the authors since
the measurement and analysis methods may vary as well as the scales used. The
reader is invited to check on the original references for more information about
methods.

Stockholm, 17 November, 2012.
Maricela de la Torre-Castro and Thomas J. Lyimo, editors.
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Seagrass are abundant and diverse in Chwaka Bay, providing numerous ecosystem goods and
services for the local population. A large amount of landed fish in the local markets is seagrassassociated fish; in addition, many invertebrates found in the meadows are used by the local
population. Photo: Mats Björk.
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– SYNTHESIS –

Towards an Integrative Research Approach on Coastal
Ecosystems – The example of Chwaka Bay
Thomas J. Lyimo, Maricela de la Torre-Castro, Yohanna W. Shaghude,
Narriman S. Jiddawi, Mats Björk and Lars Lindström
During recent decades, the serious challenges that the planet is facing in terms of
population growth, ecosystem damage and changes in flows of good and services
call for novel ways to direct research so that it can be useful for promoting sustainability. The integration of different disciplines is much needed when tackling such
challenges. At this very moment, climate change is a major concern and its effects,
for example in changes in seawater temperature and weather patterns and how
they in turn affect critical resources are beginning to be felt more acutely. Green
solutions are needed to tackle some of the challenges, for example in considering
the importance of marine plant communities such as mangroves and seagrasses
as potential carbon sinks when planning for the future. Another critical aspect is
the degradation of marine resources and ecosystems. These changes will definitely
shape the future and composition of coastal livelihoods. How to adapt to these
changes? How to ensure the continued flow of goods and services on which most
of these populations rely? The capacity to cope and adapt to these changes are
complex and include a variety of actors. At the very heart of the local communities,
activities and social organization are after all gendered, thus knowledge about how
changes will affect men and women is crucial. An integrative research approach
is also much needed in addressing structural changes in global and national
economies. The examples above illustrate the complexity of the challenges, their
importance for human well-being and the range of spatial and temporal scales that
need to be considered when conducting research that is relevant for management
aimed at sustainability.
Chwaka Bay lends itself perfectly for research that considers the challenges above
and has been used for field experiments over the years. The Bay presents a typical
tropical seascape with a profile of mangrove forests, seagrass meadows and coral
reefs while at the same time it is atypical by being so well-studied. It has also served
TJL: Department of Molecular Biology and Biotechnology, University of Dar es Salaam, P.O. Box 35179, Dar es
Salaam, Tanzania, e-mail: tjlyimo@udsm.ac.tz MTC: Department of Physical Geography and Quaternary Geology & Department of Systems Ecology, Stockholm University, SE-106 91, Stockholm, Sweden, e-mail: maricela@
natgeo.su.se; maricela@ecology.su.se YWS: Institute of Marine Sciences, University of Dar es Salaam, P.O. Box
668, Zanzibar, Tanzania, e-mail: shaghude@ims.udsm.ac.tz NSJ: Institute of Marine Sciences, University of Dar es
Salaam, P.O. Box 668, Zanzibar, Tanzania, e-mail: njiddawi@ims.udsm.ac.tz , n_jiddawi@yahoo.com MB: Botany
Department, Stockholm University, SE-106 91, Sweden, e-mail: mats.bjork@botan.su.se LL: Department of Political Science, Stockholm University, SE-106 91, Stockholm, Sweden, e-mail: lasse.lindstrom@statsvet.su.se

17

The traditional and eco-friendly basket trap, dema, on seagrasses which are favorite fishing
grounds in Chwaka Bay. Photo: Katrin Österlund.

as a model for coastal management of similar bays in Zanzibar, wider Tanzania
and the Western Indian Ocean (WIO) region. The large amount of resulting available scientific studies also make an important contribution globally by providing knowledge on physical, biological and social aspects. This well-established
scientific baseline allows for the continuation of research that addresses the more
complex and integrative issues.
In what follows, the main key findings and research gaps found during the production of this book are presented but the specific details are found in each of the
chapters.
Physical and geological information includes basic and descriptive data, namely
the hydrodynamics of the Bay, sediment characteristics, the geological evolution
and nutrient fluxes. However, further studies are needed on offshore processes and
their physical effects as well as more elaborate models of the overall circulation
dynamics including sediment transport.
The chapters on biological features include a fair amount of knowledge about
species composition and spatial cover for the most conspicuous habitats such as
mangroves and seagrasses, though our understanding is less extensive for coral
reefs and coastal terrestrial vegetation. Physiological and ecological interactions
between a number of organisms have been analyzed. Several assessments of the
impacts of human activities in the Bay have also been carried out, for example on
the effects of seaweed farming on seagrasses, sediment characteristics and associated biota as well as on fish assemblages.
18

Seaweed farming of red algae, mainly Euchema denticulatum, is a woman dominated activity in
Chwaka Bay; but men are also involved and help mainly with transport. The algae are bought as
raw material by multinational companies. Photo: Thomas Lyimo (left) and Max Troell.

The most common marine and coastal resource usages and main livelihoods, like
artisanal fisheries, seaweed farming and invertebrate collection have been mapped
and analyzed to some extent. Artisanal fisheries are without doubt the most important livelihood activity, providing food and income generating activities. Seaweed
farming is a relatively recently introduced activity; it is women dominated and
brought large changes in the communities when it was introduced. However, at
present, it generates an income below the poverty line and associated negative
impacts on health and ecosystem structure. Invertebrate collection has a safety net
function since the products can be sold or eaten depending on household circumstances. The studies analyzing resource use and livelihoods are relatively recent,
relatively few in number and concentrated mainly in the villages of Chwaka and
Uroa, while the rest of the villages have been less studied. Studies about important
activities such as coral rag agriculture, lime production and small-scale commerce
and trade are missing. Even though knowledge does exist, less information has
been published on mangrove-associated resources, for example food organisms
for local consumption and mangrove pole production.
The various management plans for the Bay over time, have been identified,
analyzed and discussed from a sustainability perspective. However, developments
and changes undertaken recently, some financed by external donors, such as the
introduction of new conservation programs have not been addressed. The basic
governance structures have been addressed, but there is a need for studies on for
example how community or village levels are able to influence the management
plans, their implementation and wider development issues, such as organization,
power and political institutions.
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Seagrass meadows provide seagrass associated fish such as Leptoscarus vaigiensis (Seagrass
parrot fish, bodwe) and Siganus sutor (Rabbit fish, tasi). They provide high quality animal
protein for the population as well as cash income. Photo: Mats Björk.

Unlike many other coastal tropical systems where the most important linkages
remain to be identified, in Chwaka Bay many important linkages have been established. For example, the mangrove forest constitutes a key “filter” of nutrients
and probably pollutants in the whole system. Mangrove forest stands are critical
since agricultural development in nearby areas is increasing accompanied by
higher use of fertilizers, herbicides and pesticides, notably in rice fields. Important
connections have been established between mangroves, seagrasses and corals in
terms of fish movement (e.g. migration and ontogenetic changes). Seagrasses and
mangroves in the Bay are known to be important nursery grounds promoting
fish adult populations in adjacent coral reef areas. Another illustration of linkages
is the key role of calcareous algae in the system. Calcareous sand has a biogenic
origin coming mostly from Halimeda which is affected by seagrass productivity,
which in turn may be affected by cyanobacteria as a major contributor of nitrogen
into the system.
Contributions linking social and ecological features exist for Chwaka Bay.
Institutional analysis comprising regulative, normative and cultural institutions
have been carried out. More specific issues affecting fisheries have also been addressed, for example the key issue of changing traditional fishing methods. At
present there is a drag-net dominance in the fishery that appears to be causing a
decrease in fish abundance and fragmentation of the seagrass meadows which are
the preferred fishing grounds. The use of this gear has also contributed to create
conflicts between villages. Changes over time have to some extent been addressed;
for example in seagrass meadows, coverage has changed locally over the years, but
all in all, the population seems to be rather stable. For other major components
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The mangrove forest fringing the southern coast of Chwaka Bay is a key element in the seascape,
performing an important “filter” function as well as ecological, social and economic functions.
Photo: Mats Björk.

such as the mangroves there are indications of changes but the supportive data is
either not available or difficult to access. Corals in Chwaka Bay have generally been
understudied, probably due to their patchy structure.
Resource use change has been addressed using social-ecological approaches and
participatory workshops. Changes such as increasing pressures from hotel establishment, population increase and globalization have been addressed to some extent. There are also observations of increasing numbers of fishing boats reported
in the fishery census data that still need to be systematically studied. Official
monitoring data, the perception of the fishers themselves, and the analysis of the
information available suggest a decrease in fish and invertebrate catches in the Bay.
This has enormous consequences on livelihoods and income as valuable products
become less abundant, e.g. sea cucumbers, lobsters and groupers. Thorough studies on fish and invertebrate biology, stocks and assemblages as well as food web
structure and dynamics are missing. This information is essential to tailor relevant
management plans including ecosystem-based fisheries management, management for social-ecological resilience and pro-poor management. This information
is needed to promote the sustainability of fisheries and marine resources for the
local population.
Although the research in Chwaka Bay is extensive and of high quality (most of it
published in peer-reviewed international journals), important gaps in knowledge
became apparent during the book production. These include phytoplankton studies that can be further developed; zooplankton has to be addressed, as do pelagic
food webs, microbial communities and their functions as nutrient recyclers. Very
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Small-scale fisheries are undoubtedly central livelihoods for the local population.
Photo: Maricela de la Torre-Castro.

little is known about non-vegetated areas and mudflats, and only descriptive
information is available for coastal terrestrial vegetation. Scientific publications
about marine mammals and sea birds could not be found, and there are few studies (mainly as grey literature) about turtle nesting sites exclusively for Uroa. The
application of genetic research in linkages also remains wanting. More social and
historical studies are needed. Specific issues such as changing land uses, ownership
in the coastal strip and how to ensure fishing and human rights to the population
are of crucial relevance.
Studies considering time scales are found, but much more is needed, especially
longitudinal studies that can be useful for management. A case in point is changes
in diversity, relative abundance; and seasonal dynamics and large scale variation of
the different biotic components. Another is the issue of artisanal fisheries sustainability which is a fundamental management concern in the Bay. The integration of
the rural economy into global structures through seaweed farming and tourism
has to be considered. The fundamental issue of concern is to identify the means
by which coastal populations may remain a viable part of the coastal ecosystems.
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– CHAPTER 1 –

Physical Characteristics, Socio-economic Setting and
Coastal Livelihoods in Chwaka Bay
Narriman S. Jiddawi and Lars Lindström

INTRODUCTION
This chapter situates the natural system in its social context. It begins with an
overview of the main physical characteristics and continues with a brief summary
of the history of human settlement. It continues with a description of the main
population characteristics of the people living in the area, who are highly dependent on marine resources for livelihoods and food security. It then describes these,
as well as the material assets that form part of their livelihoods.
Most people in the Chwaka Bay area are involved in marine resources associated
activities through fishing, mangrove cutting and seaweed farming (Msuya et al.
1996; Mohammed and Jiddawi 1999; Mohammed 2004). Fin fishing is the single
most important income generating activity for men whereas women are mainly
involved in seaweed farming but also gleaning the intertidal zone for shellfish and
crustaceans (de la Torre-Castro and Jiddawi 2005). Fishing is however addressed
separately in this volume. The chapter ends by summarizing and concluding the
findings as well as pointing to a more sustainable road ahead.

PHYSICAL SETTING OF CHWAKA BAY
Chwaka Bay (approx. 6o 13´00´´- 02´54´´S and 39o 23´38´´- 32´00´´ E) is situated
on the east coast of Unguja Island, Zanzibar (Fig.1). The Bay is a major feature of
the east coastline of the Island with an area about 50 km2. The Bay has an almost
rectangular shape and is surrounded by an extensive arm protecting it from the
open ocean on the east side. Extensive vegetation surrounds the coasts; to the
south mangrove forest dominate; to the west coastal terrestrial vegetation as well
as some mangroves are found; while along the eastern shores there are mainly sand
dunes. The large mangrove stand to the south is part of the Jozani-Chwaka Bay
National Park and is divided by two main creeks, namely Mapopwe in the west and
Kinani in the east (see chap. 4).
NSJ: Institute of Marine Sciences, University of Dar es Salaam, P.O. Box 668, Zanzibar, Tanzania, e-mail: njiddawi@ims.udsm.ac.tz , n_jiddawi@yahoo.com LL: Department of Political Science, Stockholm University, SE-106
91, Stockholm, Sweden, e-mail: lasse.lindstrom@statsvet.su.se
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The rich and diverse seascape supports many livelihoods in Chwaka Bay. Photo: Lars Lindström.

As in the rest of East Africa, the climatic conditions in the Bay are driven by the
monsoon circulation. The main periods identified for Chwaka are the southeast
monsoon (kusi), lasting from April to October and the northeast monsoon (kaskazi) from November to March. The major precipitation is between March and May
(masika). During September to November, irregular short rains are usually present
(vuli). The warmest and most humid period extends from December to February
(kiangazi) while colder and dry weather occurs during June to August (kipupwe)
(Tobisson et al. 1998; chap. 2).
The bathymetry of the Bay is very complex and comprises numerous different
channels, but it is in general shallow with an average depth of about 3 m. The
intertidal area is very large and the periods in which water recedes allow the
performance of many human activities. The general water circulation is driven by
both tides and currents. The tides are semi-diurnal with large tidal ranges, from
about 1 m in neap periods to about 3.5 m in spring (e.g. Cederlöf et al. 1995).
The currents are strong during spring periods and in the bottlenecks connecting
to the mangrove creeks. The water exchange time has been calculated at 30 days
(Dupra et al. 2001). The average seawater surface temperature ranges from 2531oC (although temperatures up to 35oC have been reported, see chap. 12). Salinity
changes depending on the position in the Bay (for example head of the mangrove
creeks, Bay proper or close to the open sea). Salinity also changes according to wet
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Children playing at the local market in Chwaka village. Photo: Sara Fröcklin.

and dry seasons. Typical ranges are reported from 26‰ in the inner parts of the
Bay to 35‰ at its mouth (Mohammed and Johnstone 1995; see chapt. 2 and 12).
The Bay presents a typical tropical seascape with mangrove forests, seagrass beds
and coral reefs, resulting in a rich marine biodiversity (chap. 4, 5, 6). Chwaka Bay
was relatively pristine and dominated by traditional activities like fishing and
collection, but recently tourism and seaweed farming have become established.
Additional good general introductions to the Bay are found in Tobisson et al.
(1998) and Mohammed and Jiddawi (1999).

HISTORY OF HUMAN SETTLEMENT
The ancestors of the inhabitants of the villages located around the Bay belong to the
Shirazi (Hadimu), who in turn form part of the Swahili people (Pakenham 1947).
The word “Swahili” literally means coastal dwellers; hence these people are predominantly maritime (Middleton 1992; Mazuri and Shariff 1994). The economic
and intellectual contact of the coastal dwellers with the wider world resulted in the
formation of the Swahili civilization that spread along the coast between southern Somalia and northern Mozambique (Middleton 1992, 4). According to local
legends, the people of Chwaka, Mapopwe, Charawe, Ukongoroni and Michamvi
have common origin from the Unguja Ukuu village on the south west coast of
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Figure 1. Study site: Chwaka Bay, Zanzibar, Tanzania.

Zanzibar in Menai Bay; from where they then spread across the island eastwards
and northwards (Mohammed and Jiddawi 1999).
The Mapopwe village people claim however that their forefathers came from
Kimbiji village near Kilwa Island, mainland Tanzania. Ukongoroni village is believed to have been developed by Charawe people who went to harvest terrestrial
and mangrove forest products as well as to farm pumpkins and other products
(Williams and Basha 1997). The people of all the villages around Chwaka Bay are
however closely related in a sense that their marriage functions, burials, rights to
build plant or cultivate, obligations towards family shrines (mizimu), and other
local customs are quite similar.

POPULATION DISTRIBUTION
Since the colonial days there has been a high concentration of people in some
of the villages along Chwaka Bay, especially in Chwaka village (Mohammed and
Jiddawi 1999; de la Torre-Castro and Lindström 2010; see chap. 15). According
to the Population Census (2002) the total population of the seven Chwaka Bay
villages was 9,098, with a fairly equal gender distribution. Chwaka village has
the highest population and number of households followed by Uroa. According
to the Population Census 2002, the population in each village was: Pongwe 513,
Uroa 2,104, Marumbi 963, Chwaka 2,903, Ukongoroni 751, Charawe 722 and
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Michamwi 1,119. The family composition at household level, according to the
Zanzibar household budget survey of 2006, shows an average of 6.0 members
(Rijaal et al. 2009). The notably high population in Chwaka and Uroa could be due
to the increasing number of immigrants such as the Wamakonde and Wanyamwezi
from mainland Tanzania who live and farm in the coral rag area (Mohammed and
Jiddawi 1999). Chwaka Bay villages have a positive growth in terms of population
and infrastructure, the latter in having good tarmac roads from Zanzibar town
which facilitate easy movement to and from the villages, with the exception of
Ukongoroni and Charawe villages where the road is un-paved. This development
enhanced the interaction of villagers with other communities on the island. During
the colonial period, Chwaka was designated as one of the principal administrative
centers. As a result, there was an influx of people, such as government employees
and their families, who migrated to Chwaka (Mohammed and Jiddawi 1999; chap.
15). This is still happening with the presence of the Zanzibar Institute of Financial
Administration as well as the presence of several tourist hotels. Chwaka village was
also a popular recreational site for visitors from Zanzibar town since the 1950s. It
has a large fish market which attracts fish traders from Zanzibar Town and other
villages, to purchase fish at the auction mostly for re-sale in the town larger markets and in the streets.

Composition of Settlements and Infrastructure
The distribution and composition of settlements in Zanzibar is determined by the
distribution of various types of soils, through the development of clove and copra
industry (once the principal export product of Zanzibar) and by the growth of
Zanzibar Town (Ngazy 1997). Based on this, villages around Chwaka Bay have
grown mostly along or near to the coast. One reason for this could be that coral rag
land, with its very shallow soil, could not support cloves or any other kinds of cash
crops except coconut, hence not attracting settlers from inland. In the early days,
the population of Chwaka was scattered throughout the bush country tending
their fields, and no seaside villages existed as they do now (Pakenham 1947). The
huts/settlements were separated by bush that grew down to the beach.
The contemporary infrastructure within the villages includes police posts, dispensaries and schools. There are 17 major beach hotels with the highest number being
at Uroa village. These are new developments which started to appear around 1995
which is the period when the Zanzibar Government encouraged the liberalization
of trade.
The villages receive piped water from a main reservoir and electricity from the national grid system. However, fetching water from wells is still very common as the
piped water is unreliable. Electricity is also unreliable and the use of lantern and
other sources of energy such as solar energy and candles are therefore common
especially in the villages of Ukongoroni and Charawe (Jiddawi and Lindström,
personal observation).
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Traditional housing - a view of Uroa village. Photo: Maricela de la Torre-Castro.

The house units in the villages are typically Swahili in character. Each house has a
basic structure of poles (mainly mangrove poles) with usually at least two rooms
and a living room (ukumbi). One room is for the parents and the others for the
rest of the household members. The walls are made of a mixture of coral rocks and
mud, and in some cases they are plastered with lime and sand or cement. These
types of houses are still maintained, though with slight changes or improvements.
The choice of type of house is based on income levels but mostly following traditional styles, though nowadays some houses are however constructed from cement
blocks, belonging to owners that are more affluent. The roofs are of different kinds,
some are thatched with interwoven coconut palm fronds (makuti) and some are
covered with flattened tins. However, with the improvement of economic status
some houses are now roofed with corrugated steel sheets and have more than three
rooms. In addition, an extra outbuilding around the main house made with both
fossilized coral and mud or palm fronds provide space for kitchens, washhouses
and lavatories (Mohammed and Jiddawi 1999).

EDUCATION
Education facilities in Chwaka villages include nursery, primary and secondary
schools. The level of illiteracy across coastal communities stands at 21 percent and
the proportion of the young population attending primary and secondary formal
education stands at 37% and 28% respectively. Attendance of tertiary education at
the levels of College Diploma and University degree is below one percent (Rijaal et
al. 2009). All villages in Chwaka Bay have nursery, primary and secondary schools,
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but even though secondary education is available, few children attain secondary
level mostly due to truancy. At least 50 percent of the young boys abscond classes
for fishing activities, knowing that they will be paid a few shillings when helping
the fishermen to transport fish from the boats to the market, gut fish, or process
octopus (Jiddawi and Lindström, personal observation). On the other hand,
girls usually join their mothers in intertidal activities, such as seaweed farming
and gleaning, which affects their school performance (Jiddawi and Ngazy 2000).
Programs for adult education in the villages have substantially reduced illiteracy
among Chwaka Bay villagers such that a large portion can now read and write.
The Zanzibar Institute of Financial Administration, which is one of the reputable
higher level institutions in Zanzibar, offers advanced diplomas and certificates at
Chwaka village for students coming from all over Zanzibar.

LAND TENURE
All land in Zanzibar belongs to the Government but people can hold the land in
different forms according to the land tenure system. Land tenure regulations in
Zanzibar state that villagers cannot be excluded from using the beach and tidal flats
outside a hotel, since the area is owned by the state; everyone is free to use these areas (Kombo et al. 2009). The inhabitants of coral rag areas (including Chwaka Bay)
regarded land as a communal property; each village having its own area with right
to cultivation, subject to the approval and directions of the community leader or
village head according to local customs (see also Pakenham 1947). The exceptions
to this general set-up are enclosed land (kiunga) which are normally planted with
orange and/or coconut trees, or fish fence traps (wando/uzio) which were long ago
appropriated by families and have become de facto family properties (Pakenham
1947; Tobisson et al. 1998; Mohammed and Jiddawi 1999). The property right has
been passed on from generation to generation of families that enjoy ownership
rights. The families have retained their right to these fence traps even though this
type of fisheries is now banned by the government and is almost disappearing
(Jiddawi and Khatib 2007). Kinship ties are very important for group identity and
access to resources (de la Torre-Castro and Lindström 2010). Land ownership in
the coral rag areas differs from that of the plantation areas, in the sense that in
the plantation areas land can be privately owned, borrowed or leased. Newcomers
have to buy land from the people who own the pieces of land officially through the
Lands Department (Kombo et al. 2009).
There is at present no specific tenure system over marine areas since the sea is
regarded as open access, which anybody can use, except for the areas which are
occupied by fence traps. However, historically there has been ownership of the
fishing grounds close to the respective villages (de la Torre-Castro and Lindström
2010). This practice of fencing a piece of foreshore requires consideration of several factors. These include ground contour, and other considerations which allow
the fence to be more or less in the shape of an obtuse “v”, pointing seaward with
29

Entrepreneur
6%

Hotel employee
2%

Others
3%

Fisher
36%

Seaweed farming
15%

N =220

Gleaning
7%

Livestock
0%
Government
employee
6%

Farming/ Wood
cutting
25%

Figure 2a. Distribution of main income generating activities in the Chwaka
Bay area. Source: Jiddawi, N.S., personal interviews (unpublished data), 2010.

a pocket at the apex into which the fish are gradually forced into by the receding tide (Pakenham 1947; Jiddawi and Stanley 1999). Such places are known as
viwanja, meaning plots, pitches or sandbanks. Fence traps and viwanja are possessions of individual families who through reference to the common property of
the kin group can claim right to a particular plot (kiwanja) exposed at low tide.
User right to that particular plot only comes into effect when a trap is built on the
site; otherwise the plot is an open access to the whole kin group. In Chwaka Bay
the fence trap is used seasonally during the southeast monsoon. The user right to
harvest fish from uzio is well defined and transferable. In this regard, no one can
build a trap for use over a number of years on a site even if that particular site is
not occupied with uzio at that time.

Tenure Status of Seaweed Farms and Fence Traps
Seaweed farms, locally known as shamba la mwani, are plots of seaweed grown
over the seabed of the shallow reef–fringed lagoons or near shore areas along the
coastline. The presence of the fragmented fringing reef on the northern entrance
reduces the strength of incoming waves, thus making Chwaka Bay very suitable for
seaweed farming (Jiddawi and Ngazy 2000; Dubi et al. 2006). The tenure status of
the farms can be described as “first come first served” arrangement. Whoever gets
to an area first can claim possession of it and others may claim the area only if it
is left uncultivated for a longer period of time (de la Torre-Castro and Lindström
2010). Moreover, unlike the case of uzio, seaweed farms are yet to acquire the elaborate tenure status linked to kinship and technically cannot therefore be inherited.
Traditionally there have been no private tenure rights on intertidal or lagoon area
along the east coast of Unguja Island, where most seaweed farms are located. These
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Figure 2b. Main income generating activities by gender in the Chwaka Bay area.
Source: Jiddawi, N.S., personal interviews (unpublished data), 2010.

areas have been owned communally by individual villages. In this sense, each village has its own coastal area and boundaries in which the villagers have free and
equal access to lagoons and intertidal areas. A seaweed farm is acquired through
informal agreements with neighborhood farmers or local authorities. Unlike uzio
plots, such ownership is not transferable. However, once it is proven that a farmer
has stopped seaweed farming any other villager has the right to establish a seaweed
farm on that particular site.

SOCIO-ECONOMIC SETTING AND LIVELIHOODS
Most of the inhabitants of Chwaka Bay depend on some terrestrial but mainly
marine based activities for their subsistence. However this dependence varies
from one village to another depending on several factors such as closeness to
resources, surrounding ecosystems, family traditions, the need for ready cash, ease
of conducting the activity and alternative sources of income (Ngazy 1997). The
livelihood system is somehow complex since the inhabitants have to strategically
combine exploitation of resources from both marine and terrestrial ecosystems
for survival. Several livelihood activities take place with fisheries, gleaning and
seaweed farming being the most important (Fig. 2a and 2b).
There are also informal and formally registered cooperatives within the villages.
These cooperatives are formed mostly for the purpose of income generation. There
are cooperatives which deal with e.g. Casuarina tree planting. This plant has
gained popularity due to its fast growth and being used a lot in building (Jiddawi,
personal observation). Economic activities are either conducted individually or
on a cooperative basis. Most of the community members also do not have bank
accounts and some keep their money at home (Fig. 3). Also, at least 30 percent of
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the people of Chwaka Bay receive loans from the Savings and Credit Cooperative
Organizations (SACCOS). Tanzania Social Action Fund (TASAF) was established
by the government in order to improve the socio economic services and livelihoods through income generation opportunities (Rijaal et al. 2009) however, up to
date no systematic study has been done to address the impacts of the fund.
Traditionally, men are the providers for the household and there is a strong link
between masculinity and the ability to provide the household with its needs.
However, this seems to be changing. With the rising cost of living it is becoming
increasingly difficult for one person to earn enough to provide for all in a single household (having two or more families is a rare feature nowadays). Hence
women seek additional means of income and contribute with cash income to the
household economy (Wallevik and Jiddawi 1999; Fröcklin et al. 2012). For example, there are a few women groups owning bee hives for honey production and
engaged tree planting. Male groups are also involved in activities such as fishing,
beekeeping, tree planting and hunting. The first milk fish farming activity was
started in Chwaka Bay at Mlalangaoni in the 1990s by one man called Fadhili who
also supplied fingerlings and fry for the milk fish farms at Makoba, in the Northern
western side of Unguja Island (Dubi et al. 2006). Women have more recently entered the male arenas of income generation activities such as fish processing and
fish trading (Fröcklin et al. in preparation). In fish processing, they usually buy
small fish, such as sardines, and dry them for re-sale while some buy fresh fish (e.g.
rabbitfish or emperors) usually about 10 to 12 cm long, for frying and re-selling.

FISHING
Fishing provides one of the foremost occupations of the people of Chwaka Bay. A
majority of the people are full time fishers (de la Torre-Castro 2006; chap. 11) with
some additional activities conducted during their spare time. Fisheries provide
food security in the form of nutritious animal proteins and oils, especially important for pregnant mothers and children’s health, and provide employment both
directly and indirectly, constituting a key source of income for people living in
poverty (see chap. 11). Men usually practice fishing as one of their main economic
activities (Jiddawi et al. 2009), whereas women concentrate on gleaning gastropods
and bivalves in the intertidal area as well as collecting octopus from nearby reefs.
Chwaka Bay supports good invertebrate populations, which are collected mostly
by women (see chap. 13). The fleshy part of the gastropods and bivalves is eaten
and shells are sold to middlemen who in turn sell them to tourists as marine curio.
The most common shells sold to tourists are the triton shell (baragumu) and Cassis
sp. (dondo). Others are Chicoreus ramosus (kome dike), Cypraea tigris (kururu) and
Pleuroploca trapezium (kome dume), the latter collected mostly for the operculum,
locally known as nzio. Currently, some women grind operculum and use the powder in making shell soap, which is said to be good for the skin. Some fishermen
take tourists for sport fishing especially those coming from Dongwe village on the
south east coast and Michamvi village, though this is a new activity.
32

Seagrass associated fish (here “Rabbit” fish) is an important animal protein source in all villages
in Chwaka Bay. Photo: Lars Lindström.

Fish Marketing
Fish marketing is mainly conducted at fish landing sites. In some villages, fish
are auctioned in permanent buildings in the respective villages e.g. at Chwaka,
Uroa, Michamvi, Pongwe and Marumbi. In Charawe and Ukongoroni fish marketing is carried out direct on the beach. The selling of fish, lobsters and octopus is
conducted through bidding. However, in some villages, selling of fish is done at
landing sites through negotiations between the fishermen/seller and the customer.
In both scenarios the price of fish is usually determined by supply and demand.
There are situations where during fish landings a fisherman may be offered fish for
free by fellow fishermen for home consumption. This normally occurs when the
fisherman could not go fishing or was not lucky to get his daily catch at least for
home consumption. This is part of reciprocal relations, whereby one served today
is repaid another day. The prices of other marine resources are relatively cheaper
in Ukongoroni and Charawe due to accessibility problems because of very poor,
sandy and rocky roads.

Mangrove Related Activities
Mangrove cutting
Mangroves in Chwaka Bay form one of the major economic resources in the
area (see chap. 4, chap. 15) and are found along creeks in Charawe, Ukongoroni,
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Figure 3. Money saving alternatives in Chwaka.
Source: Jiddawi, N.S., personal interviews, (unpublished data), 2010.

Michamvi and near Chwaka village, contributing significantly to the local
economy. Usually, most residents near mangrove forests are heavily engaged in
mangrove and coral rag forest harvesting for either household use or commercial
purposes (Williams 1998). Major forest products harvested from the mangrove
forest and coral bush include timber beams (boriti), withies (fito), upright poles
(nguzo), rippers (mapau) and fuel wood for domestic use and for charcoal and
lime burning (Mohammed and Jiddawi 1999; Shunula and Whittick 1996). This
is because mangrove wood is more durable compared to coral rag wood; hence,
fetching a higher price. Moreover, fuel wood from mangrove has a higher calorific
value (however, wood from coral rag land forms the bulk of that used for domestic
fuel).
The contribution of mangroves to the household income of Charawe and Chwaka
villagers used to be around 24 percent, and is from activities like wood cutting,
beekeeping and lime burning (Nasser 1995). A recent study analyzing livelihoods
in the area (de la Torre-Castro, in preparation), shows however that although mangrove and wood cutting activities are still very important, the income provided is
not as high compared to fisheries, service sector and agriculture which fetch more.

Mangrove support to the local fishery
Mangroves support the local fishery of the area by providing shelter and feeding
grounds to juvenile fish. Women in Charawe and some in Chwaka and Ukongoroni
are engaged in mud crab and gastropod harvesting in mangrove swamps (Jiddawi
and Yahya 2008). Information from exporters in town indicated that as much as
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Figure 4. Ownership details among a small sample of the people of Chwaka.
Source: Jiddawi, N.S., personal interviews, (unpublished data), 2010.

2.2 tonnes is exported per year and most of these crabs are purchased from villages
in Chwaka Bay, specifically from Charawe (Jiddawi and Yahya 2008). A modest
prawn fishery used to flourish in the various creeks and waterways in the forest.
However, this fishery collapsed due to over harvesting of the resource by fishermen since the mid 1990s (Tobisson et al. 1998).

Wild animals in the mangroves
The animals reportedly sighted in the mangrove areas are wild pigs, birds, occasionally duikers and monkeys. Although none are hunted they have an aesthetic
value and tourists visit these sites with some local people benefitting from this. A
case in point is the Jozani forest which houses the indigenous red colobus monkey.
However, conflicts between the protection of the monkeys and humans have been
reported in the park (Saunders 2011).

Medicinal values of mangroves
Some species of mangrove plants are used by local people in treating various
diseases. Two species are known to have medicinal value and these are Lumnitzera
racemosa (Nasser 1995) and Xylocarpus granatum which is known to cure stomach
and intestinal disorders (Shunula and Whittick 1996). Such medicinal values provide livelihood opportunities to the local medicine man of Chwaka.
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Tourist development altering the shoreline - a recent established resort close to Marumbi.
Photo: Lars Lindström.

Other activities
Beekeeping
Another livelihood activity that occurs in the mangrove forest is beekeeping,
especially among women. This is mostly practiced in Ukongoroni and Charawe.
Women are organized into groups while men act individually (Rijaal et al. 2009).
People in the area view beekeeping in mangroves as preferable compared to
other non-mangrove areas for such reasons as safety against fire, shelter from wind
buffering, security from theft, and the overall continuous flowering of mangroves
which yield more honey compared to terrestrial plants. Honey is usually sold
outside the villages.

Shamba, Small-Scale Agriculture
Shambas (small agricultural plots) are mostly farmed on a subsistence basis, the
production is usually for home consumption while a little part harvested for sale.
Soil pockets in the coral rag area are planted with crops such as millet, cassava,
maize, pigeon peas, green gram, bananas, pawpaw, yams and tomatoes. A semipermanent cultivation system is employed, such as shifting cultivation and fallow
land. In order to protect soil fertility, plots are used for two to three years, and
then left to lie fallow for 10 to 20 years. Population increase and changes in other
sectors of the economy have created excess demand for both the subsistence use of
agricultural products from shambas and the income from sale of produce. The fallow period, especially near the villages has, as a result, been shortened. In contrast
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to plantation areas in other parts of the island where men dominate cash crop
farming, cultivation in the Chwaka Bay area is dominated by women and elderly
people of both sexes.

Seaweed Farming
In Chwaka Bay, like in some other coastal areas of Zanzibar, two seaweed species of commercial importance are cultivated; Eucheuma denticulatum (Burman)
Collins and Hervey and Kappaphycus alvarezii (Doty) Doty (locally named “spino”
and “cottonii” respectively) (see chap. 12). Seaweed farming in Chwaka Bay is
dominated by women, but unlike other places in Zanzibar where women have
monopolized the business, employs both men and women. The reason behind
men’s involvement in seaweed farming in Chwaka Bay is that they are needed to
operate the canoes that ferry female farmers to-and-from the farms and also to
carry the harvested seaweed across tidal channels back to the home villages. Due
to the nature of Chwaka Bay’s intertidal area the distance from the seaweed farming sites to the village can reach 2.4 km (Williams and Basha 1997). Furthermore,
extra work is required to maintain seaweeds to the required standard, since there
are very few bare sand areas over which seaweed can be farmed, with farmers
forced to culture seaweeds within seagrass areas causing the harvested seaweed
to become mixed with seagrass and other algal fronds thus requiring additional
cleaning work.
Despite the labour and low generated income involved in this business, seaweed
farming is one of the major activities of the people in Chwaka Bay. There are no
written contracts between farmers and seaweed purchasing companies apart from
registration of seaweed farmers with the companies. This situation, coupled with a
free market and a growing demand for seaweed, has now changed with farmers no
longer obliged to sell exclusively to specific companies. Women have become dependent on the activity, leaving previous activities such as baking, food selling and
kofia confection. The daughters normally follow the same paths as their mothers,
making the breaking of the low income trap problematic (see de la Torre-Castro
2006).

Lime Production
Lime production is essentially a male activity compared to mangrove cutting as it
involves harder physical labour, such as digging for fossilized corals and constructing kilns, before burning the fossil rock to convert it to lime. The lime is usually
sold in Zanzibar Town where it is used for building and painting houses. Most of
the houses in Chwaka Bay have also been built from lime and sand.
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Various
Most households engage in various other activities to supplement their income,
such as selling fried fish, handcrafts, rope making, wood working, collecting
firewood and preparing pastry such as doughnuts (maandazi) for sale. Some of
these products are sold directly in the home villages, whereas some are sold in
neighboring villages. Villagers engage in most of these activities throughout the
year, as they are a good supplement to their income.

Material Assets
Ownership of material assets in Zanzibar illustrates the distribution of income
and livelihood standards in the Bay. The study by Rijaal et al. (2009) indicates that
most people can afford to have radio, mobile phones and bicycles. Very few can
afford an outboard engine as this is very costly (a 15 HP engine can cost as much
as 3,000 USD). Other items like televisions, cookers and fridges are considered as
luxuries and usually only the wealthy can afford those (Rijaal et al. 2009). The same
applies to Chwaka Bay. There is nowadays a wide usage of communication gadgets
at household level, particularly mobile phones, which indicates a substantial economic growth. Most people however still use fire wood and charcoal for cooking,
causing continued pressure on forest resources, due to lack of means to own and
operate electrical or gas cookers.

SUMMARY AND CONCLUSION
The abundant natural wealth and scenery of the coast have provided livelihoods for
generations of coastal communities in Zanzibar. The villagers of Chwaka Bay are
engaged in different activities to support their livelihoods, ranging from fisheries,
gleaning to seaweed farming. Fishing provides one of the foremost occupations of
the people of Chwaka Bay. Due to being very close to the coast they depend mostly
on marine based activities for their subsistence. The dependence varies from one
village to another depending on closeness to resource, family tradition, the need
for ready cash, and ease of conducting the activity and alternative sources of income. Also, inshore fisheries, agriculture, hotel and housing development, seaweed
farming, and tourism all compete for space and coastal resources. As most of the
population is living along the coast, the existing pressure from human use is likely
to be intensified by global climate change. With the rising sea levels, increased
frequency of storms and higher temperatures predicted, the challenge will be to
manage coastal activities in a sustainable way whilst ensuring the health of coastal
ecosystems. However, more research on socio-economic issues of Chwaka Bay is
needed. Efforts should be done in providing in-depth studies addressing all villages surrounding the Bay and linking to important issues such as climate change
and rural change driven by globalization.
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RECOMMENDATIONS
Although the activities in the Bay are mostly rural and perform with simple technologies, there is a need to ensure the conservation and sustainable utilization of
marine resources within the Bay and in cases where there is a need, consideration of restoration efforts is recommended. The objectives should be to develop
sustainable resource use regimes trying to reduce dependence on currently exploited marine resources while strengthening local people’s livelihoods (Rijaal et
al. 2009). To reach these objectives there is a need to promote interventions that
will strengthen alternative livelihoods for local people, recognizing their realistic
capabilities, history and education levels. Interventions could also include financial support (e.g. through micro-finance or capital investment) and knowledge or
skills training/capacity building inputs. It is also important to diversify livelihoods,
including the introduction of alternatives where wealth generation is spread over
various activities without over-utilization of a particular resource. The key issue
is to create livelihoods that are realistic and provide sufficient income to support
household well-being.

REFERENCES
Cederlöf, U., L. Rydberg, M. Mgendi and O.U. Mwaipopo. 1995. Tidal Exchange in a Warm Tropical
Lagoon Chwaka Bay, Zanzibar. Ambio 24(7-8):458-464.
de la Torre-Castro, M. 2006. Beyond regulations in fisheries management: the dilemmas of the “beach
recorders” Bwana Dikos in Zanzibar, Tanzania. Ecology and Society 11(2):35. [online] URL: http://www.
ecologyandsociety.org/vol11/iss2/art35/.
de la Torre-Castro, M. and N.S. Jiddawi. 2005. Seagrass related research and community participation.
Fishermen, fisheries and seagrasses. Participatory workshop. Chwaka Bay, Zanzibar, Tanzania, 6-11 Sept
2004, WIOMSA Book Series No.3. ISSN: 0856-7972. Zanzibar town: WIOMSA.
de la Torre-Castro, M. and L. Lindström. 2010. Fishing institutions: Addressing regulative, normative and
cultural-cognitive elements to enhance fisheries management. Marine Policy 34:77-84.
Dubi, A.M., A.J. Mmochi, N.S Jiddawi, M.S Kyewalyanga, F.E. Msuya, Z. Ngazy and A.W. Mwandya. 2006.
Development of integrated pond culture of fish, shellfish and seaweed in Tanzania. IMS: Final report to
WIOMSA/MASMA. Zanzibar Town: IMS Series.
Dupra, V., S.V. Smith, J.I. Marshall Crossland and C.J. Crossland. 2001. Estuarine systems of sub-saharan
Africa: carbon, nitrogen and phosphorus fluxes. LOICZ Reports & Studies No. 18. Texel, The Netherlands:
LOICZ report & studies series.
Fröcklin, S., M. de la Torre-Castro, L. Lindström, N.S. Jiddawi, and F. E. Msuya. 2012. Seaweed mariculture
as a development project in Zanzibar, East Africa: A price too high to pay? Aquaculture 356–357:30–39.
Jiddawi, N.S., I. Ameir and S. Vuai. 2009. “Status of Fisheries and Seaweed farming in Zanzibar”. In
The Status of Zanzibar Coastal Resources, edited by A. Juma, 17-39. Zanzibar Town: Department of
Environment. MACEMP Reports.
Jiddawi. N.S. and H. Khatib. 2007. The Fishery Census of Zanzibar 2007. Fisheries Department Report
Series 4. Zanzibar Town: MALE.
Jiddawi, N.S. and Z. Ngazy. 2000. “A gift from the ocean: The importance of Eucheuma farming to the
livelihood security of the people of Zanzibar”. In Opportunities from Africa’s Bioresources. Proceedings
of the second International training workshop on the Zero emissions Research Initiatives, edited by E.
Mshigeni, J. Asman and E. Bisanda, 132-146. Zanzibar.

39

Jiddawi, N.S. and R.D. Stanley, eds. 1999. Fisheries Stock Assessment in the Traditional Fishery Sector: The
Information Needs. Proceedings of the National Workshop on the Artisanal Fisheries Sector, Zanzibar.
Sept, 22-24, 1997, Zanzibar, Tanzania: IMS and UDSM.
Jiddawi, N.S. and S. Yahya. 2008. PARFISH stock assessment: Handline, basket trap and mangrove crab
fisheries of Chwaka Bay. Report. Zanzibar Town: IMS/RANESA/CEEPA.
Kombo, H.Y., H.J Mlenge and A.S. Othman. 2009. “Intergrated land, forestry and tourism.” In The Status
of Zanzibar Coastal Resources, edited by A. Juma, 61-80. Zanzibar Town: Department of Environment.
MACEMP Reports.
Mazuri, A.M. and I.N. Shariff. 1994. The Swahili. Idiom and Identity of an African People. Trenton: Africa
World Press.
Middleton, J. 1992. The World of the Swahili. An African Mercantile Civilization. New Haven: Yale University
Press.
Mohammed, S.M. 2004. Saving the Commons: Community Involvement in the Management of Mangrove
and Fisheries Resources of Chwaka Bay, Zanzibar. Western Indian Ocean Journal of Marine Sciences
3:221-225.
Mohammed, S.M. and N.S. Jiddawi 1999. The Ecology and socio-economy of Chwaka Bay. Report prepared
for CARE, Tanzania. Zanzibar Town: CARE and IMS.
Mohammed, S.M. and R.W. Johnstone. 1995. Spatial and temporal variations of water column nutrient
concentrations in a tidally dominated mangrove creek: Chwaka Bay, Zanzibar. Ambio 24(7-8):482-486
Msuya, F.E., M.A.K Ngoile and J.P Shunula. 1996. The impact of seaweed farming on the macrophytes and
macrobenthos of the East Coast of Unguja Island, Zanzibar, Tanzania. Report submitted to the Canadian
International Development Agency (CIDA), Institute of Marine Sciences, University of Dar es Salaam,
Zanzibar, Tanzania, IMS, 1997/05. Zanzibar Town: IMS.
Nasser, S.M. 1995. Socio-economic and ecological study of Mangrove Forest Management in Zanzibar,
Tanzania: A case from Chwaka Bay. MSc. Thesis, Norwegian Centre For International Agricultural
Development, Agricultural University of Ås, Norway.
Ngazy, Z.M. 1997. Economic Valuation of Marine Resources Conservation and Sustainable Use: The Case of
Menai Bay, Zanzibar. MSc. Thesis. Department of Economics, University of Dar es Salaam.
Pakenham, R.H.W. 1947. Land Tenure Among the Wahadimu at Chwaka, Zanzibar Island. Report to
Zanzibar Government. Zanzibar Protectorate: Government Printer.
Population Census 2002. Population and housing census of the United Republic of Tanzania (2002). General
report, Central Census Office National Bureau of Statistics President’s office Planning and Privatization.
Online: http://www.tanzania.go.tz/
Rijaal, H., N.S. Jiddawi and J.A Malik. 2009. The Social Assessment in the coastal Community of Zanzibar
(MENAI, MNEMBA-CHWAKA & PECCA). A Report prepared by the Department of Environment
(Zanzibar) through support from Marine and Coastal Environment Project (MACEMP). Zanzibar
Town: Department of Environment and MACEMP.
Shunula, J.P. and A. Whittick. 1996. The Mangroves of Zanzibar. Institute of Marine Sciences. University of
Dar es Salaam Book series. pp i-iv, 1-65.
Saunders, F. 2011. The politics of people – not just mangroves and monkeys. A study of the theory and practice
of community based resource management of natural resources in Zanzibar. Doctoral dissertation no. 58.
Södertörns Högskola. Huddinge, Sweden.
Tobisson, E., J. Anderson, Z. Ngazy, L. Rydberg and U. Cederlof. 1998. Tides, monsoons and seabed: local
knowledge and practice in Chwaka Bay, Zanzibar. Ambio 27 (8): 677-685.
Wallevik, H and N.S. Jiddawi. 2001. “Impacts of tourisms on woman activities at the South Coast of
East of Unguja”. In Marine science development in Tanzania and Eastern Africa. Proceedings of the 20th
Anniversary Conference on Advances in Marine Sciences in Tanzania, edited by M.D. Richmond and J.
Francis, 535-550. Stone Town, Zanzibar Town: IMS/WIOMSA.
Williams, A. 1998. A socio-economic and natural resource management profile for the seven Jozani-Chwaka
Bay conservation project villages, Zanzibar. Zanzibar Town: Commission for Natural Resources.
Williams, A. and Basha, A.U. 1997. A PRA carried out at Ukongorini Village. Local management Planning
Programme. Conservation of Village Forestry sections. Zanzibar Town: Commission for Natural
Resources Reports, unit Maruhubi.

40

– CHAPTER 2 –

Physical and Geological Processes in Chwaka Bay
Yohanna W. Shaghude, Shigalla Mahongo, Alfred N.N. Muzuka
and Ntahondi Nyandwi

INTRODUCTION
Estuaries, lagoons and bays are among the most prominent coastal geomorphological features of the coast of Tanzania. These features are extensively utilized
by communities for fisheries, transportation, recreation and port development.
Chwaka Bay (see Fig. 1), has been a centrepiece of numerous research studies over
the last two decades. The Bay, like most other Tanzanian coastal geomorphological
features, is a result of physical and geological processes (tidal fluctuations, wind
generated waves, air-sea interactions and glacia-interglacial changes).
Chwaka Bay is located about 22 km east of Zanzibar Town and oriented in NorthSouth direction (Fig. 1), with no part of the Bay deeper than 5 m during high tide
(Wolanski 1989). The Bay has an area of approximately 50 km2 at high water spring
(Cederlöf et al. 1995), and it is the largest bay in the whole of Zanzibar. It is roughly
rectangular in shape, being enclosed by land on its three sides (southern, eastern
and western sides) with an opening to the Indian Ocean on its northern side (Fig.
1). Its mouth is barred by a living offshore coral reef. The Bay is surrounded by
seven villages, namely Chwaka, Marumbi, Uroa, Charawe, Ukongoroni, Michamvi
and Pongwe (Fig. 1). The Bay can be classified as being within a fringing reef coastal
system, with a landward side defined by rocky cliffs, stretches of beach and tidal
inlets and creeks (Arthurton et al. 1999; Kairu and Nyandwi 2000, 9-20; Francis et
al. 2001; Arthurton 2003).
The southern boundary of the Bay is mainly a line of dead reefs fringed landwards by a narrow 1-3 km wide mangrove forest stand (Nyandwi and Mwaipopo
2000, 3-12). Mangrove forests make an important physical feature of the Bay (see
chap. 4). They occupy about 90% and 50% of the southern and eastern coastal
stretches of the Bay, respectively. Other important features include fringing reefs
and tidal channels. The fringing reefs protect the Bay from the ocean waves and are
responsible for its lagoonal type setting (Muzuka et al. 2005). Two tidal creeks of
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shaghude@ims.udsm.ac.tz SM: Tanzania Fisheries Research Institute, P.O. Box 9750, Dar es Salaam, Tanzania,
e-mail: shigalla@yahoo.co.uk ANNM: Institute of Marine Sciences, University of Dar es Salaam, P.O. Box 668,
Zanzibar, Tanzania, e-mail: muzuka@ims.udsm.ac.tz NN: Institute of Marine Sciences, University of Dar es
Salaam, P.O. Box 668, Zanzibar, Tanzania, e-mail: nyandwi@ims.udsm.ac.tz

41

Mapopwe and Kinani which merge with two tidal channels of Pwani and Rubani
are responsible for the exchange of water between the open ocean and the Bay (Fig.
1). Mud sediments accumulate in several coves along the southern shore of the
Bay while the outer part of the Bay, dominated by a live coral reef, receives minor
supply of sediment from the mangroves.
Chwaka Bay, and the whole of East African coast, is subjected to two alternating wind seasons, the southeastern (SE) and the northeastern (NE) monsoons.
The SE monsoon starts in April and ends in October, whereas the NE monsoons
start in November and end in March (Bargman 1970, 55-64). The SE monsoon is
characterized by relatively lower air temperatures (23-28oC), stronger winds and
long rains conditions. In contrast, the NE monsoon is characterized by relatively
higher air temperatures (28-35oC), weaker winds and short rains conditions. The
months of March-April and October-November are the inter-monsoon periods,
locally known as the Matlai and the wind conditions during these periods are
calmest (Richmond 1997, 12-21; Dubi 2001, 131-144). Strongest winds along the
coast of Tanzania are experienced during June and July (Richmond 1997, 12-21;
Dubi 2001, 131-144; Francis et al. 2001, 9-47). Occasionally, the SE monsoon is
also associated with storms and cyclones (Francis et al. 2001, 9-47).

Figure 1. Map showing the approximate location of Zanzibar along the coast of
Tanzania (insert map) and the major physical features of Chwaka Bay. The circled
cross symbols indicate the stations (1, 2 and 3) where current meters were installed
by Wolanski (1989) and Cederlöf et al. (1995).
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TIDES AND TIDAL CIRCULATION PATTERN
The tidal circulation pattern in Chwaka Bay is mainly driven by water exchange
with the open ocean and is associated with oceanic tides. The tidal circulation
determines the water dynamic patterns, as well as the distribution of any other
aquatic properties in the Bay. The water movements and the turbulent mixture
that result from the tidal forcing express interesting challenges for hydrodynamic
understanding. Knowledge of the tidal circulation pattern within bays, besides
the intrinsic interest in comprehending its origin, is fundamental towards the understanding of issues like larvae dispersion, microalgae transport, sedimentation
processes and water quality. Tidal currents also influence the erosion processes
and sediment grain size distribution. It is obvious that the study and characterization of the tidal dynamics are of fundamental importance to the understanding of
the multidisciplinary processes generally occurring in shallow bays like Chwaka.
The tidal circulation pattern of Chwaka Bay has been studied comparatively more
than other bays in the islands of Zanzibar. The study concerning the tidal dynamics
of Chwaka Bay was first undertaken by Wolanski (1989), who determined its bathymetry using a portable echo-sounder. The surveyed area included deeper water
on the eastern side of the Bay, and a limestone sill which inhibits water exchange
between the Bay and the Mapopwe mangrove creek, located on the southwestern
part. Using the bathymetry data, Wolanski (1989) then applied a two dimensional
model to study the dynamics of the Bay, the output of which included velocity and
sea levels, that were verified by current meter and tide-pole measurements (Fig.
1). The numerical modelling by Wolanski (1989) suggested the existence of an
asymmetry between flood and ebb water velocities that was attributed to friction
in the mangrove creek, which is in turn controlled by the density of the vegetation.
Tides in Chwaka Bay are predominantly semi-diurnal (two high waters and two
low waters each day), with a Form Factor F of about 0.16 and dominated by M2
tide component (Wolanski 1989). Current measurements, using a combination
of pressure gauges and self-recording current meters, indicate a tidal asymmetry
with stronger peak ebbs (Wolanski 1989; Cederlöf et al. 1995; Mwaipopo 1999;
Nyandwi and Mwaipopo 2000, 3-12). Although there is no obvious freshwater
input into the Bay, salinities have been observed to range from 26.3-28.1 on the
inner sides of the bay (Lugendo et al. 2005) to 29.5-35.0 towards the entrance to
the ocean (Wolanski 1989). This salinity gradient is probably due to groundwater
seepage on the inner mangrove sides of the Bay and the flow of minor seasonal
streams during rainy periods. These studies also indicate that tidal currents are
stronger on the eastern side of the Bay relative to the western side and the difference in energy regime between the eastern and western sides of the Bay seem to
control the sediment distribution pattern.
During lowest spring tide, a large part of the Bay (more than 60 per cent) is exposed
and most of the water is confined to the tidal channels. According to Cederlöf et
al. (1995), the mean spring and neap tidal ranges at Chwaka Bay are about 3.2 m
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Table 1. Amplitudes (m) of the dominating tidal components in Chwaka Bay and nearby stations. Sources: Cederlöf et al. (1995), Mahongo & Francis (2010).
Component

Period
(hrs)

Chwaka Bay
(Stn 2)

Zanzibar
Harbour

Kunduchi
Beach

Dar es Salaaam
Harbour

M2

12.42

1.03

1.2

0.99

1.07

S2

12.00

0.61

0.61

0.5

0.54

K1

23.93

0.17

0.18

0.15

0.17

O1

25.82

Form Factor, F

0.11

0.11

0.11

0.11

0.17

0.16

0.17

0.17

and 0.9 m, respectively. A comparison of the tidal harmonic analysis results for M2,
S2, K1 and O1 constituents with the nearby stations in Zanzibar and Dar es Salaam
Harbours show a high degree of similarity (Table 1), with a Form Factor of 0.17 at
the middle of the Bay (station 2 Fig. 1).
There is an apparent phase lag of the tidal cycle in the Mapopwe Creek in relation to the open waters (Cederlöf et al. 1995). Comparing the detailed sea-level
development between inshore and outer offshore areas, it was apparent that high
tide occurs simultaneously while low tide occurs at least an hour later inshore.
However, the difference is less pronounced during neap than during spring tides.
The duration of ebb period in the inshore waters averages 7.3 hrs while it averages
5 hrs during flood period indicating an ebb dominance. Generally, the differences
between flood and ebb periods decrease progressively towards the open ocean
(Cederlöf et al. 1995).
This phenomenon of tidal asymmetry at the mouth of Mapopwe Creek was also
demonstrated by Wolanski (1989), who observed maximum speeds during ebb
and flood of 0.5 and 0.3 m/s, respectively. The ebb dominance in Chwaka Bay has
partly been attributed to the presence of one or several sills along the creek which
restrict free flow during low water on the oceanic side (Wolanski 1989; Cederlöf et
al. 1995). Alternatively, this can be a result of trapping of the outflow from mangroves and mud flats (Aucan and Ridd 2000). Whereas the ebb water first finds
its way into the creek, resulting in a concentrated but delayed outflow, the flood
waters enters over a wider area and are less concentrated in the creek, and thus less
restricted by the topography.
The maximum speeds during ebb are about 25% higher than the corresponding
flood speeds (Cederlöf et al. 1995). During spring tides, the maximum ebb currents have speeds of about 0.3 m/s, while the flood speeds range from 0.2 to 0.25
m/s. During neap tides, the corresponding speeds are generally less than 0.1 cm/s
(Cederlöf et al. 1995). Closer to the mouth of the Mapopwe Creek, the currents
show strong tidal asymmetry, with extended ebb periods and faster ebb velocities.
However, due to the longer ebb period, the relative volume flowing within the
creek is even larger. The average residence time for the Bay water is less than a day.
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In the Mapopwe Creek, however, owing to the trapping effect, the residence time
is more than a day.
In the offshore waters, the dominant prevailing current is the East African Coastal
Current (EACC). It is the main surface layer of water bathing the continental shelf
of Tanzania with nutrient-poor mid-ocean water resulting in low biological productivity along the coast (El Sayed 1989). The EACC flows northwards throughout
the year, with a speed of only about 1.5 - 2 m/s during April to October when it is
accelerated by the southeast (SE) monsoon winds. During November to March,
the current is weaker (0.5 m/s) as it is impeded by the northeast (NE) monsoon
winds (Richmond 1997, 12-21). However, Chwaka Bay is sheltered from the fullscale effects of the Indian Ocean circulation during the SE monsoon because of
its north-south orientation, and the eastern arm that acts as a protection barrier
(Fig. 1). Protection from the open ocean waves is nonexistent during the NE monsoon and waves from the open ocean enter almost unrestricted into the Bay. The
presence of the offshore fringing reef offers minor interruption. Apart from the
orientation of Chwaka Bay, the current dynamics of the Bay are also controlled by
the fragmented coral reef at the entrance to the Bay. The reef is part of the extensive
coral reef that fringes the east of Unguja Island. Strong tidal mixing over shallow
water of the reef results in the formation of a front separating the Bay and the
open ocean. The reef thus inhibits mixing between Bay waters and oceanic waters
(Wolanski 1989).

HEAT AND VOLUME FLUXES
Knowledge of the heat fluxes of an ecosystem such as that of Chwaka Bay is relevant to the ecology of the area as it provides a vital input in linking physical and
biological processes. The relatively shallow waters of most coastal bays and lagoons
make them good natural laboratories for the investigation of air-water heat energy
exchange. An accurate estimation of surface heat flux for instance, is crucially
important for understanding and predicting seasonal sea surface temperature
fluctuations (Yu et al. 2006). In the case of the Chwaka Bay, the interaction between the diurnal heating of solar radiation and the tidal cycle is vital in balancing
the concentration levels of some dissolved nutrients (Mohammed and Johnstone
1995) (see chap. 9).
The heat budget of Chwaka Bay is a balance between net heat gain through absorbed shortwave solar radiation (275 W/m2), and net heat loss through evaporation (156 W/m2), net long wave radiation (38 W/m2), sensible heat flux (18 W/
m2) and bottom reflection (2 W/m2). The remaining flux in the form of net heat
loss (61 W/m2) was attributed to advection of heat from the Bay to the open ocean
(Mahongo 1998; 1999; 2000). In an earlier study, Cederlöf et al. (1995) had indicated a net heat gain to the Bay leading to advection of excess heat to the open
ocean. This heat flux was interpreted as a result of reflection of shortwave radiation
at the Bay bottom. Since a significant amount of the incoming shortwave radiation
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was reflected at the bottom, a negative heat balance of the surface fluxes would be
created. However, a later study conducted by Mahongo (1998) revealed that bottom reflection was very small (2 W/m2), consistent with the hypothesis that there
is a net advection of excess heat from the Bay to the open ocean. Constant transfer
coefficients of 1.3 x 10-3 and 1.1 x 10-3 were recommended for the turbulent fluxes
of evaporation and sensible heat, respectively (Mahongo 1999).
Cederlof et al. (1995) also gave an account of the volume fluxes of the bay, indicating that most of the bay volume is flushed out to the open ocean in each tidal cycle.
During spring tide, when the tidal range is about 3.2 m, about 90% of the water is
transported out of the Bay, but also during neap tides, with a tidal range of 1 m,
more than 40% is exchanged. The authors also estimated the residence time of the
Bay to lie between 1/2 and 1 day on assumption that the outflowing water is totally
mixed with the open ocean water and carried away by the coastal current. On the
other hand, mixing within the Bay is not complete and the residence time may be
substantially longer within sheltered areas like Mapopwe Creek.

BEACH RIDGES AND MARINE TERRACES
The beach ridges and marine terraces which are common geomorphological
features on the western side of the Bay are considered to be associated with
Holocene sea level fluctuations (Muzuka et al. 2004). On the Tanzania mainland
coast, marine terraces have been described by Alexander (1968) who defined three
marine terrace units, namely the Mtoni (lowest terrace), the Tanga and the Sakura
(the highest terrace). The work of Muzuka et al. (2004) described the marine
terraces on Unguja Island and noted two major similarities between the terraces on the Tanzania mainland shore with those found on Unguja Island: (i) sand
ridges were the common geomorphological features superimposed on the terrace
platforms, especially on the Mtoni terrace and, (ii) the terrace steps of both cases
consisted of reef limestones. Uplift is considered to be the dominant process that
led to the formation of the marine terraces on the mainland and on the Zanzibar
Archipelago (Alexander 1968; Muzuka et al. 2004).
Despite the above cited similarities, the terrace elevations on the Mainland are
higher (more than 40 m high above present sea level) than on Unguja Island where
the highest terrace elevations, including at Chwaka, are generally less than 10
m above present sea level. On the basis of the elevation correlation between the
terraces on the mainland with those on Unguja Island, Muzuka et al. (2004) noted
that the marine terrace units on Unguja reflect minor sea level fluctuations during
the Holocene.
The marine terraces in Chwaka Bay represent three phases of palaeoshorelines
(old shorelines), represented by a series of raised reef limestones, separated from
one another by vertical cliffs (Fig. 2-3). Each of the steps (the vertical cliff) represents an old shoreline position. According to Muzuka et al. (2004), the lowest
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Figure 2. A schematic representation of the marine terraces at Chwaka village. Modified after
Muzuka et al. (2001).

step (about 0.3 m high), which is represented by beach ridges, starts immediately
from the beach berm (the highest high water mark) and extends for about 50 m
landwards in some places, but in other areas it extends for over 300 m. The second
step, which is made up of a coralline cliff undercut, is 2 m high in some areas and
extends for about 50 m landwards at the Chwaka Hotel before encountering a third
step (Fig. 2). The third step is about 3 m high above the second step but generally
forms a continuous sloping structure of coral rag. The total height of the steps is 5.3
m, which is in agreement with the height of the last high sea level stand (Ramsay
and Cooper 2002).

SEDIMENT COMPOSITION AND DISTRIBUTION
Sediment composition and distribution in Chwaka Bay (Fig. 4-5) have been influenced by processes that have been taking place over geological time. Some stretches
of Chwaka Bay, particularly the western part, has an extensive low/gentle dipping
sandy beach which apparently is experiencing severe beach erosion as evidenced
by the presence of sea wall, fallen cliff materials and exposed tree roots (Fig. 6-7).
This is in agreement with global observed trend where low/gentle dipping beaches
normally impacted by erosion are characterized by fine grained sediments (e.g.
Bascom 1951; Anwar et al. 1979). Chwaka Bay beach sediments are macroscopically composed of biogenic materials and have mean grain size that range from
fine to medium grained sizes (Muzuka et al. 2005). The fine beach sediments are
mainly confined to the eastern side of the Bay while the medium sized sediments
are confined to the western part. Furthermore, the grain size distribution of the
Chwaka beach sediments show a northwards decreasing trend (Muzuka et al.
2005), suggestive of preferential net northward transport of the sediments.
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(a)

(b)

(c)
(d)
Figure 3. Photographs illustrating the three phases of the former shorelines at Chwaka Bay Hotel
(a) the lowest terrace unit (b) the vertical cliff of the lowest terrace (c) the sloping hills, and (d)
the highest terrace. Source: Shaghude et al. (2007).

As for sea bottom sediments, the study of Muzuka et al. (2005) indicated that the
sediments deposited in Chwaka Bay are generally of sand sized category, with mean
grain ranging from –3.0 to 3.7Φ and averaging 1.4 ± 1.1Φ (Fig. 4). The sediments
on the eastern parts of the Bay are characterised by medium to fine white sand, while
coarse sand rich in calcareous green alga Halimeda flakes are confined to the central,
western and north-western parts of the Bay (Fig. 4). Fine sediments are also common on the southern part of the Bay towards the mangrove forests. Areas that have
coarse sediments have the highest percentage cover of Halimeda, with the Halimeda
macroloba species being dominant in the north-western part (Muzuka et al. 2001, 5159; see also chap. 8). The western-central part of the Bay is characterized by coarser
sediments relative to the eastern central part (Fig. 3 and 4). Most of Chwaka Bay
sediments were classified as coarse to fine grained sediments (Muzuka et al. 2001,
51-59). The sorting of the sediments range from 0.38 to 3.89 phi and averages 1.34
± 0.49 phi, with much of the Bay sediments being moderately sorted (Muzuka et
al. 2001, 51-59).
The calcium carbonate (CaCO3) content in the sediments ranges from 73 to 100
percent and averages 98 percent, with low values being confined towards the mangrove forest (Muzuka et al. 2005). Similarly, the stable isotopes of organic carbon
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(OC) (mean value of -17.4 ‰) and nitrogen (mean value of 1.5 ‰), show a general
increase with increasing distance offshore. This shows a minimal offshore transport
of terrestrially derived organic material and dilution by silisiclastic (terrigeneous
non-carbonate) material. Lack of siliciclastic material can be attributed to nonexistence of source rocks in the catchment area. The authochthonous source in the
Bay is also reflected by the C/N ratios which averaged 7.9 (Muzuka et al. 2005).
Geochemically, the sediments have a low content of organic carbon and nitrogen
averaging 0.66 ± 0.36 and 0.10 ± 0.05 percent, respectively. Elevated values are
generally found close to the mangrove stands. The low values of organic carbon
and nitrogen are similar to those reported in other Tanzanian coastal marine sediments (Muzuka 1999), which suggest a high degree of degradation during early
diagenetic alteration of organic matter.
Sediment thickness is greatest towards the open ocean on the western part of the
Bay, with tidal channels having thinner sediment cover (Fig. 5). Most of the southern part of the Bay including the creeks is rocky substrate. The sediment thickness
distribution pattern probably results from preferential deposition of Halimeda
flakes owing to high primary productivity (Muzuka et al. 2001; see chap. 8). Other
possible factors include circulation pattern in the Bay and/or Holocene rise in sea
level, where both processes lead to erosion or deposition. As described above, the
eastern side has stronger tidal currents relative to the western part of the Bay. Thus,
the western part, with weaker currents may act as a deposition centre for sediments
eroded from other parts of the Bay, hence resulting in a thicker sediment layer.

SHORELINE CHANGES
Imprints of Holocene sea level changes, occurring in the form of marine terraces
and beach ridges which are widely found along the coast of Tanzania mainland
(Alexander 1968; 1969; 1985, 691-695) are also common in many parts of Zanzibar
(Muzuka et al. 2004). As discussed in the previous section, Chwaka Bay serves as
an example where imprints of Holocene sea level changes are observable (see Fig.
2 and 3).
Apart from the imprints of past shoreline changes, the Bay is also one of the sites
in Zanzibar which are currently threatened by coastal erosion (Shaghude et al.
2007). Signs of beach erosion, which include uprooted trees, presence of terrestrial
trees on the shoreline, wave-undercut cliffs and collapsed cliffs, are wide spread at
Chwaka village (Fig. 6). Erosion poses a threat to socio-economic infrastructures.
For example, the road to Chwaka Bay Hotel and the old Government Hotel building are on the verge of collapse (Shaghude et al. 2007). Shore erosion is severe in
areas studded by sandy ridges as compared to cliff-fringed coasts.
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Figure 4. Map of Chwaka Bay showing the mean grain size distribution (in phi) of the sediments. Source: Muzuka et al. (2005).

Figure 5. Map of Chwaka Bay showing the sediment thickness (in
metres) on the sea bottom. The contour interval = 0.4 m. Source:
Muzuka et al. (2005).
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Figure 6. An eroding sandy beach at Uroa exemplified by the presence of stranded coconut
stumps (a) and beach scarp/step (b).

IMPACT OF INTERACTION BETWEEN PHYSICAL PROCESSES
AND HUMAN ACTIVITIES
Physical processes which are considered to have profound impacts on human
activities in Chwaka Bay and its adjoining beaches include tidal and wave forces
and due to the climate change (Bindoff et al. 2007). As pointed out previously,
the Bay experiences a semi-diurnal tide, with mean spring tidal range of 3.2 m.
During spring ebb tides, a large part of the Bay (more than 60 per cent) is exposed.
In contrast, the entire Bay is almost covered with water during spring flood tides.
These tidal fluctuations regulate the socio-economic activities of the communities (e.g. fishing, seaweed farming, and boat transport between different villages)
around the Bay (Tobisson et al. 1998).
Commuting between Ukongoroni/Charawe and Chwaka is greatly regulated by
tidal fluctuations. During low tide conditions, commuting between Ukongoroni/
Charawe and Chwaka villages is difficult as one has to cross the Mapopwe creek
using a small dugout canoe. However, during high spring tide conditions all the
villages around the Bay are easily accessible through boat transport. The local
communities have therefore adapted themselves to these natural conditions so that
their socio-economic activities are in phase with the spring-neap and daily tidal
cycles.
Furthermore, in response to the increasing threat of coastal erosion, local communities have undertaken several mitigation measures such as the construction of
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seawalls (Fig. 6a). Although seawalls are widely used, they degrade the aesthetic
and recreational qualities of the shore. Also, they tend to reflect the impacting
waves giving rise to scouring or erosion of sand at the top of the structure, which
can give rise to progressive flattening of the adjoining beach and possible collapse
of the structure itself (Karsten 2004, 294).
Records of the majority (60 per cent) of tide gauge stations in the Western Indian
Ocean (WIO) region generally show a rising trend of mean sea levels, with the
remaining (including that of Zanzibar) indicating a falling trend (Ragoonaden
2006; Mahongo 2009). According to Mahongo & Francis (2010), the falling trend
at Zanzibar between 1984 and 2004 is attributed to strengthening of the NE trade
winds. However, model reconstructions of long-term sea level trends (1955-2003)
show a general rising trend (0.4 to 2.0 mm/yr) in Tanzania (Bindoff et al. 2007).
Thus, the anticipated global sea level rise due to the global climate change cannot
be underestimated for the case of Chwaka.
An attempt to assess the vulnerability of the Tanzanian coastline due to sea level
change has been made by Mwandosya et al. (1998). Results revealed that, with
a 1-m sea-level rise, about 2,090 and 2,117 km2 of land (including Chwaka Bay)
would be inundated, respectively. Under both scenarios, significant proportion of
the coastal areas of the Unguja Island, which lacks substantial high relief features
(Kent et al. 1971, 101), would be inundated. All the villages surrounding the
Chwaka Bay are therefore considered to be among the coastal erosion and/or sea
level rise inundation hot spots.

CONCLUSIONS
The present physical setting of Chwaka Bay is a result of the interaction of various
physical and geological processes that acted predominantly during the PleistoceneHolocene period. Apart from these natural processes, the anthropogenic influence
has over the last few decades interacted with these natural processes leading to
further changes to the coastal geomorphology and hydrodynamic setting. A
better understanding of these processes is very fundamental in understanding the
biological, physical-chemical and ecological processes within the Bay, which are
in turn important for the sustainable management of the use of coastal natural
resources around the Bay.
Although the studies that have been carried out in Chwaka Bay provide a
better understanding on the above key issues, the existing knowledge of offshore
processes and their effects in the Bay remains inadequate. Also, information on
heat flux through sediment conduction including the effect of climate on the
dynamics of the Bay is still scant and very few studies have been undertaken on
the geological evolution of the Bay and shoreline changes. Future studies of the
Bay should therefore address these aspects. In particular, as modeling is increasingly becoming an important tool for understanding the hydrodynamics of coastal
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areas, modeling studies leading to a better understanding of various hydrodynamic
processes (including coastal sediment transport) and studies on the vulnerability
of Chwaka Bay to sea level rise/climate change should be conducted. Furthermore,
future studies should be undertaken to investigate the magnitude and rate of
coastal erosion and recommend appropriate resilience and adaptation strategies
due to these future threats.
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– CHAPTER 3 –

The Coastal Vegetation of Chwaka Bay
I. Sware Semesi

INTRODUCTION
Coastal vegetation comprise of plants that are confined to the coastal zone, located
at the land-sea interface, whose types and structure are largely influenced by local
physical-chemical conditions; such as the type of underlying substrate and the
salt content. Also, the types and structure of coastal vegetation are shaped among
other variables by the climatic conditions (Burgess and Clarke 2000, 29-65).
In Tanzania, coastal forests fall under the Zanzibar-Inhambane regional mosaic
which is characterised by small and geographically isolated remnants of evergreen
to semi-evergreen forest vegetation found within 50 km of the coast, and at an
altitude of not more than 600 m. Some of the coastal plants are endemic with
significant, ecological and socio-economic importance (Burgess et al. 1992).
Located on the Island of Unguja, Chwaka Bay is characterized by sandy beaches,
rocky cliffs, and creeks that lie within 30 m above sea level. Each of these three
habitat types is represented by unique communities of coastal vegetation that form
characteristic features of these areas.
Chwaka area is characterized by presence of shallow calcareous soils lying within
a coral rag that supports bushy grassland, thickets, scrubs and forests (Mturi 1991
and references there in). The creeks, represented by Mapopwe and Kinani, are
located on the southern side of the Bay that link with the waters of a coastal forest (Jozani Forest). The creeks harbours mangroves that are considered to be the
largest stand of Unguja Island (Muzuka et al. 2005) (see chap. 4). Further inland
following the mangroves are more terrestrial coastal vegetations.

The Significance of Coastal Vegetation
Coastal vegetation has significant ecological, economic and environmental importance. Coastal communities rely on goods and services from this vegetation
for their livelihood. For example, the type, structure and the density of coastal
vegetation contributes to wave energy dissipation that reaches the shoreline and
coastal areas as a whole, as such, protecting the beaches and coastal fronts from
ISS: Department of Aquatic Sciences and Fisheries, University of Dar es Salaam, P.O. Box 35064, Dar es Salaam,
Tanzania, e-mail: sware@udsm.ac.tz
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being eroded. Moreover, the presence of coastal vegetation within shorelines
and in estuaries allows trapping and accumulation of both organic and sediment
material, playing a role in sediment binding and again containing erosion (Araujo
and Pereira 2009). The reduced speed of water as it enters the vegetation causes
sedimentation and the increased residence time facilitates intake by the plants of
nutrients and even pollutants thereby acting as a biofilters. Tanaka et al. (2006)
also indicated that coastal vegetations have a key function in reducing tsunami
wave’s impacts.
Provision of food, shelter, nursery ground, hiding place and habitat are some of
the ecological roles that mangroves have within their ecological settings. Biota association is one of the components found within ecosystems. At Jozani Forest for
example, representative groups of mammals can be found almost throughout the
forest, including the famous primates - Zanzibar Red Colobus (Colobus badius), a
near endemic Ader’s duiker Cephalophus adersi and Sykes monkeys. Other mammals include the Panthera pardus (Zanzibar leopard), prosimians (nuch babies or
galagos), bush pigs, elephant shrews, shrews and squirrels. Jozani Forest is also a
home to reptiles and amphibians, including the tropical girdled lizard (Cordylus
tropidosternum), the short-tailed pigmy chameleon Rhampholeon brevicaudatus, a
snake Rhamphotyphlops braminus and frogs Stephopaedes howelli and Ptychadena
mossambica (Nahonyo et al. 2002; Finnie 2002).

Figure 1. A conceptual landscape showing distribution pattern of coastal vegetation of Chwaka
Bay.

DISTRIBUTION AND DIVERSITY OF CHWAKA BAY COASTAL
VEGETATION
The vegetation of Chwaka Bay can be categorized into three distinctive types
based on their location, namely terrestrial coastal zone, mangroves zone and the
sandy/rocky beach front zone (Fig. 1). Each of these categories is characterized by
a unique set of vegetation shaped by the physico-chemical characteristics of their
respective habitats. For example, further inland from the shoreline, bigger terrestrial trees create more microhabitats compared to near shore areas which are more
exposed, and mostly dominated by creepers (Araujo and Pereira 2009). However,
this is not usually the case, for example, in Jozani Forest where there is generally
poor structural diversity made up of mainly young trees with a small number of
tall and large trees (Streusand 2007). Normally the complexity of coastal plant
communities, in terms of structure, cover, richness and diversity increases as one
moves inland from the seashore, is shaped most probably by the lowered salinity
content, soil type, precipitation, and climatic conditions (Lugendo et al. 2005 and
references there in; Acosta et al. 2007 and references there in).
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Terrestrial Coastal Zone
The terrestrial zone borders the mangroves or sandy rocky beach, where mainly
salt marshes give way to ground water forest and a Diospyros forest further inland.
Away from the mangroves, the coastal vegetation is largely represented by the
Jozani Forest which is within the Jozani-Chwaka Bay Conservation Area. Covering
an area of 2,512 ha, mostly based on a coralline substrate, this coastal forest is
among the region’s biodiversity hotspots and is the largest natural coastal forest on
Unguja Island (Nahonyo et al. 2002).
Further inland of the Jozani Forest, a bush land dominates, followed by an Albizia
dominated forest, emergent trees, wooded grassland, bracken bush, groundwater
forest and plantations (Nahonyo et al. 2002). According to these authors Jozani
Forest can be classified into ten vegetation types, each with a representative soil
type. These categories includes a Albizia dominated forest; evergreen mixed
dry forest derived vegetation; dry bush land thicket; cotton soil grassland; salt
marsh; shrub land; swamp forest; swamp grassland; forest plantations and marine
ecosystems.
The coastal vegetation in Chwaka Bay is represented by a small number of plant
species. According to Mturi (1991), the low number of plant species in Jozani
Forest, could have resulted from the influence of four basic factors, edaphic (soil)
conditions, the young age of the forest, island biogeography theory and human
influence. Many plants are restricted by the characteristics of ground water conditions and the presence of coral rag, such that deep rooted plants are restricted
to deep soil pockets within the coral rag areas. Jozani Forest is estimated to be
not more than 1.8 million years old, seemingly not allowing the evolution of new
species over such a short time span. Based on island biogeography theory, it is
unlikely for Unguja as an Island in general to achieve a high number of species due
to the island’s small area and low habitat diversity. In addition, environmental and
time factors, as well as the human component also have a role. Overharvesting
and habitat alterations, such as clearing plots for farmlands, may have caused a reduction in species abundance and diversity. For example, the numbers of Eugenia
capensis (‘Mkaaga’), Phoenix reclinata, Rapanea melanophloeus trees have been
reduced substantially (Mturi 1991).
The forest, classified into 6 distinct habitats has about 83 floral families represented
by 291 species (Nahonyo et al. 2002). Of these, 28 species are endemic, to near
endemic to Jozani Forest and 21 species are known to be threatened or endangered. Palmae areca is one of the introduced plant species within Jozani Forest,
now more widespread than many indigenous species. A list of coastal vegetation
on the terrestrial fringe of the Bay is presented in Table 1.
Jozani Forest comprises a variety of plants, including tall indigenous trees, plantations of exotic species, shrub layers, climbers and a number of epiphytic plants.
There are also uniform plantations of exotic species such as Acacia mangium,
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Table 1. List of terrestrial coastal vegetation of Chwaka Bay. Source: Mturi (1991), Nahonyo et al.
(2002).
Creepers and
Climbers
Herbs
Shrubs
Trees
Ipomoea pescaprae
Achyranthes aspera
Acrostichum aureum
Acacia mangium
Aframomum angusti- Monanthotaxis
Aframomum angusAlbizia adianthifolia
faulknerae
folium
tifolia
Albizia glaberrima
Polypodium scolopenAgathisanthemum
Agelaea sp.
Albizia gummifera
dria
bojeri
Albizia adianthifolia
Albizia zygia
Scaevola plumieri
Asparagus africanus
Allophylus africanus
Annona senegalensis
Stenochlaena tennfolia
Bolbilis sp.
Allophylus pervillei
Anthocleista grandiCassia mimosoides
Anthocleista grandiflora
Cissus producta
flora
Apodytes dimidiata
Cissus quadrangularis
Antidesma venosum
Areca catechu
Cissus rotundifolia
Asystasia gangetica
Bambusa vulgaris
Commelina erecta
Blighia unijugata
Bersama abyssinica
Crotalaria goodiBridelia micrantha
Bourreria petiolaris
Carpodiptera africana iformis
Bridelia micrantha
Culcasia orientalis
Chassalia discolor
Burttdavya nyasica
Cyperus distans
Callophyllum inophyl- Chassalia parvifolia
Cyphostema adenoClerodendron myrilum
caule
oides
Canthium bibracteaDalbergia melanoxyClerodendron rotuntum
lon
difolium
Casuarina equisetiDeinbollia borbonica
Coffea sp.
folia
Dalbergia vacciniifolia Desmodium gangeCocos nucifera
ticum
Coffea pseudozangue- Elaeodendron schDesmodium obovata
weinfurthianum
barie
Desmodium salicifoEncephalartos hildeCussonia zimmerlium
brandtii
manii
Dichrostachys cinerea
Eugenia spinostachDiospyros consolatae
Diospyros mafiensis
yum
Elaeis guineensis
Emilia javanica
Flagellaria indica
Elaeis sp.
Fimbristylis hispidula
Flueggea virosa
Encephalartos hildeFlagellaria indica
Gmelina arborea
brandtii
Flueggea virosa
Hoslundia opposita
Eucalyptus sp.
Jasminum flumenense Gmelina arborea
Euclea natalensis
Gonatopus boivinii
Leucaena glauco
Euclea racemosa
Majidea zanguebarica Heteropogon contortus
Euclea schimperii
Hyparrhenia rufa
Mildbraedia carpiniEugenia capensis
Impatiens walleriana
folia
Ficus cycomorus
Kohautia lasiocarpa
Mimusops fruticosa
Ficus exasperata
Kyllinga erecta
Monothotaxis sp.
Ficus lutea
Launaea cornuta
Nephrolepis biserrata
Ficus mucuso
Leucaena glauco
Olea woodiana
Ficus natalensis
Phymatodes scolopen- Mariscus dubius
Ficus sucuso
Memecylon deminudria
Ficus sur
tum
Pittosporum viridiFicus sycomorus
Monodora grandidieri
florum
Grewia conocarpa
Ochna holtzii
Psidium guajava
Macaranga capensis
Macphersonia gracilis Pyrostria bribracteata Ochna thomsiana
Panicum repentellum
Mallotus oppositifolius Pyrostria pallida
Panicum repentellum
Rauvolfia kirkii
Mangifera indica
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Trees
Markhamia acuminata
Maytenus mossambicensis
Maytenus mossambicensis
Mimusops fruticosa
Mkilua fragrans
Mystroxylon aethiopicum
Olea europaea
Olea woodiana
Oncoba spinosa
Ozoroa obovata
Pandanus kirkii
Pandanus rabaiensis
Phoenix reclinata
Pittosporum viridiflorum
Pittosporum viridiflorum
Polysphaeria multiflora
Polysphaeria parvifolia
Pouteria alnifolia
Pouteria sacleuxii
Psychotria goetzei
Psychotria riparia
Pyrostria bibracteata
Rapanea melanophloeos
Raphia farinifera
Senna petersiana
Sideroxylon inerme
Sorindeia madagascariensis
Suregada zanzibariensis
Syzigium cumini
Syzygium cordatum
Tabernamontana
ventricosa
Tamarindus indica
Terminalia boivinii
Vernonia zanzibariensis
Vitex doniana
Xylotheca tettensis

Shrubs
Rauvolfia mombasiana
Rhoicissus tridentata
Rhus natalensis
Rhus vulgaris
Rinorea ilicifolia
Sida acuminata
Stenochlaena tenuifolia
Strophanthus zimmermmianus
Synaptolepis kirkii
Trema orientalis
Triainolepis africana
Turraea floribunda
Uvaria acuminata
Uvaria tanzaniae
Vernonia glabra

Herbs
Panicum trichocladum
Paspalum vaginatum
Pennisetum polystachyon
Phymatodes scolopendria
Pluchia sordida
Polygala sp.
Psiadia punctulata
Pteridium aquilinum
Rourea sp.
Sansevieria kirkii
Sida alba
Staphenophyta sp.
Stenotaphrum dimidiatum
Tacca leontopetaloides
Tephrosia pilosa
Tephrosia pumila
Thelypteris madagascariensis
Trenochlaena tenuifolia
Vernonia cinerea
Waltheria indica
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Table 2. List of typical shoreline coastal vegetation species of the Western Indian Ocean. Source:
Mwasumbi (1997).
Trees
Acacia zanzibarica
Casuarina equisetifolia
Cocos nucifera
Pandanus irkii
Terminalia bionvinii
Terminalia catappa

Shrubs
Diospyrus consolatae
Euclea racemosa
Euphorbia tirucalli
Guettarda speciosa
Melanthera biflora
Plumbago aphyla
Salicornia pachystachya
Scaevola plumier
Scaevola sericea
Sesuvium portulacastrum
Sideroxylon inerme
Sophora tomentosa
Suaeda monoica

Creepers, Climbers, Grasses and Herbs
Arthrocnemon indicum
Cyperus crassipes
Dactyloctenium pilosum
Derris trifoliata
Fimbristylis polytricoides
Halopyrum mucronatum
Ipomoea pescaprae
Launaea sarmentosa
Panicum pinifolium

Calophyllum inophyllum, Casuarina sp. and Eucalyptus sp. that were established in
the 1950s. The shrub layer includes indigenous species of Apodytes dimidiata and
Psychotria goetzei, a climber Monanthotaxis faulknerae, and epiphytes found within
the ground layer composed mostly of Polypodium scolopendria and Stenochlaena
tennfolia (Nahonyo et al. 2002; Streusand 2007 and references there in).

Mangroves Zone
Chwaka Bay is fringed by a thick mangrove forest that covers an area of more than
3000 ha (Mohammed et al. 1995; also see chap. 4) along Mapopwe and Kinani
creeks. These two creeks are intertidal with underground fresh water seepage
(Lugendo et al. 2005; also see chap. 2). The mangroves of Chwaka Bay are found
both in sandy-muddy and rocky dominated areas, and are represented by ten species, namely Rhizophora mucronata, Avicennia marina, Ceriops tagal, Sonneratia
alba, Bruguiera gymnorrhiza, Xylocarpus granatum, X. moluccensis, Heritiera littoralis, Pemphis acidula and Lumnitzera racemosa (Shunula and Semesi 2002). In
some locations, a clear zone of monospecific genera of mangroves can be found.
Mangrove species found in the seaward fringe include Rhizophora mucronata,
Bruguiera gymnorrhiza, Ceriops tagal, Sonneratia alba and Heritiera littoralis. The
remaining species are normally found inhabiting the landward edges of the forests, while Avicennia marina is a pioneer species and can exhibit double zonation
(Shunula and Semesi 2002). Further details on the mangroves of Chwaka Bay;
their distribution, importance and state are discussed in a separate chapter in this
book (see chap. 4).
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Sandy/Rocky Beach Front Zone
Characteristically the shore environment is poor in essential nutrients for plant
growth and the shore plant community is defined as being tolerant of spring tide
immersion, being usually present at and above the supralittoral fringe on sandy
beaches. Other environmental stresses within these areas include variations in salinity levels, for which the plants found within these localities have special adaptive
features that enables them to sustain such harsh conditions. The shore environment is collectively composed of a variety of vegetation ranging from creeping
herbaceous to forest communities. Likewise, the shore plants are not made up of a
single taxonomic group but of species from different families and of various forms,
such as trees, saltworts, climbers, shrubs and grasses (Mwasumbi 1997, 62-69).
Ipomoea pescaprae and/or Scaevola plumier are members of the plant community
that dominate tropical coastal vegetation on sandy beach fronts, followed inland
by coastal thickets and larger trees. Part of the Chwaka Bay coastal area is made up
of coral rag and sandy substrates that is covered by semi-deciduous to evergreen
bushes. Vegetation found on coral rag substrate is made up mainly of members
in the families Annonaceae, Apocynaceae, Burseraceae, Caesalpiniaceae and
Capparidaceae. Other plant representative families of shore plants include Palmae,
Casuarinaceae, Combretaceae, Pandanaceae, Rubiaceae, Fabaceae, Sapotaceae,
Asteraceae, Euphorbiaceae, Goodeniaceae, Plumbaginaceae, Chenopodiaceae,
Aïzoaceae, Cyperaceae and Graminaceae (Mwasumbi 1997, 62-69; Department
of Environment 2009). A typical list of western Indian Ocean shoreline species,
mostly likely including species found in Chwaka Bay, is listed in Table 2.

ECOLOGICAL FEATURES OF CHWAKA BAY COASTAL
VEGETATION
Like other East African coastal areas, the climate of Chwaka Bay is determined
by the monsoon periods with their consequent influence on temperature and
rainfall pattern (see chap. 1). These weather patterns and other environmental
variables play roles in shaping the coastal and marine plant communities. Coastal
areas, especially those closest to the shore and sea usually have plants that are
adapted to the harsh environmental conditions such as high salinity, insufficient
freshwater availability, high light intensity, shifting sands and deficiency of minerals and nutrients in soils. The herbaceous coastal plant communities are usually
represented by low species diversity (Parks and Wildlife Service Tasmania 2003).
Special adaptation features to these environmental stresses are evident. For example, most plants are capable of germination even in the presence of high salt
content and drought condition, whereas, some produce large sized seeds with high
vigour, which increases the viability and vigour of the seedlings. Some of these
plants have symbiotic associations with fungi, Abuscular mycorrhizal that allows
soil nutrient uptake and facilitate drought tolerance. Other adaptations include
structural modifications for water conservation, such as modified leaves, either
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through being thick or having hairs for water storage (Yamato et al. 2008) and
protection against excessive sun light, heat stress and salt spray. Seemingly, coastal
plants found furthest from the shore and the sea, do not exhibit distinctive features
for adaptations of such condition.
Mangrove plants on the other hand, since they are located between mean sea level
and the level of high spring tide, are tolerant of seawater immersion; however
excessive salt can be toxic to many species. Of the mangroves, Avicennia marina
is the most salt-tolerant mangrove species with the capacity of surviving as high
as three times the salty content of normal seawater. The varying tolerance and
requirements of different mangroves are related to the duration of salt exposure
through tidal flooding (Shunula and Semesi 2002).

THE SIGNIFICANCE OF CHWAKA BAY COASTAL VEGETATION
The main livelihood activities of Chwaka Bay local community depends on the
Bay’s resources. Fishing and mangrove cutting are two of the activities carried out
by most of Bay inhabitants. Mangrove provides building material, while timber
harvesting is the second main income generating activity after fisheries. Some of
the coastal vegetation can be used as sources of firewood and for charcoal making, supporting in this manner the local coastal communities as sources of fuel
(Mohammed 2004).
Each of the vegetation types found either within the seafront or further inland
within the terrestrial side of the Bay, provide distinctive ecological, social and
economic services. Coastal vegetation also provides opportunities for recreational
activities and tourism, as seen in the mangrove boardwalks of Jozani Forest, where
the Colobus monkeys add an additional attraction for visitors. Makame and
Masoud (1997) reported by then that about 20,000 visitors had visited JozaniChwaka Bay national park and the park had gained around 26,000 USD during
that same year. Local communities around this park benefits from such revenues
(cf. Saunders 2011), through sharing of such incomes as for each entry fee that the
park gains, 50 percent goes to local communities’ associations and development
programs (Streusand 2007 and references there in).
Other uses of coastal plants include traditional medicine, with some species
used to tackle a variety of ailments. For example, mangroves species Xylocarpus
granatum and Lumnitzera racemosa are popular for use to treat stomach pains and
other ailments (Mohammed 2004).
Coastal vegetation has been identified as acting as a buffer against coastal erosion,
and hence, could be an important entity in mitigating climatic change effects such
as rising of sea level, severe wave action and tsunamis (Mustelin et al. 2009).
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STATUS AND THREATS TO CHWAKA BAY COASTAL VEGETATION
Coastal vegetation faces threats of over-exploitation and transformation of habitat.
Alterations and/or losses of coastal ecosystems could result in a multitude of other
feedbacks that affect ecosystem balance and functionality. With the rates of deforestation and destruction of coastal forests presently observed in Tanzanian, one of
the outcomes facing certain vulnerable flora and fauna species is the possibility of
extinction (Burgess et al. 1992).
Overviews of major drivers of habitat loss and transformation in Chwaka Bay
are outlined below; however, most of those listed cover not only the Jozani Forest
Reserve, but other coastal vegetation communities in Chwaka Bay and on other
parts of the Island.

Socio-economic Drivers
Clearing of vegetation cover, as well as the overharvesting of the plants are listed in
Nahonyo et al. (2002) as major threats to plant biodiversity in the Jozani area. This
situation is also reported by the Department of Environment (2009) with respect
to overexploitation of trees within the coral rag forest and of mangroves trees, for
example from Tree cutting for fuel wood, charcoal and building material; clearing
of forested sites either for agricultural activities or for settlement purposes and
other wood-based products, by the surrounding local communities (see chap. 4
and 15).
Overexploitation of wildlife and encroachment within Jozani Forest pose a
threat to the communities of wild animals and some of the vegetation within this
unique coastal forest. For example, bush meat hunting has changed the ecosystem
structure and diversity, including wildlife distribution and species abundance
(Department of Environment 2009), especially so within the eastern ecological
region of the forest that forms part of Chwaka Bay. This region is characterized
by infertile soils and a rather small human population. The landscape is also
dominated by thickets and bushes, in which, most of the remaining wild animals
of Unguja Island are found and are hence prone to hunting and encroachment.
Aders’s duiker Cephalophus adersi is among the threatened animals, while others
include Endrohyrax validus, Paraxerus palliatus, Procolobus kirkii, Rhynchocyon
petersi, Sheppardia gunningi, Stephopaedes howelli and Taphozous hildegardeae and
the plant Dalbergia vacciniifolia (Mturi 1991).

Introduction of Exotic Species
Invasion of new species of plants is one of the key threats to native biological diversity, impact of which can be detrimental, irreversible and can cause extinction,
especially so on islands. Invasive species, however, can be found in all taxonomic
groups, from viruses, fungi, invertebrates, amphibians, reptiles, mammals, algae,
mosses, ferns to higher plants and birds (IUCN 1990 in Nahonyo et al. 2002).
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Limited Priority for Conservation
Limited financial resources, the lack of suitable technologies and practices to
manage environmental impacts restrict effective management of these coastal
resources. Management for example, of access to grazing land, development of
settlements, recreational sites and tourist facilities in these areas are all important
to reduce potential threats to the indigenous flora.

Other Drivers
Other factors are probably driven by biophysical changes that directly or indirectly
affect the social and economic well-being of the population, consequently impacting on natural ecosystems. In addition, the lack of appropriate knowledge on facts
related to sustainable utilization and management of plant resources and their
associated biota that may lead to degradation of such resources.
Climate change impacts and resulting consequences to natural ecosystems such as
coastal forests have yet to be studied systematically and/or monitored in Zanzibar.
Recognizing that such ecosystems are vulnerable, future scenarios are uncertain.
Extreme weather conditions have been experienced and recorded recently (see
Mustelin et al. 2009) with potential negative impacts on coastal vegetation ecosystem’s structure and functioning.

MANAGEMENT INITIATIVES OF CHWAKA BAY COASTAL
VEGETATION
There are management initiatives in place for conservation of the coastal resources
within Chwaka Bay coastal forests. The Jozani-Chwaka Bay Conservation Project
is one such initiative, effective since 1995. Initially, this area was designated as
a “community supportive protected area” with the support from the Austria
government under the Zanzibar Commission for Natural Resources with CARE
International. The aim of this project was to implement community-based natural
resource management and present alternative income generation projects to the
villagers around Jozani-Chwaka Bay area (Finnie 2002).
Jozani Environmental Conservation Association (JECA) is another communitybased conservation initiative aimed at managing the coastal resources. This
organization for example manages the mangrove forest of Chwaka Bay through
the eight villages around the forest. With such an approach, it is anticipated that
habitat destruction will be contained and sustainable utilization of the resources
found within the forest will persist, maintaining ecosystem balance, and ensuring
that habitats of species that are threatened and or endemic or near endemic will
be maintained (Finnie 2002). However, the low budgets allocated for conservation purposes and design of national development plans is a setback that hinders
conservation initiatives and follow-ups (Department of Environment 2009; see
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chap. 15). Further details on management initiatives are thoroughly discussed in
the mangrove chapter (chap. 4) and in the management of Chwaka Bay marine
resources (chap. 15).

FUTURE RESEARCH
The mapping and characterization of coastal vegetation cover of Zanzibar is necessary because this habitat provides an important resource of both socio-economic
and ecological significance. Documenting the diversity, habitat and distribution of
this resource will assist management and the decision-making processes. Similarly,
knowing what types and the roles of different coastal plants found within Chwaka
Bay, by estimating their abundance, species identity and distribution, is essential
in considering potential uses of such resources and possible ways of managing
them. Also, since the local communities within Chwaka Bay are closely linked and
influenced by the Bay, studies on determining sustainable management schemes
and programmes, that involve community participation in awareness programmes
and education, should be emphasised in future research programmes.
Climate change focused research activities and projects, concentrated on the consequences and roles of coastal vegetation as means for mitigation/or adaptation to
climate change impacts, are especially crucial for Zanzibar where infrastructure
and villages are located close to beach fronts.
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– CHAPTER 4 –

The Mangrove Ecosystem of Chwaka Bay
Charles Lugomela

INTRODUCTION
Mangroves are woody plants, which grow with their roots in salt and/or brackish
water. The term mangrove may, however, refer to the plants or to the ecosystem
in which they are found. The latter is synonymous to tidal forests, mangrove communities, mangrove ecosystems and mangrove swamps (Shunula and Whittick
1996, 1). In this chapter, the focus will be both on mangroves as trees and the
larger ecosystem.
Mangroves forests are widely distributed in the inter-tidal areas in the tropical and
subtropical regions of the world between approximately 30° N and 30° S latitude
(Giri et al. 2011). Mangrove trees grow best in hot, humid climate where temperature fluctuations do not exceed 10°C and where the annual rainfall exceeds 1,000
mm (Shunula and Whittick 1996, 2). Mangroves may also occur as sparse shrubs
in arid and semi-arid climates, such as the Red Sea and the east coast of southern
Africa (Shunula and Whittick 1996, 2).
In general, mangrove forests are highly productive ecosystems, enriching coastal
waters with nutrients and at the same time filtering contaminants, yielding important forest products, protecting coast lines and supporting productive coastal
fisheries (Boto and Bunt 1981; Alongi 1996; Kathiresan and Bingham 2001). They
contribute significantly to the global carbon cycle with forest biomass values
reaching as high as 700 tonnes per hectare (Clough 1992). They are vital as breeding, nursery, growing, refuge and feeding zones for marine organisms, especially
fish (Rönnbäck 1999; Lugendo et al. 2005; Walters et al. 2008; see also chap. 10).
Mangrove wood is harvested by mankind for an array of uses such as firewood,
poles for construction and fishing, doug-out canoes and furniture (e.g., Rönnbäck
1999; Walters et al. 2008). The forests are also important as shoreline stabilization
areas and act as filters, preventing sediment from reaching seagrass beds and corals
(Semesi 1998; Rönnbäck 1999; Walters et al. 2008). A recent report on the estimate
of the global total area covered by mangrove forests show that in the year 2000
there was 137,760 km2 of mangroves distributed in 118 countries and territories
in the tropical and subtropical regions (Giri et al. 2011). Tanzania has a total of
CL: Department of Aquatic Sciences and Fisheries, University of Dar es Salaam, P.O. Box 35064,
Dar es Salaam, Tanzania, e-mail: lugomela@uccmail.co.tz
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133,500 ha (115,500 ha on the mainland, and 18,000 ha in Zanzibar) of mangrove
forests with ten species (Semesi 1998). Chwaka Bay (Fig. 1) contains the largest
mangrove stand in Unguja Island, Zanzibar, comprising about 3,240 ha (Ngoile
and Shunula 1992).
Globally, mangroves are however severely threatened with loss rates exceeding
those of rainforests and coral reefs (Duke et al. 2007). The main threats to mangroves worldwide are their conversion to large-scale development activities such
as agriculture, aquaculture, salt extraction (Alongi 2002; Giri et al. 2008) and overharvesting for fuel and other mangrove timber uses (Mohammed 2004; Rönnbäck
et al. 2007). Thus, globally mangrove ecosystems need large-scale rehabilitation
(Rönnbäck et al. 2007) and management programmes in order to sustain their
many goods and services.
The focus of this chapter is to describe the mangrove ecosystem of Chwaka Bay.
A general introduction about mangroves is followed by a description of their
diversity and distribution. Other macrophytes associated with mangroves forest
in the Bay are also presented. In addition, the ecological importance of the Bay
mangroves and their direct livelihood values are presented followed by a discussion on management and sustainable uses. Finally, the gaps in knowledge and less
studied areas of Chwaka Bay mangrove system are highlighted.

Figure 1. Map of Chwaka Bay highlighting the area covered by mangrove forest and
the villages surrounding the Bay.
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MANGROVE DISTRIBUTION AND DIVERSITY IN CHWAKA BAY
The Chwaka Bay mangrove forest grows in variable soils, ranging from coral rock
through coarse sand to fine mud (Shunula 1996). All the ten mangroves species
known to occur in Zanzibar are also found in Chwaka Bay. These are Rhizophora
mucronata, Bruguiera gymnorrhiza, Ceriops tagal, Sonneratia alba, Avicennia
marina, Xylocarpus granatum, X. moluccensis, Heritiera littoralis, Lumnitzera racemosa and Pemphis acidula, (Shunula et al. 2001; Shunula 2002). However, other
authors do not consider P. acidula as a mangrove tree but regard it as mangrove
associate (e.g. Banyikwa and Semesi 1986).
One feature of mangrove trees is their tendency to form pure stands of a single
species. While some mangrove stands may be monospecific, most contain few species. According to Shunula and Whittick (2001, 50) the distribution of mangrove
species in Chwaka Bay is not obvious; for example one small island may support
all species while on another only one or few species occur.
Worldwide there have been many attempts to explain the distribution of mangrove
in relation to non-biological factors such as soil types (grain size), soils drainTable 1. List of macrophytes species associated with the mangrove habitat in Chwaka Bay. Source:
Shunula (1996).
SN
1
2
1
2
3
4
5
6
7
8
9
1
2
3
4
5
6
7
8
9
10
11
12
1
2
3
4
1
2
3
4
5
6

Green algae

Red algae

Brown algae

Lichens

Species Name
Habitat
Non-Woody Angiosperms
Loranthas quinquinervis
Parasite on C. tagal
Sesuvium portulacastrum
Mudflats
Macroalgae
Boodlea composita
Caulerpa lentilifera
Caulerpa taxifolia
Chaetomorpha crassa
Cladophora mauritiana
Enteromorpha intestinalis
Enteromorpha kylinii
Ulva fasciata
Ulva reticulata

Mudflats, creeks
Mudflats, creeks
Mudflats, creeks
Mudflats, creeks
Mudflats, creeks
Mudflats, creeks, roots
Mudflats, creeks, roots
Mudflats, creeks
Mudflats, creeks

Acanthophora spicifera
Bostrychia radicans
Bostrichia tenella
Caloglossa leprieurii
Ceramium mazatlinense
Gracilaria edulis
Gracilaria corticata
Gracilaria crassa
Gracilaria salicornia
Laurencia papillosa
Murayella periclados
Sarconema filiformis

Creeks
Roots, trunk
Roots, trunk
Mudflats, roots, trunk
Creek,
Mudflats, creek
Creek
Mudflats, creek
Mudflats, creeks
Creeks
Roots, trunks
Creeks

Erythrotrichia parietalis
Cystoseira myrica
Hormophysa triquetra
Padina gymnospora

Roots, trunks
Creeks
Creeks
Creeks

Dirinaria picta
Lecanora cf. strobilina
Parmotrema aldabrense
Pyxine cocoes
Ramalina fecunda
Roccella montagnei

Branches, twigs, backs
Branches, twigs, backs
Branches, twigs, backs
Branches, twigs, backs
Branches, twigs, backs
Branches, twigs, backs
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age, organic matter content, frequency and duration of tidal inundation, slope of
the land, the distance from the sea at low water, and the height of a given stand
above low tide level. Other factors include salinity levels and amount of water in
the mud, the amount of shade, evaporation rates, nutrient concentrations, sulfide
concentrations, pH, water temperature, waves, rainfall, and soil redox potential as
well as competition between species and predation by grazing animals (Macnae
1968; Boto and Wellington 1984; Nickerson and Thibodeau 1985; Semesi 1998;
Shunula and Whittick 1996, 39; Lyimo and Mushi 2005). According to the report
by Shunula and Whittick (1996, 40), there is no apparent single explanation for the
distribution of mangroves in Zanzibar. Clear zonation patterns may exist at some
sites, but the situation may be reversed at an adjacent location where environmental conditions appear to be similar.
Shunula (1996) reported that A. marina is the most widespread species in the
Bay found throughout the mangrove forest including hypersaline sandy soils. Its
wide salinity tolerance is assumed to be due to possession of salt excretory glands
(Shunula 1996). The species also possesses pneumatophores, which allows it to occupy anaerobic mud in the lower parts of the mangrove swamps. Other common
species in Chwaka Bay are R. mucronata, B. gymnorrhiza and C. tagal. R. mucronata
is found on the seaward side of the mangrove swamps and is commonly found on
the banks of creeks where its stilt roots help it to anchor in the unstable soils. C.
tagal and B. gymnorhiza occur both in the intermediate zones of the swamps and
in more well-drained soils. S. alba which also has pneumatophores may also be
found on similar soils as A. marina. X. granatum, H. littoralis, L. racemosa and
P. acidula occur even higher on the shore in still better-drained soils, which may
only be inundated with salt waters at high tides (Shunula 1996). However, the
total percentage composition of each of the mangrove trees in Chwaka Bay is not
known. There is also lack of information about zonation and distribution at the
specific creeks or micro level.
The Chwaka mangrove trees are found to co-exist with other macrophytes. Shunula
(1996) identified several species of non-woody angiosperms, macroalgae and
lichens (Table 1) as mangrove associates in Chwaka Bay. The woody angiosperm
consisted of two species, i.e., Loranthas quinquinervis that occur as parasite exclusively on C. tagal and Sesuvium portulacastrum, which is found in open spaces
among the mangrove trees. Macroalgae often found associated with the mangrove
habitat of Chwaka Bay includes 25 species, the most dominant group being the
red algae (Rhodophyta), with 12 species. Some of the latter are frequently found
on mangrove roots (pneumatophores) and trunks. The green algae (Chlorophyta)
is the second dominant macroalgae group comprising nine species that are commonly found on mudflats and in creeks close to or among mangrove forests. The
brown algae (Phaeophyta) comprise four species, of which one occurs mostly on
roots and stems. Six species of lichens are known to occur in association with mangrove tree of Chwaka Bay. The lichens are predominantly attached to dry branches,
twigs and trunks of all mangrove trees species except on A. marina.
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ECOLOGICAL IMPORTANCE OF CHWAKA BAY MANGROVES
There are countless ecological services provided by mangroves throughout the
world. These include, among other things, protection of coastal areas against
floods and hurricanes, sediment retention and reduction of shoreline erosion,
maintenance of biodiversity, biophysical support to other coastal ecosystems, storage and recycling of organic matter, nutrients and pollutants, and influence on local and global climate. For a comprehensive list of goods and services provided by
mangrove ecosystems the reader is referred to e.g. Rönnbäck (1999) and Walters
et al. (2008). The sections below highlight only a few studies of ecological services
provided by mangroves of Chwaka Bay.

Sediment Retention
Mangrove forests are not just mud flats in which trees happen to be growing: the
trees affect their substrate by trapping sediment particles, hence accelerate accretion and, conversely, retard erosion (Hogarth 2007, 64). In Chwaka Bay, the
dynamics of sediment in mangrove forests and in the open Bay has been studied
in only a few cases. Thus, it is far from been clearly understood and no study has
analyzed the rates at which mangrove forests trap sediment particles in the area.
Nevertheless, Muzuka et al. (2005) analyzed sediment sources, character and
distribution in the Bay and found that the tidal channels of Mapopwe, Kinani and
Rubani act as conduits of land derived materials transported to the offshore areas
(see chap. 2). Also the sediment thickness in the Bay was found to be lower in the
southern parts close to the mangrove forests, towards the western part and in the
sand/muddy flats possibly due to high concentration of the calcareous green algae
Halimeda spp. in those areas, which is the major producer of carbonate sand in
the Bay, (Muzuka et al. 2001; Kangwe 2006). In addition, Muzuka et al. (2005),
observed low δ15N values, which further reflects the influence of Halimeda spp.
to the total sediment, budget of the Bay. The authors also reported stable isotope
values of nitrogen and organic carbon increasing towards offshore areas, indicating a decrease in the influence of terrestrial material.

Nutrient Cycling
Exported mangrove material has been hypothesized to contribute up to 10% of
the total riverine organic carbon inputs to the oceans (Jennerjahn and Ittekkot
2002; Dittmar et al. 2006). In most of the studies however, the term ‘exported’
only implied that mangrove carbon has reached the estuarine or coastal waters
with no concomitant studies to its ultimate fate. Recent studies suggest that mineralization of the mangrove carbon in the nearby subtidal sediment having left the
intertidal zones is a major fate of mangrove carbon exported from the intertidal
zones (Machiwa 1998; Borges et al. 2003; Bouillon et al. 2003; 2007).
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Studies on nutrient cycling in Gazi Bay, Kenya, have indicated that mangrove
carbon is exported from the intertidal areas but the adjacent seagrass beds are
highly efficient in trapping this material, thereby contributing significantly to its
benthic mineralization (Hemminga et al. 1994; Bouillon et al. 2004). Similarly,
studies in Chwaka Bay have suggested a strong coupling between the Chwaka
Bay mangrove forest and adjacent seagrass and algal communities (Mohammed
1998). The author observed significant amount of particulate organic matter to be
exported from the forest to the Bay. The exported materials are however trapped
and utilized in seagrass beds just outside the mangrove forest. Thus, communities
growing further out from the forest are only indirectly affected, suggesting that the
seagrass and algal communities growing adjacent to the forest are vital in utilizing,
filtering and conserving mangrove outputs. Consequently, nutrients are efficiently
conserved within the Bay and the associated mangrove forest. This implies that if
Chwaka Bay is to receive an increased nutrient load, the excess nutrients will most
probably not be removed outside the Bay, but may probably result in eutrophication of the system (see also chap. 9).

Litter Production and Transport
According to Shunula (1996, 96), most species flower throughout the year with
an exception of A. marina which has been found to show some seasonality with
flowering coinciding with the short rain season in October and November, while
the production of fruits and shedding coinciding with the long rain season during
late February and continues through April/May (Shunula 1996, 94). In the Chwaka
Bay mangrove forest, leaf litter production forms the most significant component
of the total amount of litter (50 – 80 per cent) compared to other forms of litter,
i.e. flower, fruits and seed/propagule (Shunula and Whittick 1999, 52). The authors
reported that litter production varies among different mangrove species and with
seasons. The peak litter production by A. marina occurs between January and
April while for the other species peak total litter production occurs as follows: B.
gymnorrhiza (June – January), C. tagal (January – April and August – November),
S. alba (March – June and October – January), R. mucronata (January – April
and September – November). However, there are no significant differences in total
litter production among different seasons. The different species also showed variations in the total amount of litter produced with average values as follows: S. alba
(18.0 tonnes/ha/year), B. gymnorrhiza (16.0 tonnes/ha/year), R. mucronata (14.0
tonnes/ha/year), S. alba (13.7 tonnes/ha/year), C. tagal (11.5 tonnes/ha/year) and
A. marina (8.9 tonnes/ha/year) (Shunula and Whittick 1999, 53). These figures
are within the range of previously reported litter production elsewhere of 3 – 17
tonnes/ha/year (e.g. Duke et al. 1981; Gong 1984).
Studies in Chwaka Bay showed that leaves of different species of mangroves decompose at different rates (Shunula 1996). For examples, unburied leaves of C. tagal
and R. mucronata decompose more slowly compared to S. alba and A. marina; furthermore, the decomposition rate of C. tagal was slower than R. mucronata. Under
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Mangrove trees as habitat for other biota. The picture demonstrates a mangrove tree inhabited
by the gastropod, Cerithidea decollata. Photo: Charles Lugomela.
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buried condition, S. alba leaf litter decompose much faster, followed by B. gymnorrhiza. In all cases, the mangrove leaves decompose faster under buried conditions
than when suspended in the water column (Shunula 1996). The percentage weight
of nitrogen in the residues of decomposing leaves remains fairly constant while
the level of carbon initially increases during the first week of decomposition and
then undergoes a slow decline (Shunula 1996). The initial C:N ratios of the four
mangrove trees leaves which were studied in Chwaka Bay were as follows: 76:1 for
C. tagal, 82:1 for B. gymnorrhiza, 43:1 for A. marina and 57:1 for S. alba (Shunula
1996). The author further reported that after five weeks of decomposition under
buried condition the C:N ratio in A. marina and S. alba fell considerably to 37:1
and 45:1, respectively, while in C. tagal and B. gymnorrhiza the values were higher
than the initial, i.e. 106:1 and 97:1, respectively, suggesting that as decomposition
progresses the leaves of C. tagal and B. gymnorrhiza tend to be richer in nitrogen
and attractive for colonization by degrading microbes.

Nursery Grounds
Elsewhere, mangroves are important habitats for different types of juvenile fishes
(e.g., Ewel et al. 1998; Rönnbäck 1999; Rönnbäck et al. 2007). In Chwaka Bay,
Lugendo et al. (2005) analyzed habitat utilization by juveniles of 13 commercially
important fish species from mangrove creeks, the mangrove channel, sand/mud
flats, a seagrass area close to mangroves and a seagrass area away from mangroves.
The seagrass beds near to mangroves showed the most diverse fish assemblage of
all habitats, possibly because of its function as a corridor between the mangroves
and deeper parts of the embayment. Fish juveniles of Cheilio inermis, Hipposcarus
harid, Leptoscarus vaigiensis, and Scolopsis ghanam inhabited seagrass beds exclusively, while juveniles of Gerres filamentosus and Monodactylus argenteus were
mainly found in the mangrove habitat. Lethrinus variegatus, Pelates quadrilineatus
and Siganus sutor were found in more than two habitats, with highest abundances
in seagrass beds (Lugendo et al. 2005). On the other hand, juveniles of Gerres
oyena, Lethrinus lentjan, Lutjanus fulviflamma and Sphyraena barracuda were
the most generalist species and were found in all studied embayment habitats. In
terms of habitat utilization by different size classes, the authors reported that five of
the 13 species (Lethrinus lentjan, L. variegatus, P. quadrilineatus, Siganus sutor and
Sphyraena barracuda) were found as small-sized individuals in shallow and turbid
mangrove areas, whereas large-sized individuals were observed in deeper and less
turbid seagrass beds. It was hypothesized that this pattern could be an ontogenetic
shift in habitat utilization (see chap. 10).
In the study to determine fish community composition of Chwaka Bay, Lugendo
et al. (2007a) identified a total of 150 fish species belonging to 55 families. The
diversity index (H’) ranged from 1.9 in the mud/sand flats to 3.4 within Chwaka
seagrass beds. Furthermore, the authors reported that the overall mean density
of fishes was significantly higher in the mangrove creeks than in other habitats
and that, there was a high overlap in species composition in adjacent habitats
76

(i.e. mangrove creeks and mangrove channels), while habitats that were far apart
showed low overlap. In describing the spatial and temporal variations of fish community structure in Chwaka Bay, Lugendo et al. (2007b) reported a remarkable
disappearance of many fish species from the mangrove and mud/sand flats during
the rain period (April –May), which was correlated with a decline in salinity and
increase in turbidity. On analyzing the relative importance of Chwaka Bay habitats
for fish, Lugendo et al. (2006) reported that within a particular fish species almost
the same food items were consumed regardless of the different habitat in which
they were caught. As expected, crustaceans (copepods, crabs and shrimps) were
the preferred food for most zoobenthivores and omnivores, while fishes and algae
were preferred food for piscivores and herbivores, respectively. In addition, δ13C
signatures of most fishes from the mangrove-lined creeks were similar to those of
food items from the mangrove habits suggesting that these fishes feed from the
mangrove habitats (Lugendo et al. 2007c). Furthermore, it was noted that fishes
feed more from the mangrove-lined creeks as compared to fringing mangrove,
which is probably related to differences in the degree of mangrove inundation.
That the more or less continuous access provided more time for fishes to stay and
feed in mangrove-lined creeks compared to fishes from the fringing mangroves,
which have access to the mangroves only during high tides and have to migrate to
adjacent habitats with the ebbing tides (Lugendo et al. 2007c).

USES OF MANGROVES OF CHWAKA BAY
Mangrove forests are one of the most important natural resources along the
Tanzanian coast and have been crucial for the people in Chwaka Bay. They provide
Table 2. Mangrove species and their uses in Chwaka Bay (Source: Shunula 1996; Shunula et al.
2001; Shunula 2002; Mohammed 2004).
Species

Local Name

Uses

R. mucronata

mkoko

B. gymnorrhiza
A. marina

mshinzi

Poles, fuel wood, water proofing fishing lines, fixed stake
fish traps and tannin
Pole, fuel wood and tannin

C. tagal

mkandaa

Dug-out canoes, fuel wood, cart construction, posts, beds,
drums, furniture, spoons, spade handles
Pole, fuel wood, furniture and tannin

S. alba

mlilana

Fuel wood, fixed stake fish traps, boat ribs

X. granutum

mkomafi

Dhow building, furniture, poles, medicine

X. moluccensis

mkomafi

Furniture, hole handles

H. littoralis

msikundazi

Dhow masts, bedsteads, furniture, mortar and pestles

L. racemosa

mkandaa
dume
kilalamba
dume

Fuel wood, fixed stake fish traps, medicine

P. acidula

mchu

Fuel wood, fixed stake fish traps
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goods and services that are of economical, ecological and environmental values
to the local and national economy. Historically the people surrounding Chwaka
Bay (i.e. villages of Chwaka, Charawe, Ukongoroni Uroa, Marumbi Michamvi and
Pingwe) have for generations depended on mangrove resources either directly or
indirectly for different purposes as summarized in Table 2.
In general, mangrove wood is widely used in coastal communities for residential
construction (Rasolofo 1997; Ewel et al. 1998; Semesi 1998). This is due to the
qualities of strength and durability, including pest- and rot-resistance, of mangrove poles that make them well suited for construction purpose (Bandaranayake
1998; Kairo et al. 2002; Walters 2005). In nearby Kenya for example, it is estimated
that about 70% of the population along the coast depend on mangrove poles for
house construction (Kairo et al. 2002). In Chwaka Bay, mangrove cutting for construction purpose is the second most important economic activity after fisheries
(Mohammed 2004). The author also acknowledges that commercial harvesting
of mangrove poles for building purpose is the single most important mangrove
exploitative activity in the Bay. It is estimated that about 15% of mangroves poles
used for construction in Zanzibar town come from Ukongoroni and Charawe
villages alone (Ely et al. 2000). The most targeted species of mangrove pole for construction purpose are R. mucronata, B. gymnorrhiza, C. tagal and A. marina (Ely et
al. 2000). In addition, mangrove cutting for firewood and charcoal production has
lead to widespread clear cutting of the mangrove forest in the Bay (Mohammed
2004). Preferred mangrove species for charcoal production in Chwaka Bay are B.
gymnorrhiza and C. tagal (Mohammed 2004). Indeed, harvest for fuelwood is
known elsewhere often to be non-selective despite the fact that some species produce better fuel than others (Walters 2005). Thus, decisions about species selection
for fuelwood are more likely to be based on relative availability, rather than species
preference.
Other recorded direct mangrove wood uses in Chwaka Bay include construction
of dugout canoes, spoons, combs, tool handles, netting needles to repair fishing
nets, paddles and traditional fishing gears (namely spears) for catching octopus,
crabs, etc (Shunula 2002; Mohammed 2004). Mangrove poles are also locally
used for making beds and as pegs for seaweed farming. Further, parts of some
species (e.g. leaves, fruits and roots) are used in herbal medicines. Tannin from
Rhizophora, Bruguiera and Ceriops are used for dying and softening of leathers, for
uses in sandal and belt making (Shunula 1996).
Worldwide, non-timber forest products represent important economic resources,
particularly to the rural, often marginalized communities living close or within
the forests (Vedeld et al. 2004). Likewise, the majorities of people living in or near
mangrove forests derive their primary income mostly from fishing and related activities within the mangrove areas (Walters et al. 2008). Thus, the direct harvest of
mangrove wood and plants is rarely a full-time occupation for them, but many rely
on these products to meet their subsistence needs (e.g., Walters 2005; Rönnbäck
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et al. 2007). In Chwaka Bay, indirect uses of mangroves include fishing and bee
keeping. Indeed, fishing has historically been a major livelihood activity undertaken in the mangrove areas of Chwaka Bay because mangrove habitat provides
suitable breeding and nursery grounds for a variety of marine living organisms
(e.g. Lugendo et al. 2005). Such fish including Gerres sp., Siganus sp., Lethrinus,
and Chanos chanos, crabs like Scylla serrata as well as molluscs such as Anadara
antiquata, Pinna sp. and Terebralia spp. (Shunula 1990; Shunula 1996; Shunula et
al. 2001) are harvested from the Chwaka Bay area (see also chap. 1 and 11).

THREATS TO THE MANGROVE FOREST OF CHWAKA BAY
Despite the fact that mangrove forests are important sources of wood and food
products and provide crucially important environmental services for coastal communities throughout the tropics (Balmford et al. 2002), their rate of destruction
continues to take place at an alarming scale (Valiela et al. 2001; Duke et al. 2007).
It is estimated that mangroves, which formerly occupied about 75% of tropical
coasts and inlets (Farnsworth and Ellison 1997) currently line only about 25%
of the tropical coastlines by mid 1990’s (World Resources Institute 1996). The
continued decline of the mangrove forests is caused largely by conversion to
agriculture, aquaculture, tourism, urban development as well as overexploitation
(Alongi 2002; Giri et al. 2008), although inundation due to sea-level rise is also
cited as potentially one of the greatest future threat to mangroves (Gilman et al.
2006; 2008). Predictions suggest that all mangroves forests could be lost in the next
100 years if the present rate of loss continues (Duke et al. 2007).
With respect to global trends, the Chwaka Bay mangrove forest is not exceptional
as mangrove exploitation for construction, firewood and charcoal production
continues at an alarming scale, resulting in widespread locations with clear-cutting
(Mohammed, 2004). Other threats include nutrient enrichment and pesticide contamination with their concomitant effect on the biota in the Bay (see chap. 9). So
far, there is no evidence of mangrove clear-cutting for aquaculture, salt production
or urbanization in Chwaka Bay mangrove forest areas or how climate change has
impacted the ecosystem.

MANGROVE MANAGEMENT AND THEIR SUSTAINABLE USES IN
CHWAKA BAY
Due to the great livelihood and ecological importance of the Chwaka Bay mangroves for both the local communities and the nation at large, their utilization
has resulted in degradation in some parts of the forest (Mohammed 2004) thus
demonstrating the need for management actions. Chwaka Bay mangroves have
been subjected to different management systems over time (see also chap. 15). For
example, before 1946, Chwaka Bay mangroves were under traditional manage79

ment and villagers around the Bay exercised some control over their exploitation
in areas traditionally identified as being under the jurisdiction of the village
concerned (Mohammed 2004). Under this arrangement, villagers were allowed to
cut mangrove wood only for personal use. Formal mangrove management efforts
in Zanzibar, including that of Chwaka Bay area, have their origins in 1946 when
the Government formulated the Wood Cutting Decree with the view to conserve
and develop forest areas on Unguja Island (Griffith 1950). This was superimposed
on the existing community-based management structure with the Government
issuing permits to non-village residents for commercial exploitation thereby effectively weakening the local management system. In 1949, a five-year working
scheme was implemented to regulate domestic and commercial bark harvesting
for tannins, and cutting for poles and firewood (Griffith 1950). The scheme also
encouraged the planting of more bark tannin extractable trees (B. gymnorrhiza
and R. mucronata), as a measure to ensure sustainable exploitation of the resource
(Mohammed 2004).
In 1965 the authorities issued the Forest Reserve Order under which all mangrove
forests on Unguja Island were declared Forest Reserves (Mohammed 2004). Under
this Order, the forest was to be closed and opened for cutting at ten-year rotations.
Also, mangrove harvesting required licenses and restriction on other uses like lime
burning and bark collection. However, these measures were not sufficient to stop
excessive exploitation of mangroves, and the destruction continued (Mohammed
2004), probably because the formal management system greatly weakened the
sense of community ownership of the resource and led to poor community involvement in management decision (Mohammed 2004; de la Torre-Castro and
Lindström 2010). Also, the lack of awareness on the part of the local community
of the fragility of the resource together with the deprivation of a significant livelihood opportunity contributed to the failure of the Order to contribute to effective
management of the mangrove ecosystem (Mohammed 2004).
In recent years, new conservation efforts emphasizing community participation
in sustainable development, together with liberalized politics and a market-driven
economy (Hulme and Murphree 2001,5) have been promoted by international
development donors and non-governmental organizations (e.g. USAID, GEF/
UNDP and CARE International), which fund many of Sub-Saharan Africa’s conservation programmes (e.g. Hoben et al. 1998; Neumann 1998). In Zanzibar, this
has influenced the enactment of the Environment Legislation and review of the
Forest Legislation, both of which called for the involvement of local communities in the management of their resources (Mohammed 2004). Furthermore, the
Government of Zanzibar developed an Integrated Coastal Area Management
(ICAM) Pilot Programme in 1996 for the Chwaka Bay-Paje area (ICAM 1996).
The plan proposed comprehensive multi-sectoral strategies to manage marine
and coastal resources in the Chwaka Bay-Paje area. This included the formation
of Coastal Resources Management Committees (CRMC) and sub-committees on
fisheries, mangroves, seaweed and tourism. The CRMC for Chwaka-Paje pilot site
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observed the breakdown and non-compliance of laws governing harvesting of
coastal and marine resources (see also chap. 15).
Another management initiative was the launching of the Jozani-Chwaka Bay
Conservation Area (JCBA) partnership in 1995, a collaborative initiative between
the government of Austria, the Zanzibar Commission for Natural Resources,
CARE Tanzania, and GEF/UNDP Biodiversity Conservation Fund (Masoud
2001). Among the goals of the initiative were the enhancement of community
awareness of resource conservation and the improvement of the living conditions
of the communities in the project area. Conservation Committees were established
in some of the villages around the project area and the Jozani Environmental
Conservation Association (JECA), an advisory committee registered as an NGO in
1999 (Masoud 2001). In 2004 the government of Zanzibar declared Jozani Chwaka
Bay as a National Park, i.e. Jozani Chwaka Bay National Park (Jozani Chwaka Bay
National Park Order, 2004).
These new conservation efforts have however come onto a stage already weakened
by a history of failed conservation and fierce competition for resource control, as
well as bitter political struggles in Zanzibar (Myers 2002). The author for example
argues that despite the fact that Chwaka village remains a strong district for the
ruling revolutionary party or Chama cha Mapinduzi (CCM), many residents in
the village lean toward the main opposition party, the Civic United Front (CUF).
This political polarization however appear to affect conservation efforts in the area.
For example, Government efforts to curb the use of purse-seine gill-nets of small
mesh-size by Chwaka villagers in the neighboring village of Marumbi, leading to
the death of one fisherman from Chwaka in 1996, has been suggested by some
observers to be due to Marumbi’s villagers general support for the ruling party
and Chwaka’s opposition to it (Williams 1998). For this reason, efforts to place
restrictions on forest uses, or on uses of the Bay areas that fall within or even near
the JCBCA, have been bitterly resisted by many Chwaka Village residents (Myers
2002). Furthermore, Myers (2002) observed that the inequalities in economic, political or educational standards prevent some people from acting in the interests of
development and conservation for the good of the majority, or even from becoming active participants in JCBCA’s agenda. Overall however, Mohammed (2004)
concluded that there is currently good management success mainly due to the
sense of ownership by the local community and enhanced conservation awareness.
The challenge facing the Government and the communities alike is that of identifying workable alternative livelihoods for the local residents. Indeed, one of the
main problems in mangrove management is that it has been set isolated from the
rest of the Bay and oceanic part, causing fragmentation in efforts, resources and
results (see chap. 14 and 15). Nevertheless, the management of the Chwaka Bay
area remains the principal basis for the social and economic development of the
area. Involvement of all stakeholders, especially the local communities in resource
management is key to the sustainable, long-term utilization and conservation of
the Chwaka Bay mangrove ecosystem.
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FUTURE RESEARCH ON CHWAKA BAY MANGROVES
Not all desired uses of mangroves are compatible with sustainable uses of the
mangrove ecosystems despite the fact that mangrove ecosystems are highly resilient within a range of environmental conditions (Lugo 1980). This means that the
values that humans can derive from mangroves may only be optimized if proper
management techniques are used. Such management techniques must however be
based on scientific knowledge gathered over long time frames. For example, some
management options require an understanding of the life histories of individual
species of mangrove trees, while others require insight in the complexity of hydrological systems in the mangrove forest and/or land use patterns of the catchments
area.
Very little is known about the productivity of mangroves of Chwaka Bay. Only
measurements of the litter fall were attempted by Shunula (1996). However, litter
production is a fraction of the total mangrove biomass production as it does not
include the totality of above ground biomass (stem/shoot and branch biomass) as
well as below ground biomass (roots). For management purpose, it is necessary to
understand the complete process of biomass production by mangrove trees. For
example, although the Chwaka Bay mangroves produced leaf litter (Shunula and
Whittick 1999, 53) at the same rates as the mangroves of northeastern Australia
(Duke et al. 1981), it is not necessarily so that Chwaka Bay mangroves would
match northeastern Australia mangroves in terms of wood or root production.
Thus, local studies of total biomass production by mangrove trees of Chwaka Bay
are needed.
For quite sometime, Chwaka Bay mangroves have been under intensive exploitation pressure mainly from increased population of the surrounding villages
(Mohammed 2004). However, studies that consider the effect of deforestation of
Chwaka Bay mangroves on the wider coastal ecosystem and economy of Zanzibar
are lacking. Elsewhere, mangrove deforestation has been found to significantly
decrease the biodiversity and densities of mangrove associated fauna (e.g. Fondo
and Martens 1998). Other effects of mangrove deforestation include decreased
availability of wood, fish and prawns, less revenue paid to governments in terms of
royalties and tourist fees, increase in coastal erosion and eventual negative impacts
on seagrass and coral reef ecosystems (Boto and Bunt 1981; Alongi 1996; Fondo
and Marten 1998; Semesi 1998; Kathiresan and Bingham 2001).
Where damage to the mangrove ecosystem has been extensive, restoration practices that go beyond the re-planting of trees may be required. Thus, studies on
restoration ecology of damaged mangrove ecosystems are needed. This is useful
in determining features of the ecosystem that are resilient and those, which are
not, thus helping in establishing management guidelines for ecosystem restoration. Indeed, many countries in Asia (Bangladesh, India, Indonesia, Philippines,
Thailand and Vietnam) for example have had successful mangrove rehabilitation
programmes (e.g. Field 1998). In nearby Kenya, Rönnbäck et al. (2007) report on a
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successful return of goods and services in a replanted mangrove at Gazi Bay. So far
there are no restoration programmes in Chwaka Bay despite the fact that several
areas of the forest are reported to be cleared of trees for fuel (Mohammed 2004).
Chwaka Bay mangroves have been the subject of studies related to taxonomic,
floristic, ecological and management aspects. However, the recent development
of molecular methods in mangrove plant investigations has not been applied to
much extend in Chwaka. Elsewhere, molecular methods in mangrove studies are
being applied to investigate for example population structure and phylogenetic
relationship. Results from such studies have provided new insights into issues
pertaining to conservation, systematics, biogeography and population biology of
the mangrove plants. Thus application of molecular methods in studying Chwaka
Bay mangroves is highly recommended.
In Chwaka Bay, studies on the diversity of animals associated with the mangroves
are limited particularly to fish species (Lugendo et al. 2007a; 2007b; 2007c). Studies
related to the architecture of the forest (tree density, height, and foliage diversity as
well as canopy structure), in relation to other wildlife such as birds, have received
little attention in Chwaka Bay. Such types of information are critical to determining for example, bird use of mangrove forests, and how this can be linked to timber
management practices.
One major effect of human activity on mangrove ecosystem is the change in hydrological conditions either through alteration of regional hydrology or modification
of the geomorphology of the mangrove basin (Lugo 1990). The mechanisms of
action are very complex and include changes in water quality (e.g. salinity, nutrients or toxic compounds), unusual flooding and subsequent asphyxiation of trees,
extreme droughts, reduction in aeration, burial by sediment, erosion, siltation, etc.
Thus, the Chwaka Bay mangrove ecosystem requires an assessment of these stress
factors with a focus on their intensity, duration and return times. For each of these
factors, it is necessary to understand the response of the mangrove ecosystem as
well as the response of the individual mangrove tree species.
In addition, increased frequency and levels of high water events due to sea level
rise are likely to affect the position and health of mangroves as well as other coastal
ecosystems. Extreme high water events are projected to increase over coming
decades as a result of same forces projected to cause global sea level rise and other
factors such as variations in local climate and changes in storminess (Gilman et al.
2006; 2008). The response of mangrove wetlands to global climate change effects
such as sea level rise, increased air and sea-surface temperature, change in precipitation and salinity are less certain and not well understood. It is clear that the
Chwaka Bay mangrove forest has a high ecological and societal value and efforts
for better understanding and management are important for the sustainability of
the whole Bay.
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– CHAPTER 5 –

Seagrass Meadows in Chwaka Bay:

Socio-ecological and Management Aspects
Martin Gullström, Thomas J. Lyimo, Johan S. Eklöf, Mats Björk, I. Sware
Semesi and Maricela de la Torre-Castro

INTRODUCTION
The shallow-water seascape of Chwaka Bay consists of diverse habitats including
coral reefs, sand/mud flats, algal belts and mangrove forests, but the embayment
is primarily characterized by its widespread and highly productive seagrass beds.
The Bay is a unique seagrass diversity “hotspot”, with eleven species observed,
from small, fast-growing and thin-leaved “pioneer” species like Halophila ovalis
and H. stipulacea to large, slower-growing “climax species” with thick and long
leaves like Thalassodendron ciliatum and Enhalus acoroides. Consequently, it is not
surprising that the small-scale subsistence fishery of Chwaka Bay can be seen as a
seagrass fishery, with catches consisting primarily of species intimately associated
with the seagrass meadows (de la Torre-Castro and Rönnbäck 2004; de la TorreCastro 2006).
Seagrasses are a polyphyletic group of marine vascular, rhizomal plants (den
Hartog 1970, 12-13), which form stands of varying sizes usually called “beds”
or “meadows” in intertidal and subtidal coastal waters across the globe. Seagrass
meadows typically occur on nearshore soft bottoms (although some species are
found on rocky bottoms) in single- or mixed-species assemblages, with the typical
wide range from tropical to boreal margins of coastal waters (Green and Short
2003, 21-22). They form one of the most productive aquatic ecosystems on Earth
(Duarte and Chiscano 1999) and in most areas occur intermixed with other large
primary producers like macroalgae. Seagrass ecosystems support multiple ecological functions, including nursery grounds, food and refuge for many benthic,
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demersal and pelagic organisms (Kikuchi and Pérès 1977; Jackson et al. 2001). Fish
and invertebrates utilize the complex three-dimensional plant structure to hide
from predators and take advantage of high food supply, especially during early life
stages prior to migrating to habitats where they spend their adult stages (Orth et al.
1984; Edgar and Shaw 1995). Even though their role as nurseries has been debated
(Beck et al. 2001; Heck et al. 2003), the abundance and diversity of organisms are
typically greater in seagrass meadows than in adjacent unvegetated habitats (see
e.g. reviews by Pollard 1984; Bell and Pollard 1989). In addition, seagrass meadows
alter the physical environment by, for instance, reducing water energy and current
flow (Fonseca and Fisher 1986), thereby enhancing particle deposition and stabilising bottom sediment (Terrados and Duarte 2000), preventing coastal erosion
(Almasi et al. 1987) and influencing nutrient dynamics (Romero et al. 2006).
There is strong and growing evidence that seagrasses are declining in distribution
on a global scale, and that these declines are primarily caused by anthropogenic
factors (Short and Wyllie-Echeverria 1996; Duarte 2002; Orth et al. 2006; Waycott
et al. 2009). Rain runoff and high fluxes of nutrients and sediments that reduce
water transparency are today the greatest anthropogenic threats to seagrass
meadows (Green and Short 2003, 1-3; Orth et al. 2006). Other stressors include
chemical pollution, mechanical damages from boating activities, coastal construction (for example, of boat marinas), dredging and landfill activities, destructive
fishing practices, and indirect effects of overfishing and aquaculture (Orth et al.
2006; Ralph et al. 2006). Natural disturbances such as storms and floods can also
have adverse effects. Potential threats from climate change include rising sea levels,
changing tidal regimes, UV radiation damage, low oxygen concentration in the
water column and sediment, increased sea water temperatures and increased storm
and flooding events (Björk et al. 2008). However, the actual effects are difficult to
predict and model; in the short-term an increase in atmospheric CO2 concentrations could actually benefit seagrass primary production.
During the last two decades, the extent of seagrass research in Chwaka Bay has
increased dramatically, a pattern that reflects a global increase in the number of
seagrass studies. Within the Bay, studies have been conducted within many subdisciplines, including physiology, ecology, ecotoxicology, and more applied areas
such as impacts of aquaculture and fisheries. Furthermore, the social-ecological
importance of the meadows have been addressed in management studies and
detailed investigations of the role of seagrasses for the local population (in terms
of provision of ecosystems goods and services). With reference to these studies,
this chapter aims to (1) describe the basic characteristics of seagrasses reported,
the seagrass beds and their associated floral and faunal communities, (2) assess the
use of seagrass-associated ecosystem services, (3) discuss current and potential
threats to the meadows, and (4) identify some research gaps.
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The high abundance and productivity of seagrasses in the Bay, together with the tidal and current movement produce high abundance of seagrass “beach wrack” in the shorelines which in
turn provides organic matter to the system. Photo: Maricela de la Torre-Castro.
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BASIC FEATURES AND DISTRIBUTION OF SEAGRASS MEADOWS
Seagrasses are distributed throughout Chwaka Bay, interspersed with macroalgae
(primarily Halimeda spp.), and are found both as large continuous meadows and
as heterogeneous patchworks (Gullström et al. 2006; see chap. 8). The meadows
are mainly mixed assemblages of different seagrass and macroalgae species.
Eleven seagrass species have been found in the embayment (Mohammed and
Jiddawi 1999), of which Enhalus acoroides (L.f.) Royle, Thalassia hemprichii
(Ehrenberg) Ascherson, Cymodocea rotundata Ehrenberg and Hemprich ex
Ascherson, Cymodocea serrulata (R. Brown) Ascherson and Thalassodendron
ciliatum (Forsskål) den Hartog are the dominant species. Syringodium isoetifolium
(Ascherson) Dandy, Halodule uninervis (Forsskål) Ascherson, Halodule wrighthii
Ascherson and Halophila ovalis (R. Brown) Hooker f. are also relatively common
in the Bay, while Halophila stipulacea (Forsskål) Ascherson and Nanozostera
capensis Setchell are sparsely distributed. From a global point of view, this high
number of species in a relatively small area like Chwaka Bay is exceptional and
occurs only in some specific localities within the Western Indian Ocean (WIO)
and Southeast Asian regions. Taxonomically, seagrasses comprise between 50 and
60 species (Hemminga and Duarte 2000, 1-4; den Hartog and Kuo 2006), and the
coastal zones of the WIO region encompass 14 known species (Gullström et al.
2002 ; Duarte et al. 2012). Hence, Chwaka Bay contains almost all seagrass species
found in the region.
Seagrass/seaweed assemblages in Chwaka Bay are distributed in an extraordinarily
complex manner (Hammar 2005; Gullström et al. 2006). In intertidal areas close to
the highest shoreline at high tide, the seagrass assemblage is dominated by small
species like H. ovalis, H. uninervis and H. wrigthii. The central and western parts
of the embayment comprise continuous intertidal meadows, typically dominated
by T. hemprichii and Cymodocea spp. interspersed with the calcareous green algae
Halimeda discoidea, H. macroloba and H. opuntia and to a less extent with other
macroalgae. At the subtidal and low intertidal areas near and towards the Bay
entrance, the slightly deeper meadows, dominated by E. acoroides, are adjacent a
patchy mix of other seagrasses, e.g. T. ciliatum and T. hemprichii. Irregular meadows
dominated by T. hemprichii and Halimeda spp. characterize the eastern and southeastern parts, while the south-western part of the Bay is characterized by wide
continuous seagrass meadows (dominated by T. hemprichii and Cymodocea spp.)
interspersed with extensive belts of the brown macroalgae Sargassum spp. Sporadic
cover of “pioneering” seagrass species and macroalgae fringe the mangrove forests
in the south, whereas dense monospecific T. ciliatum meadows directly border the
patchy coral reefs found at the bay mouth. The Bay has numerous channels with
a bottom substrate generally covered by an irregular mix of seagrass (primarily T.
ciliatum and E. acoroides), macroalgae and bare sediment.
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SPATIAL DYNAMICS OF SEAGRASS
Accurate assessments of seagrass distribution patterns and changes over time
(seasonal and inter-annual) are imperative to manage the resources of seagrass
systems. To date, no comprehensive conventional in situ mapping of seagrass has
been conducted in Chwaka Bay. However, in a satellite remote sensing study by
Gullström et al. (2006), the long-term dynamics of submerged aquatic vegetation
(SAV) were assessed in combination with testing the potential of the technique for
change detection. The methodological component of the study verified the use of
satellite image analysis to map large-scale changes in SAV coverage. By comparing five different years during a period of almost two decades (1986-2003), the
distribution of SAV was found to vary locally (with both losses and gains), but
at the Bay-scale, it was fairly stable. Overall, the SAV coverage decreased 11.7%
throughout the study period; a result rather similar to those found in other shallow
areas of the WIO region during an equivalent time frame (e.g. at Inhaca Island
in southern Mozambique and in the northern part of Zanzibar, Gullström and
Lundén unpublished data). Considering seasonal within-year variation, an even
more stable pattern was found when comparing SAV coverage at four different
seasons during 2000/2001. On average, the Bay was covered by 24.4% seagrass,
16.0% Halimeda spp., 5.3% other macroalgae and the remaining part (54.3%) of
bare sediment, with very little seasonal variation. With respect to seagrass areas,
estimations within homogeneous meadows showed a mean seagrass coverage of
69.5% for meadows dominated by T. hemprichii, 51.6% for Enhalus-dominated
meadows and 53.8% for a mixed meadow. Within the WIO region, comprehensive seagrass mapping and monitoring studies are still relatively scarce (but see
for example Coppejans et al. 1992; Dahdouh-Guebas et al. 1999; Bandeira 2002;
Gullström et al. 2006), but much needed to improve resource management and
conservation of seagrass habitats.

SEAGRASS CHARACTERISTICS
Spatial and temporal variation in seagrass biomass and primary productivity have
been assessed in various studies in Chwaka Bay (de la Torre-Castro and Rönnbäck
2004; Gullström et al. 2006; Lyimo et al. 2006; Lyimo et al. 2008). Lyimo et al.
(2008) showed that the seagrass biomass and growth parameters remain relatively
stable over different seasons, whereas spatial variability is large and depends on
meadow type and location. In terms of detailed seagrass characteristics, Lyimo et
al. (2006) reported a mean canopy height in areas dominated by T. hemprichii to
range from 9 to 16 cm while in meadows of E. acoroides, the mean canopy height
ranged from 26 cm to 47 cm. The shoot density of T. hemprichii ranged from a
mean value of 380 to 1,090 shoots m-2 while for E. acoroides the shoot density
ranged from a mean value of 128 to 148 shoots m-2 recorded close to Chwaka village and at Marumbi, respectively. Furthermore, Gullström et al. (2006) examined
spatial variability in seagrass meadows dominated by T. hemprichii or E. acoroides
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Seagrasses in Chwaka Bay normally co-exist with the macroalga Halimeda spp. Photo: Mats Björk.
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(three sites each) and one mixed meadow mainly composed of T. hemprichii, E.
acoroides and T. ciliatum. Similar to what was found by Lyimo et al. (2006), the
canopy height and shoot density demonstrated a high spatial variability. However,
estimations in Gullström et al. (2006) partly showed greater ranges and higher
values than Lyimo et al. (2006), differences which could be caused by choice of
sampling sites and season. Mean canopy height ranged from 9 to 21 cm for T. hemprichii and from 28 to 49 cm for E. acoroides, whereas the mean shoot density was
768 – 1,353 shoots m-2 for T. hemprichii and 274 – 439 shoots m-2 for E. acoroides.
The mixed meadow showed a mean canopy height of 423 shoots m-2 and a mean
shoot density of 34 cm. In term of seagrass biomass, Lyimo et al. (2008) reported
a total seagrass biomass ranging from 393 to 3,063 g dw m-2. The above-ground
biomass in their study was noticeably higher (mean: 175 – 609 g dw m-2) than what
was reported by Gullström et al. (2006) (mean: 62 – 105 g dw m-2). Overall, the
values of seagrass plant variables reported in Chwaka Bay fall within the reported
ranges in the region (e.g. Martins and Bandeira 2001; de la Torre-Castro and
Rönnbäck 2004; Uku and Björk 2005).
Measurements of productivity (some growth variables) have also been conducted
for both T. hemprichii and E. acoroides in Chwaka Bay. In their studies, Lyimo et
al. (2006) estimated growth characteristics of T. hemprichii in different meadows
as follows (in brackets): mean total leaf growth rate (13 to 18 mm shoot-1 day-1),
leaf production (0.004 – 0.01 g dw shoot-1 day-1), relative growth rate (0.07 – 0.10
g g-1 dw day-1), aerial production (1.7 – 2.2 g dw m-2 day-1) and leaf turnover time
(16 – 17 days). For E. acoroides values were: mean total leaf growth rate (18 to 25
mm shoot-1 day-1), leaf production (0.02 g dw shoot-1 day-1), relative growth rate
(0.02 – 0.03 g g-1 dw day-1), aerial production (2.1 – 2.8 g dw m-2 day-1) and leaf
turnover time (39 – 51 days). The observed values in Chwaka Bay are comparable
to those reported elsewhere (e.g. Erftemeijer et al. 1993; Uku and Björk 2005).

BIOTA ASSOCIATED WITH SEAGRASS MEADOWS
Generally, seagrasses are found living in association with a wide array of organisms from many phyla. Seagrasses can function as habitat for a variety of organisms, including epiphytes such as microalgae, macroalgae, bacteria and a number
of invertebrates such as echinoderms, crustaceans, molluscs, nematodes and
polychaetes (Uku and Björk 2001; de la Torre-Castro et al. 2008). The associated
organisms within seagrass beds can affect seagrass ecosystem productivity and
structure (Eklöf et al. 2008a).

Macroalgal Communities
Both calcareous and fleshy macroalgae are commonly found among the seagrass
meadows of Chwaka Bay. Yet there are no extensive studies that document their
distribution and diversity. Of the few studies carried out, the most prominent is
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on the green calcareous alga Halimeda spp. (including H. discoidea, H. macroloba
and H. opuntia). Halimeda species are normally found living in association with
seagrasses, and owing to the benefits calcareous algae obtain from seagrasses, the
latter tend to increase pH of their surrounding water, especially during the low
tide, which boosts the calcification processes within these algae (see Semesi et al.
2009). This genus of calcareous green algae is a major contributor of the sediments
in the Bay as they are made of fragile CaCO3 flakes that easily disintegrate into
sand when the algae die (Muzuka et al. 2001). High densities of Halimeda spp. are
found within the western part of the Bay, greatly contributing to the sediments
in these locations (Muzuka et al. 2001). Additional important calcareous algae
genera found within the Bay are the red algae Hydrolithon sp. found mostly in the
southern part, and Mesophyllum sp. found close to the reefs (Semesi et al. 2009).
Other macroalgae growing within or in close association with seagrass meadows of the Bay include representative genera from green (Chlorophyta), brown
(Phaeophyta) and red (Rhodophyta) algae. The green algae include Ulva reticulata, U. fasciata, Phyllodictyon anastomosan, Cladophoropsis vaucheriiformis, C.
(Boodlea) composite, C. sundanensis, Cladophora vagabunda, and Dictyosphaeria
cavernosa. The brown algae include Turbinaria tanzaniensis, Padina sp.,Sargassum
sp. and Cystoseira myrica, while the red algae include among others, Gracilaria
salicornia, Laurencia sp., and Eucheuma sp. (Leliaert et al. 2001; Buriyo and Kivaisi
2003; Leliaert 2004; Msuya 2007). Some of these, and other macroalgal species
within seagrass beds, exist as epiphytes on seagrass leaves and/or stems. Leliaert
et al. (2001) gives a description of 49 epiphytic macroalgal taxa on seagrass leaves
and stems within Chwaka Bay, which is less compared to other parts of the world.
For example, leaves and stems of Thalassia testudinum beds in South Florida were
recorded to have 113 species of epiphytic macroalgae. Examples of macroalgal
seagrass epiphytes that were recorded in Chwaka Bay include representatives from
Rhodophyta (Acrochaetium caespitiforme, Amphiroa rigida, Caulacanthus ustulatus, Ceramium flaccidum, C. mazatlanense, Chondria pygmaea, Gelidiella acerosa,
G. lubrica, Gelidiopsis intricate, Laurencia papillosa, Gracilaria corticata and Jania
pumila), Phaeophyta (Dictyota humifusa) and Chlorophyta (Boergesenia forbesii,
Boodlea composite, Bryopsis pennata, Caulerpa verticillata and Ulva reticulata).
The study by Leliaert et al. (2001) revealed that Rhodophyta comprises the majority of macroalgal epiphytes, both in species number and abundance within seagrass beds, represented by around 27 species that contribute 83% of the epiphyte
cover, with the majority being of the crustose type, belonging to Corallinaceae. In
Chwaka Bay, Corallinaceae represents up to 65% of epiphytic macroalgae within
seagrasses, especially on Thalassodendron ciliatum, while the Phaeophyta epiphytes
contribute 14% and the green algal epiphytes 1% (Leliaert et al. 2001).
Apart from the ecological role, the presence of macroalgae also contributes to
small-scale fisheries of the Bay, which are of crucial economic significance (see
chap. 11). Some macroalgae and seagrasses are used as fish bait, in special basket
traps locally referred to as dema. Such traps specifically provide highly valued her96

bivorous fish, e.g. the seagrass rabbitfish Siganus sutor and the seagrass parrotfish
Leptoscarus vaigiensis. A study by de la Torre-Castro et al. (2008) that investigated
the bait types used in these dema traps at Chwaka Bay had indicated that the fishers use a bait mixture of a macroalga, in particular the red macroalga Laurencia
papillosa, seagrasses and a sponge (Porifera) from the family Halichondriidae,
which forms a symbiosis with cyanobacteria (locally referred to as ”gozi”). This
kind of bait is particularly efficient in catching Siganus spp. and L. vaigiensis.

Microorganisms
Few studies have investigated microorganisms in seagrass meadows of Chwaka
Bay. The sole study on microbial processes is the one carried out by Lyimo and
Hamisi (2008), who assessed microalgal biomass and cyanobacteria diversity and
their nitrogen fixation rates comparing areas with and without seaweed farms (see
chap. 7). In another study, Leliaert et al. (2001) described seagrass epiphytes (including cyanobacteria) on different sites of Unguja Island, including Chwaka Bay.
Generally, seagrasses are hosts to many epiphytic organisms such as microalgae,
macroalgae, bacteria and a number of invertebrate species (Uku and Björk 2001).
Various studies focusing on seagrass meadows have shown a close association
between microorganisms and seagrass species (e.g. Hamisi 2010). Microbes may
contribute significantly to nutrient cycling through processes such as photosynthesis, nitrogen fixation, de-nitrification and sulphate reduction (Harris 1999; Hansen
et al. 2000). For example, it has been estimated that the epiphytic communities may
contribute up to 56% of the total production (carbon fixation) in seagrass beds
(Morgan and Kitting 1984; Moncreiff et al. 1992). Epiphytic microalgae are also
known to be an important food source for herbivorous organisms, the abundance
of which may influence the meiofaunal abundance in seagrass meadows (Pinckney
and Micheli 1998; Yamamuro 1999).

Benthic Infauna		
Infauna consists of invertebrates that live within sediments. They constitute a
common and important component of seagrass communities and food webs;
they consume and break down organic material (e.g. plants, detritus and other
animals), and thereby link seagrass production to higher trophic levels when
they are consumed by other invertebrates, fish and birds. Few studies have been
conducted to investigate benthic communities in Chwaka Bay. Eklöf et al. (2005)
studied seagrass infauna (there defined as organisms retained on a 0.5 mm sieve),
as a part of a study on environmental effects of open-water seaweed farming (see
chap. 13). In total, 53 different taxa (families, sub-orders, orders and classes)
were found in three different habitat types: seagrass beds, seaweed farms and a
sandy, vegetation-free area. In the three sampled seagrass beds (one monospecific
Thalassia hemprichii bed, one mixed T. hemprichii and Cymodocea serrulata bed,
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and one monospecific Enhalus acorodies bed), the numerically dominant groups
were gammarid amphipods, isopods, and more than 15 families of free-living
polychaetes. In terms of biomass, mussels from the family Lucunidae completely
dominated, which is interesting as species in this family have been suggested to
indirectly benefit seagrasses by reducing levels of toxic sediment-bound sulphides
(Reynolds et al. 2007). The total density of macrofauna in the seagrass beds ranged
from 23,000 to 41,000 individuals per m2, whereas the density in the vegetation-free
reference area was ca. 1,100 individuals per m2; i.e. 20-40 times lower. As much as
99.6% of variation in the macrofauna community composition across the six sites
was explained by (a) percent cover of benthic vegetation (seagrasses and Halimeda
spp.), and (b) sediment organic matter content, in the seagrass beds (Eklöf et al.
2005). This pattern is quite typical for seagrass areas on a global scale, because of
the concentration of food (e.g. bacteria, protozoans, plants, algae and other animals), shelter from predators (provided by the seagrass shoots and rhizome/root
mat) and stable micro-conditions (e.g. reduced wave action and current strength)
in seagrass beds compared to unvegetated bottoms (Hemminga and Duarte 2000,
199-247).

Epibenthic Invertebrates
Invertebrates of epibenthic communities represent an important group of organisms in seagrass meadows as they do in most marine benthic systems. In Chwaka
Bay, only a few studies have investigated epibenthic invertebrates. Subramaniam
(1980; 1990) studied the nursery role of various habitats for penaeid shrimp, and
showed that the commercially important Penaeus latisulcatus dominated shrimp
assemblages (75% in total) and was tightly linked to seagrass beds in its juvenile
life stage (see also chap.10). Eklöf et al. (2006) studied the diversity and density of
large (>2 cm) slow-moving or sessile epifauna in a mixed Thalassia hemprichii/
Enhalus acoroides bed, as part of an experiment assessing the effects of seaweed
farming on seagrasses and associated fauna (see chap. 13). Out of the 16 species of
large macrofauna encountered, the soft coral Heteroxenia fuscescens (Actinaria),
the sponge Spongia ceylonencis (Porifera) and the sea urchin Echinometra mathaei
(Echinoidea) constituted 41, 23 and 20% of total abundance, respectively.
One particular group of epifauna that has been the focus of several recent studies
is sea urchins. This is partly because they constitute one of the dominant groups
in terms of density, and partly because seagrass loss in the WIO region has been
linked to intense grazing (“overgrazing”) by dense sea urchin aggregations (Eklöf
et al. 2008b). In a recent field survey by Hammar (2009), the importance of sea
urchin grazing was studied in T. ciliatum meadows, including two sites in Chwaka
Bay. Results showed higher grazing pressure at the edges of the meadows than in
the centre, but that grazing pressure did not differ among the spatial scales tested.
Furthermore, an experimental field study by Asplund et al. (unpublished data),
focusing on effects of sea urchin (Tripneustes gratilla) grazing in mixed seagrass
meadows, indicates that a low number of sea urchins may positively affect the
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shoot biomass of seagrasses, whereas a high number can diminish this positive effect. Grazing was more intense on T. ciliatum than on the other seagrass species (E.
acoroides and T. hemprichii) tested. Moreover, Freiburghaus (2009) experimentally
investigated the relative effects of sea urchin grazing (“top-down” control) and
resource supply (“bottom-up” control) on T. ciliatum. Seagrass biomass, leaf production and shoot density were all negatively affected by sea urchin presence (at
densities of eight individuals per m2). Interestingly, addition of nutrients seemed
to exacerbate some of the grazing-induced losses in seagrass biomass. Similar
interactive effects between high densities of sea urchins and nutrient enrichment
have been observed in, for example, the Caribbean (Tewfik et al. 2007), and indicate that previously observed sea urchin overgrazing events in the WIO region
(e.g. Alcoverro and Mariani 2002; Eklöf et al. 2008b) could be caused by locally
interacting effects of increased urchin densities and coastal eutrophication.
In a study by Håkansson (2005), the harvest of invertebrates in seagrass meadows
in Chwaka Bay was highlighted and assessed from different perspectives, including socio-ecological importance and effects of exploitation. Håkansson (2005)
identified a large number of harvested epibenthic species of which the bivalves
Modiolus philippinarum, Atrina vexillum and Pinna muricata, the gastropods
Strombus gibberulus and Chicoreus ramosus, and Chitonidae were important for
subsistence, while the gastropods Cypraea tigris and S. gibberulus were important
for cash income (see chap. 12).

Fish			
The fish communities of the embayment are highly diverse, most likely because the
Bay is a mangrove-seagrass-coral reef continuum, typical for tropical seascapes (see
chap.10). Since the seagrass meadows are so widespread, diverse and heterogeneous, the seagrass-associated fish community also shows a high diversity. A number
of studies have examined and compared fish assemblages in different shallow-water
habitats of Chwaka Bay (including seagrass meadows), most of which have focused
on coral reef species and the contribution of nursery habitats to adult populations
on the reef (e.g. Dorenbosch et al. 2005a; b: 2006; see also chap. 10). However, few
studies have explicitly focused on fish associated with seagrass meadows. Gullström
et al. (2008) examined spatial patterns and variability of seagrass fish assemblages
and the relative importance of explanatory factors at different scales. Overall, 79
taxa (of which 71 were identified to species level) from 35 families (predominantly
juvenile specimens) were identified in meadows dominated by T. hemprichii or
E. acoroides (three sites each) and one mixed meadow (T. hemprichii, E. acoroides
and T. ciliatum). Labridae (wrasses) was the most species-rich family (17 taxa of
which 14 were identified to species), while the most abundant fish species was the
seagrass parrotfish Leptoscarus vaigiensis, which made up 32% of all fish specimens
caught during the study (excluding the abundant but very sporadically occurring
shoaling species eeltail catfish Plotosus lineatus; see Gullström et al. 2008). The
abundance and distribution of these seagrass-associated fish assemblages appear
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to be determined by multiple factors operating at various scales; in particular
seagrass structural complexity (canopy height and to lesser extent shoot density)
and the position of a seagrass habitat within the seascape context. In another field
survey, Lugendo et al. (2005) studied habitat use by 13 commercial fish species in
five shallow-water habitats – including two seagrass sites (one close to mangrove
and the other farther out in the Bay). They found that the seagrass habitat close to
mangrove comprised the highest number of species, a result which was explained
by the function of seagrass beds as a corridor between mangroves and deeper parts
of the embayment.
Two studies have investigated food items for a number of seagrass-associated fish
species in Chwaka Bay via stomach content analysis. First, Lugendo et al. (2006)
found that crustaceans (mainly copepods, crabs and shrimps) were the primary
source of food for zoobenthivores and omnivores, whereas not surprisingly piscivores preferred fish and herbivores preferred algae. Furthermore, stable isotope
analysis indicated connectivity between Bay habitats (principally mangrove and
seagrass habitats), which was suggested to be a result of either daily migration or
recent ontogenetic migration. In the second study, de la Torre-Castro et al. (2008)
studied food items from 13 commercially important fish species, and found a clear
coupling between food provision from seagrass meadows and the bait traditionally
used in the artisanal fishery.
A number of recent studies have explored the ecology of the seagrass parrotfish
Leptoscarus vaigiensis, primarily focusing on seagrass herbivory (Dahlgren 2006;
Berkström 2007; Pongolini 2009; Gullström et al. 2011). Besides being a highly
abundant fish species in seagrass meadows of Chwaka Bay (see Gullström et al.
2008), L. vaigiensis is also an efficient seagrass grazer (Berkström 2007; de la TorreCastro et al. 2008; Gullström et al. 2011) and one of the dominating food species
sold for local consumption (de la Torre-Castro, unpublished data). In terms of
feeding mode, results from Dahlgren (2006) and Gullström et al. (unpublished
data) indicate that leaves of T. hemprichii are a preferred food item, even though
meadows dominated by E. acoroides hold a much higher abundance of fish
specimens, likely utilising the sheltering capacity of the long leaves of E. acoroides.
In general, information of spatial variability, feeding behaviour and patterns of
herbivory focusing on seagrass fish assemblages is of high importance for future
spatial planning and selection of marine protected areas around Zanzibar, including Chwaka Bay.

THE PRESENT AND FUTURE ROLE OF SEAGRASS MEADOWS
- A SOCIO-ECOLOGICAL PERSPECTIVE
Rapid development is taking place around Zanzibar, and Chwaka Bay is no exemption. In less than one decade, the west coast of the Bay has suffered from rapid
tourism development and changes in land use (see chap.1). Still, the conditions
100

in the Bay can be considered relatively pristine. There are currently two crucial
human activities which are negatively affecting the seagrass meadows: seaweed
farming and drag-net fisheries (de la Torre-Castro and Rönnbäck 2004; de la
Torre-Castro and Lindström 2010). Seaweed farming in the Bay is limited to only a
few areas (de la Torre-Castro 2006; chap. 13), but where farms are located seagrass
shoot density, shoot biomass, growth and canopy height are known to be reduced
(Eklöf et al. 2005; 2006). The majority (70%) of seaweed farmers in Chwaka village
confirmed these negative effects on seagrasses, partly caused by manual uprooting to simplify farming (de la Torre-Castro and Rönnbäck 2004). If the seaweed
cultivation areas would expand drastically in the Bay, the consequences could be
severe for the seagrasses as well as the general productivity of the Bay.
Regarding small-scale fisheries, the number of fishermen is increasing and the
dominant damaging gear, comprised of drag-nets pulled over the substrate cause
severe damage to the meadows (for example, through sediment re-suspension,
uprooting of seagrasses and fragmentation of meadows) (de la Torre-Castro and
Lindström 2010; see chap. 11). Other damaging gears such as gill nets and beach
seines are still being used actively. A more intense fishery might first of all reduce
the individual and population sizes of commercial species, which in turn would
impact the fisheries directly (as reduced catch per unit effort, CPUE). Along the
Kenyan coast, long-term studies in fished and non-fished areas show that effects
of small-scale artisanal fisheries have devastating impacts on the fishery as well as
on by-catch species (Eklöf et al. 2009). By reducing the density and/or biomass of
functionally important species, the resulting fisheries could also indirectly impact
the ecosystem. During recent years, local communities have observed local, but
rapid aggregations and increases in the number of sea urchins (de la Torre-Castro
and Jiddawi 2005). Many sea urchins feed on seagrasses, and can thus negatively
affect seagrass distribution (Alcoverro et al. 2002) and growth (Eklöf et al. 2008a).
The specific reasons for such sea urchin “outbreaks” are not known, but have been
linked to overfishing of large predatory fish, e.g. triggerfish that feed on sea urchins
in the WIO region (McClanahan and Muthiga 1989; McClanahan and Shafir 1990;
Eklöf et al. 2008b; 2009). Interviews with fishers during 2009 in Chwaka and Uroa
villages showed that important sea urchin predators regularly form part of the bycatch in most fishing trips (de la Torre-Castro, unpublished data). This potential
link between fisheries on urchin predators and overgrazing of seagrass beds was
identified as one of the priority issues for research during a workshop in Chwaka,
where scientists and local fishermen met to discuss the social-ecological history
and future of the Bay (de la Torre-Castro and Jiddawi 2005).
The impact of drag-net fishing on seagrasses themselves has so far not been investigated, but damages reported by fishers themselves and personal observations
confirm the potential adverse effects. A study from neighbouring Kenya shows
that this method clearly impact benthic communities, including coral reefs (Mangi
and Roberts 2006). Since the seagrass meadows are the main fishing grounds (de la
Torre-Castro and Rönnbäck 2004), there is a risk that the fishing pressure within
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seagrass meadows may become so intense that reduced seagrass biomass and/or
cover could indirectly affect the fishery, through loss of fish habitats.
A major threat to seagrass meadows globally is eutrophication, usually coupled
to an increased coastal population and/or development of tourist sites, followed
by increasing volumes of domestic sewage being discharged into coastal waters.
The capacity of tropical seagrass systems to tolerate increased nutrient levels is,
however, high, and in Kenya for example, it has been shown that quite high levels
of nutrients can be absorbed by seagrass meadows and even increase the growth
of the seagrasses (Uku and Björk 2005). At the same time, the growth of epiphytic
macro- and microalgae also increases, and as many herbivorous fishes in seagrass
meadows prefer these algae to the seagrasses, this has been suggested to increase
the number of herbivorous fish, many of which are of great commercial value (de
la Torre Castro et al. 2008). This also means that these fish will feed on the algae,
reducing their cover. However, if the nutrient levels in the water are very high,
and elevated over an extended period this will cause massive growth of algae,
covering the seagrasses. The algae will then shade the seagrass leaves, lowering
their productivity and at the end possibly causing their death. Another effect of
eutrophication is the increased loading of organic materials (e.g. dead algae) to
the sediment, which in turn increases its biological oxygen demand (BOD) and
potentially causes excessive hypoxia, thus first asphyxiating the seagrass roots,
leading to death of the whole plant.

Social-Ecological Importance and Management of Seagrass Meadows of
Chwaka Bay
Apart from their ecological role, seagrass meadows in the Bay are of vital importance for the local communities of the surrounding villages. The social-ecological
aspects of the ecosystem in the Bay have been investigated in different studies
including the goods and services they provide for the local population (e.g. de la
Torre-Castro and Rönnbäck 2004). The most important goods and services were
provision of fishing and collecting grounds for finfish, shellfish, bait, medicines
and fertilizers and “good” substrate for seaweed farming. In addition, religious,
aesthetic and spiritual values were associated with the meadows.
The influence of seaweed farming in the surrounding environment has also been
investigated (Chap. 13). Negative changes in the benthic environment were identified (Eklöf et al. 2005) as well as changes in fish catches (Eklöf et al. 2006). The
biomass of catches in areas with and without seaweed farms was of the same order
of magnitude, but species composition differed and diversity was lower in catches
from areas with farms. The collection of invertebrates from the meadows in relation to food security and cash income generation was investigated by Håkansson
(2005) and is presented in chapter 13.
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Seagrass meadows have been identified as favourite fishing grounds by the local
fishers in the Bay so that heavy fishing pressure is currently taking place in the
seagrass-dominated areas (de la Torre-Castro and Rönnbäck 2004). Due to the
huge dependence on fish from the seagrass meadows, conflicts among fishers coming from other villages and using different gears have been reported (especially
between Chwaka and Marumbi). This illustrates the social value and importance
of the meadows to the local people (de la Torre-Castro and Lindström 2010). De la
Torre-Castro (2006) provides a comprehensive review of the societal and management importance of the seagrasses in Chwaka Bay. While there are many examples
of the societal importance of coral reefs and mangrove forests, this kind of research
is uncommon for seagrass ecosystems. Therefore, Chwaka Bay is a good example
of the potential importance of seagrass meadows on a global scale. From a management perspective the identification of the social values of the meadows, together
with knowledge on physiological, biological and ecological aspects provide a solid
basis for planning and setting of priorities. Since the meadows play such an important role for the livelihoods of villages in the Bay, sound management is needed.
A plausible management strategy should consider Chwaka Bay as an integrated
system of people and ecosystems. The seascape approach is much needed due to
the complex variety of ecosystems and habitats present in the Bay (see chap. 10,14
and 15).

Key issues and gaps for future research
If the seagrass meadows of Chwaka Bay are to be preserved in the future, accompanied by intensified human pressure in the form of increasing fishing effort, tourist
activities and coastal constructions, it will be of crucial importance that effective
management is in place, focusing on the sustainable use and preservation of the
primary conditions for promoting seagrass health. Here, a summary of key issues
to achieve the above is given (see also chap. 15).
•

Comprehensive studies providing the extent and distribution of the meadows
are needed and have to be carried out systematically and repeatedly. Satellite
image analysis and conventional mapping/monitoring using random transect
technique are tools that managers can use to address the lack of information.

•

Regular assessments of the social-ecological sustainability of different human
activities taking place in the Bay are needed.

•

A holistic and integrated approach for management is imperative. Seagrass
meadows in Chwaka Bay are inextricably linked to human activities such as
small-scale fisheries and seaweed farming from the meadows. Monitoring
and zoning with the participation of the local people is an option to promote
co-management.

•

A general arena for discussion is needed at the Bay level to resolve conflicts
and zoning issues.
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From the natural science perspective, while seagrass meadows vary across the Bay,
there is a growing consensus on some common key environmental variables that
are needed to preserve the health of seagrass systems (e.g. Björk et al. 2008). In
short, these are:
– A high water quality, allowing enough light for the plants. The water must not
be allowed to become too turbid by suspended matter. Eutrophication increases
turbidity by growth of plankton in the water column or reduces the light reaching
seagrasses by inducing overgrowth of the seagrasses by algal epiphytes. Therefore,
construction in shallow water (including of beach bungalows and piers), sewage
effluents or agricultural run-off into the Bay should be monitored and kept within
the limits of what the natural systems can absorb. Water must be kept in constant
movement. This is very important for the supply of nutrients and inorganic carbon
to the photosynthesising seagrass leaves. However, very high water movement can
damage the plants. Therefore, it is important to allow the tidal current to flow unhindered and design coastal constructions, dykes, etc. in such a way that seagrasses
are not left in stagnant waters, where they will die. At the same time, reefs and
other natural barriers that protect the meadows from destructive water motion,
like large ocean swells, must be protected. Likewise, the integrity of the mangrove
forests that fringe the Bay (e.g. in the Chwaka Bay-Jozani Conservation Area) will
reduce erosion (and thereby sediment input from land) and could reduce the rate
of freshwater floods reaching the Bay.
– Favourable sediment conditions. The roots and rhizomes of seagrasses need
an undisturbed environment to remain healthy. An increased organic load in
the sediment can cause increased bacterial BOD in the sediment, causing both
hypoxia and the danger of sulphide formation. Also mechanical disturbances of
sediments can destroy seagrass meadows by uprooting. Hence, it is important to
monitor activities within the Bay so that the negative effect from e.g. sewage on the
sediment does not reach levels where hypoxia might occur. Boat anchoring and
fishing activities such as bottom trawling should not be allowed where they cause
drastic uprooting of seagrasses. The critical issue of the extensive use of drag-nets,
potentially disturbing the sediments, must be solved together with the fishing
community.
– Diversity should be maintained. A high genetic diversity of the plants has been
proven to be important for seagrass to withstand temperature stress (e.g. Ehlers,
Worm and Reusch 2008). It is possible to help preserve genetic diversity by also
allowing for genetic exchanges between meadows and neighbouring lagoons.
Resilience can thus be strengthened in Chwaka if diverse and isolated seagrass
areas are preserved, hence allowing for genetic connectivity.
– An ecosystem perspective is needed. To insure the integrity of the ecosystem, we
need to ensure that the harvest of organisms (invertebrates, sea urchin predators,
herbivorous fish, etc.) are kept at environmentally sustainable levels. Otherwise,
these ecosystems might experience cascading effects of food-web changes similar
104

to those in overexploited seagrass ecosystems along the Kenyan coast (Eklöf et al.
2009). Aspects of biodiversity, ecosystem functioning and food-web interactions
should hence be seriously considered in conservation efforts of seagrass meadows
in Chwaka Bay.
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– CHAPTER 6 –

Coral Reefs in Chwaka Bay and Adjacent Areas
Christopher A. Muhando and Mohammed S. Mohammed

INTRODUCTION
Coral reefs are mounts of living coral, coral skeletons and calcium deposits from
other sea organisms that reside in the ocean (Fig. 1). The distribution of coral
reefs worldwide is influenced by sea water temperature (optimum at 26-29°C),
water depth (optimal < 25 m), light, salinity, runoff/sedimentation and exposure
to air (Kleypas et al. 1999). As a result, coral reefs thrive in warm tropical shallow
saltwater, typically in the form of a barrier reef, fringing reef or atoll (Veron 2000).
Under appropriate conditions, many other organisms, e.g. crustaceans, molluscs,
sponges, algae, seagrass, polychaetes, bryozoans, echinoderms, ascidians and
zoanthids occur within coral reefs, besides corals and fish. Some of the important
reef organisms in Chwaka Bay area are shown in figure 2.
Coral reefs wherever they occur play a crucial role to the well being of coastal communities, including those found around Chwaka Bay. Coral reefs support higher
biological diversity than that found on seagrass and mangroves (Groombridge
and Jenkins 2002). A variety of fish species, spiny lobsters, octopus, sea cucumbers, clams, gastropods and oysters form the basis of harvestable reef resources.
According to Jiddawi and Muhando (1990), more than 70 percent of marine
fish landings in Zanzibar are harvested on or adjacent to coral reefs by artisanal fishers. Coral reefs also support inshore and offshore fisheries by providing
spawning, feeding and nursery grounds. Like mangroves, coral reefs play a crucial
role in coastal land protection, by damping wave energy reaching the coastline
(Conservation International 2008). Furthermore, coral reef ecosystems serve as an
important tourist attraction (Honey and Krantz 2007), and accommodate organisms whose extracts have pharmaceutical potentials (Adey 2000). Therefore, coral
reefs wherever they occur deserve special conservation attention.
This chapter attempts to describe the distribution and abundance of coral reef
benthos, commercially and ecologically important reef macro-invertebrates and
fish, as well as evaluate the role of environmental processes/factors and human
activities around Chwaka Bay and adjacent coral reefs.
CAM: Institute of Marine Sciences, University of Dar es Salaam, P.O. Box 668, Zanzibar, Tanzania, e-mail:
muhando@ims.udsm.ac.tz. MSM: Institute of Marine Sciences, University of Dar es Salaam, P.O. Box 668,
Zanzibar, Tanzania, e-mail: mohammed@ims.udsm.ac.tz
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Figure 1. Coral Reefs - Coral reefs are mounds of living coral, coral skeletons and calcium
deposits from other sea organisms that reside in the ocean. Photo: Christopher Muhando.

THE DISTRIBUTION AND DIVERSITY OF CORAL REEFS IN CHWAKA BAY
Coral reefs are found all around Unguja Island, with higher spatial occurrence
on the west and southwest coasts (Fig. 3a). Unlike on the west coast, there is a
formation of barrier reef along the east coast except in the vicinity of Chwaka Bay
(Fig. 3a and 3b). Due to various natural processes such as turbidity, sedimentation,
salinity as well as availability of suitable coral larval settlement surfaces, coral reefs
in the Chwaka Bay proper have less coral cover and diversity as those outside the
Bay (Mohammed et al. 1999). Bays and estuaries experience relatively low energy
ocean conditions, which normally favour deposition of fine sediments. Fine sediments (silt) in turn render the ocean bottom conditions unsuitable for coral settlement and growth, because corals require a hard substrate to settle (Birrell et al.
2005). Settling of resuspended particles clog and eventually kill corals due to high
energy expenditure for cleaning (Rogers 1990). High turbidity also reduces photosynthesis of zooxanthellae living symbiotically within the coral polyps, resulting
into low coral calcification processes or reduced production of coral framework
(Dodge and Vaisnys 1977). A considerable amount of the suspended solids in
Chwaka Bay is derived from the mangroves.
Narrowness of the continental shelf in Tanzania (UNEP 1989), means coral reefs
are close to land (see for example figure 3a), and hence prone to over-exploitation
and other human induced degradation (Jiddawi and Muhando 1990; Johnstone
et al. 1998). Today, healthier corals and abundant fish occur around small islets
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Figure 2. Some of the coral reef invertebrates found on Chwaka Bay and adjacent coral reefs:
cowries (A), clams (B), crown-of-thorns starfish (C), sea urchins (D), sea cucumbers (E), sea
stars (F), lobsters (G), octopus (H) and giant triton (I). Photos: Christopher Muhando.

and sand banks where human interference is minimal (Muhando and Mohammed
2002; Muhando and Mwaipopo 2008). Although there has been little detailed investigations on coral reef resources in the Chwaka Bay and adjacent areas, the fact
that they are easily accessible, means they are likely to be overfished and degraded
through the use of destructive fishing practices (e.g. drag-nets and anchor damage), as reported in the area (Mohammed 2004; chap. 11). In addition, pollution
from land based sources such as fertilizers and pesticides in Cheju rice fields and
sewage from tourist hotels have been mentioned but not proven to be serious
threats (see chap. 1 and 9).
Chwaka Bay is characterized by a high cover of Halimeda, a calcareous macroalgae
(Kangwe 2006). The abundance of calcareous algae has enhanced sediment formation in the Bay (Muzuka et al. 2005; see chap. 8), which favour the establishment of
seagrass rather than corals (Birrell et al. 2005). Beaches along Chwaka, Marumbi
and Uroa villages have high carbonate sand, linked to high calcification from
abundant Halimeda in the Bay (Muzuka et al. 2005; see chap.1). As a consequence
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Figure 3a. Map showing the distribution of coral reefs around Unguja Island, Zanzibar.
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Figure 3b. Map showing the distribution of coral reef in Chwaka Bay and adjacent
areas, Zanzibar.

of the various stressful factors mentioned above, coral growth in the Bay proper has
been marginalized to the occurrence of few coral patches, dominated by Porites,
Acropora, Goniastrea, and Pocillopora. The few corals found in the Bay grow on
dead coral structures (bommies) raised above the sandy bottom.
A rapid coral reef assessment study was carried out in the Chwaka-Paje conservation area by Mohammed et al. (1999), to describe the status of coral reef benthos:
live hard coral, coral rubble, fleshy macro-algae, Halimeda, turf algae, coralline
algae, seagrass, sandy habitats and rocky surfaces (Fig. 4). A total of 57 study plots
were studied and classified into three reef zones: the Bay proper (Fig. 3b), the
exposed or outer side of the barrier reef (the exposed reefs), and the landward
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Figure 4. The mean percent cover (%) of reef benthos in the Chwaka Bay proper, Inner reefs (or
lagoon reefs) and exposed outer reefs in 1999. HC = live hard corals; R = coral rubble; RCK =
rocky surfaces; S = sandy habitat; MA = fleshy macro-algae; HAL = Halimeda algae; TA = Turf
algae; CA = Coralline algae; SG = Seagrass. Source: Mohammed et al. 1999.

side reefs (the lagoon or the inner reefs). Highest mean hard coral cover (about
9 percent) was observed on the exposed reefs, while inner reefs had mean coral
cover of about 6.3 percent and it was about 1.6 percent in the Bay proper (Fig. 4).
Rocky surfaces were the dominant features in the inner and exposed reefs, while
sand substrate dominated in the Bay. Seagrass, Halimeda and other macroalgae
were most abundant in the Bay, while turf algae were highest in the exposed reefs.
About 21 hard coral genera were recorded in the Chwaka Bay and adjacent reef
areas in 1999 (Table 1). When compared with other reefs in Unguja Island, e.g.
Chumbe (52 genera) and Mnemba (39 genera) (IMS corals database), Chwaka Bay
and adjacent reefs showed low coral diversity.

FISH AND MACRO-INVERTEBRATES CENSUS IN CHWAKA BAY
The most common fish species found in Chwaka Bay and adjacent reef areas,
according to visual census (focusing on marketable or fishable-size fish) carried
out by Mohammed et al. (1999), are summarised in Table 2. Harvestable com116

Table 1. Coral genera found in Chwaka Bay and adjacent reefs listed according to their relative
frequency of encounter (in %) during the study. (Modified from Mohammed et al. 1999).
Genera

Relative Frequency of
encounter (%)

Genera

Relative Frequency
of encounter (%)

Porites spp
Acropora spp

14.2
9.9

Favites spp
Echinopora spp

3.2
2.8

Goniastrea spp

9.1

Fungia spp

2.0

Stylophora sp

9.1

Seriatopora sp

2.0

Favia spp

8.3

Turbinaria spp

1.6

Pavona spp

7.9

Platygyra spp

0.8

Montipora spp

7.1

Merulina spp

0.4

Astreopora spp

7.1

Plesiastrea spp

0.4

Hydnophora spp

5.1

Physogyra spp

0.4

Pocillopora spp

4.3

Montastrea spp

0.4

Galaxea spp

4.0

mercial fish species were frequently encountered in the Bay while typical reef fish
were seen mostly in the exposed outer reefs, while both fish groups were found
in the inner reefs. It was further shown that fish aggregated more towards the
deeper parts of the Bay and where there was a raised coral framework, irrespective
whether the framework was composed of live or dead corals. Thus, the few reef
structures found in the Bay play a significant role as fish refuges (Hixon and Beets
1993). Indeed, most of the fishing activities are concentrated in the Bay (see chap.
11). Mohammed (2004) reported that monopolized fishing around the coral reef
structures is a source of conflict between dema (basket) and nyavu (drag-net) fishers. Mohammed et al. (1999) attempted to provide the density of visually censured
fish in three study zones (Fig. 5). The reef fish densities provided in Figure 5 should
be considered as indicative because visual fish census method has limitations in
estimating absolute densities in habitats with different water depth and visibility
(English, Wilkinson and Baker 1994); such where the prevailing conditions in
the Bay proper and adjacent reefs. Furthermore, the abundance of fish in the Bay
is more variable (in space and time) due to immigration of fish from high energy
open sea and mangrove habitats found further to the south. Additionally, many of
the smaller, typical reef fish are territorial and hence less influenced by the presence of an observer compared to the larger and more frequently targeted marketable species. In general, visual census in shallow waters tends to under-estimate
the commonly targeted species which are normally frightened by the presence of
divers. Further studies using robust stock assessment techniques that take into
consideration depth, day-night, and which minimize the explained weaknesses are
required to better understand fish stocks dynamics in Chwaka Bay and adjacent
reefs.
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Table 2. Common fish species found in the Bay, Lagoon and the exposed reefs.
Family

Species

Number of sites found (Frequency of occurrence)
Bay

Inner

Exposed

Siganidae

Siganus spp

10

-

-

Scaridae

Leptoscarus vaigensis

11

-

-

Scarus ghobban

15

-

-

Hipposcarus harid

-

-

4

Scarus sordidus

-

-

7

Parupeneus macronema

13

10

6

Parupeneus barberinus

14

-

-

Lethrinidae

Lethrinus harak

13

12

-

Nemiptredae

Scolopsis ghanam

15

-

-

Balistidae

Rhineacanthus aculeatus

10

-

-

Suflamen chrysoptera

-

-

4

Chaetodon auriga

-

12

4

Chaetodon kleinii

-

-

6

Chaetodon melannotus

-

-

5

Zanclidae

Zanclus cornutus

-

12

6

Acanthuridae

Acanthurus triostegus

-

13

-

Acanthuridae

Acanthurus leucosternon

-

-

6

Acanthurus nigricauda

-

-

6

Acanthurus nogrofuscus

-

-

5

Acanthurus tennenti

-

-

4

Ctenochaetus striatus

-

-

6

Caesionidae

Caesio lunaris

-

-

5

Lutjanidae

Lutjanus fulviflamma

-

-

4

Pomacanthidae

Centropyge multispinnis

-

-

5

Serranidae

Cephalopholis argus

-

-

5

Mulidae

Chaetodontidae

Source: Mohammed et al. 1999.

The macro-invertebrate community (Fig. 2) in Chwaka Bay reefs was dominated by sea urchins (Fig. 6), similar to the situation in other reefs in Tanzania
(Mohammed, Muhando and Machano 2002; Muhando and Mwaipopo 2008).
The highest density of sea urchins (75 per 100 m2) was found in the inner reefs.
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Figure 5. Fish density (numbers per 100 m2) in surveyed reefs in 1999 Source: Mohammed et al.
1999.

Sea stars were more abundant (10 per 100 m2) in the Bay proper while more sea
cucumbers were observed (10 per 100 m2) in the inner reefs. Lobsters were not
encountered in the survey plots (Fig. 6). Absence of lobsters in the study plots is
a probable indication that they are overexploited around the Bay as reported for
other sites around Zanzibar (Mohammed et al. 2002).
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Figure 6. Density of macro-invertebrates in the Bay proper, Inner and Exposed outer reefs.
Source: Mohammed et al. 1999.

SIGNIFICANCE AND IMPACTS OF THE 1998 CORAL BLEACHING
EVENT IN THE CHWAKA BAY AND ADJACENT REEF AREAS
Reef building corals, also called hermatypic corals, live symbiotically with
zooxanthellae, an autotrophic flagellate protozoan. The calcification process of
corals is driven by the photosynthetic zooxanthellae, which also provide colour
and up to 90 percent of coral’s energy requirements (Veron 2000). In return, the
coral provides the zooxanthellae with protection, shelter, nutrients (mostly waste
material containing nitrogen and phosphorus) and a constant supply of carbon
dioxide required for photosynthesis. It is this symbiotic relationship that enables
corals to successfully be build reefs in tropical waters.
Coral bleaching is the whitening of corals, due to stress-induced expulsion or death
of their symbiotic protozoa, zooxanthellae. Bleaching occurs when the conditions
necessary to sustain the coral’s zooxanthellae cannot be maintained. Under stressful condition such as elevated seawater temperature, e.g. a 1-2oC temperature rise
for 5–10 weeks and a 3-5oC decline for 5–10 days, corals may expel their zooxanthellae (Brown 1997; McClanahan et al. 2007). Other factors associated with coral
bleaching include exposure to air, excessive solar radiation, low salinity, excessive
sedimentation, bacterial infection, crown-of-thorns starfish infestation and pol120
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Figure 7. Coral cover dynamics of inner and outer Pongwe reefs for 1997, 1999, 2006 and 2010.
Source: Mohammed et al. 1999; IMS Database.

lution (Brown 1997; Veron 2000). The loss of symbiotic algae causes the primary
functions of the coral colonies (maintenance, growth, reproductive capacity, etc.)
to regress or stop altogether. Bleaching results in coral mortality unless conditions
improve enough to allow the zooxanthellae to return.
The 1998 coral bleaching event had negative impacts on the condition of coral
reefs in Tanzania (Muhando and Mohammed 2002), including those in Chwaka
Bay and adjacent areas. For example, coral surveys in 1997 conducted by the
Institute of Marine Sciences coral reef monitoring team (IMS database) showed
the coral cover in Pongwe inner and exposed reef areas (Fig. 3b) to be 12.8 percent
and 13.5 percent, respectively (Fig. 7). Surveys carried out in 1999, a year after the
1998 bleaching event, showed a significant decline in coral cover to 5 per cent and
6 per cent in the inner and outer reefs, respectively. Follow up studies, in 2004
and 2010 (IMS database) revealed poorer coral recovery in the inner reefs than
in the exposed outer reefs (Fig. 7). The Pongwe inner reefs are now dominated by
algal mats and high density of reef eroding sea urchins (Echinometra mathaei).
Interviews with local fishers in Uroa, Pongwe and Marumbi (around Chwaka Bay)
in April 2010 suggested even poorer coral recovery in the Bay proper. A detailed
study is required to follow up coral recovery rates and associated changes in fish
stocks and the associated fishers’ behaviour in the Chwaka Bay area.
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At the moment, though slightly eroded and overgrown by algae (Halimeda,
Sargassum and Padina) the reef framework in Chwaka Bay is still partly intact and
the refuge, spawning, feeding and nursery functions of coral reefs partly preserved.
Interviewed fishers around Chwaka Bay in April 2010 generally accept that the
fishing locations and catch rates did not change significantly as a result of the 1998
bleaching event, as was reported for other Unguja reefs (Muhando 1999). What is
alarming now is the continuing erosion of the dead coral structures in the absence
of appreciable coral recovery rates. This is a long-term threat to fisheries in the
Chwaka Bay area and immediate attention is required as the disappearance of the
coral framework would have the following consequences: i) The fish populations
associated with the coral reefs would be lost and the ichthyological biodiversity
would generally be reduced; ii) The fishermen’s catches would decrease; iii) The
coastline would become more vulnerable to erosion; iv) The coral reef based tourism would decrease; v) Productivity in the associated coral reef habitats such as
mangroves and seagrass beds would also be negatively impacted (see chap. 10). A
proper monitoring system for coral reef, mangrove and seagrass is urgently required
to verify and continuously gather information on the status of coral framework in
the Bay and adjacent areas. Otherwise, fishers and managers will continue without
proper feedbacks on the status of the environment and resources being utilized,
a situation which can aggravate fishery problems. The 1998 coral bleaching event
and its impacts should be taken as a lesson that natural disasters (e.g. coral bleaching) can result in substantial coral reef degradation (McClanahan et al. 2007) and
appropriate conservation measures are necessary to enhance recovery processes.

CORAL REEFS AND TOURISM
The coral reef environment is beautiful and attractive to tourists; local and foreign.
Seagrass beds as well as mangroves also attract tourists, but by far corals are most
attractive. Today, there is a chain of hotels from Uroa northwards through Pongwe
and beyond. One of the reasons for tourism interest just north of the Bay proper is
the proximity to coral reefs. Preservation of these resources is the key to sustainable
tourism around the Bay. So far there are no clearly observable impacts of tourism
on Chwaka Bay habitats and resources (but see chap. 9). However, vigilance is required in regard of specific harvested reef resources such as territorial reef fish (e.g.
groupers), lobsters and octopus. If not properly managed, the increased demand
and associated higher prices offered for these reef organisms may induce further
over exploitation (Nelson 2007). Unemployed youth may quickly be recruited to
take advantage of lucrative prices offered by the expanding Zanzibar fish market
and quickly deplete stocks and eventually resort to use of destructive fishing practices (Jiddawi and Muhando 1990; see chap. 11).
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CORAL REEF MANAGEMENT
In order to prevent and eradicate overfishing and destructive fishing, laws and
regulations aiming at controlling fishing and environmental pollution, have been
enacted. Establishment of Jozani-Chwaka Bay Marine Park and MIMCA plan
with attention to coral reefs was another positive step taken by the Zanzibar
Government (see chap. 4 and 15). The current efforts to regulate the exploitation
of coral reef environment and resources are facing two serious obstacles. The first
obstacle is the lack of financial resources to facilitate proper enforcement of existing regulations and carrying out research and monitoring programs for adaptive
management processes. The second obstacle is the increased demand of fish products (due to increased population, access to global markets, hotel-complex driven
tourism, among others) exacerbated by generally poor economic conditions (with
few employment alternatives), free entry to the reef resource base (itself of unknown stock size, value or turn-over rates). As a result, efforts to reduce fishing
efforts required to allow stocks to build up are difficult to be implement. A whole
landscape-ecosystem approach, which integrates and analyzes social, economic,
ecological and governance issues, is required to devise a practical and sustainable
approach to Chwaka Bay resource management, including coral reefs (see chap. 5
and 15).
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– CHAPTER 7 –

The Microalgae and Cyanobacteria of Chwaka Bay
Thomas J. Lyimo

INTRODUCTION
This chapter focuses on current knowledge and status of microalgae and cyanobacteria in Chwaka Bay. The first section gives a general introduction about microalgae and cyanobacteria (i.e. brief description of their ecological and economic
importance) followed by a section which describes the documented species of
microalgae and cyanobacteria in Chwaka Bay as well as occurrence of harmful
species. In section three, microalgae and cyanobacteria biomass and productivity
measured in various studies at Chwaka Bay are presented. These include temporal
and spatial variations in phytoplankton and benthic biomass (chlorophyll a),
primary productivity (carbon dioxide fixation) and nitrogen fixation. The environmental factors governing spatial and temporal distribution in Chwaka Bay are also
discussed. Finally, the gaps in knowledge and less studied areas are highlighted for
future research.
The term algae refers to a large and diverse group of simple plants lacking many
distinct organs such as true roots and stems, which are found in the common
plants. They range in size from tiny single celled species less than one micrometer
in diameter to giant seaweeds over 50 m long. Based on size, algae are grouped into
two major categories, macroalgae that are macroscopic multi-cellular algae and microalgae that are the microscopic mostly unicellular algae. Algae are abundant and
ancient organisms found in virtually every ecosystem in the biosphere and possess
enormous morphological, cytological, molecular and reproductive diversity. What
constitutes an algal species has been a subject of much debate but most of species
are recognized by discontinuities in sets of morphological characters observed
with the light microscope. Thus, algal systematic is largely based on morphospecies concept but many groups have been reorganized based on culture studies,
biochemical and molecular biological research (John, Whitton and Brook 2002,
1-10 and references therein). Traditionally, algae were broadly subdivided into four
groups based on their pigmentation, i.e. green-algae (Chlorophyta), brown-algae
(Phaeophyta), red-algae (Rhodophyta) and in the older literature blue green algae
(Cyanophyta) were also regarded as algae (e.g. Geitler 1932; Desikachary 1959, 6072). Currently, many other groups that are microscopic have been recognized and
TJL: Department of Molecular Biology and Biotechnology, University of Dar es Salaam, P.O. Box 35179, Dar es
Salaam, Tanzania, e-mail: tjlyimo@udsm.ac.tz

125

are also included in algae. These include Euglenophyta (euglenoids - usually green,
but also colourless with red pigment), Cryptophyta (cells brown, blue, blue-green,
red, red-brown, olive green or yellow-brown), Pyrrophyta (dinoflagellates - usually brown), Bacillariophyta (diatoms – usually yellowish-brown), Raphidophyta
(yellow-green), Haptophyta (golden or yellow-brown), Chrysophyta (golden or
yellow brown), Xanthophyta (yellow-green), Eustimatophyta (yellow-green),
Prasinophyta (green) and Glaucophyta (bright blue-green), as described by John,
Whitton and Brook (2002, 20-23).
Cyanobacteria (blue-green algae) are oxygenic phototrophic prokaryotes, which
were initially regarded as microalgae based on their photosynthetic properties,
pigment composition and morphological features (e.g. Geitler 1932; Desikachary
1959, 60-72). However, following the discovery that their cell wall is typical of
gram-negative bacteria and their sub-cellular arrangement typically prokaryotic
(lacking membrane-bound organelles), a proposal was made to reclassify the blue
green algae as bacteria (cyanobacteria) (Stanier et al. 1978). The majority of cyanobacteria are microscopic, but aggregates of filaments can reach several centimeters
(Silva 2002). Due to the common occurrence and similar ecological role that exists
between microalgae and cyanobacteria, we are in this chapter treating cyanobacteria and microalgae together.
Microalgae and cyanobacteria are usually found growing individually or in colonies/aggregation suspended in the water column (phytoplankton) or attached to
a substratum (phytobenthic). Planktonic microalgae and cyanobacteria (phytoplankton) are floating microscopic photoautotrophs. They are important primary
producers in various aquatic ecosystems, particularly in the open waters of lakes
and oceans. They form the basis of the aquatic food webs, being the main food
source for zooplankton and other aquatic animals. Likewise in benthic systems,
microalgae and cyanobacteria are known to support much herbivory and may
influence meiofaunal abundance (Pinckney and Micheli 1998; Yamamuro 1999).
They have an ability of forming macroscopic, coloured, vertically-stratified microbial communities known as microbial mats. These may vary from mucilaginous
coatings (biofilms) on sand, mud, organic debris, coral reefs or rocks, to welldeveloped and thick ‘carpets’ (Paerl et al. 1993). Microbial mats are usually dominated by filamentous cyanobacteria such as Oscillatoria spp., Spirulina spp. and
Microcoleus spp. (Bergman et al. 1997). The release of photosynthetic products by
microalgal assemblages attracts other microbes such as sulphate reducing bacteria
and methanogenic archaea (Stal 2001; Sjöling et al. 2005). These benthic microbial
mats contribute significantly to the primary productivity in various ecosystems.
In many cases, cyanobacteria play a double role related to productivity, first by fixing carbon dioxide (CO2) and secondly by fixing atmospheric nitrogen (N2), which
often limit primary production in many ecosystems. Biological nitrogen fixation is
the bio-conversion of atmospheric N2 into combined nitrogen i.e. ammonia (NH3)
which can be utilised by plants (primary producers). It is an enzymatic process exclusively limited to some free-living and symbiotic prokaryotic organisms collec126

tively known as diazotrophs. All diazotrophic organisms possess an oxygen labile
enzyme called nitrogenase to carry out the nitrogen fixation process as follows:

N2 + 8e- + 8H+ + 16ATP

Nitrogenase

2NH3 + H2 + 16ADP + 16Pi

In nature the process of nitrogen fixation is important because it counterbalances
losses of combined nitrogen from the environment by denitrification (i.e. conversion of combined nitrogen into atmospheric nitrogen) and assimilation by other organisms (Karl et al. 2002). In the marine environment the nitrogen fixation process
substantially contributes to ‘new production’ i.e., primary production associated
with newly available nitrogen coming from outside the euphotic zone (Dugdale
and Goering 1967). In the open ocean for example, Karl et al. (1997) estimated
that Trichodesmium species alone, contributes up to 50% of ‘new production’ in the
subtropical North Pacific Ocean. In the near shore waters of Tanzania, Lugomela
et al. (2002) reported rates of nitrogen fixation by Trichodesmium species to be in
the order of 1.8 ± 1.6 pmol N trichome−1 h−1 giving an average nitrogen fixation of
42.7 mmol N m−3y−1. The overall global oceanic nitrogen fixation is in the range of
1 - 2 g N x 1014 yr-1, approaching modern estimates of oceanic denitrification (Karl
et al. 2002). The fixed nitrogen has been shown to be subsequently transferred
to bacteria, other phytoplankton as well as zooplankton (Bryceson and Fay 1981;
O’Neil et al. 1996). In another study by Glibert and Bronk (1994) it was shown that
approximately 50 percent of the nitrogen fixed by Trichodesmium is released as
dissolved organic nitrogen (DON). This DON release is likely to stimulate microbial activity and primary production by increasing the availability of assimilable
nitrogen.
Numerous microalgae strains have been shown in the laboratory to produce more
than 50 per cent of their biomass as lipids (Chisti 2007; Hu et al. 2008) with much
of this as triacylglycerols (TAGs). TAGs are the anticipated starting material for
high energy density fuels such as biodiesel - produced by trans-esterification of
TAGs to yield fatty acid methyl esters (Schuchardt et al. 1998), green diesel, green
jet fuel, and green gasoline (produced by a combination of hydro-processing and
catalytic cracking to yield alkanes of predetermined chain lengths). Thus, microalgae offer great promise to contribute a significant portion of the renewable fuels in
the future. In addition, capture and utilization of CO2 by microalgae has emerged
as a promising technology to help reduce emissions from fossil fuel powered plants
(Zeiler et al. 1995). In fact they are capable of fixing CO2 from the atmosphere to
produce biomass more efficiently and rapidly than terrestrial plants (Pienkos and
Darzins 2009). Microalgae are also of particular interest because of their potential
in other numerous commercial applications such as (i) to enhance the nutritional
value of food and animal feed, (ii) use in aquaculture as food source and (iii) incorporation into cosmetics. Moreover, some microalgae are cultivated as a source of
highly valuable molecules. For example, polyunsaturated fatty acid oils, which are
added to infant formulas and nutritional supplements (Bentens and Kyle 1996).
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Sometimes microalgae form toxic blooms (i.e. Harmful Algal Blooms - HAB),
especially in coastal waters of tropical seas. Potentially harmful microalgae are
also known to occur in Chwaka Bay but have been reported in low numbers
(Lugomela 1996; Kyewalyanga and Lugomela 2001). Elsewhere it has been shown
that under certain conditions these species may form extensive blooms commonly
known as ‘red-tides’ (Anderson et al. 2001). These may cause massive fish kills
and contamination of shellfish with a consequent death of marine and terrestrial
animals (Boney 1975, 97-100). The effects of such blooms may be categorized into
three major types; first are blooms formed by species which produce basically
harmless water discolorations. These may however, under exceptional conditions
particularly in sheltered bays, grow so dense that they cause indiscriminate kills
of fish and invertebrates due to oxygen depletion. Secondly are blooms by species which produce potent toxins that can find their way through the food chain
to harm humans. These cause a variety of gastrointestinal and neurological illnesses such as Paralytic Shellfish Poisoning (PSP), Neurotoxic Shellfish Poisoning
(NSP), Diarrhetic Shelfish Poisoning (DSP), Ciguatera Fish Poisoning (CFP)
and Azaspiracid Shellfish Poisoning (AZP). These toxins mainly originate from
dinoflagellates such as Prorocentrum spp., Dianophysis spp, Gambierdiscus toxicus
and Protoperidinium crassipes. Other neurotoxins are Amnesic Shellfish Poisoning
(ASP) produced by diatom such as Pseudo-nitzschia spp. Cyanobacteria (e.g.
Anabaena, Nodularia, and Lyngbya species) are also known to produce a wide array of different types of cyanotoxins (hepatotoxins, dermatoxins, neurotoxins etc.).
Thirdly, there are species like Chaetocerous spp. which are non-toxic to humans
but harmful to fish and invertebrates (especially in intensive aquaculture systems)
by damaging or clogging their gills (Anderson et al. 2001; Sidharta 2005).

CYANOBACTERIA AND MICROALGAE DIVERSITY
IN CHWAKA BAY
Several studies have analyzed species composition of microalgae and cyanobacteria in Chwaka Bay from both among the plankton and benthic species (e.g.
Lugomela 1996; Lugomela et al. 2001; Kyaruzi 2002; Lyimo and Hamisi 2008).
In these studies, a total of 118 species have been identified; of which 68 are diatoms, 32 cyanobacteria, 17 dinoflagellates and one haptophycean (Table 1). The
various species have been reported to occur either in the water (phytoplankton)
or attached to substratum i.e. in the sediment or epiphytes. Microbial mats are
observed almost throughout the year in the sandy and mud sediments (Kyaruzi
2002) in different forms ranging from thin biofilms to well-developed thick carpets of different colours. However, the different mats fluctuate with time in terms
of intensity and appearance. Most of the observed microbial mats in Chwaka Bay
mangrove sediment are dominated by filamentous cyanobacteria such Oscillatoria
spp, Lyngbya spp., Microcoleus chthonoplastes and Spirulina species (e.g. Fig. 1).
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Table 1. Documented species of microalgae from various habitats of Chwaka Bay.
Taxa name

Habitat

Reference

Anabaena spp.

Plankton; Sediment

Aphanocapsa sp.

Sediment

Chroococcus sp.
Chroococcus tenax
Leptolyngbya sp.
Lyngbya aestuarii

Sediment
sediment
sediment
Sediment

Lyngbya cf. aestuarii var. arbustiva
Lyngbya majuscula
Lyngbya spp.

Sediment

Lugomela 1996; Lyimo and
Hamisi 2008; Bauer 2007; Kyaruzi
2002
Lugomela et al. 2001; Kyaruzi
2002
Bauer 2007
Lugomela et al. 2001
Bauer 2007
Lugomela et al. 2001; Lyimo and
Hamisi 2008
Lugomela et al. 2001

Merismopedia convoluta
Merismopedia sp.

Sediment; Plankton
Seagrass

Microcoleus chthonoplastes

Sediment; Seagrasses

Microcoleus lyngbyaceus
Nodularia sp.

Plankton
Sediment; Seagrasses

Nostoc sp.
Oscillatoria limosa

Plankton
Sediment; Epiphyte

Oscillatoria princeps

Sediment; Epiphyte

Oscillatoria proboscidea
Oscillatoria spp.

Sediment; Seagrass
Plankton; Sediment;
Seagrasses

Oscillatoria subuliformis
Phormidium luridum
Phormidium molle
Phormidium sp.

Sediment; Seagrass
Sediment
Sediment
Sediment; Seagrass

Plectonema spp.
Pseudoanabaena sp.
Rivularia bullata

Plankton
Sediment
Mangrove pneomatophores
Sediment; Plankton
Sediment
Sediment

Cyanobacteria

Schizothrix sp.
Spirulina major
Spirulina spp.

Sediment

Lugomela et al. 2001
Kyaruzi 2002; Bauer 2007;
Mwandya et al. 2010
Lugomela et al. 2001
Lyimo and Hamisi 2008; Kyaruzi
2002
Lyimo and Hamisi 2008; Lugomela et al. 2001; Kyaruzi 2002; Bauer
2007; Mwandya et al. 2010
Lugomela 1996
Lugomela et al. 2001; Lyimo
and Hamis 2008; Kyaruzi 2002;
Mwandya et al. 2010
Lugomela 1996
Lugomela et al. 2001; Lyimo and
Hamisi 2008
Lugomela et al. 2001; Lyimo and
Hamisi 2008
Lugomela et al. 2001
Lugomela 1996; Lugomela et al.
2001; Lyimo and Hamisi 2008;
Kyaruzi 2002; Kyewalyanga and
Lugomela 2001; Mwandya et al.
2010
Lyimo and Hamis 2008
Lugomela et al. 2001
Lugomela et al. 2001
Lyimo and Hamisi 2008; Kyaruzi
2002; Bauer 2007
Kyewalyanga and Lugomela 2001
Bauer 2007
Lugomela et al. 2001; Kyaruzi
2002
Kyaruzi 2002; Lugomela 1996
Lugomela et al. 2001
Kyaruzi 2002; Mwandya et al.
2010

129

Spirulina subsalsa

Plankton; Sediment

Synechococcus sp.
Trichodesmium erythraeum
Trichodesmium spp.

Sediment
Plankton
Plankton

Lugomela 1996; Lugomela et al.
2001
Kyaruzi 2002
Lugomela 1996
Kyewalyanga and Lugomela 2001

Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton

Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Kyewalyanga and Lugomela 2001
Lugomela 1996
Lugomela 1996
Kyewalyanga and Lugomela 2001
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Kyewalyanga and Lugomela 2001
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Kyewalyanga and Lugomela 2001
Kyewalyanga and Lugomela 2001
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996

Diatoms
Amphiprora alata
Amphiprora gigantea
Amphora macilenta
Amphora wisei
Amphora spp.
Asterionella notata
Bacillaria paxillifer
Bacillaria spp.
Bellerochea malleus
Biddulphia pulchella
Campylodiscus undulatus
Chaetocerous costatum
Climacosphaenia moniligera
Coscinodiscus centralis
Coscinodiscus concinus
Coscinodiscus sp.
Cylindrotheca closterium
Diatoma hyalinum
Diploneis bombus
Diploneis crabro
Diploneis smith
Diploneis spp.
Ditylum brightwellii
Gyrosigma caffra
Gyrosigma spp.
Hantzschia insolita
Hantzschia virgata var. gracilis
Isthmia minima
Isthmia ernevis
Leptocylindrus danicus
Licmophora abbreviata
Licmophora aurivillii
Licmophora lyngbyei
Licmophora spp.
Mastogloia spp.
Mastogloia angulata
Mastogloia binotata
Mastogloia pusila var. subcapitata
Navicula clavata
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Navicula spp.

Plankton

Navicula subcarinata
Nitzschia longissima

Plankton
Plankton

Nitzschia ossiformis
Nitzschia sigma
Nitzschia sigma var. intermedia
Nitzschia spp.
Odontella mobiliensis
Odontella sinensis
Plagiodiscus nervatus
Pleurosigma angulatum
Pleurosigma naviculaceum
Pleurosigma rhombeum
Pleurosigma spp.
Podocystis spathulata
Pseudonitschia sp.
Rhabdonema adriaticum
Rhabdonema punctatum
Rhizosolenia alata
Sternoptrobia intermedia
Striatella unipunctata
Surirella americana
Surirella fastunosa
Surirella neumeyeri
Synedra farmosa
Synedra hantzschiana
Thalassionema nitzschoides
Thalassiothrix longissima
Tropidoneis approximata

Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton

Lugomela 1996; Kyewalyanga and
Lugomela 2001
Lugomela 1996
Lugomela 1996; Kyewalyanga and
Lugomela 2001
Lugomela 1996
Lugomela 1996
Lugomela 1996
Kyewalyanga and Lugomela 2001
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Kyewalyanga and Lugomela 2001
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996

Dinoflagellates
Ceratium extensum
Ceratium fusus
Ceratium massiliense
Ceratium trichoceros
Ceratium tripos var. atlanticum
Diplopsalis lenticula
Gonyaulax spp.

Plankton
Plankton
Plankton
Plankton
Plankton
Plankton
Plankton

Podolampas sp.
Prorocentrum concavum
Prorocentrum compresum
Prorocentrum lima

Plankton
Plankton
Plankton
Plankton

Prorocentrum micans

Plankton

Lugomela 1996
Kyewalyanga and Lugomela 2001
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996
Lugomela 1996; Kyewalyanga and
Lugomela 2001
Lugomela 1996
Kyewalyanga and Lugomela 2001
Lugomela 1996
Lugomela 1996; Kyewalyanga and
Lugomela 2001
Kyewalyanga and Lugomela 2001
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Prorocentrum spp.
Protoperidinium minusculum
Protoperidinium oceanicum
Protoperidinium sphaericum
Protoperidinium spp.

Plankton
Plankton
Plankton
Plankton
Plankton

Kyewalyanga and Lugomela 2001
Lugomela 1996
Lugomela 1996
Lugomela 1996
Kyewalyanga and Lugomela 2001

Plankton

Lugomela 1996

Haptophyceans
Prymnesium cf. parvum

Recently, Bauer (2007) studied the composition of cyanobacteria in Chwaka Bay
using a molecular approach and found several different phylotypes from four
distinct microbial mats. The majority of the 16S rRNA and nifH partial sequences
retrieved clustered together with sequences from non-heterocystous cyanobacteria
such as Microcoleus, Phormidium, Pseudoanabaena and Leptolyngbya species. This
group has been found to have closely related sequences occurring in a wide variety
of habitats and geographical locations (e.g. Ley et al. 2006; Musat et al. 2006; Díez
et al. 2007). However, a large portion of sequences were not closely related to any
of the cultured or identified cyanobacteria from Chwaka Bay. This suggests that
there exists a high potential for finding un-described species of cyanobacteria in
Chwaka Bay. The author also proposed that the identified phylotypes represent
active nitrogen fixers in Chwaka Bay, which might be contributing substantially to
the nitrogen budget of the mangrove forest.

Occurrence of Harmful Microalgae and Cyanobacteria in Chwaka Bay
Several species of microalgae known to be potentially harmful elsewhere are also
found in Chwaka Bay (Lugomela 1996; Kyewalyanga and Lugomela 2001). These
include, Gonyaulax spp., Ostreopsis spp., Prorocentrum concavum, Prorocentrm
lima, Prorocentrum micans, diatom Pseudonitschia and unidentified Prorocentrum
spp. Other species include cyanobacteria such as Lyngbya majuscula, Nodularia,
Anabaena, Oscillatoria and Trichodesmium spp. (Kyewalyanga and Lugomela
2001). The authors concluded that occurrence of potentially harmful microalgae
may increase in the future due to interference of coastal ecosystems by human
activities such as dumping of untreated sewage. There have been some reports by
fishermen of fish kills in Chwaka Bay especially during the rainy season. Although
some scientists postulate the causes to be due to pesticide release, salinity drop or
oxygen depletion (see chap. 9), there is a need to also consider harmful microalgae
as a possible cause of such kills.
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Figure 1. A typical example of microbial mats in mangrove forest of Chwaka Bay (top two
pictures) and light micrograph of the same mats showing that it is dominated by filamentous
cyanobacteria such as Microcoleus chthonoplastes and Lyngbya sp. The micrograph also shows cells
of unicellular cyanobacteria, Chroococcus sp. Photo: Karolina Bauer.
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MICROALGAE BIOMASS, PRODUCTIVITY AND
NUTRIENT CYCLING
Biomass and Primary Production
Temporal and spatial variations in phytoplankton biomass (suspended microalgae) and primary production have been observed in the mangrove creeks as well
as above the sand and/or mud flats of Chwaka Bay (Lugomela 1996; Kyewalyanga
2002). In a report by Kyewalyanga (2002), phytoplankton biomass in Chwaka Bay
ranges from 0.11 to 19.7 mg Chl. a m-3 with a mean value of 3.72 ± 5.2 mg Chl. a
m-3. These values were generally higher than those reported by Lugomela (1996) in
the Bay who reported phytoplankton biomass values ranging from 0.04 to 0.5 mg
Chl. a m-3. Both authors however, reported significantly higher biomass in stations
located in the mangrove creeks compared to stations located above sand/mud flats
away from the mangroves.

Primary production values in Chwaka Bay ranges from 7.54 ± 0.58 mg C
m-3h-1 (May 2000) to 132 ± 9.19 mg C m-3h-1 (July 2000) with an average
value of 53.07 ± 2.3 mg C m-3h-1 (Kyewalyanga 2002). The author showed
two major peaks of primary productivity during the dry season in July and
August while two smaller peaks were observed during the rainy season
in November and March. In addition, higher primary production was
recorded in mangrove creeks than in open waters. The high rate of primary
production in mangroves compared to open areas is hypothesised to be due
to differences in the concentration of inorganic nutrients between the two
stations. Indeed, Mohammed and Johnson (1995), showed strong spatial
variation in nutrients with concentrations decreasing towards the open
Bay (see also chap. 9). The primary productivity by phytoplankton is very
important as it forms the basis of the aquatic food webs, being the main
food source for zooplankton and other aquatic animals. In the west coast of
Unguja Island for example, Lugomela et al. (2001) reported phytoplankton
primary production to range from 204 – 4,142 mg C m-2 day-1 and 77% of
this was consumed by heterotrophic flagellates and ciliates before reaching
higher trophic levels. Also, Lugomela et al. (2002) reported the mean rate of
carbon fixation by one planktonic cyanobacteria species, Trichodesmium, (a
filamentous colony forming cyanobacterium) to be in the order of 1.2 ± 0.3
ng C trichomes−1 h−1 in the upper 5 m of the water column. It was estimated
that Trichodesmium species contributed between 0.03% of the total CO2
fixation during the southeast monsoon period when Trichodesmium abundance is low and up to 20% during northeast monsoon when its abundance
is high.
The benthic microalgae and cyanobacteria biomass in Chwaka Bay has been
assessed particularly in the mangrove forest and in seagrass bed areas with and
without seaweed farms (Mohammed and Johnstone 2002; Kyaruzi 2002; Lyimo
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and Hamisi 2008). Generally chlorophyll a on sediment shows patchy distribution.
Mohammed and Johnstone (2002) reported the mean chlorophyll a concentrations in the sediment ranged from 2.7 to 5.6 μg Chl a g-1 dry wt during the rainy
season and from 17.2 to 31.7 μg Chl a g-1 dry wt during the dry season in mangrove
creeks of the Bay. These values were higher than those reported by Kyaruzi (2002)
who estimated a mean value of 0.98 μg Chl a g-1 dry wt at Mapopwe Creek and
that there were no significant difference between dry and rainy seasons. In the
seagrass beds of Chwaka Bay, Lyimo and Hamisi (2008) estimated a total biomass
on sediment and seagrass epiphytes to be in the average of 2.96 ± 0.73 μg Chl a
cm-2 in areas with seaweed farms and 3.46 ± 1.72 μg Chl a cm-2 in areas without
seaweed farms. However, analysis of the data showed no significant difference in
the biomass between seagrass meadows with and without seaweed farms or with
seasons. Although some seasonality influences may be responsible for changes in
the benthic chlorophyll a concentration of Chwaka Bay, the variations seen between
different studies at different seasons seems to be more governed by patchiness than
seasons. Rates of primary production (carbon fixation) by benthic microalgae have
never been measured in Chwaka Bay. Elsewhere, epibenthic and epiphytic microalgae and cyanobacteria have been reported to provide as much as 46% of the total
autotrophic production in seagrass meadows (Pinckney and Micheli 1998). It has
also been estimated that about 33% of the total primary production in Mississippi
(USA) salt marsh benthic production comes from microphytobenthos (Sullivan
and Moncreiff 1988). In addition, it has been estimated that 20 – 30% of the total
primary production in coral reef systems is associated with microalgal production
in sediments (Sorokin 1993). Primary productivity levels in some microbial mats
are comparable to those in mangrove and rain forests (see Stal 2000, and references
therein).
Off the west coast of Unguja Island, Lugomela et al. (2005) estimated microbial
mat surface cover to range between 5-56% with an annual average value of 25%.
They reported that mats found in deep waters showed low light adaptation of their
photosynthetic activities compared to their shallow-dwelling counterparts. Also,
the microalgae and cyanobacteria regulated their photosynthetic activity depending on the light regime over the day, showing high light utilization coefficients
(a), light saturation index (Ek) and maximum electron transport rate (ETRmax)
values at around noon compared to morning and evening values. Carbon fixation
rates of 0.05, 0.3 and 0.5 kg cm-2 y-1 for thin (≈0.5 mm), medium (≈1 mm) and
thick (≈2 mm) microbial biofilms, respectively, and an overall primary production
rate of 0.14 kg cm-2 y-1 at depths of about 5 m were estimated. It was shown that
biofilms in the area actively fix carbon and may contribute substantially to the
primary productivity in the Zanzibar coastal ecosystems.

Nitrogen Fixation
Various cyanobacteria genera such as Anabaena, Lyngbya, Rivularia, Calothrix,
Microcoleus and Nodularia are some of the well-known diazotrophs found in
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Chwaka Bay. They occur in sediments as well as epiphytes on seagrass and pneumatophores of mangroves (Lugomela 2002; Hamisi et al. 2004; Bauer 2007). Rates
of nitrogen fixation by some cyanobacterial species isolated from Chwaka Bay,
were reported to range from 0.03 (Microcoleus chthonoplastes) to 33.5 (Anabaena
spp.) nmole C2H4/μg Chl.a/hr (Lugomela et al. 2001; Lugomela 2002). Also,
Lugomela (2002) reported diel variability of nitrogen fixation rates, with different
optima periods for different types of cyanobacteria collected from Chwaka Bay.
The heterocystous Anabaena spp. practices the well-known strategy to fix nitrogen
in light concomitant with photosynthesis while Lyngbya majuscula fixes nitrogen
at night like most other non-heterocystous cyanobacteria. Much higher nitrogenase activity was seen for heterocystous cyanobacterium Anabaena spp. compared
to L. majuscula probably due to direct supply of adenosine triphosphate (ATP) and
reducing power derived from photosynthesis for the Anabaena that fixes nitrogen
during the day. The observation that L. majuscula fixes nitrogen only during the
night contradicted some earlier report (Jones 1990;1992; Dennison et al. 1999)
which suggested that these cyanobacteria are capable of aerobic nitrogen fixation
in light during the day. Further, re-evaluation of nitrogen fixation behaviour of L.
majuscula collected from Zanzibar coastal waters confirmed that it fixes nitrogen
and synthesizes its nitrogenase in all cells during the dark phase of the diel cycle
while during the light phase its nitrogenase is degraded to undetectable levels
(Lundgren et al. 2003).
The rates of nitrogen fixation in microbial mats located in mangrove forests of
Chwaka Bay was estimated to range from undetectable levels during the day but
to the order of 3.9 µmol C2H4 m-2h-1 for measurements done at night (Bauer 2007).
The rates of nitrogenase activity in the non-heterocystous microbial mats in mangrove was considerably lower compared to those recorded from similar mats in
e.g. Paje, Zanzibar and Heron Island, Australia (Diez et al. 2007; Bauer et al. 2008),
but almost in the same range as observed in microbial mats dominated by Lyngbya
sp. in Guerrero Negro (Pacific Ocean) as reported by Omoregie et al. (2004). Bauer
(2007) postulated that the low nitrogenase activity in the mangrove forest may
be due to higher availability of dissolved organic nitrogen which emanates from
the surrounding dense stands of mangrove trees and their litter. Nevertheless, it
may be expected that nitrogen fixation occurring among mangroves contributes
positively to the overall nitrogen budget of these lush stands. Much higher nitrogen fixation rates by epiphytic and benthic diazotrophs in seagrass meadows in
the open waters of Chwaka Bay were reported by Lyimo and Hamisi (2008). The
authors reported rates in the average of 35.8 ± 39.9 μmol of C2H4 /m2/hr in the
areas with seaweed farms and 22.6 ± 22.5 μmol of C2H4 /m2/hr in areas without
seaweed farms. However, there were no significant differences in nitrogen fixation
rates between areas with and without seaweed farms in Chwaka Bay. In general,
the nitrogen fixation rates recorded at Chwaka Bay fall in the range recorded in
similar environments within the region and elsewhere (Stal et al. 1984; Lugomela
and Bergman 2002; Lyimo and Lugomela 2006).
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ENVIRONMENTAL FACTORS GOVERNING MICROALGAE
DISTRIBUTION IN CHWAKA BAY
Salinity, pH, turbidity and inorganic nutrients are possibly the main factors
influencing the spatial dynamics of microalgal and Cyanobacteria species composition in Chwaka Bay. Lugomela (1996) observed that areas close to mangroves
are always relatively more turbid with consistent low pH and highly variable
salinity regime. The species composition in such areas are normally dominated
by small pennate diatoms such as Tropidoneis approximata, Asterionella notata,
Amphora spp. Nitzschia spp. Pleurosigma spp. Gyrosigma spp., as well as some
centric diatoms such as Campylodiscus spp. Biddulphia spp., and small sized
dinoflagelates like Protoperidinium minusculum. In contrast, the more seaward
areas in the Bay which have relatively clear waters, are dominated by large centric
diatoms such Chaetocerus spp., Rhizosolenia spp. Coscinodiscus spp. Bacteriastrum
spp. Leptocylindrus spp. and large armored dianoflagellates such as Ceratium spp.
as well as cyanobacteria like Trichodesmium spp. In addition, nutrient is one of
the factors influencing microalgae biomass. The higher phytoplankton biomass
observed in the mangrove creeks compared to the open Bay is due to the fact that
Chwaka mangrove creeks have consistently higher nutrients (Mohammed and
Johnsone 1995; see chap. 9). The lower nutrient levels of the open waters of the Bay
could be influenced by the limestone seal at the mouth of the Bay which has been
found to hinder water exchange between the creek and open waters (Mohammed
1998).
Temporal variation in phytoplankton composition in the Bay has also been reported by Lugomela (1996), who observed dominance of the diatom Tropidoneis
approximata and Buddulphia pulchella in June followed by Climacosphenia moniligela in July while Pleurosigma angulatum dominated the phytoplankton community in August to November while Climacosphenia moniligela dominated again
from January to March. The reason for this temporal variation in phytoplankton
species has been postulated by the author to be largely due to temporal variations
in salinity. Short time fluctuations in chlorophyll a concentration in the Bay have
also been reported possibly to be due to short term fluctuation in the water column
stability driven by physical process such as wind (Lugomela 1996). It is for example
well known that Langmuir circulations results in patchiness in plankton distribution. Other factors which may be responsible for such short term-fluctuations
include fluctuation in nutrient concentration and grazing by zooplankton. In
addition, availability of micronutrients such as iron, copper and cobalt may also
influence plankton production under certain conditions (Martin et al. 1994).
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FUTURE RESEARCH ON MICROALGAE IN CHWAKA BAY
The composition, abundance, and growth of microalgae and cyanobacteria are
controlled or influenced by a number of environmental factors such as availability
of resources, hydraulic conditions and biotic interactions. In turn, microalgae and
cyanobacteria communities affect water chemistry, hydraulic conditions, habitat
availability, and food web dynamics. However, many of these ecological topics
remain unexplored or underexplored for Chwaka Bay. Physiological responses to
stressors, competitive inhibition and exclusion, allelopathy, and the effects of drag
forces and turbulence need to be accessed. Ecology studies tend to be multivariable, phenomenological, and non-mechanistic. The previous ecological studies on
microalgae and cyanobacteria of Chwaka Bay provide information about temporal
and spatial patterns, but rarely provide evidence for the causes of those patterns.
These studies are impaired by low statistical power and insufficient experimental
control. Thus, future microalgae and cyanobacteria ecological studies in the Bay
need more rigorous manipulative experiments, particularly experiments that generate clear relationships between environmental drivers and ecological responses.
Harmful Algal Blooms (HAB) are a natural phenomenon, however their incident
are increasing both in term of cases and affected areas (Sidharta 2005). In Zanzibar
coastal waters for example, Lugomela (2007) encountered for the first time the
occurrence of a potentially harmful dinoflagellate Noctiluca scintillans, despite
the fact that they were not encountered in various previous studies. The author
hypothesized that the microalgae was possibly introduced into the area through
ballast waters or ocean currents. When HAB outbreaks occur it will usually damage the environment and create economic losses. Environmental damage and
economic losses are caused by HAB organisms, derived from both environmental
alterations and toxin productions. In Chwaka Bay, studies on HAB events are still
lacking possibly due to low number of researcher and limited research funds, lack
of awareness as well as national agenda with regard to HAB in Tanzania.
Microalgae and cyanobacteria studied in Chwaka Bay have been the subject of
conventional studies related to taxonomic, distribution, ecology and productivity
(carbon and nitrogen fixation). However, application of molecular methods such
as that of Bauer (2007) has received less attention in Chwaka Bay. Elsewhere, molecular methods in microalgae studies are being applied to investigate for example
population structure and phylogenetic relationship. Results from such studies
have provided new insights into issues pertaining to systematics, biogeography
and population biology of microalgae. Future research on microalgae in Chwaka
Bay needs to focus on identification, isolation and molecular characterization of
ecologically and/or economically important strains. Thus the application of molecular methods in studying Chwaka Bay microalgae and cyanobacteria is highly
recommended.
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– CHAPTER 8 –

Carbonate Production by Calcareous Algae in a
Seagrass-Dominated System: The Example of Chwaka Bay
Juma Kangwe, I. Sware Semesi, Sven Beer, Matern Mtolera and Mats Björk
INTRODUCTION
Chwaka Bay is well protected from the open ocean by fringing Coral Reefs, forming
a secluded bay with vast shallow sand flats and a tidal range of over 3 m. This is an
ideal setting for seagrasses, and over half of the Bay’s ca. 50 km2 is indeed covered
by extensive seagrass meadows (see chap. 5). Within these meadows, seagrasses are
found mixed with large populations of macroalgae, and in particular calcareous
green algae of the genus Halimeda. Overall, the seagrass cover within meadows
consist of 54% seagrasses and 35% Halimeda species, and the remainder (11%)
of the photosynthetic organisms are other macroalgae (Gullström et al. 2006) as
well as zooxanthellae-containing coral heads and other invertebrates. Both the
seagrasses and calcareous algae like Halimeda are important contributors to the
coastal habitats of the Bay; Halimeda species contribute 60% of the calcareous
sediment (Muzuka et al. 2001). This emphasises the important role of Halimeda,
which thrive together with the seagrasses, as major producers of carbonate sand
in Chwaka Bay, as well as the whole east coast of Unguja Island (Shagude et al.
2001). While the contributions by seagrasses per se are covered in chapter 5, the
importance of the calcareous algae will be discussed here.

The Importance of Marine Calcification
Biological calcification in the marine environment is an extremely important
process that builds coral reefs, supplies a large portion of the lagoonal sand in
tropical and subtropical areas and builds extensive coral ridges in colder waters
(e.g. Hillis-Colinvaux 1986). Calcification in calcareous macroalgae simply refers
to the precipitation of calcium carbonate (CaCO3) crystals within or on the algal
cell walls, and a common feature of these organisms is that they have hard, resistant thalli heavily encrusted with CaCO3. In all environments on earth there
JK: Tanzania Fisheries Research Institute, P.O Box 78850, Dar es Salaam, Tanzania, e-mail: jumakangwe@yahoo.
com ISS: Department of Aquatic Resources and Conservation, University of Dar es Salaam, P.O. Box 35064, Dar
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668, Zanzibar, Tanzania, e-mail: mtolera@ims.udsm.ac.tz MB: Botany Department, Stockholm University, SE-106
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are algae and animals capable of depositing CaCO3 in their cells, cell walls or as
exoskeletons. Among the marine algae, there are species with this capacity present within the green (Chlorophyta), red (Rhodophyta) and, although rare, the
brown algae (Phaeophyta). These algae are thus not only, as other algae and higher
plants, primary producers of organic matter, but also important carbonate sediment producers throughout all oceans and contributors to the formation of coral
reefs in tropical waters (e.g. Hillis-Colinvaux 1986). The ability to deposit CaCO3
around or within the algal body (or thallus) gives these algae a hard structure
that is more resistant to physical disturbances and grazing than the non-calcified
structures of other macroalgae. The CaCO3 can be deposited in the form of calcite
or its isomorph aragonite depending on the calcification mechanism of the alga
(Borowitzka 1977), and is essentially the same as in the formation of mother-ofpearl in the shells of bivalves.
Amongst the green algae, the calcifying genus Halimeda is commonly found in
most tropical and subtropical waters in a wide range of habitats, from the intertidal
down to depths of 130 m (Beach et al. 2003; Hillis 2001). These algae are built
up by hard, flattened, jointed, leaf-like segments that are connected to each other
with a thin strand known as the genicula, which provides the alga with flexibility.
Their hard calcified morphology (with CaCO3 as aragonite), along with an ability
to synthesize potentially toxic secondary metabolites, renders them an effective
protection against herbivores (Paul and Fenical 1983). Decomposed Halimeda
tissues are important sediment elements in the areas where they are present, and
whole atolls, as well as the sandy beaches of many tropical shores, can be made
up by disintegrated Halimeda parts (Hillis 2001). Within the red algae, calcifying
species are found in many different forms, all of them depositing their CaCO3 as
calcite. The majority of the calcareous algae of the world are coralline, i.e. marine
red macroalgae of the family Corallinaceae (Borowitzka 1981). Crusts of coralline
algae can build up a cementing layer covering and protecting whole coral reefs.
They further act as wave breakers and as substrates where corals can settle. The
calcareous algae can also grow epiphytically on seagrass leaves as well as on other
marine organisms such as bivalves and molluscs (Steneck 1986). A special growth
form of crust-forming coralline algae are the rhodoliths, which are free-living
nodular forms that can form extensive beds that can provide organisms of economical importance, such as crustaceans, fish and molluscs with food, shelter and
nursing grounds (Foster 2001; Kamenos et al. 2004; Wilson et al. 2004).
In some parts of the world, beds of rhodoliths, often referred to as maerl grounds,
are important economically with the dead and living algal material extracted
and used as a soil conditioner and fertiliser (Grall and Hall-Spencer 2003). The
rhodoliths normally grow very slowly; as an example, rhodoliths of Lithothamnion
crassiuscuium increase their thickness at a rate of about 0.6 mm/year. When they
reach a radius of 6 cm, they would thus be about 100 years old (Frantz et al. 2000).
By measuring the occurrence of different isotopes such as 14C and trace elements
captured in the CaCO3, rhodoliths can be used as oceanographic “archives” reflecting important climatic events in the past.
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The Calcification Process
The ability to calcify, that is to precipitate CaCO3, to achieve hard cell wall structures due to the formation of calcite or aragonite crystals, is, as mentioned above,
present amongst almost all algal groups. This deposition can occur within the cells,
but for macroalgae it usually occurs outside the cell membranes, i.e. in the cell wall
or in between adjacent cells (Borowitzka 1977). Calcification is normally stimulated by light and has in laboratory experiments been shown to be proportional to
the rate of photosynthesis. During photosynthesis, the photosynthetic utilisation
of carbon dioxide (CO2) results in an increased pH in the seawater surrounding
the cells, which favours calcification. Conversely, it has been suggested that calcification might enhance the photosynthetic rate by increasing the speed of conversion of bicarbonate (HCO3-) into CO2 and water by lowering the pH. Contrary
to photosynthesis, respiration reduces calcification rates as released CO2 lowers
the intra- and intercellular pH (Borowitzka 1977; 1981; 1982; McConaughey
and Whelan 1997). During short-term experiments, rates of calcification can be
measured as changes in total alkalinity (TA) in the seawater surrounding the algae
(Smith and Key 1975; Chisholm and Gattuso 1991).

THE CALCIFYING ALGAE OF CHWAKA BAY
In Chwaka Bay, massive assemblages of seagrasses are found mixed with large
populations of the calcifying green alga Halimeda and other macroalgal species.
The composition of these meadows was assessed in 2002 using SCUBA (at 221
sampling sites, 500 m between each site) to obtain an estimate of the seagrass and
seaweed cover for the entire Bay (Gullström et al. 2006). The overall cover in the
bay was 24% seagrass, 16% Halimeda spp. and 5% other macroalgae, whereas 54%
was un-vegetated sediment. These covers are an average estimate, not accounting
for seasonal or inter-annual variations. However, the total cover of vegetation in
Chwaka Bay was estimated by remote sensing over a 20 year period, and appears
to be largely stable over years (Gullström et al. 2006).

The Halimeda Species
In order to evaluate the importance of the Halimeda species as contributors of
calcareous sediments, a study was made on their distribution, standing biomass,
growth and CaCO3 production within Chwaka Bay (the work was performed by
J.W. Kangwe and unpublished prior to this volume). For a detailed description of
the methods used, see Appendix 1. These data were then used to estimate areal
production rates of CaCO3 by Halimeda in the Bay.
Among the Halimeda species present, four were especially common in the Bay:
Halimeda opuntia (sometimes also referred to as Halimeda renschii Hauck, Fig.
1b and 1c) was the most common, growing from the intertidal to deeper waters
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(a)

(c)

(b)

Figure 1. a) Halimeda macroloba close-up; b)
H. opuntia; c) H. opuntia partly decomposing
into sand. Photos: Juma Kangwe.

on muddy sediments containing a lot of calcareous materials of decomposing Halimeda “flakes” (though some specimens are found on rocky substrates).
Similarly, H. macroloba (Fig. 1a) was common from the intertidal to deeper,
muddy, areas (with coarser flakes) and medium-fine sands, as well as in rocky
areas where they show stunted growth. H. tuna was commonly found on muddysandy bottoms, and sparsely on rocky substrates. H. incrassata was found in rocky
places, course sand and only sometimes in muddy areas.
The study covered five sampling sites (indicated in Fig. 2) representing a range of
different habitats in order to capture the range of biomass and calcification rates
that might occur. The sites had the following characteristics: Site I was close to
Chwaka village, some 550 m from the shoreline and located within the channel at
depths of 5-6 m and ca.1 m during highest and lowest spring tides, respectively,
with a rocky bottom in the middle of the channel, surrounded by a thick layer of
course sand and large Halimeda flakes on the edges of the channel and the surrounding area. Site II was in the middle of the Bay towards Michamvi (about 2.8
km from the Chwaka village shore), with average depths of 4 and 0 m (totally
exposed to air) during highest and lowest spring tides, respectively. The bottom is
soft and muddy with a lot of dark decomposing Halimeda flakes. Site III was in a
muddy area within the channel which receives most of the rain water inputs from
Mapopwe Creek. Site IV was a medium-grain sand area in the eastern part of the
Bay, rich in seagrasses mixed with Halimeda species, and this site was completely
exposed to air during lowest spring tide. Site V was a deep-water area (about 7
m) with coarse sand rich in Halimeda flakes. The site was always submerged even
during the lowest spring tide.
146

Figure 2. Map of Chwaka Bay showing the positions of the five sampling sites; for standing biomass sampling were sites I-V; growth rates were estimated at sites I and II.

H. opuntia dominated the biomass of the material sampled at sites I – IV (Table
1), and accounted for half of the total mean standing biomass (781 ± 96 g dw m-2)
and formed the bulk of the total mean dry weight (1563 ± 91 g dw m-2). Mean
standing biomass of H. macroloba and H. incrassata were 505 ± 100 and 277 ± 77
g DW m-2, respectively. The biomass of H. tuna was always a minor component of
the Halimeda vegetation. The highest standing biomass of H. opuntia was found
at sandy bottoms (sites I and IV), and less at muddy bottoms (site II and III). H.
incrassata was less abundant than H. macroloba and was largely limited to muddy
substrates (sites II and III); even though a low standing biomass was also obtained
at sites which were characterised by course sediments overlying bedrock (I and V).
The growth rate of the different species (estimated only at site I and II) was not significantly different between species but changed with season (Table 2). The content
CaCO3 in the Halimeda thalli at the different sites ranged between 88 and 95% of
the dry weight with a mean value of 91%. There was no significant difference in the
CaCO3 content of the different species and the content did not vary significantly
between months (p > 0.05).
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Table 1. Average standing biomass of Halimeda species at the five sites in Chwaka Bay for the
period December 2000 to May 2001. The values indicated are an average of six months sampling
in each site (n = 60).
Bottom
Type

Depth
(m)

I

Coarse
sand

II

Sites

Standing biomass at each site (g dw m-2)

H. macroloba H. opuntia

H. incrassata

Total

4.3

392 ± 107

1730 ± 168

46 ±58

2168

Coarse
mud

2.5

614 ± 144

288 ± 82

592 ± 84

1494

III

Fine
mud

3.4

287 ± 75

254 ± 76

402 ± 118

943

IV

Medium
sand

2.9

149 ± 70

1513 ± 140

269 ± 109

1931

V

Coarse
sand

6.7

1085 ± 104

119 ± 15

74 ± 18

1278

Mean

505 ± 100

780.8 ± 96

276.6 ± 77

1563 ±
91

% of
Total

32

50

18

An estimated mean standing mass of CaCO3 and CaCO3 production per m2
day-1 were calculated (Fig. 3) from the standing biomass of the whole bay and
mean values of growth rate (from site II which was taken as an “average” site in
the middle of the bay) together with the CaCO3 content estimated in this study.
These calculated rates are high, far exceeding many other reported rates (Table 4).
For example, H. opuntia had a mean standing CaCO3 of 1595 g m-2 and a CaCO3
production rate of 48 g m-2 day-1 at site I, and H. macroloba had 560 g m-2, and 15
g m-2 day-1 at site II. H. incrassata had the lowest standing CaCO3 (40 g m-2) at site
I, and a higher standing CaCO3 than the other species at site II.
These estimations are based on too few observations (especially the growth data)
to make any real CaCO3 budgets of the Bay. However, assuming that the carbonate
production from Halimeda is within the same range (as in Table 3) for the whole
Bay, and that 16% of the Bay is covered by Halimeda (as in Gullström et al. 2006),
it could theoretically contribute between 16 and 28 million kg CaCO3 sediment
per year to the Bay. This is however only an estimate based on extrapolations and
thus remains speculative.
Surface waters of the open ocean feature quite stable pH values, and are normally
super-saturated with respect to CaCO3. However, it has been shown that the primary production by marine plants can drastically change the pH of the surrounding seawater, especially in enclosed bays. For example, the seagrasses in intertidal
pools of Chwaka Bay could increase the pH to high values such that other primary
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Table 2. Growth rates of Halimeda in Chwaka Bay as percent daily growth rate (% DGR) calculated from the ratio of the new segments to all segments of a thalli.

Growth rate at site I (%DGR)

Growth rate at site II (%DGR)

Growth
Period

H.
macroloba

H.
opuntia

H.
incrassata

H.
H.
macroloba opuntia

H.
incrassata

January/
February

3.8

3.5

0.8

4.1

2.6

3

April/May

3.7

4

2.4

2.1

2.7

1.9

July/August

1.7

1.6

2.9

1.9

1.7

2.3

Mean

3.07 ±

3.03 ±

2.03 ± 0.66

2.33 ±

2.40 ± 0.40

0.73

0.37

2.70 ±

0.36

0.66

producers were hindered from photosynthesising in those pools (Beer et al. 2006).
This effect of pH increases the saturation state of CaCO3 in the water (ΩCaCO3), and
high pH values are common in the open waters of the bay when tides are low. It was
established in field experiments that this increase in pH caused a drastic increase
in the calcification rates of both Halimeda and two species of coralline algae and,
in effect, it appears that calcification in general follows the net productivity of the
Bay (Semesi et al. 2009b).
So, could the photosynthetically driven increases in the saturation state of CaCO3
be the cause of the high calcification rates in Chwaka Bay? Since we have no, or
at least very little, data from previous studies on the daily pH changes within the
studied systems this is difficult to answer. However, Bach (1979) found the highest
standing crop of Halimeda incrassata at stations within dense beds of the seagrass
Thalassia sp. Also, the only reported rates of CaCO3 production comparable to
what we found in Chwaka Bay are reported from a shallow lagoon area in Tahiti
(Payri 1988), an area in many ways comparable to Chwaka Bay. Thus, the very high
production of CaCO3 reported for Chwaka Bay, could possibly be explained by the
increased pH values caused by its dense cover of seagrass beds.

The Importance of Other Calcifying Algae in Chwaka Bay
To the best of our knowledge, there are no reported data on the distribution or
production of carbonates by calcareous algae other than Halimeda from Chwaka
Bay. However, several crust-forming coralline algae of the Corallinaceae occur
commonly in the Bay, and it is only reasonable to assume that they also contribute
to the production of calcareous sands. Rhodoliths of various genera have been
reported as common (Semesi et al. 2009a) and both crustose and articulate coralline algal epiphytes are very common on both the stems and leaves of seagrasses
(Semesi 1988; Lugendo et al. 1999; Leliaert et al. 2001; Rasmusson 2008). Two
studies (Semesi et al. 2009b; Rasmusson 2008) reported on in situ measured rates
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Table 3. Standing biomass, growth rate and productivity of Halimeda spp. in Chwaka Bay.
DGR = Daily Growth Rate.

Standing
biomass (g
dw m-2)

CaCO3
content
(% dw-1)

Standing
CaCO3
(g CaCO3
m-2)

mean DGR
(% day-1)

CaCO3
production
(g CaCO3 m-2
day-1)

From this
study, table 1

From this
study

Calculated
from the
biomass
and CaCO3
content.

From this
study, table 2,
site II

Calculated from
standing CaCO3

and DGR

H .macroloba

392

91.57

359

3.07

11.01

H. opuntia

1730

92.22

1595

3.03

48.39

H. incrassata

46

90.50

42

2.03

0.85

H. macroloba

614

91.57

562.22

2.70

15.18

H .opuntia

288

92.22

265.58

2.33

6.20

H. incrassata

592

90.50

535.76

2.40

12.86

Site I

Site II

of calcification in a way which makes it possible to compare the coralline algae
with the Halimeda, at least approximately: rhodoliths made up of Hydrolithon
sp. had rates of calcification between 0.01 and 0.16 nmol CaCO3 gFw-1min-1 and
Mesophyllum sp. 0.1 to 1.15 nmol CaCO3 gFw-1min-1. These rates are in the same
order of magnitude as the rates of Halimeda (0.02 - 2.75 nmol CaCO3 gFw-1min-1)
and thus it seems that we can indeed expect a significant input of CaCO3 also
from the coralline algae. The rates of calcification of rhodoliths can be compared
also with crustose coralline algae growing as epiphytes on seagrasses in Chwaka
Bay (Rasmusson 2008). Here, the calcification rate of the calcareous crusts was a
bit more than half of the rate of rhodoliths (61 and 101 mmol of CaCO3 m-2 min-1
respectively), so we should expect that also these epiphytes could contribute to
the calcification budget of the Bay. Thus, we believe that the contribution of other
calcifying algae can be significant, and hence there is a need for further studies on
the other calcifying algae apart from Halimeda spp. within the Bay.
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Table 4. A comparison of ranges of Halimeda spp. biomass, growth rate and productivity in
different tropical waters.
Species

Location

Mean
standing
biomass
(g dw
m-2)

H. monile

Southern
Florida
(Lagoon)

8.33

H.
discoidea

New
Kaledonia

-

H. tuna

Florida Keys 20.09

H.
incrassata

Bermuda,
shallow
sub-tropical
lagoon

H.
New
incrassata Caledonia,
lagoon

Mean
Growth rate
(seg tip-1
day-1)

Mean CaCO3
production
(gCaCO3m2
day-1)

Mean CaCO3
production
(gCaCO3m2
year-1)

Reference

0.1

Bach
(1979)

6.9

0.15

0.04

13

Garrigue
(1991)

0.54

0.28

101

Vroom et
al. (2003)

6.70

1.0

0.14

50.00

Wefer
(1980)

16.7

0.15

0.09

31.87

Garrigue
(1991)

H.
incrassata

Southern
Florida
(Lagoon)

Mixed
Halimeda

Tahiti, shallow lagoon

111.00

3.30

0.29

1400

Payri
(1988)

H. tuna

Mediterranean (deepwater)

244.0

0.20

0.86

314

Ballesteros (1991)

H.
opuntia

Tahiti shallow lagoon

100.00

3.53

1 288

Payri
(1988)

H.
minima

Central
Great Barrier Reef
Province
(on reefs)

6.90

0.16

6.12

8.22

2 234

3000

Drew
(1983)

H.
Zanzibar
macroloba

505.40

0.48

11.01

15.18

4 018

5541

(Kangwe
2006;This
study)

H.
opuntia

Zanzibar

780.80

0.88

6.20

48.39

2 262

17663

(Kangwe
2006;This
study)

H.
incrassata

Zanzibar

276.60

0.30

0.85

12.86

309

4693

(Kangwe
2006;This
study)

0.1

0.70

62.3

Bach
(1979)
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FUTURE SCENARIOS FOR CALCIFICATION, EUTROPHICATION
AND OCEAN ACIDIFICATION
What threats can we see to the health of the calcareous algae of Chwaka Bay? One
possible future threat could come from the increasing tourist industry if it would
lead to increased sewage inputs to the bay (see chap. 1). Such increases in the
nutrient levels of the water have been suggested to negatively affect some coralline algae. A study of nutrients released from the harbour area in Zanzibar Town
reported that high levels of phosphate being transported with nutrient-enriched
water to nearby reefs by tidal flushing might have caused a 60% decrease in the
cover of coralline algae close to sewage sources, and that growth rates of the coralline algae declined drastically at high phosphate concentrations, but no effect of
exposure to elevated nitrate or ammonium levels was detected (Björk et al. 1995).
Thus, if the nutrient levels in the water of Chwaka Bay increases due to sewage
disposal it could have negative consequences on the calcification in the Bay. Also,
eutrophication is considered a major threat to the worlds seagrass meadows (Björk
et al. 2008, 20) and, because of the above described tight coupling between the
seagrasses and calcifying algae, anything disrupting seagrass meadows would
most probably also affect the calcareous macroalgae therein.
Another possible threat that is commonly discussed within the scientific community is “ocean acidification”, which refers to a decrease in seawater pH resulting
from increasing atmospheric, and accordingly dissolved, CO2 concentrations (The
Royal Society 2005). Apart from a reduction in pH, carbonate ion concentrations
of seawater will decrease proportionally, lowering the saturation state of CaCO3 in
the water (ΩCaCO3). If the level of CaCO3 saturation decreases, key marine organisms
such as coralline algae and corals will have difficulties in maintaining high rates
of calcification, jeopardising the stability of their calcified cell walls and skeletons
(see e.g. Orr et al. 2005).
How ocean acidification will affect the calcification within the seagrass beds of
Chwaka Bay is still an open question. If the pH in the seawater (and thus ΩCaCO3)
drops because of increased CO2, then it seems reasonable to assume that rates of
calcification will also drop. This has been confirmed in laboratory experiments
with rhodoliths from Chwaka Bay (Semesi et al. 2009a). However, as Chwaka
Bay is mostly a shallow lagoon systems colonized by a dense cover of highly productive seagrass beds, the effects of ocean acidification could very well be partly
counteracted by an increase in seagrass photosynthesis that, by fixing CO2, elevates
the pH (and ΩCaCO3) of the water in the Bay (Björk and Beer 2009; Semesi et al.
2009b). While at present we don’t know enough to estimate to what extent biologically driven changes in pH might affect processes like ocean acidification, but we
can definitely say that photosynthetically generated pH changes have a significant
influence on processes such as calcification within Chwaka Bay, and are therefore
probably of great importance in other shallow marine systems as well. While
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reports on the effects of pH on marine biological systems are few, the significant
impacts shown hitherto calls for pH to be looked upon as an important ecological
factor in many marine environments, the fluctuations of which can control several
biological processes including calcification and photosynthetic and, thus, growth
rates.

Appendix 1

Methods for Estimating Halimeda Biomass, CaCO3 Content and
Growth
Standing biomass

The standing biomass of the different Halimeda species was assessed from
Sites I-V (Fig. 2) using quadrants method, during the dry season (December
to February) and rainy season (March to May). At each site, standing
biomass was quantified from a permanent area 40 m x 40 m marked with
sticks in a homogenous Halimeda-containing meadow. Ten 0.25 m2 metal
quadrates were thrown at random, and all the above ground Halimeda material within the quadrates were collected and taken to the laboratory. In the
laboratory, samples were washed with tap water to remove salt and loosely
bound sediments, sorted into individual species, below-ground parts were
removed and the above-ground biomass was oven dried at 60ºC to constant
weight and weighed. The mean value was obtained to represent biomass of
each site. The weight of unknown species was distributed equally among the
3 Halimeda species. All sampled areas were marked with sticks to ensure
that the same exact areas are not re-sampled over the next sampling period.
CaCO3 content
Samples of mature segments of H. macroloba, H. opuntia and H. incrassata collected monthly from a homogenous Halimeda-containing meadow for six months
(December 2000 to May 2001) were used for CaCO3 analysis using the acid leaching method. The segments were thoroughly washed with tap water to remove salt
and oven-dried at 60oC for 48 h and stored dry before analysis. During analysis,
three finely ground sub-samples of 10 g dw from each species were treated with an
excess of HCl (2 M) and the carbonate weight was determined from the weight lost
during the acid treatment.
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Growth
The growth of the different Halimeda species were estimated at Sites I & II by using
the tagging technique (Ballesteros 1991) using SCUBA. The two sites differed in
environmental factors such as depth, bottom sediment type and exposure to air
during lowest spring tides, and both were studied during dry (January through
February) and wet (April through May) seasons as well as a transition period (July
through August) after the rain season has ended. This was important due to differences in seawater chemistry between the two seasons (nutrient influx, pH and
changes in salinities due to dilution or evaporation). Between 20 and 25 mature
thalli of H. macroloba, H. opuntia and H. incrassata were tagged within a 1 m2 area
using small labelled plastic tags and the number of new segments above the tagged
region were recorded on a weekly basis for 35 days. Growth rate was expressed as
percent daily growth rate (% DGR) calculated from the ratio of the new segments
above the tagged region over the sum of all segments present. Several different
plant sizes were sampled during the tagging.
Salinity and water temperatures were measured during low tide periods from
January to August 2002 at sites I and II using a refractometer and thermometer
respectively. Two readings were taken from each site in a week and the mean
monthly value was obtained. Monthly mean rainfall data were obtained from
the Zanzibar Meteorological Agency. Salinity values at Site II remained above 34
except for March and May, when the mean monthly salinity decreased to 32 and
30, respectively. A decrease in salinity was observed during the rainfall season
(March-May) at Site I, where the mean salinity decreased to 24 in March and 26 in
May when rainfall was high. Water temperature decreased from May towards July,
reaching lowest values in August that averaged 25.6°C and 24.8°C at Sites I and II,
respectively.
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– CHAPTER 9 –

Nutrients and Pesticide Pollution in Chwaka Bay
Salim M. Mohammed, Nadja Stadlinger, Aviti Mmochi and
Linda Kumblad

INTRODUCTION
Chwaka Bay is a predominantly rural setting part of Zanzibar Island, far away
from any industrial establishments. Consequently, the area does not directly receive chemicals from industrial point sources. However, Chwaka Bay is located
relatively close to the rice farms of Cheju, approximately 4 km west of the Bay
(Fig. 1). Chwaka Bay is the drainage basin of the Cheju farms, but there are no
direct surface water pathways between the rice fields and the Bay (Mmochi 2005).
However, during the rain season, when the groundwater table is high, considerable surface runoff reaches the Bay (Tack 1997). There is also the possibility of
groundwater intrusion due to the coralline structure of the underlying bedrock
(Tack 1997). In Cheju, both fertilizers and pesticides for insect pests and weed
control are used (Mmochi and Mberek 1998), making the Bay potentially vulnerable to input of agrochemicals.
The southern part of Chwaka Bay is fringed by a large mangrove forest, part of
Jozani Park, which has the potential to trap both pesticides and nutrients from
the Cheju runoff (Mohammed 1998; Kruitwagen et al. 2008). Chwaka Bay may
also receive pesticides from fumigation and malaria control activities in the surrounding villages and tourist hotels, and nutrients from waste water and domestic
animals. There is no sewerage system in the Chwaka Bay area and most villagers
use pit latrines while some households do not even have toilets (UNEP/FAO/PAP
2000; see chap.1).
Research addressing pollution in Chwaka Bay is scarce. Available documentation focus on (i) pesticide and nutrient levels in and around the Bay, (ii) nutrient
dynamics in the Bay and exchange with adjacent areas, as well as (iii) the use of
pesticides in agricultural areas in the drainage basin, particularly in Cheju. This
chapter aims at summarizing, discussing and evaluating the available knowledge
on nutrient and pesticide pollution in Chwaka Bay.
SMM: Institute of Marine Sciences, University of Dar es Salaam, P.O. Box 668, Zanzibar, Tanzania , e-mail:
salim@ims.udsm.ac.tz NS: Department of Systems Ecology, Stockholm University, SE-10691 Stockholm, Sweden,
e-mail: nadja@ecology.su.se AM: Institute of Marine Sciences, University of Dar es Salaam, P.O. Box 668,
Zanzibar, Tanzania, e-mail: mmochi@ims.udsm.ac.tz LK: Department of Systems Ecology, Stockholm University,
SE-10691 Stockholm, Sweden , e-mail: linda@ecology.su.se
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NUTRIENTS
The term nutrient refers to elements that are required for growth and function
of living organisms. In seawater, phytoplankton requires a supply of nutrients
for growth and it is usually the availability of nitrogen, phosphorus and/or trace
elements such as silica that are limiting plant functions. In general, nutrient concentrations in most tropical waters are extremely low (Lapointe et al. 1987) with
concentrations generally at µM level (Thomas 1966; Sanders and Moore 1979).
Excessive nutrient input into water bodies e.g. from sewage, agricultural fertilizers,
livestock manure, soil erosion and upwelling may cause eutrophication, a process
whereby enhanced nutrient concentration triggers growth of primary producers
such as phytoplankton, which ultimately may result in anoxic conditions when
massive amounts of organic material eventually are degraded.

Figure 1. Map of Chwaka Bay showing the Cheju rice fields, Mapopwe Creek, mangrove
forest and the surrounding settlements. Source: Institute of Marine Sciences, Zanzibar,
2010.
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Nutrient Sources
The Bay could potentially receive nutrient inputs from two major sources: farming
activities in the nearby Cheju rice farms and domestic sources such as livestock
manure from the various villages surrounding the Bay and sewage from hotels and
villages. The Cheju rice farms use both nitrogen and phosphorus based fertilizers
as a common practice. From the rain-fed farms, nutrient-laden effluents drain
into the Bay via the various mangrove creeks that drain the Chwaka mangrove
forest but also through underground drainage. The high concentration of nutrients in these effluents is however not reflected in the waters of the Bay, where the
inorganic nitrogen fractions were below detection level (BDL) while the level of
soluble reactive phosphorous was substantially lower compared to the rice fields
and somewhat lower in the Mapopwe Creek (Mmochi 2005) (Table 1). This could
be due to nutrients being trapped by the mangrove forest fringing the southern
part of Chwaka Bay and mixing due to the high turnover rates of water in the Bay.
There are no estimates available of the nutrient concentrations outside the Bay.
The high primary productivity reported in Chwaka Bay has partly been attributed
to input of nutrients from the mangrove forest (Mohammed et al. 2001). The main
primary producers in the Bay and adjacent creeks are possibly mangroves and seagrass meadows found adjacent to the forest. Phytoplankton and microphytobenthic algae are possibly minor players. It has been speculated that nutrients-laden
water from the forest supports the primary production in the Bay (Jordelius 1998).
However, several studies have shown that mangroves in general are not necessary net exporters of dissolved inorganic nutrients (Morell and Corredor 1993;
Alongi 1996). Mangroves are known to be highly productive systems themselves,
implying that they have a high demand for nutrients (Middleburg et al. 1996). The
nutrients that are regenerated within the forest may therefore probably be mostly
utilized at the site and leave very little for export. As Table 1 above shows, the
water draining from the Cheju rice farm has been stripped of most of the nutrients
while passing through the forest. Some authors have suggested that mangroves are
essentially nitrogen limited (Onuf et al. 1977; Boto and Wellington 1983; 1984)
and that the high demand may be met by a system of conservation and retention
as mentioned above. In addition, Boto (1992) and Clough (1992) suggested that
nutrient utilization by mangrove ecosystems might exceed re-mineralization rates
and hence lead to retention or even import of nutrients. Similarly, Alongi (1996)
among others, have found that mangrove forests in Hinchibrook Island (Southern
Australia) imports nutrients.
Studies performed in Chwaka Bay have also suggested that the forest is efficient in
recycling dissolved nutrients within the forest and that little of the mangrove regenerated nutrients is available for export to the Bay (Mohammed and Johnstone
1995). Studies in the Mapopwe Creek (the western major creek), the principal
waterway draining the mangrove forest, showed that neither soluble reactive phosphorus (SRP) or dissolved inorganic nitrogen (DIN) fluxes across the sedimentwater interface were great enough to alter water column concentrations, and that
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significant amount of the inorganic nutrients was sequestered in the mangrove
sediments by a combination of microbial production, microphytobenthic uptake
and possibly by de-nitrification (Mohammed and Johnstone 2002). Only ammonia
showed significant efflux into the water column and thus represents a potentially
significant source of DIN to creek water and the Bay. However, in a study of water
column concentration of nutrients in the same creek, very low ammonia levels
were observed and concentrations of the nutrients decreased towards the mouth
of the creek (Mohammed and Johnstone 1995). This implies that the creek retains
these nutrients for internal use and, thus, does not export significant amounts to
Chwaka Bay and beyond. As shown below, any export of material from the forest
occurs in the form of particulate organic matter rather than as dissolved fractions.
Another possible source of nitrogen in the Bay is in situ nutrient production within
the Bay itself. Studies by Lyimo and Hamisi (2008) show that nitrogen fixation by
epiphytic and benthic diazotrophs contributes a significant amount of nitrogen to
the seagrass ecosystem in the Bay. In their study, nitrogen fixation rates were 35.8
± 39.9 µM of C2H2 per m-2 h-1 in seagrass meadows at sites with seaweed farms and
22.6 ± 22.5 µM of C2H2 m-2 h-1 at sites without seaweed farms. Thus within-the-Bay
fixation of nutrients appears to be highly important for the productivity of the Bay.
For example, measurements of primary production in the Bay have given values
of gross community production of 1,029 g C m-2 y-1 at a site farthest from the
mangrove forest compared to a production of 467 g C m-2 y-1 at a site closest to the
forest (Mohammed et al. 2001) despite the fact that the latter site (located closer
to the forest) is a direct recipient of the mangrove derived particulate organic matter (POM) as shown by isotopic studies (Mohammed et al 2001). It appears that
primary production at the site furthest from the forest is not directly coupled to
mangrove export and that production within the Bay is more dependent on fixation of nutrients by the epiphytic communities in the Bay and only sites closer to
the forest benefit from mangrove derived nutrients (in the form of POM). There is
also a possibility of nutrients entering the Bay via ground water seepage. However
there is no data to verify this.

Nitrogen Transformation Rates
There is very scant information on nitrogen transformation rates in Chwaka Bay.
However, a study in the Mapopwe Creek by Mohammed et al. (2001) reported
nitrification rates of between 0–12 µM N m-2 h-1 and these rates did not vary much
among sites in the Bay. These rates are comparable to similar tropical environment
where values of between 6–45 µM N m-2 h-1 have been reported (Koike and Hattori
1978). De-nitrification rates range between 0.37–2.72 µM N m-2 h-1 and studies
have shown that de-nitrification observed in the Bay was entirely supported by
water column NOx, i.e. non-coupled de-nitrification (Mohammed and Johnstone
2002). No coupled de-nitrification was observed in sediments from any sites studied. Studies on de-nitrification have shown that the process could be a significant
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Figure 2. Rice farmer in the irrigated part of Cheju practicing manual weeding.
Photo: Tove Porseryd.

contributor to nitrogen loss in coastal environments. For example Seitzinger (1988)
estimated that up to 5 percent of nitrogen could be lost from such environments
through de-nitrification. However, a more conservative but significant estimate
of 1-14 percent nitrogen loss was given in other studies (see e.g. Zimmerman and
Benner 1994; Nielsen and Rasmussen 1995). As mentioned above de-nitrification
rates are relatively small within the Bay and supposedly cannot be a strong factor
in the loss of nitrogen from the Bay and cannot therefore alter the nitrogen budget
of the Bay. On the other hand nitrogen fixation rates recorded in the Bay are quite
significant and have the potential of adding significant amount of nitrogen to the
Bay.

Nutrient Concentrations in Chwaka Bay
There is limited data on dissolved nutrient concentrations and their behavior in
Chwaka Bay. More studies have been undertaken in the major creeks (see for
example, Mohammed 1998) than in the Bay proper. Unlike the major creeks that
drain the adjacent mangrove forest, very few studies have been carried out in the
Bay proper. The available studies have shown that concentrations of dissolved
inorganic nutrients in the Bay, in general, are relatively low. Water column SRP
concentrations range from 1.2–2.0 µM l-1, while DIN range from 1.6–22.6 µM
l-1 (Mohammed et al. 2001). Similar concentrations were reported by Ngusaru,
Mohammed and Mwaipopo (2001) who estimated mean SRP of 2.0 µM l-1 and 1.2
µMl-1 in the inner and outer Bay, respectively. They also recorded DIN concentra161

tions of 23.6 µM l-1 in the inner Bay and 18.6 µM N l-1 in the outer Bay. In a more
recent study much lower concentrations were reported in the outer Bay; dissolved
phosphate, nitrite and nitrate of 0.1–0.3 µM P l-1, 0.2–0.3 µM N l-1, and 1.3–2.1 µM
N l-1, respectively (Lyimo and Hamisi 2008). Unfortunately there is no information
on seasonal fluctuations of these nutrients.

Sediment Nutrient Concentration Profiles
In a study of pore water concentration profiles in the inner part of the Bay, the
concentrations of dissolved ammonia ranged from 20.2±8.0 µM N at a site closest
to the forest to 12±7.6 µM N at a site furthest from the forest, where conditions are
more or less oceanic (Mohammed et al. 2001). A similar concentration pattern was
observed for ammonia adsorbed to particles (KCl extractable fraction). Values of
25.6±11.7 µM N and 16.0±11.1 µM N were recorded at sites closest to the forest
and at the site furthest from the forest, respectively.
Pore water concentrations of NO3- and NO2- (defined as NOx when combined)
are generally very low in the Bay with concentrations at or below detection limit
(Mohammed and Johnstone 2001). Peak concentrations of nutrients were generally found between 2-3 cm below the sediment surface; however, at some sites
and/or sampling occasions, NOx was detected as deep as 14.5 cm, although the
concentrations were close to the limit of detection. Notably, at that the sites where
NOx was observed at such depths, a considerable number of animal burrows were
present mostly crabs and worms. Hence, the elevated levels of NOx observed are
possibly a result of intense animal activity and organic matter deposition into the
sediments. There is no data available on phosphorous concentrations in the sediment or pore water.

Nutrient Exchanges
Studies on nutrient exchanges in the Bay have concentrated mainly on the flow of
nutrients between the Bay proper and the various creeks that drain the mangrove
forest during tidal exchanges. An important focus of these studies was to identify
whether the Bay itself is an importer or exporter of nutrients. Studies by Johnstone
et al. (1998) suggested that nutrients are efficiently recycled within the Bay and
very little is left for export. The study showed that there was a small import of NH4+
averaging 3.5 Kg N d-1 and NOx import averaging 8.2 kg N d-1. For soluble reactive
phosphorus, integrated flux calculations showed a small net export of 31 kg P d-1
(Johnstone et al. 1998).
In conclusion, it can be said that Chwaka Bay is possibly a highly conservative
system with regard to nutrient exchanges as only a small amount of material is
exchanged between it and the adjacent ecosystems (see chap.10). The implication
of these findings is that if the Bay were to receive increased nutrient load from
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the mangroves or elsewhere, this would not be removed from the system but accumulate and potentially lead to eutrophication.

PESTICIDES
Pesticides are substances that are designed to confine living organisms that interfere with human activities or that spread vector-controlled diseases (EPA 2010). In
the 1970s and 1980s the amount of pesticides used in the Western Indian Ocean
(WIO) region increased substantially due to increased farming in the area as well
as intensification of agriculture (Mmochi 2005). However, overall pesticide use in
Africa is still the lowest of all continents (Mansour 2004) and low on a per hectare
basis (Pimental 1996; Repetto and Baliga 1996; Pretty and Hine 2005, 4).

TRADITIONAL FARMING IN ZANZIBAR
The traditional type of agriculture in Zanzibar Islands is intercropping, where
crops forming several canopies are grown together. The highest canopy (usually
coconut) is followed by fruits (mainly mangoes), cloves, citrus trees and other
shrub spices, and closest to the ground, root crops like cassava, yams and smaller
spices are found (Mmochi and Mberek 1998). The intercrop practices facilitate an
efficient nutrient uptake since the different crops reach various depths in the soil.
The system is self-fertilizing to a higher degree than cereal crops through recycling
of nutrients as only the edible part of the plant is removed as opposed to cereal
crops where clear harvesting is practiced. The intercropping supports balanced
ecosystems where the plants more often withstand pests and diseases. The pest
organisms in the intercropped cultivation system exist in balance with their predators, and thus, the pests occur within tolerable limits (Mmochi 2005).
For a long time, cloves were the main cash crop for Zanzibar. As a result of rapid
increase in clove cultivation in the Far East and a consequent fall of prices in
the world market (Martin1991; Hodd 2002), Zanzibar has recently been forced
to diversify its economy, which has also affected agriculture. There is now more
emphasis on tourism, aquaculture (seaweeds) and semi-processing industries. In
agriculture, fruits, vegetables, cereal crops and spices other than cloves are now
prioritized. Some of these are grown as monoculture crops, which require more
pesticides than the traditional crops. Due to changes in agricultural practices and
increased population, pesticides are now often used on a regular basis, especially
in rice, sugarcane, and citrus fruits as well as in vegetable farming. About 90 per
cent of all pesticides used in Zanzibar Islands are used in agriculture (Mmochi and
Mberek 1998).
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Table 1. Water column concentrations of nutrients (µM) in a gradient from Cheju rice fields,
Mapopwe Creek to the outer Chwaka Bay, BDL = Below Detection Limit. Source: Mmochi 2005.

Table 2. Pesticides in use at Cheju in 1995-2007. Source: Mmochi (2005) and Stadlinger et al.
(2010). DT50 = half-life in soil. Source: Tomlin (2000).

Table 3. Pesticide concentrations in water in Cheju-Mapopwe drainage basin (μg/l). BDL= below
detection limit. Success rate (per cent) is the frequency of quantifiable samples used for the derivation of maximum, average and SD. Source: Mmochi (2005).

164

Importance of Pesticide Use in Zanzibar
The population of Zanzibar is slightly over one million (ca. 10,000 in the Chwaka
Bay Villages), and growing fast (3% per year) due to high birth rates and migration
from the mainland (TOMRIC News 2000; National Bureau of Statistics 2002). In
Zanzibar, agriculture contributes up to 43% of the gross domestic product (GDP),
employing 65% of the (mostly rural) labour force (Ali and Sulaiman 1995). The
population density is 400 persons/km2 (National Bureau of Statistics 2002), which
is one of the highest densities in Sub-Saharan Africa. To support the growing
population on the limited available and arable land, intensified crop production
is needed.
Other factors influencing pesticide use are poor governmental management of
pesticides, including partly uncontrolled importation of pesticides, the importation of very toxic and persistent substances and little information reaching the
farmers (Stadlinger 2010). Pesticide use in Zanzibar rose sharply in the mid eighties, peaked in the early nineties, fell to its lowest in 1996, and is now showing signs
of increase again (Mmochi 2005; Stadlinger 2010). This trend was also observed
on the Tanzania mainland (Ngowi 2002). The decrease in the mid-nineties was
mainly due to the removal of the subsidies in agriculture, forcing farmers to pay
the full price of agrochemicals (Mmochi and Mberek 1998).

Pesticide Use in the Cheju Rain-Fed and Irrigated Rice Farms
Rice farming in Zanzibar is concentrated in only three areas: Cheju, Mahonda
and Kibokwa. In the Cheju rice farms, located close to Mapopwe Creek and the
mangroves of the Chwaka Bay (Mwandya 2009), about 1,000 ha of rain-fed and
irrigated rice farms are cultivated annually (Mmochi and Mberek 1998; Institute
of Marine Sciences GIS database 2010; Agricultural Officer in Dunga, personal
communication). About 200 farmers are involved in irrigation farming whereas
up to 4,000 farmers were cultivating rice in the rain-fed part of Cheju (PADEP
Cheju officer personal communication).
In 1991, Cheju was estimated to consume about one third of all pesticides used
in agriculture in Zanzibar (Mmochi and Mberek 1998; Mmochi 2005). The main
pesticides used in Cheju are listed in Table 2. While insecticides were used in both
types of farms, herbicides were only used in the rain-fed farms during the 1990s
(Mmochi and Mberek 1998). A more recent study confirms that irrigation farmers
are now also using herbicides (Stadlinger et al. 2010). Herbicides are considered
better and more effective than manual weeding by many farmers (Fig. 2). Satunil is
the most commonly used herbicide, which contains the two active substances propanil and thiobencarb (Tomlin 2000). Farmers apply pesticides one to four times
per year, mostly during the rain season in March-May (Stadlinger et al. 2010).
Farmers’ risk-awareness concerning pesticides is generally low and, therefore,
there is a risk for misuse or overuse due to ignorance, which might lead to human
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Table 4. Pesticide concentrations in soil from the Cheju-Mapopwe drainage basin (μg/kg).
BDL=below detection limit. Success rate (per cent) is the frequency of quantifiable samples used
for the derivation of maximum, average and SD. Source: Mmochi (2005).

Table 5. Concentrations of organochlorines in sediments (ng/g dw ± SE, n = 2) and fish tissue
(ng/g lipid weight ± SE, n = 7) of various sites of Chwaka Bay (for full Table see Kruitwagen et al.
2008), BDL = below detection limit.

Table 6. Average metal concentrations in sediments (μg/g dw ± SE, n = 2) and fish tissues (μg/g
dw ± SE, n = 5) collected in June 2004 at various sites in Chwaka Bay (for full table see
Kruitwagen et al. 2008).
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and environmental health hazards (Stadlinger et al. 2010). For instance, appropriate protective gear is not used, pesticides are stored together with food, and empty
pesticide containers are re-cycled as household utensils or discarded carelessly
(Mmochi and Mberek 1998; Ngowi 2002; Stadlinger et al. 2010). High pesticide
concentrations have also been found in water wells and near pesticide stores
(Mmochi 2005), confirming careless storage, handling, washing and discarding
of pesticides and their containers. A previous Food and Agriculture Organization
(FAO) office situated in the Cheju area, with the task to help farmers to reduce their
pesticide use (Mmochi and Mberek 1998), was shut down in 2007 leaving farmers
in the area with less assistance (Stadlinger et al. 2010). A consequence of that could
be farmers nowadays using herbicides against weeds instead of manual weeding
(Fig. 2), because it is perceived to be more effective (Stadlinger 2008). Pesticide
handling and use are factors that influence the environmental fate of pesticides
(Daam and van den Brink 2010), and consequently, inappropriate pesticide use in
Cheju due to ignorance, has the potential to negatively affect Chwaka Bay.

Environmental Fate of the Pesticides Used in the Area
The environmental fate of a pesticide depends of its vapour pressure, water solubility, photo-stability, biodegradability and abiotic factors such as temperature, pH,
amount of organic matter etc. in the receiving environment (Trautmann, Porter
and Wagenet 1989). The pesticides used in Cheju range from highly soluble (e.g.
2, 4-D) to insoluble (e.g. carbosulfan and endosulfan) (Table 2). The pesticides
are mainly applied when the temperature, humidity and soil moisture is high.
Particles of hydrophobic pesticides may be transported by air during strong winds
or storms or by water currents (Table 2). The more hydrophobic and persistent
pesticides, such as endosulfan, have the potential to bio-accumulate in organisms and bio-magnify in the food chain. The more hydrophilic (water soluble)
pesticides are generally more easily dissipated through biodegradation, dilution,
photo-oxidation and hydrolysis than the hydrophobic pesticides (Hassall 1990).
In Cheju, the soils have a relatively low organic matter content, and hence a low
capacity for retention of organic chemicals (Mmochi 2005). Accordingly, many
pesticides used, including e.g. propanil, will remain in solution thus increasing the
possibility of transport over greater distances and reaching Mapopwe Creek.
When pesticide application in Cheju coincides with heavy precipitation, pesticides may be transported to Chwaka Bay via the mangroves in Mapopwe Creek.
However, a barrier between the Mapopwe Creek and the rest of the Bay reduces
the water exchange (Wolanski 1989), which may render the Creek a reservoir of
pesticides from the Cheju rice fields.
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Environmental Levels of Pesticides and Metals in Chwaka Bay and its
Drainage Basin
Pesticide residues in the Cheju–Mapopwe Basin between 1998 and 2000 were
analysed by Mmochi (2005). Concentrations in water and soil samples from (i)
irrigated rice fields (not using herbicides), (ii) rain fed rice fields (using herbicides), and (iii) ground water outflows and marine waters from Mapopwe Creek,
downstream of the Cheju rice farms, show that the concentrations are in general
were fairly low (Tables 3 and 4). Low levels of propanil residues were detected in
stagnant waters three weeks after use in the Cheju rain-fed rice farms, and also in
the seawater in Mapopwe Creek, more than 5 km distant, indicating a transport
route (Mmochi 2005). The detected environmental levels indicate a fairly low use
of pesticides.
Pesticide and metal concentrations in mangrove sediments and fish tissue in
Chwaka have also been studied by Kruitwagen et al. (2008) (Tables 5 and 6). Both
γ-HCH and α-HCH were found in the sediment samples, and γ-HCH was also detected in fish tissue samples. These metabolites are a clear indication of a previous
agricultural use of lindane (g-HCH). Based on the ratio of the different metabolites
DDE, DDD and DDT, the sediments of Chwaka indicate a more recent use of DDT
compared to other places along the Tanzanian coast. Polychlorobenzene (PCBs)
congeners were detected in fish muscle tissue that probably are the result of the
use of outboard engines in the Bay, since the area is out of reach of industrial pollution (Kruitwagen et al. 2008), which usually is the main source of PCBs. As the
concentrations of both pesticides and metals were generally were low, the study by
Kruitwagen et al. (2008) concludes that Chwaka Bay is only a little affected by agricultural pesticide pollution. The pesticides that have shown higher concentrations
in the Bay stopped being used in Cheju quite sometime back and are probably not
from the Cheju rice farms. Some or all of the organochlorine pesticides reported
may be derived from fumigation during construction of tourist hotels or from
household application in Chwaka Village of malaria control products (Mmochi et
al. 1999).

Pesticide Use and Potential Effects in the Marine Environment in
Chwaka Bay
Even though pesticides are much needed in modern farming, their adverse effects
on the environment and human health are problematic (Schulz 2004). Studies have
shown that not all of the pesticides applied reach their target organism and that a
large part ends up in coastal marine ecosystems (Peters et al. 1997; Reichenberger et
al. 2007). This contamination poses a threat to non-target organisms (Domagalski
et al. 1997).
Chwaka Bay is one of the most productive ecosystems in Zanzibar in terms of
fish catch (Jiddawi and Muhando 1990; de la Torre-Castro and Rönnbäck, 2004).
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Interviewed fishermen describe observing fish and shrimp mortalities in Chwaka
Bay and attributed this to natural causes, as they seem to coincide with low tide
and inflow of large amounts of fresh water that may cause oxygen depletion in
shallow ponds (Stadlinger 2008). However, some fishermen think that pesticides
in the water could increase the mortalities (Stadlinger 2008). The results from interviews (Stadlinger 2008) and laboratory (Mmochi 2005; Kruitwagen et al. 2008)
indicate that pesticide residues do not seem to constitute a threat to the organisms
in the Bay. However, it is important to monitor the development of pesticide use in
Cheju, assess the effect of the pesticides used on biota and make fresh evaluations
if the amounts or types of pesticide used changes.

POTENTIAL RISK OF NUTRIENT ENRICHMENT AND PESTICIDE
POLLUTION IN CHWAKA BAY
The mangroves of Chwaka Bay are effective in using dissolved nutrients and are
therefore only exporting nitrogen and phosphorous in the form of particulate organic matter, such as mangrove litter, to the Bay. The Bay itself is poor in nutrients
and there seems to be a net import of nitrogen from the open ocean, and only a
small amount of phosphorous is exported from the area (Johnstone et al. 1998).
Runoff from Cheju rice farms carry both nutrients and pesticides that are increasingly being applied during the major growing season coinciding with the heavy
rains in March-May (Stadlinger et al. 2010). Chwaka Bay is semi-enclosed and
retains water during low tide. If the water contains pollutants, they remain for a
longer period and are available for uptake by mangrove organisms (Kruitwagen
2007). The surface runoff also contributes to a fresh-water environment in the
mangrove ponds. It is in such ponds during the rainy season that mass-mortalities
of fish and shrimps have been observed. The precise reason for this is not known,
however, it seems likely that decreased salinity and oxygen concentrations in the
water are the main factors, which also may act in combination with the presence
of pesticides.
The pesticides used in the area have the potential to be toxic to non-target organisms in Chwaka Bay. However, with the exception of endosulfan and its toxic
metabolite, most substances have a short degradation time, especially in this hot,
sunny and moist environment (Tomlin 2000). The agrochemicals of most concern
for potential non-target and wider environmental effects are insecticides applied
when there are pest outbreaks, which often occur during the rainy season.
The mangrove forests play an important role in trapping nutrients, traces of metals
and pesticides entering the Bay in Mapopwe Creek. Seagrass meadows that are
covering a major area of Chwaka Bay have proven to be sensitive to eutrophication and the mangroves are thereby extremely important for maintaining the high
water quality needed for the diverse and productive seagrass habitats. The ability
to trap pollutants has also been shown for mangrove forests, for example in Kenya,
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mainland Tanzania and Mozambique (Kruitwagen et al. 2008). Thus, the mangrove areas of Chwaka Bay act as natural filters of terrestrial runoff and are thereby
critical for maintaining the high water quality required to sustain the diverse and
productive marine environment.
The current use of fertilizers and pesticides does not seem to be a major threat to
the marine ecosystem of Chwaka Bay. However, an increased used is expected as a
result of the steadily increasing population and demand for agricultural products.
It is therefore important to monitor the handling and use of pesticides and their
levels in the environment, as well as to protect and maintain a healthy mangrove
forest that helps protecting the Bay from pollution.

CONCLUSIONS
As Chwaka Bay is a recipient of pesticides and nutrients from adjacent agricultural
areas, there is a risk that these substances enter the Bay. However, research on pollution in Chwaka Bay waters, sediments or biota is very limited. Mass-mortalities
of fish and shrimps observed in the Mapopwe Creek, could either be related to
the agricultural activities in the catchment area or be due to natural occurrence of
anoxia and salinity decrease. This needs to be empirically assessed. The scarce data
available suggest that the mangrove forest located between the agricultural area
and the Bay effectively filter land runoff, contributing to the low levels of pesticides
and nutrients observed in the Bay. Thus, the current use of agrochemicals in the
area seems presently not to be a major threat to the marine ecosystem of Chwaka
Bay.
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– CHAPTER 10 –

Biological Connectivity and Nursery Function of
Shallow-Water Habitats in Chwaka Bay
Martin Gullström, Martijn Dorenbosch, Blandina R. Lugendo, Augustine
W. Mwandya, Yunus D. Mgaya and Charlotte Berkström

INTRODUCTION
Chwaka Bay encompasses a range of shallow-water habitats such as coral reefs,
seagrass and algal beds, mangrove forests, and sand/mudflats that harbour diverse
assemblages of fauna and offer a wide variety of ecosystem services. These habitats
are not isolated but connected with each other through a number of biological,
geochemical and physical mechanisms that operate at multiple spatial and temporal scales. An insight into the degree of connectivity among shallow-water habitats
is essential, especially in attempting sustainable use and proper resource management. To understand linkages between shallow-water systems and hence to be able
to prioritize areas for conservation (e.g. selection of marine protected areas), one
of the most important processes to identify and evaluate is the nursery function
value of an area (Nagelkerken 2009a). Beck et al. (2001) defined the nursery concept as: “a habitat is a nursery for juveniles of a particular species if its contribution
per unit area to the production of individuals that recruit to adult populations is
greater, on average, than production from other habitats in which juveniles occur”,
and in addition they argued that “the ecological processes operating in nursery
habitats, when compared to other habitats, must support greater contributions to
adult recruitment from any combination of four factors: (1) density, (2) growth,
(3) survival of juveniles and (4) movement to adult habitats”. An additional definition to the nursery concept was provided by Dahlgren et al. (2006), who argued
that it is highly important to assess the overall contribution of a nursery habitat
to the adult population, and not only use the contribution per-unit-area that may
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exclude habitats with a small per-unit-area contribution to adult populations. This
makes sense for marine resource managers, since there is a need to identify the
most important habitats for supporting adult populations (Dahlgren et al. 2006).
During the last two decades, various studies have been conducted at Unguja Island
and within Chwaka Bay. These studies provide data that can be aggregated to determine the function of shallow-water habitat types with respect to habitat connectivity and nursery function. Almost all studies on this topic that have been conducted
in Chwaka Bay have focused on migration of organisms, although Mohammed
(1998) partly investigated nutrient transport from mangroves to adjacent seagrass
and unvegetated habitats (see also chap. 9). In this chapter, we therefore focus on
biological connectivity and nursery function, and with respect to Chwaka Bay our
specific objectives are to (1) describe various types of migration and the seascape
mosaic of the Bay, (2) identify cross-habitat linkages at multiple scales and the
nursery role of different Bay habitats, and (3) highlight scientific gaps and future
research. For a comprehensive review on the subject of connectivity among tropical coastal ecosystems see Nagelkerken (2009b).

MIGRATION AND MOVEMENT OF ORGANISMS IN TROPICAL
SHALLOW-WATER SEASCAPES
Daily Migrations
The tidal and/or diel cycle can affect the availability of shallow-water habitats for
feeding or sheltering species. Large areas of Chwaka Bay are intertidal and devoid
of water during low tide. Consequently, these habitats are used by fish species only
during high tide. However, in some areas, inundated creek systems may provide
habitat for fish during low tide (Lugendo et al. 2007a; Mwandya et al. 2009). Regular
tidal migrations by fish connect the intertidal habitats with adjacent deeper habitats where species retreat during low tide (Dorenbosch et al. 2004). Furthermore,
a number of species have a nocturnal feeding strategy, characterized by species
that are inactive and seek cover in sheltered habitats during day-time hours, while
during the night they distribute over their feeding grounds. Conversely, diurnal
species show the opposite behaviour. Such diel habitat shifts by nocturnal and
diurnal species are often characterized by specific twilight-triggered migrations
between feeding and sheltering habitats. Both tidal and diel migrations occur on
a regular daily basis.

Seasonal Migrations
Various species are known to undertake seasonal migrations associated with
spawning events (Robertson 1992; Sadovy 1996). Individuals from a large area aggregate together at a single location for simultaneous spawning, which often result
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in specific locations or habitats being used during successive years (Claydon 2004).
Spawning migrations are often directed towards the open ocean and subsequently
multiple habitats such as mangroves, seagrass and algal beds, mud/sand flats and
coral reefs are connected through fish spawning migrations (Johannes 1978). A
number of fish species that exist in seagrass and mangrove habitats of Chwaka
Bay, e.g. Lutjanus argentimaculatus and Siganus canaliculatus, are known to cross
habitats when migrating to outer reef slopes in Palau, Micronesia (Johannes 1978;
Pittman and McAlpine 2003). It seems likely that such spawning migrations might
occur in Chwaka Bay, although no such observations have been made.
Seasonal events, such as heavy rainfall during wet seasons, may result in reduced
salinity in coastal areas affecting patterns of fish abundance and distribution in
nearshore habitats like mangrove creeks (Lugendo et al. 2007b). Likewise, seasonal
events may also result in periodic abundance of food sources (for example, increased productivity due to mixing and turbulence generated by trade winds and
water currents or temperature increases), resulting in aggregations of feeding species. Such seasonal effects are often accompanied by specific migrations of species,
in which they temporarily use a specific habitat type during a short period of the
year. Chwaka Bay is typically affected by heavy rainfall during the rainy season in
April-May and various studies have found changes in mangrove and seagrass fish
assemblages during this season (Lugendo et al. 2007b; Mwandya et al. 2010a; b).

Ontogenetic Migrations
Many species use different habitats during juvenile and adult life stages. The juvenile and adult habitats are connected by means of ontogenetic migrations where
larvae first settle in their juvenile habitat and subadults join the adult population
in an adjacent habitat when nearing maturity. This phenomenon is encompassed
in the nursery hypothesis (Fig. 1). In marine tropical shallow-water seascapes (like
Chwaka Bay), the nursery hypothesis requires that species strongly associated
with the coral reef during their adult life phase predominantly use shallow-water
habitats located away from the coral reef such as seagrass beds and mangroves
during their juvenile life phase. After a pelagic larval phase, these species settle
in seagrass beds and mangroves where they spend their entire juvenile life phase
(Fig. 1). Unlike coral reefs, seagrass beds and mangroves are attractive juvenile
habitats because of high food availability, high structural complexity and reduced
underwater visibility (Blaber and Blaber 1980; Shulman 1985; Laegdsgaard and
Johnson 2001; Cocheret de la Morinière et al. 2004; Verweij et al. 2006; Gullström
et al. 2008; Kimirei et al. 2011). These habitat characteristics result in high growth
rates and reduced predation and hence low mortality rates, making the non-reef
habitats suitable nurseries for juvenile coral reef fishes (Dahlgren and Eggleston
2000). When approaching maturity, individuals become too large to benefit from
the advantages (e.g. structural protection) of the nursery habitats (i.e. habitats
characterized by high densities of juveniles), and they migrate to their adult habitat
(the coral reef) – referred to as an ontogenetic migration (Fig. 1).
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Figure 1. The nursery hypothesis illustrated by ontogenetic migrations of coral reef fish species
between mangroves, seagrass beds and the coral reefs. Adult fish live on the coral reefs where
reproduction takes place (1). During their larval life phase, fish can be transported over large
distances by ocean currents (2). After this pelagic larval life phase, fish settle in seagrass beds
and/or mangroves where they spend their juvenile life phase (3). During their juvenile life phase,
fish may interchange habitats and migrate between mangroves and seagrass beds or vice versa
(4a). Finally, when nearing maturity, subadult fish migrate back to the coral reefs (4b). (Source:
Dorenbosch 2006).

Although the nursery hypothesis has not been directly proven by following tagged
individuals during ontogenetic migration, various studies in the Caribbean and
the Indo-Pacific region have shown that for various coral reef fish species, seagrass
beds and mangroves harboured the highest densities of small-sized fishes (i.e.
juveniles), while in contrast the coral reefs harboured the large-sized fishes, i.e.
adults (see reviews by for example Parrish 1989; Robertson and Blaber 1992; Beck
et al. 2001). Likewise, a large number of juvenile coral reef fish have been recorded
in mangroves and seagrass beds of Chwaka Bay (Dorenbosch 2005a; b; 2006a;
Lugendo et al. 2006; 2007a; b; c; Gullström et al. 2008), and it is obvious that the
embayment harbours extensive areas of potential nursery grounds (mangroves and
seagrass beds) for many of the coral reef fish species found around the entrance
of the Bay. Based on studies from the Caribbean and the Indo-Pacific region (and
some evidence from East Africa), it is now generally assumed that seagrass beds
and mangroves are important juvenile habitats for coral reef fishes. The nursery
hypothesis and the underlying ontogenetic migrations are therefore important
phenomena when considering conservation of these shallow-water ecosystems.
The use of one habitat type (e.g. juvenile or adult habitat) may have wide-reaching
effects that extend outside that particular single habitat; therefore, for conservation
planning well-connected habitats should be treated as a single entity.
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SEASCAPE MOSAIC OF CHWAKA BAY
Chwaka Bay comprises a complex mosaic of patches of different shallow-water
habitats. Similar to many other sheltered tropical coastal environments worldwide,
Chwaka Bay is arranged as an interconnected mangrove-seagrass-coral reef continuum, commonly referred to as the tropical seascape (Ogden 1988) and constituting one of the richest repositories of marine biodiversity. This highly diverse
coastal seascape provides numerous natural resources and ecosystem services,
including functioning as an ecological basis for fisheries production, which has
significant implications for sustainable livelihood and food security (Ngoile and
Shunula 1992; Moberg and Rönnbäck 2003; de la Torre-Castro 2006).
In general, biogenic deposits and erosion products derived from fossil limestone
terraces characterize the sea bottom of Chwaka Bay (Tobisson et al. 1998; Muzuka
et al. 2005; see also chap. 2 and 8). An extensive network of channels with northsouth directed tidal water currents strongly influences movement patterns of
organisms, and consequently the strength of energy flow and habitat connectivity
across the embayment. The seascape surrounding this complex channel system is
primarily characterized by a mixture of shallow intertidal and subtidal seagrass
meadows and unvegetated sand and mud flats. Deeper seagrass beds are found off
the coast of Marumbi as well as in the vicinity of the coral reef area at the Bay entrance. The large and widespread dominance of seagrass habitat, and in particular
the remarkable diversity of seagrass species in such a small area as Chwaka Bay,
is rare (see chap. 5). This is an important reason why this embayment shows such
high density and diversity of mobile and migrating seagrass-associated species,
including fish (e.g. Dorenbosch, 2005a; b; Gullström et al. 2008) and sea urchins
(Asplund et al. unpublished data). Seagrass meadows not only comprise seagrass
plants but also intermingling seaweed vegetation, most commonly the calcareous
algae Halimeda spp. (Muzuka et al. 2005; Gullström et al. 2006; see chap. 8). In
addition, the intertidal areas in the south (bordering the mangroves) are widespread and include mixed habitats of seagrass and macroalgae (e.g. of the genera
Sargassum and Turbinaria) (Gullström et al. 2006).
Extensive mangroves and associated shallow creek systems fringe the southern
shoreline of the embayment (see chap. 4). While the prominent mangrove forest itself creates a low-energy intertidal area functioning as important juvenile
habitat for fish and various crustaceans, the associated creeks provide the main
water exchange route between the forest and other Bay habitats, hence facilitating
migration of fishes (Mwandya et al. 2009; 2010b). Within mangrove forests, the
high structural complexity provided by the forest’s prop roots and pneumatophores offers rich food supply and high sheltering capacity for juvenile fish species
(Laegdsgaard and Johnson 2001). Some fish species exclusively use mangrove
creeks during low-water (Lugendo et al. 2007a; Mwandya et al. 2009).
The mouth of the Bay comprises heterogeneous coral reefs. Patch and fringing
reefs, fragmented reef boulders and limestone notches are scattered at the entrance,
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protecting the Bay from the open ocean. The reef system also acts as a temporary
migration destination for various fish and invertebrate species seeking refuge during low tides when other embayment habitats like seagrass beds and mangroves
are exposed (see chap. 6).

CONNECTIVITY AT DIFFERENT SCALES IN CHWAKA BAY
The degree of connectivity is fundamentally linked to spatial and temporal scales.
With respect to scale, migration patterns of fish and decapods can be distinguished
by the range of consequences for the functioning of the shallow-water seascape. A
number of community- and population-based studies have focused on migrating
animals in Chwaka Bay, predominantly examining the fish fauna. Most of these
studies have typically described and compared fish assemblage patterns in the
different Bay habitats, with several attempting to address the strength of habitat
connectivity and/or the nursery function value at different scales.
Diel and tidal fish migrations between interlinked shallow-water habitats usually
extend short distances, varying between meters and kilometres (Dorenbosch et
al. 2004). Such short-distance migrations between adjacent habitats are usually
performed for the purpose of feeding, shelter or reducing risk of predation, and
avoidance of competition (Krumme 2009). This may explain regular changes in a
number of community features, including biomass, diversity, as well as flux of energy between adjacent habitats (Sheaves 2009). At a larger scale, fish can undertake
migration from a few to hundreds of kilometres. This can also be achieved through
larval transport whereby pelagic larvae are transported far away from their natal
habitats by ocean currents, over large geographical distances (Roberts 1997).
During later life stages, after the larval phase, inter-habitat migrations regularly
occur as seasonal and/or ontogenetic migrations (Kimirei et al. 2011). In Chwaka
Bay, various types of cross-habitat migrations operating at different scales have
been studied and are described below.

REGULAR CROSS-HABITAT MIGRATIONs
Tidal Migrations
Tagging as well as acoustic tracking studies have been used to follow the movements of juvenile fishes in real time. Data from the only tagging study in Chwaka
Bay conducted by Dorenbosch et al. (2004) indicate that a large part of juvenile
populations of Lutjanus fulviflamma and L. ehrenbergii may move from a subtidal
channel to shallow tidal notches on the fossil reef terrace in the western side of the
Bay as a response to tidal changes, most likely for sheltering purposes. Although
this type of environment stretches from the intertidal to the subtidal areas of the
Bay, the tagging study showed that juvenile fishes move over relatively small areas.
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Furthermore, individual fishes showed a high degree of site fidelity, demonstrating
homing in both the channels and the small tidal creeks (Dorenbosch et al. 2004).

Foraging Migrations
On a daily basis, some fish species regularly migrate from their main shelter
habitat to forage in an adjacent habitat (Harborne et al. 2006; Verweij et al. 2006).
In Chwaka Bay, two studies have focused on foraging migration (Lugendo et al.
2006; 2007c), examining utilization of shallow-water habitats as important feeding
grounds for various fish species of commercial importance. Stable isotope results
revealed that all Bay habitats were important feeding grounds for several fish species, e.g. Gerres filamentosus, Lethrinus lentjan, Lutjanus fulviflamma and Siganus
sutor. These species had δ13C values which were in-between those of food items
from two neighbouring habitats, suggesting that foraging migrations take place
between different Bay habitats. In Chwaka Bay, foraging migrations may often
coincide with tidal migrations, i.e. intertidal flats can only be used for foraging
during high tides.

Life-cycle and seasonal triggered migrations
Seasonal Migrations
During the period of heavy rains in this part of the western Indian Ocean, in April
and May, significant variations in fish community variables including density,
biomass and species richness have been observed in mangrove and mud/sand flat
habitats of Chwaka Bay (Lugendo et al. 2007b; Mwandya 2010b). Many species
disappeared from these habitats during this season. Furthermore, those species
that persisted showed a remarkable decrease in density (Lugendo et al. 2007b).
The changes in fish community composition were explained by alterations in water
temperature and salinity due to freshwater supply from the heavy rains. In contrast
to the mangrove and mud/sand flat habitats, fish assemblages in seagrass beds were
hardly affected and therefore remained more or less steady (Lugendo et al. 2007b).

Ontogenetic Migrations from Nursery Habitats
The most studied subject with respect to fish migration in Chwaka Bay is on their
distribution within different habitats, in turn related to the concept of ontogeny
and nursery function. A general finding from these studies is that shallow-water
habitats like mangrove creeks, seagrass beds and mudflats of Chwaka Bay are
dominated by juvenile fishes of both ecological and commercial importance (e.g.
Dorenbosch et al. 2005a; b; Lugendo et al. 2005; 2007a; Gullström et al. 2008),
with several species living on coral reefs as adults (Dorenbosch et al. 2005a; b).
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This is not a very surprising phenomenon since mangroves and seagrass beds
have been reported to commonly support high densities of juvenile fish worldwide (Parrish 1989; Robertson and Blaber 1992; Nagelkerken 2009a), and are
well known to function as nursery grounds for reef-fish populations (Adams et
al. 2006). However, factors such as seascape configuration (Pittman et al. 2007),
habitat patch composition (Grober-Dunsmore et al. 2007) and species- and life
stage-specific preferences for food and shelter (Shulman 1985), may likely influence fish-habitat interactions in an exclusive way across the embayment.
A seine net study by Lugendo et al. (2005; 2007a) examining the fish community
composition in different shallow-water habitats of Chwaka Bay showed clear links
to the nursery function and subsequently to ontogenetic migration. Within the
seagrass habitat, the most diverse fish assemblages (H’ = 3.4) were found in beds
near the mangrove forest, while seagrass beds further out in the Bay harboured
the least diverse assemblages (Lugendo et al. 2007a). The mudflat area showed the
lowest species diversity, which was attributed to the numerical dominance of one
species, viz. Gerres oyena. In terms of density, mangrove creeks had a significantly
higher mean density compared to other habitats. Overall, Lugendo et al. (2005)
found that 76% of all fishes caught in their study were small juveniles and another 16% large juveniles or subadults. Many species were of commercial interest
(e.g. Lutjanus fulviflamma, Hipposcarus harid, Monodactylus argenteus, Scolopsis
ghanam, Siganus sutor and Sphyraena barracuda) and believed to utilize these
nearshore habitats as nurseries (Dorenbosch et al. 2005b), sometimes in relatively
high densities (Lugendo et al. 2007a), confirming Chwaka Bay as providing an
important nursery environment.
As described by Lugendo et al. (2005; 2007a) fishes in the shallow waters of
Chwaka Bay exhibited spatial variability across habitats in terms of size distribution. Generally, mangrove habitats harboured smaller-sized juveniles as compared
to individuals of the same species that were found in the seagrass beds. For example, small-sized juveniles of Lethrinus lentjan, L. variegatus, Pelates quadrilineatus,
Siganus sutor and Sphyraena barracuda were found in shallow and turbid mangrove creek areas, whereas large-sized juveniles were observed in slightly deeper
and less turbid seagrass beds. Furthermore, juveniles of Gerres filamentosus and
Monodactylus argenteus occurred in high densities only within the mangroves,
while no adults were observed in any of the studied shallow-water habitats.
Ontogenetic migration patterns of fish species in Chwaka Bay seem to some degree be linked to aspects of habitat preference; some fish species were found in
multiple habitats, while others were restricted to a single habitat type (Lugendo et
al. 2007a). Juveniles of Gerres oyena, Lethrinus lentjan, Lutjanus fulviflamma and
Sphyraena barracuda were generalists (found in all studied embayment habitats).
In contrast, juveniles of Cheilio inermis, Hipposcarus harid, Leptoscarus vaigiensis,
and Scolopsis ghanam were found in seagrass beds only, while those of Gerres filamentosus and Monodactylus argenteus were mainly found in the mangrove habitats
(Lugendo et al. 2007a).
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As mentioned above, most studies performed in Chwaka Bay describing connectivity and the nursery function have focused on fish assemblages or populations of
certain fish species. However, some studies have focused on other animal groups.
Subramaniam (1980) conducted an investigation of the nursery phase of penaeid
prawns between 1977 and 1979. The peak post-larval immigrations were recorded
during the warmer months (February-March) and poor recruitment during cooler
months (June-August). The post-larval recruitment represented all the species of
commercially important shallow-water prawns in Tanzania including Penaeus
latisulcatus, Fenneropenaeus indicus, Metapenaeus monoceros, P. monodon, P. semisulcatus and Parapenaeopsis spp. In terms of occurrence, P. latisulcatus (75%) and F.
indicus (15%) were the dominant species for most parts of the year. Oceanographic
factors including the East African Coastal Current and the tides are considered
important in the transport and dispersal of the larval and post-larval penaeids
from the breeding grounds to the nursery area. Subramaniam (1990) revealed that
the greatest post-larval incursions occur at night during flood spring tides when
the tidal flow is strongest.
The juvenile population as described by Subramaniam (1980; 1990) consists of P.
latisulcatus distributed in the intertidal sand flats with rich growth of seagrass and
F. indicus inhabiting the muddy areas of the mangrove forests. The clear distribution range exhibited by the two species has considerable ecological implications.
Subramaniam (1990) pointed out that despite an overlap of peak post-larval
incursions, the spatial partitioning of the two species enables them to efficiently
utilize food available in the different biotopes without any significant inter-specific
competition. This has also been demonstrated in a study at Inhaca Island, southern
Mozambique, by Macia (2004), which showed that different penaeid shrimp species have obvious habitat preferences, in turn emphasising their spatial partitioning to reduce competition for food and space.
Subramaniam (1980; 1990) found that while in the nursery area, P. latisulcatus
grows to maturity (60-70 mm) in 5-6 months, whereas F. indicus attains maturity
(110-120 mm) in 6-8 months; subsequently, specimens of both species migrate
back to the sea. It is suggested that low salinity as a result of freshwater runoff
during the rainy season is responsible for triggering emigration of prawns from
the nursery areas. Subramaniam (1980) argued that the estuarine environment is
not absolutely necessary for the completion of life history of all penaeid species.
He considered the provision of food and shelter as equally important factors for
nursery dependence by these crustaceans.

Larval Transport
Ocean current patterns and the spatial setting of shallow-water habitats in Chwaka
Bay can influence recruitment patterns that result in distinct fish assemblages in
seagrass habitats. Dorenbosch et al. (2006a) showed differences in fish species
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assemblages in seagrass beds of Chwaka Bay compared to seagrass habitats in other
locations around Unguja Island. These species assemblage differences suggested
variations in recruitment patterns that may directly reflect differences in ocean
current patterns, which are not likely to be similar at all seagrass locations around
the island. Consequently, this may result in different recruitment peaks of species around Unguja Island and likewise, also different seagrass fish assemblages.
However, it may also be the case that Chwaka Bay has a unique chemical or acoustic
signature and is recognized by certain larvae of species that subsequently directly
recruit into seagrass beds of Chwaka Bay, and not to other coastal seagrass beds,
e.g. in adjacent intertidal areas. Rather than passively floating with the main ocean
current, these larvae may actively search for specific habitat types for settlement.
The embayment of Chwaka Bay is relatively large compared to other shallow-water
areas around the coastline of Unguja Island. Furthermore, the system of subtidal
areas and intertidal flats intermingled with deep channels is unique to the island
and results in diverse and abundant seagrass assemblages. This may in turn result
in an environmental setting that influences spatial recruitment patterns of larval
fishes that settle in shallow waters around Unguja Island. However, although such
direct recruitment, independent from the main ocean current has been shown for
the Caribbean (Nagelkerken 2007; Pollux et al. 2007), it remains unclear whether
recruitment patterns of seagrass-associated fishes around Unguja island are random or directed at certain locations or habitat configurations (such as Chwaka
Bay).

Genetic Connectivity
Species with pelagic larval life phases are most likely genetically connected over
large distances, i.e. multiple kilometres. On the scale of a 1,000 km gradient in
the western Indian Ocean (Mombasa in Kenya to the Comoros), based on DNA
fingerprinting, Dorenbosch et al. (2006a) showed that populations of Lutjanus
fulviflamma were not genetically distinct, suggesting a regular exchange of genetic
material. Although Chwaka Bay was not part of the sampling design, a similar
population structure has been shown along the East African coast for the fiddler
crab Uca annulipes (Silva et al. 2010). Most likely, populations of marine species
with a pelagic larval phase exchange larvae over long distances and can influence
or replenish each other over longer distances than previously expected. For these
pelagic larval species (such as the commercially important Lutjanus family),
Chwaka Bay seems to be part of a large meta-population and the present fish
assemblage is heavily dependent on recruitment peaks, most likely also from
abroad (Dorenbosch et al. 2006b).
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Influence of spatial scale on patterns of fish
connectivity
Visual census and beach seine surveys that have been conducted in Chwaka Bay
during the last years suggest connectivity of fish assemblages between the Bay
habitats – seagrass beds and mangroves – and the adjacent coral reef. This could
either play a role on the scale level of 10s to 100s of meters (in this case a 60 m
gradient), or on the scale level of the entire Bay (i.e. 10-15 km), as illustrated in
figures 2 and 3.
In a small-scale study by Dorenbosch et al. (2005a), the influence of the coral reef
on adjacent seagrass beds was demonstrated over a 60 m gradient at the entrance
zone of Chwaka Bay (Fig. 2). This 60 m long coral reef–seagrass gradient is characterized by decreasing species richness with increasing distance from the coral
reef–seagrass interface. This pattern is predominantly characterized by decreasing
species richness and density of reef-associated species. The farther away from the
reef edge, the more dominant seagrass-associated and nursery species become. The
latter are those species that show high juvenile densities in the seagrass habitat and
low densities on the coral reef, and of which the adults show the opposite pattern
and are mainly concentrated on the reef. Reef-associated species use the adjacent
seagrass edge for foraging, but only within a narrow distance. Additionally, nursery species occur along the entire gradient, but already at a 60 m distance there is
a clear habitat shift of juveniles that predominantly use the seagrass beds, whereas
the adults are located around the adjacent coral reef.
With respect to the entire area of Chwaka Bay, it could be suggested that predominantly the shallow seagrass beds off Chwaka and Marumbi villages are utilized by
coral reef species (the nursery species), in comparison with the deeper seagrass
beds or mangroves. Although the mangroves and adjacent mudflats are also
used by some reef-associated species, the fish assemblages in these habitats are
dominated by species that do not occur on the reef. In general, the seagrass beds in
Chwaka Bay are likely to be more strongly connected with the coral reef than the
mangroves (see also chap. 9).
The influence of shallow seagrass beds in Chwaka Bay on the coral reef is also likely
to extend farther out beyond the reefs. Based on visual census surveys in 2005,
high densities of small, juvenile Cheilinus undulatus were found in seagrass beds of
Chwaka Bay (Dorenbosch et al. 2006c). Similar surveys in different shallow-water
habitats (mangroves, seagrass beds and coral reefs) around Unguja Island in the
same year showed that juveniles of this reef-fish were mostly absent or occurred
only in very low densities (Dorenbosch et al. 2006c). It is therefore likely that
the seagrass beds in Chwaka Bay are an important source of juvenile Cheilinus
undulatus on a geographic scale that may influence large parts of the eastern coast
of Unguja Island.
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Figure 2. Connectivity of fish assemblages over a 60 m coral reef–seagrass gradient at the
entrance zone of Chwaka Bay, based on visual census surveys (Dorenbosch et al. 2005a). Connectivity is illustrated by (a) total species richness, (b) species similarity (expressed as % of cooccurring species), and (c) mean fish density of species groups (Dorenbosch et al. 2005a) of the
four habitat zones.
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Figure 3. Connectivity of fish assemblages in the coral reef – seagrass – mangrove gradient in
Chwaka Bay based on visual census surveys (Dorenbosch et al. 2005a) and beach seine hauls
(Lugendo et al. 2005). Connectivity is illustrated by (a) total species richness of the coral reef
(entrance of Chwaka Bay) and seagrass beds in Chwaka Bay (entrance and Chwaka village), (b)
species similarity (expressed as % of co-occurring species) between three zones (coral reef, seagrass beds at the Bay entrance and seagrass beds near Chwaka village), and (c) similarity of fish
assemblages in the mangrove (creeks, channels and mudflats) and seagrass zone (Marumbi and
Chwaka) of Chwaka Bay with respect to the reef (% of co-occurring species). Data in (c) is based
on beach seine hauls, whereas the species assemblage on the coral reef is determined by visual
census surveys. Numbers above the bars in (c) indicate species richness of the habitat zones.
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Influence of multiple spatial scales and landscape
configuration on fish connectivity
The structuring of species assemblages is determined by interacting processes
operating across different scales (Levin 1992). To date, with respect to connectivity of fish, relatively few studies have considered multiple scales (Pittman and
McAlpine 2003; Grober-Dunsmore et al. 2009). Nevertheless, in contrast to other
fish studies in Chwaka Bay, Gullström et al. (2008; 2011) focused explicitly on fishhabitat interactions in seagrass habitats at various scales, partly using a landscape
ecology approach (Grober-Dunsmore et al. 2009). Focusing on seagrass meadows
dominated by Thalassia hemprichii or Enhalus acoroides (three sites each) and one
mixed meadow (T. hemprichii, E. acoroides and Thalassodendron ciliatum), both
studies examined how the spatial variability of fish is determined by factors at
scales ranging from local within-meadow attributes to landscape configuration.
Gullström et al. (2008) showed that the pooled number of fish species found in
different seagrass habitats was clearly dominated by species associated with coral
reefs (40), while few species (5) were associated with mangroves. Thirteen species
were associated with both mangrove and coral-reef habitats, while three species
were associated with unvegetated mud/sand flats, and nine species used seagrass
habitats exclusively. In contrast to species diversity, the highest densities and
biomass of fish were recorded for seagrass residents and coral-seagrass associated fish. Combined with the fact that specimens were mostly juveniles and (to
a lesser extent) subadults, the findings highlight the potential importance of the
seagrass meadows of Chwaka Bay as transient and nursery areas. This is further
strengthened by the fish assemblage structure being clearly defined by distance to
mangrove and coral-reef habitats (Gullström et al. 2008). Furthermore, in a study
focusing on the seagrass-grazing parrotfish Leptoscarus vaigiensis, Gullström et al.
(2011) found 22 potential predator species of this parrotfish, most of which were
coral-reef associated and hence providing more evidence for cross-habitat connectivity in the Bay. The findings from these two studies demonstrate the complexity
of scale and the importance of considering different scales (temporal as well as
spatial) in attempting to understand connectivity across a shallow-water seascape
like that of Chwaka Bay.

SCIENTIFIC GAPS AND FUTURE RESEARCH
Despite the vast amount of research carried out in Chwaka Bay, little information
is available on connectivity in terms of cross-habitat linkages and the importance
of nursery functions. The energy-exchange between habitats is difficult to understand since few studies have focused on quantification of the flow of energy,
nutrients and organisms within the Bay. Also from a global point of view, few
studies have acknowledged the exchange of energy and ecological processes across
tropical shallow-water seascapes (see reviews by Nagelkerken 2009b; Berkström et
al. 2012). To improve the understanding of connectivity between coastal habitats
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it is of importance to consider a number of complex themes in ecology including
trophic dynamics related to migration patterns (Sheaves 2009), habitat connectivity over relevant scales (Mumby 2006), and ecological processes and mechanisms
across different scales (Nagelkerken 2009b).
With respect to cross-habitat interactions in shallow coastal waters, one of the
most highlighted subjects is the nursery role hypothesis, yet few studies have been
able to evaluate the nursery function according to the theoretical nursery concept
(see Beck et al. 2001; Heck et al. 2003; Nagelkerken 2009a). Hence, an observation
of high abundance of juvenile fish in the mangrove and seagrass habitats, with
proportionally more adults on the coral reefs, is not sufficient to qualify Chwaka
Bay as a nursery habitat. For a habitat to be qualified as a nursery habitat it should
disproportionately (compared to other habitats) contribute to the production
of specimens recruiting to the adult population. To elucidate the importance
of different shallow-water habitats as nursery area for fish and decapods, tag-/
mark-recapture surveys is one established method to obtain reliable estimates
of juvenile fish abundance, and duration of residency within the nursery areas.
Nagelkerken (2007) alludes to availability of new (and advanced) techniques such
as DNA analysis, stable isotope analysis, otolith microchemistry, and the use of
internal micro-tags or transponders which offer new opportunities for investigating seascape connectivity by fish. It is also of importance to take area coverage of
each habitat type into account to fully understand the efficiency of nursery habitats
(Dahlgren et al. 2006).
In summary, to successfully manage and conserve the resources of Chwaka Bay, it
is of great importance to improve the understanding of energy-exchange dynamics across the seascape mosaic. This includes quantification of migration patterns,
trophic dynamics and functional processes at a range of spatial and temporal scales.
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– Chapter 11–

Artisanal Fisheries and Other Marine Resources in
Chwaka Bay
Narriman S. Jiddawi1

INTRODUCTION
Fisheries contribute substantially to the national economy of Zanzibar both in
terms of income and employment. The fisheries sub-sector account for an average
of 5 percent of Zanzibar’s GDP (BOT 2006). The artisanal fishery of Chwaka Bay
is very important as it supports the livelihoods of the majority of fishers and their
dependants. An estimated more than 50 percent of the Chwaka Bay population
directly depend on fisheries as their only source of income, 40 percent as their
second livelihood security and 10 percent as their third livelihood source (BOT
2006). In general, the fisheries sector in Chwaka, like the whole of Zanzibar, remains artisanal and small-scale, which is characterized by non-selective fishing
and the use of traditional gears and equipment. Lack of modern equipment and
technical know-how are cited to be among factors that limit the utilization of the
offshore marine resources by these artisanal fishers (Jiddawi and Khatib 2007).
Fish and fishery products are major sources of animal protein for most people in
Zanzibar (including Chwaka) contributing to about 98 per cent of animal protein
in the diet, especially among the low-income population (Jiddawi, unpublished
data). The per capita annual fish consumption in Zanzibar is officially estimated at
about 17 kg, which slightly exceeds the world’s per capita fish consumption of 16.2
kg (DFMR 2006).
The importance of fishing as an economic activity in Zanzibar has increased in
recent years (van der Elst et al. 2005; Jiddawi and Khatib 2007). This is evident
from the increasing number of fishers and boats that has accompanied the decline
of fish catches. However, this trend is not new to Chwaka Bay. Pakenham (1947)
pointed out that the increase in the number of fisher folks in the Bay and the
abandonment of the former practice of closing heavily fished localities (e.g. the
popular Mapangani channel near Michamvi) for two or three years is the principal reason for the decline in the quantity and average size of fish as compared
NSJ: Institute of Marine Sciences, University of Dar es Salaam, P.O. Box 668, Zanzibar, Tanzania, e-mail:
njiddawi@ims.udsm.ac.tz , n_jiddawi@yahoo.com
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Outrigger canoes are common fishing boats in Chwaka Bay. Photo: Narriman S. Jiddawi.

with fish obtained before. This observation of declining fish catches and size is a
general perception of villagers around the Chwaka Bay as discussed in Tobisson et
al. (1998) and the recently conducted survey by the Department of Environment
(Jiddawi, Ameir and Vuai 2009).
There are seven fishing villages around the Bay: Pongwe, Uroa, Marumbi, Chwaka,
Michamvi, Ukongoroni and Charawe (see Chapter 1). However, the main fish
landing sites are Chwaka and Uroa villages, both of which have good landing
markets and easy access due to good quality roads to the Zanzibar Town market.
The demand for fish in Zanzibar has also increased due to the increase in population and the increase in the number of tourists visiting Zanzibar, most of who
prefer seafood. In 2007, about 1,400,000 tourists visited Zanzibar, up from 69,159
tourists who visited in 1986 (Lange and Jiddawi, 2009). This has also resulted in an
increase in demand as well as the price of fish and consequently higher pressure
on ecosystems by fishermen.
Apart from fish, there are other important, seasonal marine resources found
around Chwaka Bay. These are marine mammals and turtles, but also crustaceans
like mangrove crabs that are also harvested for sale to tourist hotels.
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FISHERY PROFILE
Fish Catch
The total fish production in Chwaka Bay is around 370 tonnes per year (DFMR
2007), having fallen from 950 tonnes which was the total catch in 1990 (Mohammed
and Jiddawi 1999). The overall catches, based on this official data, show a declining
trend (Fig. 1). This decline is also observed in some of the most important fish
groups landed. The only exception is the octopus and squid fishery. The octopus
has been reported by Tobisson et al. (1998) to have disappeared from Chwaka
Bay, although the official statistics do not reveal so. Octopus is often present in the
Chwaka Bay markets but the sizes of octopus collected at Chwaka village are smaller compared to those landed at the Malindi and Mkokotoni markets in Zanzibar
Town and north of Unguja respectively (Jiddawi, personal observation). The small
pelagic fish species, comprising mostly sardines and mackerel, have declined to
about one tonne per year (DMFR 2003) which is in accordance with the study by
Tobisson et al. (1998) reporting that the sardine fishery has almost disappeared
from the Bay, possibly due to overfishing. Most of the fish catch in Chwaka Bay is
from basket traps (dema – over 1 m in size, and towe - smaller than 1 m), and net
fishery. Hand- lines are common too. The traditional fish fence (wando, uzio) is
disappearing but is still visible in the Bay (see Chapter 1). Net fishery is extensive
and the use of the dragging technique has caused several conflicts between villages (see Chapter 15). The crab fishery and collection of gastropods and bivalves
such as cockles are common in the mangroves and the intertidal areas (Jiddawi
and Yahya 2008, see Chapter 13). A study in 2004 sampled all fish catches at the
Chwaka village market during June-July and November-December reporting a
total biomass of about one tonne per day in the latter period and about 850 kg per
day for the former season (de la Torre-Castro and Rönnbäck 2004). This gives an
indication of the productivity in the Bay between different seasons.

Figure 1. Fish catch trend from 2004 to 2007 at Chwaka Bay.
Source: DFMR (2007).
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Table 1a. Description of types of vessels found in Chwaka Bay.
Vessel

Details

Canoe (mtumbwi)

A small narrow vessel made up from a single log. The
bottom is usually flattened for stability. No outriggers.
Usually human powered but may also be powered by
sails.

Outrigger canoe (ngalawa)

Made up from a single log. Have outriggers which
provide additional stability. Powered by both paddle
and sail.

Dhow (dau)

Constructed out of timber planks. Bow is more pointed
than the mashua and the stern is rounded or pointed.

Boat (boti, mashua)

Constructed out of timber planks. The stern is square.
Usually powered by a motor.

Modified from Jiddawi and Ohman (2002).
Table 1b. Number of fishing vessels and types found in Chwaka Bay villages. Source: Jiddawi and
Khatib (2007).
Mashua/Boat

Canoe

Dhow

Dinghy

Total

Marumbi
Pongwe
Uroa
Chwaka
Charawe
Ukongoroni

Outrigger
canoe
27
48
20
30
1
23

2
6
20
5
21

1
2
2
89
6
9

2
-

2
-

Michamvi kae
Total

12
161

1
55

109

2

3
5

30
56
46
124
7
53
16
332

Site

Table 2. Number of full-time fishers per landing site at Chwaka Bay, 2007. Source: Jiddawi and
Khatib (2007); Jiddawi and Yahya (2003).
Landing site

No. of fishers 2003

No. of fishers 2007

Chwaka

343

586

Uroa

244

257

Marumbi

224

254

Michamvi Kae

206

266

Ukongoroni

144

184

Charawe

132

164

Pongwe

135

170

TOTAL

1,428

1,871
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Fishing Vessels
The fishery is limited to the Bay proper, with very few boats venturing outside.
This is due to the limitation of the traditional types of boats and gears used, mostly
propelled by sail and consequently very few fishermen venture beyond the reef. The
rough weather conditions resulting from the monsoon circulation also makes venturing outside the Bay very difficult. Four principal types of fishing vessels are used
in Chwaka Bay (Table 1a). The most common are the outrigger canoes (ngalawa)
(48.5 %) (See picture on p. 194), followed by canoes (mtumbwi) (32.8 %), boats
(boti) and smaller boats (mashua) (16.6 %) (Jiddawi and Khatib 2007; Jiddawi and
Yahya 2008). About 37 percent of all fishing vessels are found in Chwaka village
and the remainder from all the other villages (Table 1b). Most of the smaller boats
such as ngalawa and mtumbwi are owned by the fisher themselves or in association
with family members, but the bigger vessels such as boti and mashua are mostly
owned by middlemen who rent their vessels to fishers.

Fishermen and Income
The number of fishers at Chwaka Bay is around 1,871 (including all villages), most
of whom are residents (Table 2) (DFMR 2007). This exceeds the number of fishers
reported in the 2003 frame survey, with 1,469 fishers (Jiddawi and Yahya 2003).
Fishermen usually depart during the morning high tide and return in the next rising tide in the afternoon. These fishers earn between TZS 1,500 - 26,000 per day (1
to 20 USD per day) with an average of TZS 8,000 (6.6 USD) for an individual fisher
(Jiddawi, unpublished data). On rare occasions, one vessel is capable of fetching as
much as one million TZS (about 700 USD). However, when the amount is divided
among the fishers and after deducting the operating costs, each fisher gets as little
as 10 USD per day. The study by de la Torre-Castro and Rönnbäck (2004), based
on interviews, determined the following income levels in the Bay: for basket traps
(dema) fishers approx. 2,700 TZS per day; for net fishers about 1,200 TZS per day
and for other gears about 2,300 TZS per day. There are also a number of fishers
who normally operate on foot during spring low tides, gleaning the intertidal area
for mollusks, crustaceans and small fish. These fishers are usually are not included
in census surveys and their earning is usually not more than 1 USD per day (see
Chapter 13).

Fishing Gears
The gears most commonly used by fishers of Chwaka Bay in order of importance
are basket traps (52 %), hand lines (26.6 %) and spears, shark nets, gill nets (nets
are commonly used with dragging techniques) as well as and fixed fences (Uzio)
making up 21.4 % of total gears (Table 3 and Table 4) (Jiddawi and Khatib 2007).
Most of the basket traps are found in Marumbi (58 %) followed by Chwaka (21
%) and Pongwe (21 %). Most of the hand lines are found at Ukongoroni, spears
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Table 3. Types of gears used in Chwaka Bay. Modified from Jiddawi and Öhman (2002).
TYPE OF GEAR

Gill nets - Jarife

Cast nets - Kimia

Seine nets - Nyavu

ASSOCIATED
GEARS

COMMENTS

Drift gillnet
Demersal gillnet (large
mesh) or Shark nets.
Demersal gill nets
(small mesh)

Used in tidal and sub-tidal reef areas to capture
fish moving with the tides. Target species are tuna,
billfish, kingfish and sharks. Have incidental capture
of turtles and dolphins.
Used in sheltered areas. A circular net that is thrown
over a shoal of fish or allowed to sink to the bottom.
Closed when retrieved. Catches small fish such as
eels, catfish, mullet. silver biddy and shrimps.

Purse seine
Ring nets
Beach seine

Drag-nets – Kigumi Any seine net can be
nyavu za kukokota
used as a drag net

Use light to attract pelagic fish on moonless nights.
Beach seine is illegal in Zanzibar and only permitted in uninhabited islets. Nets are 50-100 m with
long warps. Usually it is dragged onto the beach or
shallow areas.
This method is illegal. Nets may be assisted by divers
to untangle nets and chase and retain fish. Can be
50-100 m with long warps. Set on the bottom, from a
boat or from the beach. Most nets in Chwaka Bay are
used as drag nets.

Scoop nets - Senga

A small circular net
Used in catching small pelagic fish in the light atwith a wooden handle tracting fishery.

Basket traps –
Dema, towe

Large ones (dema)
small ones (towe)

Fixed traps
(weir, fence)
(uzio, wando)
Handline -Mshipi

Longlines - Dhulumati
Octopus spearing Mkuki/kijiti
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Hexagonal in shape with a single opening. Traps are
usually set in seagrass beds. Among wild or cultured
seaweed or coral reefs.
Usually made up of mangrove stick or palm frond
midrib. They are semi-permanent stake traps that are
set in intertidal areas especially in sheltered areas.
Catch rate varies from 12-100 kg trap.

The size of fish caught
depends on the gauge
of the line and size
of hooks. Usually the
higher gauge lines
catch big fish.
Surface long line
Bottom longline

Common fishery probably found in every fishing
vessel. Can be used from a vessel or from the shore.
Currently important as a sport fishery in the tourist
industry at several sites.

Spear, stick

A spear is made up of a stick with a sharp end or
with a piece of iron inserted at the tip. Kijiti is a stick.
Collection is done by diving or on exposed reefs.

Mostly for catching tuna especially by industrial vessels in the offshore waters. But also used by artisanal
fishermen for catching demersal fish.

Table 4. Summary of gear types and number in the various landing sites in Chwaka Bay, 2007.
Source: Jiddawi and Khatib (2007).
Landing site

Long line Spear

Hand line

Weir

Gill net

Seine net

17

Traps
(dema)
137

Chwaka

-

61

66

1

Uroa

-

30

42

-

10

60

16

Marumbi

-

10

10

-

-

180

22

Michamvi Kae 1

-

17

-

-

22

3

Charawe

-

-

-

1

12

29

-

Ukongoroni

21

22

161

1

12

37

-

Pongwe

6

-

50

-

2
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26

-

at Uroa and different nets, gill nets and others commonly used as dragged nets in
Chwaka village. The octopus fishery is usually conducted by foot fishers. A few are
collected by diving but still using the spear. Both dema and towe traps are generally made from tree branches collected from coral rag forests. Cast nets (kimia) are
commonly seen operating in the Bay for catching fish and prawns in the creeks
(Jiddawi, personal observation), but due to their small size and low numbers they
were mixed with other gears in all fisheries census surveys (Jiddawi and Yahya
2002). The dema (Fig. 2) and towe traps are movable and are usually left overnight
before being harvested, and then redeployed either at the same site or elsewhere.
The dema traps are used in deeper waters while the towe are used in the shallow
areas. The bait used in these traps is sea urchins locally known as urumba, gozi
which is a mixture of seagrasses, cyanobacteria and algae; seaweeds (Ulva spp.);
polychaete worms locally referred to as daa, grated coconut, papaya leaves and
raw fruits, octopus and small fish. The fixed-stake trap, known as wando/uzio is
generally made from stilt roots or sticks of Rhizophora mucronata, or from various
other tree species. However these fence traps are now disappearing as they are
discouraged by the Government due to their catching of juvenile fish. Also, fishers
can now afford to buy or make basket traps from locally available material and also
to buy hooks and lines, one reason why these gears are commonly used. However,
most nets are used by larger vessels, normally owned by middlemen. Usually the
amount obtained per day is divided into three parts: one part divided among the
fisher of the day, one part for boat repair and one part for the owner of the vessel
and motor. Most of the larger boats and dhows are also owned by wealthy individuals or middlemen who rent the vessels to fishermen. The fishers themselves usually
can only afford to own canoes and outrigger canoes.
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Figure 2. Basket traps (Dema) made with local materials. Photo: Narriman S. Jiddawi.

Fish Groups
More than 200 species of fish are caught regularly by fishermen who land their
catch at Chwaka Bay landing sites. Most of these catches are normally classified
as typical tropical seascape fish; caught from seagrass beds, mangroves and reefs
and comprise mainly rabbit fish (Siganidae), snappers (Lethrinidae), parrot fish
(Scaridae) (Fig. 3), small pelagic (dominated by sardines and mackerel) and large
pelagic species such as sailfish (mbasi) and elasmobranchs (Table 5 and Chapter 6).

Catch Rates
The fisheries catch rates at Chwaka Bay are highly variable and depend on gear
type and the areas used to fish. The lowest rate is recorded for hook and line while
the highest catch rate is from net fisheries (Table 6). However this information
is from Uroa landing site only. Net fishers from Chwaka Bay venture to fish in
close to the Bay’s mouth thus catching large amounts of fish belonging to different
functional groups (de la Torre-Castro, unpublished data). See also Jiddawi and
Öhman (2002).

FISH SEASONALITY
According to information provided by Chwaka fishermen, high landings of fish
occur during the southeast monsoon season, especially during the months of April
to September (Coles, Jiddawi and Lange 2009). Fishermen claimed that fish catches
are higher (especially in the fixed traps) during the cool weather during the South
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Figure 3. Average composition of coral reef and seagrass fish found in Chwaka
Bay, 2001-2003. Source: DFMR (2003).

Table 5. Some common fish types found at Chwaka Bay. Source DFMR (2003).
Reef and seagrass fish (35%)

Large pelagic (13%)

Small pelagic (24%)

Eng
Emperor
and Snapper
Rabbit fish

Sw

Eng

Sw

Eng

Changu
Tasi

Trevallies
Tuna

Tonge
Kole kole Anchovies kwa tonge Sharks
Jodari
Rays

Parrot fish

Pono

Swordfish

Nduaro

Sardines

Dagaa

Octopus Pweza

Goat fish
Mullet

Kundaji
Mkizi

Sailfish
Kingfish

Mbasi
Nguru

Mackerel

Vibua

Squid
Lobster

Barracuda
Eng = English name; Sw = Swahili name

Sw

Others (28%)
Eng

Sw
Papa
Taa
Ngisi
Kamba
koche

Mzia

Table 6. Average catch rates by gear per day. Source: Jiddawi, Ameir and Vuai (2009).
Gear

Average kg/trip

Hook and line

5.4

Surrounding net

25

Basket trap (dema)

8.3

Octopus spear (mangu)

6.2

Gill net

38
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East monsoon. This seasonality however differs from the rest of Unguja Island
especially on the west coast (Jiddawi and Stanley 1999; Jiddawi and Ohman 2002)
where the productive period for fish and phytoplankton is during the northeast
monsoon season. According to Tobisson et al. (1998), during the hot season, seawater in the Bay can heat up to 30-35°C which causes the fish to withdraw from the
Bay. In the months of June to August the villagers of Ukongoroni have a traditional
closed season for octopus because this is a good period for harvesting millet, a
traditionally important coral rag crop (William and Basha 1997). However, this
closed season is not practiced by the villagers of Chwaka, Marumbi, Michamvi
and Uroa. The issue of seasonality should be further studied as some studies have
not found large seasonal differences and high catches are recorded even during the
northeast monsoon (de la Torre-Castro and Rönnbäck 2004).

OTHER FISHERY RESOURCE COMPOSITION
Other resources that are fished include sea cucumbers; however availability of this
resource has severely declined. The sea cucumbers trade is one of the oldest in
Zanzibar and is still ongoing although the catches have declined from 60.3 tonnes
in 2005 to 36.8 tonnes in 2007 (Table 7). More than 30 species of sea cucumber are
present in Zanzibar of which not less than 10 species are commercially exploited
(Coleson and Jiddawi 1996). These are normally collected by women and children
in intertidal areas during low tide or by men in deeper waters. But an active diving
industry is also present. The most valuable species of sea cucumbers are now difficult to find. These include Holothuria nobilis (white teatfish), Holothuria scabra
(sandfish), Thelonata ananas (prickly red teat) and Actinopyga miliaris (blackfish).
The sea cucumber fishery has declined as a result of over harvesting (Kithakeni
and Ndaro 2002; Eriksson et al. 2010).
Shells comprising of gastropods and bivalves are collected over most of the intertidal flats and reef areas (see Chapter 13). More than 20 species are exploited for
food in the Bay but the common ones are the Strombus spp. (chuale), Telebralia
spp. (suka), Pinna (panga), Tridacna (jeta) and Pinctada spp. (chaza). Lobsters and
crabs are exploited from the Bay mainly for sale to tourist hotels where a small
lobster may cost as much as 12 USD. The dominant species is Panulirus ornatus.

Crab Fishery
The crab fishery is an important fishery in Chwaka Bay, conducted by both men
and women. It constitutes an important source of protein and income for the
artisanal fishers. Crabs are also farmed on a minor scale at Charawe village. They
are cultured due to their preference for estuarine habitats, behavior and high value.
The mud crabs Scylla serrata are mainly caught by fishers who search burrows
in mangroves at low tides using metal rods. These crabs are caught by hand and
sold to local communities, hotels and some are exported. About 44 percent of the
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Figure 4. Catch rate of number of crabs per day per fisher
(44 and 40) and per group (7, 5 and 2, 2) at Chwaka Bay
(N=42). Source: Jiddawi and Yahya (2008).

Table 7. Export (tonnes) of Zanzibar fishery products 2003-2007. Source: DFMR (2007)
Product

2003

2004

2005

2006

2007

Sea cucumbers

20.4

50.9

60.3

59.1

36.8

Shells

232.6

161.5

602.2

517.2

Lobsters

14.3

27.8

50.2

37.1

25.25

Shark fins

1

1.3

1.7

2

3.51

Squid

0.003

Anchovies
Oysters

0.13

Shell operculum

0.74

Fresh fish
Octopus

2.52

Crabs

0.15

TOTAL

272

1.1
0.4

0.2

1.34

2.1

1.54

0.003

8.1

2.59

12.57

38.6

87.35

50.4

256

763

707

118

0.8

fishers catch between 4-10 crabs per day (Fig. 4). However, some fishers, especially those who work in groups, may catch up to 70 individuals per day (Jiddawi
and Yahya 2008). There are indications that local populations of mud crabs have
decreased significantly in both abundance and sizes as a result of increased
demand and fishing effort.
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FISH EXPORT
Zanzibar Department of Fisheries and Marine Resources exports some fishery
products abroad which contributes a small percentage to the foreign currency
revenue (Jiddawi, Ameir and Vuai 2009). Some of these products such as crabs,
sea cucumbers and shells are derived from Chwaka Bay (Table 7).

AQUACULTURE POTENTIAL
Inadequate supply of fish fingerlings is a major constraint that has slowed down
many widespread involvements in aquaculture in various countries, but Chwaka
Bay has shown to be a potential source of milkfish fry for Unguja Island. Chwaka
Bay and Nungwi, (in the north of Unguja Island) are also a good source of mullet
fry (Dubi et al. 2006; Jiddawi et al. 2007). Availability of seed/fingerlings for stocking ponds is among the most important factors for development of aquaculture
because more people can attempt to culture fish if they have access to seed/fingerlings. Adult milkfish found in Chwaka Bay are mostly caught with bottom set gill
nets, mostly during the northern monsoon season (November to March), during
spring tides (new moon and full moon) and/or during the rain period (March to
May). Catches of up to 104 milkfish per landing with a size of over 80 -100 cm total
lengths and an average weight of 12 kg per fish have been observed in Chwaka Bay
(Jiddawi et al. 2007). However, this is occasional. Usually these fish are caught in
schools with mature gonads, which indicate the possibility of spawning aggregations within Chwaka Bay. Fingerlings of mullet (5 -10g) are found all year round
with peaks in September to October and March to April (Dubi et al. 2006; Jiddawi
et al. 2007). The fry of these species are found within the mangroves of Chwaka
Bay between March and May, coinciding with the rainy seasons.

ENDANGERED ANIMALS IN THE BAY
Turtles
Five species of turtles exist in Zanzibar (Bourjea et al. 2008) and all of these occur
in the Chwaka Bay area. These are the green turtle Chelonia mydas (kasa kawaida),
the hawksbill turtle Eretmochelys imbricata (ngamba) and the loggerhead turtle
Caretta caretta (kasa duvi). The leatherback turtle Dermochelys coriacea (noa)
is not a resident and the Olive Ridley Lepidochelys olivacea (kigome) turtles are
rare (Clark and Khatib 1993). The most common is the green turtle which nests
in the Bay. Turtles are caught accidentally in gill nets. In surveys conducted by
the Department of Environment from 1993, it was observed that turtle catches
were declining (Clark and Khatib 1993). Nesting has been observed to occur at
Michamvi and Uroa occasionally (Khatib and Jiddawi 2004). The ease of obtaining
the turtles from the Bay shows that turtles favour the Bay, possibly as their nest204

ing and/or feeding site. The main problem currently facing nesting turtles is the
constructions of buildings and hotels close to the shore which leaves little or no
room for nesting (Khatib and Jiddawi 2004).
The Zanzibar Fisheries Regulations of 1993 (under the Fisheries Legislation No.
8, 1988) prohibits the capture of turtles (Regulation No.16, section 7) and it is
illegal to sell any turtle products in Zanzibar. However, despite this regulation,
the capture of turtles, especially for their meat goes unabated in many parts of
Zanzibar. Local communities usually poach for turtle meat, eggs and shells, the
trade of which is an important and lucrative local business. Dedicated turtle hunters operate on all the nesting beaches and pose a major threat. In 1991 before the
ban, two groups of fishermen were operating in Uroa catching about 150 - 200
turtles per year (Clark and Khatib 1993). By 1998 some 3 -10 fishing nets could
still be observed fishing turtles at Uroa and according to Clark and Khatib (1993)
about 40 turtles could still be caught per month at Uroa in 1993. However, this has
now almost stopped as it is illegal by law to sell any turtle products. In 1995 there
are records that 38 people died from eating turtle meat in Chwaka village (Jiddawi,
personal observation).

Marine Mammals
The marine habitats in Chwaka Bay are particularly notable for the diversity of
fisheries resources which they support, providing feeding, nursery and mating
grounds for various marine organisms including dolphins and whales. About eight
species of dolphins have been reported to occur in Zanzibar coastal waters (Amir
et al. 2005). At least three have been cited in Chwaka Bay along Pongwe, Uroa
and Michamvi (Berggren et al. 2007; Amir et al. 2002). These are the Indo-Pacific
bottlenose (Tursiops aduncus), Indo-Pacific humpback (Sousa chinensis) and
Spinner (Stenella longirostris) dolphins (Amir et al. 2002). Some dolphins are caught
accidentally in gill nets. Historically dolphins in Chwaka were used for shark bait
in the long line fishing (Amir et al. 2005). Dolphin meat is preferred as shark bait
due to its strong odour which is believed to attract sharks from a distance. A sperm
whale was also once stranded in Chwaka in 1995 (Jiddawi, personal observation).

FISHERIES MARKETING STRUCTURE
All the main fishing villages in the Chwaka Bay area (Charawe, Ukongoroni and
Michamvi) bring their catch to Chwaka village, while Pongwe and Uroa fishermen sell their catch at Uroa and the small village of Marumbi has its own market.
Generally the price of fish in Chwaka is less than the price in Zanzibar Town where
the demand is higher. However, hotels and restaurants have provided a new market
for the higher priced fish such as marlin, kingfish and snappers. This has resulted in
the increase in fish prices, resulting in higher incomes to fish mongers or wholesalers who sell in bulk, usually to retailers who in turn sell in small amounts (Table 8)
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Table 8. Mean net daily income in TZS of actors in Uroa fishing value chain. Source: (Coles, Jiddawi and Lange 2009).
N
Mean
Income/day
CV

Fisher

Auctioneer

Primary processor

Wholesaler

Retailer

32

2

1

3

3

6,260.4

2,150

1,293.3

32,481.1

900

92.5

9.9

0

89.9

285.7

n = total sample sizes Mean= overall mean values for mean net daily income and CV= coefficients of variation.

and at higher prices to local consumers (Jiddawi, personal observation). Usually,
once the fish is auctioned and purchased, it is taken by fish mongers on bikes or
scooters for re-sale to consumers. The price of fish is based on the catch of the day.
If a lot of fish is landed usually the fish is sold at a lower price compared to days
when there is less catch. Women also form a bulk of the buyers and usually they
fry the fish before selling.
According to fishermen, about 70 percent of the total catch is sold and 30 percent is
consumed locally (Jiddawi, unpublished data). However, it is a well known fact the
fishermen take the smaller and less valuable fish for home consumption and sell
almost 80-90% of the day’s catch (see also Coles, Jiddawi and Lange 2009). Most
fish is locally consumed on the day it is caught. Only a small amount of pelagic
catch and those landed late in the day are preserved in a few domestic freezers.
From 2006, the Department of Fisheries and Marine Resources (DFMR) through
the Marine Conservation and Environment Management Project (MACEMP)
started constructing fish markets in collaboration with the communities and
thereafter providing them with storage facilities such as deep freezers which are
usually stationed in some of the fishers homes due to lack of electricity in the
landing sites. However, these investments are not seen in the Chwaka Bay area.
There are minimal fish processing activities in Zanzibar, the most common being
salting, sun drying and smoking, and this is also the case in Chwaka Bay. In the
landing sites or markets, fishes are mostly sold at auction (Jiddawi, Ameir and Vuai
2009). Despite the high local demand for fish, there is no efficient and effective
distribution of fish to consumers. Poor marketing channels and lack of storage
facilities also decrease the value of fish.

GENDER ROLES IN FISHERIES
In the coastal areas and in many villages in Zanzibar both men and women are
deeply involved in artisanal fisheries activities (see Chapter 13). Gender roles are
a prominent feature both in terms of involvement and participation. Involvement
may be considered to be acts of engagement in activities of the sector for employment or socio-economic gains. These activities include fishing, making and
repairing fishing gears such as traps and nets, building and repairing boats, and
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unloading fish from vessels to landing sites where they can be auctioned. Women
constitute about half the population of Chwaka Bay and are very involved in
fishing activities too. In the artisanal fisheries sector, women usually occupy the
post-harvest sector and form the link between fish capture and consumption.
However, they also participate in gleaning within the intertidal areas including
octopus collection. Women’s involvement in the artisanal fisheries is mostly in fish
processing, usually salting and drying, as well as marketing. Also they are heavily
involved in seaweed farming and some bury coconut husks so as to free the fibers
for use in making ropes (de la Torre Castro and Jiddawi 2005). In general, women
are not fully involved in the decision making processes in most communities of
Zanzibar, including Chwaka Bay, and their level of organization and response to
their needs are largely limited. However, notably, the communities in Chwaka are
slowly but increasingly accepting woman’s presence and active participation in
resource management and decision making processes. Women’s representation in
local management processes and structures have improved in some places and
representation of women in village environmental committees though still low,
does exist. However, some social scientists argue that women need to strive harder
to be more recognized and to contribute more to household food security (de la
Torre Castro and Jiddawi 2005; Jiddawi, personal observation). In most villages
around Zanzibar most women usually fish on foot, some using the mosquito net
(Coleman 1998). However, the women of Chwaka no longer practice this activity,
claiming that those who used to practice this fishing method are now old and did
not pass on their knowledge to the younger generations (de la Torre Castro and
Jiddawi 2005).
Despite their involvement in activities of the fisheries sector, women’s operations
are often small-scale and their income is small compared to their male counterparts. They face various constraints, such as obtaining large credits and training.
This is due to traditional norms and culture where most women are not allowed by
their husbands to travel far to trade their products. Hence, women always remain
behind in the equitable distribution of income. However, of late women play a
leading role in processing and retail of fish. This is observed in the increasing
number of woman retailers buying fish at Chwaka and Uroa markets (Jiddawi,
personal observation).

PROBLEMS FACING FISHERIES RESOURCES
Most fish landed at Chwaka market are small in size (or a juvenile) which is attributed to the fact that the area is a major nursery ground for fish and that fishing
is conducted mostly within the Bay (Muhando and Ngoile 1994; Lugendo et al.
2007; Chapter10) and fishers tend to use small mesh sized nets. There are other
threats facing the fishery resources in the Bay, such as anthropogenic and natural
threats like storms. Some of the human impacts are caused by rampant cutting of
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mangrove forests that can result in the destruction of the nursery and breeding
grounds (Tarbit 1976; Muhando and Ngoile 1994; Chapter 4). Habitat destruction
is also caused by destructive fishing practices which are banned in Zanzibar but
still in use in Chwaka Bay (de la Torre Castro and Lindström 2010). These include
use of poison, dragged net locally known as kigumi or nyavu za kukokota, spears
and harpoons (Mohammed 2004). Additionally there is a problem of over-fishing
as a result of the increase in the number of fishermen and of the efficiency of their
fishing boats. Excessive fishing can deplete the populations of certain species,
disrupt the marine ecosystem and damage the Bay’s overall economy.

Conflicts Related to the Fishery
IIn Chwaka Bay, there have been conflicts related to fishing and environmental
conservation, in which fishermen restrict themselves to use fishing gears or
methods that are not acceptable by the fishers within one or the neighbouring
villages (e.g. Jiddawi 1997). The gears or methods may include beach seine, spear
gun, small mesh sized nets/traps and drag nets which may catch juvenile fish and
destroy coral reefs. The fishery conflict is purportedly in relation to the use of drag
nets by Chwaka fishermen at mainly two sites (Mamiemwari and Kidimani) that
the fishermen of Marumbi have reserved exclusively for the dema fishery. Marumbi
fishermen claim that drag nets, in addition to destroying fish habitats, also entangle
and often destroy fish traps (dema) used by fishermen from Marumbi, something
which the fishermen from Chwaka strongly deny. However, market data and personal observations confirm that net fishing is a dominant gear in the Bay.
In addition, members from both communities concede that their conflict is not
new but amounts to age-old village to village rivalry. In the 1990s there was a fishing ban in the Bay for several months which resulted in serious economic hardship
to the Bay communities who depend heavily on fishing for their sustenance. This
situation is made worse by the fact that the area does not offer much in terms of
economic alternatives. The use of effective or multiple gears at a time are another
cause of fishing conflicts. Some fishing communities are threatened by the catch
of large volumes of fish by other fishermen; fearing rapid over-exploitation of the
fish resources on which they depend. This happens usually in Uroa and Pongwe
villages (for an extensive explanation of this conflict, see de la Torre Castro and
Lindström 2010).
Village to village conflicts are typically over access to space. A classic example is
that between fishermen and seaweed farmers. Village fishermen who must navigate through seaweed farms to reach fishing grounds and landing sites provoke
seaweed farmers who feel that such traffic tampers with their seaweed plots, which
are consequently damaged. However, these kinds of conflicts are reported as
minimal and cushioned by the fact that the seaweed farmers are usually married
to the fishermen (de la Torre Castro and Lindström 2010). Moreover, young villagers in Chwaka are accused of digging bait on the beach in front of hotels, as a
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result are chased away by hoteliers who claim the activity makes the beaches lose
their aesthetic value and become unattractive to tourists (Jiddawi, Ameir and Vuai
2009). These conflicts highlight important questions about resource accessibility
and the rights to ecosystem use by the local population.

MANAGEMENT SYSTEMS AND MEASURES
The Department of Fisheries Development (DFD) formerly known as the
Department of Fisheries and Marine Resources (DFMR) is responsible for the
management of fisheries resources on Zanzibar. Fishing activities are regulated
by the Fisheries Act of 2010 and its principal regulations of 1993. The fisheries of
Zanzibar are open access; meaning everybody has the right to fish everywhere after fulfilling conditions of getting a fishing license. Consequently, the inshore zone
has been depleted by increasing fishing pressure and the use of destructive fishing
gears and methods. Currently, fishing restrictions vary from prohibiting the use
of under sized mesh nets in the conservation areas to catching under sized fish in
all areas including the no take zone in marine reserves (Jiddawi, Ameir and Vuai
2009). The DFD has started to use a community-based approach in management
by forming community (village) fishermen committees in all fishing villages along
the coast of Unguja and Pemba Islands. The communities are eager to collaborate
with the DFD, and are active participants in the implementation of management
strategies. However, there remain significant challenges about representation,
participation and resource management (de la Torre Castro and Lindström. 2010;
Chapter. 1, 14 and 15).

Recommended Management Actions
In order to ensure proper management of the fisheries and other resources, there
is a need to promote rational and sustainable exploitation of the area’s natural resources and develop strategies to ensure recovery of overused resources. Priority of
resource use should be given to local communities. A good way is to link conservation objectives to local development aspirations in the Chwaka Bay communities.
Local communities need to be involved in the development and management of
the conservation area. Also, in order to protect the fish diversity in the Bay there
is a need to enforce regulations regarding the use of all destructive gears such as
drag-nets, small mesh sized nets, spear guns and poisons – all of which are currently banned. Clearing of seagrass in front of hotels and uncontrolled mangrove
cutting, also needs to be discouraged as these are breeding and feeding grounds
of fish.
There is a need to prepare a zoning plan for the Bay in order to demarcate user
zones within the conservation area. The villagers should be involved in the zoning
process so that they own and respect it. Such zoning will allow certain activities in
some zones while not in others. Secondly it will ensure that future resources are
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safeguarded by establishing protected areas that will act as “seeding” zones that
will support and sustain those resources. The protection zones will also serve to
protect breeding areas or areas of highly endangered and ecologically important
species. The zones could be within mangrove forests, coral reefs, seagrass and algal
beds, intertidal/sub-tidal areas or any combination of these.
It is important that villagers are not made to feel that they are denied access to
their traditional fishing areas. Consequently, sensitization of local communities on
the virtues of setting aside protective areas is essential. Moreover, categorization
of zones in terms of type of activity and permitted developments will ensure that
the communities will continue to use the Bay albeit in a mutually agreed manner.

FUTURE ACTIVITIES
Based on several limitations and problems existing in Chwaka Bay related to fisheries and other marine resources, it is advised that future research on fisheries and
management actions should emphasize the sustainable utilization of the resources,
particularly in relation to:
• More studies aiming at understanding the exploitation patterns of the fishery
resources by regular monthly monitoring which is vital for rational use of the
resources
• More studies on other resources such as the mangrove crabs and sea
cucumber harvesting within Ukongoroni and Charawe
• In depth marine mammal studies and other endangered organisms such as
turtles and whales which visit the bay for feeding and nesting
• Studies on spatial use and mapping of how the different areas within the Bay
are used
• More education and awareness programs for local fishing communities on
the impacts of unsustainable fishing and the benefits of managing the fishery
resources as well as feed backs on the research conducted in these areas
• Monitoring and follow-up on current gear exchange program aiming at fisheries sustainability
Several recommendations and management options are listed in Jiddawi and
Öhman (2002) which can still be implemented now. Also see Chapters 14 and 15
for further challenges and important aspects to consider.
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– Chapter 12 –

Seaweed Farming in Chwaka Bay:

A Sustainable Alternative in Aquaculture?
Johan S. Eklöf, Flower E. Msuya, Thomas J. Lyimo and Amelia S. Buriyo

INTRODUCTION
In Chwaka Bay, aquaculture (the farming of aquatic organisms) is represented
by a small-scale but much debated activity; farming of marine macroalgae, or
seaweed farming. Aquaculture as a whole dates back several millennia in areas like
South-East Asia, but has during the last decades become heavily promoted as an
alternative livelihood in developing countries to (i) reduce pressure on overharvested natural resources (e.g. fish stocks) and (ii) supply cheap food and income
(Tacon 2001). Many promises of this “Blue Revolution” have, however, not been
fulfilled, because technical know-how and experience is often lacking (Dadzie
1992; Machena and Moehl 2001), and because some of the hitherto dominating
forms (for example farming of giant shrimp/prawns) have been riddled with huge
sustainability problems of their own (Deb 1998; Bryceson 2002).
Seaweed farming is, in comparison to e.g. intensive shrimp farming, an alternative
form of aquaculture, which has been described as “the most sustainable” form of
aquaculture. This is primarily because (i) farming can be conducted in shallow
coastal areas or the open ocean (instead of in dugout ponds), (ii) the seaweeds
require no addition of fertilizers or pesticides, only enough light and water motion, (iii) the rapid growth rate (up to 15 percent per day) results in relatively
short farming cycles (Mshigeni 1976; FAO 2002), and (iv) farming generates a
cash income to farmers. Most open-water seaweed farming involves two genera of
tropical red algae (Rhodophyta); Eucheuma and Kappaphycus (Zemke-White and
Ohno 1999), farmed for the extraction of carrageenan; a valuable polysaccharide
used as a stabilizing, emulsifying and thickening agent in food, cosmetics and
pharmaceuticals.
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Figure 1. Photograph of “off-bottom” seaweed farm during a low tide in Chwaka Bay, Zanzibar
East coast. Photo: J.S. Eklöf.

In this chapter, we review the knowledge on and status of seaweed farming in
Chwaka Bay in particular and the rest of Zanzibar in general. After a short summary of the historical development of the activity, we focus our analysis on three
crucial aspects of livelihood sustainability; (i) the socio-economic impacts of the
activity on society, (ii) the ecological interactions between the farmed seaweeds
and the ecosystems where they are farmed, and (iii) the interactions between these
socio-economic and environmental aspects. Finally, we review the measures and
efforts that are or have been suggested to increase the sustainability of this activity.

BRIEF HISTORY OF CHWAKA BAY SEAWEED FARMING
The history of East African seaweed farming actually started in Chwaka Bay (Table
1). Inhabitants here, as in most Tanzanian coastal areas, used seaweeds for treating
wounds and as fish bait for centuries (Mshigeni 1983b; de la Torre-Castro and
Rönnbäck 2004). In Chwaka, however, the collection developed in the 1930s to an
organized export of two carrageenan-containing algae, Eucheuma denticulatum
(Burman) Collins and Hervey and Kappaphycus alvarezii (Doty) Doty, to Europe
(Andersson 1953; Mshigeni and Semesi 1977; Mshigeni 1983b). As many other
seaweed enterprises after, this first Tanzanian seaweed business underwent a “boombust” pattern. First, the activity rapidly grew into a full-fledged export business,
and supplied 500-800 tonnes dry weight per year (DW/year) by the mid-1950s.
Twenty years later, however, the export had declined to 150 tonnes per year (due to
overexploitation and international competition) and eventually collapsed (Mshigeni
1998, 389-97).
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Table 1. Chronology of the start and spread of seaweed farming in Tanzania. Modified from
Msuya (2010).
Area

Activity

Result/Year

Reference

-

Theoretical studies

Publications,
1973, 1976

Mshigeni (1973, 1976)

-

Theoretical studies

Kiswahili
booklet, 1983

Mshigeni (1983b)

First experiments

1985

Mshigeni (Unpublished
report)

Paje and Jambiani,
Zanzibar

Nursery farms/ expansion

1989

Pettersson-Löfquist (1995)

Chwaka Bay, Zanzibar

Introduction in
Chwaka Bay

1990

Shechambo et al. (Unpublished), Eklöf et al. (2005)

Mainland-Tanga,
Bagamoyo, Mafia

Feasibility studies &
expansion

1992-1996

Zuberi et al. (unpublsihed
report), (F. E. Msuya 2010),
Bagamoyo seaweed farmers

Mainland-Mtwara/
Lindi

Feasibility studies &
nursery farms

1995

Msuya (unpublished report)

Mainland-Mtwara/
Lindi

Expansion

1996

Msuya (unpublished report)

Mainland-Tanga

Deep water bamboo
rafts

2000

Zuberi (Unpublished
report)

Mainland-Bagamoyo, Zanzibar

Deep water floating
systems

2005-2006

Msuya (2006b), Msuya et al.
(unpublished report)

Zanzibar-Chwaka
Bay

Deep water floating
systems

2009

Personal observations

Theoretical studies

First experiments
Zanzibar, Tanga
Commercial cultivation

At this stage, Professor Keto Mshigeni of the University of Dar es Salaam introduced the notion of instead farming seaweeds (Mshigeni 1973; Mshigeni 1976) as
a new form of income in the Ujamaa village system. Following theory development
and practical small-scale testing in the early 1980s (Mshigeni 1983a), the ideas
were in 1989 realized in large scale as a part of Tanzania’s structural adjustment
programme. In cooperation with a Danish seaweed export company, who at the
time sought new production areas in East Africa (Lirasan and Twide 1993), the
first experimental farms were established in shallow intertidal areas outside the
villages of Paje and Jambiani (Lirasan and Twide 1993), and reached Chwaka Bay
the year after (Mohammed 1999). Following failed initial trials with local strains
of E. denticulatum, a more sturdier Philippine strain was introduced and is still
used today. The seaweeds were initially, and are still, primarily farmed using the
“peg-and-line” or “off-bottom” method (Fig. 1), where algal fronds are tied (using
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Figure 2. Annual seaweed production (dry weight) in Zanzibar, 1990-2008. Source:
Department of Fisheries and Marine Resources (DFMR), Zanzibar.

ribbons called “tie-ties”) to ropes stretched between wooden pegs driven into the
sediment. Farms are placed in easily accessible and well-flushed sub-tidal areas,
which in Chwaka Bay correspond to sub-tidal sand and seagrass banks outside the
major villages (Chwaka, Marumbi, Michamvi, Uroa, Ukongoroni, etc.). Farming is
conducted by local villagers (primarily women), who harvest and plant seeds during spring low tides every 4-10 weeks (depending on growth rates). The dried raw
seaweeds are then sold to local export companies, who in turn sell to the international companies that ship the seaweeds to carrageenan factories in Europe, USA
and Asia. Yearly production of seaweeds (tonnes DW per year) in Tanzania started
at about 800 in 1990, and has today levelled off at. ca.10,000 (Fig. 2). Around 90
percent of those seaweeds are produced in Zanzibar.

SOCIO-ECONOMIC EFFECTS OF SEAWEED FARMING
In Chwaka Bay, seaweed farming was in 2003 the second most important incomegenerating activity, following artisanal fishing (de la Torre-Castro and Rönnbäck
2004). Some 482 farmers were in 2008 involved in the activity, selling dried seaweeds to one of the two companies C-Weed Company and Zanzibar Shell export
(Msuya, unpublished). These figures mirrors the importance of the activity for the
Zanzibar macro economy as a whole, where seaweed farming is the second-largest
activity following tourism, and constitute the largest marine export product from
Tanzania (>10 times higher export volumes than sea cucumber, unpublished data).
The farming employs 15,000–20,000 people in all Zanzibar, of which 90 percent
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are women (Mshigeni 1998; Msuya 2006a; Fröcklin 2012), and six companies are
responsible for the export; C-Weed Company, Birr Sea-Weed Company, Zanzibar
Agro-Seaweed Company Ltd (ZASCOL), Zanzibar East Africa Seaweed Company
(ZANEA), ZanQue, and Zanzibar Shell.
Seaweed farming has undoubtedly had major socio-economic effects on farmers
and local communities in both Chwaka Bay and in the rest of coastal Tanzania,
particularly during the first years after its introduction (Pettersson-Löfquist 1995).
Most importantly, seaweed farming gave farmers – who were and are primarily
women – a new form of cash income, e.g. ca. 1,800 TZS per day in Chwaka village in 2003 (ca. USD 1.80 at the time). This daily wage was slightly lower than
that of the poorest-earning fishermen (de la Torre-Castro and Rönnbäck 2004).
According to several studies from the early and mid-1990s, this new financial input facilitated an improvement in household economy; farmers could with money
from seaweeds pay their children’s school fees and buy school uniforms, repair
and improve their houses, and buy better food (Msuya 1993; Pettersson-Löfquist
1995; Semesi 2002; Msuya 2006a). This contributed to a common view of seaweed
farming as a “highly sustainable activity” (e.g. Msuya 1993, Saleh 1998), which
unfortunately has changed.

Constraints for Socio-Economic Sustainability
Since the early “glory days” of seaweed farming in the 1990s, the current outlook of
farming profitability has changed. In Chwaka village, as in many other areas, farmers are unsatisfied; many feel that even though they spend much of their time on a
physically very demanding activity, they do not earn enough to sustain themselves
or their families (Bryceson 2002; Rönnbäck et al. 2002; de la Torre Castro and
Jiddawi 2005). Moreover, they contract a range of health problems (e.g. poor eye
sight and skin infections) by spending much time in seawater (Fröcklin et al. 2012;
Forss, unpublished data). Therefore, many farmers today spend less time farming
than before, or have completely abandoned the activity to be able to earn a higher
income from other activities (Bryceson 2002; de la Torre Castro and Jiddawi 2005).
Moreover, it appears that the full potential effect of these low incomes on farming
is not realized. Kinship relations have been identified in the community dynamics
in the Bay. It affects total household income since most farmers are married to
higher-earning fishermen (de la Torre-Castro and Ronnback 2004; de la TorreCastro 2006; de la Torre-Castro and Lindstrom 2010).

Environmental Constraints
The low earnings from seaweed farming appear to depend on a combination of
interacting environmental and economic factors (Fig. 3). A first problem is the
near inability to farm the most valuable species; Kappaphycus alvarezii, which
produces a much stronger structural form (isomer) of carrageenan than Eucheuma
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denticulatum, and therefore fetches a much higher market price; 260–400 TZS per
kg dry weight, compared to 160–200 for Eucheuma, respectively (1USD = 1,485
TZS. in October 2010). However, K. alvarezii cannot be farmed in many areas
(including Chwaka Bay) due to poor growth and die-offs driven by disease (Msuya
2007; Msuya 2011b). As a consequence, farmers forced to farm the cheaper E.
denticulatum, who constitute the majority in East Africa, may at best lose up to 50
percent of their potential income, or in the worst case be completely unable to sell
their product. These seaweed diseases and die-offs are not exclusive to Tanzanian
seaweed farms (Uyenco et al. 1981, 625-30; Ask and Azanza 2002), and are stress
responses to unsuitable conditions, e.g. too high stocking densities, rapid changes
in salinity and/or temperature, overgrowth of fouling organisms, or by disturbances such as herbivory, excessive nutrient loads, and siltation (Uyenco et al. 1981,
625-30; Msuya 2007). Environmental factors can constrain farming incomes also
in other ways, e.g. in terms of farm location. Outside Chwaka village, for instance,
most suitable farming areas are shallow sub-tidal banks, accessible only by boat.
Farmers therefore have to pay for a small fee transport and subsequently loose part
of their potential income (de la Torre-Castro and Rönnbäck 2004).

Figure 3. Conceptual figure of interactions between environmental and economic factors which
appear to keep earnings from seaweed farming to farmers – and indirectly, farming intensity –
at low levels.
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Socio-Economic Constraints
In addition to environmental factors, a range of socio-economic factors constrain
seaweed farming. First, prices on seaweeds have not kept up with the high inflation
in Tanzania, and even though the Tanzanian government in 2006 raised minimum
price levels and abandoned the old “monopsony” system (where certain export
companies had the exclusive right to purchase seaweeds in every village), exporters still keep prices low as they are “squeezed” by competition on the global market
(Lange and Jiddawi 2009). Second, the export companies are naturally interested
in keeping prices low to maximize profits, which can result in a cynical approach
to farming. One of the main companies were earlier exposed to deliberately promote farming in the poorest areas with few or no livelihood alternatives, because
farming will there become a “way of life” where farmers “don’t think too much
about price, they just farm because they have always farmed” (see Bryceson 2002
and Rönnbäck et al. 2002 for more details). Even though a company representative
later emphasized the importance of improving the farmer’s situation for the benefit
of the whole carrageenan industry (Ask 2001, 14-18), farmers on Zanzibar were
apparently not satisfied (de la Torre-Castro and Jiddawi 2005; Lange and Jiddawi
2009). A third factor is that the average farmer today produces less than half of
the biomass per year compared to those farming in the early 1990s, most likely
because of the low income generated (Lange and Jiddawi 2009). Finally, there
are indications that companies in some of the newer farming areas (e.g. Tanga
on the Tanzanian mainland) have occasionally stopped buying seaweeds, due to
low production volume of the high-price Kappaphycus and/or high export costs
(caused by the export distance). Moreover, some companies have stopped supplying farmers with previously free farming materials (lines and tie-ties), without
increasing prices (Msuya, personal observation).

Do Interacting Constraints “Lock” Farming in a Low-Income State?
By reviewing these factors together, it is obvious that they often interact and
“boost” each other via positive feedback (Fig. 3). For instance, low prices can on
the one hand result in overstocking to increase profits, resulting in increased risk
for die-offs and potential loss of income. On the other hand, low prices can result
in a reduction in farm intensity (to make time for other activities), which also
reduces income to the farmer. If these feedbacks are strong enough, they could
potentially “lock” the activity in a chronic low income-state, similar to poverty
traps in economy (Azariadis and Stachurski 2005, 295-384).

INTERACTIONS BETWEEN SEAWEED FARMING AND
THE ENVIRONMENT
Seaweed farming has often been referred to as one of the most environmentally
sustainable forms of aquaculture (Msuya 1993; Saleh 1998; Santelices 1999; Zemke219

Figure 4. Eucheuma denticulatum seaweeds farmed in a shallow Enhalus acoroides seagrass bed
in Chwaka Bay. Photo: Johan S. Eklöf.

White and Ohno 1999; Ask 2001). On the one hand, open-water seaweed farming
is carried out in natural environments and requires no fertilizers or antibiotics,
which makes the activity much more sustainable than e.g. intensive shrimp farming. On the other hand, seaweed farming constitutes the introduction and assisted
growth of massive quantities of non-native strains (or even species) in densities
and ecosystems that they normally do not occur in (see e.g. Fig. 4 for seaweed
farm in seagrass bed in Chwaka Bay). The presence of these massive amounts of
seaweeds could therefore affect native species and ecosystems, e.g. by (i) competing for limiting resources like light, space and nutrients, by (ii) altering trophic
interactions (as they constitute a novel food source to herbivores), and by (iii)
exuding potentially toxic substances like hydrogen peroxide and halogenated compounds (Mtolera et al. 1995; Mtolera et al. 1996). In addition, farming-associated
disturbances like trampling and boat moorings can disturb habitat-forming sessile
species like seagrasses and stone corals.

On-farm Effects on Biota
Concerns about the environmental sustainability of Tanzanian seaweed farming
were early raised by local scientists (Mtolera et al. 1992). As a consequence, the
introduction of farming triggered a series of studies in the major farming areas
south of Chwaka Bay. The results indicated that farming impacted most of the
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Figure 5. Conceptual diagram of environmental effects of seaweed farming on various levels of
seagrass food webs. Symbols courtesy of IAN, University of Maryland.

studied organisms negatively; farming altered meiofauna community structure
and reduced meiofauna diversity (Ólafsson et al. 1995), reduced bacterial production (Johnstone and Ólafsson 1995), and reduced macro-flora and -fauna diversity
and abundance (Msuya et al. 1996; Semesi 2002).

Effects on Seagrasses
In Chwaka Bay, seaweed farms are – in contrast to many other areas – often placed
in seagrass beds (Fig. 4; see chap. 5). The reasons for this practice vary, and include
lack of available vegetation-free areas and the belief that some species of seagrasses
fertilize seaweed growth (de la Torre-Castro and Rönnbäck 2004). More than two
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thirds of interviewed farmers in Chwaka village acknowledge that farming has
negative effects on seagrasses, primarily because farmers “clean” their plots by
deliberately uprooting seagrass plants (de la Torre-Castro and Rönnbäck 2004).
However, seaweed farming could also impact seagrasses through e.g. (i) shading,
(ii) competition for nutrients in the water (Collén et al. 1995), (iii) mechanical
abrasions by algal fronds, (iv) trampling, and (v) excretion of toxic hydrogen
peroxide and halogenated compounds (Mtolera et al. 1995; Mtolera et al. 1996). A
series of field studies with comparative sampling in farm and non-farming areas (as
controls) has, as expected, shown that seagrass cover, canopy height, shoot density
and biomass was generally lower in seaweed farms (Eklöf et al. 2005; Lyimo et
al. 2006). However, results on seagrass biomass and diversity changes over one
year revealed insignificant differences with seasons (Lyimo and Hamisi 2008). In
addition, a survey of growth characteristics of the two seagrass species Thalassia
hemprichii and Enhalus acoroides showed that seaweed farming does not have
direct impact on the growth characteristics of seagrasses (Lyimo et al. 2006). The
inconsistency of these results highlight a major drawback of comparative surveys
– that “control” and “farm” areas always will differ in more ways than the presence/
absence of farms (even before farming was started), which makes it inherently difficult to separate farming effects from natural spatial and temporal variation. The
only way to detect farming effects are to design experiments based on the Multiple
Before-After Control-Impact experimental studies (MBACI) method, where replicated farm and control treatments are randomly allocated to similar areas, and
then monitored over time. Only one study has so far tested environmental effects of
seaweed farming in this way, and this study was conducted in Chwaka Bay (Eklöf
et al. 2006a). By randomly allocating seaweed farm treatments to seagrass plots of
1.5m × 2.5m, the authors showed that over an 11-week farming cycle, the mere
presence of the farmed seaweeds reduced the leaf length, biomass and growth of
the dominating seagrass species (Enhalus acoroides) by ca. 40 percent. The most
likely causes to the impact was (i) shading, as only a few percent of incoming light
penetrated the algal thicket, and (ii) mechanical abrasion by the farmed seaweeds
(which broke off the seagrass leaf tips). Meanwhile, another co-occurring seagrass
species – Thalassia hemprichii – was not affected by the farming, which most
likely was the consequence of reduced interspecific competition from the much
larger and competitively superior E. acoroides; i.e. an indirect effect of the seaweed
farming. Even though these negative effects are undisputable, actual farming areas
outside Chwaka and Marumbi villages in Chwaka Bay have 15-20 percent seagrass
cover (primarily found in narrow strips between farm plots) after more than 10
years of farming (Eklöf et al. 2005). In combination with the relatively limited
size of the farming areas; 2.5km2 or 5 percent of the total Bay surface area (de la
Torre-Castro and Rönnbäck 2004), it appears that at the current intensity, seaweed
farming has limited impacts on the Bay seagrasses as a whole (Eklöf et al. 2006a).
This is supported by anecdotal information from farmers, claiming that seagrasses
usually grow back into farms two-three months after farming is ceased (de la Torre
Castro and Jiddawi 2005).
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Effect on Cyanobacteria Diversity and Nitrogen Fixation
Epiphytic and epibenthic diazotroph cyanobacteria are among the sources of
readily available nitrogen to the farmed seaweeds, which can replace the nitrogen
removed through seaweed harvesting. Any effect that may result into reduction of
this process would therefore cause long-term effects on seaweed yield. The results
of a comparative study conducted in Chwaka Bay to assess farming effects on
cyanobacterial diversity, abundance and nitrogen fixation rates in seagrass meadows showed insignificant effects on total microalgal biomass, dissolved inorganic
nutrients as well as nitrogen fixation rates (Lyimo and Hamisi 2008). There was,
however, a higher frequency of occurrence of cyanobacteria species in control
than farmed areas, which could potentially be due to farming activities (Lyimo
and Hamisi 2008).

Effects on Macrofauna and Food Webs
Seaweed farming in Chwaka Bay also affects the diversity, abundance, biomass
and community structure of fauna, including infauna (small invertebrates like
worms, molluscs and crustaceans in the sediment) and larger epifauna (sponges,
sea urchins, etc. living on the sediment). These patterns have been demonstrated
in both comparative field surveys (Eklöf et al. 2005) and experiments (Eklöf et
al. 2006), and appear to be primarily caused by the loss of seagrasses. Eklöf et al.
(2005) showed that 99 percent of the difference in macrofauna community composition between seaweed farms and non-seaweed farm areas could be explained
by percent cover of benthic macrophytes (seagrasses and benthic macroalgae like
Halimeda spp., not including farmed seaweeds) and percent sediment organic
matter content; two variables in turn strongly affected by farming. Interestingly,
farming had particularly strong impacts on lucunid bivalves, which at the one
hand depend on seagrass presence and at the other hand benefit seagrass growth
by harbouring sulfide-reducing bacteria (Barnes and Hickman 1990, 215-238).
Effects on invertebrate benthic organisms are likely to cascade up the food chain
to fish, as they constitute a major food source for invertebrate feeders like snappers and emperors (de la Torre Castro et al. 2008). Visual fish surveys in areas
just north of Chwaka (i.e. Kiwenga and Matemwe) showed that even though fish
species diversity and density did not differ between seaweed farms and reference
areas, herbivorous fish were much more common in farms than in control areas
(Bergman et al. 2001). As such effects could affect fish catches; another study was
conducted inside Chwaka Bay, to test if farming affected potential fish catches
in madema basket traps (see Chap. 11). The results showed that herbivores like
the seagrass rabbit fish (Siganus sutor) dominated catches in traps placed within
seaweed farms, whereas invertebrate feeders dominated catches in traps placed in
a reference seagrass site (Eklöf et al. 2006b). A follow-up survey within seaweed
farms confirmed that the presence of the farmed seaweed themselves drove the
dominance of herbivorous fish (Eklöf et al. 2006b). Not surprisingly, algal her223

bivores like S. sutor regularly feed on Eucheuma denticulatum, both according to
farmers’ own observations (Bryceson 2002), and fish stomach content analyses (de
la Torre Castro et al. 2008). Viewed together, these results indicate that the farmed
seaweeds attract fish; a notion early claimed by fishermen south of Chwaka Bay
(Mtolera et al. 1992). At the one hand, it could therefore be argued that seaweed
farming could aid in the flow of another ecosystem service, fisheries. On the other
hand, high fish catches do not account for the fact that if seaweed farms attract
fish without increasing actual fish production (which is possible), fishing on
farm-associated fish could increase the risk for local depletion of stocks (because
fish are concentrated to smaller areas). It could also reduce grazing pressure on
other plants; in Hawaii, for instance, food preference of native herbivorous fish
for the introduced Kappaphycus indirectly reduced grazing control over other
invasive seaweeds on coral reefs (Stimson et al. 2001). It should also be noted that
in Southeast Asia, where farming operations are much larger than in Chwaka Bay,
resource user conflicts between farmers and fishermen over the right to use certain
areas are very common (Sievanen et al. 2005). Even though kinship between farmers and fishermen in Chwaka appear to “buffer” such conflicts (de la Torre-Castro
and Lindström 2010), they could become more common if farming is expanded.
Viewed together, these results show that seaweed farming indeed affects various
components of the Chwaka Bay ecosystem, from seagrasses via invertebrates to
fish catch composition (Fig. 5). This emphasizes that even though the current impacts on the ecosystem are minimized by the low farming intensity, much stronger
impacts should be expected if seaweed farming is expanded.

Off-farm Effects: Spread of “Invasive Aliens”
In an international perspective, the major environmental concern about seaweed
farming is the risk for spread of farmed “alien” seaweeds to adjacent ecosystems.
Even though this issue has received little interest in Tanzania, the establishment
and potential impact of farmed seaweeds in Chwaka Bay has been investigated
in one field survey and one field experiment. By snorkelling surveys, Andersson
(2005) found that the farmed seaweeds (Eucheuma) did occur also outside farms
but in limited amounts, which could be due to limited spread but also intense
gleaning (collection) by seaweed farmers and fishermen. A subsequent field experiment showed that Eucheuma denticulatum, which had been deliberately added
to coral reef areas, were rapidly consumed by grazing fish (Andersson 2008). This
could indicate a limited risk that farmed seaweeds could spread to and eventually overgrow coral reefs in the Bay. However, a very similar situation occurred
three decades earlier in Kaneohe Bay (Hawaii), and developed into an ecological
“catastrophe”. In the late 1970s, an abandoned seaweed farming project was initially found to have little impact, because herbivorous fish appeared to control
the growth of the escaped algae; Kappaphycus alvarezii (Russell 1983). However,
nearly 20 years later, the algae were suddenly observed to not only have survived
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and remained, but to have spread to, overgrown and finally suffocated many of
the coral reefs in the Bay (Conklin and Smith 2005). In Chwaka Bay, we are aware
of no such effects, but following the Boxing day tsunami 2004, massive amounts
of E. denticulatum were washed up on the shores, even though farmers reported
minimal losses from farms (Eklöf et al. 2006a). According to many fishermen,
these washed-up seaweeds originated from deep areas near the Bay mouth, where
drift algae from farms apparently had accumulated over the 20 years of farming
(Eklöf, personal observation). Undoubtedly, the limited knowledge on these issues
in Tanzania, combined with the development in Hawaii, emphasizes the need for
in-depth studies of the distribution and potential spread of farmed algae in Chwaka
Bay and elsewhere. Such studies have recently started in a joint Swedish-Tanzanian
research project funded by Sida.

Environmental Factors Affecting Seaweed Production
The growth of seaweeds is like all other organisms regulated by environmental
factors. Besides light, which is crucial for all plants, one of the most important is
temperature. The surface water temperature in Chwaka Bay varies over the year
from ca. 22 to 35°C (Eklöf et al. 2005; Andersson 2008), whereas seaweed growth
optimum is 25-30oC (Mshigeni 1983b). As expected, E. denticulatum growth declines when temperate exceeded 32oC (Buriyo et al. 2001).
Another factor is salinity, which during most time is about 33-35 ‰ in the Bay
(Buriyo and Kivaisi 2003; Eklöf et al. 2005); i.e. optimal for E. denticulatum and
K. alvarezii growth. But during periods with heavy rains, salinity in the intertidal
farming areas may drop to 26 ‰ (Buriyo et al. 2001). The subsequent negative
effects on growth are confirmed by farmers, who cannot farm during monsoons
due to poor growth (de la Torre Castro and Jiddawi 2005).
A third factor is supply of essential macro-nutrients like nitrate, ammonium
and phosphate. Even though concentrations in Chwaka Bay (Mohammed and
Johnstone 2002) matches those required for macroalgal growth (Lobban and
Harrison 2000), experimental nitrogen and phosphorus addition more than doubled E. denticulatum growth (Andersson 2008). On the one hand, this suggests that
seaweed farming – and farming profits – could benefit from higher nutrient loads,
and potentially mediate eutrophication (Msuya and Neori 2002; Rodrigueza and
Montano 2007). On the other hand, E. denticulatum and K. alvarezii are sensitive
to high nutrient loads, and farming of enough algae to remediate eutrophication
will most likely affect other aspects of the ecosystem (see above).
A fourth and somewhat surprising factor, which potentially could benefit seweed
growth, is seagrass presence. Based results of a field survey, Mtolera (2003) suggested that seaweeds farmed in areas with seagrasses (near Uroa village) grow
faster than those in seagrass-free areas (outside Paje village), because seagrasses
extract and excrete sediment-bound nutrients (Mn, Fe and Zn) that when taken
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up by the seaweeds enhance their resistance to infections. This intriguing hypothesis requires thorough field and lab testing, but could provide an incentive to keep
seagrasses intact close to farms.
Finally, seaweed growth can be severely hampered by herbivory. Grazing pressure
within farms has not been measured in the Bay, but is probably substantial because
algal-feeding rabbit fish dominate the farm fish community (Eklöf et al. 2006b).
Moreover, Sea urchins (Echinometra mathaei), the most abundant benthic grazers,
appear to be particularly attracted to the seaweeds (Eklöf et al. 2006a).

COUNTER-MEASURES TO INCREASE FARMING SUSTAINABILITY
Seaweed farming spread rapidly on Zanzibar during the 1990s, and clearly contributed to the economy at local and the national level. However, the development of farming in Chwaka Bay, as well as in other areas in East Africa, has been
slow (Rice et al. 2006; Rönnbäck et al. 2002). The major constraints are the poor
growth of Kappaphycus spp. and the low and fluctuating prices on seaweeds,
which constrains socio-economic sustainability (see above). To reduce the risk
that seaweed farming becomes locked in a “low income” state (Fig. 3), there is
need for innovation, intensification and expansion of the activity (Rice et al. 2006).
This has been suggested to be aided by (i) moving K. alvarezii farms to deeper
waters (Rice et al. 2006), (ii) improving E. denticulatum farming and develop
alternative uses and markets (looking for more markets to sell the less preferred E.
denticulatum), (ii) promote value addition on the seaweeds, and (iii) farming other
species. Meanwhile, a potential expansion must take all aspects of sustainability
– environmental, social, economic, etc. – into account (Eklöf et al. 2006a). In this
final section we briefly review the feasibility of these strategies, emphasizing the
necessity of increasing the overall sustainability of the activity.

Farming in Deeper Waters
One of the main approaches suggested to increase production and combat dieoffs in Kappaphycus alvarezii, and thereby increase profits, is to establish farms in
deeper and cooler water (Msuya 2007; Rice et al. 2006). Such farming techniques
have been put into practice in some areas in Tanzania using a floating lines system
(Msuya 2006b; 2007; 2010). In Chwaka Bay, however, field trials have so far been
unsuccessful due to strong winds (Msuya, unpublished data), and the particular
setting with shallow areas, strong currents, and major fluctuations in water depths
could make deep-water farming within the Bay very challenging. Moreover, moving farms to deeper areas outside the Bay would require that farmers have access
to large boats with powerful engines, and the finances to use them and still make
enough profit. Currently, most farmers lack the finances to make such investments,
and the potential environmental impacts of farming at the scales and/or intensi226

Figure 6. Possible value addition products from seaweed farming; soap produced partly from
seaweed extracts on Zanzibar. Photo: Flower E. Msuya.

ties necessary to achieve high enough profits from deep-water farming, should be
thoroughly investigated before large-scale initiation of such enterprises.

Improving Existing Eucheuma and Kappaphycus Production
To improve seaweed growth rates also in off-bottom farming, the export companies
have themselves imported new strains and species of Kappaphycus; K. striatum (or
kikarafuu) and two new varieties of K. alvarezii (kikorosho and bulabula). These
have either performed poorly or are still under trial farming. When new strains are
introduced, it is crucial that all seeds are carefully controlled for non-native epiphytes or disease, to reduce the risk for additional negative effects on the farmed
seaweeds as well as the environment where they are farmed. According to an
anonymous key person within one of the seaweed export companies, companies
have conducted field trials with new strains without notifying authorities or any
quarantine procedures (Eklöf, personal observation).
The government of Zanzibar (SMZ) has with funding from Regional Program
for the Sustainable Management of the Coastal Zones of Indian Ocean Countries
(ReCoMaP) also experimented with the “cast method”; a farming method
where seaweeds are tied to stones instead of line, and therefore can be farmed
in hard-bottom areas as well. Such small-scale methods could with proper
planning and site selection expand seaweed farming into rocky bottoms areas.
However, lessons from SE Asia indicate that implementation of such methods
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could – if management is not strict – encourage farming in coral reef areas, which
negatively impacts coral growth (Primavera J., personal communication).
The export companies are also trying to boost seaweed production in new ways.
Birr Sea Weed Company has, for instance, designed a system of giving gifts (e.g.
clothes and money) to the best producers of seaweed (Msuya, personal observation). Such systems should, however, not replace increases in prices, because they
create a patron-client relationship situation where farmers may feel pressured to
continue farming and/or accept the low prices.

Improving Seaweed Markets
Since the seaweed export companies only sell to certain buyers abroad, seaweed
farmers in Chwaka village have themselves started to search for other buyers, i.e. to
become exporters themselves. This is being conducted under The Seaweed Cluster
Initiative in Zanzibar (ZaSCI), and one group has applied to the government for
license to export seaweed from Chwaka and other villages to China and Singapore
(Msuya, personal observation). If granted, such efforts could encourage farmers
to produce more, because they have control over a larger part of the supply chain.
It should, however, be noted that without government subsidies, the high costs
involved in export and the fierce price competition on the global market, could
make it difficult for small export companies to survive.

Innovation and Value Addition
In 2006, the Seaweed Cluster Initiative in Zanzibar (ZaSCI) was started to increase
innovation of the seaweed industry through modification of the farming techniques and adding value on the seaweed. With the vision “to be the best producers
and sellers of quality seaweed and seaweed value-added products by 2015”, ZaSCI
has adopted and tried to spread the deep-water floating lines technique, and prepared to construct drying racks in Chwaka to improve seaweed quality. ZaSCI as
well as United Nations Industrial Development Organization (UNIDO) have also
pushed value-addition to promote farming. Chwaka village is one of the villages
where training and production of e.g. soap (see Fig. 6), body cream and food out
of seaweeds has been done (Msuya 2006b, 2011a). Large volume production and
marketing of such products, coupled with product diversification, are among the
strategies of sustaining the industry. It is, however, unknown whether markets
exists and are large enough to sustain such production.

Farming of Other Species
Local scientists have also started looking into the possibilities of farming species
from other genera of macroalga such as Gracilaria for production of agar; another
highly valuable phycocolloid with a small but existing local market (Buriyo and
Kivaisi 2003).
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THE NEED FOR A HOLISTIC VIEW: HOW RELATIVELY
SUSTAINABLE IS OPEN-WATER SEAWEED FARMING?
This chapter shows that in Chwaka Bay, and probably on Zanzibar as a whole, the
socio-economic sustainability of seaweed farming has for some time been quite
low. This is clearly demonstrated by the fact that many farmers farm less or have
completely ceased farming, and that various forms of “subsidies” (via governments,
NGOs or other social factors) are in place to sustain the activity. Ironically, this low
socio-economic sustainability appears to at the same time keep the environmental
sustainability relatively high, simply because farming is conducted at a relatively
small scale. If seaweed farming is to become more sustainable for farmers, the
factors constraining the activity, primarily the low income (see Fig. 3), must be
weakened. One major problem with this is that the opposing stakeholders have
very different means to “push” their respective agenda. The seaweed farmers, for
instance, want higher prices but are poor and often relatively unorganized, whereas
the export companies – who want to keep costs (including prices) at a minimum
– have huge financial means and are highly organized. There have been efforts
to organize farmer “walkouts” to try to force higher prices, but the companies
have simply bought seaweeds from other areas (de la Torre-Castro and Jiddawi
2005). In such situations, it is not surprising that many farmers resort to their
only available mean of negotiation; i.e. to completely stop farming. Moreover, even
though the suggestion to move farming to deeper waters may increase production,
it is currently too costly in terms of equipment and transport costs to ensure high
enough production, and the activity could there interfere with fisheries (Sievanen
et al. 2005) and have currently unknown environmental effects (Eklöf et al. 2006b).
Finally, as deep-water farming is already implemented at large scales in Southeast
Asia (Sievanen et al. 2005), it is unknown whether the smaller Tanzanian and East
African production could be competitive on the global market.
Seaweed farming has been a first step in the right direction towards aquaculture
sustainability. However, we - as others - emphasize that the current form of seaweed
farming constitutes a prime example of a “corporate-intensive monoculture” of a
“cash crop”, which are inherently prone to problems like disease, poor health among
farmers, and prices dictated by global market forces (Bryceson 2002; Rönnbäck
et al. 2002; Fröcklin et al. 2012). From this angle, seaweed farming has become
worryingly similar to those forms of aquaculture (e.g. intensive shrimp farming)
that it was originally intended as an alternative to. Combined with the need for
sustainable alternative livelihoods in areas like Chwaka Bay (de la Torre Castro
and Jiddawi 2005; chap. 1), there is a pertinent need for a thorough evaluation by
independent experts of the relative sustainability of seaweed farming in relation
to existing and potential livelihood activities. Most likely, small-scale integrated
polyculture of seaweeds, fish and bivalves constitutes the natural next step towards
even higher sustainability (see also chap. 13).
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– Chapter 13 –

Invertebrate collection in Chwaka Village:
Importance, Gender and Resilience Aspects

Elin Håkansson, Sara Fröcklin and Maricela de la Torre-Castro1

INTRODUCTION
In poor rural communities, such as Chwaka Bay in Zanzibar, the opportunities
to engage in long term stable economic activities are scarce and people’s livelihoods generally depend on a variety of goods and services provided by the local
ecosystems. Widespread poverty, combined with degradation of marine resources
and declining yields, make the situation hard for most households in Zanzibar,
including those of Chwaka Bay (de la Torre-Castro and Jiddawi 2005; de la TorreCastro 2006a). Recent studies show that households in Chwaka Bay depend on
average on no less than four livelihood activities to stay financially solvent (de
la Torre-Castro et al, in preparation). Hard conditions affect all members in the
society; however, women are amongst the most vulnerable groups in these settings
due to cultural, traditional norms and values. In addition, they normally have a
lower status position in society (Jiddawi 2005). Women often carry out strenuous
and low paid work while they at the same time are obliged to uphold the household
duties and care for children (Chando 2002), resulting in very long working hours.
Women in Chwaka Bay have normally been limited to traditional livelihoods such
as dressmaking and other handicrafts, petty business, crop cultivation, collecting
invertebrates, and more recently seaweed farming (Pettersson-Löfquist 1995; de la
Torre-Castro and Jiddawi 2005). Men, on the other hand, generally perform more
profitable livelihood activities such as fishing, invest less time in domestic activities and have better access to the job market (see also chap. 1). Livelihood diversity
becomes an important strategy, particularly for women in these poor rural communities to increase total household income and spread risks (Ellis 2000; Allison
and Ellis 2001; Ellis and Mdoe 2003). This fact is very important because it may
increase the resilience of the social-ecological system (SES) at household and community levels. A resilient SES can withstand disturbances and cope with change
better, thus reducing vulnerability (Folke, Colding, and Berkes 2003, 352-387).
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elin@gmail.com SF: Department of Systems Ecology, Stockholm University, SE-106 91, Stockholm, Sweden, e-mail:
saraf@ecology.su.se MTC: Department of Physical Geography and Quaternary Geology & Department of Systems
Ecology, Stockholm University, SE-106 91, Stockholm, Sweden, e-mail: maricela@natgeo.su.se; maricela@ecology.
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Livelihood diversity in Chwaka village is relatively high, but few activities provide
a steady and sufficient income; and the most economically important activities
are small-scale fisheries (de la Torre-Castro et al. in preparation, see chap. 1).
However, economically important fisheries in Tanzania are normally associated
with men (Chando 2002) and Chwaka Bay is no exception. While men are involved
in fishing, fish processing and marketing activities, women are mainly focused on
post-harvest activities such as fish processing (fish drying) and marketing (Jiddawi
2005). Lack of education and training, necessary household and childcare responsibilities, lack of access to technology, and limited credit and finance options hinder
women from expanding their activities. However, the fishery chain does not only
include activities related to the harvest in the water, but also other practices such
as the women-dominated invertebrate collection activities in the intertidal zone.
These are also important livelihood activities (Chando 2002; de la Torre-Castro
and Jiddawi 2005; Crawford et al. 2010; Nordlund et al. 2010).
Invertebrate collection, also known as gleaning or harvesting of invertebrates, is
common in coastal villages throughout the world, including Zanzibar (see e.g.
Tobisson et al. 1998; Richmond 2002, 27-28; de la Torre-Castro and Rönnbäck
2004; Nilsson 2008; Raymond 2008; Crawford et al. 2010; Nordlund et al. 2010)
(Fig. 1). Invertebrates, e.g. gastropods, bivalves, crabs, octopus, squid, and sea cucumbers are collected by hand or using simple tools such as sticks in shallow areas
when they are exposed during low tide hours. Various invertebrates are targeted
in other types of fisheries as well (e.g. spear). For example, men working as spear
fishers also collect invertebrates, catching animals in deeper areas using snorkeling
gear.
Crawford et al. (2010) highlight that women and children collecting invertebrates
contribute significantly to the fishery sector but their role is poorly documented
in fisheries statistics. Indeed, there are not many systematic studies on invertebrate collection and its impact on people’s livelihoods in Zanzibar. Its role in the
SES is not well known. A few Master’s theses have touched upon this issue but
these have been conducted in other parts of Unguja Island, namely in Kigomani,
Mazizini, Mkokotoni, Mtende, Nungwi, Unguja Ukuu, Uroa, and Zanzibar Town
(see e.g. Wieggel 1995; Nilsson 2008; Nordlund 2008; Raymond 2008). In addition,
Crawford et al. (2010) provided information about harvesting of cockles (Anadara
antiquata) and other molluscs in the village of Fumba, and Nordlund et al. (2010)
examined invertebrate harvesting and its effect on species composition and local
livelihoods in Nungwi.
This chapter is based, to a large extent, on a thesis conducted by Håkansson (2006)
since this is the only systematic study done on the subject in the area. The chapter
further gives an overview of invertebrate collection in the context of livelihoods
and its possible effects on the SES. Håkansson (2006) used a multidisciplinary
approach based on observations, interviews (with women collectors, spear fishermen and local re-sellers), catch analysis and a biological inventory performed on
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Figure 1. Women gleaning in the intertidal area. Photo: Bárbara Carreño/Azote

the most common intertidal collection grounds (Appendix 1). The focus in this
chapter is on invertebrate collection carried out by women in the intertidal zone
but activities performed by male spear fishers are included too. We attempt to
answer the following questions: Who performs and benefits from the collection?
What is the role of invertebrate collection in the household (subsistence or cash
income)? What are the driving forces to perform this activity? What species are
targeted? What habitats are preferred? What is the income generated? Are there
signs of overexploitation? Is there any need for formal management?

INVERTEBRATE COLLECTION ACTIVITIES
Both men and women in Chwaka village collect invertebrates (Table 1, Appendix
2), but they generally use different techniques and target different organisms.
Children of school age also collect invertebrates when time off from school
coincides with the right tidal conditions, i.e. after school, on weekends and on
holidays.

Invertebrate Collection by Women
Women in Chwaka village are restricted to areas in the Bay shallow enough for
walking when collecting invertebrates because they normally do not swim due
to cultural reasons. Consequently, they work in shallow areas during peak hours
of low tide to collect invertebrates using their hands or a stick. They catch mainly
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Figure 2. Women needing boat transport to collection grounds. Photo: Elin Håkansson.

gastropods and bivalves but also chitons, crabs and occasionally sea cucumbers,
sea stars, squid and fish (Fig. 4 and Tables 1 and 2). In 2005, with the aim to
interview all women collecting invertebrates on a regular basis, a total of 42
women in Chwaka village were interviewed. There were about 300 households
in Chwaka village at that time so these women represented about 14 percent of
the households in the village. The women estimated that they work about four
days per week during spring tides when tidal fluctuations are large, hence larger
areas are exposed for longer time, and two or three days per week during neap
tides. Each tide, spring and neap, lasts approximately seven days, thus women are
engaged in this work for 14 days per month. Invertebrates are collected all year
round, however, rainy days are not considered good because of reduced visibility.
Some women consider invertebrate collection to be their main job but most of
them combine it with other livelihood activities, for example 57 percent of the
respondents combine invertebrate collection with seaweed farming.
Transportation to the collection grounds is normally an obstacle for the women.
Chwaka Bay is intersected by numerous channels and these and other deep parts
of the Bay cut off access to many collection grounds. Forty-six different collection
grounds were identified during the interviews, and the most popular in descending
order were: Haibari, Mto Mwembamba, Juja, Mwachange, Chumani, Mabogani,
Bimbi, Mrenu, Charawe and Shahaji, and all these except Shahaji require boat
transport (see more about preferred habitats in the Collection Grounds and
Habitat Preferences section below). Information about the Bay characteristics is
further found in the other chapters (e.g. chap. 2). The women often ask fishermen
for boat rides but most of the time these boats are full and when place is available
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they may need to pay a fee (Fig. 2). Moreover, women working on seaweed farms
also need transport to access their plots, and they are usually given priority – probably because seaweed farming is an economically more important livelihood in
the Bay. Alternatively, women sometimes rent a boat and share the costs. Sixty-five
percent of the women said that they would work more often if it was easier to
arrange transport.

Male Spear Fishers
Spear fishers hunt with spears while skin diving in the water, capturing animals in
deeper waters inaccessible to women. Twenty-five spear fishers were interviewed
in 2005. Men primarily targeted sea cucumbers, octopus, lobsters, rays and eels,
but gastropods and bivalves were collected as well even though they were not the
prime target organisms. Spear fishers often collaborate in small groups and divide
revenues equally. However, the respondents explained that a part of the catch is
kept by the individual fisherman. This part of the catch mainly consisted of large
gastropods and bivalves (Table 3).
Spear fishers generally work during the morning water (maji ya asubuhi) and noon
water (maji ya mchana), totalling roughly ten days, and then rest during evening
water (maji ya jioni) for about five days. All respondents considered the cooler
season, between April and October, as best for catching invertebrates in Chwaka
Bay because animal abundance is high and the visibility good due to calm sea
conditions.

TARGETED SPECIES AND USE
Data about targeted species and the usage of different organisms was gathered
using catch analysis, interviews and observations and all results are presented in
this section.

Catches by Women
The activities of ten women collecting invertebrates on a regular basis were observed and their catches analyzed. The catch analysis was conducted during a 14
day period to determine catch composition. The women used six different collection grounds within the Bay during the catch analysis period: Charawe, Haibari,
Juja, Pondoni, Shahaji and the adjacent mangrove areas. Haibari was most popular
during spring tide and Charawe at neap tide. The reasons for the popularity of these
grounds are unclear, but probably include a combination of accessibility and high
animal abundance. The catch composition differed between collection grounds
reflecting differences in species composition with catches often dominated by
one or a few species, probably because the collectors chose a primary target when
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Figure 3. Chicoreus ramosus stored in large bags. Photo: Elin Håkansson

collecting. The average wet weight per catch was 3,393 g and the average number
of animals was 105. Catches were dominated by gastropods and bivalves but also
contained chitons and occasionally sea cucumbers, sea stars, squid, fish and crabs.
The most common species were Strombus gibberulus (Fighting conch), Cypraea tigris (Tiger cowrie) and Modiolus philippinarum (Philippine Horse mussel). Other
common species were Terebralia palustris (Mangrove whelk), Chicoreus ramosus
(Ramose murex or Branched murex) (Fig. 3), Atrina vexillum (Flag pen shell or
Indo-Pacific fan shell), Pinna muricata (Prickly pen shell), Neritidae (Nerites),
Pleuroploca trapezium (Trapezium horse conch), Chitonidae (Chitons), Cypraea
annulus (Gold ring cowry), Nassariidae (Nassa mud snails or Dog whelks) and
Volema pyrum (Crown conch). The catch analysis results are summarized in Table
1 and a full list of species is found in Appendix 2.
The targeted animals and their uses were also discussed during interviews. Women
explained that most of the collected organisms are either sold or used for home
consumption, depending on the situation and household needs at the time.
Normally, the flesh of gastropods and bivalves is boiled and sold to villagers, at
the local market, or consumed at home. Beautiful shells and large opercula are
bought by re-sellers in the village for onward trade. Sea cucumbers are, however,
an exception, always being sold and exported to the international food market via
middlemen (Eriksson et al. 2010). Figure 4 is based on results from interviews
conducted with women in Chwaka village and shows which animals were mentioned as targeted by the respondents as well as their relative subsistence or cash
value (see Appendix 3 for species economic value). Figure 4 further summarizes
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Table 1. Catch analysis results. Average number of individuals and average wet weight of different animals per catch and average wet weight per individual in the catches collected by the
women during the study period (n=103). Modified from Håkansson (2006).
Average number
of individuals per
catch (#)

Species or Taxonomic group

Average wet
weight per
individual (g)
± SD

Average wet
weight per
catch (g)

Strombus gibberulus (gastropod)

46.6

547

12*

Modiolus philippinarum (bivalve)

19.4

185

11*

Cypraea tigris (gastropod)

13.0

2,004

158 ± 42.2

Neritidae (gastropod)

7.9

44

6 ± 3.5

Chitonidae (Chiton)

4.4

36

8*

Cypraea annulus (gastropod)

2.3

6

3*

Nassariidae (gastropod)

2.0

4

4*

Terebralia palustris (gastropod)

1.6

119

65 ± 38

Volema pyrum (gastropod)

1.5

27

19 ± 5.7

Pinna muricata (bivalve)

0.6

57

87 ± 76

Chicoreus ramosus (gastropod)

0.6

107

218 ± 104.7

Atrina vexillum (bivalve)

0.3

80

271 ± 142.1

Pleuroploca trapezium
(gastropod)

0.3

37

130 ± 91.8

Other bivalves

1.6

42

-

Other gastropods

2.9

63

-

Sea stars

< 0.1

4

-

Sea cucumber

< 0.1

21

-

Squid

< 0.1

<1

-

Fish

< 0.1

2

-

Crab

0.1

8

-

Total all species

105

3,393

32

Not all individual were weighted separately and standard deviation was therefore not possible to
calculate.

the number of times different animals were mentioned by respondents as being a
targeted organism and the number of times these were said to be used for home
consumption and/or sold for cash income.
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Figure 4. Invertebrates targeted by women in Chwaka Village based on interview data (n=42).
Modified from Håkansson (2006).

Table 2 is based on a combination of data (catch analysis, interviews and observations) and it summarizes information gathered about the uses and prices of the
most commonly collected invertebrates.
Table 2. Details on usage, market prices and the trade related to commonly collected species
based on interviews with collectors and resellers. Data was collected 2005 and one USD was at
the time of the study equivalent to about 1000 TZS. Modified from Håkansson (2006).
Scientific
names /type of
invertebrate

Local
names

Details on usage, market price and trade

Cypraea tigris

Kururu

Collected for their beautiful shells. Only adult specimens are collected. The shells including the fleshy parts are left to decay in the
sun, cleaned out, and sold to a re-seller in Chwaka village for 30
TZS per piece. These are later sold in bulk to a re-seller from Zanzibar Town for 40 TZS per piece. The fleshy part can be eaten as
well but the shell has to be cracked open to extract it. Many shells
are eventually exported abroad.

Strombus
gibberulus

Chuale

The fleshy part is sold at the local market for 500-1,000 TZS per
0.5 liter or to local villagers, mainly children, for 10 TZS per 2-5
pieces.

Pleuroploca
trapezium
and Chicoreus
ramosus

Kome

The fleshy part is primarily sold at the local market but also to
villagers for 10 TZS per piece. A village re-seller buys the opercula
for 20 TZS per piece. These are sold in bulk to a re-seller from
Zanzibar Town for 20,000 – 22,000 TZS per kg (about 40 TZS per
piece). The shells are on irregular occasions, sometimes several
months apart, bought in bulk by a re-seller from town for 10 TZS
per piece.
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Sea cucumbers

Kovu

Sea cucumbers are sold to a local re-seller. Prices vary from 200
to 6,000 TZS per piece depending on size and species. There are
according to the re-seller in Chwaka 18 different types of sea
cucumbers in Chwaka Bay, each having a local name. Most commonly collected are; Pauni worth 2,000-6,000 TZS/piece, Barango,
500-2,000 TZS per piece and Mweupe, 500-1,500 TZS/piece. Two
types of sea cucumbers are more common in the Bay than the
others, but these are not worth much and are rarely collected. The
re-seller guts and boils the sea cucumbers before selling them to
one of about six different re-sellers in Zanzibar Town. The final
destination is an international food market.

Terebralis
palustris

Suka

The fleshy part is primarily sold at the local market. Price unknown. Also used for bait.

Pinna muricata
and Atrina
vexillum

Upanga

The fleshy part is sold for about 10 TZS per three pieces directly to
villagers or at the local market.

Certain bivalves
e.g. Anadara
antiquata

Kombe

The fleshy part is primarily used for home consumption but sometimes sold at the local market. Price unknown.

Lambis spp.

Chuale
dole

The fleshy part is primarily sold directly to villagers or at the
local market, but sometimes used for home consumption. Price
unknown.

Different crabs

Kaa

Home consumption or sold at the market.

Nassariidae

Tamba
mtengo

Home consumption.

Mytilidae

Kijogoo

Home consumption.

Squid

Ngisi

Sold at the market for about 500-700 TZS per piece.

Volema pyrum

Sinda

Meat sold directly to villagers or at the local market for 10 TZS per
four pieces.

Oyster

Chaza

Home consumption or sold directly to locals. Price unknown.

Cypraea
annulus

Kaule

Shells are sold to a re-seller from Zanzibar town for about 400 TZS
per 0.75 kg which equals about 1 TZS per piece.

Ovulidae

Kete

Shells are sold to a re-seller from Zanzibar Town. Are rarely found
nowadays. Price unknown.

Chitonidae

Nyamata

Home consumption.

Neritidae

Tamba
magome

Home consumption.

Naticidae

Sharifu

The fleshy part is sold at the local market. Price unknown.
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Table 3. Catch analysis results. Average number of individuals and average wet weight of the
different animals per catch and average wet weight per individual in catches collected by spear
fishers (n = 44). Note that only a part of the total catch was analyzed i.e. the part owned by the
individual spear fisher, not the primary catch, which is shared between collaborating group
members. Modified from Håkansson (2006).
Species or Taxonomic group

Average
number of
individuals per
catch (#)

Average wet
weight per
catch (g)

Average wet
weight per individual (g) ± SD

Chicoreus ramosus (gastropod)

3.0

675

221 ± 106,1

Atrina vexillum (bivalve)

1.9

890

465 ± 199.2

Pleuroploca trapezium (gastropod)

1.9

240

126 ± 43.6

Lambis truncata (gastropod)

1.4

191

134 ± 38.7

Portunus pelagicus (crab)

0.7

201

279 ± 77.1

Cypraea tigris (gastropod)

0.7

124

178 ± 22.9

Panulirus ornatus (lobster)

0.1

12

96 ± 49.6

Dinctada margaritifera (oyster)

0.1

12

142 ± 77.1

Conidae (gastropod)

0.1

8

86 ± 22.6

Cypraea (gastropod)

0.1

6

48 ± 4.2

Acrosterigma rubicundum (gastropod)

< 0.1

3

63*

Polinices mamilla (gastropod)

< 0.1

1

19*

Total all species

10

2,363

236

* In total only one individual of this species was present in the catches and standard deviation was
therefore not possible to calculate.
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Figure 5. A day’s catch of Cypraea tigris. Photo: Elin Håkansson.

Catches by Male Spear Fishers
As mentioned above, spear fishers often collaborate in small groups and divide
revenues equally between group members. However, a certain part of the catch is
not shared but belongs to the individual. This individually owned part of the catch
was analyzed to determine catch composition. The average wet weight per catch
was 2,360 g and contained on average 10 animals. The most common animals
were Chicoreus ramosus (Ramose murex or Branched murex), Atrina vexillum
(Flag pen shell or Indo-Pacific fan shell), Pleuroploca trapezium (Trapezium horse
conch), Lambis truncata (Giant spider conch), Portunus pelagicus (Blue swimmer
crab or Flower crab) and Cypraea tigris (Tiger cowry) (Fig. 5). The spear fishers’
catches clearly contained fewer but larger organisms than the women’s catches and
the Atrina vexillum caught by spear fishers were significantly larger than those
caught by women (T-test, p < 0.05). As with the women’s catches, those of the
spear fishermen were also normally dominated by one or a few species. The catch
analysis results are presented in Table 3.

INCOME GENERATION AND COLLECTION DRIVING FORCES
Women Invertebrate Collectors
Women’s revenues from invertebrate collection in 2005 in Chwaka village were
about 500 – 600 TZS (0.5 – 0.6 USD) per day, which is extremely low. The work
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Figure 6. Importance of invertebrate collection for cash income and subsistence in
Chwaka village, rated by women respondents during semi-structured interviews
(n=42). Modified from Håkansson (2006).

consists of a few hours of harvesting followed by post-harvest activities. Most
women work 2 – 4 days per week depending on the tides and weather conditions.
The average income per month was approximately 12,000 – 15,000 TZS (12 – 15
USD). These calculations are based on the respondent’s own estimation of their
income (i) and prices of different species in combination with catch analysis data
(ii). Both calculations correspond well, which supports the reliability of the data.
Revenues from seaweed farming, which employs a large number of women in
Zanzibar, were about 1,700 TZS per day in 2004 (de la Torre-Castro and Rönnbäck
2004). Despite the low income, the main driving force for women collecting invertebrates in Chwaka village is clearly economic, according to interview data (Fig.
6). The subsistence component, i.e. using animals for protein supply, is also an
important driving force but was surprisingly secondary. Also, Figure 4 shows that
targeted animals are generally sold and the less popular animals are used for home
consumption. However, the respondents explained that depending on the situation and needs at the time most of the animals can be either sold or used for home
consumption. This flexibility indicates the important “safety net” component of
invertebrate collection. The primary driving forces for collection activities seem to
differ between villages; studies conducted in Kigomani and Nungwi in the northern part of Unguja Island concluded that the primary objective in those areas was
to gather food, but that the cash component also had some importance (Wieggel
1995; Nordlund et al. 2010). The primary driving force in Nungwi was subsistence,
even though the average daily income range there was 1,000 – 3,000 TZS, which is
slightly higher than in Chwaka. Further, collection of Anadara antiquata (cockles)
is a widespread activity engaging many people in the village of Fumba (southwest
Unguja Island) and seems to be of significant economic importance. There are
roughly 1,000 active collectors in Fumba earning approximately 20,000 – 30,000
TZS per month (Crawford et al. 2010).
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Species of High Economic Importance
By far, the most economically important species for women in Chwaka village
are Cypraea tigris (Tiger cowrie) and Strombus gibberulus (Fighting conch). These
two species represented 64% and 24% respectively of the total economic value of
catches, based on prices given by respondents during interviews (Table 2). Two
other species/groups that contributed significantly to income were sea cucumbers
and Chicoreus ramosus (Ramose murex or Branched murex), that contributed with
7.5% and 3%, respectively.

Species Important for Subsistence
The different species’ household importance is difficult to rank because determining quantitative values is more complex than direct economic value. In addition,
the respondents tended to focus on species important for cash income during
interviews. However, Modiolus philippinarum (Philippine horse mussel) seems to
be one of the most important species for subsistence, considering that it was one
of the top most common species in the catch analysis (Table 1), and as seen in
Figure 4, reported to be used for home consumption. Other species common in
the catches and reported to be used mainly, or only, for subsistence were Atrina
vexillum/Pinna muricata (pen shells or upanga), various small bivalves (makome)
and Neritidae (nerites, small gastropods). However, as mentioned above, most
species can be used either for cash income or in the household, depending on
the needs at the time, and economically important species such as Cypraea tigris,
Strombus gibberulus and Chicoreus ramosus may also be of relative importance for
subsistence needs.

COLLECTION GROUNDS AND HABITAT PREFERENCES
Any area shallow enough is a potential collection ground but certain habitats/substrates are preferred. Figure 7 is based on interview data and shows women collector’s perceptions of the importance of different habitats/substrates. The figure shows
that seagrass is the most important habitat and very common in Chwaka Bay (see
also chap. 5). The second most preferred habitat was sand, followed by mangrove
and hard substrates such as stone or corals. There is also, according to the results
of the biological inventory, a positive correlation between seagrass cover and the
number of Cypraea annulus, between seagrass and the total number of gastropods
and between seagrass and the total number of invertebrates (Pearson corr: r =
0.455, p < 0.000, r = 0.350, p < 0.000, r = 0.268, p < 0.000 respectively).
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Figure 7. Women’s perception of which substrates/habitats provide good collection
grounds, based on interview data (n=42). Modified from Håkansson (2006).

IS CHWAKA BAY INVERTEBRATE COLLECTION SuSTAINABLE?
Signs of Overexploitation
There are several indications about the abundance decrease of many targeted species in the other parts of Tanzania and in also in the Chwaka Bay area (Newton et
al. 1993; Jiddawi and Öhman 2002; Håkansson 2006; Crawford et al. 2010; Eriksson
et al. 2010; Nordlund et al. 2010). This trend was confirmed by the women collectors in Chwaka village; a majority believed that the number of animals in the
Bay has decreased over the years (Fig. 8), and several women explained spontaneously during interviews how they used to collect large buckets full of animals but
that they nowadays only catch a few animals. However, generally the women in
Chwaka village did not consider that the size of animals had changed, which is
a positive sign (Fig. 9). They further mentioned during a focus group discussion
that Ovulidae (egg shells) are hardly ever found nowadays. The Ovulidae, Ovula
ovum, is demanded in the curio trade and are bought by tourists in Zanzibar for
about 0.5 – 2.5 uSD per piece (Gössling et al. 2004). Other studies also present
examples of similar statements concerning the decreased status of the resources.
For example, collectors in the village of Fumba reported that the abundance of
animals has declined and the amount of time needed to collect a certain amount
took much longer than five or ten years ago. Sea cucumber fishers explained that
it was harder to find most species of sea cucumber today than when they first
engaged in the activity (Eriksson et al. 2010). These statements all indicate a serious decline of valuable coastal resources. However, it is impossible to determine
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the cause of this decline solely based on these statements. Yet, there are numerous
examples of important field studies comparing exploited sites with unexploited
and these strengthen the hypothesis that the fishery itself rather than other natural
variability is an important contributory factor, if not the most important. For
example, Nordlund et al. (2010) compared animal abundance and species richness
in seagrass beds between an exploited site and a remote/inaccessible site and found
that both were higher at the remote site. Crawford et al. (2010) found that animal
abundance on small offshore islands is much greater. Sea cucumbers, crabs and
squid were mentioned to be among the main targeted (or most desirable) animals
by 29%, 12%, and 7% of the women respondents in Chwaka, respectively, but none
of them were common in the analyzed catches. This suggests a low abundance
of these in the Bay. Jiddawi and Öhman (2002) further reported in a review of
the marine fisheries in Tanzania that the most common sea cucumbers are the
less valuable ones and that the higher valued species are already overexploited.
Eriksson et al. (2010) confirm the overexploitation and recorded extremely low
abundances of sea cucumbers in fishing grounds close to Uroa. In this study, high
valued species were literally gone, a few middle price species were found and most
of the abundant species were of low value. Certain high valued species were only
present at Chumbe, a site that has been protected from fishing since 1994, and one
type of medium valued species was ten times more abundant at this site. Newton
et al. (1993) found that five out of eight economically exploited species were
significantly less abundant in Zanzibar, where collection is intense, compared to
areas around Mafia Island where exploitation pressure is relatively lower. The difference was most prominent for the three heavily exploited cowries; Cypraea tigris,
C. histrio and C. lynx. These were at least 18, ten and five times more common,
respectively, in the waters around Mafia Island but the abundance of non exploited
species did not differ between the two islands.
Of the women interviewed, 60 percent reported that the number of people involved
in collection activities has decreased (Fig. 10). They believed that many have
stopped because there are fewer animals now compared to before, and because
seaweed farming was introduced as an alternative livelihood in Chwaka in the
early 1990s (Mohammed and Jiddawi 1999, see chap. 12). However, 31 percent
of the women believed the opposite; that the number of collectors had increased,
but these reports were mostly from girls of school age. Some of them argued that
the reason that more people collect invertebrates now is that the price of Cypraea
tigris (large cowries) had gone up from 20 to 30 TZS since 2004 (interviews were
conducted in 2005). This indicates that these women or girls were referring to
changes over a shorter time frame. Some of the spear fishermen that were interviewed said that their revenues are decreasing as well and that they used to earn up
to twice as much compared with today. But all spear fishers said that the number
of people engaged in spear fishing is increasing. They believed the reason is higher
revenues in spear fishing compared to other fishing techniques.
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Figure 8. Women respondents’ opinion about whether the number of target animals
in Chwaka Bay has changed (n = 42). Modified from Håkansson (2006).

Figure 9. Women respondents’ opinion about whether the sizes of the target animals
in Chwaka Bay have changed (n=42). Modified from Håkansson (2006).

Figure 10. Women respondents’ opinion about whether the number of people collecting
invertebrates in Chwaka Bay has changed (n=42). Modified from Håkansson (2006).
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Exploitation Pressure: Off-Take Estimations per Year
The off take of invertebrates by women in Chwaka village was estimated to be
about 630,000 animals per year with a wet weight of roughly 20 tonnes. This calculation is based on 42 women working on average 3.6 days per spring tide and 2.6
days per neap tide (according to interview data), except during an estimated four
weeks of bad weather per year (in total 141 work days per person per year), and
that the average catch weighs 3.4 kg (according to catch analysis results in Table
1). This estimation does not include animals caught by children or other people
occasionally collecting invertebrates or the total amount of invertebrates caught
by spear fishers. The number of Cypraea tigris (large cowries) collected yearly by
women in Chwaka village was estimated to about 80,000. Gössling et al. (2004)
estimated that the total number of Cypraea tigris sold to tourists through tourist
shops or stands on Zanzibar are 11,778 annually, so a large amount of shells are
most probably exported or kept for other purposes. A re-seller of Cypraea tigris in
Zanzibar Town, who collaborates with a commercial agent in Dar es Salaam for
further export, confirmed the high export volume of this cowry. In comparison,
the off take by 130 women invertebrate harvesters at a site near the village of
Fumba was estimated to be ten tonnes per year. This yield is a lot less per person
than that calculated for Chwaka, but the calculation is based on women working
only 40.5 days per year.
However, generalizations about the amount of invertebrates collected in Zanzibar
as a whole are difficult to make because data indicates that the intensity and purposes of the activity varies between locations. Collection is intense for example
in the villages of Fumba and Nyamanzi in the southwest part of Zanzibar and
collection of Cypraea tigris is extensive at the Uzi Island peninsula in the southern
part of Unguja Island (Jiddawi, personal communication). In Fumba, there are
approximately 1,000 active collectors, almost one per household, and this number
has been increasing steadily (Crawford et al. 2010). In Chwaka and in Fumba
economic factors are more important than subsistence ones, contrary to the results from Nungwi as found by Nordlund et al. (2010) where subsistence use of
invertebrates were indicated as being most important.

GENDER AND RESILIENCE ASPECTS
Links between Women, the Intertidal Zone and Seagrasses
As mentioned in the introduction, there are few reliable economic activities
available in Chwaka Bay, particularly for women. Due to hard conditions, most
women are involved in several activities to increase their income. However, lack of
means to access economic, social and human resources makes it hard for women
to improve their situation. Working in fisheries is no exception. Limited access to
economic resources along with cultural and traditional norms constrains women
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from for example using boats and more sophisticated technology and gears. This,
in combination with household duties, limits women to work in the intertidal zone
and further prevents them from engaging in capture fisheries. Productive ecosystems in the near intertidal zone are therefore important for women, allowing
them to contribute to their livelihoods. In terms of invertebrate collection seagrass
meadows was indicated as the most important habitat within the intertidal zone
(Fig. 7), which has also been reported to be the case in Nyamanzi (Crawford et al.
2010) and Nungwi (Nordlund et al. 2010). Unfortunately, there is a global trend
of decreasing seagrass habitats (Waycott et al. 2009) and it is of relevance to ask
questions like; what happens if the seagrass meadows, with their associated goods
and services, decrease further? How can women cope with such losses when they
experience limited or no access to areas further offshore and alternative livelihood
options are few? These questions still remain unanswered, but clearly require
management attention. Seagrass conservation in the Indo-Pacific is a crucial
aspect that requires attention (Unsworth and Cullen 2010) and the importance of
seagrasses for fisheries production cannot be underestimated (de la Torre-Castro
et al. 2008, see chap. 5). Habitat loss and declines in associated organisms may have
detrimental effects on food security and human welfare.

Increased Resilience of the Social-Ecological System at the Household Level
Constraints and the lack of better options is probably the key to why women –
even if invertebrate collection is small scale and the associated income very low
– consider it to be an important supplement to the household economy and food
reserve (Fig. 6). Livelihood diversity can help increase the total income in these
situations and combining several jobs seems to be a typical strategy for women
in the village, to survive the hard conditions of poverty. Livelihood diversity is
also a way of spreading risks when income from different activities is variable and
unpredictable. Some women in Chwaka village carry out invertebrate collection
as a main activity but most women have additional jobs, such as seaweed farming, to increase the cash income. Accordingly, the income generated by collecting
invertebrates seems to have an important “safety net” function. Women reported
that they either use invertebrates for home consumption or sell them depending
on the situation and needs at the time. It may also generate extra income in case
of emergencies such as medical care, but also for children’s education and needs
(de la Torre-Castro and Rönnbäck 2004). Further, observations show that selling
cooked invertebrates at the market or in small shops in the village is done on a
frequent basis, stating the importance of invertebrate collection.
All these combined – that invertebrate collection is part of the mosaic of activities
important for a vulnerable portion of the population and that it has a safety net
function important for spreading of risks – indicate that invertebrate collection
increases the resilience of the SES on a household level. It is however difficult to
conclude if invertebrate collection increases the resilience of the SES on a com252

munity level because the long term effect of the collection on ecosystems has not
been evaluated. Signs of overexploitation are evident (see earlier section), which
could have wide negative effects on the community as a whole for present and
coming generations. And there is already some evidence of this effect; Nordlund et
al. (2010) concluded that invertebrate harvesting can influence the faunal composition which have a negative effect on people’s economy and livelihood.

Looking Forward – Changes in Traditional Behavioural Patterns
Women collectors in Chwaka village complain about the difficulties in finding
transport to preferred collection grounds. They are more or less fully dependent
on men in terms of transportation and thus not able to make decisions such as
when to go, what site to visit, etc. Even if their financial situation would allow
them to buy boats and other types of gear, their social resources e.g. networks and
connections as well as human resources e.g. knowledge, education, and free time,
would still be limited. It could be hard for women to break these long standing
gender norms. Nevertheless, some women in Zanzibar have managed to become
engaged in traditional male jobs like small-scale fish trade. Apparently, there are
ways for women to involve themselves in other types of fisheries. However, the
number of women involved in this activity is still low compared to their male
counterparts (Fröcklin et al. in preparation). Additionally, when they do succeed
in a male-dominated activity like fish trade, they still have fewer social- and economic resources to compete with. The three biggest obstacles to women in terms
of increasing their income seem to be limited access to capital, free time due to
childcare and household tasks, and the lack of marketing knowledge (in order to
sell their fish to hotels, restaurants etc.). Most women buy small fish which they fry
and sell in their own or nearby village, while many men conversely purchase larger
species of higher economic value which they, due to a broader network, sell within
the tourist sector thus generating higher income. However, the Government of
Tanzania places importance on promoting gender equality in employment and
education, including government policies, programs and strategies (Women and
Gender Development Policy 2000). This will hopefully help empower women, i.e.
change attitudes and behavioral patterns along with boosting women’s confidence
and also increasing their perceptions of livelihood security, strengthening the
household resilience. In conclusion, since both men and women are involved in,
and depend on, fisheries as a livelihood alternative, the development of the fishery
sector needs to be viewed from the perspective of gender roles.
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IS FORMAL MANAGEMENT NEEDED?
The current fisheries management laws in Tanzania and Zanzibar do not address
invertebrate or intertidal fisheries specifically (Fisheries Act of 1988/RGZ 1998;
the Fisheries Law of 1993/RGZ 1993 and the up-dated version of 2010/RGZ 2010)
even though there are signs of overexploitation. Arguably, there is a need for
formal management. A first relevant step would be to acknowledge the importance
of the intertidal areas as an integrated part of the seascape and the important role
of women in fisheries. Zonation in the coastal zone and the integration of all
activities taking place as well as resource users might be a starting point. Crawford
et al. (2010) have seen some modest but important advances while using zonation
in the cockle collection activities in Fumba and Nyamanzi. Even though catches
and abundance have not clearly increased, participation of the community per se,
has been highly valued. Establishment of no take zones and/or multiple species
aquaculture are examples of strategies that can be used for better management
(e.g. Nordlund et al. 2010). Monitoring of the resource status is also needed. Lack
of monitoring and control is a prevailing problem in small-scale fisheries with
Chwaka Bay in Zanzibar being no exception (de la Torre-Castro 2006b). However,
in Zanzibar, the role of the monitoring agents (Bwana Dikos) can be extended
to invertebrate resources. These monitoring agents are government employees
that link the community and the Department of Fisheries and Marine Resources
(recently reorganized in two units), but traditionally have given priority to finfisheries. In addition, the monitoring agents face problems of multiple tasks and
low salaries (de la Torre-Castro 2006b), so it may be impossible to assign additional
responsibilities. But the idea to institute “Invertebrate Bwana Dikos” should be
seriously considered. It would open job opportunities and promote better monitoring, knowledge about the situation and eventually sustainability. Co-management,
including women resource users, seems to be crucial elements in the first steps
of attempting to introduce formal management in the area. Knowledge of the
resource status, including baseline assessments needed to address future stocks,
fishing potential and sustainability are equally missing. There is also a research
gap concerning the life cycles of valuable invertebrates and in order to successfully
manage a social-ecological system, comprehensive ecological studies are further
needed. Invertebrate collection activities need in general more research and attention. In Chwaka Bay, the work done by Håkansson (2006) in Chwaka village
is the only published systematic study performed. While invertebrate collection,
performance and importance seem to be similar in other villages around the Bay,
and thus general conclusions about the activity can be drawn, the actual pressure
and number of collectors in the whole Chwaka Bay area needs to be determined.
Also, for management purposes, invertebrate collection should be seen as an integrated part of the wider mosaic of activities and ecosystems taking place in the Bay.
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APPENDIX 1.
Methods used for data collection in the study by Håkansson (2006).

METHODS
Interviews, catch analysis and a biological inventory were conducted during
February to May 2005. All interviews were focused in Chwaka village while the inventory comprised grounds spread in Chwaka Bay, Zanzibar, Tanzania. Richmond
(2002) and Colin and Arneson (1995) were used for all species identification.
In addition to data collection, information was obtained by observing village life
and ongoing activities and by having informal contact and daily talks with Chwaka
people. The focus at the beginning was to study invertebrate collection carried out
by women in shallow areas during low tide. However, during the course of the
study it was observed that spear fishers also catch invertebrates of the same kind as
women i.e. various gastropods and bivalves. It was decided to include spear fishers
in the study, but the main focus remained on women.

Interviews and focus group
Women
Forty-two women from 41 different households, aged between 12 and 70, in
Chwaka village who collect invertebrates on a regular basis were interviewed using semi-structured interviews. These represented presumably all or nearly all the
women collecting invertebrates in Chwaka village at that time. In addition, nine
women who had given up invertebrate collection were also interviewed.
Finally, a focus group discussion with 11 women cleared some remaining uncertainties about invertebrate collection in Chwaka village.

Spear fishermen
Twenty-five spear fishermen in Chwaka village were also interviewed about invertebrate collection using a slightly revised questionnaire.

Middleman buyer
The re-seller of Cypraea tigris shells, the re-seller of sea cucumbers, and two
re-sellers of the opercula of Chicoreus ramosus and Pleuroploca trapezium were
interviewed in Chwaka village and a re-seller of Cypraea tigris shells based in
Zanzibar Town. Open ended interviews were used in these cases.
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Catch analysis
Women
The collection activities of ten women were studied during a 14 day period.
Collecting was observed in the field, time and place registered and invertebrates
collected were weighed and identified to the lowest taxonomic level possible.

Spear fishers
Spear fishers often collaborate in groups and divide revenues equally between
group members. However a certain part of the catch is not shared but belongs to
the individual fishermen. Twenty-three of these individually owned parts of the
catch were analyzed; organisms were weighed and identified to lowest taxonomic
level possible.

Inventory
The women were asked during the semi-interviews what collection grounds they
use most often. To identify target and non-target species present in these areas
an inventory was carried out at the eleven most frequently mentioned grounds.
Women collect invertebrates in shallow waters during low tide. Field work was
carried out during low tide at depths between 0 and about 20 cm so the conditions
would be similar. Between 13 and 20 1x1 m quadrats were placed randomly at
each site and percentage coverage of sand, seagrass, Halimeda spp. (calcareous
algae common in the area) and other macroalgae was estimated. Estimations were
made visually on site. Inside the quadrats, epibenthic invertebrates > 1 cm on top
of the substrate or in the upper 5 cm were collected and identified to the lowest
taxonomic level possible. Pearson Product Moment correlation test was used in
the statistical software Minitab to determine correlations between vegetation and
organism.
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Data analysis
Income
The potential value of the most economically significant species in each catch was
calculated based on price information of the main targeted species gathered during interviews with resellers and collectors. This information was combined with
the catch analysis results (number of individuals) to calculate the value of catches.
The following prices of different species were used for this calculation:

(TZS)

Contribution to total value of
catches (%)

Cypraea tigris

30

63.2

Strombus gibberulus

3

22.6

Sea cucumber*

1,000

7.5

Chichoreus ramosus**

33

3.0

Squid***

600

0.9

Pleuroploca trapezium**

23

1.5

Volema pyrum

2

0.5

Cypraea annulus/moneta

1

0.4

Atrina vexillum

3

0.2

Pinna muricata

3

0.3

* The price of sea cucumber varies from 200 – 6,000 TZS; a value of 1,000 was used for this calculation.
** The opercula are sold for 20 TZS a piece and the meat for 10 TZS a piece, but sometimes are also the shells
sold for 40 TZS, so a value slightly higher than 20 + 10 TZS a piece was used for this calculation.
*** The price of squid varies from 500 – 700 TZS; an average value of 600 was used for this calculation.

Note that additional species may also have contributed to the monetary yield, but
it was impossible to include species for which we lacked price information in the
calculations.
Daily and monthly income was also calculated based on the women respondent’s
estimation of their own income which was discussed during interviews.
All income calculations were based on women working on average 3.6 days per
spring tide and 2.6 days per neap tides, according to interview data.
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Estimated off take
A rough estimation of the yearly off take of invertebrates in Chwaka Bay contributed by the women collectors was calculated using this following formula:
Estimated off take per year, number of animals = A x (C+D) x 22* x 42**
Estimated off take per year, wet weight = B x (C + D) x 22* x 42**
Where:
A

=

Average number of animals per catch.

B

=

Average wet weight per catch.

C
=
Average number of work days during a spring tide estimated by
women respondents = 3, 9.
D = Average number of work days during neap tide estimated by women respondents = 2, 6.
* Represents the number of spring/neap tides cycles per year minus an assumed
number of tides (4) when no work is carried out due to rain = 52/2 – 4
** Represents the number of women identified in Chwaka village who collect
invertebrates on regular basis.
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APPENDIX 2.
List of species found either during the catch analysis or inventory. Species that
according to interview respondents were used mainly as a source of income are
marked out as species with commercial value.

Family

Found in
catches: w =
women, s =
spearfishers

Cherithiidae
Condidae
Cypraea annulus
Cypraea arabica
Cypraea carneola
Cypraea helvola
Cypraea moneta
Cypraea testudinarium
Cypraea tigris

Cherithiidae
Conidae
Cypraea
Cypraea
Cypraea
Cypraea
Cypraea
Cypraea
Cypraea

w, s
w
w
w
w
w
w
w, s

Cypraea vitellus
Cypraea
Pleuroploca trapezium
Volema pyrum
Chicoreus ramosus
Morula granulata
Muricidae
Nassariidae
Nassarius coronatus
Natica gualteriana
Naticiade
Polinices mamilla
Neritidae
Terabralia palustris
Cymatium muricinum
Ranellidae
Lambis truncata
Strombus gibberulus
Trochidae
Turbo marmoratus
Gastropod sp.
Vasum rhinoceros

Cypraea
Cypraea
Fasiolaridae
Melongenidae
Muricidae
Muricidae
Muricidae
Nassariidae
Nassariidae
Naticidae
Naticidae
Naticidae
Nerididae
Potamididae
Ranellidae
Ranellidae
Strombidae
Strombidae
Trochidae
Turbinidae
Unidentified
Vasidae

Species / lowest taxonomic group identified

Found
during
inventory

Commercial importance

x
x
x

$

x
x

$

x

$

x

$
$
$

Gastropods

w
w, s
w, s
w
w, s
w
w
w
w
w
w
w, s
w
w
w
w
w, s
w
w
w
w

x
x
x

$
x
x
x
x
x
x

$
$
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Bivalves
Anadara antiquata
Arcidae
Acrosterigma rubicundum
Lunulicardia auricula
Cardita variegate
Lunulicardia auricular
Cardiidae or Arcidae
Glycymerididae
Hyotissa hyotis
Isognomon ephippium
Lucunidae
Modiolus philippinarum
Mytilidae
Septifer Bilocularis
Pteria chinensis
Atrina vexillum
Pinna muricata
Tellina palatum
Tridacnidae
Gafrarium pectinatum
Pitar hebraea
Veneridae
Bivalve

Arcidae
Arcidae
Cardiidae
Cardiidae
Carditidae
Carditidae
Cardiidae/Arcidae
Glycymeridae
Gryphaeidae
Isognomonidae
Lucunidae
Mytilidae
Mytilidae
Mytilidae
Periidae
Pinnidae
Pinnidae
Tellinidae
Tridacnidae
Veneridae
Veneridae
Veneridae
Unidentified

w
w
w, s

w
w

Chitonidae

w

x
x
x

w
w
w
w
w
w
w
w
w
w, s
w
w
w

x
x
x
x

x

$
$

x
x
x
x
x

Chiton
Chitonidae
Oyster
Pinctada margaritifera

Pteriidae

Crabs
Calappa hepatica
Portunus pelagicus
Crab Unidentified
Crab

Calappidae
Portuninae
Unidentified
Unidentified

w
w, s

x
x
x

w

Lobster
Panulirus ornatus

Palinuridae

Sea cucumbers
Actinopyga mauritiana
262

Holothuriidae

w

$

Bohadschia vitiensis
Holothuroidea
Stichopis hermanni
Synaptidae
Sea cucumber

Holothuriidae
Holothuriidae
Stichopodidae
Synaptidae
Unidentified

w
w
w

Loliginidae

w

x
x

$
$
$
$
$

Squid
Loligo duvaucelli

$

Sea stars
Leiaster leachi
Pentaceraster sp.
Pentaceraster mammillatus
Proteaster Lincki
Sea star

Ophidiasteridae
Oreasteridae
Oreasteridae
Oreasteridae
Unidentified

x
x
w
x
x

Brittle star
Brittle star

Unidentified

x

Diadematidae
Echnometridae
Toxopneustidae
Unidentified

x
x
x
x

Anaspidea
Cephalaspidea
Unidentified

x
x
x

Stichodacthylidae
Unidentified

x
x

Sea Urchins
Diadema savignyi
Echinometra mathaei
Tripneustes gratilla
Giant sea urchin
Nudibranches
Dolabella auricularia
Bulla ampulla
Nudibranch
Anemones
Stichodactyla haddoni
Anemone
Fish
Pardachirus marmoratus

Soleidae

w

$
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APPENDIX 3.
List of species with economical value collected by women.

Species or taxonomic group

Price

Atrina vexillum

About 10 TZS/3 pieces of meat.

Chichoreus ramosus

10 TZS/piece for the meat, 20 TZS/piece for the operculum,
10 TZS/piece for the shell (but the demand for shells is irregular).

Lambis truncata

The meat has economical value but the price is unknown.

Cypraea annulus

400 TZS/0.75 kg of shells which equals about 1 TZS/piece.

Cypraea moneta

400 TZS/0.75 kg of shells which equals about 1 TZS/piece.

Cypraea tigris

30 TZS/piece for the shell.

Naticidae

The meat has economical value but the price is unknown.

Ovulidae

The shells have economical value but the price is unknown
(rarely found nowadays).

Pinna muricata

About 10 TZS/3 pieces of meat.

Pleuroploca trapezium

10 TZS/piece for the meat, 20 TZS/piece for the operculum,
10 TZS/piece for the shell (but the demand for shells is irregular).

Strombus gibberulus

500 – 1000 TZS/ ½ liter or 10 TZS/2-5 pieces for the meat.

Terebralia palustris

The meat has economical value but the price is unknown.

Volema pyrum

10 TZS/4 pieces of meat.

Sea cucumbers

200 - 6000 TZS/piece depending on size and species.

Squid

500-700 TZS/piece.
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– Chapter 14 –

Governing Sustainability: Chwaka Bay in Zanzibar’s
National Integrated Coastal Management Strategies
Lars Lindström

INTRODUCTION
The Chwaka Bay area has witnessed significant changes during the last two decades.
Population growth and deterioration in terms of trade within agriculture, a lack
of corresponding employment opportunity growth combined with open access to
fisheries, have increased pressure on and resulted in over-exploitation of the intertidal zone and shallow-water fisheries (DoE 2009, 28). In addition, terms of trade
in aquaculture (seaweed principally), beekeeping, coral rag agriculture and other
income generating activities have worsened. Few other coping activities seem to be
available. As a result, conflicts over gears and fishing grounds, within and between
neighbouring villages, some even with violence and a fatality, have occurred and
continues to persist. Defying state rules and regulations, fishermen continue using
drag-nets, most of them of small mesh-size. Catching small juvenile fish, the illegal
fishing practises erode the basis for the sustainability of fisheries resources (de la
Torre-Castro and Lindström 2010).
Tourism is held forward by some as a sustainable alternative income generating
activity and by others as an important economic activity vital for development and
poverty alleviation. However, in the Chwaka context, tourism seems to aggravate
the situation. The industry, which has expanded geometrically and now contributes
up to 22 percent of Zanzibar’s GDP (The Citizen, 2 March 2010), is a major cause of
a number of conflicts in some parts of Zanzibar (Gössling 2000; 2001; Gössling and
Schulz 2005; for a more positive reading, see Lange and Jiddawi 2009). Tourists see
reefs as habitats of beautiful fish and fancy corals, excellent for diving and snorkeling, while fishermen see them as an important fishing ground that provides vital
protein and income. Tourists generally prefer sandy beaches with the intertidal
zone free from rocks, algae and seagrass, while seaweed farmers, mainly women,
use the area for their cultivation plots tying the algae to lines stretched between
pegs embedded in the soft substrate. The beach resorts that already exist, and those
under construction, tend to fence off access to intertidal activities such as fishing
and collecting, and their effluents risk polluting the Bay (see chap. 9, 11 and 13).
LL: Department of Political Science, Stockholm University, SE-106 91, Stockholm, Sweden,
e-mail: lasse.lindstrom@statsvet.su.se
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Local communities feel disempowered. The seaweed mariculture in Chwaka Bay
mainly involves women and provides a marginal income which cannot substitute
revenues earned from fishing (see chap. 12).
Nor does the tourism industry provide any substantial job opportunities as the
majority of employees hail from outside the Bay area. The population in the Bay is
predominantly Muslim. This makes handling of alcohol problematic, leading also
to socio-cultural conflicts (Gössling 2003, 178-180). While in 2000 there existed
only one hotel along the three mile coast between Chwaka and Marumbi, in 2010
a great portion of the coastline had been walled-in, and about eight hotels were under construction or had already opened for tourism (Lindström, personal observation). The Bay-side beach at the other side of Chwaka Bay, along the Michamwi
peninsula, is facing a similar development.

SUGGESTED SOLUTIONS
Management efforts have so far failed to deliver sustainable use of resources and
seem to contribute to problems in the area. Co-management and governance
have been suggested as remedies to the failures and often-misaligned objectives
of top-down, hierarchical management. The participation of stakeholders in the
development and implementation of management schemes and in governance
arrangements at all levels is now being proposed (ICAM 1996; TCMP 1996; ICM
2003; DoE 2009).
Current conventional wisdom is that governance and management ought to take
place as a complex set of co-operations between the state and civil society, with
the market constituting the third wheel under the wagon of success (Rhodes 1996;
see also Stoker 1998). At the global level this is for instance codified in the 8th
Millennium Development Goal, where references to a “Global Partnership” are
made; this has become part and parcel of the Poverty Reduction Strategy Plans
formulated at the nation-state level (RGZ 2002). Not only are plans and strategies
across the globe to be developed in an acclaimed partnership between international financial, aid and development institutions such as the World Bank, UNDP
and UNEP, and with national governments and representatives of civil society
or NGOs, they are also to be implemented and monitored by these partnerships
(UNDP 2006). Implementation and monitoring is often the only function of civil
society (ActionAid 2004).
This is maybe best illustrated by the emergence of the many governance- and
management- with-adjectives that have emerged, epitomized by the “co”- in “comanagement” (Carlsson and Berkes 2005). Other epithets that have saturated the
conceptual market are the World Bank’s “good” governance; “global” governance
(FAO 2006); “earth” governance (Biermann 2007); “adaptive” governance (e.g.
Folke et al. 2005); “interactive” governance (e.g. Kooiman et al. 2005); “sustainable”
governance (e.g. Agrawal 2001); “co-management” (Jentoft 2000, 2005; Jentoft
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Fisheries are critical activities in Chwaka Bay and governing for sustainability is a key issue for
all inhabitants in the Chwaka Bay area. Photo: Lars Lindström.
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et al.1998); “adaptive” management (e.g. Walters 1986); and, lately “adaptive comanagement” (e.g. Olsson et al. 2007).
In addition, the “local” and the “community” are held forward as the ideal level
or “scale” at which governance and management should be implemented. “Local”
knowledge should be included in the governance and management processes,
which preferably should be “community” driven.
The common denominator of these conceptualizations is their normative-ideological slant. Governance is something good, something that ought to be. What about
the empirical-analytical conceptualizations? Is governance and management more
or less the same thing? How is governance and management articulated in the
context of Chwaka Bay?
I will begin with a theoretical overview which serves to make sense of “governance” and distinguish it from “management”, and which problematizes dominant
normative claims linked to notions of “local” and “community”. I will briefly describe how these are articulated on the ground and then turn to an analysis of how
the concepts are articulated at a discursive level by analyzing the Draft National
ICM Strategies for Zanzibar (RGZ 2009). I will end by suggesting how governance
of marine resources may be improved and refer specifically to Chwaka Bay.

Governance and Management
Governance has recently and rapidly become one of the most popular concepts
among development practitioners and also in the academia. But what does it mean?
While the term government denotes the exercise of sovereign rule through the
means of a parliamentary chain (Sørensen 2006), governance refers to a complex
process in which a multitude of public and private actors interact to coordinate
interdependent social relations, from the dyad to the whole social formation
(Jessop 1997; 1999; 2002), or global governance. Such coordination occurs in
three ideal-typical forms: the hierarchy of imperatives - the iron fist of the state;
the anarchy of exchange - the invisible hand of the market; and the heterarchy of
self-organization – the joined hands of civil society.
Hierarchical governance may in the Chwaka Bay context be illustrated with, from
the top end, international financial and development institutions such as the
World Bank, UNEP and the UNDP, the Revolutionary Government of Zanzibar
with its ministries and agencies, and the district offices, to the bottom end, the
bwana dikos, local beach recorders or monitoring agents (Othman et al. 2003; de
la Torre-Castro 2006).
Extraction and use of marine resources are also governed by the anarchical exchange relations within e. g. tourism, fisheries, seaweed farming. While fisheries is
embedded in exchange relations that are predominantly local, conditions in tourism and especially seaweed farming are determined by global exchange relations.
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Seaweed is exclusively exported to global markets and does not provide any food
security.
Finally, the heterarchy of self-organization is articulated with fishing “companies”,
village fishermen, women and other committees, self-help organization such as
micro-credit associations, and Zanzibar and international civil society organizations (advocacy, development, political, etc).
The hierarchical mode is in Chwaka Bay dominating other modes. The local
committees in which locals are represented are to a substantial degree creations
of the central government and international organizations (interviews by author with committee chairpersons and members), particularly the World Bank
within the context of the Marine and Coastal Environmental Management Project
(MACEMP) (see www.worldbank.org). The locals participate in the committees
more by invitation than as a result of self-organization. In addition, the invisible
hand of the market plays a far more important role for sustainability than the committees, as it to a large degree defines both species demanded and gears used.
Governance and management sometimes seem to be used interchangeably. A case
in point is the study of governance arrangements at the Kisakasaka Mangrove
Reserve, where governance is defined as a Community-Based Natural Resource
Management (CBNRM) institution. CBNRM is a “governance institution” and
“governance setting” (Saunders et al. 2008, 666). But are they really the same thing?
If so, management is just the same old nut in a new shell (governance)? While governance, I would argue, and following from the above, is the coordination of social
relations articulated with for example, a plan, program or strategy, management is
a set of techniques concerned with the day-to-day operation of that plan, program
or strategy. Governance thus sets the stage at which management takes place
(Olsen 2003). Collapsing governance and management tends to turn sustainability
into something fundamentally technical-managerial and de-politicized.
In addition, most conceptualizations seem to be based on the idea that governance structures and actions, much like management, may be purposely designed.
Zanzibar is no exception. In the area of Integrated Coastal Management, governance by design, with or without adjectives, is explicitly or implicitly held forward
as the cure to non-sustainable resource use (ICAM 1996; ICM 2003).
Two idealizations – if not idolizations – characterize these dominant conceptualizations of both governance and management. One is the fixation with self-organization as witnessed by the idea of management with “co-”-conceptualization (e.g.
Jentoft et al. 1998). The other is the fascination with the “local” and the “community” (e.g. Mohammed 2004; Angerbrandt et al. 2011). Technical managerialism
colors both with a tendency to turn a blind eye and a deaf ear to issues of power
and its unequal distribution at all scales, a blind eye to politics proper (Mohan and
Stokke 2000; 2005).
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The partnership, also at the local level, emerges, it is argued, from a process of self
organization, as if all relations within each element in the triad, as well as between
them, are characterized by perfectly symmetrical power relations. The same goes
for the “local” and “community”, as homogeneity is ascribed to both. There seem,
however, to be few examples of successful instances of community-based and
-driven development (Agrawal and Gibson 1999; Mansuri and Rao 2004).
In order to properly deal with the role of governance - and management for that
matter –in creating sustainability we need to address the ways in which they are
politically embedded. Governance and management are instances of institutionalized unequal power relationships, constituted by class, gender, ethnicity and the
like. Organizations and individuals struggle in and over these instances, shaping
them as well as being shaped by them. Most accounts of community-based or
community-driven management, of governance-with-adjectives, and of development tend however to be void of analyses of the asymmetrical relationships by
which these are shaped.
This negligence suggests a dichotomy similar to Ferdinand Tönnies’ classical
distinction between Community (gemeinschaft), which is “based essentially on
concord, on the fundamental harmony of wills, and is developed and cultivated
by religion and custom” and Society (gesellschaft), which is based on “convention,
on convergence or pooling of rational desires; it is guaranteed and protected by
political legislation, while its policies and their ratification are derived from public
opinion” (Tönnies 2001[1887], 247). Community is seen as homogenous and free
from contradictions and severe conflicts (for a critique, see Agrawal and Gibson
1999; Walley 2004 and Angerbrandt et al. 2011).
In Chwaka Bay, the track record tells another story. The conflicts over fishing
grounds and fishing methods resulting even in a fatality demonstrate that communities are far from being homogeneous (de la Torre-Castro and Lindström 2010).
Heterogeneity within communities is found at the level of attitudes and opinions,
for instance vis-à-vis the government and other governance actors (de la TorreCastro and Lindström 2008), most often related to gear, and thus being material,
but not solely. Self-organization and self-regulation at the community level must
thus be understood as taking place within these conflictive relationships.
Given that community and society is constituted in these asymmetrical relationships, being at the same time cooperative and conflictive, a number of questions
emerge. Who simplifies models and practices that reduce the complexity of the
world, and how? Who and with what method, develops the capacity for dynamic,
interactive social learning and possibilities of co-ordination? Who builds which
method for co-ordinating actions across social forces with different identities,
interests, and meaning systems, across different spatio-temporal scales? Who
establishes a common world view for action and a system of “metagovernance”
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to stabilize key players’ orientations, expectations, and rules of conduct, and how?
Who, as Jessop (1997; 2002) asks, functions as a court of appeal for disputes arising
within and over governance?
Governance requires the organization of self-organization and the regulation of
self-regulation - metagovernance (Jessop 1997, 14; Jessop 2002; Kooiman 1993,
46-47) and thus there is a need for a metagovernor. The more hands-on this type
of metagovernance, the more it can be said to resemble government, or sovereign
governance. There is accordingly a need to search for the answers to the questions
posed above in “the shadow of hierarchy” (Scharpf 1994, 40).
One form of governance and metagovernance is found at the discursive level
where interests, images of friend-enemy relations, visions of the past and possible
futures for individuals and groups, and a common world view for action reducing complexity, are constructed through narratives and ideologies (Jessop 2002;
Sørensen 2006). “Community”, “social capital”, “networks”, “decentralization” and
“conservation” are dominant concepts within the contemporary discourse simplifying complexity and depoliticizing sustainability.
Another form is the shaping of the political, legal, financial, and organizational
structure within which self-organization and regulation takes place and organizing the dialogue for example, within and between different communities and
institutions at different levels, as well as defining who may or may not participate
(Jessop 2002, 65; Schönleitner 2004).
What are the governance and metagovernance structures articulated with
Zanzibar’s ICM plans and strategies? These are analyzed against the backdrop of
an understanding of “governance” and “management” as an arena of contestation
between different interests; and an arena far from being characterized by horizontal and equal relations of power. The analysis is in the form of a text analysis of the
Draft National ICM Strategies for Zanzibar (RGZ 2009). Even though just a draft,
the document nevertheless offers an authoritative narrative of both the underlying
ideas and organizational structure.

THE DRAFT NATIONAL ICM STRATEGIES OF ZANZIBAR
The objectives (p. 8 - 9) of the ICM as proposed in the Draft National Strategy are:
•

To preserve the coastal zones for the benefit of current and future generations

•

To ensure the sustainable use of natural resources

•

To ensure preservation of the integrity of coastal ecosystems, landscapes and
geomorphology
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•

To prevent and/or reduce the effects of natural hazards and in particular of
climate change

•

To achieve coherence between public and private initiatives, and between all
decisions by public authorities at the national, regional and local levels

To reduce the destruction of coastal habitats such as seagrass meadows and mangrove forests, and to ensure the sustainable use of marine resources, the strategies are
to “ensure and strengthen community involvement and participation in the management and conservation of habitats” and “promote marine habitat conservation
to increase and maintain fish biomass”. This is to be achieved by “strengthen[ing]
existing communities’ sector committees and establish new ones where not available”, by “encourag[ing] communities to establish sustainable savings and credit
groups”, by “provid[ing] extension services for sustainable livelihoods activities”,
and by “encourag[ing] or/ and support[ing] coastal communities and other investors to initiate environmental friendly alternative livelihoods activities”.
A number of conflicting interests, likely to make the achievement of these goals
a problematic task are also identified. Some are conflicts among users of different
fishing gears; between tourism and fishery, where tourists see coral reefs as diving
sites while fisherfolk see them as fishing grounds; and between seaweed farming
and tourism where seaweed farmers are denied access to intertidal areas in front
of hotels. The solution, according to the Draft, is to establish and empower organs
to manage all these and other conflicts.
What are the institutions through which this is to be done? How are different
views on conservation that exist within and between communities, and between
different levels to be reconciled? How are differences of interests to be balanced?
What are the means through which subordinated groups may voice and influence
sustainable management, not to speak of governance itself? Who have access and
who have not? Who are included and who are excluded? What is the nature of the
regulation of self-regulation and the organization of self-organization?
The Draft is conspicuously silent on these issues. There is an apparent contradiction between the emphasis of community involvement and the top-down fashion
through which issues and arenas are defined.

The Draft ICM Organizational Structure
The organizational structure suggested in the Draft is as shown in Figure 1 topdown and hierarchical.
At the highest level, the Zanzibar Steering Committee (ZSC-ICM) shall consist of
16 members from the central government, one member from the private sector and
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Level 1. Zanzibar Steering Committee
on Integrated Coastal Management
(ZSC-ICM)

Level 2. Zanzibar ICM Unit

Level 3. Zanzibar Technical Committee
on Integrated Coastal Management

Level 4. Intersectoral Working Groups

Level 5. Community Groups
(Shehia and Local Sector Committees for ICM)
Figure 1. ICM organizational structure suggested by the Zanzibar Revolutionary Government.

one representing NGOs. The Principal Secretary of the Ministry of Environment
serves as chairperson and appoints the committee members. “Endorse” figures
prominently in the description of its competence and activities. The committee “endorses” ICM strategies, guidelines and plans, district ICM Action Plans,
and areas of local government participation. It facilitates the resolution of both
horizontal intersectoral conflicts, and vertical conflicts between national and local
entities (RGZ 2009, 28).
The ICM Unit, whose membership is also decided by the Principal Secretary of the
Ministry of Environment, prepares budgets and work plans and coordinates the
implementation of strategies and plans (RGZ 2009, 28-29).
The Technical Committee is chaired by the Director of Environment. In addition
to representatives from ministries and government agencies it also includes one
member from the Institute of Marine Sciences (University of Dar es Salaam), and
one person representing the NGO sector. The Technical Committee prepares draft
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strategies and plans, identifying and recommending areas for local government
participation in ICM activities (RGZ 2009, 29).
There shall be four community groups/sector committees for fisheries/mariculture,
seaweed farming, agriculture/livestock and forestry/tourism in each Shehia (the
local Ward). All community members engaged in any of the four activity groups
shall be the members of the group. The membership in each group shall not exceed
fifteen and shall select a leadership for their group. The chairman and secretary of
each of the four groups form, together with the Sheha, the ICM Committee with
the Sheha (local village/ward leader) as chairperson (RGZ 2009, 29).
The regulation of the composition of and number of community groups/sector
committees seems contradictory however. On the one hand, all community members engaged in the activity are supposed to be members, while the membership
shall not exceed fifteen. With approx. 300 fishers in Chwaka village, this would
give rise to about 13-14 committees. Given that these committees are formed by
the DFMR (DoE 2009, 24) a qualified guess would be that they form only one
committee and appoint its membership as there are no stipulations as to whether
they are to be elected or simply appointed by the Government.
Even though NGOs, CBOs, and other representatives of civil society are included
in the governance structure, it is at the lower levels, and their participation is limited by expressions such as “may play an important role…if highly involved… in
management activities”. They “have an important role to play in the implementation of ICM strategies and plans” but there is “a need to review their program by
the Secretariat” (RGZ 2009, 27).
Much of the description of what falls within the competence of the institutions
at various levels, with the exception of the community/Shehia level, is expressed
in terms of imperatives and sanctioning. Very little room is given for initiatives
from below and for cross-level cooperation, and the room for bargaining seems
almost non-existent. It is also quite unclear what role the Shehia ICM committee
is supposed to play. Neither are there any hints at how the memberships in the
four sector committees are to be elected, and how its internal structures should be
organized.
Although it is stated that community initiatives to manage their surrounding
coastal and marine resources and/or environment are recognized in the Fisheries
Act of 1988, the Environmental Act of 1996 and the Forest Act of 1996, and that
communities as well as NGOs and CBOs may develop and exercise environmental
conservation, it nevertheless follows that it must be approved by the ZSC-ICM.
The recognition of power relationships, at community as well as other levels, and
the way these structure views on what is to be managed and how it is to be managed, is conspicuously absent from the Draft. The power balance at state level,
in the political, parliamentary sphere, is of course articulated also at the level of
government. The bureaucracy is not suspended in mid-air! The state itself institu274

tionalizes asymmetrical relationships, and the way these play out is expressed both
at the discursive level as well as in the direct shaping of the regulation of self-regulation and the organization of self-organization. The state as metagovernor does
not function, for example, as a court of appeal independent of, and autonomous
from, these power relations, but expresses them. It is, I would argue, quite obvious
from the Draft itself that there is only one narrative and one set of institutions that
articulate this. No institutional framework is shaped to handle alternative narratives. What about, to illustrate, the contradiction between the different interests of
present and future generations (Beckman 2008), or the one between social justice
and justice for nature (Dobson 1998), the latter which the narrative of “conservation” implies? The committees at community level, as it seems, are at best to be
involved in monitoring. This expresses the view of governance and management
being purely technical-managerial and de-politicized, that there is total consensus
both with respect to the malaise and the medicine.
Emphasis is also put on the need for alternative livelihoods in the face of the
destruction of habitats and a depletion of resources, but the state seems to have
withdrawn from providing these as the dominant mode suggested is self-help
organizations such as institutions of micro-credit and –savings.
Although the actual implementation of the Draft (as its currently stands) and its
results remain to be seen, it is not a bold guess that the communities and civil
society will be excluded from the process of defining problems and solutions, save
for being “consulted”, much like the case with “participation” as in the definition of
national poverty reduction plans and strategies (ActionAid 2004).
The management of natural resources seems embedded in a technical-managerial
mode of governance but also runs the risk of being captured by the powerful at
community level, leaving little room for the less powerful to influence for instance
conservation (see also chap. 15). How are the sector committees to be held accountable? Who forms the sector committees’ and their constituencies? Who are
included and who are excluded?

THE ROAD AHEAD
In order to achieve sustainable use of the marine natural resources in Chwaka Bay,
the contradiction between the apparent top-down fashion in which community
involvement is regulated and the very idea of self-organized sector committees at
community level which taints the Draft ICM National Strategy must be resolved.
Metagovernance must be concerned also with the regulation and resolution of
conflicts at community level, and not just between conflicting interests of different
scales. The gap between the omnipotent Steering Committee at the top of the hierarchy and the powerless sector committees must also be abridged, or otherwise
the role of the latter will stop at monitoring, or even worse just lend some artificial
democratic legitimacy to both governance and metagovernance.
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– Chapter 15 –

Management Challenges in Chwaka Bay, Zanzibar,
Tanzania: Historical Development and Future Prospects
Maricela de la Torre-Castro

INTRODUCTION
Marine resource management has deep historical roots in Chwaka Bay. The Bay
has been a major production centre of coastal resources such as fish, shellfish,
mangrove poles, coastal bush wood, etc. since the early days of human settlement
in Zanzibar (Sheriff 1987; Gilbert 2004; Interviews with fishermen).
It is very difficult to find detailed historical records of the human activity and their
relations to the marine environment in general; however, for Chwaka Bay an excellent review is given by Pakenham (1947). From that date, based on archive material from the Department of Fisheries and Marine Resources (DFMR), Zanzibar
archives, and other governmental agencies combined with interviews with fishermen representing different generations, seaweed farmers (mainly women) and
senior manager officials from the different governmental organizations; it is possible to reconstruct the management processes that Chwaka has experienced over
the last sixty years. The development is interesting and multifaceted. Management
of marine resources in Chwaka Bay (as in many areas of the developing tropics)
is at present a combination of “unconscious” (de la Torre-Castro and Lindström
2010) or “traditional” (Berkes and Folke 1998) management, performed and expressed through the people’s daily activities and their institutions and “external” or
“top-down” management initiatives driven by formal governmental organizations
and external donors.
Placing efforts towards sustainable marine resource use at the top of the agenda is
of crucial importance since most of the local population rely on marine resources
for their survival, either through protein consumption or cash income generation
(de la Torre-Castro 2006a). At the same time, new situations emerge due to the e.g.
integration of the coastal communities into global economic and cultural dynamics. In Chwaka Bay, these are clearly expressed in the global nature of the seaweed
industry, the development of tourism, the demand of fish to satisfy both tourism in
the WIO region and as export commodity and the exploitation of sea cucumbers
species highly demanded by Asian markets.
MTC: Department of Physical Geography and Quaternary Geology & Department of Systems Ecology, Stockholm
University, SE-106 91, Stockholm, Sweden, e-mail: maricela@natgeo.su.se; maricela@ecology.su.se
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In this chapter, a review of the management in Chwaka Bay will be presented. It
addresses and identifies the management challenges that local people and managers alike are facing when seeking for sustainability. The chapter is written from the
“humans in nature perspective” (Berkes and Folke 1998; Folke 2006), meaning that
the social system is as important as the natural one, a perspective in which humans
and nature form an inseparable unit. Particularly the chapter will deal with the
history of the management in the Bay and the factors that have been identified as
obstacles for enhancement (Myers 2002; de la Torre-Castro and Rönnbäck 2004;
Eklöf et al. 2005; de la Torre-Castro 2006a and b; de la Torre-Castro and Lindström
2010). These obstacles include the existence of management plans “on paper”; the
present major focus on conservation by imposing natural reserves and Marine
Protected Areas (MPAs) while giving less importance to sustainable resource use
and livelihoods; the lack of “real” participation of the resource users in decisionmaking, ignoring cross-scale interactions; the absence of an ecosystem approach
considering seascape interlinkages, the lack of bridging organizations, coordination
between governmental organizations and failure to allocate resources adequately;
the weak formal institutions but strong informal ones, high heterogeneity levels
among resource users; and donor role.
The structure of the chapter is as follows: a short historical background of the management process in the Bay will be given, followed by the situation at present in
which a plethora of actors, management plans and institutions frame the future of
the Bay while unsustainable practices are dominant and appear to be jeopardizing
sustainability. Finally a discussion of the obstacles and possible pathways towards
enhanced marine resource management will be given.

FROM THE 1950s TO DATE: A SHORT HISTORY OF MARINE
RESOURCE MANAGEMENT IN CHWAKA BAY
Historically, Chwaka Bay was managed through a system of well defined property rights and a council of elders, considered wise and highly respected by the
community. The norms and regulations were developed by the elders committee
and the four-person local self-government committee known as “Watu Wanne”
(Pakenham 1947; Tobisson et al. 1998; Mohammed 2004; Interviews with old
fishermen). Property rights over marine areas were clearly demarcated and consisted of the areas adjacent to the different villages. So, Chwaka village had use
rights over the mangrove forest, as did the villages of Charawe and Ukongoroni.
Marumbi had the rights over the extensive seagrass beds in front of their coastline
and Uroa and Michamvi were mainly in charge of the coral patches at the mouth of
the Bay (Interviews with old fishermen). Within each village the rules for resource
use were created, passed through the council and respected by the majority of the
population. Also, closure and sanction systems have been reported (Pakenham
1947; see chap.11). Sanctions were based on social punishment in the form of
mocking or exclusion to perform fishing or collecting activities (Interviews with
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Clockwise from top left: Chwaka village with Mapopwe Creek to the south ; Diverse seagrass
patches are common important habitats for numerous species; A school of juvenile Siganus sutor
(local name Tasi); Mangrove stands in Mapopwe Creek. Photos: Martijn Dorenbosch.

old fishermen and women seaweed farmers). Some of these customs are alive today, overlapping with modern practices. It is unclear, however, to what extent they
are still useful for the regulation of natural resource use. During this time, most
of the marine activity was traditional (i.e. simple gears made with local materials)
and most probably with low environmental impacts. Populations were probably
a tenth of those today and methods used less intensively. Severe conflicts were
uncommon, likely due to the well defined property rights and high compliance
levels to local institutions. Women were mainly invertebrate collectors and mangrove fishers whereas men were mainly small-scale fishers using the traditional
hand-made dema, basket traps (de la Torre-Castro and Jiddawi 2005; Interviews
with old fishermen). A few stationary nets have been reported during this time,
used mainly in the channels (Interviews with senior officials DFMR; Interviews
with old fishermen). The mangrove poles were of vital importance for the Chwaka
village and a crucial commodity for Dhow commercial routes (Gilbert 2004). Local
traditional institutions controlled mangrove pole commerce, tannin production
as well as shrimp and crab fishing (Mohammed and Jiddawi 1999; Makame et al.
2002; Mohammed 2004; Masoud and Wild 1995; de la Torre-Castro and Jiddawi
2005).
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Mangrove poles have been a highly valued commodity ever since the golden era of
commerce in Zanzibar (Prins 1967; Sheriff 1987; Gilbert 2004). From the mid-18th
century, harvest was intensified due to trade and later by the road linking Chwaka
to Zanzibar Town (Pakenham 1947; Sheriff 2005). Mangrove protection regulations were introduced as early as 1945 with the Wood Cutting Decree (Pakenham
1947), and were reinforced after the Revolution in 1964 by official management
plans with clear and restrictive use regulations (Mohammed 2004). Forest conservation efforts have been reported at least since 1995 (Masoud and Wild 1995).
These facts illustrate how traditional systems have been eroding for a long time.
It is difficult to isolate the factors leading to radical changes in local management
systems; however, some of the issues found in the literature are the high increase
in human population with a growth population rate in the area of ca 3.5 percent
annually (Madeweya et al. 2002), resulting in a decline in resource abundance,
damage to the mangrove forest, and increase in fishing pressure (Nasser 1994;
Masoud and Wild 1995; Madeweya et al. 2002; Mohammed 2004; Interviews with
senior officials DFMR; Interviews with fishermen and women seaweed farmers).
As a consequence, the government authorities looked for new activities and ways
to tackle these problems. The restrictions in mangrove forest use had long-term
management consequences especially for the Chwaka village people. When losing
the property rights over the mangroves, most of Chwaka villagers were forced into
alternative economic activities and a majority became engaged in net fishing (de
la Torre-Castro and Jiddawi 2005; de la Torre-Castro and Lindström 2010). The
geographical position of Chwaka village is a major factor determining access to
marine resources. Chwaka village is engulfed in the mangrove vicinity and deeply
affected by the large tidal ranges that dominate the Bay’s circulation (see study site
picture in chap. 1). The tidal movement and inshore topography render large areas
of the fishing grounds in front of the village dry during low tides and thus fishers
from Chwaka village are unable to use them and therefore forced to fish elsewhere
where the water is deeper. This conduct has however, resulted in trespassing into
other villages’ fishing grounds, creating conflict.
A slow erosion of historical institutions for management seems to have taken place
(Pakenham 1947; Mohammed 2004; de la Torre-Castro and Lindström 2010).
Information during the revolution period (the decade of the 1960s) is scarce,
but most likely affected the situation in the Bay. During the 1970s and 1980s the
new administration attempted to increase the standard of living of the fishermen,
reflected by the trend towards cooperative organization. The increase in external
aid, together with pressures for economic reform, resulted in a number of changes
within the fisheries sector. In the mid 1980s, the influence of the World Bank and
the International Monetary Fund paved the way for further changes, opening the
economy to external investors and speeding up structural reforms (Myers 2002;
Saunders 2011). Incentives for building cooperatives (locally known as “companies”) were given. Governmental provision of gears (mainly stationary nets
for fishing in the channels), outboard engines and credit facilities to fishermen
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were made while damaging beach seine nets were banned (e.g. DFMR A3 1994).
Chwaka village was one of the places that benefited from the credit and loans programs (UNEP/FAO/PAP/CDA 2000; Haji 2005; Interviews with old fishermen).
The introduction of stationary nets, although a well-intentioned policy, started
a process of “netization” in the Bay with unexpected consequences. A discrete
well-defined system, based on tradition and culture, shifted into a continuous and
overlapping system of activities and new de facto institutions (de la Torre-Castro
and Lindström 2010). Unlike previous practices in which the villages constrained
their activities to the adjacent fishing grounds, net fishermen (using drag techniques instead of stationary) began to move over the whole Bay passing over the
traditional grounds of the other, neighbouring villages. While the exploitation of
the mangrove forest decreased, the pressure on corals and seagrass beds increased.
While coral resources were heavily used and habitat damage was a fact due to
destructive gears and poison use (Pakenham 1947; ICAM 1996; UNEP/FAO/PAP/
CDA 2000; Francis and Bryceson 2001; Mkenda 2001; Jiddawi and Öhman 2002;
DFMR A4 1995) the fishing pressure shifted to the extensive seagrasses of the Bay
proper (see also COLE 1995; ICAM 1996; de la Torre-Castro and Lindström 2010).
The drag-net practice has been adopted mainly by the fishers of Chwaka village. According to Myers (2002), Chwaka villagers have searched for modernity
throughout their historical development (see also Pakenham 1947). By the end of
the 18th and early 19th century, Chwaka was one of the most developed villages
in Zanzibar, with a vibrant cultural and commercial life. During the colonial era,
Chwaka was the organizational centre for the whole eastern part of Unguja Island,
with many administrative organs situated there. Schools, hospitals and even the
main prison were located in the village. Chwaka was also a leisure and relaxation
centre for the Indian and British middle and upper classes. The construction of the
road linking Chwaka to Zanzibar town in the early 1920s contributed significantly
to increase the importance and development of the village. Historically, Chwaka
has been the most well connected village in Zanzibar (Pakenham 1947; Sheriff
2005).
According to elderly fishermen, the early use of stationary nets in the channels and
the existence of the traditional shrimp fishery in the mangrove creeks are the two
main reasons for the initial acceptance of the nets in Chwaka. The gears provided
initially were of course legal, but net characteristics and techniques have changed
during the past decades and resulted in the development of the drag-net use and
technique (Swahili: nyavu za kukokota). New, de facto institutions have been established by drag-net fishers. The legislation prohibiting drag-nets (the original
Fisheries Act of 1988 and the two subsequent legislation: RGZ 1988, 1993; DFMR
2005 ; recently a new fisheries act was passed in 2010) conflicts with the perception
that drag-net fishing is “good” and should be the everyday fishing practice. Young
fishers clearly express their view that drag-net fishing is “good” and “ought to be”
(de la Torre-Castro and Lindström 2010). Drag-net fishing provides a sense of
group belonging and joy, social cohesion and economic insurance. It is considered
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less time consuming and many young and strong members of the population can
easily join the activity. Another reason for the acceptance is that the drag technique
sweeps the bottom and can be quickly relocated, it is thus perceived as being more
effective to land large catches. Uncertainty in fishing is handled through increase
in manpower and by rapid navigation to different fishing grounds and not by
increasing ecological knowledge, as in the case of basket trap (dema) fishermen
(de la Torre-Castro and Lindström 2010).
Women in Chwaka Bay have experienced the most dramatic changes during
the last decades, being severely affected by the introduction of and opening to
international markets for seaweed production. Seaweed introduction has been
promoted by the DFMR and international actors and encouraged under structural
economic reform initiatives. The interviews indicate that women have experienced
a shift from the performance of a variety of activities such as invertebrate collection, cooking, baking and fishing in the mangroves to the domination of a single
activity, i.e. seaweed cultivation. At present, most of the women in the villages are
engaged in seaweed farming, paradoxically many of them are also quitting since
the revenues are very low while the workload is high with reported serious damages to their health (de la Torre-Castro 2006a; Fröcklin et al. 2012; see chap. 12).
Positive issues related to increase of women independence have also been reported
(Forss 2005; Jiddawi 2005).

CHWAKA BAY MANAGEMENT AT PRESENT
Chwaka Bay has witnessed significant periods of change; as have most other parts
of Tanzania, especially in the last five decades. In integrated systems of humans
and nature change is the rule rather than the exception. However, many problems
seem to have persisted over the years. Pakenham (1947), for example, already in
the late 1940s observed a decrease in resource abundance. His observations are
remarkable and many of them can still be applied to the present situation. These
similarities maybe due to the “shifting baselines” phenomenon, but they may also
reflect the extreme difficulties to achieve sustainable marine resource management
in the Bay.
At present, Chwaka Bay is confronted with hard problems such as high fishing
pressure, conflicts over gears and fishing grounds, unclear property rights (in
water and in the coastal strip), the problems of the seaweed cultivation cascading
into social issues, the expansion of the tourism industry and the lack of livelihood
alternatives. Managers face a difficult task trying to achieve sustainability goals in
this context of high resource dependence, economic poverty and the co-existence
of traditional and contemporary resource management systems. In addition,
managers have not succeeded in creating a common vision for the area, a real
participatory process providing open and transparent arenas for discussion (de la
Torre-Castro 2012).
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The intervention of external donors has assisted the development of a series of
initiatives, mostly benefitting conservation measures, such as the creation of MPAs
networks (Ruitenbeek, Hewawasam and Ngoile 2005, 3-5, 40-42; Chircop et al.
2010) and Parks (Saunders 2011). These interventions advocate for a participatory
approach, but it is unclear who will lead the participation process, how this will be
done and who ought to participate (see chap.14). The influence of donors channelling economic resources into management has, during many years, benefitted
the mangrove ecosystem while the rest of the seascape in the Bay has been left
unattended. The responsibilities of the different government organizations is unclear thus creating coordination and integration problems leading to governance
failures and the emergence of “informal” governance regimes which do not lead to
sustainability (de la Torre-Castro 2012).

“Top-down” and “bottom-up”: Actors Dealing with Marine Resources in
Chwaka Bay
From a “top-down” management perspective, the following governmental actors
are the most important shaping management in the Bay: The Department of
Fisheries and Marine Resources (DFMR) (recently re-organized in two different units, the Department of Fisheries Development DFD and The Department
of Marine Resources DMR), The Department of Commercial Crops, Fruits and
Forestry (DCCFF), The Department of Environment (DE) and The Tourism
Commission (TC). The Institute of Marine Sciences (IMS), University of Dar es
Salaam is the most important academic organization performing research in the
area. However, international researchers often cooperate with IMS, thus having
great influence in decision making and high relevance for the research agendas.
From a “bottom-up” perspective, the main actors are the fishers using different
gears, i.e. mainly nets of illegal mesh size used for dragging (nyavu za kukokota),
basket traps (dema), spear (mkuki, kijiti), and handline (mshipi) and women seaweed farmers. Other gears present are “uzios” traditional fence traps, but at present
rarely used as compared to other gears (see chap.1 and 11). These groups of fishers
are highly self-organized and have their own behaviour and sets of institutions
based on their interests, perceptions and every day practices (de la Torre-Castro
and Lindström 2010). Ignoring these social and cultural institutional elements has
lead to management failure in the Bay; expressed as low compliance to the different fisheries regulations, uncontrolled marine resource use and to some extent
ecosystem degradation (de la Torre-Castro and Rönnbäck 2004; de la Torre-Castro
and Lindström 2010).
Management in the oceanic part of the Bay has been dominated by a struggle
between the authorities trying to stop illegal drag-net fishers through the creation
of the Chwaka by-law and the drag-net fishers fighting for their rights to continue
fishing. This struggle has been described in de la Torre-Castro and Lindström
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(2010); and this chapter will not recall all the complex issues involved. Suffice
to say that it has created the most severe conflict between fishermen of different
gears (drag-nets vs. basket traps) and between villages (mainly between Chwaka
vs. Marumbi, and also others like Uroa) and has seriously affected the possibilities
for trust-building and cooperation at Bay level. From an ecological point of view,
fishing pressure is very high in the seagrasses where these conflicts take place. This
is serious since the seagrass beds provide numerous goods and ecological services
and are key nursery grounds in the Bay (see chap. 5 and 10).
In addition, the Chwaka Bay area has been used as a model or template for
Integrated Coastal Management in Zanzibar. However, in reality, these “top-down”
projects have been projects “on paper” and not implemented as delineated. The
Chwaka Bay-Paje area was a pilot site of a joint UNEP/FAO project on Integrated
Coastal Zone Management - a major concern being the lack of a formal management framework. However, the initiative was based on rapid appraisal methodology (see UNEP/FAO/PAP/CDA 2000; Bunce et al. 2002) and was unable to detect
the root causes of the problems and conflicts. It also failed to address sustainability
at multiple scales. It has been suggested that these rapid appraisals are not effective
tools for long term planning neither for knowledge acquisition (de la Torre-Castro
2006a). The final result was a document with management recommendations,
but it was not anchored in deep knowledge and democratic processes that give
voice to the communities around the Bay. Another problem has been the lack of
financial capacity to work practically on the different recommendations. Some
of the general recommendations were the following, i.e. strengthen community
participation, incorporation of by-laws for traditional management, awareness
rise and improvement of marine resource knowledge, support of alternative activities (provision of larger vessels for off-shore fishery, increase seaweed production,
promotion of agriculture, and village development loans), enforcement of existing
laws, and strengthened relationships between the villages in the area.
The Chwaka Bay-Paje project, albeit mainly a “paper” project, exerted deep influence on the tailoring of management plans in Zanzibar. Based on this example, the
management strategy for the whole of Unguja and Pemba islands was developed
(UNEP/FAO/PAP/CDA 2000). The UNEP/FAO/PAP/CDA (2000) report is in fact
one of the most important management documents for the whole of Zanzibar, rich
in information and details. The document also addresses responsible authorities
for each management issue and includes time-tables to reach the targets. However,
implementation of the suggestions and follow ups have been lacking. Some of the
reasons for that are the lack of continuation of financial support and the coordination failures between government agencies.
A major management issue is that Chwaka Bay has the largest stand of mangrove
forest in Zanzibar, occupying all the southern part of the Bay. Mohammed (2004)
describes the changes from traditional mangrove and pole commercial use to the
present where use restrictions have been imposed to the villagers. The successful
lobbying to protect mangrove forest world-wide penetrated Zanzibar, and most of
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the management efforts and economic resources were directed to protect the valuable coastal forest including the large mangrove stand part of the Jozani Forest.
In this process, international donors from developed countries played important
roles, since they clearly directed economic funds for the promotion of forestry
management and conservation. Local initiatives also were aware of conservation
measures and stipulated their value for local communities (e.g. Masoud and Wild
1995). The long term lobbying towards protection has been very successful and the
forest achieved the status of National Park of Tanzania in 2004 (RGZ 2004).
While this achievement is without doubt a major conservation triumph, it has
also constituted a major factor promoting management failures in Chwaka Bay,
since the institutional design does not fit with the ecological characteristics of
the Bay. The efforts have been directed into a single ecosystem and the rest of the
Bay, rich in other ecosystems and resources (e.g. coral reefs, seagrass beds and
mudflats), has been left without meaningful attention. Management is fragmented
and focused on land rather than in the oceanic part which supports the fisheries
which provide fundamental livelihoods and food security to the population. The
ecological and social characteristics of the Bay calls for an ecosystem based approach, considering the wider seascape. The uniqueness of the Chwaka Bay with
a large diversity of biotopes, some endemic species and probably high genetic
diversity, has been pointed out clearly in the socio-economic study by Mohammed
and Jiddawi (1999). The authors remarked that preference should be given to the
resource users in decision-making and benefit distribution; however, history has
benefitted ad hoc ecosystem conservation in a setting in which external donors
have strong influence and the local monitoring capacities are low, thus leading to
a very limited success, for example the persistent problems of mangrove degradation as noted by various authors (e.g. Madeweya et al. 2002). The Jozani-Chwaka
Bay national park has so far no clear benefits to individuals or communities and
different conflicts have arisen; for example, between conservation of the endemic
Red colobus monkey (Procolobus kirkii) and local inhabitants, with the monkeys
cherished as a tourist attraction while damaging crops and stealing fruit from
family cultivation plots, shambas (Saunders 2011).

Lack of Common Vision, Different Management Plans, External Actors
Role and the Goal of Conservation
Probably one of the crucial reasons for management failure in the Bay is the lack
of a common vision leading to the establishment of clear management goals – a
step crucial for management success. The fundamental questions about what do
Chwaka people want, what role the different actors ought to play and what institutions and governance structures can make this possible have not been answered
thoroughly (see chap. 14). To date, there is no comprehensive management plan
designed with ecosystem and co-management elements stressing participation.
Rather, the focus on single ecosystems is still prevailing as explained in what follows (de la Torre-Castro 2012).
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The World Bank with the project entitled “The Marine and Coastal Environmental
Management Project” (MACEMP) has become a major actor during the last
years reinforcing “top-down” management. The project started its implementation in 2005 and had the overall objective of enhance management and sustainability of marine resources in the United Republic of Tanzania. The investment
was huge, totalling about 65 million USD (MACEMP http://web.worldbank.org;
see Ruitenbeek, Hewawasam and Ngoile 2005, for the planning and vision). The
project had its final first period (2005-2012, closing date February 2013), during
which the approach for Chwaka Bay was to create a Marine Protected Area encompassing Mnemba Island. Other initiatives in the Bay have been to direct fishers’
and women seaweed farmers’ organization into local committees (however, these
groups are facing the problems of local elite domination), gear exchange programs
as well as boats and engine provision (that have not been enough in numbers and
have not reached all fishers, and in some cases exacerbated internal conflicts and
increased inequality) and efforts to move people away from marine resource use
to alternative activities through the Coastal Community Action Fund. The latter
provides financial support to start small-scale projects such as chicken farms,
beekeeping, etc.; however the system to apply and access the funds is complicated
and does not favour the poor and illiterate. Although several achievements are
acknowledged, the final evaluation of the project’s impact on livelihoods is still to
be expected, but preliminary research results indicate that the goals to enhance
management and increase income for the local coastal communities are faraway
from being fulfilled (de la Torre-Castro, unpublished data).
One of the MACEMP’s core idea was to establish a series of Marine Protected Areas
network covering a large extension of the Tanzanian coasts including Zanzibar
(Ruitenbeek, Hewawasam and Ngoile 2005, 5). In Chwaka Bay, the most important measure has been the creation of a large MPA with the acronym MIMCA
(Mnemba Island Marine Conservation Area). This MPA comprises most of the
Unguja Island East Coast from Michamvi Peninsula lower part to the northern tip
of the Island and the upper part of the Unguja Island west coast down to Kiwinjeni
(DFMR 2010, 7). The whole of Chwaka Bay, with its surrounding villages and the
Mnemba Island atoll are included within the new MPA demarcation (see Figure
1 in chap. 1). Mnemba is one of the most attractive diving and snorkelling sites in
Zanzibar operating under a private regime as stated in the management draft plan,
“the island is very popular tourist destination through Mnemba Island Lodge that
is currently managed by South African Company, the Conservation Corporation
Africa (CCA) who operates tourist hotel/lodges throughout southern and eastern
Africa” (DFMR 2010, 18). As the name of the plan suggests, the focus of attention
is on Mnemba Island and its coral reefs; clearly expressed in the zonation scheme.
The zones are designed from total conservation (i.e. exclusion zones) to general
use areas. Several coral reefs close to Mnemba are completely protected, while
Chwaka Bay has no special status and falls in the “general use” category. At this
very moment, the plan is in its implementation phase and it is expected to be ready
by 2015 (DFMR 2010). One of the most serious issues is that the mission statement
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of the MIMCA conservation area is vague about resource use issues, such as smallscale fisheries and instead stresses issues like conservation, recreation and scenic
enjoyment. Sustainability and benefit sharing are mentioned in the draft plan, but
it is unclear how to achieve them (DFMR 2010, 37-38)
Two crucial risks are already identified in the present chapter. There is a high risk
that the history of projects “on paper” will be repeated. Without real participation of the local communities, monitoring and control, and real benefits from
marine protection, the likelihood of success is very low. In addition, one of the
most long-lived conflicts in Zanzibar is between local fishers of Matemwe village
and the private regime managing tourism of Mnemba Island that is not positive
to local fishing in the surrounding areas. The second risk is that once again, the
lack of a seascape perspective will create allocation problems; in this case most of
the economic resources, human capacity and research will be allocated to coral
protection surrounding the Mnemba Island for recreational purposes and not to
the oceanic part in Chwaka Bay, neither to the surrounding villages which are all
highly dependent on fisheries.
Due to pressures from the World Bank to show results, the government authorities
in Zanzibar have updated the policy regarding Integrated Coastal Management,
producing a new document with guidelines (RGZ 2009) (see chap. 14). This
document is, however, very similar to the previous document coordinated by the
Department of Environment and the UNEP (UNEP/FAO/PAP 2000), and only
modest changes can be identified. As Lindström explains in Chapter 14, this document is created in a “top-down” fashion and it is unclear regarding participation
and the role of local institutions. For example the Shehia’s role in coastal management is unclear (see chap.14).
Table 1. Overview of the main documents dealing with marine management in Chwaka Bay,
Zanzibar, Tanzania.
Document

Main management issues raised in the document with relevance
for Chwaka Bay

Fisheries Law/Act (1988)

This is the original fisheries law for Zanzibar. It has been revised
a couple of times (RGZ 1993, DFMR 2005). The last revision was
passed in 2010 (see below).

Revolutionary Government of Zanzibar
together with DFMR

The law applies to the whole of Zanzibar and not only Chwaka.
Several issues are very relevant for Chwaka, for example the
prohibition of damaging gears such as drag-nets is very clear in
the document. The law also gives space to the director of DFMR to
establish specific management measures. For Chwaka for example,
the law gives an opening to protect especially valuable spawning
grounds. The law also stipulates that fishing in nursery grounds is
forbidden (for example the vast seagrass meadows in Chwaka Bay).
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ICAM (1996)

Vision to foster parallel sustainable resource use and conservation

Financed by the UNEP
Regional Seas Program,
FAO, Eastern African
Trust Fund, USAID, GEF,
Economic and development services from East
and Southern Africa,
Dept. of Environment
(Zanzibar).

Chwaka Bay case is used as a model/template nationwide

The Chwaka Bay-Paje
ICAM plan

Issues to tackle: Declining fish populations, formalization of
seaweed farms ownership, sustainable harvest of mangrove forest,
maintaining tourism within environmental carrying capacity, local
benefits of the tourism industry, harmony between traditional and
non traditional activities, incorporate local goals into decision
making, awareness, and dialogue to solve conflicts.

Problems identified: Rapid expansion of tourism, need for participatory approaches, lack of baseline data, a general perception
of increase pressure on resource use. Artisanal fisheries, seaweed
farming and mangrove use as main livelihoods. Major conflicts in
the area. Identification of critical ecosystems and habitats such as
mangroves, coral reefs, seagrass meadows, beaches, coastal thickets, water resources, palm fringes.

Enforce by the Coastal Resource Management Committee with
representatives of the local and national governments, villagers,
private interest. Sub-committees on critical habitats, fisheries,
seaweed farming, mangrove management, tourism.
Major points in the management suggestion:
Sustain and enhance the quality of village life (infrastructure, livelihoods and opportunities, education and culture)
Conservation of critical habitats (zoning system for use and conservation areas)
Fisheries management
Seaweed farming zoning and management and property rights
Mangrove forest management
Sustainable tourism
Land use and zoning issues

Mohammed and
Jiddawi (1999)
CARE NGO

This document is not a management plan, but the first systematic socio-economic study conducted in the Chwaka Bay area. It
stresses the ecological and economic values as basis for management. Points out the diversity of biotopes, endemic species, etc.
Points out the changes from traditional activities to new activities
and the arising conflicts.
Consider conservation plans as appropriate first steps for management.
Promotes sustainability and priority to local resource users
Protection of species and genetic diversity
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Promotes alternative alternatives, such as “real” ecotourism
Priority and involvement and participation of the local communities together with other stakeholders
Promotes monitoring, evaluation and research
Proposal for zoning plans to achieve the balance between use and
conservation.
UNEP/FAO/PAP (2000)
UNEP, Regional Seas
Program
FAO
PAP
Sida (facilitated the final
discussion workshop to
produced the document)

TCMP (2000)
Review of the knowledge
in marine issues by researchers from the region
The Fisheries Policy
(2000)
DFMR

Major issues delineated in the ICM for the whole Zanzibar were
based on Chwaka Bay as an example. Different sectoral strategies
were created based on the Chwaka experience and knowledge
gained, and included the following:
Development aspects and poverty alleviation according to the
Zanzibar vision 2020.
Conservation of critical habitats (mangroves, seagrasses, corals,
sandy beaches, etc.) based on the Fisheries law (1988) and Environmental law (1996).
Management and conservation of mangroves and other coastal
forest
Fisheries management (including inshore and offshore, conflicts
issues, seaweed farming, illegal gears, education and awareness,
identification of maximum sustainable yields, improve fisheries
statistics)
Tourism sector (sustainable tourism approach, water management, consideration of critical habitats, rehabilitation of degraded
habitats, erosion control, user pays principle)
Land use and zoning (regulation of land allocation, waste management systems, rehabilitation of degraded areas and erosion control,
addressing conflicts, monitoring and use of marine resources).
This document is a review of the knowledge about coastal ecosystems. It identifies the problems with hotel construction too close to
the beach areas. Coastal erosion, the beach has seen a reduction of
about 50 m since 1947.

The objectives of fisheries management are to:
Increase fish catches in artisanal fisheries in a sustainable manner
Stop the use of destructive fishing gear
Promote the conservation of the marine environment through
enforcement of the legislation, community participation and environmental education.
The policy promotes collaborative management and the development of local by-laws to guide local fishing, as well as co-management of coastal zone areas to ensure sound management practices,
and it encourages coordination through integrated and holistic
approaches.
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Chwaka Bay-by law
(2001)

Forbid all kind of nets in the Chwaka Bay area in water and in
land.

DFMR
Makame et al. (2002)
DCCFF

RGZ (2004)
Jozani Chwaka Bay National Park order
CARE key actor
DCCFF
MANREC

The Jozani Chwaka Bay Mangrove Management Plan. Approach
conservation with community participation. Zonation system (Z1,
total protection; Z2 cutting cycles of 10 yrs, Z3 forest production
areas cycles of 10 yrs). Community activities, income generation
through ecotourism, highlight the nursery importance for shrimp,
fish and shellfish, management units into two main creeks and subunits (Mapopwe, with Charawe and Mapopwe villages and Kinani
with Michamvi and Ukongoroni).
Nested monitoring and organization of the management plan: DCCFF, conservation unit, forest management unit, villages committees and forest guards. Government of Austria and CARE project
initiated the conservation efforts.
This is the legal document with the declaration of the Jozani park
as national park reserve. The document stipulates the ownership
of the land in the park, the management of the park, the activities
allowed and the demarcation of the park.
The main points for park management are: Wardens role in conservation and protection, community service and involvement,
tourism management, education and the importance of the park
for science and ecology.
Permits to harvest wild dates palms, honey, medicinal plants and
for wood cutting can be held.
Traditional activities, such as burials or those associated with
taboos can be conducted with permission
Research can be conducted with permission
The demarcation area extends to Chwaka village and the Mapopwe
creek in the mangrove forest. The land ownership issue for the
Chwaka people and those in Mapopwe and Charawe villages is
thus unclear.
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DFMR (2010)
MIMCA Area Management Plan (draft)
World Bank through
MACEMP program,
Implementation period
(2010-2015).
The MIMCA plan is part
of the implementation of
the vision Blueprint 2050,
in which the marine
management is focus on
a network of Marine Protected Areas (MPAs) for
Tanzania and Zanzibar.

This management plan is the one being established and promoted
at present. The main approach is to establish an MPA comprising Mnemba Island and Chwaka Bay. The MPA extension is large
covering from Michamvi up north a large part of Zanzibar’s East
coast and the northern tip of Zanzibar island, including the North
West coast.
The document has a clear focus on conservation of the Mnemba
Island coral reefs. Chwaka Bay only falls into the zonation category
“general zone”.
Zonation approach, with the following categories 1) core areas
with total protection, includes Kichwani Spot and Mnemba coral
garden, House reef and Tangini 2) Specified used, includes Shein
and Kichafi reefs 3) General use zones the rest of the MIMCA area
4) Buffer zones, are considered in the plan but the actual places are
unclear in the plan.
The mission: “The mission of MIMCA is to provide regionally significant opportunities for public enrichment through recreational
activity, education and scenic enjoyment while conserving the
areas marine resources and other natural and cultural resources.”
The goals: “To protect, conserve and restore the species and
biological diversities of living marine resources and the ecosystem process of the marine area. To manage the marine area so
at to promote sustainability of the existing resources. To ensure
that communities and other local resident users in the vicinity of
MIMCA are involved in all phases of planning, development and
management and share in the benefit of the operation of the conserved area and have priority on the resource use, and economic
opportunity. To promote community education and dissemination
of information concerning conservation and sustainable use. To
facilitate research and monitor resource condition and uses within
MIMCA”
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Fisheries Act (2010)
Revolutionary
Government of Zanzibar
together with DFMR

This is the revised document form the precedents 1988, 1993 and
2005. It was passed in the House of Representatives Zanzibar on
March 31st 2010, thus the fisheries law/act 1988 was repealed.
The document is similar to the original but it is clearer in language
and scope. The authority of the Director of DFMR to create management plans, measures and administration is very broad. One of
the main functions of the DFMR is stipulated as to encourage the
sustainable use of marine resources. The document gives clear and
broader restrictions in the illegal gears. Beach seines for dragging
or other uses, weirs, spear guns, electrical or diving devices for
fishing are not allowed. Hence the “uzios” from Chwaka Bay are
classed as illegal gears as well as the drag-nets. It is also restrictive
of the mesh sizes that should be clear for a particular site.
The new document stresses conservation explicitly. In the Part V
about conservation measures, it is written that “There shall be a
Marine Conservation Unit under the Department responsible for
fisheries”.
An equivalent unit for sustainable management of small-scale
fisheries is not stipulated.
Protection to juveniles is well developed. The act states that it is
forbidden “to catch, retain, land, sell, buy, receive or have in his
possession any fish of less than a minimum size prescribed for that
species of fish”.

Zanzibar is certainly experiencing a re-organization phase at the moment and
the results will show in due time. In the next section, some management failures
already identified for the area will be exposed. Hopefully the local people, authorities and donors will revise these issues and try to address them in the future.
Table 1 highlights the relevant documents that have delineated management in
Chwaka Bay. Although community involvement is normally acknowledged, there
are unclear results of sustainable resource use but there are clear results in conservation measures (the Jozani Chwaka Bay National Park and the MIMCA MPA).
The table also provides information about the main donors for each management
plan.
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PLANS, RESULTS AND FACTORS HINDERING BETTER
MANAGEMENT ACHIEVEMENTS
Table 1 also shows that many of the critical issues facing Chwaka Bay have been
identified a long time ago, but the promotion of conservation goals and not sustainable resource use appears to have been the main focus. This approach towards
conservation has followed international trends. Clear examples of the latter are the
denomination of the Jozani Forest as a national park and the delineation of the
MIMCA MPA. The MIMCA plan will focus on protection of coral reefs around the
Mnemba Island and not for instance, support and enhance small-scale fisheries
with better fish population modelling, monitoring, fisheries data collection and
analysis, as stated by Mohammed and Jiddawi (1999). MPAs are popular tools for
marine management, but certainly not panaceas (Jentoft et al. 2007; Jentoft and
Chuenpagdee 2009). In the MIMCA management plan it is stated that all stakeholders and specially villagers have been consulted (my emphasis) to create the
MPA and participation is explicitly specified as a method for the MPA creation
and implementation (DFMR 2010, 3). It is unclear, however, how Chwaka people
were consulted and why the Chwaka people would have promoted and voted for
a proposal that does not address their urgent resource problems and livelihood
needs. This rather suggests that lack of “real” participation of the resource users in
decision-making has been repeated.
Besides management “on paper” and lack of participation, the management plans
for Chwaka fail to acknowledge cross-scale interactions which are relevant in the
ecological as well as in the social sphere. Chwaka Bay has not been considered as
a management unit following the natural boundaries and connections between
ecosystems (mangroves, seagrasses and corals) (see chap. 9 and 10). An ecosystem
approach with a clear seascape perspective is lacking, and thus the connectivity
between sub-systems and habitats is not catered for. Two recent studies addressing genetic diversity of fish in East Africa illustrate the poor potential of MPAs
as management tools when other genetic, biological and ecological features are
ignored (Visram et al. 2010; Henriksson 2010). Acknowledging connectivity and
the key role of seagrasses for fish productivity in the Bay is crucial. Chwaka Bay is
a hot-spot of seagrass diversity, but this fact has not been seriously considered in
management decisions. For successful marine resource management, the natural
ecological features and not only administrative boundaries should be followed. Not
considering this leads to the problem of the fit between institutions and ecosystems
(Folke et al. 1998). In Chwaka Bay, other misfits between institutions have been
identified, dealing with respect to regulative, normative and cultural elements; and
clashes between resource users, for example, between old and traditional basket
traps dema fishers and young and modern drag-net nyavu za kukokota fishers (de
la Torre-Castro and Lindström 2010). The heterogeneity among resource users is
very high in Chwaka Bay and identity elements regarding to village belonging and
gear use are very strong complicating the common framing and understanding of
problems and solutions (de la Torre-Castro, et al. in preparation). Another exam295

ple of scale and organizational failure is the attempt to solve the conflicts among
fishers and the committees formation at village but not at Bay level. This situation
might be due to the lack of bridging organizations, arenas for discussion and lack
of coordination between government authorities. Olsson et al. (2007) and Shultz
(2009) have identified the existence of bridging organizations as key factors to
promote effective management. In addition, failure to allocate resources equitably
has left the oceanic part of the Bay unmanaged. The lack of clear direction has
promoted the emergence of unsustainable practices; which over time have tipped
the system into environmental degradation following a path towards unsustainability (de la Torre-Castro 2012). The local village committees are generally weak.
This is a prevailing problem since traditional systems have been disrupted (ICAM
1996; Tobisson et al. 1998; Mohammed 2004; de la Torre-Castro and Lindström
2010) and the new committees are imposed in a top-down fashion by authorities
promoting decentralization and devolution (RGZ 2009; chap.14). Nevertheless,
traditional elements are still relevant and it is a hard task to make sense and manage the mixture of co-existent traditional and modern elements.
There are no properly-established monitoring systems or systematic ways to assess resource use and ecosystem health in Chwaka Bay. The monitoring system
is mainly dependent on a single individual, the Bwana Diko (monitoring agent
employed by the DFMR), who collects data on fish catches, prices, number of fishers, etc. However, as explained by de la Torre-Castro (2006b), they face dilemmas
decreasing institutional efficiency. The dilemmas faced by the monitoring agents
are poverty (sometimes they have to engage in other work due to their own low
salaries and it is often difficult to report illegal techniques used by poor fishers),
loyalty (being part of the monitored village it is difficult to handle loyalty vis-àvis fellow villagers and the employer), kinship (resulting in difficulties to report
friends and members of their own extended family) and control (inability to
react to the large number of resource use activities performed at the same time).
Without proper monitoring, lack of information to generate knowledge prevails
and the adoption of flexible and adaptive management schemes becomes difficult
and inadequate.
There are few studies evaluating the performance of the different management
authorities in Zanzibar, but there is a general perception that they have limited resources and human capacity, a fact that certainly constrains management success.
International donor influence is prevalent and donors are key actors dictating the
conditions and priorities of management and conservation in Zanzibar in general
and Chwaka Bay is not an exemption. Managers and government authorities, in a
well-intentioned manner, have cooperated and accepted the different conditions
imposed by donors and have channelled financial resources into activities that
many times are already decided by the donor countries. Donors have also great influence in capacity building in Zanzibar and mainland Tanzania since they provide
scholarships in certain research areas of their interest which do not necessarily
reflect local needs for coastal management, neither the young students’ aspirations
nor previous knowledge.
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A better future for the Chwaka Bay people depends on the sustainable use of natural resources.
Photo: Maricela de la Torre-Castro.

PUTTING LOCAL NEEDS FIRST: TOWARDS A NEW
MANAGEMENT DIRECTION IN CHWAKA BAY
The management history of Chwaka Bay has been complicated, multifaceted and
affected by internal and external factors. Management is a process and not a prescribed remedy that assures success, resource abundance and ecosystem health.
There are clear limits to governability and design; in this context MPAs are not
an exemption (Jentoft et al. 2007). The internal dynamics and forces in Chwaka
Bay have been stronger than the regulatory control and state intervention (de la
Torre-Castro and Lindström 2010; de la Torre-Castro, in preparation); at the same
time, as described in this chapter, the management plans have essential problems
of their own.
To enhance management in the Bay from a practical point of view, several factors
have to be taken into account. Some of them are straightforward, such as considering the variety of resource users and different activities, to create consensus around
zonation and a continuous dialogue and cooperation between locals, government
and representatives of civil society. One of the key issues is to create a formal way
to analyze the management process from planning to results. This analysis will
create scope for learning and adaptation as shown by other experiences dealing
with coastal management in Tanzania (Torell 2004). It will also promote proper
evaluation of the different management initiatives. There are several ways to do it;
one of the most common is to check the fulfilment of objectives using quantitative indicators. A more meaningful way is to use for example, the “Management/
policy cycle steps” and generated outcomes, as suggested by Olsen et al. (1997)
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and Olsen, Page and Ochoa (2009). In this cycle, five clear steps for management
are defined: 1) Identification of issues and priorities; 2) Preparation of a program
delineating roles, actors, institutional capacity and goals; 3) Dealing with formal
funding, formalize management plan, commitment to change behaviour; 4)
Implementation with sustained participation, constituencies and authorities; and
finally, 5) Evaluation, learning form the experiences, successes, failures and review
in a constructive way. A key issue is to have clear explicit goals; vague formulations
such as “to achieve sustainable development” will not promote tangible advancements. Another important issue for the future of the Bay is to deal properly with
the problem of the fit between the existing institutions and the actual bio-physical
setting. A better fit for the area will be to adopt an ecosystem approach considering the whole seascape (i.e. interlinkages between main ecosystems). In terms
of biodiversity, geomorphology and the well- defined seascape, Chwaka Bay is a
unique tropical system. The Bay is remarkable in for example seagrass diversity
and abundance which should be considered in management plans.
Since the local people must be situated as central actors in the management
process, the seascape approach combined with co-management and ecosystem
stewardship is promising (Chapin et al. 2010). Co-management and stewardship
approaches promote “real” participation, thus can be crucial for empowerment
(e.g. Jentoft 2005). People ought to be the means and the goals of the management process; their very needs acknowledged and their rights to resource use and
management ratified. Chwaka Bay is a unique natural system with people sharing
a common history and deep cultural roots (Pakenham 1947; Tobisson et al. 1998;
Gilbert 2004). To date, the dominating focus on conservation, the lack of a holistic
approach and failure to consider resource users seriously have lead to unsuccessful
management. Current management plans often miss the context of poverty and
resource dependence; with a narrow conservationist focus, as explained above, the
likelihood to repeat previous mistakes is very high. In Chwaka Bay the focus has
been on protection and conservation of the Jozani mangrove and coastal forest
for a long time. At present, focus has shifted to the coral reefs that are utilized
for various tourism activities in Mnemba. The analysis of management over time
presented in this chapter, illustrates that conservation and development have been
very difficult to balance (see Brown 2003). Management for conservation tends to
alienate the locals form their traditional livelihoods, accompanied by the absence
of clear results of ecosystem enhancement. Conservation has to move away from
the simplistic perspective in which it is believed that people can be separated from
the environment (Folke 2006). This is particularly important in the tropics where
basic needs are fulfilled by the use of natural resources. The promotion of suitable
and realistic livelihood options, as well as sustainable development of small-scale
fisheries are urgently needed. The final management outcome should be “a desirable and dynamic balance between social and environmental conditions” (Olsen
2003). Legitimate questions need to be addressed, i.e. who benefits from these
management plans? What are the distributional effects of the proposed management arrangements? Unless local needs and livelihoods are given a central role in
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the management process, and development and poverty alleviation are thoroughly
integrated into coastal management strategies, new attempts will not change the
trajectory towards sustainability, but rather will reproduce undesirable situations.

ACKNOWLEDGEMENTS
Thanks to the people of Chwaka Bay for sharing information through several field
seasons over a decade now. The support from WIOMSA and IMS while doing this
research has been substantial. Prof. Yohanna Shaghude gave valuable comments
during the “Chwaka book writing workshop” as well as an anonymous reviewer;
these comments greatly improved the quality of the manuscript. This research has
been financed by the Swedish International Development Cooperation Agency
(Sida) and the Swedish Research Council (VR).

REFERENCES
Berkes, F. and C. Folke. eds. 1998. Linking social and ecological systems: management practices and social
mechanisms for building resilience. Cambridge: Cambridge University Press.
Brown, K. 2003. Integrating conservation and development: a case of institutional misfit. Frontiers in
Ecology and the Environment. 1(9):479-487.
Bunce, L., P. Townsley, R. Pomeroy, and R. Polnac. eds. 2002. Socio-economic manual for coral-reef management. Australia: GCRMN.
Chapin, F. S., S. R. Carpenter, G. P. Kofinas, C. Folke, N. Abel, W. C. Clark, P. Olsson, D. M. S. Smith, B.
Walker, O. R. Young, F. Berkes, R. Biggs, J. M. Grove, R. L. Naylor, E. Pinkerton, W. Steffen, and F. J.
Swanson. 2010. Ecosystem stewardship: sustainability strategies for a rapidly changing planet. Trends in
Ecology & Evolution 25(4):241-249.
Chircop, A., J. Francis, R. Van Der Elst, H. Pacule, J. Guerreiro, C. Grilo, and G. Carneiro. 2010. Governance
of Marine Protected Areas in East Africa: A Comparative Study of Mozambique, South Africa, and
Tanzania. Ocean Development and International Law 41(1):1-33.
Chwaka By-law. 2001. Chwaka Bay Fishing Nets Prohibition order 2001. Legal supplement Part II to the
Zanzibar Government Gazette, Vol. CXI No. 5965, 13, September, 2002.
COLE. 1995. National Land Use Plan. Zanzibar Town, Tanzania: Commission for Land and Environment
in the Ministry of Water, Construction, Energy, Lands and Environment, of the Revolutionary
Government of Zanzibar.
de la Torre-Castro, M. 2006a. Humans and seagrasses in East Africa – A social-ecological systems approach.
Doctoral Dissertation, Dept. of Systems Ecology, Stockholm University, Sweden.
de la Torre-Castro, M. 2006b. Beyond Regulations in Fisheries Management: The Dilemmas of the Beach
Recorders “Bwana Dikos” in Zanzibar, Tanzania. Ecology and Society 11(2): 35. [online] URL: http://
www.ecologyandsociety.org/vol11/iss2/art35/.
de la Torre-Castro, M., and P. Rönnbäck. 2004. Links between humans and seagrasses - an example from
tropical East Africa. Ocean & Coastal Management 47(7-8):361-387.
de la Torre-Castro, M. and N.S. Jiddawi. 2005. Seagrass related research and community participation:
fishermen, fisheries and seagrasses. Participatory workshop, Chwaka Bay, Zanzibar, Tanzania, Chwaka
Bay Hotel, 6-11 September, 2004, WIOMSA book series 3. ISSN: 0856-7972. Zanzibar Town: WIOMSA.
de la Torre-Castro, M., and L. Lindström. 2010. Fishing institutions: Addressing regulative, normative and
cultural-cognitive elements to enhance fisheries management. Marine Policy 34(1):77-84.
de la Torre-Castro, M. 2012. Governance for sustainability: Insights from marine resource use in a tropical
setting in the WIO. Coastal Management 40(6):612-633

299

DFMR. A3. 1994. Law and License section. Tri-monthly report, July-September 1994. Zanzibar Town:
DFMR archives.
DFMR. A4. 1995. District Fisheries Officer. Monthly Report, June 1995. Zanzibar Town: DFMR archives.
DFMR. 2005. Fisheries Act. Zanzibar Town: Printed by the Government Press.
DFMR. 2010. Draft General Management Plan for Mnemba Island Marine Conservation and Chwaka
Bay (MIMCA). Together with Marine and Coastal Environmental Management Project (MACEMP).
Zanzibar Town: Ministry of Agriculture, Livestock and Environment, Department of Fisheries and
Marine Resources.
Eklöf, J. S., M. de la Torre-Castro, L. Adelsköld, N. S. Jiddawi, and N. Kautsky. 2005. Differences in macrofaunal and seagrass assemblages in seagrass beds with and without seaweed farms. Estuarine Coastal
and Shelf Science 63(3):385-396.
Folke, C. 2006. Resilience: The emergence of a perspective for social-ecological systems analysis. Global
Environmental Change 16(3):253-267.
Folke, C., L. Pritchard Jr., F. Berkes, J. Colding and U. Svedin.1998. The Problem of Fit between Ecosystems
and Institutions. IHDP Working Paper No 2. http://www.ihdp.uni-bonn.de/html/publications/workingpaper/wp02m.htm#_Toc417096419.
Forss, Å. 2005. “The seaweed-carragenan value chain.” In Seagrass related research and community participation, Fishermen, fisheries and seagrasses, edited by de la Torre-Castro M. and N.S. Jiddawi, 22.
WIOMSA book series 3. ISSN: 0856-7972. Zanzibar Town: WIOMSA.
Francis, J. and I. Bryceson. 2001. “Tanzanian coastal and marine resources: some examples illustrating
questions of sustainable use.” In Lessons learned - Case Studies in Sustainable Use, edited by Ahmed,
J. et al., 76-102. IUCN, Gland, Switzerland. http://www.iucn.org/themes/sustainableuse/docs/ll/ian.pdf
Fröcklin, S., M. de la Torre-Castro, L. Lindström, N.S. Jiddawi, and F. E. Msuya. 2012. Seaweed mariculture
as a development project in Zanzibar, East Africa: A price too high to pay? Aquaculture 356–357:30–39.
Gilbert, E. 2004. Dhows and the colonial economy of Zanzibar: 1860–1970. Oxford, England: James Currey
Ltd.
Haji, Makame. 2005. Interview by the author. Credit and Loan Senior Officer, Credit and Loan section,
DFMR, Zanzibar. August 4th 2005.
Henriksson, O. 2010. Fishing for evolution: Artisanal fisheries management aided by molecular ecology.
Licenciate Thesis. Dept. of Zoology, Stockholm University, Stockholm, Sweden.
ICAM. 1996. Towards Integrated Management and Sustainable Development of Zanzibar’s coast - Findings
and Recommendation for an Action Strategy in the Chwaka Bay - Paje site. Zanzibar, Tanzania: COLE,
Commission for Lands and Environment. [online] URL: http//:www.crc.uri.edu/download/ZAN_0056.
PDF - 6/November/2005.
Jentoft, S. 2005. Fisheries co-management as empowerment. Marine Policy 29(1):1-7.
Jentoft, S., and R. Chuenpagdee. 2009. Fisheries and coastal governance as a wicked problem. Marine Policy
33(4):553-560.
Jentoft, S., T. C. van Son, and M. Bjorkan. 2007. Marine protected areas: A governance system analysis.
Human Ecology 35(5):611-622.
Jiddawi, N.S. 2005. “Gender issues in the fisheries sector and participation at Chwaka Bay.” In Seagrass
related research and community participation fishermen, fisheries and seagrasses, edited by de la TorreCastro M. and N.S. Jiddawi, 13-16. WIOMSA book series 3. ISSN: 0856-7972. Zanzibar Town: WIOMSA.
Jiddawi, N. S., and M. C. Ohman. 2002. Marine fisheries in Tanzania. Ambio 31(7-8):518-527.
Makame, K., S. I. Hamdan, and S. M. Jumah. 2002. Management Plan for The Chwaka Bay Mangrove
Ecosystem 2002/03-2006/07. Forestry Technical Paper Number 135. Zanzibar Town: The Revolutionary
Government of Zanzibar. Department of Commercial Crops, Fruits and Forestry and Jozani Chwaka
Bay Conservation Project.
Madeweya, K.H., A.U. Basha, and T.A. Said. 2002. “Socio-economics related to mangrove extraction in
Chwaka Bay.” In Jozani-Chwaka Bay Conservation Project. Technical paper number 133, edited by B.S.
Asseid. Zanzibar Town: The Revolutionary Government of Zanzibar.

300

Masoud, T.S., and R.G. Wild. 1995. “Jozani-Chwaka Bay Conservation Area.” In Annual Progress Report.
Forestry Technical Paper No. 34. Zanzibar Town: Commission for Natural Resources Sub-Commission
for Forestry Zanzibar.
Mkenda, A. F. 2001. Fisheries resources and welfare in rural Zanzibar. Doctoral Dissertation. Dept. of
Economics, Göteborg University. Gothenburg, Sweden.
Mohammed, S. M. 2004. Saving the commons: community involvement in the management of mangrove
and fisheries resources of Chwaka Bay, Zanzibar. Western Indian Ocean Journal of Marine Science
3(2):221-225.
Mohammed, S.M. and N.S. Jiddawi 1999. The Ecology and socio-economy of Chwaka Bay. Report prepared
for CARE, Tanzania. Zanzibar Town: CARE and IMS.
Myers, G. A. 2002. Local communities and the new environmental planning: a case study from Zanzibar.
Area 34(2):149-159.
Nasser, S.M. 1994. Socio-Economic and Ecological Study of Mangrove Forest Management in Zanzibar,
Tanzania - A Case from Chwaka Bay. MSc. thesis. Norwegian Center for International Agricultural
Development, Agricultural University of Norway.
Olsen, S.B. 2003. Frameworks and indicators for assessing progress in integrated coastal management
initiatives. Ocean and Coastal Management 46:155-174.
Olsen, S.B., K. Tobey and M. Kerr. 1997. A common framework for learning from ICM experience. Ocean
and Coastal Management 37:155-174.
Olsen, S.B., G.G. Page and E. Ochoa. 2009. The analysis of governance responses to ecosystem change: A
handbook for assembling a baseline. LOICZ reports & studies No. 34. Geesthacht: GKSS Research Center.
Olsson, P., C. Folke, V. Galaz, T. Hahn, and L. Schultz. 2007. Enhancing the fit through adaptive comanagement: Creating and maintaining bridging functions for matching scales in the Kristianstads
Vattenrike Biosphere Reserve, Sweden. Ecology and Society 12(1):17.
Pakenham, R.H.W. 1947. Land Tenure Among the Wahadimu at Chwaka, Zanzibar Island. Zanzibar
Protectorate: Government Printer.
Prins, A.H.J. 1967. The Swahili-speaking peoples of Zanzibar and the East African coast (Arabs, Sirazi and
Swahili), East Central Africa Part XII. London, New York, Nairobi: The International African Institute.
RGZ. 1988. Fisheries Act No. 8. 1988. Zanzibar Town: Printed by the Government Press.
RGZ. 1993. Fisheries Law. Zanzibar Town: Printed by the Government Press.
RGZ. 2004. Jozani Chwaka Bay National Park order. Declaration of Jozani Chwaka Bay National Park. Legal
Supplement (Part II) to the Zanzibar Government Gazette Vol. CX11 No. 6037 of the 27 February, 2004.
Pp. 23 – 62.
RGZ. 2009. Draft National ICM Strategies for Zanzibar. Zanzibar Town: Revolutionary Government of
Zanzibar.
RGZ. 2010. Fisheries Act. Zanzibar Town: Printed by the Government Press.
Ruitenbeek, J., I. Hewawasam, and M. Ngoile M. eds. 2005. Blueprint 2050: Sustaining the marine environment in mainland Tanzania and Zanzibar. Washington D.C.: The International Bank for Reconstruction
and Development. The World Bank.
Saunders, F. 2011. The politics of people – not just mangroves and monkeys. A study of the theory and practice
of community based resource management of natural resources in Zanzibar. Doctoral dissertation no. 58.
Södertorn Högskola. Huddinge, Sweden.
Schultz, L. 2009. Nurturing Resilience in social ecological systems: Lessons learned from bridging organizations. Doctoral Dissertation, Dept. of Systems Ecology, Stockholm University. Stockholm, Sweden.
Sheriff, A. 1987. Slaves, spices and ivory in Zanzibar: integration of an East African commercial empire into
the world economy, 1770-1873. London: Currey.
Sheriff, A. 2005. Interview by author. Former director of the National Museum “House of Wonders”. July,
29th 2005.
TCMP. 2000. “Tanzania Coastal Management Partnership.” In The present state of knowledge of marine
science in Tanzania synthesis report, edited by A. S. Ngusaru: A joint initiative between the National
Environmental Management Council, the University of Rhode Island/Coastal Resources Center and the
United States Agency for International Development.

301

Tobisson, E., J. Andersson, Z. Ngazi, L. Rydberg, and U. Cederlof. 1998. Tides, monsoons and seabed: Local
knowledge and practice in Chwaka Bay, Zanzibar. Ambio 27(8):677-685.
Torell, E. 2004. Learning-Based Coastal Management – Experiences from Tanzania. COMREC Studies on
Environment and Development No. 1. Sweden, Huddinge: Södertorn Högskola.
UNEP/FAO/PAP/CDA. 2000. Progress in integrated coastal management for sustainable development of
Zanzibar’s coast’, Unguja Island profile and management strategy. East African Regional Seas Technical
Reports Series No. 7. Split, Croatia, UNEP/FAO/PAP.
Visram, S., M. C. Yang, R. M. Pillay, S. Said, O. Henriksson, M. Grahn, and C. A. Chen. 2010. Genetic
connectivity and historical demography of the blue barred parrotfish (Scarus ghobban) in the Western
Indian Ocean. Marine Biology 157(7):1475-1487.

302

– ANNOTATED BIBLIOGRAPHY FOR CHWAKA BAY –
Sieglind Wallner and I. Sware Semesi
The following section presents an extensive list of scientific references identified
with focus on and/or relevance for Chwaka Bay, Unguja, Zanzibar, Tanzania. The
annotated bibliography includes references and publications found until June
2012. The compilation includes works from scientific journals, degree theses,
undergraduate and workshop reports, conference proceedings, as well as technical
reports from NGOs and government authorities and institutions.
The databases, electronic archives and other search tools that were used for the
searches were (in alphabetical order): Academic Search Premier, ASFA (Aquatic
Sciences and Fisheries Abstracts), EBSCO (Elton B Stephens Company), Elsevier,
GeoRef, Google scholar, JSTOR (Journal Storage), PLoS (Public Library of Science),
ScienceDirect, Scirus, Springer link, Web of Science and Wiley Interscience. To find
theses and undergraduate reports from Swedish universities and colleges of higher
education, the following tools were used: DiVa, Libris, Net Library and Uppsök;
as well as internationally: Proquest, NDLTD (Networked Digital Library of Theses
and Dissertations) and WorldCat. Also different departments and universities were
consulted, searching for hard copies in their local libraries and archives; e.g. The
Departments of Systems Ecology, Zoology and Botany at Stockholm University;
Uppsala University; and the University of Dar es Salaam. Studies dealing with
Chwaka Bay were identified searching for the terms “Chwaka Bay” or “Chwaka”.
All the documents were retrieved and the terms were searched for again directly
within each document. The studies included were the following i) those in which
Chwaka Bay or any of its villages were used as a case study ii) those where Chwaka
Bay or any of its villages were a study site, ii) those in which Chwaka Bay or any of
its villages were part of a major study, and iv) a few references not dealing directly
with Chwaka, but considered as relevant by the researchers contributing to the
book were included too. The bibliography presents short summaries describing
the major aspects of the publications as well as information about how they relate
to Chwaka Bay.
Additionally, a list of references in which Chwaka Bay is mentioned, but not
directly focused on, is provided at the end of the central works. This latter list is
included without descriptive summaries.
SW: Department of Systems Ecology, Stockholm University, SE-10691, Stockholm, Sweden, e-mail: sieglind@
ecology.su.se ISS: Department of Aquatic Sciences and Fisheries, University of Dar es Salaam, P.O. Box 35064
Dar es Salaam, Tanzania, e-mail: sware@udsm.ac.tz, and swareis@yahoo.com

303

Reference

304

Description

Andersson, M. (2005). The distribution of cultivated seaweed outside
farms and its influence on the
growth of seagrass in Chwaka Bay,
Zanzibar. M.Sc. thesis, Department
of Systems Ecology, Stockholm
University. Stockholm, Sweden.

This study investigated the distribution of free-living
cultivated seaweed, compared the growth rates of the
latter and farmed seaweed, and assessed the effects of
seaweed cultivations on seagrass growth rates in associated seagrass habitats. All sites were investigated in
seagrass meadows and farms in the Bay.

Andersson, S. (2008). Effects of nutrients and herbivory on the cultivated
macroalga Euchema denticulatum in
Chwaka Bay, Zanzibar. M.Sc. thesis,
Department of Systems Ecology,
Stockholm University. Stockholm,
Sweden.

For this thesis, manipulative experiments on macroalgae
were conducted to assess the impact of elevated nutrient
levels and reduced grazing intensity. Some suggestions
for better seaweed farming are made. Experiments were
done within Chwaka Bay.

Archabald, K.L. (2000). Can revenue
sharing save wildlife?: A case study
of Jozani Chwaka Bay conservation
area Zanzibar, Tanzania. M.Sc.
thesis. Department of Geography,
University of Wisconsin. Madison,
Wisconsin, USA.

In this thesis, the effectiveness of a community based ecotourism project in Pete/Jozani was assessed by analyzing
communities’ attitudes towards forest conservation and
the local population of red colubus monkeys, as well as
their perceptions of economic benefits. Chwaka village
was not directly included, but the bigger Jozani-Chwaka
Bay conservation area is concerned.

Arthurton, R.S.; Brampton, A.H.;
Kaaya, C.Z.; Mohamed, S.K. (1999).
Late quaternary coastal stratigraphy
on a platform-fringed tropical
coast: a case study from Zanzibar,
Tanzania. Journal of Coastal Research:
15 (3): 635-644.

This paper discusses Zanzibar’s coast and shoreline
changes from a geology perspective, reviewing literature
on coastal geology and geomorphology as well as the
effects of climate change on the latter. It highlights the
important roles of fringing platforms typical for the
area for the marine environment and local people and
problems arising from beach erosion. Chwaka Bay is
considered as a large tidal inlet and its development from
the Holocene is briefly mentioned.

Basha, A.U.; Amour, B.O.; Ely, A.;
Fakih, S. A.; Wild, R. (1997). A case
study in the woodcutting industry
of two communities around Jozani
conservation
area,
Zanzibar.
Forestry, forest users and research:
new ways of learning. ETFRN
Publication Series.

This report describes the implementation of the at the
time novel national forestry policy aims, taking the
gravity of threats to the forests of the Jozani-Chwaka Bay
conservation area into consideration and including local
communities.

Bauer, K. (2007). Diazotrophy and
diversity of benthic cyanobacteria
in tropical coastal zones. Doctoral
Dissertation. Department of Botany,
Stockholm University. Stockholm,
Sweden.

This thesis is based on investigations of the diversity of
cyanobacteria in three different tropical marine habitats
of the Pacific and Indian Ocean, as well as measurements
of nitrogenase activities to demonstrate nitrogen fixation
behavior. Chwaka Bay was one of the 3 sites in the thesis
where cyanobacterial diversity was analyzed. Particularly
Mangrove muddy sediments were considered.

Beer, S.; Mtolera, M.; Lyimo, T.;
Bjork, M. (2006). The photosynthetic
performance of the tropical seagrass
Halophila ovalis in the upper intertidal. Aquatic Botany: 84: 367-371.

This study describes the photosynthetic functioning of
the seagrass Halophila ovalis, and explores the inability
of this species to grow together with two other common
seagrass species in shared pools of the intertidal, as well
as its response to diurnal air exposure. Research took
place just outside Chwaka village.

Bergstén, M.K. (2004). The importance of seagrass in fishing grounds
according to fishermen in Chwaka
Bay. M.Sc. thesis, Department
of Systems Ecology, Stockholm
University. Stockholm, Sweden.

In this thesis, the value of seagrasses to local fishermen
was analyzed by investigating seagrass structure and
abundance in local fishing grounds of the whole Chwaka
Bay, the conduction of market data analyses, as well as
interviews.

Berkström, C. (2007). Distribution
patterns and habitat preferences of
a seagrass associated herbivorous
parrotfish (Leptoscarus vaigiensis).
M.Sc. thesis, Department of Systems
Ecology,
Stockholm
University.
Stockholm, Sweden.

This thesis investigated the spatial distribution, habitat
utilization and foraging strategy of Leptoscarus vaigiensis, by analyzing samples taken from different habitats in
Chwaka bay, with respect to the habitat settings.

Berkström, C. (2010). Ecological
connectivity in the tropical seascape. Licentiate thesis, Department
of Systems Ecology, Stockholm
University. Stockholm, Sweden.

This thesis focuses on the ecological connectivity between different habitats of the tropical seascape, using
the example of functional fish groups linking seagrass
beds, mangrove forests and coral reefs. Some studies of
this thesis are done in Chwaka Bay.

Berkström, C.; Gullström, M.;
Lindborg, R.; Mwandya A.W.; Yahya,
S.A.S.; Kautsky, N.; Nyström, M.
(2012). Exploring “knowns” and
“unknowns” in tropical seascape
connectivity: a review with insights
from Eastern African coral reefs.
Estuarine, Coastal and Shelf Science:
107:1-21.

This study reviews literature on connectivity and food
web interactions within the tropical seascape. It is shown
that there are big knowledge gaps and fish as mobile
links and their role in nutrient transfer as well as trophic
interactions have hardly been studied. To approach
these shortcomings for better future management, an
assessment of the seascape around Zanzibar is included,
focusing on fish migration and inter-linkages within and
between habitats. Chwaka Bay fish data from mangrove
and seagrass areas was part of the study.

Buapet, P. (2007). Photosynthetic
responses of Ulva reticulata Forsskål
to decreased inorganic carbon availability and elevated temperature.
M.Sc. thesis, Department of Botany,
Stockholm University. Stockholm,
Sweden.

This thesis assessed the photosynthesis efficiency and
other physiological responses of the seaweed to Ulva
reticulata to increased pH values and water temperature.
All Ulva samples were collected from Chwaka Bay.

Bunce, L; Townsley, P.; Pomeroy, R.;
Pollnac, R. (2000). Socioeconomic
manual for coral reef management.
Townsville: Australian Institute of
Marine Sciences.

This is a publication guiding the reader through socioeconomic methods for tropical ecosystems research;
particularly examples from coral reefs are used. The area
of Chwaka Bay-Paje with seaweed farming is presented
as a case study in one of the several boxes included in
the book.
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Buriyo, A.S.; Kivaisi, A.K. (2003).
Standing stock, agar yield and
properties of Gracilaria salicornia
harvested along the Tanzanian
coast. Western Indian Ocean Journal
of Marine Science: 2 (2): 171-178.

To allow profitable agar production, this paper attempts
to identify to the most suitable agar harvesting period
by investigating seasonal biomass variations and yields
from three locations in Tanzania, as well as agar attributes. The locations were Oyster Bay, in Dar es Salaam
and Chwaka Bay in Zanzibar.

Bwathondi, P.O.J. (1982). Preliminary
investigations on rabbitfish, Siganus
canalicullatus,
cultivation
in
Tanzania. Aquaculture: 27: 205-210.

This paper describes the experiments on the suitability
of the rabbitfish Siganus canalicullatus for fish cultivation
Tanzania. Further, examples for yield oriented cultivation strategies, e.g. diet recommendations, are given. The
investigated sites were Nungwi, Kizimikazi, Mkokotoni
and Chwaka.

CARE Tanzania & DCCFF (Dept.
of Commercial Crops, Fruits and
Forestry) [Nahonyo, C.L., Mwasumbi,
L.B., Eliapenda, C., Msuya, C.,
Mwansasu, Suya, T.M., Mponda,
B.O., Kihaule, P.] (2002). Jozani Chwaka Bay proposed National
Park biodiversity inventory report.
Department of Zoology and Marine
Biology, University of Dar es Salaam.
Dar es Salaam, Tanzania.

This report presents the results of a biodiversity inventory of the Jozani – Chwaka Bay proposed National Park
area, listed as a part of the global biodiversity hotspots.
Included are a vegetation map of the area, species lists
and abundances of plants and animals, as well as an assessment of the conservation status at the time.

Carlén, A. (1999). The effects of the
gastropod Terebralia palustris on infaunal communities in a mangrove
forest in East Africa. M.Sc. thesis,
Department of Zoology, Stockholm
University. Stockholm, Sweden.

This thesis investigated the implications of the occurrence of Terebralia palustris for associated infaunal communities in muddy mangrove habitats of Chwaka Bay.

Carlén, A.; Ólafsson, E. (2002). The
effects of the gastropod Terebralia
palustris on infaunal communities in a tropical tidal mud-flat in
East Africa. Wetlands Ecology and
Management: 10: 303–311.

In this study, the impacts of the gastropod Terebralia
palustris, which often occurs in high abundances of
muddy substrates, on assemblages of benthic organisms
were investigated comparing the meiofauna of experimental plots with and without gastropods. The study
area was on the low intertidal mudflat in the Chwaka
mangrove forest.

Cederlöf, U.; Rydberg, L.; Mgendi,
M.; Mwaipopo, O. (1995). Tidal
exchange in a warm tropical lagoon:
Chwaka Bay, Zanzibar. Ambio: 24:
7/8: 458-464.

The experiments to this paper comprised investigations
of sea level-, temperature- and velocity measurements
to describe the water exchange and heat flux of Chwaka
Bay.

Collén, J.; Mtolera, M.; Abrahamsson,
K.; Semesi, A.; Pedersén, M. (1995).
Farming and physiology of red algae
Eucheuma: growing commercial
importance in East Africa. Ambio:
24 (7/8): 497-501.

This article reports results from experiments on the
red algae Euchema (focusing on mainly one species) to
study and suggest favorable growing conditions, as well
as and to determine difficulties of Euchema cultivations.
Experiments were performed in farms off Uroa village in
Chwaka Bay. Also the paper points out that the idea to
plant Euchema over seagrasses is not advised since there
is interference with CO2 uptake that can lead to poor
growth.

Commission for Natural Resources &
CARE Tanzania (2000). A medium
sized project brief submitted to
the Global Environmental Facility.
Jozani-Chwaka Bay National Park
Development Project, Zanzibar,
Tanzania.

This project briefly summarizes the Jozani – Chwaka
Bay National Park Development Project, emphasizing
the protection of biodiversity and a sustainable use of
natural resources, as well as the livelihood security of
associated local communities.

Commission for Natural Resources,
Zanzibar/CARE International in
Tanzania [Masoud, T.S.; Wild,
R.G.] (2000). Sustainable Use and
Conservation
Management
of
Mangroves in Zanzibar, Tanzania.
International
Workshop
AsiaPacific Cooperation, Research for
Conservation of Mangoves. 26-30
Machrch, 2000, Okinawa, Japan.

This report illustrates the, at the time state of Zanzibar’s
mangrove forests and eventual hazards. Earlier management and conservation attempts of different types are
described, and proposals for future initiatives are made.
Chwaka Bay mangroves, problems and management
initiatives are discussed in the document.

Commission of Natural Resources,
Sub-commission
for
Forestry,
Zanzibar [Masoud, T.S.; Wild, R.G.]
(1995). Jozani-Chwaka Bay conservation area. Annual progress report
1995. Forestry Technical Paper No.
34, pp38.

This progress report comprises the first eight months of
the Jozani – Chwaka Bay Conservation Project, which
started in 1995. The long term aim of the project is the
conservation of Zanzibar’s biodiversity, focusing on
ground water forests and associated fauna, as well as the
well-being of local communities.

Dahlgren, A. (2006). Consumption
of seagrass by herbivore parrotfish in major fishing grounds of
Chwaka Bay, Zanzibar. M.Sc. thesis,
Department of Marine Ecology,
Gothenburg University. Gothenburg,
Sweden.

In this thesis, the amount of by herbivore parrotfish
grazed seagrass in relation to daily seagrass growth
was assessed for different seagrass species and settings
respectively. Further, fish sizes and seagrass preferences
are described. Monospecific and mixed seagrass meadows within Chwaka Bay were investigated.

DCCFF (Department of Commercial
Crops, Fruits and Forestry) &
CARE Zanzibar [Makame, M.K.;
Hamdan,
S.I.;
Jumah,
S.M.]
(2003). Management plan for the
Chwaka Bay mangrove ecosystem.
2003-2007.
Jozani-Chwaka
Bay
Conservation
Project,
Forestry
Technical Paper Number 135.

This report summarizes the contents of the Jozani Chwaka Bay Mangrove Management Plan (JCBMMP)
for sustainable mangrove forest management. The
purposes of the management plan are presented, information on the state of the mangrove ecosystems at the
time is given and management prescriptions are made.

DCFF (Department of Commercial
Crops, Fruits and Forestry) & CARE
Zanzibar [Asseid, B.S. ed.] (2002).
Madeweya, K. H. Basha, A.U. Said,
T.A. Socio-economics related to
mangrove extraction in Chwaka
Bay. Asseid, B.S. The Revolutionary
Government of Zanzibar. JozaniChwaka Bay Conservation Project.
Technical paper number 133.

This report constitutes one part of the attempts for the
initiation of a comprehensive and participatory management plan for the sustainable use of Chwaka Bay’s
mangrove resources. Historical data on usages, management, coastal communities and conflicts associated with
mangrove extraction is given. Further, a theoretical
management model is presented.
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de la Torre-Castro, M. (2004). The
importance of seagrasses for coastal
communities in the Western Indian
Ocean. Licentiate thesis, Department
of Systems Ecology, Stockholm
University. Stockholm, Sweden.

This thesis comprises an analysis of the importance of
seagrasses for people in the WIO. It deals with Zanzibar,
Tanzania in particular and the WIO in general. See also
Doctoral Dissertation below. Chwaka Bay is a key case
in the thesis.

de la Torre-Castro, M. (2006). Beyond
regulations in fisheries management: The dilemmas of the beach recorders “Bwana Dikos” in Zanzibar,
Tanzania. Ecology and Society: 11 (2):
35.

This research investigates the role and problems of the
monitoring agents “Bwana Dikos” for enhanced management and resilience in Zanzibar, Tanzania and draws
from experiences from Chwaka. It is illustrated how
organizational structures and regulations are insufficient
for successful management of common pool resources.
Difficulties of Zanzibar’s beach recorders and their linkages to management effectiveness are described, and the
integration of factors like e.g. normative and culturalcognitive aspects into management is motivated. Four
key dilemmas that the monitoring agents face are identified: loyalty, kinship, poverty and control.

de la Torre-Castro, M. (2006).
Humans and seagrasses in East
Africa - A social-ecological systems
approach. Doctoral Dissertation.
Department of Systems Ecology,
Stockholm University. Stockholm,
Sweden.

This doctoral thesis is a contribution addressing the
relationship between humans and seagrasses using a
social-ecological perspective. Much of the empirical
analysis was focused on Chwaka Bay. Chwaka Bay is
treated as a social-ecological system. The value and importance of seagrasses in East Africa for both the marine
environment and the coastal communities is highlighted
using multi-disciplinary methods. The study provides a
framework to analyze goods and services associated with
seagrasses; the impacts of seaweed farms on seagrasses,
macrofauna and fish communities. Further, an institutional analysis of the dynamics taking place in Chwaka
Bay is given.

de la Torre-Castro, M. (2008). A
social-ecological systems approach
to coastal marine resources in the
tropics: Synthesis of institutional
dynamics from the Chwaka Bay
case in Zanzibar, Tanzania. The
Collegium of Developmental Studies;
Meeting global challenges in research
cooperation. Uppsala University,
Sweden. Utsikt mot utveckling 32.

Presenting the case of Chwaka Bay and its history of
marine resource use conflicts, common management
failures are discussed and suggestions for a more successful management which addresses local problems
more specifically are made.

de la Torre-Castro, M.; Eklöf, J.S.;
Rönnbäck, P.; Björk, M. (2008).
Seagrass importance in food
provisioning services: fish stomach
content as a link between seagrass
meadows and local fisheries. Western
Indian Ocean Journal of Marine
Science: 7 (1): 95-110.

This article underlines the importance of seagrasses
and the connections between seagrass ecosystems,
fish communities and the coastal population of the
Western Indian Ocean region by investigating the value
of seagrasses as food source for fish species which are
commercially important for local fisheries. The study
assesses food provisioning services by analyzing fish
stomach contents and fishery methods in Chwaka Bay.
Samples have been collected in Chwaka Bay.

de la Torre-Castro, M.; Jiddawi, N.S.
(2005). Seagrass related research
and community participation:
Fishermen, fisheries and seagrasses:
Participatory workshop, Chwaka
Bay, Zanzibar, Tanzania. Chwaka
Bay Hotel, 6-11 September, 2004.
WIOMSA book series, Zanzibar,
Western Indian Ocean Marine Science
Association. ISSN: 0856-7972.

This book summarizes the results of a participatory
workshop in Chwaka Bay integrating local people involved in the use of marine natural resources with scientists, government officials and managers. The discussions
were centered on natural resources; different ecosystems
along the seascape, but particularly seagrasses, institutions (historical and contemporary) and problems at
the time. The state of seagrass ecosystems as well as
their use and ability to provide ecological services were
discussed from scientists’ and local people’s perspectives,
for a development towards sustainable marine resources
and usage. The views and opinions of the local Chwaka
people are provided in the book.

de la Torre-Castro, M.; Lindström,
L. (2010). Fishing institutions:
Addressing regulative, normative
and cultural-cognitive elements
to enhance fisheries management.
Marine Policy: 34: 77-84.

This study analyzes the institutional dynamics taking
place in Chwaka Bay including regulations, norms and
cultural elements. The results show that conflict and
resource degradation is prevalent due to institutional
clashes in which norms and culture override clear regulations. A “broad institutional approach” is suggested to attain a deep understanding of the complex situations and
to tailor better management and governance solutions.
Kinship for example was found to be crucial, structuring
resource users’ behavior, but is seldom contemplated in
management design.

de la Torre-Castro, M.; Rönnbäck,
P. (2004). Links between humans
and seagrasses—an example from
tropical East Africa. Ocean & Coastal
Management: 47: 361–387.

This study investigated the value of healthy seagrass ecosystems to coastal communities using Chwaka Bay as a
case study. Using social-ecological and economic methods, the usages of seagrasses and their ecological goods
and services are presented and assessed. Abundant basic
and ethnographic data for Chwaka Bay is given in this
study, as well as income levels for the different activities
at that time.

DFMR (2010). Draft General
Management Plan for Mnemba
Island
Marine
Conservation
and Chwaka Bay (MIMCA).
Together with Marine and Coastal
Environmental Management Project
(MACEMP). Zanzibar, Tanzania:
Ministry of Agriculture, Livestock
and Environment, Department of
Fisheries and Marine Resources.

This is the most recent management draft plan in which
marine protected areas are promoted and implemented
as part of the MACEMP World Bank project and the
policy document Blueprint 2050: Sustaining the marine
environment in mainland Tanzania and Zanzibar
(Ruitenbeek et al. 2005). Mnemba Island, the northern
tip of Zanzibar and Chwaka Bay are included. In the
zonation scheme Chwaka Bay falls in the general use
category. The plan has clear conservation goals, mainly
of the corals in Mnemba Island run in a tourist private
regime. Statements regarding sustainable small-scale
fisheries do not attain the same level of attention as conservation and recreational issues as shown in the mission
statement of the document.
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Dorenbosch, M. (2006). Connectivity
between fish assemblages of seagrass
beds, mangroves and coral reefs.
Evidence from the Caribbean and
the western Indian Ocean. Doctoral
Dissertation.
Faculty of Science,
Radboud University. Nijmegen,
Netherlands.

In this thesis, the connectivity of shallow marine habitats
of the tropical seascape is determined and described by
investigating fish abundance and community composition for the three different habitats respectively. The
emphasis lies on the use of seagrass beds and mangrove
forests as nursery grounds and their impact on adjacent
coral reefs and their fish community. Chwaka Bay is
an important site in this thesis. Particularly the coralseagrass gradient.

Dorenbosch, M.; Grol, M.G.G.;
Nagelkernen, I.; Van der Velde, G.
(2005). Distribution of coral reef
fishes along a coral-reef gradient:
Edge effects and habitat segregation.
Marine Ecology Progress Series: 299:
277-288.

In this study, it has been studied whether there is connectivity between fish assemblages on coral reefs and on
adjacent seagrass beds, using visual census monitoring
of coral reef fishes in different distances from the reef.
Three sites in the entrance of the Bay were investigated.

Dorenbosch, M.; Grol, M.G.G.;
Christianen, M.J.A.; Nagelkerken,
I.; Van der Velde, G. (2005). IndoPacific seagrass beds and mangroves
contribute to fish density and diversity on adjacent coral reefs.

A high number of reef fish species were investigated
concerning their marine shallow water habitat use at
juvenile and adult growth stage on the coast of Tanzania.
It was examined whether or how the occurrence of the
different habitats as well as the impact of longer distances
between them influenced the fish community composition and abundance in adjacent habitats. Four habitat
configurations within Chwaka Bay were considered in
the investigation.

Marine Ecology Progress Series: 302:
63-76.
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Dorenbosch, M.; Grol, M.G.G.;
Nagelkernen, I.; Van der Velde, G.
(2006). Different surrounding landscapes may result in different fish assemblages in East African seagrass
beds. Hydrobiologia: 63: 45–60.

This paper examines connections between habitats within the tropical seascape, assessing if and how adjacent
habitats influence coral reef fish assemblages in seagrass
meadows on Zanzibar’s coast. Chwaka Bay seagrass sites,
three in the mouth were considered.

Dorenbosch, M.; Verweij, M.C.;
Nagelkernen, I.; Jiddawi, N.; Van
der Velde, G. (2004). Homing and
daytime tidal movements of juvenile
snappers (Lutjanidae) between
shallow-water nursery habitats in
Zanzibar, Western Indian Ocean.
Environmental Biology of Fishes: 70:
203–209.

In this study, juveniles of the two snapper species
Lutjanus fulviflamma and Lutjanus ehrenbergii have
been monitored to assess the daily migrating behavior
following tidal variations, and the usage of two differing
habitats with tidally induced water level variations. The
research was done in the main channel west side of the
Bay.

Eklöf, J.S. (2003). Seaweed farms
as artificial habitats in a seagrassdominated tropical bay. M.Sc. thesis, Department of Systems Ecology,
Stockholm University. Stockholm,
Sweden.

This study aimed to assess impacts of seaweed farming
on associated habitats, by investigating and comparing
characteristics of seagrasses as well as sediment and
benthic macrofauna in different tropical marine habitats
with and without seaweed farming. Chwaka Bay is an
important site in this thesis.

Eklöf, J.S. (2008). Anthropogenic
Disturbances and Shifts in Tropical
Seagrass Ecosystems. Doctoral
Dissertation. Department of Systems
Ecology,
Stockholm
University.
Stockholm, Sweden.

This thesis discusses the impacts of coastal human
activity of different types and levels on the seagrass
ecosystems of the Western Indian Ocean region. The
influences on the seagrasses as well as their responding
behavior were studied and analyzed. Different areas of
Chwaka Bay were investigated.

Eklöf, J.S.; de la Torre-Castro, M.;
Adelsköld, L.; Jiddawi N.S.; Kautsky,
N. (2005). Differences in macrofaunal and seagrass assemblages
in seagrass beds with and without
seaweed farms. Estuarine, Coastal
and Shelf Science: 63: 385-396.

The results presented in this study show the effects of
seaweed farming on seagrass beds, as well as a sand bank.
Negative effects below the farms were found. The results
show a decrease in macrofauna and seagrass cover as well
as changes of sediment characteristics under the farms.
As a strong impact study, it is of policy and management
importance and provides help to consider where to put
the seaweed farms to minimize negative impacts in seagrass dominated ecosystems. The selected sites included
different seagrass meadows with and without farms in
the Chwaka Bay area as well as the sand bank north of
Marumbi village.

Eklöf, J. S.; , de la Torre-Castro, M.;
Nilsson, C.; Rönnbäck P. (2006).
How do seaweed farms influence
local fishery catches in a seagrassdominated setting in Chwaka
Bay, Zanzibar? Aquatic and Living
Resources: 19: 137–147.

This study investigated the influence of the commercially
algae Eucheuma denticulatum seaweed farms on the fishing yields of Chwaka Bay’s artisanal fisheries, and compares it to catches in seagrass habitats without seaweed
farming. The results show that farms change catch assemblage structures. In terms of biomass seaweed farms
contain similar amounts of fish than seagrass meadows,
but the fish diversity is very low and dominated by a few
species when seaweed farms are placed. Different areas
of Chwaka Bay were investigated.

Eklöf, J.S.; Gullström, M.; Asplund,
M.E.; Hammar, L.; Dahlgren, A.;
Öhman, M.C. (2008). The importance of grazing intensity and frequency for physiological responses
of the tropical seagrass Thalassia
hemprichii. Aquatic Botany: 89:
337–340.

This paper assesses the influence of grazing on the
seagrass Thalassia hemprichii. Seagrasses were clipped in
order to imitate grazing of varying magnitudes, and the
effects as well as the response capacities analyzed. The
study was conducted in Chwaka Bay.

Eklöf, J.S.; Henriksson, R.; Kautsky,
N. (2006). Effects of tropical openwater seaweed farming on seagrass
ecosystem structure and function.
Marine Ecology Progress Series: 325:
73–84.

Additionally to the information gathered in earlier investigations, seaweed farming experiments were performed
to study its impacts on two different seagrasses species
growing underneath. Assessments concerning effects
on seagrass function, structure and setting have been
made as well as investigations of the evoking factors. The
experiments were run in Chwaka Bay.

Eriksson, H.; de la Torre-Castro,
M.; Eköf, J.S.; Jiddawi, N.S. (2010).
Resource degradation of the sea
cucumber fishery in Zanzibar,
Tanzania: A need for management
reform. Aquatic and Living Resources:
23: 387-398.

This paper analyzes the sea cucumber fishery situation
in Zanzibar. Chwaka and Uroa villages are represented
in this study. Interviews with actors active in the fishery
chain and visual transects show that sea cucumbers are
very rare in Chwaka Bay nowadays and valuable species
almost gone. Management action is recommended.
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ETFRN (European Tropical Forest
Research Network) [Lawrence, A. ed]
(2000). Forestry, Forest Users and
Research: New Ways of Learning.
Wageningen,
The
Netherlands:
ETFRN Series No. 1.

This paper describes the outcomes of the workshop
“Learning from Resource Users - a Paradigm Shift in
Tropical Forestry” in Vienna, initiated by the European
Tropical Forestry Research Network, facilitating research
on forests, trees and people. The current workshop
focused on local knowledge in forestry, including both
studies on local knowledge and ways of creating new
knowledge. The study was conducted in Charawe and
Ukongoroni in the mangrove area of Chwaka Bay.

Faunce, C.H.; Serafy, J.E. (2006).
Mangroves and fish habitat: 50
years of field studies. Marine Ecology
Progress Series: 318: 1-18.

This paper reviews 50 years of studies on mangroves and
as fish habitats, surveying methods and outlining frequently investigated domains and study areas, as well as
field lacking scientific attention. In the review the work
of Lugendo performed in Chwaka Bay is considered.

Flintan, F. (2001). Gender issues and
the JCBCP, Zanzibar. A report for
CARE Zanzibar. The International
Famine Centre, University of Cork.
Cork, Ireland.

This report summarizes the results of a gender training
workshop and research in villages associated to the
Jozani Forest on Unguja Island, where an integrated conservation and development project, the Jozani-Chwaka
Bay Conservation Project (JCBCP) was initiated for an
advancement of local communities living conditions.

Flintan, F. (2003). ‘Endangering’
Eden Volume II. Women, gender
and ICDPs in Africa: Lessons
learnt and experiences shared.
Wildlife and Development Series
No. 17. International Institute for
Environment and Development
(IIED). London, United Kingdom.

This research program strives to identify gender inequities among local communities participating in ICDPs
(Integrated Conservation and Development Projects),
assessing the necessity of adjustments for a more equal
development. Activities in Chwaka village were investigated thorough semi-steructured interviews, etc.

Francis, J.; Bryceson, I. (2001).
Tanzanian coastal and marine
resources: Some examples illustrating questions of sustainable use.
In: Lessons Learned: Case Studies in
Sustainable Use, edited by Ahmed, J.
et al., 74-100. IUCN.

This work outlines the problems of management in the
coast of Tanzania, where a variety of marine resources,
goods and services are used by local communities. A
sustainable use of resources is emphasized, discussing
important factors which have to be taken into consideration for management attempts. Some issues for Chwaka
Bay are mentioned, e.g. the existence of local ecological
knowledge, problems of fisheries declines and mangrove
protection.

Francis, J.; Torell, E. (2004). Human
dimensions of coastal management
in the Western Indian Ocean region.
Ocean & Coastal Management: 47:
299-307.

This editorial describes the progress and key lessons
from implementing the integrated coastal management
(ICM) approach in the Western Indian Ocean region, reviewing papers published in the special issue, introduced
during the Third WIOMSA Scientific Symposium.
Advances in Marine Science in Eastern Africa: Multi/
Trans-disciplinary Research for Improved Management
of Resources, held in Mozambique, October 2003. The
importance of seagrass associated fish for the local
populations as well as the existence of local ecological
knowledge in Chwaka Bay are stressed.

Fratini, S.; Vannini, M. (2002).
Genetic differentiation in the mud
crab Scylla serrata (Decapoda:
Portunidae) within the Indian
Ocean. Journal of Experimental
Marine Biology and Ecology: 272:
103-116.

In this article, the intraspecific variation of the mitochondrial DNA cytochrome oxidase subunit I gene
was examined in Scylla serrata, sampled from Kenyan
and Tanzanian mangrove forests, to determine genetic
differentiation in mud crab populations. The crabs were
collected from three mangrove sites in Kenya and one in
Zanzibar, i.e. mangroves of Chwaka Bay (20 crabs).

Freiburghaus, M. (2009). Bottom-up
effects on a top-down mechanism:
manipulating nutrient and grazing levels in a seagrass meadow in
Chwaka Bay, Zanzibar. M.Sc. thesis,
Department of Systems Ecology,
Stockholm University. Stockholm,
Sweden.

In this M.Sc. thesis, the effects of enhanced nutrient
levels and densities of the sea urchin Tripneustes gratilla
on the seagrass Thalassodendron ciliatum were investigated in order to assess reasons for seagrass overgrazing
events. All experiments were conducted in Chwaka Bay.

Fröcklin, S.; de la Torre-Castro, M.;
Lindström, L.; Jiddawi, N.S.; Msuya,
F.E. (2012). Seaweed mariculture as
a development project in Zanzibar,
East Africa: A price too high to pay?
Aquaculture: 356-357: 30-39.

This study addresses health problems identified by
female seaweed farmers in Zanzibar, which are compared to a control group of women not engaged in
seaweed farming. Among the villages investigated, the
villages of Marumbi, Uroa and Chwaka were considered
in Chwaka Bay. The most serious health problems found
were: fatigue, musculoskeletal pain, hunger, respiratory
problems, eye related problems, injuries from hazardous
animals and sharp shells in the water and allergies. These
problems differed significantly from the control group.
In addition, economically seaweed farming was reported
to provide an income below the extreme poverty line.

GEF (Global Environment Facility)
(2000). Jozani-Chwaka Bay National
Park Development Project. A
Medium Sized Project Brief Submitted
to the Global Environmental Facility.
Zanzibar: Comission of Natural
Resources and CARE.

This report describes the objectives, goals and ways
to go about for the implementation of conservation
measures. “Final goal: The Core Conservation Area (The
Proposed National Park) within the Jozani-Chwaka
Bay Conservation and Development Area (biodiversity
conservation and community development) is effective,
productive, harmonized and sustainable in the longer
term.” Also as intermediate goals are the following mentioned a) protection of biodiversity b) protection of
livelihoods. The GEF implementation agency is given as
UNDP and major external donors are: Government of
Austria, CARE Austria and Ford foundation.

GEF (Global Environment Facility)
& The World Bank (2005). Tanzania:
Marine and Coastal Environment
Management Project (MACEMP).
GEF Project ID: 2101. Tanzania.
Document of the World Bank.

This GEF report was addressed to the World Bank for
final review and endorsement. It describes aims and
strategies of the MACEMP project. Two mangrove
areas in Chwaka Bay as well as Chwaka cultural value
are particularly mentioned in the project. The Mnemba
conservation area (including Chwaka Bay) is also mentioned. Focus groups interviews in the Chwaka area were
performed during one day: September 22nd 2004.

313

314

GEF (Global Environment Facility)
[Jambiya, G.; Puri, J.; Risby, L.A.]
(2004). The Nature and Role of Local
Benefits in GEF Programme Areas.
Case Study Tanzania - Zanzibar.
Jozani-Chwaka Bay Conservation
Project.

This report summarizes the results of a case study in
order to understand types and scales of local livelihood
benefits and the relationship between the latter and
global environmental benefits accruing from the GEF’s
support to the Jozani – Chwaka Bay conservation project.

GEF (Global Environment Facility)
[Pinto, F.] (2006). GEF Focal Areas,
Priorities, Eligibility Criteria and
Project Formulation. Presentation at
UN/CSD-14 Side Event, 09 May 2006.
New York City, US.

This presentation describes a variety of different development aid projects by the UNDP and GEF, addressing
issues like e.g. the conservation of biodiversity (the
development of the Jozani – Chwaka Bay National Park),
climate change or international waters.

Gössling, S. (2001). The consequences of tourism for sustainable water
use on a tropical island: Zanzibar,
Tanzania. Journal of Environmental
Management: 61: 179-191.

This study describes the impact of, in terms of water
usage, non-sustainable tourism on the east coast of
Zanzibar, threatening to further diminish already scarce
freshwater resources, proposing preventive actions and
water management. The villages within Chwaka Bay
are marked in the study sites, but the paper discusses
Zanzibar as a whole with emphasis on the East coast and
not specifically Chwaka Bay.

Gössling, S. and N.S, Jiddawi Gössling,
S. Jiddawi, N. (2003). Planning for
Sustainable Tourism. Workshop
Report. 22 - 30 October, 2003,
Zanzibar, Tanzania. Department
of Service Management, Lund
University. Lund, Sweden.

This workshop report describes the results and information gathered at the training course, addressing
problems related to the rapidly growing tourism sector.
Sustainable tourism was emphasized, knowledge shared
and guidelines made for a development towards it.
Specifically, issues regarding the Jozani-Chwaka Bay
forest for conservation and eco-tourism are treated.

Government Document (2001).
The Fisheries Act - Chwaka Bay
Fishing Nets Prohibition Order
2001. Chwaka Bay, Zanzibar. Legal
Supplement Part II to the Zanzibar
Government Gazette: CXI No. 5965
of 13th September, 2002. Zanzibar,
Tanzania. Revolutionary Government
of Zanzibar.

This is the Chwaka Bay by-law which clearly forbids the
use and existence of all type of nets in water and in land.
The by-law was formulated after several conflicts between fishermen. See de la Torre-Castro and Lindström
(2010) for further analysis of the conflict.

Government Document (2004).
Jozani Chwaka Bay National
Park order. Declaration of Jozani
Chwaka Bay National Park. Legal
Supplement (Part II) to the Zanzibar
Government Gazette Vol. CX11 No.
6037 of the 27 February, 2004. Pp
23 – 62. Revolutionary Government
of Zanzibar.

This is the legal document which defines the JozaniChwaka Bay area into a National park of the URT. This
is the first national park in Zanzibar. The document
contains demarcation or the national park, goals, conservation and management issues, etc.

Government of Zanzibar, Commission
for Land and Environment in the
Ministry of Water, Construction,
Energy, Lands and Environment
(1995). National Land Use Plan.
Zanzibar Integrated Land and
Environmental Management Project
& Finnish International Development
Agency – National Board of Survey.
NLUP_S.02. Zanzibar, Tanzania.

This land use plan provides guidance for spatial decision
making, including the long-term sustainable use of
Zanzibar’s natural resources and associated the wellbeing of local people. Chwaka is one of several presented
sites and villages in the plan.

Gullström, M. (2006). Seagrass
meadows. Community Ecology
and Habitat Dynamics. Doctoral
Dissertation. Department of Marine
Ecology, Gothenburg University.
Gothenburg, Sweden.

This thesis focuses on the ecology of seagrass habitats,
with respect to various factors forming the seagrass
ecosystem, as for instance associated assemblages of
different organisms or abiotic elements. Results from
both Scandinavia as well as Africa (Chwaka information
included) are presented.

Gullström, M.; Berkström, C.;
Öhman, M.C.; Bodin, M.; Dahlberg,
M. (2011). Scale-dependent patterns
of variability of a grazing parrotfish
(Leptoscarus vaigiensis) in a tropical seagrass-dominated seascape.
Marine Biology: 158: 1483-1495.

This study, which was carried out in Chwaka Bay,
analyzes spatial structures of the parrotfish Leptoscarus
vaigiensis in seagrass beds, and influencing factors at
local ad spatial scales. The results show that seagrasses
are it’s main food source and densities are correlated to
seagrass shoot densities. Further, predator densities were
found to be correlated to seagrass canopy height. Hence,
the importance of including multiple scale dependent
factors in seagrass management is underlined. Eight
sampling sites within Chwaka Bay with different seagrass
species composition were chosen.

Gullström, M.; Bodin, M.; Nilsson,
P.G.; Öhman, M.C. (2008). Seagrass
structural complexity and landscape
configuration as determinants of
tropical fish assemblage composition. Marine Ecology Progress Series:
363: 241–255.

In this study, samples of fish communities have been
taken from seagrass habitats in order to analyze how
physical and seagrass characteristics (on a small scale)
and geographical factors (on a larger scale) like distance
to other seascape habitats influence them, e.g. in terms of
species diversity and abundances. Different sites within
the Chwaka Bay were used.

Gullström, M.; de la Torre-Castro,
M.; Bandeira, S.O.; Björk, M.;
Dahlberg, M.; Kautsky, N.; Rönnbäck,
P.; Öhman, M. (2002). Seagrass
Ecosystems in the Western Indian
Ocean. Ambio: 31: 7-8.

This paper gives an overview over the current amount
of scientific knowledge on seagrasses, focusing on the
seagrass ecosystems on the WIO region and its artisanal
fisheries. The paper specifically mentions the seagrass
associated fisheries in Chwaka Bay.

Gullström, M.; Lundèn, B.; Bodin, M.;
Kangwe, J.; Öhman, M.C.; Mtolera M.
S.P.; Björk, M. (2006). Assessment of
changes in the seagrass-dominated
submerged vegetation of tropical
Chwaka Bay (Zanzibar) using
satellite remote sensing. Estuarine,
Coastal and Shelf Science: 67: 399-408.

In this study, the development and changes of submerged
aquatic vegetation cover in Chwaka Bay has been illustrated using satellite remote sensing and pictures
covering a time span of 20 years. Eventual changes are
discussed and their causes assessed.
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Håkansson, E. (2006). Invertebrate
colllection in Chwaka village,
Zanzibar, with special focus on
women and the importance of
seagrasses. M.Sc. thesis, Department
of Systems Ecology, Stockholm
University. Stockholm, Sweden.

This study on invertebrate collection in Chwaka village assessed its value for local communities, mainly
emphasizing women involved in this activity. Further,
the value of seagrass habitats for invertebrate collection
was described and the degree of exploitation at that time
investigated. Information about species, catches, levels of
income and other key factors related to the activity are
provided.

Hale, L.Z.; Amaral, M.; Issa, M.S.;
Mwandotto, B.A.J. (2000). Catalyzing
coastal management in Kenya and
Zanzibar: Building capacity and
commitment. Coastal Management:
28: 75-85.

This paper reports the implementation of two integrated
coastal management approach (ICM) projects in Chwaka
Bay-Paje, Zanzibar and Nyali-Bamburi-Shanzu, Kenya,
to illustrate the value of coastal management integrating
coastal communities, approaching issues like tourism
development and enhancement of resource-dependent
economies of coastal communities.

Halling,
C.;
Wikström,
S.A.;
Lilliesköld Sjöö, G.; Mörk, E.;
Lundsør, E.; Zuccarello, G.C. (2012).
Introduction of Asian strains and
low genetic variation in farmed
seaweeds: Indications for new
management practices. Journal of
Applied Phycology: DOI: 10.1007/
s10811-012-9842-0.

In this study, samples of cultivated and wild specimen of
the widely farmed seaweeds Eucheuma and Kappaphycus,
collected in Zanzibar were genetically analyzed. Results
show that a few genotypes of Asian strains which have
been introduced for seaweed farming have taken root
even in the wild. African genotypes were found in a few
sites, which could be included in future seaweed farming activities. The collection sites in Chwaka Bay were
Chwaka, Uroa and Michamvi.

Hammar, J. (2008). Importance
of grazing by sea urchins in
Thalassodendron ciliatum meadows:
scale-dependant variability and edge
effects. M.Sc. thesis, Department
of Systems Ecology, Stockholm
University. Stockholm, Sweden.

In this thesis, the grazing patterns of sea urchins on
primarily Thalassodendron ciliatum seagrass beds were
determined, emphasizing edge effects and grazing variations at different hierarchical levels of spatial scales. Two
unexposed meadows within Chwaka Bay dominated by
T. ciliatum were selected in the study; two others were in
Bweleo and Fumba.

Hammar, L. (2005). Linkage between
bottom structure and catch composition in defined fishing grounds of
the seagrass fishery in Chwaka Bay
Zanzibar, Tanzania. M.Sc. thesis,
Department of Systems Ecology,
Stockholm University. Stockholm,
Sweden.

In this study, the influences of benthic characteristics on
catch compositions in the seagrass dominated fishing
grounds of Chwaka Bay were investigated by analyzing
local market data from Chwaka village market and
data collected on seagrass habitat settings and bottom
structure.

Hedman, F. (1999). Characterization
of sediment from two mangrove
systems with different degree of
human influence. A case study on
Unguja Island, Zanzibar, Tanzania.
M.Sc. thesis, Department of Zoology,
Stockholm University. Stockholm,
Sweden.

On Unguja Island, two mangrove habitats under varying
anthropogenic influences were investigated in terms of
physical, chemical and biological characteristics to assess
implications of present and future impacts of human
activities. The anthropogenically affected mangrove site
was Mpigaduri and the more pristine site was represented by Chwaka Bay mangroves.

Henriksson, R. (2005). Effects of
seaweed farms on seagrasses and
epiphytes in Chwaka bay, Zanzibar,
Tanzania. M.Sc. thesis, Department
of Systems Ecology, Stockholm
University. Stockholm, Sweden.

In this thesis, the impacts of small scale seaweed farming
on the seagrass species Enhalus acoroides and Thalassia
hemprichii were assessed by determining seagrass growth
patterns, biomass of associated epiphytes and benthic
biota. All experiments over a three month period were
done in Chwaka Bay.

ICAM
(Integrated
Coastal
Management
Team)
(1996).
Towards integrated management
and sustainable development of
Zanzibar’s coast - Findings and
recommendation for an action
strategy in the Chwaka Bay - Paje
site. COLE (Commission for Lands
and Environment), Zanzibar.

This report describes the Integrated coastal area management strategy (ICAM) developed of Zanzibar’s government, addressing coastal management issues suggesting
integration of the government, local communities as well
as the private sector for a development towards a more
sustainable use of local coastal resources in the Chwaka
Bay – Paje area.

ICAM
(Integrated
Coastal
ManagementTeam);
NEP/FAO/
PAP (2000). Progress in integrated
coastal management for sustainable
development of Zanzibar’s Coast.
Unguja Island coastal profile and
management strategy. Project report:
Protection and Management of the
Marine and Coastal Areas in the
Eastern Africa Region. Split, Croatia.
EAF/S phase II East African Region
Seas Technical Report Series No. 7

This report describes the program of Integrated coastal
area management (ICAM) for sustainable development
in the Chwaka Bay – Paje area, assessing coastal issues
and resource use strategies (within e.g. fisheries and
aquacultures, mangrove forests, tourism development,
industries), including information gathered from stakeholders, government institutions and non-governmental
organizations and was used as discussion basis in a
national workshop.

IMS/WIOMSA. Mohammed, S.M.;
Johnstone, R.W.; Widen, B.; Jordelius,
E. (1999). The role of mangroves in
the nutrient cycling and productivity of adjacent seagrass communities,
Chwaka Bay, Zanzibar. In: Marine
Science Development in Tanzania
and East Africa. 20th Anniversary
Conference on Advances in Marine
Science in Zanzibar, Tanzania. Edited
by Richmond, M.D. and Francis, J.

This report assesses the eventual deposition and influences of organic matter from mangrove forests on the
nutrient dynamics and productivity of adjacent seagrass
ecosystems in Chwaka Bay. The results show that export
of POM (particular organic matter) from mangroves
to the seagrass beds is going on, but deposition of this
material is restricted to the seagrass communities closest
to the mangroves.

IOC
(Intergovernmental
Oceanographic Commission) (1995).
International Training Workshop
on Integrated Coastal Management.
Tampa, Florida, 18-28 October 1995.
UNESCO. Workshop Report No. 120.

The focus of this international training workshop lied on
implementing Integrated Coastal Management (ICM),
and to give the opportunity for coastal management
practitioners from all over the world to meet, share
knowledge and make management plans for ICM.
Chwaka Bay-Paje area is presented as an important case
for management.

Jiddawi, N.S.; Öhman, M. (2002).
Marine Fisheries in Tanzania.
Ambio: 31 (7/8): 518-527

This paper is a literature review covering more than 340
references about Tanzanian fishery and fish ecology,
giving an overview over existent literature about fishery
resources and –techniques on the Tanzania coastline and
islands. Further, gaps of scientific attention in international journals are pointed out. Some information on
Chwaka fisheries is presented.
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Jiddawi, N.S.; Yahya, S.A.S. (2003).
Jiddawi, N. S. Yahya, S. A. S.
Zanzibar Fisheries Frame Survey,
2003. Dept. of Fisheries and Marine
Resources; Ministry of Agriculture,
Natural Resources, Environment &
Cooperatives, Zanzibar; Institute of
Marine Sciences, University of Dar es
Salaam, Zanzibar, Tanzania.

This fishery frame or census surveys are done on a biannual or five year basis to present statistical data on
Zanzibar’s mostly still artisanal fisheries. Information
on fishing areas and landing sites, the numbers of fishermen, as well as used gears and vessels is provided, which
can be applied in fisheries management. The villages
surrounding the Bay are represented in the survey and
important basic information is given.

Jordelius, E. (1998). Productivity and
nutrient dynamics of benthic communities in Chwaka Bay, Tanzania.
M.Sc. thesis, Department of Zoology,
Stockholm University. Stockholm,
Sweden.

The studies to this thesis investigated three different
sites of seagrass ecosystems in Chwaka Bay, consisting of
mainly four species, in terms of nutrient dynamics and
characteristics of benthic communities. Measured were
oxygen consumption and production as well as gross
primary production.

Kamermans, P.; Hemminga, M.A.;
Marbà, N.; Mateo, M.A.; Mtolera, M.;
Stapel, J. (2001). Leaf production,
shoot demography, and flowering of
Thalassodendron ciliatum along the
east African coast. Aquatic Botany:
70: 243-258.

In this study, different features of the seagrass species
Thalassodendron ciliatum were investigated in eleven different settings in Kenya and Zanzibar, to allow conclusions on the state of local seagrass ecosystems. Chwaka
Bay was one of the study sites in Zanzibar.

Kamermans, P.; Hemminga, M.A.;
Tack, J.F.; Marbà, N.; Mateo, M.A.;
Mtolera, M.; Stapel, J.; Verheyden, A.;
Van Daele, T. (2002). Groundwater
effects on diversity and abundance
of lagoonal seagrasses in Kenya and
on Zanzibar Island. Marine Ecology
Progress Series: 231: 75-83.

Several different seagrass sites with varying groundwater
outflow ratios have been investigated in terms of salinity and nitrogen influx to assess influences on seagrass
diversity and abundance. Chwaka Bay was one of the
study sites presented.

Kangwe, J.W. (2006). Calcerous
algae of a tropical lagoon: Primary
productivity,
calcification
and
carbonate production. Doctoral
Dissertation. Department of Botany,
Stockholm University. Stockholm,
Sweden.

The aim with this thesis was to evaluate the ecological
importance and function of the green algae Halimeda
Lamouroux and the red coraline algae (Rhodophyta,
Corallinales) in a tropical lagoon environment on
Zanzibar. Species of green algae were taxonomically
determined and surveys regarding the submerged macrophyte communities have been performed. Chwaka Bay
is the study site in this thesis.

Kastner, T. (1996). Measurements of
nitrification rates in three coastal
ecosystems in Zanzibar. Institute of
Marine Sciences, University of Dar es
Salaam. Zanzibar, Tanzania.

In this study, the nitrification rates of mangrove swamps
in polluted and non-polluted areas Unguja Island have
been determined and compared, to assess anthropogenic
impacts on the soil quality and ecosystem functioning.
Chwaka Bay, Stone Town and Fuji beach are the sites in
the study.

Khalfan, A. (2007). Opportunities
and challenges for marketing of
ecotourism in Zanzibar: The case
of Chwaka Bay national park and
selected stakeholders in Zanzibar.
MBA dissertation, University of Dar
es Salaam. Dar es Salaam, Tanzania.

The aim of this thesis was to explore the potentials for
eco-tourism in Zanzibar, doing interview studies in
nine villages around Jozani-Chwaka Bay National Park.
Key factors which were found to be both benefiting and
hindering the marketing of eco-tourism were identified
and discussed.

Kruitwagen, G. (2007). Ecology and
toxicology of mangrove fauna in
Tanzania. With particular reference to the mudskipper. Doctoral
Dissertation. Radboud University.
Nijmegen, Netherlands.

This thesis attempts to assess the status of coastal
pollution in Tanzania by displaying the effects of contaminated mangrove habitats on the barred mudskipper
(Periophthalmus argentilineatus valenciennes). The
selected sites were mangroves in Chwaka and Mtoni near
Dar es Salaam due to the different hydrological regimes.
The collection took place in the Mapopwe creek.

Kruitwagen G.; Hecht, T.; Pratap,
H.B.; Wendelaar Bonga, S.E. (2006).
Changes in morphology and growth
of the mudskipper (Periophthalmus
argentilineatus) associated with
coastal pollution. Marine Biology:
149: 201–211

In the experiments of this study, growth patterns of the
barred mudskipper (Periophtalmus argentilineatus)
have been investigated assessing and comparing samples
from polluted and non-polluted mangrove habitats in
Tanzania. The sites were: Mtoni, Kunduchi, Mbweni,
Chwaka, Makoba and Rufiji along the coast of Tanzania.

Kruitwagen
G.;
Nagelkernen,
I.; Lugendo, B.R.; Pratap, H.B.;
Wendelaar Bonga, S.E. (2007).
Influence of morphology and
amphibious life-style on the feeding ecology of the mudskipper
Periophthalmus
argentilineatus.
Journal of Fish Biology: 71: 39–52

This paper describes the feeding behavior of the barred
mudskipper, analyzed using samples from Tanzanian
mangrove forests. Variations at juvenile and adult life
stages due to physical characteristics, and the ability to
use niched food resources like mangrove crabs are explained. The sites were Chwaka Bay, Zanzibar and Mtoni,
Dar es Salaam, Tanzania.

Kruitwagen G.; Pratap, H.B.; Covaci,
S.E.; Wendelaar Bonga, S.E. (2008).
Status of pollution in mangrove
ecosystems along the coast of
Tanzania. Marine Pollution Bulletin:
56: 1022–1042

This paper is included in the thesis above, and evaluates
the occurrence of anthropogenic pollutants in the mudskipper from different mangrove habitats in Tanzania.
Harmful physical effects on mudskipper populations are
described, and quantifications of the associated heavy
metals and pollutants included. The selected sites were
Mtoni, Kunduchi, Mbweni, Chwaka, Makoba, and Rufiji
along the coast of Tanzania.

Kyaruzi, J.J. (2002). Assessment of
nitrogen fixation by cyanobacteria
in mangrove ecosystems of Zanzibar
Island. M.Sc. thesis. University of
Dar es Salaam, Tanzania

This thesis describes the in situ nitrogen fixation rates
in sediments, comparing mangrove habitats with and
without anthropogenic disturbances. Further, cyanobacteria have been identified, their abundance assessed, and
physical and chemical environmental factors studied.
The study sites were the mangroves stands of Maruhubi
and those of Chwaka Bay.

Kyewalyanga, M.N.S. (2002). Spatialtemporal changes in phytopkankton
abundance and primary production
in Chwaka Bay, Zanzibar. Tanzania
Journal of Science: 28: 11-26

Changes in location and time in phytoplankton primary
production and biomass were investigated at two sites in
Chwaka Bay. The results were analyzed and put in relation with associated ecosystems factors.

Lange, G.M.; Jiddawi, N. (2009).
Economic value of marine ecosystem
services in Zanzibar: Implications
for marine conservation and
sustainable development. Ocean &
Coastal Management: 52: 521-532

In this article, the actual benefits of marine ecosystem
services on Zanzibar are valued, linked to stakeholder
groups, national income accounts, the GDP, and are
further opposed to the low level of valuation and insufficient conservation attempts they usually face. Chwaka
Bay is not a particular site in this study, but the article
names the mangrove forest managed by the forestry
department.
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Leliaert, F. (2004). Taxonomic
and phylogenetic studies in the
Cladophorophyceae (Chlorophyta).
Doctoral Dissertation. Deparment
of Biology, Ghent University. Ghent,
Belgium.

For this thesis, the taxonomy and evolutionary connections of species and genera in the Cladophorophyceae
were studied, focusing on tropical marine species, using
present-day methods allowing more precise results.
Chwaka Bay is a site in the thesis.

Leliaert, F.; Vreusel, W.; De Clerck,
O.; Coppejans, E. (2001). Epiphytes
on the seagrasses of Zanzibar Island
(Tanzania): floristic and ecological
aspects. Belgian Journal of Botany:
134: 3-20

In this study, seagrass epiphyte assemblages were analyzed by identifying and quantifying different species,
as well as comparing assemblages occurring in different
habitats to determine decisive environmental factors.
The zonation of seagrasses and associated epiphytes are
described along the tidal channel of Chwaka Bay in this
study.

Lilliesköld Sjöö, G.; Mörk, E.;
Andersson, S.; Melander, I. (2011).
Differences in top-down and
bottom-up regulation of macroalgal
communities between a reef crest
and back reef habitat in Zanzibar.
Estuarine, Coastal and Shelf Science:
91: 511-518.

This comparative study was conducted in Chwaka Bay
to analyze top-down and bottom-up regulation of macroalgae on coral reefs through manipulation of nutrient
availability and grazer abundance. Wave action and
water motion are taken into consideration to investigate
their regulation function.

LOICZ. Dupra, V.; Smith, S.V.;
Marshall Crossland, J.I.; Crossland
C.J. (2001). Estuarine systems
of sub-Saharan Africa: carbon,
nitrogen and phosphorous fluxes.
Workshop. LOICZ International
Project Office Netherlands, Institute
for Sea Research. Reports &
Studies No. 18. Core project of the
International Geosphere-Biosphere
Program (IGBP) and United Nations
Environment Program (UNEP).
LOICZ.

The first aim of this program is the development of horizontal and, to a lesser extent, vertical material flux models and their dynamics from continental basins through
regional seas to continental oceanic margins, based on
our understanding of biogeochemical processes and
data for coastal ecosystems and habitats and the human
dimension. The second is the scaling of the material
flux models to evaluate coastal changes at special scales
to global levels and, eventually, across temporal scales.
This workshop, which was held in Zanzibar 2000, is a
contribution to these efforts. Chwaka Bay is used as an
example to model other African embayments. Important
basic data is provided for the Bay.

Lugendo, B.R. (2007). Utilisation
by fishes of shallow-water habitats
including mangroves and seagrass
beds along the Tanzanian coast.
Doctoral Dissertation.
Radboud
University. Nijmegen, Netherlands.

This thesis displays the importance of Tanzania’s mangrove and seagrass beds as nursery grounds. Chwaka
Bay’s fish assemblages and the function of tropical bays
as foraging habitats were studied.

Lugendo, B.R.; De Groene, A.;
Cornelissen,
I.;
Pronker,
A.;
Nagelkernen, G.; Van der Velde, G.;
Mgaya, Y.D. (2007). Spatial and temporal variation in fish community
structure of a marine embayment in
Zanzibar, Tanzania. Hydrobiologia:
586: 1–16

This study investigated the fish community structure in
various habitats of Chwaka Bay. Several environmental
factors as well as seasonal changes eventually influencing
fish assemblages were studied and links assessed.

Lugendo, B. R.; Nagelkernen, G.;
Jiddawi, N.; Van der Velde, G.; Mgaya,
Y.D.; Van der Velde, G. (2007).
Fish community composition of a
tropical nonestuarine embayment
in Zanzibar, Tanzania. Fisheries
Science: 73: 1213–1223

This study assessed the fish community composition in
Chwaka Bay by identifying occurring fish species, assessing mean densities and biomass, and investigating the
effects of varying distances between the studied habitats
on their fish assemblages.

Lugendo, B. R.; Nagelkernen, G.;
Kruitwagen, G.; Van der Velde, G.;
Mgaya, Y. D. (2007). The relative
importance of mangroves as feeding
habitats for fishes: A comparison
among mangrove habitats with
different settings. Bulletin of Marine
Science: 80 (3): 497-512

This paper is included in the above described Doctoral
Dissertation (Lugendo, 2007) and investigated whether
a mangrove forest’s value as feeding ground for fish
depends on the mangrove setting, by studying two
differing mangrove environments using stable isotope
analysis of carbon and nitrogen. One of the study sites is
the mangrove area in Chwaka Bay, specifically Mapopwe
creek. This is classified as a mangrove-lined creek, nonestuarine character and dominated by mud/sandflats
and seagrass beds.

Lugendo, B.R.; Nagelkernen, G.; Van
der Velde, G.; Mgaya, Y.D. (2006).
The importance of mangroves, mud
and sand flats, and seagrass beds as
feeding areas for juvenile fishes in
Chwaka Bay, Zanzibar: Gut content
and stable isotope analyses. Journal
of Fish Biology: 69: 1639–1661

This paper is included in the above described Doctoral
Dissertation (Lugendo, 2007). Stable isotope analysis
of carbon and nitrogen as well as gut content analysis
were used to study the quality of different habitats of the
tropical seascape as foraging grounds for different fish
species. The following sites are considered: Mapopwe
creek, mangrove channel, mud/sandflat area, seagrasses
in front of Chwaka village and seagrasses in front of
Marumbi village.

Lugendo,
B.R.;
Pronker,
A.;
Cornelissen, I.; De Groene, A.;
Nagelkernen, I.; Dorenbosch, M.;
Van der Velde, G.; Mgaya, D. (2005).
Habitat utilization by juveniles of
commercially important fish species
in a marine embayment in Zanzibar,
Tanzania.
Aquatic and Living
Resources: 18: 149–158

To assess the habitat utilization in different settings of
the tropical seascape in Chwaka Bay, investigations using
samples from fish catches and visual census monitoring
were made. To describe and compare the characteristics
of fish assemblages using the different habitats, information on fish sizes, abundances and species composition
were analyzed. The same sites as the above were used in
this investigation.

Lugomela,
C.;
Bergman,
B.;
Waterbury, J. (2001). Cyanobacterial
diversity and nitrogen fixation in
coastal areas around Zanzibar,
Tanzania. Algological Studies Volume:
103: 95-115

In this study, cyanobacterial diversity and nitrogen
fixation were determined in terms of their nitrogen production contribution on Zanzibar’s coastline. Different
species were investigated, and habitat preference, abundance as well as nitrogen fixation behavior described.
The sites in Zanzibar were: Bawi area, Mazizini, Fumba
and Chwaka Bay.

Lugomela, C.; Kyewalyanga, M.
(1999). Survey of potentially harmful microalgae in Zanzibar coastal
waters. A project report submitted
to IOC. Contract No. SC - 298.078.8,
University of Dar es Salaam, Tanzania.

This report assesses the existence of potentially
harmful microalgae in different habitats of Zanzibar
waters. Several toxins and their effects on the marine
environment and symptoms they generate in humans
are described. Among the investigated sites two were located within Chwaka Bay, namely station I in Mapopwe
mangrove west creek and station II in the intertidal flats
with seagrass and seaweed farms.
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Lyimo, T.J.; Hamisi, M.I. (2008).
Cyanobacteria occurrence and
nitrogen fixation rates in the seagrass meadows of the east coast of
Zanzibar: Comparisons of sites with
and without seaweed farms. Western
Indian Ocean Journal of Marine
Science: 7 (1): 45-55

Cyanobacteria found in seagrass beds in Zanzibar were
identified and their nitrogen fixation rates as well as
biomass determined to assess eventual influences of
seaweed farming. The two investigated locations were
Chwaka Bay and Jambiani, Zanzibar’s east coast.

Lyimo, T.J.; Mvungi, E.F.; Lugomela,
C.; Björk, M. (2006). Seagrass biomass and productivity in seaweed
and non-seaweed farming areas in
the east coast of Zanzibar, Tanzania.
Western Indian Ocean Journal of
Marine Science: 5(2): 141-152
Lyimo, T.J.; Mvungi, E.F.; Mgaya, Y.D.
(2008). Abundance and diversity of
seagrass and macrofaua in the intertidal areas with and without seaweed farming activities in the east
coast of Zanzibar. Tanzania Journal
of Science: 34: 41-52

Two seagrass species, Thalassia hemprichii and Enhalus
acoroides, were studied comparing shoot density,
biomass and growth capacity between seagrass habitats
with and without seaweed farming activities. Sites were
Marumbi in Chwaka Bay and Jambiani.

Mahongo, S.B. (1997). Sea Surface
heat exchange and bottom reflection
in a tidal, shallow tropical lagoon:
Chwaka Bay, Zanzibar. M.Sc. thesis,
Department
of
Oceanography,
Gothenburg University. Gothenburg,
Sweden.

In this study, radiative heat fluxes have been determined
from a platform in Chwaka Bay, and compared to values
computed from empirical formulas. Measured factors
were absorbed solar radiation, evaporation, net longwave radiation and sensible heat and bottom reflection.

Mahongo, S.B. (1998). Bottom reflection in a shallow tidal bay. Tanzania
Journal of Science: 24: 37-48

In this study it was investigated if bottom reflection is
important for the heat budget of Chwaka Bay by determining bottom reflection of short-wave radiation.

Mahongo, S.B. (1999). Turbulent
heat energy exchange in a tropical
bay. Tanzania Journal of Science: 25:
1-15

This paper is based on recordings of atmospheric sea
surface temperature to calculate and illustrate heat fluxes
in Chwaka Bay.

Mahongo, S.B. (2000). Radiative heat
exchange in a tropical Chwaka bay,
east coast of Zanzibar. Indian Journal
of Marine Sciences: 29: 12-18

This study assessed measurements of radiative heat
fluxes of different wave lengths under varying levels of
cloudiness in Chwaka Bay.

Margles, S.W. (1997). A description
of Unguja’s African civet, Civetticus
civetta based on a study of civetries.
School for International Training.
Zanzibar, Tanzania.

To assess the Unguja Island’s population of Civetticus
civetta at the time, eight civetries were monitored and
deposited feces analyzed in terms of plant and animal
remains. Additionally, local villagers were interviewed to
describe the civet’s relationship to humans. The monitoring took three weeks within the Jozani-Chwaka Bay area.

Several different seagrass species as well as macrofauna
were investigated in this study, comparing samples from
seaweed farming and non-seaweed farming sites on
Zanzibar, assessing abundances and diversity. The
investigated sites were Chwaka Bay and Jambiani and
included wet and dry seasons sampling.

Masalu, D.C.P. (2006). Coastal
and marine resource use conflicts
and
sustainable
development
in Tanzania. Ocean & Coastal
Management: 43: 475-494

This study identified and assessed the coastal and marine
resource use conflicts in Tanzania, motivating an integrated coastal area management approach involving local communities. For the Chwaka Bay area the conflicts
treated are those between Cheju and Chwaka Bay, or rice
vs. fish; and seaweed farming vs. tourism development
and artisanal fisheries.

MASMA (Marine Science for
Management) [Bandeira, S.; Björk,
M.; Lyimo, T.; Bikhajee, M.; Kautsky,
L.; de la Torre-Castro, M.; Uku, J.].
(2004). Sustainable Management and
Valuation of Seagrass Ecosystems in
the Western Indian Ocean Region.
Final Research Report.

This three-year research program was conducted to
underline the value of seagrass beds, their important
roles in the marine environment and provision of crucial
ecosystem goods and services to local communities on
East Africa’s coastline. Further, stressors and threats to
seagrass ecosystems are assessed. Data was derived from
field studies in the WIO region as well as reviewing existing literature. Chwaka Bay was a key site in the project.

Mazda, Y.; Kanawawa, N.; Wolanski,
E. (1995). Tidal asymmetry in
mangrove creeks. Hydrobiologia: 295:
51-58, 1995

This publication investigates the important geometrical
factor of current asymmetry in the tightly overgrown interconnected mangrove swamp-creek system of Chwaka
Bay originally presented in Wolanski (1989). Other sites
from this review are located in Australia, New Zeland,
Thailand and Japan.

Melander, I. (2008). Effects of nutrients and herbivory on reproductive
potential and output of natural
macroalgal populations in East
Africa. M.Sc. thesis, Dept. of Systems
Ecology,
Stockholm
University.
Stockholm, Sweden.

In this study, the effects and interactions of reduced grazing pressure and elevated nutrient levels on the fecundity
of the brown algae Turbinaria conoides have been studied
on Zanzibar’s east coast. Data was derived from nutrient
content measurements in algal tissue as well as biomass
assessments. The study was performed in Chwaka Bay.

Mkenda, A.F. (2001). Mkenda, A.
F. Fisheries resources and welfare in rural Zanzibar. Doctoral
Dissertation.
Department
of
Economics, Gothenburg University,
Gothenburg, Sweden and University
of Dar es Salaam, Tanzania.

This study gives an overview over fishery resources
and welfare, emphasizing the artisanal fisheries of
rural Zanzibar. An economic analysis of the optimum
catch, an economic analysis of the over-exploitation of
Zanzibar’s fishery resources and the results of household
budget surveys are presented and discussed. The thesis is
conducted using data from the Department of Fisheries
and Marine Resources, Zanzibar in which Chwaka villages are part of. The results of the models suggest that
Zanzibar fisheries are over-exploited; still the artisanal
fisheries dependent households are better off than the
peasant ones.

Mmochi, A. J. (1997). Pesticide
use and nutrient pollution of the
ground water outflow to the nearshore water of Zanzibar Island, the
case of Chwaka Bay, Paje, Fumba
and Makoba Bay. First Annual
progress report of the INCO Project:
Anthropogenically induced changes
in groundwater outflow and quality,
and the functioning of eastern African
nearshore ecosystems. GROFLO:
117-122

In this study, water samples of marine nearshore ecosystems with groundwater inflow from agricultural areas in
Zanzibar have been analyzed. The analysis included ammonia levels to assess nutrient concentrations, oxygen
contents, pH determination, as well as identification and
assessment of concentrations of agricultural pesticides.
One of the analyzed sites was Chwaka Bay.
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Mmochi,
A.
J.
(2006).
Chemodynamics of pesticide residues and metabolites in Zanzibar
coastal
marine
environment.
Doctoral Dissertation. University of
Dar es Salaam, Tanzania.

This PhD study investigated the occurrence, quantity,
kinds and toxicities of pesticides applied in Zanzibar
coastal areas. The experiments comprised water, biota,
sediment and soil analyses to describe their existence
in the marine environment. The sites included were
two drainage basins: Mahonda-Makoba and ChejuMapopwe (Chwaka Bay) and the sites of Paje and Fumba.

Mmochi, A.J.; Mberek, R.S. (1998).
Trends in the types, amounts,
and toxicity of pesticide used
in Tanzania: Efforts to control
pesticide pollution in Zanzibar,
Tanzania. Ambio: 27: 8: 669-676

This article reviews Tanzania’s pesticide use, describing
the development during the years 1988 – 1998, focusing
on usage trends in types and amounts in Zanzibar, and
assesses environmental consequences. The problems of
the Cheju-Mapopwe area in Chwaka Bay are highlighted.

Mmochi, A.J.; Mtolera, M.S.P.;
Shunula, J.P.; Ndaro, S.G.M. (1999).
Anthropogenically induced changes
in groundwater outflow and quality, and the functioning of Zanzibar
near shore ecosystem. Part 1, in
GROFLO Final Report: 135-173

In this study, the existence of anthropologically introduced pollutants in groundwater receiving sites is
described, and their impact on ecosystem composition
and functioning in coastal marine environments assessed. Different pesticides were identified, quantified,
and their origins ascertained to illustrate the importance
of mangrove ecosystems and their filtering function for
the marine environment. The sites reported are: Paje,
Chwaka, Fumba and Makoba.

Mohammed, S.M. (1998). Nutrient
dynamics and exchanges between
a mangrove forest and a coastal
embayment: Chwaka Bay. Doctoral
Dissertation. Department of Zoology,
Stockholm University. Stockholm,
Sweden.

In this thesis, eventual connections between mangrove
forests and their adjacent habitats were studied and
described in terms of nutrient dynamics and –exchange.
The influence of mangrove forests on adjacent seagrass
ecosystems and algal communities. Empirical data and
analysis is derived from Chwaka Bay’s mangrove areas.

Mohammed, S.M. (2002). Pollution
management in Zanzibar: the need
for a new approach. Ocean & Coastal
Management: 45: 301-311

This article reviews pollution problems in Zanzibar,
describing sources and implications for the marine
environment and local people, proposing management
attempts for future advancements. The issue highlighted
for Chwaka Bay is the lack of proper sanitation which in
turn produces significant amount of coliforms in the Bay.

Mohammed, S.M. (2004). Saving the
commons: community involvement
in the management of mangrove
and fisheries resources of Chwaka
Bay, Zanzibar. Western Indian Ocean
Journal of Marine Science: 3(2):
221-225

This essay gives an insight into the development and
current situation of Chwaka Bay’s fishery- and mangrove
resources. The communities’ management of resources
is described and recommendations for resource management towards a more sustainable utilization are made.

Mohammed, S.M.; Jiddawi, N.S.
(1999). The ecology and socio economy of Chwaka Bay. Report prepared
for CARE, Tanzania. Zanzibar Town:
IMS and CARE.

This key work describes the Chwaka Bay lagoon,
including physical and ecological settings, the marine
environment, the fishery and socio-economic settings
both historically and its development until mid- 90s
status. The work is a very good introduction to the
place, provides an annotated bibliography and a list of
the main species found in the Bay.

Mohammed, S.M.; Johnstone, R.W.
(1995).
Spatial and temporal
variations in water column nutrient
concentrations in a tidally dominated mangrove creek: Chwaka Bay,
Zanzibar. Ambio: 24(7/8): 482-486

In this paper, the distribution of dissolved inorganic
nutrients in Mapopwe Creek have been studied by
determining spatial and seasonal variations in concentration levels of different nutrients.

Mohammed, S.M.; Johnstone, R.W.
(2002). Porewater nutrient profiles
and nutrient sediment-water exchange in a tropical mangrove waterway, Mapopwe Creek, Chwaka Bay,
Zanzibar. African Journal of Ecology:
40: 172-178

This paper represents a continuance of the study above
(Mohammed & Johnstone, 1995), investigating sediment samples to assess the value of mangrove forests
supplying other tropical habitats as coral reefs with
nutrients. The study was done in Mapopwe creek of the
Chwaka mangrove forest.

Mohammed, S. M.; Johnstone, R. W.
(2002). Studies of Benthic denitrification in the Chwaka Bay mangrove
sediments,
Zanzibar.
Tanzania
Journal of Science: 28(1): 71-81

In this study, denitrification rates have been investigated
in a narrow tidal creek in the Chwaka mangrove ecosystem to determine whether or not sediment denitrification does play a role as a sink for nitrogen in this
ecosystem. Spatial variations and seasonal differences in
denitrification are described and discussed.

Msuya, Ch. A.; Howell, K.M.;
Channing, A. (2006). A new species
of running frog, (Kassina, Anura:
Hyperoliidae) from Unguja Island,
Zanzibar, Tanzania. African Journal of
Herpetology: 55(2): 113-122.

In this paper, a new species of running frog in the
genus Kassina, which differs from all known species is
described, which was at the time discovered in Jozani Chwaka Bay National Park.

Msuya,
F.E.
(2006).
Seaweed
farming as a potential cluster. In:
Proceedings of the Innovation Systems
and Clusters Programe in Tanzania
(ISCP-Tz): Cluster Initiative Launching
Workshop, Dar es Salaam, Tanzania,
edited by Mwamila, B.L.M.; Temu,
A.K., 102-113.

This report describes innovation ideas and suggests
strategies to improve the economy of seaweed farmers
in Tanzania. Given examples are e.g. semi processing of
the seaweed for export and the production of valuable
seaweed products as soap or food snacks. Further, the
farming of a new seaweed species is recommended. This
work is not concerned with Chwaka Bay in particular

Msuya, F.E. (2006a). The impact of
seaweed farming on the social and
economic structure of seaweed
farming communities in Zanzibar,
Tanzania. In: World seaweed resources:
an authoritative reference system.
Edited by Critchley, A.T.; Ohno, M.;
Largo, D.B. Amsterdam: ETI Bio
Informatics.

This report gives an overview over the development
of seaweed farming as well as the current situation in
Zanzibar. Cultivation methods, production trends,
pricing, market arrangements and motivations of
seaweed farming are explained, and the impact on the
villages’ economies and life standard described. Further,
negative aspects of seaweed farming are illustrated and
suggestions for improvement are made. This work is not
concerned with Chwaka Bay in particular.

Msuya, F.E. (2006b). The Seaweed
Cluster Initative in Zanzibar,
Tanzania. In: Proceedings of the 3rd
Regional Conference on Innovation
Systems and Innovative Clusters in
Africa. Dar es Salaam, Tanzania.
Edited by Mwamila, B.L.M.; Temu,
A.K., 246-260.

This work describes the industry of seaweed farming in
Tanzania from its beginning in 1989, and presents the
aims of the seaweed cluster initiative as approaching
problems and integrating scientific knowledge to increase yields. This work is not concerned with Chwaka
Bay in particular.
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Msuya, F.E. (2007). The effect of stocking density on the performance of the
seaweed Ulva reticulata as a biofilter
in earthern pond channels, Zanzibar.
Western Indian Ocean Journal of
Marine Science:6(1): 65-72

This paper is based on an experiment in which the seaweed Ulva reticulata was grown at two different stocking densities in a low cost integrated system in Zanzibar,
and placed at the outflow of fish ponds. Weight, growth
rate, biomass yield and nutrient uptake were measured
and compared with a control seaweed to assess the
biofilter function under different stocking densities. All
collected Ulva was from Chwaka Bay.

Msuya, F.E.; Kyewalyanga, M.S.;
Salum, D. (2006). The performance
of the seaweed Ulva reticulata as
a biofilter in a low-tech, low-cost,
gravity generated water flow regime
in Zanzibar, Tanzania. Aquaculture:
254: 284-292

The results of this study describe the alternative of
seaweed cultivations without the premise of electricity.
A low-tech, low-cost, system using water flow by gravity
in earthen ponds was installed in the outflow channels
of fishponds, growing the biofilter Ulva reticulata. All
collected Ulva was from Chwaka Bay.

Mtolera, Matern S.P. (2003). Effect of
seagrass cover and mineral content
on Kappaphycus and Euchema productivity in Zanzibar. Western Indian
Ocean Journal of Marine Science: 2(2):
163-170

In this study, the growth rates of two species of Red algae were investigated, comparing samples from settings
with high and low seagrass occurrence, as well as varying mineral availability, discussing eventual influences.
The study sites were Uroa in Chwaka Bay and Paje.

Muzuka, A.N.N.; Kangwe, J.W.;
Nyandwi, N.; Wannas, K.O.; Mtolera,
M.S.P.; Björk, M. (2001). Preliminary
results on the sediment sources, grain
size distribution and percentage cover of sand producing halimeda species and associated flora in Chwaka
Bay. In: Marine Science Development
in Tanzania and Eastern Africa. 20th
Anniversary Conference on Advances in
Marine Science in Tanzania, 28 June - 1
July 1999. Edited by Richmond, M.D.
and Francis, J., 51-59. WIOMSA book
series, IMS/WIOMSA.

In this study, factors like distribution of grain size,
CaCo3 content, thickness of unconsolidated sediments,
and percentage cover of sand-producing Halimeda
(green macroalgae) in Chwaka Bay are described to
assess sources, sediment character, their lateral variation and relative contribution of Halimeda to the total
sand budget in the study area. Characteristics of and
differences between the different sites of the bay were
described and analyzed.

Muzuka, A.N.N., Nyandwi, N.,
Shagude, Y.W. (2003). Preliminary
investigation of the pleistocene/
holocene sea-level changes along
the coastline of Tanzania, with
reference to Unguja and Pemba
Islands. Institute of Marine Sciences,
University of Dar es Salaam, Zanzibar.

In this study, sedimentary rock samples from different
sites on Pemba and Unguja Island have been analyzed
to describe historical sea level changes and the forming
of beach terraces and –ridges in the area. The study
shows that “specific localities around the two islands
where Pleistocene/Holocene sea level changes has
been preserved in the form of marine terraces and/or
beach ridges include Chwaka, Uroa, Jambiani, Paje and
Nungwi (Unguja island) and Vumawimbi and Kiuyu
(Pemba island).”

Muzuka, A.N.N.; Shaghude, Y.W.;
Wannäs, K. O.; Nyandwi, N.
(2005).
Sediment sources and
their Distribution in Chwaka Bay,
Zanzibar.
Western Indian Ocean
Journal of Marine Science: 4 (2):
185-197

The surveys to this paper focusing on the sediment
sources and distribution patterns have been conducted
through stable isotope analysis, nutrient measurements,
and sediment investigations, from numerous samples
taken from sites all over the Chwaka Bay.

Mwaipopo, O. (1998). On tidally induced flow and the associated
thermal behavior in Chwaka Bay,
Zanzibar. M.Sc. thesis, Department
of
Oceanography,
Gothenburg
University: Gothenburg, Sweden.

This thesis describes time series data of currents and sea
level temperatures recorded in Chwaka Bay, to explain
eventual tidal asymmetries and temperature variations.

Mwandya, A.W. (2008). Fish community composition related to habitat
and water conditions in mangrove
tidal creeks of Tanzania. Licentiate
thesis, Dept. of Zoology, Stockholm
University. Stockholm, Sweden.

This thesis discusses the community composition of fish
assemblages in different mangrove habitats of Tanzania,
assessing eventual effects of abiotic factors, as well as
comparing fish assemblages from mangrove forests in
good condition as well as clear-cut sites. Several mangrove sites were sampled, Mapopwe creek in Chwaka
Bay among them.

Mwandya, A.W.; Gullström, M.;
Andersson M.H.; Öhman, M.C.;
Mgaya Y.D.; Bryceson, I. (2010).
Spatial and seasonal variations of
fish assemblages in mangrove creek
systems in Zanzibar (Tanzania).
Estuarine, Coastal and Shelf Science 89:
277-286.

In this study, spatial and season fish assemblage structures were studied in Zanzibar. Over a one year period,
fish were sampled from three non-estuarine mangrove
creeks. Fish assemblages were assessed and species
identified, comparing macrophyte-vegetated and
-non-vegetated sites. Impacts of, among others, bottom
substratum, season and water condition factors were
assessed. The study investigates three mangrove creeks
(two in Chwaka Bay, namely Mapopwe and Kinani) and
one in Makoba, Kiwani creek.

Mwandya, A.W.; Mgaya, Y.D.; Öhman,
M.C.; Bryceson I.; Gullström, M.
(2010). Distribution patterns of
striped mullet Mugil cephalus
in mangrove creeks, Zanzibar,
Tanzania. African Journal of Marine
Science: 32(1): 85-93.

This study investigated spatial and seasonal variations
of the striped mullet Mugil cephalus in four mangrove
creeks in Zanzibar. Significant differences in densities
of juvenile mullets between the creeks were found, but
densities were found to be higher upstream in three of
the investigated creeks. Further, seasonal variations and
factors like water depth and clarity influencing mullet
densities were investigated. The same sites as the article
above were sampled in this study.

Myers, G.A. (2002). Local communities and the new environmental planning: a case study from Zanzibar.
Area: 34 (2): 149–159.

This paper describes politic aspects, democratized local
institutions and local knowledge of the environment,
the integration of local communities, reporting the case
study of Chwaka Bay on Zanzibar.

Nasser, S.M. (1994). Socio-economic
and ecological study of mangrove
forest management in Zanzibar,
Tanzania: A case from Chwaka
Bay. M.Sc. thesis, Norwegian Centre
for
International
Agricultural
Development, Agricultural University
of Norway. Aas, Norway.

To assess the value and roles of mangrove forests for
the tropical coastal environment and associated coastal
communities, this social-economical and -ecological
study analyzed the mangrove forest management in
Chwaka Bay.

Ngoile, M.A.K.; Shunula, J.P. (1992).
Status and exploitation of the
mangrove and associated fishery
resources in Zanzibar. Hydrobiologia:
247: 229-234

This study determined the distribution and growth
forms of the mangroves of Unguja (Unguja Ukuu,
Kisakasaka, Pete, Muwanda and Chwaka) and Pemba
(Micheweni, Chakechake, and Wete) islands. Further,
fishery resources associated with the mangrove forests
were assessed by investigating the composition of
catches from landing sites with and without mangroves.
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Ngusaru, A.S.; Mohammed, S.M.
(2002). Water, salt and stoichiometrically linked nutrient budgets
for Chwaka Bay, Tanzania. Western
Indian Ocean Journal of Marine
Science: 1(2): 97-106

This study investigated the budgets of the in- and outflow of nutrients, water and salt between Chwaka Bay
and the open ocean, to assess material flow and water
exchange.

Nilsson, C. (2005). Comparisons of
catches and income for dema trap
fishery in saegrass beds and seaweed
farms - based on the local fishing
techniques of dema fishermen. M.Sc.
thesis, Department of Systems Ecology,
Stockholm University. Stockholm,
Sweden.

This study investigated the effects of seaweed farming on
the seagrass associated “dema” trap fisheries of Chwaka
Bay. Comparisons of catches from different habitats in
terms of species composition and the economic value of
caught fish species, and suggestions for future management strategies are made.

Nilsson, H. (2008). Management
strategies in the sea cucumber fishery
in Zanzibar, Tanzania. M.Sc. thesis,
Department of Systems Ecology,
Stockholm University. Stockholm,
Sweden.
Nordlund, L.; Erlandsson, M.; de
la Torre-Castro, M.; Jiddawi, N.S.
(2010). Changes in an East African
social-ecological seagrass system:
Invertebrate harvesting affecting
species composition and local livelihood. Aquatic and Living Resources:
23: 399-416.

This social-ecological interview study was conducted to
assess the formal and informal management strategies
existent at the time, as well as to suggest improvements
for Zanzibar’s sea cucumber fishery management. The
villages of Uroa and Chwaka were included in the study.
This study analyzes invertebrate collection in seagrasses
from a social-ecological perspective. The study sites are
situated in the northern part of Zanzibar: one more
exploited site in Nungwi village and another one further
south on the east coast, in which no daily collection of
invertebrate takes place (remote/inaccessible). Chwaka
Bay is used in the discussion to compare similarities and
differences of the invertebrate collection activities there
with the north of Zanzibar.

Ólafsson, E. (1995). Meiobenthos in
mangrove areas in eastern Africa
with emphasis on assemblage structure of free-living marine nematodes.
Hydrobiologia: 312: 47-57

In this paper, meiofauna in surface sediments from
different sites of Zanzibar’s coast were investigated in
terms of population density of the different taxa and
their spatial variations, focusing on marine nematode
communities. The investigated mangroves sites were:
Maruhubi, Chukwani, Muwanda, Kitogani and Chwaka
Bay.

Ólafsson, E.; Buchmayer, S.; Skov,
M.W. (2002). The East African decapod crab Neosarmatium meinerti (de
Man) sweeps mangrove floors clean
of leaf litter. Ambio: 31(7/8): 569-573

This study investigated the leaf litter removal by the
common mangrove decapod crab. The removal capacity in relation to the average daily litter fall is described
and compared to a site where the crab is absent. The investigated sites were Gazi Bay in Kenya and in Zanzibar
Maruhubi and Chwaka.

Omar, A.A. (1999). The lenghtweight relationships of selected
fish species caught along Mizingani
coast and Mapopwe creek in Chwaka
Bay, Zanzibar. Furth term practical
training report. Institute of Marine
Sciences Zanzibar, University of Dar es
Salaam. Zanzibar, Tanzania.

The aim of this study was to determine eventual
location-and time- specific length-weight relationships
in the investigated fish species. Samples were taken using beach seines, and the fish species were identified,
whereof five were selected for the measurements. The
mangrove creek of Mapopwe in Chwaka Bay is one of
the sites.

Pakenham, R.H.W. (1947). Land
tenure among the Wahadimu at
Chwaka, Zanzibar Island. Printed by
the Government Printer, Zanzibar.

The investigations of this report were initiated by the
Government of Tanzania, to investigate the status of the
land tenure in the Chwaka area. Particularly interesting
is the issue of “Public Land”. Local communities and
various kinds of usages of natural resources in the area
are described. This is a document of major historical
value for the Chwaka Bay area.

Peck, A.; McQuaid, B. (1997). Import
and export of micro- and macroparticulate matter in the mangroves
of Chwaka Bay, Zanzibar. School
for International Training. Zanzibar,
Tanzania.

This study investigated whether and how seasonal and
tidal changes influence the import and export as well as
the amounts of particulate matter in the Mapopwe creek
of Chwaka Bay.

Pongoloni, L. (2009). Importance
of grazing by fish in seagrass
(Thalassodendron ciliatum) meadows: Edge effecs and scale-dependent
variability. M.Sc. thesis, Department
of Systems Ecology, Stockholm
University. Stockholm, Sweden.

This thesis describes the distribution of grazing patterns of herbivorous fish (e.g. Leptoscarus vaigiensis) in
Thalassodendron ciliatum dominated seagrass meadows, through the analysis of fish bite marks. Two sites
within Chwaka Bay as well at the coastal areas of Bweleo
and Fumba were investigated.

Porseryd, T. (2008). Effects of the
herbicide Satunil on two non-target
organismns Enhalus acoroides and
Euchema denticulatum - a case study
from Chwaka bay, Zanzibar. M.Sc.
thesis, Department of Systems Ecology,
Stockholm University. Stockholm,
Sweden.

This study assessed implications of the in the area common herbicide Satunil on the seagrass species Enhalus
acoroides as well as the brown algae Euchema denticulatum, by conducting short- and long-term exposure
experiments. Eventual effects are described for the two
organisms respectively, as well as compared. All experiments were done in Chwaka Bay using Chwaka Bay
organisms and water. A major conclusion is that satunil
seems to be not a threat for organisms in Chwaka Bay
since it is not likely to be found at the high concentration level required to damage organisms.

Pronker, A. (2002). Utilization of
seagrass, mangrove and other bay
habitats by commercially important
fish species in Chwaka Bay, Zanzibar,
Tanzania. M.Sc. thesis. Department of
Animal Ecology and Eco-physiology,
Radboud University of Nijmegen.
Nijmegen, Netherlands.

During this study, eight commercially important fish
species were sampled in mangrove and seagrass habitats
of Chwaka Bay, recording abundances, lengths and biomass to describe their habitat utilization behavior and
eventual influences of environmental factors. The sites
were Marumbi seagrass, Chwaka seagrass and three
stations along Mapopwe creek.

Raymond, C. (2008). The structure
of the sea cucumber production
chain and resource use in Zanzibar,
Tanzania. M.Sc. thesis, Department
of Systems Ecology, Stockholm
University, Sweden.

The aim of this interview study was to illustrate the
structure, actors and flows of the sea cucumber fishery
in Zanzibar. Focusing on the structure of the sea
cucumber production chain and the identification of
its actors. Chwaka Bay villages were part of the study.
The sites considered in this study were: Uroa, Chwaka,
Mtende, Unguja Ukuu, Fumba, Mazizini, Mkokotoni,
and Nungwi.
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RGZ (Revolutionary Government
of Zanzibar) (2010). Fisheries Act.
Printed by the Government Press,
Zanzibar.

This is the most recent passed law for fisheries in the
whole of Zanzibar. Chwaka Bay and all surrounding
villages have to adhere to this law.

Rust, M. (2004). The sponge Gozi
(Halichondindae) as bait for demafishers and as potential for aquaculture in Chwaka Bay, Zanzibar. M.Sc.
thesis, Department of Systems Ecology,
Stockholm University. Stockholm,
Sweden.

In this study the preference of commercially important
fish species for “gozi” (a mixture of sponge, cyanobacteria, mud and seagrasses), often used in Chwaka Bay as
bait in “dema” traps, was investigated in feeding trials.
Further, growth patterns and important abiotic and
biotic factors where “gozi” habitats were assessed.

Ruitenbeek, J., I. Hewawasam, and M.
Ngoile M. eds. 2005. Blueprint 2050:
Sustaining the marine environment
in mainland Tanzania and Zanzibar.
Washington D.C.: The International
Bank
for
Reconstruction
and
Development. The World Bank.

This is the book presenting the approaches and ideas of
the MACEMP project. The idea of a network of MPAs
is presented and explained. A system of 8 networks is
considered. The core priority network Nr. 3 is Unguja
Island. Chwaka Bay is part of this major network in the
area encompassing Mnemba and the Jozani-Chwaka
Bay National Park.

Salum, L.A. (2009). Ecotourism
and biodiversity conservation in
Jozani–Chwaka Bay National Park,
Zanzibar. African Journal of Ecology:
47(Suppl. 1): 166–170

This interview study is based on an assessment of the
influences of ecotourism on environmental conservation attempts in Jozani – Chwaka Bay National Park,
and local communities. This investigation covered
households from Pete and Kintogani villages.

Saunders, F. (2011). It’s like herding monkeys into a conservation
enclosure: The formation and establishment of the Jozani-Chwaka Bay
National Park, Zanzibar, Tanzania.
Conservation and Society: 9(4):
261-273.

This paper is included in the dissertation thesis below.
It analyzes the Integrated Conservation Development
Project of the establishment of the Jozani-Chwaka Bay
National Park, Zanzibar’s first National Park.

Saunders, F. (2011). The politics of
people – not just mangroves and
monkeys. A study of the theory
and practice of community based
resource management of natural
resources in Zanzibar. Doctoral
Dissertation. Södertörns Högskola.
Huddinge, Sweden.

This thesis concerns Chwaka Bay in the sense that
the local politics and community issues regarding the
establishment of the Jozani-Chwaka Bay national park
are treated in detail from a community based management perspective. Conflicts between development
and conservation are illustrated and highlighted. Also
theoretically, it makes an important contribution for
a critical view about the application of common-pool
resources design principles in developing countries.

Semesi, S.I. (2009). Seawater pH as
a controlling factor in macroalgal
calcification and photosynthesis.
Doctoral Dissertation. Department
of Botany, Stockhlom University.
Stockholm, Sweden.

In this research work, the influences of different pH levels on calcareous macroalgae in Zanzibar are described.
The impacts of varying pH levels on calcification rates
and photosynthesis of different marine biota were investigated, compared, and eventual biological interactions
described. The study was conducted in both Chwaka
and Fumba Bays.

Semesi, S.I.; Kangwe, J.; Björk, M.
(2009). Alterations in seawater pH
and CO2 affect calcification and photosynthesis in the tropical coralline
alga, Hydrolithon sp. (Rhodophyta).

This paper is included in the above described Doctoral
Dissertation (Semesi, 2009), and in the associated
experiments, the effects of pH on photosynthetic and
calcification rates of Ulva sp. were measured and explained. All rhodoliths were collected in Chwaka Bay.

Estuarine, Coastal and Shelf Science:
84: 337-341.
Semesi, S.I.; Beer, S.; Björk, M. (2009).
Seagrass photosynthesis controls
rates of calcification and photosynthesis of calcareous macroalgae in
a tropical seagrass meadow. Marine
Ecology Progress Series: 382: 41–47.

In this study it was examined if diel seawater pH fluctuations due to photosynthetic seagrass activity affect
the calcification- and photosynthesis rates of calcerous
red- and green macroalgae in seagrass beds of Chwaka
Bay. In situ measurements of calcification and relative
photosynthetic electron transport have been conducted.

Shunula, J.P. (1990). A survey on
the distribution and status of
mangrove forests in Zanzibar,
Tanzania. Zanzibar Environmental
Study Series No. 5, Nov.-Dec. 1989.
The Commission for Lands and
Environment. Zanzibar, Tanzania.

In this study, the spatial and physical status of the
mangrove forests of Zanzibar and Pemba Islands were
investigated. Soil types, species, littoral distribution,
associated fauna, cutting and utilization as well as views
on conservation are explained. The sites investigated
were: Unguja Ukuu, Uzi, Pete, Mwanda, Kisakasaka,
Micheweni, Wete, Chake-chake, and in Chwaka Bay
the selected sites were Michamvi facing the inner part
of the Bay and Charawe. Several transects were done to
analyze the conditions.

Shunula, J.P. (2002). Public awareness,
key to mangrove management and
conservation: the case of Zanzibar.
Trees: 16: 209–212.

This paper gives an overview over literature on mangrove biology and ecology, with emphasis on linkages
to local communities depending on these resources and
the degree of awareness and management initiatives
among local people and stakeholders. The protection
form high physical energy of the Chwaka mangroves
is remarked, as compared to other mangrove sites in
Tanzania.

Shunula,
J.P.;
Jumah,
S.M.;
Mohammed, M.A.; Machano, H.;
Mwinyi, A.A. (2001). Inventory on
the mangrove forest resources in
the Chwaka Bay conservation area.
Dept. of Commercial Crops, Fruits
and Forestry: Jozani and Chwaka
Bay Conservation Project. Zanzibar,
Tanzania.

This report presents the result of an inventory of Chwaka
Bay’s mangrove forests. It includes a species listing
and –analysis, information about relative density and
dominance, degree of exploitation and regeneration for
the respective areas, and a species by species discussion.

Shunula, J.P.; Whittick, A. (1996). The
mangroves of Zanzibar. Institute of
Marine Sciences, Zanzibar, Tanzania.
USDM: 1-65.

This report presents general information about mangroves, their characteristics and functions and roles in
the marine environment. Major mangrove stands in
the Zanzibar Islands are listed. Chwaka Bay mangroves
are the largest mangrove stand in Unguja Island, with 8
different species reported and a great diversity in terms
of soils ranging from coral rag, coarse sand and fine
muds; associated fauna and other biological attributes.
The paper makes clear that the zonation is not obvious
in the Chwaka site.
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Shunula, J.P.; Whittick, A. (1999).
Aspects of litter production in mangroves from Unguja Island, Zanzibar,
Tanzania. Estuarine Coastal and Shelf
Science: 49: 51-54

This paper presents the results of a study on the rates
of litter production for different mangrove species at
Maruhubi and Chwaka Bay mangrove forests. The sites
were compared in terms of human activity, the daily
and annual rate of litter production and flower and fruit
propagule production.

Siex, K.S.; Struhsaker, T.T. (1999).
Ecology of the Zanzibar red colobus
monkey: Demographic variability and habitat stability. International
Journal of Primatology: 20(2): 163-192

In this study, social groups of the Zanzibar red colobus
monkey Procolobus kirkii (commonly found in the
Jozani-Chwaka Bay forest) were assessed in terms of
social structure and population dynamics. The behavior
of groups using different kinds of habitats (agricultural
land and forests) and food resources were analyzed and
compared.

Silva, P. (2006). Exploring the linkages
between poverty, marine protected
area management, and the use of
destructive fishing gear in Tanzania.
World Bank Policy Research Working
Paper 3831, February 2006. WPS3831.

This research working paper presents the results of
an assessment on the linkages between household
characteristics, marine protected area activities and the
choice of fishing gear, conducted as an interview study
with coastal communities in mainland Tanzania and
in Zanzibar. The paper stresses the Jozani-Chwaka Bay
conservation area as example of ICM. It also presents
based on Ruitenbeek et al. 2005, the ideas of expansion
of the Mnemba Island conservation plans to include the
whole of Chwaka Bay with its villages. All the sites were
data collection took place were: Tanga, Mafia Island,
Menai Bay, Jozani-Chwaka Bay forest part, and Misali
Island.

Stadlinger, N. (2008). Possible risks
and effects of pesticide usage on rice
fields in the Cheju-area, Zanzibar.
M.Sc. thesis, Department of Systems
Ecology,
Stockholm
University.
Stockholm, Sweden.

This study’s aim was to assess risks and implications
of pesticide use on Zanzibar. Data collection was conducted through interviews with farmers using pesticide
in their rice cultivations and fishermen from Chwaka
Bay, who reported fish mortalities which might be
linked to the pesticide use.

Stadlinger, N. (2010). Pesticide
management in Tanzania. Interview
studies on use, sales and imports.
Licenciate
thesis.
Department
of Systems Ecology, Stockholm
University. Stockholm, Sweden.

This licenciate thesis focuses on the management
of agricultural pesticides in Tanzania and Zanzibar.
Firstly, farmers’ pesticide use and risk awareness were
investigated, followed by an assessment of interactions
between actors that are responsible for pesticide sales
management on Zanzibar for better future management. The issues of Cheju toxicants draining into
Chwaka Bay are presented.

Stadlinger, N; Mmochi, A.J.; Dobo,
S.; Gullbäck, E.; Kumblad, L. (2011).
Pesticide use among smallholder rice
farmers in Tanzania. Environment,
Development and Sustainability: 13:
641–656.

This interview study was conducted with smallholder
rice farmers in Rufiji, Tanzania mainland and in Cheju,
Zanzibar. Pesticide use and risk awareness among farmers were investigated, whereof the latter showed serious
shortcomings, especially concerning safe pesticide
handling. Chwaka Bay is concerned with this study as
it is the drainage basin of Cheju.

Steindler, L.; Beer, S.; Ilan, M. (2002).
Photosymbiosis in intertidal and
subtidal tropical sponges. Symbiosis:
33.

This research done for this article was to examine the
occurrence of marine sponges showing photosynthetic
activity from associated photosymbionts in Zanzibar.
The selected sites for the investigation were Chwaka
Bay, Matemwe, Changuu, Mbweni and Fumba. The
study was conducted in January and February 2000.

Strandberg, F. (1999). Nutrient
dynamics of sediment from two
mangrove ecosystems with different
degree of human influence. A microcosm experiment on Unguja Island,
Zanzibar, Tanzania. M.Sc. thesis,
Department of Zoology, Stockholm
University. Stockholm, Sweden.

In this study sediments from two different mangrove
habitats under differing anthropogenic impact were
sampled and analyzed, to assess how elevated nutrient concentrations influence nutrient dynamics in
mangrove ecosystems. In the experimental setup, the
sediment samples were exposed to different dilutions
of sewage water to study nutrient fluxes. The habitats
chosen to perform the microcosmos experiemnts
were in Chwaka Bay, the Mapopwe mangrove creek
and in Maruhubi close to Zanzibar town, the area of
Mpigaduri.

Streusand, R. (2007). Impact of nature
trails on Jozani forest, Zanzibar.
M.Sc. thesis. Institute of Marine
Sciences, University of Dar es Salaam.
Zanzibar, Tanzania.

The aim of this thesis was to investigate whether nature
trails have a negative impact on the surrounding forest.
Canopy cover, abundance and size of trees as well as
species composition were analyzed. All the investigated
plots were placed in the Jozani-Chwaka Bay national
park, close and faraway from the nature trails. The
results show no significant differences between plots,
but still small differences were found suggesting further
studies on the impacts on the forest.

Struhsaker, T.T. (2003). Conservation
of red colobus and their habitats.
International Journal of Primatology:
26 (3).

This paper is a review of the conservation status of red
colobus monkeys. Major threats are listed, a framework
for evaluating conservation problems is suggested and
recommendations to improve the conservation status of
existing national parks are made. Focus is on the JozaniChwaka Bay forest area.

Subramaniam S.P. (1990). Chwaka
Bay (Zanzibar, East Africa) as a
nursery ground for penaeid prawns.
Hydrobiologia: 208: 111-122.

Svavarsson, J.; Melckzedeck, K.W.;
Olafsson, E. (2002). Does the
wood-borer Sphaeroma terebrans
(Crustacea) shape the distribution
of the mangrove Rhizophora mucronata? Ambio: 31: 7-8.

The recruitment patterns, seasonal variations, distribution as well as other characteristics of post-larval
penaeid prawns in Chwaka Bay were investigated in
this study. Two sites within Chwaka Bay were sampled;
station I about 200m off Chwaka village and station II
inside the mangrove creek close to Charawe area (next
creek east of Mapopwe). The most abundant species of
penaids were Penaeus latisulcatus (75%) and Penaeus
indicus (15%). The importance of seagrasses in relation
to these organisms is discussed too.
This study describes the frequency of the isopod borer
Sphaeroma terebrans (Crustacea) in mangrove forests
of Kenya and Tanzania. For affected forests, different
impact levels are described for different mangrove
settings and special scales, and factors influencing the
borers occurrence are assessed. The sites in Kenya were
Gazi Bay, Kilifi and Mtwapa creeks while in Zanzibar
were: Chwaka Bay, Pete, Uzi and Kisakasaka.
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TCMP & STWG (Coastal Management
Partnership Support Unit and the
Science and Technical Working
Group) (2000). The present state
of knowledge of marine science in
Tanzania synthesis report. Edited
by Ngusaru, A.S., Tanzania Coastal
Management Partnership.

This report was written to present the state of
knowledge and scientific research addressing coastal
resource management at the time, reviewing literature
concerning the following key issues for effective coastal
resource management in Tanzania: shoreline erosion,
water quality and pollution, marine fisheries, coral reefs,
mangroves and other marine living resources. Examples
from scientific work done in Chwaka are presented. For
example evidence of beach erosion; danger of hotel
construction in Chwaka and Uroa just off the beach;
nutrient recycling in unpolluted mangroves; water
quality and pollution. The report stresses the short term
duration of most scientific work done.

The World Bank (2004). MPA’s and
poverty alleviation. An empirical study
of 24 coastal villages on mainland
Tanzania and Zanzibar. Report prepared for the World Bank.

This study investigated the links between the coastal
marine environment and poverty, in order to implement long-term management strategies for poverty alleviation through community-driven coastal and marine
management. This report is the based to implement the
MACEMP project. The study sites for MPA were: Tanga,
Mafia Island, Kilwa, Menai Bay, Jozani-Chwaka Bay,
and Misali Island); also Kilwa as a new proposed site for
MPA was investigated. Within the Jozani-Chwaka Bay
30 households in the villages of Ukongoroni, Michamvi
and Pongwe were investigated.

Tobey, J.; Torell, E. (2006). Coastal
poverty and MPA management in
mainland Tanzania and Zanzibar.
Ocean & Coastal Management: 49:
834-854.

In this paper, outcomes of a study on poverty alleviation
and marine protected areas (MPAs) in Tanzania and
Zanzibar are reviewed. The data are based on household
surveys and focus group meetings in coastal villages.
The Jozani-Chwaka Bay is considered as part of the
study. Totally six sites of the URT were investigated.

Tobisson, E.; Andersson, J.; Ngazi,
Z.; Rydberg, L.; Cederlöf U. (1998).
Tides, monsoons and seabed: Local
knowledge and practice in Chwaka
Bay, Zanzibar. Ambio: 27(8): 677- 685

This paper is about local ecological knowledge in
Chwaka Bay. Particularly about tides and resource usage. It reports from a workshop held in Chwaka village.
This article is a valuable general introductory reading
for the Chwaka Bay area.

UNESCO (1995). Coastal systems
and sustainable development in
Africa. UNESCO Reports in Marine
Science 66. Proceedings of a UNESCO
Regional Seminar on Human Impacts
on Coastal Ecosystems, their Response
and Management Problems. ROSTA,
Nairobi, Kenya, 5-9 April 1993. ISSN
0253-0112.

This report summarizes the results of the UNESCO
seminar on Human Impacts on Coastal Ecosystems,
where international scientists got the opportunity to
exchange knowledge and discuss problems and future
strategies to diminish anthropogenic disturbances, for
a sustainable balance and co-existence of coastal communities and marine resources. The report mentioned,
among other issues, the villages of Michamvi, Pongwe,
Chwaka, Marumbi and Uroa as important seaweed
farms sites; information in a chapter written by Shunula
J.P. about the mangroves in Michamvi and Chwaka is
also provided.
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The MAB (Man and the Biosphere Program) strives
towards effective management for a sustainable use
of natural resources. Main themes of the workshop
for Anglophone countries were: zonation systems
and improving the way biosphere reserves function,
biosphere reserves and local communities, transboundary biosphere reserves and logistic support function
of biosphere reserves. The Jozani-Chwaka Bay area is
highlighted for conservation objectives, eco-tourism
and is presented as a case study of operation and service
delivery.
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This report presents the results of a market chain
analysis of the wood-cutting industry of Charawe and
Ukongoroni villages, as well as investigations of the influences of seaweed farming and fishing activities on the
forest resources in the area. Further, recommendations
for a development toward a sustainable use of these
resources are proposed.
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USA.

This paper focuses on Integrated Coastal Resource
Management. The “essential ingredients” of integrated
approaches are described and earlier programs and
management attempts presented, among others the
Chwaka Bay – Paje Action Plan Chwaka Bay action
plan, a national pilot project on integrated coastal
management.
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habitats in Zanzibar, Tanzania.
M.Sc. thesis. Dept. of Animal Ecology
and Ecophysiology, University of
Nijmegen. Nijmegen, Netherlands.

In this thesis, small-scale diel migrations of six coral
reef fish species using seagrass-, coral reef- as well as
sandflat habitats have been investigated. Migration patterns, time division and behavior have been observed in
six study sites on Zanzibar.

Walz, E. (2006). Cows and colobus
(Procolobus kirkii): resource-sharing
habits at Jozani National Park. SIT
Graduate Institute/SIT Study Abroad,
School for International Training.
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This study describes the food preferences of the red
colobus monkey in agricultural land adjacent to the
Jozani-Chwaka Bay National Park, identifying and
comparing food species with those consumed by local
cattle in order to assess eventual interactions between
them.

Wetterstedt, M. (2002). A cephalopod
inventory around Zanzibar and
the effects of light pollution on
spawning Sepia pharaonis. M.Sc.
thesis, Department of Animal Ecology,
Uppsala University. Uppsala, Sweden.

This study investigated the cephalopods on Zanzibar,
identifying occurring species and testing a method for
studying domestic light influence on a spawning species. The sites in Zanzibar were: Chwaka, Mkokotoni,
Tazari, Stone Town and Kizimikazi Dimbani.
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Widén, B. (1996). Nitrification and
denitrification in seagrass communities in Chwaka Bay, Zanzibar. M.Sc.
thesis, Department of Earth Sciences,
Uppsala University. Uppsala, Sweden.

In this study, the magnitude of and importance of
nitrification and denitrification have been assessed and
correlated to variations in organic loads. Three selected
stations of seagrass beds at increasing distance from the
mangrove forest stand in the Mapopwe creek were used
for the study.
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This report summarizes information gathered for the
WIOMSA workshop, emphasizing the necessity of risk
assessments of agrochemical pollution in the WIO area.
Lectures held on ecotoxicology and pesticides, biochemical monitoring of water pollution, agrochemicals,
the analysis of pesticides in the marine environment,
and pesticide use in Zanzibar are summarized. The
problems of pesticide use in Cheju rice farms reaching
Chwaka Bay area are presented; also concentrations
of pesticides in crabs and fish; effects of diuron on
seagrasses and commercial seaweed.
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This document reports the use of the pesticide Propanil
in Zanzibar, where it is used as a herbicide in rice farms,
and its implications for the environment, by investigating soil samples. The two drainage basins reported are
the Makoba-Mahonda area and the Cheju-Mapopwe
mangrove creek in Chwaka Bay.
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This paper reviews scientific knowledge on the hydrodynamics of mangrove swamps by describing tidal
circulation, groundwater flow, longitudinal diffusion,
lateral trapping and buoyancy effects in mangrove
swamps, as well as trapping in the coastal zone and mixing and dispersion near headlands. The mangrove creek
of Chwaka Bay is illustrated and discussed. Particularly
the presence of the sill or narrow opening and its effects
on trapping and mixing.

WWF (2006). The Eastern African
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African Regional Programme Office.
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This report describes the physical, biological and human features and characteristics of East Africa’s coastal
region, and WWF’s Ecoregion conservation approach
is presented. The Jozani-Chwaka Bay forest area is included among other areas as a priority for conservation
site.
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