Western Indian Ocean
JOURNAL OF

M - S -
Volume 22 | Issue 2 | Jul - Dec 2023 | e-ISSN 2683-6416







Western Indian Ocean
JOURNAL OF

Marine Science

Chief Editor José Paula | Faculty of Sciences of University of Lisbon, Portugal

Copy Editor Timothy Andrew

Editorial Board Blandina LUGENDO Atanasio BRITO Nyawira MUTHIGA
Tanzania Mozambique Kenya

Salomao BANDEIRA

Mozambique Aviti MMOCHI Sean FENNESSY Ronel NEL
Tanzania South Africa South Africa

Ranjeet BHAGOOLI

Mauritius Cosmas MUNGA Lena GIPPERTH Brent NEWMAN
Kenya Sweden South Africa

é‘;ﬂ:ﬁ;ﬁ“ms ) ) Issufo HALO Sérgio ROSENDO
Associate Editors South Africa UK

Pascale CHABANET Serge ANDREFOUET Kassim KULINDWA Melita SAMOILYS

France French Polynesia Tanzania Kenya

Bernadine EVERETT Chandani APPADOO Thierry LAVITRA Max TROELL

South Africa Mauritius Madagascar Sweden

Johan GROENEVELD Jared BOSIRE Joseph MAINA

South Africa Kenya Australia

Published biannually

Aims and scope: The Western Indian Ocean Journal of Marine Science provides an avenue for the wide dissem-
ination of high quality research generated in the Western Indian Ocean (WIO) region, in particular on the
sustainable use of coastal and marine resources. This is central to the goal of supporting and promoting
sustainable coastal development in the region, as well as contributing to the global base of marine science.
The journal publishes original research articles dealing with all aspects of marine science and coastal manage-
ment. Topics include, but are not limited to: theoretical studies, oceanography, marine biology and ecology,
fisheries, recovery and restoration processes, legal and institutional frameworks, and interactions/relationships
between humans and the coastal and marine environment. In addition, Western Indian Ocean Journal of Marine
Science features state-of-the-art review articles and short communications. The journal will, from time to time,
consist of special issues on major events or important thematic issues. Submitted articles are subjected to
standard peer-review prior to publication.

Manuscript submissions should be preferably made via the African Journals Online (AJOL) submission plat-
form (http:/www.ajol.info/index.php/wiojms/about/submissions). Any queries and further editorial corre-
spondence should be sent by e-mail to the Chief Editor, wiojms@fc.ul.pt. Details concerning the preparation
and submission of articles can be found in each issue and at http://www.wiomsa.org/wio-journal-of-marine-
science/ and AJOL site.

Disclaimer: Statements in the Journal reflect the views of the authors, and not necessarily those of WIOMSA,
the editors or publisher.

Copyright © 2023 — Western Indian Ocean Marine Science Association (WIOMSA)
No part of this publication may be reproduced, stored in a retrieval system or transmitted in any form
or by any means without permission in writing from the copyright holder.
e-ISSN 2683-6416

S

WIOMSA

%%,

Cover image: Intense Tropical Cyclone Idai approaching the Sofala province of Mozambique on 14 March 2019, shortly after reaching its peak intensity.
MODIS image captured by NASA’s Aqua satellite. Adapted from https:/pt.m.wikipedia.org/wiki/Ficheiro:Idai_2019-03-14_1135Z jpg






Western Indian Ocean
JOURNAL OF

Marine Science

Volume 22 | Issue 2 | Jul - Dec 2023






Table of Contents

A decade of the Blue Economy concept in the western Indian Ocean region:
research and technology perspectives

Majuto C. Manyilizu

Suitability of a superheated steam dryer for drying sardines
Prissillah Antelm, Leonard M.P. Rweyemamu, Lillian D. Kaale

Hydrodynamics of nearshore coastal waters: Implications for marine cage
farming in Kenya
David O. Mirera, Athman Salim, Josyline Kendi

Lessons for ensuring continued community participation in a mangrove blue
carbon conservation and restoration project in Madagascar

Lalao A. Ravaoarinorotsihoarana, Jenny Maltby, Leah Glass, Jenny Oates,
Cicelin Rakotomahazo, Dolce A. Randrianandrasaziky, Lantoasinoro N. Ranivoarivelo,
Thierry Lavitra

Feeding habits and diet composition of Octopus cyanea (Gray, 1849)
in Zanzibar waters, Tanzania

Amini I. Hamad, Christopher A. Muhando

Salinity tolerance of Nile tilapia (Oreochromis niloticus) to seawater
and growth responses to different feeds and culture systems

David O. Mirera, Douglas Okemwa

Diet and trophic interactions between catadromous eels and sympatric fish
in Kenyan east flowing river systems

Japhet K. Tembo, Charles M. Kihia, Nzula K. Kitaka,
Gordon O’Brien, Céline Hanzen, Emmanuel Mbaru, Kariuki C. Wanjiru

Phthalates in marine sediment, water and the cockle Anadara antiquata
on the coast of Tanzania

Sai Ngassa, Cyprian Mpinda, Kessy Kilulya, Rose Masalu

Seasonal variation in mineral concentrations of four marine fish species
retained by fishers in Vanga and Msambweni, Kenya

Athman Mwakaribu, Cosmas Munga, Paul Njihia

River discharge, fishing effort and catch composition of prawn fisheries
in coastal Tanzania

Mathew O. Silas, Said S. Mgeleka, Simon J. Kangwe

Mitigating proximate impacts of tropical cyclone landfalls
in the Southwest Indian Ocean

Charles Serele, Michel Kouadio, Francois Kayitakire

Instructions for Authors

01

13

25

43

61

75

87

107

125

135

147






WIO Journal of Marine Science 22 (2) 2023 1-11 1

Original Article

Western Indian Ocean
JOURNAL OF

Marine Science

= Open access

Citation:

Manyilizu MC (2023) A decade

of the Blue Economy concept

in the western Indian Ocean
region: research and technology
perspectives. Western Indian Ocean
Journal of Marine Science 22(2):
1-11 [doi: 10.4814/wiojms.v22i2.1]

Received:
October 20, 2022

Accepted:
June 14, 2023

Published:
October 2, 2023

Copyright:

Owned by the journal.

The articles are open access
articles distributed under

the terms and conditions of the
Creative Commons Attribution
(CC BY 4.0) licence.

* Corresponding author:
majuto.manyilizu@udom.ac.tz

A decade of the Blue Economy
concept in the western Indian Ocean
region: research and technology
perspectives

Majuto C. Manyilizu'*

! Department of Computer Science and
Engineering, College of Informatics and
Virtual Education, The University of Dodoma,
PO Box 490, Dodoma, Tanzania

Abstract

The World Bank defines the Blue Economy as “the sustainable use of ocean resources for eco-
nomic growth, improved livelihoods, and jobs while preserving the health of the ocean ecosys-
tem”. The implementation of Blue Economy concept at global, continental, regional and coun-
try levels have had mixed results since its origin in 2012. Here, a systematic review of progress
in the western Indian Ocean region is undertaken, focused on research and technology between
2012 and 2021. Apart from applications to ocean modelling, big data and satellite data, the term
Blue Economy did not appear as a key term in most publications from the region, suggest-
ing that it is not well understood or researched. Existing studies aligned with three Africa Blue
Economy Strategy thematic areas: (1*) fisheries, aquaculture and ecosystem conservation; (39)
environmental sustainability, climate change and coastal infrastructure; and (5™) policies, insti-
tutional and governance. Multi-disciplinary and multi-institutional collaborations focusing on
technology are required to boost Blue Economy implementation in the Western Indian Ocean
region, including for thematic areas for shipping transportation and trade (2*9) and sustainable
energy, extractive minerals, gas, and innovative industries (4%).

Keywords: Blue Economy, ocean economy, ocean model, satellite data, western Indian
Ocean, Africa Blue Economy Strategy

Introduction

defined the Blue Economy as an ocean economy that

The concept of the Blue Economy originated from
the United Nations Conference for Sustainable Devel-
opment held in Rio de Janeiro in Brazil in 2012 (UNC-
TAD, 2014). Although the concept is interchangeably
referred as “Ocean Economy” or “Marine Economy”,
the term “Blue Economy” is currently widely used at
international, regional and national levels. It is con-
sidered as the mid-neutral factor to resolve the two
long term competing/conflicting discourses around
opportunities of growth and development through
ocean resources, and protection of the healthy ocean
ecosystems threatened by socio-economic activities
(Voyer et al., 2018). The United Nations concept paper

aims at “the improvement of human well-being and
social equity, while significantly reducing environ-
mental risks and ecological scarcities” (UN, 2014). In
2017, the World Bank provided a comprehensive defi-
nition of the Blue Economy as “the sustainable use of
ocean resources for economic growth, improved live-
lihoods, and jobs while preserving the health of ocean
ecosystem” (World Bank, 2017). This definition was
further emphasized in World Bank (2020).

Growth and development using ocean-based eco-
nomic activities conflicts with the balance of the long-
term capacity and protection of the health of ocean
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ecosystems to support the activities in a sustainable
manner. Human activities are responsible for about
80 % of ocean pollution through dumping waste prod-
ucts including sewage, pesticides, industrial chemi-
cals, and other solid waste, as well as through climate
change, other forms of environment pollution, unsus-
tainable fishing and unregulated coastal development
(WWF, 2014; Tirumala and Tiwari, 2022). The Blue
Economy is further defined as a “practical ocean-
based economic model using green infrastructure
and technologies, innovative financing mechanismes,
and proactive institutional arrangements for meeting
the twin goals of protecting our oceans and coasts, and
enhancing their potential contribution to sustainable
development, including improving human well-be-
ing, and reducing environmental risks and ecologi-
cal scarcities” (PEMSEA, 2012; Tirumala and Tiwari,
2022). Therefore, the Blue Economy posits the inher-
ent conflicts of ocean activities for economy and pro-
tection of the health of ocean ecosystems to support
the activities in a sustainable manner.

Since the introduction of the Blue Economy con-
cept in 2012, different studies have been conducted
mainly with a focus at global and continental levels
to achieve different objectives. For example, Lee
et al. (2021) described the Blue Economy and the
total environment through mapping the interface
between the two, and Tirumala and Tiwari (2022)
reported fewer financial flows for Blue Economy
projects as compared to others types of investments.
Furthermore, Lee et al. (2020) compared the scope
and boundaries as well as the key stakeholders and
their interests and roles between the Blue Economy
and the United Nations Sustainable Development
Goals (UN SDGs) which were launched by the United
Nations General Assembly (2015). Lee et al. (2020)
found that the Blue Economy is highly associated
with SDGs 14-17 although most stakeholders with
direct or indirect involvement in the Blue Economy
prefer to associate Blue Economy with SDG 3-Good
health and well-being, and SDG 8-Decent work and
economic growth.

At continental level, the Africa Blue Economy Strat-
egy as narrated by Sacko (2020) indicates five critical
blue economy sectors, considered as thematic areas
including: a) fisheries, aquaculture and ecosystem
conservation; b) shipping transportation and trade;
c) sustainable energy, extractive minerals, gas, and
innovative industries; d) environmental sustainabil-
ity, climate change and coastal infrastructure; and e)
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policies, institutional and governance (https:/www.
au-ibar.org/strategy-documents). These critical the-
matic areas for the Blue Economy in Africa are con-
sidered to play significant roles for socio-economic
development in different countries and should be
of high priority for scientific research. The current
development in computing (numerical modelling) in
conjunction with the theories, observations and satel-
lite data in the Blue Economy research field helps to
avoid difficulties associated with each approach when
used separately. Consequently, a better understand-
ing of different aspects/factors related to the Blue
Economy can be achieved, including perspectives in
research and applied technology on this important
topic, which is the subject of this study.

Blue Economy contribution

and management approaches

The Blue Economy concept emphasizes the impor-
tance of embracing the opportunities related to eco-
nomic activities from ocean resources and environ-
ments while recognizing and addressing ocean threats
in order to preserve healthy ocean ecosystems in a
sustainable manner. The contribution of the coastal
and marine resources and related industries to the
market value is estimated as USD 3 to 5 trillion mak-
ing up about 5 % of the global Gross Domestic Product
(GDP) (UN, 2015) and 15 %-20 % of GDP in some East
Asian countries (Pauli, 2010).

The estimation of annual value generation in 2018 for
the Africa Blue Economy sectors was USD 296 billion
with 49 million jobs (AU-IBAR, 2019; Sacko, 2020).
Such contribution to the African continent involves
USD 80 billion from offshore oil and gas explora-
tion, USD 80 billion with 24 million jobs from the
tourism sectors, and about 3 % of the global shipping
value with about 500 million tonnes of goods handled
through the African harbours. Furthermore, fishing
contributes to about USD 15 billion with about 18 mil-
lion employees where the marine capture fisheries
product is about 10 million tonnes providing food and
nutritional security to 200 million Africans, contrib-
uting about 20 % or more of the animal protein con-
sumed in Africa (AU-IBAR, 2019; Sacko, 2020). How-
ever, Agnew et al. (2009) reported that the illegal catch
of seafood in world was at least 20 % leading to losses
of about US$ 10 and $ 23 billion per year.

In Tanzania, Jiddawi and Ohman (2002) reported fish-
ing as the main food source and commercial activity
in the coastal communities which contribute about
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2.1-5.0 % to the country’s gross domestic product for
mainland Tanzania and about 2.2-10.4 % for Zanzibar.
Manyilizu ez al. (2014; 2016) pointed out the recent
discoveries of offshore oil and gas near Mtwara on
the southern Tanzanian shelf are expected to boost
the country’s economy substantially. Moreover,
marine and coastal shipping through the four major
ports of Dar es Salaam, Zanzibar, Tanga and Mtwara,
contributes significantly to the country’s trade and
income. These ports provide transport services to
local communities as well as transit goods to land-
locked countries such as Uganda, Rwanda, Burundj,
Democratic Republic of Congo, Zambia and Malawi.
The aforementioned socio-economic activities fall
in the Blue Economy concept and involve formal
planning and managing of marine fisheries, ecosys-
tems and shipping as well as oil and gas extraction
in the region.

There are different instruments and institutions sup-
porting sustainable development of the Blue Econ-
omy from a global scale to national levels. The UN
SDGs, endorsed by all member states in 2015, advo-
cate potential solutions regarding the Blue Econ-
omy at the global level. The notable endorsement is
through SDG-14-Life below water for conserving and
sustainably use the oceans, seas and marine resources
for sustainable development by 2080. The United
Nations (UN) declared 2021-2030 as the “Decade of
Ocean Science for Sustainable Development” to sup-
port efforts to reverse the cycle of the decline in ocean
health and gather ocean stakeholders worldwide
behind a common framework. Such a framework is
aimed to ensure ocean science can fully support coun-
tries in creating improved conditions for sustainable
development of the ocean.

The African Union Agenda 2063, the Africa we want,
goal number 7 calls for accelerated economic growth
of marine resources, renewable energy, ports oper-
ations and marine transport. This agenda is in line
with the Policy Framework and Reform Strategy for
Fisheries and Aquaculture in Africa (PFRS) as stated
in AUC-NPCA (2014), the 2050 African Integrated
Maritime Strategy (AIMS 2050) published in Afri-
can Union (2012), Lome Charter on maritime secu-
rity and safety and development in Africa 2016, the
Africa Blue Economy Strategy launched in February
2020, and is supported by eight Regional Economic
Communities (RECs), Regional Fisheries Bodies and
Regional Seas Programmes. All these programmes
support Blue Economy research and applications at

the continental and regional levels in line with the
Blue Economy Strategy as narrated by Sacko (2020),
with the five critical blue economy sectors which
are considered as thematic areas. Thus, this study
focuses on studying the Blue Economy concept in
the context of research and the corresponding tech-
nology used in research in the countries of the West-
ern Indian Ocean (WIO) region.

Research gaps

The five critical thematic areas for the Blue Economy
in Africa are considered to play significant roles for
socio-economic development in different countries
and should be earmarked as high priority in scientific
research.

The roles of research and development (R&D) as well
as technology for the Blue Economy related studies
should be addressed at regional and country lev-
els. Furthermore, technologies applied to the Blue
Economy concept like satellite and big data as well
as modelling have not been given strong attention in
research. The information technology stakeholders
working to support Blue Economy studies appear to
have be overlooked in previous analyses. Thus, this
study applies a systematic review after a decade of the
Blue Economy concept in the western Indian Ocean
region in relation to research and technology from
2012 to 2021. The study is guided with the five crit-
ical blue economy sectors which are considered as
thematic areas from Africa Blue Economy Strategy as
narrated by Sacko (2020). The study aims at address-
ing the following specific research questions:

» To what extent has the Blue Economy concept
been associated with research conducted in the
WIO from 2012 to 2021 based on the thematic
areas of the African Blue Economy Strategy?

» What has the involvement been of each country
in research on the Blue Economy concept in the
WIO in terms of institutions and authors from
2012 to 2021?

e What technology has been used in research
related to the Blue Economy concept in the WIO
from 2012 to 2021?

Addressing these research questions provides insight
into the Blue Economy concept in the region in order
to assist researchers and policy makers in their work
in this field.



Materials and Methods

Study area

This study applies a systematic review of a decade of
the Blue Economy concept in the WIO with regard
to research and technology from 2012 to 2021. The
Western Indian Ocean Marine Science Association
(WIOMSA) is a leading non-governmental organi-
zation promoting science and research in the WIO.
The WIOMSA was established as a regional, non-
profit, membership organization in 1993 and reg-
istered in Zanzibar, Tanzania in 1994 (https:/www.
wiomsa.org/).The WIOMSA focuses on support-
ing and promoting the educational, scientific and
technological development of all aspects of marine
sciences in the WIO region which includes 10 coun-
tries: Somalia, Kenya, Tanzania, Mozambique, South
Africa, Comoros, Madagascar, Seychelles, Mauritius,
Réunion (France).

In the region, the organization is interested in con-
necting research skills and knowledge generated from
marine and coastal ecosystems in the region with
management and governance issues (https:/www.
wiomsa.org/). The WIOMSA has managed to pro-
mote different activities regarding marine and coastal
ecosystems in the region. Since its establishment, the
number of members has significant increased espe-
cially from 1999 to 2014. Furthermore, the organ-
ization has broadened the scope of research in the
region by supporting multidisciplinary, interdiscipli-
nary and transdisciplinary (MIT) research approaches
in order to have significant impacts to the commu-
nities. Previously, the focus was on natural science
only while nowadays the organization supports work
on ocean governance, accounting and social sciences
in the region.

In order to accelerate research in the region, the
organization provides grants for research and con-
ference/training participation for members in the
region. Furthermore, the organization has launched
its own symposium with the 12 WIOMSA Scien-
tific Symposium held in October 2022 in Nelson
Mandela Bay in South Africa, as well as the Western
Indian Ocean Journal of Marine Science (WIOJMS).
Both the symposium and the journal facilitate dis-
seminate of research in the region and bring together
different stakeholders in the field of marine and
ocean sciences. The scope of this study includes the
10 countries in the WIO and extensive review of the
publications in the WIOJMS has been undertaken.
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Research dataset and identification of literature
The WIOMSA is well recognized as an organization
which promotes and supports research activities
in the WIO through different approaches. As men-
tioned, this study was based on research published
in the WIOJMS with Journal Identifiers eI[SSN: 0856-
860X, print ISSN: 0856-860X. It should be noted that
the analysis does not include research that may have
been conducted in the WIO but has been published in
other journals besides the WIOJMS.

The WIOJMS provides an avenue for the wide dissemi-
nation of high-quality research generated in the region
targeting the sustainable use of coastal and marine re-
sources. It deals with original research articles in all as-
pects of marine science and coastal management. The
journal mainly focuses on topics including, but are not
limited to theoretical and empirical studies in ocean-
ography, marine biogeochemistry, legal and institu-
tional frameworks as well as interactions/relationships
between humans and the marine environment.

The journal features state-of-the-art review arti-
cles and short communications with special issues
on major events or important thematic issues. It is
noteworthy that the submitted articles are subjected
to standard peer-review prior to publication (https:/
www.ajol. info/index.php/wiojms/index).

Data analysis

The database of journal articles from the WIOJMS
was analyzed for 10 years from 2012 to 2021. Network
analysis has evolved as a methodology for the study
of social structure using VOSviewer version 1.6.18. The
most significant feature of network analysis is the use
of relational data.

The people, organizations, and objects that form a
network are referred to as nodes, and a network struc-
ture is that which expresses the position and relation
between nodes (Scott, 2012). For network analysis, it
is important to determine the nodes and links of the
network. Here, community analysis is an analysis that
detects the community structure at the substructure
level of the network. A community structure in a net-
work is a subgroup (community or module) in which
the relationships among specific nodes (local commu-
nities) are dense internally but not externally (i.e., with
other communities) (Newman, 2010).

In the analysis, the meaning of the community struc-
ture is the identification of conceptual groups that form
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a contextual cluster (Paranyushkin, 2011). VOSviewer
calculates the community, or cluster, based on mod-
ularity (Newman and Girvan, 2004). VOSviewer also
improves the accuracy by adding a smart local moving
algorithm (Waltman and van Eck, 2013), and adjusts the
number of clusters by adjusting the resolution parame-
ter y in the Modularity function (Yan et al., 2012).

The analysis of the WIOJMS database involved arti-
cles from 2012 to 2021 using VOSviewer software to
create a co-occurrence map based on text data down-
loaded through API Crossref through Search Query
searching. About 85 journal articles were retrieved to
which co-occurrence terms in title and abstract fields
were extracted with conditions of ignoring structured
abstract labels and copyright statements. Basing on
the threshold with the minimum number of occur-
rences of term 10 of the total 2583 terms, 33 terms met
the threshold and were selected for analysis. Statistical
descriptions were used to evaluate trends in temporal
growth, and geographical and national interests in the
Blue Economy literature. Bibliometric analyses based
on keywords conducted in VOSviewer software (Van
Eck and Waltman, 2014) were employed to scrutinize
interrelations and patterns of knowledge production.
Co-occurrence analysis was employed to analyze
networks in respect of the intellectual structure and
terminological interrelation that have evolved in this
knowledge base (Udomsap and Hallinger, 2020).

Furthermore, the analysis of the WIOJMS database
involves journal articles from 2012 to 2021 using
VOSviewer software to create a co-occurrence map
based on bibliographic data for authors downloaded
through API Crossref through Search Query search-
ing. About 85 journal articles with 252 authors were
retrieved based on counting their main authorships
with a2 minimum of two documents for an author.
About 52 authors were calculated according to the
total strength of the co-authorship links with other
authors. However, some of the items in the network
were not connected to each other; thus, the largest set
of connected items consists of 23 items which were
considered to show the set of items instead of all. Sta-
tistical descriptions were used to evaluate trends in
temporal growth, geographical and national interests
in the Blue Economy literature. Bibliometric analyses
based on authors conducted in VOSviewer software
(Van Eck and Waltman, 2014) were employed to scruti-
nize interrelation and patterns of knowledge produc-
tion. Co-occurrence analysis was employed to analyse
networks in respect of the intellectual structure and

terminological interrelation, that have evolved in
this knowledge base (Udomsap and Hallinger, 2020).
To visualize a network, the relatively different size of
each node-assigned keyword expressed that keyword
in a bigger node and indicated it occurred across the
whole network as compared to the smaller sized ones.
Link strength was expressed as the relative width of
the line in the network structure. Altogether, occur-
rences, link strength to the Blue Economy, and total
link strength of keywords were analysed and organ-
ized using cluster analysis.

Results and Discussion

The results and discussion of this research focuses on
systematic research of key terms and key authors in the
research conducted in the WIO region. Furthermore,
the extent to which technology has been utilized in
the regional research is presented. Generally, the term
Blue Economy did not appear in the majority of the
studies conducted in the region. Thus, the study con-
siders terms related to the five thematic areas identi-
fied by the Africa Blue Economy Strategy as reference
to the Blue Economy concept. As mentioned above,
the thematic areas are 1) fisheries, aquaculture and
ecosystem conservation; 2) shipping transportation
and trade; 3) sustainable energy, extractive minerals,
gas, and innovative industries; 4) environmental sus-
tainability, climate change and coastal infrastructure;
and 5) policies, institutional and governance (https:/
www.au-ibar.org/strategy-documents).

Blue Economy vs key research terms

Density visualization of the keywords in the study
are portrayed in Figure 1. Basing on the five thematic
areas of the African Blue Economy Strategy, the key-
words appeared to relate to the first, fourth and fifth
thematic areas of fisheries, aquaculture and ecosystem
conservation; environmental sustainability, climate
change and coastal infrastructure; and policies, insti-
tutional and governance, respectively. However, no
key term appeared to be associated with the second
and third thematic areas of shipping transportation
and trade; and sustainable energy, extractive miner-
als, gas, and innovative industries, respectively.

The first thematic area on fisheries, aquaculture and
ecosystem conservation relates to key terms includ-
ing species, fishery, fish, habitat, catch, mangrove, S.
commersonnii, and fishing area. In this thematic area,
the term species appeared to be the central key term
among the other key terms in the largest cluster with
about 81 frequencies. This finding suggests that much
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Figure 1. Density visualization of research keywords for publications on the Blue Economy concept in the western Indian

Ocean region.

of the research focused on species and that the major-
ity of the research focused on marine biology.

The fourth thematic area of environmental sustainabil-
ity, climate change and coastal infrastructure is reflected
by the key terms water, estuary, activity, coast, western
Indian Ocean, Kenyan coast, microplastic, community,
and Bons Sinais Estuary. The keyword water appeared
very frequently on about 44 occasions. The key terms in
this thematic area include microplastics, as a ocean/sea
pollutant. Furthermore, the term community which
could be associated with coastal infrastructure in the
region appeared in this thematic area.

The fifth thematic area which is about policies, insti-
tutional and governance is reflected by the terms data,
study, site, area, sample, year, region, information, ef-
fect, management, Mida Creek, Ngomeni, Zanzibar,
Kenya, Mozambique, and Tanzania. In this thematic
area, the terms study, data, site and Kenya appeared
more frequency with 75, 49, 45 and 45 occurrences, re-
spectively. This suggests that many of the studies might
have focused on Kenya. Moreover, terms like Zanzibar,
Tanzania, and Mozambique indicate their coverage in
studies related to the Blue Economy in the region.

To understand links and clusters among the key terms
in the study, a network analysis diagram with different
colours was created (Fig. 2). In VOSviewer, creation

of a network picture (also known as Label view) cir-
cles or labels important items (in this case, key terms
with many simultaneous links) which appear large. In
Figure 2, the link strength, which calculates the dis-
tance between nodes, is extracted by the full counting
method. As the similarity of the items increases, the
distances appear closer, but the minimum distances
are maintained to prevent complete overlap (Van Eck
and Waltman, 2010).

Cluster 1 (in red) consists of the eight key terms of
activity, community, data, management, mangrove,
region, study and year reflecting the fourth thematic
area relating to environmental sustainability, climate
change and coastal infrastructure and the fifth the-
matic area for policies, institutional and governance
from the Africa Blue Economy Strategy.

Cluster 2 (in green) consists of the seven key terms of
area, catch, coast, fishing area, Kenya, Ngomeni and
species reflecting the first thematic area for fisheries,
aquaculture and ecosystem conservation, the fourth
thematic area environmental sustainability, climate
change and coastal infrastructure, and the fifth the-
matic area for policies, institutional and governance .

Cluster 3 (in blue) consists of the six keywords of effect,
Kenyan coast, microplastic, Mida Creek, sample and
water reflecting the fourth thematic area environmental
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Figure 2. Network visualization of research key words for publications on the Blue Economy concept in the western Indian

Ocean region.

sustainability, climate change and coastal infrastructure,
and the fifth thematic area for policies, institutional and
governance from the Africa Blue Economy Strategy.

Cluster 4 (in yellow) consists of the six keywords of
fish, habitat, information, S. commersonnii, Tanzania
and Zanzibar reflecting the first thematic area for fish-
eries, aquaculture and ecosystem conservation, and

fifth thematic area for policies, institutional and gov-
ernance from the Africa Blue Economy Strategy.

Cluster 5 (in blue) consists of the 10 keywords of Bons
Sinais Estuary, estuary, fishery, Mozambique, Western
Indian Ocean fish, habitat, information, S commer-
sonnii, Tanzania and Zanzibar reflecting the first the-
matic area for fisheries, aquaculture and ecosystem

Figure 3. Authorship network visualization for publications on the Blue Economy concept in the western Indian Ocean region.



conservation, and the fourth thematic area environ-
mental sustainability, climate change and coastal
infrastructure. Moreover, the cluster indicates the fifth
thematic area for policies, institutional and govern-
ance from Africa Blue Economy Strategy.

Blue Economy vs researchers and institutions

Five clusters of research authors were formed from
the network analysis diagram with different colours
(Fig. 3). Also in Figure 3, the link strength, which cal-
culates the distance between nodes, was extracted
by the full counting method. As the similarity of the
items increases, the distances appear closer, but the
minimum distances are maintained to prevent com-
plete overlap (Van Eck and Waltman, 2010).

Cluster 1 (in red) consists of the seven authors ]J.
Kamau, A. Kimeli, C. Magori, O. Ochola, B. Ohowa
and M. Osore and Cluster 2 (in green) consists of the
four authors N.S. Jiddawi, A.J. Mmochi, M.S. Mtolera
and S.A. Yahya. Both these clusters focus mainly on
the first thematic area for fisheries, aquaculture and
ecosystem conservation.

|
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Cluster 8 (in blue) consists of the four authors M.M.
Igulu, A., Kamukuru, B.C. Sekadende and ].S. Sululu
addressing the first thematic area for fisheries, aqua-
culture and ecosystem conservation in conjunction
with the fifth thematic area for policies, institutional
and governance from Africa Blue Economy Strategy.

Cluster 4 (in yellow) consists of the four key authors
M.S. Kyewalyanga, C. Lugomela, N. Peter and M.
Semba reflecting the first thematic area for fisheries,
aquaculture and ecosystem conservation, and the fifth
thematic area for policies, institutional and governance.

Cluster 5 (in blue) consists of the four arthors I. Halo,
S.B. Mahongo, M. Manyilizu and P. Sagero reflecting
the fourth thematic area environmental sustainability,
climate change and coastal infrastructure, and fifth
thematic area for policies, institutional and govern-
ance. S.B. Mahongo appeared the most in all clusters
(11 documents and 85 total link strength).

In order to gain insights into the instruments and insti-
tutions supporting research in the WIO the authors’

WWF | = WWF
UiT-NRY
i Norway
UoM-BGM
] Belgium
ULdeB-BGM
CPUT-SA 1 ® Somalia
UKZN-SA = Comoros
ORI-SA | ® Seychelles
SAIAB-SA P
i H Réunion
EMU-MZQ
1 = Mauritius
UoT-MDG
UoM-MRT = Madagascar
ASFT-UDSM-.. South Africa
NMA-IST-TZA | Mozambique
UDOM-TZA .
] Tanzania
IFR-ZNZ-TZA
1 [
IMS-UDSM-TZA Kenya
TAFIRI-TZA
UoN-KNY
KMD-KNY
PU-KNY
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KMFRI-KNY
TUM-KNY
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Figure 4. Number of authors per institution per country for publications on the Blue Economy

concept in the western Indian Ocean region.
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affiliations and their respective countries were con-
sidered (Fig. 4). Kenya appears to have had six active
research institutions from 2012 to 2021 with the Kenya
Marine and Fisheries Research Institute (KMFIRi) hav-
ing the highest number of authors, with about 13 active
researchers. The other institutions were the Technical
University of Mombasa (TUM, two authors), University
of Eldoret (UoE, one author), Pwani University (PU, four
authors), Kenya Meteorological Department (KMD, one
author) and the University of Nairobi (UoN, two authors).

In Tanzania, six institutions appeared to have active
authors with the Institute of Marine Science at Uni-
versity of Dar es Salaam leading (IMS-UDSM, five
authors), followed by the Tanzania Fisheries Research
Institute (TAFIRI, four authors). Other active authors
came from the Institute of Fisheries Research in Zan-
zibar (IFR, one author), the University of Dodoma
(UDOM, two authors), Nelson Mandela Africa-In-
stitute of Science and Technology (NMA-IST, two
authors), and the Aquatic Science and Fisheries Tech-
nology Department, University of Dar es Salaam
(ASFTD-UDSM, one author).

Norway
Belgium
Somalia

Comoros
Seychelles

Réunion

Tanzania

South Africa

Mozambique

Mauritius

Madagascar

Kenya
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One, two, and three authors appear from the Univer-
sity of Toliara in Madagascar, the University of Mau-
ritius (UoM) in Mauritius and the Eduardo Mondlane
University (EMU) in Mozambique, respectively.

Each of four research institutions in South Africa had
one author. These were the Oceanographic Research
Institute (ORI), University of KwaZulu-Natal (UKZN),
and South African Institute for Aquatic Biodiversity,
and Cape Peninsular University of Technology (CPUT).
Similarly, one author each appeared for UiT - the Arc-
tic University of Norway, WWF Tanzania office, the
Université Libre de Bruxelles, and the University of
Mons from Belgium. However, among the ten states of
the WIO, the five states of Somalia, Comoros, Madagas-
car, Seychelles, and Réunion (France) did not appear in
the screened documents suggesting either low levels of
publication in the WIOJMS or poor research capacity
on issues regarding the WIO Blue Economy.

Blue Economy vs technology
Utilization of different technological research ap-
proaches by authors in respective countries is depicted

Satellite
= Model
Field

= Total Authors

15 20 25

Figure 5. Number of authors per approach used for research and their country for
publications on the Blue Economy concept in the western Indian Ocean region.
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in Figure 5. The three approaches used in research
are field/in-situ, model and satellite modes. The field
work approach appeared to dominate in the WIO re-
search and was used by 41 authors (79 % of all authors),
and eight authors used satellite and three model ap-
proaches. With advances in computing, numerical
modelling combines the theories, observations and
satellite data into Blue Economy field helping to over-
come difficulties associated with each approach when
used separately. As a result, a better understanding of
ocean dynamics and properties such as sea surface
current, sea surface height and sea surface tempera-
ture may be achieved.

Of the 23 authors/researchers in Kenya, there were 19
that used the field approach compared to four authors
who used satellite data, and none used the model
approach. For authors from Mauritius, Mozambique,
as well as those from Belgium and Norway most stud-
ies focused on in-situ/field approaches involving fish-
eries, aquaculture and ecosystem conservation. A small
number of users of the model and satellite approach
appeared in Tanzania (field-16, satellite-3, and model-1).
The reasons for such small numbers could be a lack of
computing knowledge and/or facilities in the institu-
tions as well as human capacity for these approaches.

Conclusions

The Blue Economy concept has become a popular
term used in discussions involving ocean and envi-
ronmental issues in relation to economic develop-
ment. The term posits the inherent conflicts of ocean
activities for economic development and protection
of the health of ocean ecosystems to support the
activities in a sustainable manner. This study used
a systematic review to analyze a decade of the pres-
ence of the Blue Economy concept in the WIO from
the perspective of research and technology from
2012 to 2021. It focused on the research and techno-
logical perspectives of the Blue Economy concept in
the WIO in relation to the five critical blue economy
sectors which are considered as thematic areas in the
Africa Blue Economy Strategy.

The results indicate that the term Blue Economy
does not appear as a key term in most publications
in the region, which implies that it is either not well
understood or researched. Furthermore, most of the
research utilized by authors from Kenyan Institu-
tions use the field approach with no or poor support
of technology like models, big data and satellite data.
Predominant challenges for ocean modelers are a lack
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of human capacity, storage capacity, bandwidth and
internet connectivity, availability of in-situ data for
model evaluation and training/knowledge transfer.

As far as the five thematic areas of the Africa Blue
Economy are concerned, it appeared that research has
been conducted mainly in the first, fourth and fifth
thematic areas of fisheries, aquaculture and ecosys-
tem conservation, environmental sustainability, cli-
mate change and coastal infrastructure, and policies,
institutional and governance, respectively. However,
no key term appeared to be associated with the second
and third thematic areas of shipping transportation
and trade; and sustainable energy, extractive miner-
als, gas, and innovative industries, respectively.

Thus, multi-disciplinary and multi-institutional col-
laborations and management as well as identifying
proper technology and its utilization will enhance
research in support of Blue Economy development,
particularly in all five thematic areas of the Africa
Blue Economy Strategy. Ocean science accompanied
by innovation and technology should be used in stud-
ies to enhance research capacity in the region by sup-
porting multidisciplinary, interdisciplinary and trans-
disciplinary (MIT) research approaches.
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Abstract

The suitability of a superheated steam dryer for drying sardines was investigated. Proximate
composition (moisture, crude protein, crude fat, ash, and crude fibre; minerals-calcium, zinc,
iron) for fresh, oven dried (OD) at 100 °C, oven dried (OD) at 120 °C and superheated steam
dried (SSD) sardines at 120 °C was evaluated and the results reported on a dry matter basis.
There were significant differences (p<0.05) in moisture, crude fat, and ash content among fresh
and dried samples, but not for crude protein or crude fibre. The crude protein % content of
fresh, OD at 100 °C, OD at 120 °C, and SSD, was 78.17, 78.40, 75.77, and 76.05 and crude fibre % was
0.59, 0.12, 0.02, and 0.13, respectively. The SSD sardines had the highest fat content (11.8 %) and
the fresh sardines had the lowest (8.1 %). There was a significant difference in calcium content
(p<0.05) but not for zinc and iron content. Overall, SSD retained the nutrients of sardines well.

Keywords: superheated steam dryer, sardine, proximate composition, micronutrients,
oven drying

Introduction

Sardines are among a group of small pelagic fish
namely including Herrings, Anchovies, and Sardines
(HAS) (Kripa et al., 2019). In Tanzania sardines are har-
vested from marine waters of the Indian Ocean in the
five regions of Tanga, Pwani, Dar es Salaam, Lindi, and
Mtwara. However, Zanzibar, Pemba, and Mafia Island
are the major producing areas (Sekadende et al., 2020).
Marine sardines make up about 1/3 million tons of the
annual catch, according to the official statistics (SWI-
OFP, 2012). Small pelagic fish, particularly sardines,
contain a significant amount of polyunsaturated fatty
acids (PUFAs) of the omega-3 series in the form of
docosahexaenoic acid (DHA) and eicosapentaenoic
acid (EPA) responsible for the development and func-
tioning of the brain and retina (Njinkoue et al., 2016).
These PUFAs play a crucial role in the prevention of
atherosclerosis, heart attack, depression, stroke, diabe-
tes, obesity, premature aging, hypertension, and can-
cer in humans and improve visual power and memory
(Stephen et al., 2010). In addition, PUFAs are essential
for normal growth, development, and reproduction in

all vertebrates, including fish and humans, and must
be supplied through diet. Small pelagic fish contain
all the elements of a healthy and nutritionally optimal
food source for humans and are an important con-
tributor to the food and nutritional security of many
poor, low-income households in developing countries
(Isaacs, 2016). Moreover, fish protein is of high biolog-
ical value due to the presence of essential amino acids
in the right proportions (Hoffman and Falvo, 2004).
Lysine, methionine, and cysteine are important essen-
tial amino acids that can significantly raise the value of
cereal-based diets, which are poor in these essential
amino acids (Kasozi et al., 2014).

Fish is a highly demanded and nutritious food prod-
uct as detailed in the previous section, yet perisha-
bility remains the biggest challenge for its preserva-
tion (Tavares et al., 2021). Since fish are not normally
eaten raw, processing and preservation measures
are employed in preparing them for consumption
(Okpanachi et al., 2018). Sun drying, salting, and boil-
ing followed by sun drying, smoking, and chilling are

http://dx.doi.org/10.4314/wiojms.v22i2.2
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methods used by processors to extend the shelf life of
fish and fishery products. These traditional preserva-
tion techniques have some drawbacks like exposing
the product to rain, foreign matter like dust, micro-
organisms like bacteria and fungi, birds, and rodents.
In addition, existing conventional hot air drying is an
energy-intensive technique that consumes around
15-25 % of national industrial energy in most devel-
oping countries; Tanzania being an example (Sehra-
wat et al., 2016). Using air as a drying medium leads
to oxidation and combustion reactions which pollute
the environment by releasing undesirable compo-
nents, and its operation needs continuous improve-
ments to reduce energy consumption and preserve
quality (Sehrawat et al., 2016). It also often results in
loss of nutrients, colour degradation and non-uni-
form product quality (Sehrawat and Nema, 2018).
Recent studies have also shown that traditional pro-
cessing methods can cause a loss of nutrient availa-
bility in processed fish (Ayinsa and Maalekuu, 2018;
Sehrawat et al., 2016).

In Tanzania, particularly at Mafia Island, small pelagic
fish processing is carried out by boiling in sea water
mixed with salt using firewood as a source of energy
before sun drying on racks or the ground (Fig. 1). This
technology is not ideal because it has the potential
to significantly lower the quality of the final product
(dust, sand, flies). Additionally, the majority of small
pelagic fish that are boiled fragment in the process
of boiling. They also lose the silvery colour and once
dried they are very difficult to chew due to shrinkage
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as a result of salting. During the rainy season, the pro-
cess ceases as there is no alternative drying method,
especially at Mafia Island.

Fortunately, there are some solutions available. Tech-
nologies such as heat pump drying, and superheated
steam drying (SSD) have been proven to reduce nutri-
ent loss and extend the shelf life of dried products.
SSD is an affordable way of drying foods/fish using
steam to dry the foods/fish. The benefits of SSD in
food drying include minimizing energy consumption
(Alfy et al., 2016), reducing lipid oxidation, and pre-
serving food nutrient substances, colour, and texture
(Idrus and Yang, 2012).

The present study aimed to investigate the suitability of
the application of a superheated steam dryer for dry-
ing sardines through the determination of proximate
composition (moisture, protein, fat, ash, and crude
fibre) and mineral content (calcium, iron, and zinc).

Materials and methods

Study location

This study was carried out on Mafia Island (Fig. 2) at
Kilindoni Village (landing site). The Island is one of
the six districts of the Pwani region with a coverage
area of 972 km’ of which 407 km?is dry land while 565
km?is covered by water (Kweka, 2017).

Collection of raw material
Fresh sardines for this study were bought from the
local fishermen in Mafia Island and hygienically

Figure 1. Traditional small pelagic processing technique practiced by indigenous people on Mafia Island. From left to right: boiling process; boiled

sardines ready for drying; fresh sardines under shade.
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packed in a cool box containing flaked ice and then
transported to the Department of Food Science and
Technology Laboratory, College of Agriculture and
Food Technology, University of Dar es Salaam for
analysis. On arrival at the laboratory, the sardines
were divided into two portions with the first por-
tion subjected to proximate analysis before drying.

15

a drying chamber. The drying chamber is a stainless
steel vessel with two partitions equipped with perfo-
rated stainless steel trays for holding food products
during drying. It is 1.5 m x 1.5 m with the capacity of
holding 24 trays of 60 x 30 cm. After preparing the
dryer for operation, the boiler is started by heating the
air exchange pipes and at the same time generating

Figure 2. Map of Tanzania showing the location of the sampling site on Mafia Island
(Shape file source: National Bureau of Statistics —Tanzania).

The remaining portion was divided into three for
Oven Drying at 100 °C, Oven Drying at 120 °C, and
SSD at 120 °C.

Superheated steam drying

Figure 3 represents a schematic diagramme of the
superheated steam dryer and associated units. The
dryer consists of a boiler, an air exchange pipe, and

steam. The fresh sardines are spread on trays in the air
chamber for drainage purposes for 30 min at 50 °C air
temperature and a flow rate of 4 1/min. The drained
sardines are shifted to the steam chamber only once
the boiler pressure is about 7 bars. Water is boiled
under atmospheric pressure conditions to a temper-
ature of 100 °C, using liquefied petroleum gas as a
source of energy. The generated steam is then further
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Figure 3. A schematic diagramme of a superheated steam dryer and associated units.

heated at a pressure of 7 bars in the drying chamber.
The sardines are first moistened by steam exposure
owing to condensation, but when the temperature
rises to 120 °C, the water in the sardines is evaporated.
The water condenses on the drying chamber walls and
is collected at the steam trap as condensate. The sar-
dines are dried for one hour in the drying chamber
before being shifted to the hot air chamber for sur-
face water removal. In the chamber, the sardines are
exposed to heated air for an hour. Sardines are then
moved to a conditioning room where they are kept
for four hours before packaging for further analysis.

Oven drying

Sardine samples were dried in an oven at two different
temperatures and times (100 °C for 90 min and 120 °C
for 60 min). Once the sardines were dried, the pack-
aging procedures were followed (Fig. 4a and b) and
stored in the refrigerator at 4 °C for further analysis.

Proximate composition analysis

Proximate composition (moisture, protein, fat, ash,
and crude fibre) was carried out on the samples of
fresh, oven dried (OD) at 100 °C for 90 min, OD at 120
°C for 60 min, and SSD at 120 °C for 60 min.

Determination of moisture content

Approximately 2 g of each sample was weighed in
preconditioned Petri plates that were pre-heated in
an oven set at 105 °C for 2 h and cooled in a desicca-
tor for 2 h. The samples were dried in a hot air oven

(Model Memmert 854) at 105 °C overnight until con-
stant weight was attained. The moisture content was
calculated as a percentage loss in weight using Eq. (1).

. w, 2 w. 3
Moisture content (%) =———x100 )

2 1

Where W, = weight of the weighing dish (g),

W, = weight of the moist dish and sample
before drying (g), and

W,= weight of the dish and sample after

drying (g).

Determination of protein content

An aliquot of 2 g of each sample was placed into a
labeled Kjeldahl tube followed by adding Kjeltec cat-
alyst [8 selenium oxide (2 g) tablets] and 20 ml of
concentrated sulfuric acid (98 %). The tubes and the
contents were inserted in the digestion unit (Foss
Tecator™ Digester) and digested completely (until
white fumes and blackish mass were absent) for 2 h at
400 °C. The digests were cooled to 29 + 2 °C and then
distilled for 5 min using an auto-distillation unit (Foss
Kjeltec™ 8200) that had been rinsed and calibrated
using the following setup: 80 ml of dilution volume
(deionized water); 90 ml of sodium hydroxide (alkali
solution 40%); and 8 ml of mixed indicator (70 ml
of 0.1 g methyl red and 100 ml of 0.1 g bromocresol
green dissolved in 100 ml methanol). The distillate
was collected in the flasks. In addition, it was titrated
with 0.104 M hydrochloric acid solution. The protein
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content in the sample was calculated and expressed on
a dry basis, according to Eq. (2).

((7-B)xMx14.007x6.25x MCF)
W

Crude protein (%) = x100 (2)
Where T =volume of the standard hydrochloric acid
used in sample titrations (mL),

B = volume of the standard hydrochloric acid used in
blank titrations (ml),

M = molarity of the acid used in the titrations (mol/L),
W = mass of the sample used in grams (g),

MCF = the moisture correction factor [100/ (100 - %
moisture content)],

6.25 = factor used to convert percent N to percent
crude protein, and

14.007 = molecular weight for N (g/mol).

Determination of crude fat

The fat content of samples was determined using the
Soxhlet system (Foss Soxtec™ 20438, Hilleroed, Den-
mark). Aluminum cups were pre-heated in an oven set
at 105 = 2 °C for 2 h, and thereafter cooled in a desic-
cator for 30 min. Each aluminum cup was filled with
30 ml of petroleum ether and placed under an adapter
holding thimble loaded with 2 g of the sample. Each
thimble was submerged in boiled petroleum ether for
20 min to extract fat. Fat remaining in the samples was
rinsed out by reflux using boiling petroleum ether for
45 min. Excess petroleum ether was recovered by evap-
oration from each cup into the condenser unit of the
Soxhlet system for 10 min. The fat extract was dried in
a hot air oven set at 105 °C for 30 min. The fat content
was expressed on a dry matter basis, as shown in Eq. (3).

Wy- W,
———x100 ®)
W,

2

W = weight of the aluminum cup (g),

W,= weight of the sample (g), and

W, = weight of the aluminum cup plus dried
fat (g)

Fat content (%) =

Where

Determination of ash content

About 2 grams of each sample was weighed into pre-
conditioned porcelain crucibles that were pre-heated
in an oven set at 105 = 2 °C for 2 h and cooled in a des-
iccator for 2 h. The samples were placed in a temper-
ature-controlled muffle furnace (Nabertherm GmbH,
Lilienthal, Germany) and incinerated at 550 °C for 5 h.
The crucibles were transferred to a desiccator, cooled
to 29 + 2 °C, and reweighed. The ash content of the
samples was calculated on a dry matter basis using
equation (4).

17

W,-Ww,
Ash content (%) = ————x100 (4)
W, - W,

2 1

Where W, = weight of the crucible (g),

W, = weight of the crucible and sample
before incineration (g), and

W, = weight of the crucible and sample

after incineration (g).

Determination of crude fibre

Fibre content was determined following Foss Fibertec
system instructions. Fibre crucibles were first pre-
heated in an oven set at 105 °C for 2 h and then filled
with 2 g of sample and weighed. The fibre crucibles
containing the samples were then fixed underneath
glassier columns (Foss Fibertec™ 1020). Then, 100
ml of hot H,SO, (1.25 %) was added to the glassier col-
umns to hydrolyze organic substances (e.g., protein,
carbohydrate) with occasional auto-heating for 30
min. Resultant residues were washed with hot deion-
ized water followed by adding hot NaOH (1.25 %) to
affect the saponification of fat in the sample over 30
min. The sample residues were further washed with
hot water and then dried for 2 h in a hot air oven at 130
°C. The crucibles containing the dried sample residues
were ignited in a muffle furnace at 550 °C for 5 h and
weighed again after cooling following incineration.
The crude fibre content of samples (dry matter basis)
was then calculated using Eq. (5).

W,- W,
Crude fibre content (%) = v x 100 5)
1
Where W, = weight of the sample cup (g),
W,= weight of the sample after drying (g),
and
W= weight of the sample after incinera-
tion (g).

Determination of calcium, zinc, and iron

Half a gram (0.5 g) of each sample was digested with
10 ml nitric acid and 5 ml hydrogen peroxide at 200
°C for 90 min for complete digestion. After cooling to
room temperature, the digest was filtered and made
up to 100 ml with distilled water and analyzed for Ca,
Zn, and Fe using an Inductively Coupled Plasma Opti-
cal Emission Spectrometer (ICP-OES) (iCAP 6300
England). The concentration of each mineral was
expressed in parts per million (ppm).

Statistical analysis
Minitab Statistical software version 17 was used for
analysis in which all data were reported as means +
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standard deviation of duplicate determinations. One-
way ANOVA was used to compare means of collected
data and the significant difference between means was
determined by Turkeys test. Differences were consid-
ered to be significant when p<0.05.

Results and discussion

Proximate composition

The proximate composition of the raw and dried sar-
dines with different methods is presented in Table 1.
Fresh fish is highly perishable and also cannot be con-
sumed without cooking. Therefore, subjecting foods,
especially meat and fish, to cooking makes them
edible and enhances their digestibility. Fish is thus a
product that needs proper handling and processing
to preserve nutrients and its functional components
that promote good health (Sulieman and Mustafa,
2012). However, the nutritional composition of fish is
affected by processing temperature and time (Abraha
et al., 2018). Drying is a common practice for meat,
fish, and other animal protein, as it preserves the qual-
ity of the product for an extended time, with mini-
mum deterioration and insignificant changes in the
product (Aberoumand and Karimi reza abad, 2015).

Moisture content

It is well understood that moisture content occupies
the largest part of the fish body. In this study, mois-
ture content of fresh samples was 72.61%, compared
to 17.22%, 9.82%, and 9.45% for the SSD at 120 °C for 60
minutes, OD at 100 °C for 90 minutes and OD at 120
°C for 60 minutes, respectively. There was a signifi-
cant difference (p<0.05) in the moisture content of the
fresh and SSD sardines (p<0.05), however, there was
no significant difference (p>0.05) between the oven-
dried samples. The moisture content of the fresh sam-
ple is similar to that reported by Feng et al. (2012) who
found that most fish contain 60 % to 80 % moisture
content. According to Sheeba et al. (2021), two species
of sardines (S. fimbriata and S. longiceps) had a mois-
ture content of 69.8 and 78.2 %, respectively. It was
also previously reported by Bagthasingh et al. (2016)

WIO Journal of Marine Science 22 (2) 2023 13-23 | P. Antelm et al.

that the value of the moisture content of sardine (Sar-
dinella gibbosa) ranged from 70.79-78.16 %. In the pres-
ent study, the highest moisture content was recorded
in the fresh sardine sample (72.61%) and the lowest in
the oven-dried sardine samples. The lowest moisture
content in OD sardine samples is due to the high pro-
cessing temperature applied which facilitated heat
transfer. It is well understood that the drying process
results in a significant decrease in moisture content
while increasing other nutrients (protein, ash, lipids)
(Garcia-Arias et al., 2003), as observed in this study.
Among the dried sardine samples, SSD sardines had
the highest moisture content (17.22%) because super-
heated steam retains more moisture than other pro-
cessing methods. Similarly, Yu ez al. (2017) reported
the lowest moisture loss (46.84%) in superheated steam
oven-cooked fillet when compared to convection oven
cooking (50.13%).

Protein content

The protein content for the fresh and dried sardine
samples is presented on a % dry matter basis (Table
2). Protein forms the largest quantity of dry matter
in fish (Bagthasingh ez al., 2016). The protein con-
tent of the studied sardine samples ranged from
75.77 to 78.40 %, and there was no significant differ-
ence between them. The protein content of the fresh
sardine sample was 78.17 %. The present study is in
agreement to Owaga et al. (2010) who reported high
protein content in the fresh fish sample (74.4 % dry
weight basis) and the lowest in the retail market (62.5
% dry weight basis). According to Wisuthiphaet et al.
(2015), the protein content of the fresh sample was
72.1 %. Daramola et al. (2007) also reported the pro-
tein content in five fish species ranging from 54.71 to
72.78 %. The highest value of protein was observed
in OD at 100 °C, 78.40 %, followed by SSD, 76.05 %,
and then OD at 120 °C, 75.77 %. It was reported by
Immaculate et al. (2012) and Aberoumand (2020) that
the increase of protein was due to the dehydration of
water molecules present between the proteins caus-
ing aggregation of protein and therefore resulting

Table 1. Proximate composition (% dry matter basis) of both fresh and dried sardine samples.

Sample Moisture Protein Fat Ash Fibre
FRESH 792.61+0.030° 78.17+1.1002 8.10+0.019¢ 11.99£0.062" 0.59£0.828¢
OD 100 °C 9.82+0.816¢ 78.40+0.027 10.63+0.029¢ 10.24+0.017¢ 0.12+0.011
OD 120 °C 9.45+0.381¢ 75.77+1.064 11.38+0.001° 12.48£0.041% 0.015+0.021
SSD 120 °C 17.22+0.072° 76.05+1.9942 11.81+0.0012 13.60+0.406° 0.13+0.177

Results expressed as mean (n=3) * standard error of the mean; samples with different superscript letters across the column indicates statistical
difference according to Turkey’s Honest Significance difference test (p<0.05).
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Table 2. Mineral content (% dry weight basis) of fresh and dried sardine samples.

Sample Ca Zn Fe
FRESH 24.94+0.947 0.24+0.025 0.11£0.025
OD 100 °C 30.35£0.269° 0.42+0.0242 0.000.000P
OD 120 °C 13.67£0.147¢ 0.29+0.019 0.00£0.000P
SSD 120 °C 95.24+0.177° 0.36+0.042 0.02+0.000P

Results expressed as mean (n=3) * standard error of the mean; samples with different superscript letters across the column indicates statistical
difference according to Turkey’s Honest Significance difference test (p<0.05).

in the increase in protein content of dried fish. The
lowest protein content in OD at 120 °C might be due
to denaturation as a result of the high processing
temperature. However, there was no significant dif-
ferences (p<0.05) between the three drying methods.
The study of Steiner-Asiedu et al. (1991) reported the
protein content of flat sardine (g/100 g dry matter
basis) in fresh, cooked, fried, and smoked samples
as 84.1, 82.0, 56.7, and 84.7, respectively. Flowra et
al. (2012) reported the protein content of sun-dried
fishes ranging from 60 to 80 %. Sablani et al. (2001)
reported the highest protein content of 71 % dry mat-
ter basis in freezer-dried sardines and the lowest was
50-65 % dry matter basis in traditionally dried sar-
dines. Sultana et al. (2011) reported the protein con-
tent of the dried SIS fish ranged from 52.66 to 72.45 %.
According to Ayinsa and Maalekuu (2018), different
fish processing presents different effects on the nutri-
tional quality of the final product. According to Sul-
tana et al. (2011), good quality dried fish can provide
52-73 % of human protein requirements, suggesting
that eating 100 g of dried fish in a day provides the
required protein for the body.

Fat content

The fat content of the fresh and dried sardine sam-
ples varied significantly (p<0.05) with the highest
value found in SSD (11.81 %) and the lowest in the fresh
sample (8.10 %). It has been reported that fat content
is inversely proportional to moisture content (Palani
kumar et al., 2014) and this was similarly observed in
this study. This could be the reason for low-fat con-
tent (8.10 %) in the fresh sample compared to the dried
samples.

According to Sablani et al. (2001), sardines processed
in the freeze dryer had a 10 % crude fat content. In the
present study, the values of crude fat in the sardines
are lower than those reported by Owaga et al. (2010) in
the fresh sample (14.8 %) and the market sample (13.9
%). According to Shija et al. (2019), different cooking
processes could lead to biochemical changes which

include oxidation during heating. Moreover, the
fat content may be reduced with the evaporation of
moisture and increase during heat treatment (Immac-
ulate et al., 2012). It has been previously reported that
cooking releases bound lipids as free lipids making
them easier to extract (Garcia-Arias et al., 2003; Yu et
al., 2017). However, this is dependent on the method
of cooking used. One advantage of using superheated
steam for food drying is that the procedure has little
impact on the fat content of sardines. The crude fat
content of the sardine samples was 11.81 %, 11.38 % and
10.63 % for SSD at 120 °C, OD at 120 °C and OD at 100 °C,
respectively.

Superheated steam drying normally operates under
anoxic conditions which means oxidation and com-
bustion reactions are prevented. Sutikno et al. (2019)
reported that the superheated steam system was bet-
ter than traditional cooking methods in reducing lipid
oxidation and preserving food nutrient substances,
colour, and texture. In contrast, fish processed in the
oven presented low-fat content (32.99 %) compared to
frying (87.83 %) (Garcia-Arias et al., 2008). According to
the level of fat content fish can be grouped into four:
lean fish (<2 %); low fat (2-4 %); medium fat (4-8 %); and
high fat (>8 %) (Ackman, 1990). In the present study,
sardines are grouped as medium-fat fish with 8.10 %
fat content (fresh sardines). Bagthasingh et al. (2016)
reported that the fat content of sardine (Sardinella gib-
bosa) varied from 1.25 % to 6.77 %. Sheeba et al. (2021)
reported the fat content of Sardinella fimbriata and
Sardinella longiceps as 2.7 % and 22.9 %. The variation in
lipids has been explained by Bagthasingh et al. (2016)
who reported that variation is due to season, temper-
ature, feed intake, age, sex, and size.

Ash content

There was a significant difference (p<0.05) between
the ash values. The ash content of the fresh, OD at
100 °C, OD at 120 °C, and SSD at 120 °C were 11.99 %,
12.48 %, 10.24 %, and 13.60 %, respectively. The study
by Sablani et al. (2001) reported an ash content of 15 %
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in freeze-dried sardines. It is well known that ash con-
tent increases as the moisture content decreases. This
was true for all samples except the SSD sardine sam-
ple which despite the highest moisture content (17.22
%), presented the highest ash content of 13.60 %. This
study is in contrast with Yu et al. (2017) who reported
an ash content of 1.22% in superheated steam oven
cooked fillet which was significantly lower (p<0.05)
than that found in convection oven cooked fillet (1.43
%). However, all the fresh and dried sardine samples
in this study presented high ash content. According
to Steiner-Asiedu et al. (1991), the higher ash content
(18.1 %) in the fresh sardine samples is due to the pres-
ence of bones. The total ash content in the fresh sar-
dine (10.8 % dry weight basis) was significantly lower
(p<0.05) than the values in the sun-dried market sam-
ples (13.5 % dry weight basis) (Owaga et al., 2010). In
addition, marine fish show higher values of ash con-
tent due to the different content of seawater (Garcia-
Arias et al., 2003) which includes mineral salts and
other contaminants. According to Islam ez al. (2013),
the ash content of the dried fish ranged from 29.34-
34.49 % on a dry matter basis and associated this with
sand and dirt contamination. The ash content of the
five dried fish species reported by Flowra et al. (2012)
ranged between 11.21 and 28.15 %.

Crude fibre

The crude fibre content of the fresh, OD at 100 °C,
OD at 120 °C, and SSD at 120 °C sardine samples were
0.59 %, 0.12 %, 0.02 %, and 0.13 %, respectively. There
was no significant difference (p>0.05) among them.
According to the literature, the amount of crude fibre
in fish is very low or sometimes absent (Effiong and
Fakunle, 2011; Olopade, 2015). The fresh sample had
the highest crude fibre content (0.59 %) as compared
to the processed samples, which is consistent with the
findings of Okpanachi et al. (2018). This is attributed to
the effect of different cooking methods that affected
the concentration of proximate composition (Abraha
et al., 2018).

Mineral elements

Minerals represent 0.2-0.8 % of the total intake of all
nutrients in the human diet and are so important that
without them, the remaining 99.7 % of food intake
would be difficult to utilize (Yetunde, 2016). Minerals
in sardines are stored mainly in the skeleton (Bou-
deroua et al., 2011), therefore, when eaten whole they
are good sources of these minerals. The results of cal-
cium, zinc, and iron for the present study are shown
in Table 2.
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Calcium content

The present study noted a significant difference
(p<0.05) in calcium content between fresh and dried
sardine samples. The highest value was observed in
OD at 100 °C (30.35 ppm) and the lowest in OD at 120
°C (138.67 ppm). The lowest levels of calcium in OD at
120 °C might be due to leaching as explained by Kirk
(1984) and also destruction by high processing tem-
peratures. The study by Shija et al. (2019) reported that
processing methods have little or no effect and some-
times may increase the mineral content. Small pelagic
fish are a rich source of high bioavailable calcium
compared to larger fish (Reksten et al., 2020).

Zinc content

There was no significant difference (p>0.05) in zinc
content between the fresh and dried samples. How-
ever, there was an increasing trend due to processing
(Table 2). The amount of zinc was highest in OD at 100
°C (0.42 ppm), then in SSD (0.36 ppm), and lowest in
OD at 120 °C (0.29 ppm). Zinc plays an important role
in the promotion of normal growth and development
and is an element in the enzymes that work with red
blood cells, which move carbon dioxide gas from tis-
sues to the lungs (Ekweagwu et al., 2008). In malnour-
ished children zinc deficiency contributes to growth
failure and susceptibility to infections since it is asso-
ciated with complications of childbirth (Ekweagwu et
al., 2008).

Iron content

There was a significant variation (p<0.05) in iron con-
tent among the fresh and dried samples. However,
sardines treated in the oven and SSD did not show
any significant difference (p>0.05) in iron content.
The concentration of iron in the present study was
higher in the fresh sample (0.11 ppm) compared to
SSD (0.02 ppm). In OD the iron was not detected in
samples treated under either of the two temperatures.
This might be due to the leaching of the element
during processing. Iron is an important component
for the synthesis of hemoglobin in red blood cells
(RBCs) which helps to transport oxygen to all parts
of the body. The deficiency of iron can cause ane-
mia, impaired brain function, and in infants, it causes
poor learning ability and improper behavior (Mishra,
2020).

Conclusions

The suitability of a superheated steam dryer for dry-
ing sardines was studied by investigating the proxi-
mate composition and mineral contents of the dried
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sardines. The study observed that using a superheated
steam in drying fish resulted in better preservation
of nutrients, especially protein and lipids, with lipids
being highly susceptible to oxidation due to their
long-chain carbon bonds. In addition, protein con-
stituted a large portion of the fish studied. Although
all methods were good in the preservation of nutri-
ents in terms of protein, fat, and crude fibre, SSD is
highly recommended because apart from reducing
lipid oxidation, it maintains the silvery colour, aroma,
and texture of the sardines. In addition, little or no
breakage of SSD sardines was observed. This study
recommends more testing to be carried out on the
SSD technique for its efficiency in other food drying
applications. Moreover, more research is needed on
the use of other environmentally friendly and cost-ef-
fective energy sources apart from liquefied petroleum
gas (LPG). Consuming sardines regularly for all age
groups will reduce the complications of protein-cal-
orie malnutrition which is a problem in Tanzania and
in developing countries at large.
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Abstract

Hydrodynamic characteristics are important considerations in the design of cages used for
fish farming in nearshore marine environments. The hydrodynamics of sites in mangrove
creeks and comparatively open water channels in Kilifi and Kwale Counties in Kenya were
sampled across tidal cycles and seasons using an Acoustic Wave and Current Profiler (AWAGC).
Water temperature ranged between 25.9 °C and 33.0 °C, and was lower in deeper areas with
larger tidal heights than in shallower areas with smaller tidal heights. The water column height
ranged between 9.68 - 14.69 m at Kijiweni, 1.16 - 6.7 m at Kibokoni and Tsunza, and 0.72 - 2.57 m
at Dabaso. Maximum current speeds were 0.83 - 0.87 m/s at Kijiweni, 1.1 m/s at Kibokoni, 0.89
m/s Tsunza, and 0.34 m/s at Dabaso. Wave height reached 0.35 and 0.36 m at Kijiweni, 2.7 m
at Kibokoni, 1.3 m at Tsunza, and 1.6 m at Dabaso. The considerable difference in hydrodynamic
characteristics between the sampling sites indicate that cages for marine fish farming should be
designed specifically for local conditions in mangrove creeks and Cages for fish farming therefore
require specific design and structural features depending on the local hydrodynamic conditions.

Keywo rds: hydrodynamics, marine, cage, culture, Kenya

Introduction

Capture fisheries on the east African coast provide
support to a large number of communities. They are
mostly artisanal, underdeveloped, over exploited and
associated with coral reef, seagrass and mangrove
ecosystems that are faced with challenges of degrada-
tion and climate change effects among other stress-
ors (McManus et al., 1997; Jiddawi and Ohman, 2002;
Kaunda-Arara et al., 2003; Worm et al., 2006; McCla-
nahan et al., 2008; Mirera et al., 2013). Indeed, pri-
mary producers working in the agriculture, forestry
and fisheries sectors are more vulnerable to climate
change since they are dependent on climate-sensitive
natural resources; a situation which therefore impacts
food security and livelihoods (IPCC, 2007; Cooper
et al., 2008; Stokes and Howden, 2010).

Global fish consumption has increased significantly
since 1960 (9.0 kg per capita per year) to current (20.5 kg

per capita per year). Per capita fish consumption in
Africa is nearly half the global average (9.9 kg per cap-
ita) and accounts for 30 — 50 % of all the animal protein
in many coastal countries (UN Nutrition, 2021). In the
early 1980s per capita fish consumption in Kenya was
estimated at 4.3 kg whereas demand for fish was esti-
mated at 9.5 kg/person/year which implied a deficit in
fish production that needed aquaculture intervention
(Balarin, 1985). Currently, per capita fish consumption
is estimated at 8 kg/person in Tanzania and 5.5 kg/
person in Kenya thus creating a fish deficit of 230,000
MT in Tanzania and 150,000 MT in Kenya (Pauly et
al., 2003; FAO, 2018). Globally it has been observed
that low fish supply could lead to malnutrition, under
nutrition, which
will consequently lead to poor health (Golden et al.,
2016). It is therefore evident that addressing food and
especially protein insecurity in east Africa requires a
sustainable and multi-faceted approach rather than

and micronutrient deficiencies,
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dependency on freshwater systems where most of the
aquaculture is currently practiced, wild fish capture,
fish imports and terrestrial agriculture that depends
on rain and other water sources that are impacted by
climate change (Mmochi, 2015). Despite aquaculture
being one of the frontiers for food production in the
world (UN Nutrition, 2021), it is faced with several
limitations with regard to sustainable development
that need to be addressed (Troell et al., 2009).

Consequently, there is a need to develop strategies
to adapt and mitigate climate change impacts and
reduce social vulnerability from fish deficits to be able
to attain the United Nations Sustainable Development
Goal (SDG 14). Mariculture development is one of the
strategies proposed to reduce pressure on near-shore
fisheries in coastal east Africa (Troell et al., 2011). Mari-
culture in Kenya was conceptualized in 1976 through
farming of prawns in intertidal earthen ponds at
Ngomeni after failure of soil suitability tests at Dabaso
in addition to seasonal fluctuations in temperature
and salinity that impacted growth and survival (FAO,
1977). To date mariculture production has remained
low in the country even though more species have
been recruited into culture (Mirera, 2011, 2019; Mirera
et al., 2020). Also, progress has been made in devel-
opment of hatcheries to supply fingerlings to farm-
ers (e.g. National Mariculture Resource and Training
Centre (NAMARET, Shimoni). However, there is a
need to focus on suitability of sites assessments for
cage farming.

The development of marine cage farming will com-
plement previously used intertidal earthen ponds in
mangrove systems mainly used to farm milkfish, mul-
lets, marine tilapia, mud crab and prawns extensively
at small scale (Mirera, 2011, 2019; Mmochi, 2015). To
embrace marine cage farming, a holistic knowledge of
the ocean systems (near shore and offshore) is required
to help tap into the Blue Economy potential and con-
tribute to the sustainable development agenda (Oster-
blom and Folke, 2013). Therefore, there is need for data
on the physical and chemical dynamics of the ocean
waves and currents in coastal creeks, channels, estua-
rine river systems, near shore and deep water systems
to inform cage farming and ocean governance (Camp-
bell et al., 2016; Halpern et al., 2019). Hydrodynamic
characteristics like multidirectional, nonlinear com-
bination of both waves and currents will inform cage
engineering designs (mooring systems, cage shape,
floater system, tension response, net blockage) through
development of numerical models to cost effectively
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withstand extreme conditions and provide a suitable
fish growing environment (Aarnses, 1990; Gignoux
and Messier, 1999; Colbourne and Allen, 2001; Falt-
insen and Shen, 2018). It is recognised that industrial
marine cage fish farming is young globally but has sig-
nificantly advanced in many regions of the world other
than east Africa where it produces 6.6 million tons of
fish per year (FAO, 2020). Indeed, cage technology
genesis is traced back to the Antlantic salmon farms in
Norway and Scotland in 1960s and 1970s respectively
and has benefited from innovations over the years to
achieve the currently engineered structures available
in the market (Fredheim and Langan, 2009; Tilseth et
al., 1991; Bao-Tong, 1994; Chen, 2007).

Using previously designed cage structures and learn-
ing from other regions like Norway, and understand-
ing the prevailing physical and chemical dynamics
of coastal sites in east Africa will inform mitigation
measures through cage design, deployment, manage-
ment, culture system and species to be farmed (Neori
et al., 2004; Troell et al., 2009; O’Donncha et al., 2013).
Studies undertaken in other regions indicate that
water exchange rate can reduce to approximately 59
% due to increased bottom friction from suspended
aquaculture in marine bivalves indicating that drag
net effect influence water exchange rate and renewal
of nutrient and food supply (Grant and Bacher, 2001;
Shi et al., 2011; Cranford et al., 2014). Similarly, feed
spills, cage waste diffusion and disposition is affected
by direction and velocity of water current therefore
influencing distribution of particulate organic wastes
that may affect the health of benthic organisms and
habitats (Holmer and Kristensen, 1994; Findlay et
al., 1995; Wu, 1995; Petrell and Alie, 1996; Karakassis
et al., 2000; Abreu et al., 2009; Faltinsen and Shen,
2018). A good current flow will ensure sufficient water
exchange (good oxygen supply and well-being of fish)
in a cage system.

Provision of hydrodynamic data will ensure that
cage systems are installed properly to mitigate chal-
lenges associated to placement of net cage systems
in areas that experience seasonal monsoon seasons
and unpredictable wave behaviour or local tidal and
strong ocean currents (Kawakami, 1964; Milne, 1972).
The stability of marine cage culture systems will cush-
ion farmers from major economic losses due to dam-
ages and collapses of floating fish farms that lead to
escape of fish, breaking of mooring lines, anchor pull
out or sliding, leading to cage movement to undesired
locations with possible collisions with other maritime
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users, contacts between chains or ropes with the fish
net leading to net tears (Faltinsen and Shen, 2018).
Therefore, the current study sort to document the
hydrodynamic characteristics of different near shore
marine waters in coastal Kenya with the aim of delin-
eating salient features (like depth, current strength,
direction, wave height, tidal height and temperature)
to inform site selection, design and deployment for
marine culture cages.
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Kibokoni Umoja to Tsunza Pennisula was 109 km; and
from Tsunza to Kijiweni mariculture cages, Shimoni
was 92 km. Kijiweni 1 and 2 were separated by a dis-
tance of less than 50 meters. The sites were catego-
rized into three, based on the habitat and perceived
hydrodynamic characteristics: (1) mangrove channels;
(2) relatively sheltered near shore; and (8) sheltered
creek/bays. Detailed characteristics of each of the sites
is provided in Table 1.
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Figure 1. Map of the Kenyan coast showing the potential floating cage sites.

Methodology

Study sites

The study assessed the suitability of near shore
marine waters for cage culture in Kenya. A total of five
sites from the two counties of Kwale and Kilifi were
involved in the study (Fig. 1). The distance between
the study sites varied. From Dabaso at Mida Creek to
Kibokoni Umoja group at Kilifi Creek was 54 km; from

Experimental design

Acoustic Wave and Current Profiler (AWAC)

The study used an Acoustic Wave and Current profiler
(AWAC), model WAV 7499 developed by NORTEK to
obtain hydrodynamics characteristics at the potential
cage sites. AWAC has the capability to measure tidal
variation (m), waves (m), temperature (°C), current
speed (m/s) and direction (degrees). Quality control
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Table 1. Characterization of the different sites assessed for cage suitability using hydrodynamic parameters along the coast of Kenya.

Study sites/ . . . i
R Shimoni Mwache creek Mida creek Kilifi creek
Characteristics
Location Kijiweni Tsunza Dabaso Kibokoni
County Kwale Kwale Kilifi Kilifi
- Relatively open near - Sheltered mangrove - Sheltered mangrove
shore waters - Sheltered mangrove channel
. creek
- Thin mangroves channel - Dense mangrove
. - Dense mangrove . .
dominated by - Dense mangrove . . species dominated by
. . . species dominated by .
Sonneratia alba and species dominated by . Rhizophora mucronata
o . . . . Rhizophora mucronata .
Description Avicennia marina Rhizophora mucronata and Ceriops targal

- Substrate is mud sand
- Bathymetry has gentle

and Ceriops targal
- Mud substrate

and Avicennia marina

- Mud substrate
- Mud substrate

- Bathymetry has gentle

slope near shore but - Bathymetry is gentle ) Bathymetw is gentle slope near shore but
. . sloping with pockets of .
drastically steep ocean sloping drastically steep ocean
channels
wards wards
o o ) A.rtlsanal ﬁshlpg of . -Artisanal fishing - Artisanal fishing ) Artls;.mal fishing
Fishing activities different marine species dominated by prawns dominated by snappers dominated by prawns
mainly rabbitfish yp Yy snapp and mud crabs

. o - Seaweed farming
Mariculture activities

- Pond milkfish farming
- Interest in cage farming - Interest in cage farming -Interest in cage farming

- Prawn farming, marine
tilapia
- Interest in fish cages

-Mud crab farming

on data was conducted by the use of storm-64 soft-
ware while data retrieval used AWAC AST software.
The AWAC system can resolve waves from 1 to 100
seconds and measure current speed and direction in
1 m thick layers from the bottom to the surface. The
AWAC equipment was deployed at the maximum
recorded depth of the different study sites to collect
data over a period of 4 — 19 days to capture spring
and neap tide variation. Seasonal variability (NEM
and SEM) was captured at one site that was relatively
exposed (Kijiweni).

Equipment was prepared for use by assembling the
frames using bolts and nuts and bolting the battery
that runs the equipment onto the frame. It is then
connected to a laptop using a serial port connector
cable and configured using AWAC AST software to
collect data. The AWAC equipment is carried to the
site by boat and lowered to the ocean floor with the
help of divers where it would remain for the whole
experimental period (4-19 days). Weights were added
to enhance sinking capacity and the equipment was
anchored at the bottom with more weights to mini-
mize the tilt effect (tilt angle to be less than 30 degrees
at all times). A buoy was attached to the AWAC with
rope for easy visibility by any other ocean users and
for easy identification during retrieval.

Sampling design
The Kenyan coast is characterised by neap and spring
tides whic