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Abstract

Title of Dissertation: Stakeholders’ Perspective on the degradation of seagrass and
the significance of its restoration to carbon sequestration. A case of Zanzibar,
Tanzania.

Degree: Master of Science

This study investigates stakeholders’ perspectives on seagrass degradation and the
importance of its restoration for carbon sequestration in Chwaka and Fumba in
Zanzibar - Tanzania, as well as professionals. Study participants include 66
individuals from 2 fishing communities, government officials, non-governmental
organizations, and academic institutions labelled as professionals in this study.

It employs a qualitative method approach using questionnaires to seek the
perceptions of community people and professionals and also to understand the
drivers of seagrass degradation as perceived by local community stakeholders,
including fisherfolk, seaweed farmers, gleaners, and professionals. It also explores
the awareness of the community regarding the role of seagrass in carbon
sequestration. 50% of the respondents from Chwaka were aware of carbon
sequestration with regards to seagrass, compared to 13.3% from Fumba.

The respondents identified various impacts, like loss of fish catch, loss of
invertebrate gleaning, loss of the natural beauty of the ocean, and coastal and
shoreline erosion due to seagrass degradation in the study area. They attribute it to
factors such as climate change, fishing activities, grazing from sea urchins, and
pollution as the causes of the degradation. The chi-square test (x?) shows that there is
no significant difference from the study area in their perceptions of the impacts of
seagrass degradation.

The study underscores the multifaceted benefits of seagrass restoration, reaffirming
its pivotal role in marine ecosystems. These benefits encompass supporting fisheries,
providing habitat, enhancing breeding grounds, and sequestering carbon, including
blue carbon. The results aim to inform conservation and restoration strategies and
management practices that address seagrass degradation while emphasizing the
significant role seagrass restoration can play in mitigating climate change through
carbon sequestration.

Understanding stakeholders’ perspectives and integrating their views into
conservation initiatives is crucial for the sustainable management of seagrass
ecosystems in Zanzibar and beyond, ultimately contributing to global efforts to
combat climate change and preserve marine biodiversity.

KEYWORDS: Seagrass, degradation, restoration, carbon sequestration,
stakeholders, perceptions, blue carbon.



Table of Contents

Declaration i
Acknowledgements ii

Abstract \Y;
Table of Contents v
List of Tables vii
List of Figures viii
List of Abbreviations IX
1.0 Introduction 1
1.1 Ecology of Seagrass Ecosystem 3
1.2 Threats to Seagrass Ecosystem 4
1.3 Seagrass Restorations and Its challenges 4
1.4 Role of Stakeholders in Seagrass Conservations and Restoration 5
1.5 Seagrass in Zanzibar 5
1.6 Objectives 7
2.0 Material and Methods 9
2.1 Sampling Design 9
2.2 Data Collection 10
2.3 Data Analysis 12
3.0 Results 13
3.1 Threats to seagrass in the study areas. 13
3.1.1 Threats to seagrasses 13
3.1.2 Impacts of Seagrass degradation 14
3.2 Economic, social and environmental benefits of seagrass for blue carbon
sequestration and storage 16
3.2.1  Challenges for seagrass restoration 16
3.2.2 Stakeholders’ knowledge on seagrass carbon sequestration 17
3.2.3 Perceptions on social economic and environmental benefits of Seagrass
restoration 18
3.3 The role of stakeholder collaboration and partnerships in enhancing seagrass
restoration efforts for blue carbon 20
4.0 Discussion 24
4.1 Perceived Threats for Seagrass Degradation 24



4.2 Impacts of Seagrass Degradation
4.3 Seagrass Restoration's Benefits and Challenges
4.4 Stakeholders’ knowledge on seagrass carbon sequestration
4.5 Stakeholder Collaboration and Partnerships
4.6 Knowledge Gap and Restoration Efforts
5.0 Conclusions and Recommendation
References
Appendices
Appendix A: Questionnaire for community stakeholders
Appendix B: Questionnaire for Professionals stakeholders

Vi

25
26
27
28
29
31
33



List of Tables

Table 1: Describing number of respondents for the study (Community and

Professionals). 10
Table 2: Perceived response on the threats for seagrass degradation in the study areas
for non-professionals 13

Table 3: Perceived response on impact of seagrass degradation in the study area 15
Table 4: Perceived response on the challenges for seagrass restoration in the study

area 16
Table 5: Perceived response on social economic and environmental benefits of
seagrass restoration 19
Table 6: Perceived response of stakeholders on invitation and involvement in
seagrass projects by the governmental agency 22
Table 7: Perceived responses on the management structure of seagrass restoration
projects 22

vii



List of Figures

Figure 1: The map showing the study sites at Fumba and Chwaka 7
Figure 2: Degraded seagrass meadows at Chwaka 11
Figure 3: Degraded seagrass meadows at Fumba 11
Figure 4: Gleaners collecting invertebrates at Chwaka 11
Figure 5: Gleaning invertebrate at Fumba 11
Figure 6: Multiple response analysis on the threats to seagrass meadows by the study
professionals 14
Figure 7: Multiple response analysis on the impacts of seagrass degradation by
professionals 15
Figure 8: Multiple response analysis on the challenges on seagrass restoration in the
study area 17
Figure 9: The donut pie chart for response on the knowledge analysis on carbon
sequestration in the study area 18
Figure 10: Multiple response analysis on social economic and environmental benefits
of seagrass restoration by the professionals 20
Figure 11: Multiple response analysis on role of stakeholders' collaboration and
partnership on seagrass restoration 21
Figure 12: Multiple response analysis on role of stakeholders' collaboration and
partnership on seagrass restoration by the professionals. 23

viii



List of Abbreviations

Wi

Western Indian Ocean
WIOM Western Indian Ocean Marine Science Association
MBCA Menai Bay Conservation Area
IMS Institute of Marine Science
NGO

Non-Governmental Organization



1.0 Introduction

Seagrass ecosystems, found in shallow coastal waters across the globe, represent a
critical component of coastal ecosystems. These underwater meadows provide a wide
range of ecosystem services, including habitat provision for various marine species,
carbon sequestration, shoreline stabilization, and support for fisheries (Orth et al.,
2006; Duarte et al., 2008; Unsworth et al., 2015). They are sustaining the livelihoods
of millions of individuals globally and offering crucial ecological functions (Unsworth
et al., 2019; Ambo-rappe et al., 20221). They are one of the planet's most prolific
aquatic ecosystems and typically coexist with other significant primary producers like
macroalgae (Duarte and Chiscano, 1999; Jones et al., 2022). Seagrass beds and
meadows are found in shallow water depths of less than five meters (Aller etal., 2017,
Belshe et al., 2018). Seagrass can grow to a maximum depth of up to 50m, depending
on water clarity (Hemminga and Duarte, 2000; Ismail, 2021). Some of the species are
found in tropical environments, while others do so in waters that are more temperate
(Short et al. 2007). Fourteen species of seagrass have been discovered off the East
African coast and islands of the West Indian Ocean (WIO) (Gullstrom et al. 2002;
Ochieng and Erftemeijer 2003; Gullstrom et al. 2006; Duarte et al. 2012). Due to poor
mapping caused by accessibility issues, it is not clear how much actual seagrass bed
area exists (Esteban et al. 2018). Not only does this apply to the Western Indian
Ocean region, but the actual global area covered by seagrasses is still unknown due to
the lack of extensive inventories. This is probable because seagrasses grow partially
submerged or submerged and the most popular mapping techniques used in vegetation
assessments have limitations. Integrating coastal marine management and the welfare
of seagrass meadows will be improved, which will benefit coastal communities,
marine ecosystems, and everyone who enjoys the beautiful beaches in Zanzibar.
Adequate monitoring of density and distribution, addressing human threats to seagrass
meadows, and consulting with coastal communities on sustainable methods for

maintaining seagrasses. Seagrass beds have been deteriorating and partially recovering



since the 1990s, according to a timeline analysis of their health state in Zanzibar
(Nchimbi & Lyimo, 2019), although degradation brought on by anthropogenic impacts
still poses a threat to their long-term health.

The meadows affect the physical environment in several ways, including reducing
current flow and water energy (Fonseca and Fisher, 1986; Jones et al., 2022),
increasing 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). It has been estimated that about $19,000 a year is
considered the value of one hectare of seagrass, equivalent to two football fields
(Reynolds, 2018).

Despite their ecological and socio-economic significance, seagrass ecosystems are
facing growing threats from a range of anthropogenic pressures, including coastal
development, pollution, overfishing, and climate change (Waycott et al., 2009; Short
etal., 2011).

As coastal areas continue to experience rapid urbanization and industrialization,
seagrass degradation has become an issue of increasing concern (Unsworth et al.,
2014). The loss of seagrass meadows can result in the decline of important fisheries,
increased coastal erosion, and reduced carbon sequestration capacity (Fourqurean et
al., 2012; Cullen-Unsworth et al., 2014). To address these challenges, seagrass
restoration has gained attention as a potential tool for mitigating seagrass loss and
enhancing the resilience of these ecosystems (Van Katwijk et al., 2016). However,
successful seagrass restoration is a complex endeavour, involving ecological, social,
and economic dimensions. Since seagrass meadows are declining at a rapid rate and
restoration is consequently necessary, there have been several seagrass restorations
projects in Tanzania. A project to restore damaged seagrass habitats carried out by the
University of Dar es Salam in Tanzania was supported by the Western Indian Ocean
Marine Science Association (WIOMSA). The results show a very high survival rate
of 49.1% for plugs with a diameter of 10 cm, compared to 40.7% for plugs with a
diameter of 7 cm (Wegoro et al., 2022). Contrary to this, the global assessment of



seagrass restoration programs states that more than 30% survival is a significant
achievement that makes the restoration project highly effective.

Understanding the perceived threats to seagrass degradation, the impacts of such
degradation, and the benefits and challenges of restoration is essential for designing
effective restoration strategies. Moreover, the role of stakeholders and their
collaboration in restoration efforts cannot be overstated, as it directly influences the
outcomes of these initiatives (Mazor et al., 2020).

Understanding the complex dynamics of seagrass ecosystems and the perceptions of
their importance and threats requires a multifaceted approach. A crucial aspect of
this understanding is the examination of stakeholders' perspectives, as their
engagement and collaboration are instrumental in the conservation and restoration of
seagrass habitats (Tallis et al., 2008). Stakeholders in seagrass ecosystems can be
categorized into several groups, each with unique interests and roles, including
fishers, government institutions, gleaners, seaweed farmers, and academic and
research institutions. Examining how these stakeholders perceive seagrass
ecosystems, their benefits, and the challenges they face in safeguarding these habitats
is essential for designing effective conservation and restoration strategies. Effective
conservation and management methods depend on understanding stakeholder views
and the importance of seagrass restoration, particularly in terms of carbon
sequestration. This study aims to investigate the stakeholders’ perspective on
seagrass degradation and the significance of its restoration to carbon sequestration.
By analysing perceptions, challenges, and opportunities, this study seeks to
contribute valuable insights into the development of sustainable seagrass

management and restoration strategies.

1.1 Ecology of Seagrass Ecosystem

Seagrasses are marine angiosperms that form extensive underwater meadows in
coastal regions around the world (Short et al., 2007). These ecosystems are
characterized by their ability to thrive in shallow, sunlit waters, where they play a

crucial role in stabilizing sediments, improving water quality, and providing essential



habitat for a diverse array of marine organisms (Orth et al., 2006). The structure of
seagrass beds, composed of both below-ground and above-ground shoots rhizomes,
allows them to trap and store significant amounts of carbon, making them an essential
component of blue carbon ecosystems (Duarte et al., 2013).

Seagrasses are known to support a wide variety of marine life, including commercially
important fish species, invertebrates, and endangered species such as sea turtles
(Unsworth et al., 2015). Their intricate plant structure provides nursery grounds for
juvenile fish and invertebrates, offering protection from predation. Furthermore,
seagrass meadows contribute to global biodiversity and support recreational and
commercial fisheries (Beck et al., 2001).

1.2 Threats to Seagrass Ecosystem

Despite their ecological importance, seagrass ecosystems face multiple threats that
have led to widespread degradation and loss. Coastal development, which often results
in increased nutrient runoff and sedimentation, can smother seagrass beds (Halpern et
al., 2008). Pollution from agriculture, industry, and urban areas introduces
contaminants and excess nutrients that can disrupt seagrass growth and water quality
(Short et al., 2011). Overfishing, especially of herbivorous species that help control
algal growth, can indirectly harm seagrass meadows (Hughes et al., 2018).

Climate change-related factors, such as rising sea temperatures and ocean
acidification, pose additional challenges to seagrass health (Short et al., 2011).
Increased sea levels and more frequent and severe storms can result in physical damage
to seagrass beds and coastal erosion (Mazda et al., 2006). These cumulative stressors
threaten the resilience and long-term survival of seagrass ecosystems (Waycott et al.,
2009).

1.3 Seagrass Restorations and Its challenges
In response to the global decline of seagrass meadows, seagrass restoration initiatives
have gained traction as a potential solution. Successful seagrass restoration efforts

require a deep understanding of the ecological requirements of seagrasses, the



selection of suitable planting sites, and effective restoration techniques (Van Katwijk
et al., 2016). However, seagrass restoration is not without its challenges.

Strong wave energy, technical complexities, and the need for long-term monitoring
and adaptive management are some of the challenges faced by restoration practitioners
(Campbell et al., 2014). Moreover, the success of restoration efforts often depends on
the involvement and collaboration of various stakeholders, including local
communities, scientists, and policymakers (Mazor et al., 2020). The effectiveness of

restoration projects is closely tied to the engagement and support of these stakeholders.

1.4 Role of Stakeholders in Seagrass Conservations and Restoration
Stakeholder involvement is a critical factor in seagrass restoration success. Local
communities who rely on seagrass for their livelihoods, as well as government
agencies and non-governmental organizations (NGOs), play essential roles in
restoration efforts (Mazor et al., 2020). Effective stakeholder collaboration can lead to
more sustainable and community-supported restoration projects.

However, the level of stakeholder involvement, the roles they play, and their
perceptions of seagrass degradation and restoration can vary significantly.
Understanding these variations and the dynamics of stakeholder engagement is crucial
for designing tailored restoration strategies that account for local contexts and
priorities.

1.5 Seagrass in Zanzibar

The study was conducted in Zanzibar, the island of the United republic of Tanzania,
East Africa. Zanzibar is located in the Indian Ocean and consists of several islands.
Zanzibar is a popular tourist destination known for its stunning beaches, rich cultural
heritage, and historical sites like Stone Town. Tourism is a major driver of the local
economy. Other economic activities include fishing and agriculture (Moreira-Saporiti
et al., 2021). Zanzibar's waters are known for their coral reefs and seagrasses, which
are vital for biodiversity and protect the coastline from erosion. Zanzibar experiences

significant tidal fluctuations due to its location along the Indian Ocean. The changing



tides are a unique feature and influence various activities, including fishing.
Furthermore, about one-fifth of the population in Zanzibar earns a living through
fishing, which generally employs low-tech, conventional methods such as wooden
basket traps, seine nets, spears, and handlines (de la Torre-Castro et al., 2014; Khamis
et al., 2017; Staehr et al., 2018). These technologies, together with illegal ways of
fishing, affect the seagrass meadows. Seagrass-dominated areas are the preferred
fishing grounds for small-scale fisheries in Zanzibar (la Torre-Castro et al., 2014;
Hedberg et al., 2018)

The study was conducted specifically at Chwaka and Fumba coastal villages. Chwaka
Bay is situated along the shores of Indian ocean is known for its traditional fishing
(Moreira-Saporiti et al., 2021) located at the east coast of Unguja Island, Zanzibar,
Tanzania (6° 6-13" S, 39° 24-31" E). Chwaka is a semi-enclosed tidal embayment
(~50 km?) characterised by soft sediment substrata, that are largely covered with
seagrasses and macroalgae (Gullstrom et al., 2022). Chwaka Bay is a unique "hotspot"
for seagrass diversity, with eleven species recorded. These species range in size from
small, quickly growing “pioneer" species like Thalassodendron ciliatum and
Halophila stipulacea to large, slowly growing "climax species” with thick and long
leaves like Enhalus acoroides (Purvis et al., 2021). As a result, it is not unexpected
that the small-scale subsistence fishery in Chwaka Bay can be considered a seagrass
fishery, with the majority of the species caught being closely related to the seagrass
meadows (de la Torre-Castro and Ronnbéack 2004; de la Torre-Castro 2006). The
second coastal village was Fumba Peninsula, which is located on the southwest coast
and relies primarily on small-scale fishing immediately off the coast. It is lying under
the Menai Bay Conservation Area (MBCA) (Purvis and Jiddawi, 2023).
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Figure 1: The map showing the study sites at Fumba and Chwaka bay source:
Orangesmile,2002

1.6 Objectives
1. To identify threats and describe the impact of seagrass degradation.
2. To evaluate seagrass restoration's economic, social and environmental benefits
for blue carbon sequestration and storage.
3. Toexamine the role of stakeholder collaboration and partnerships in enhancing
the effectiveness of seagrass restoration efforts for blue carbon.
Additionally, the aims raise additional questions that may advance to the objectives,

including:



How do stakeholders view degradation of seagrass habitats and its impact on
blue carbon?

To what extent do stakeholders understand the role of seagrass in blue carbon
sequestration and the benefits of its restoration?

How can stakeholders collaborate to promote effective restoration and
management of seagrass habitats for blue carbon?



2.0 Material and Methods

2.1 Sampling Design

A total of 66 individuals participated in this study, including 60 randomly selected
from both fishers, gleaners and seaweed farmers from Chwaka and Fumba coastal
communities whose livelihoods depend on seagrass meadows (Table 1). Others from
government institutions, academic institutions, and Non-Governmental Organizations,
hereby referred to as professionals by this research. Two governmental officials (the
fisheries and environmental officers) from the Ministry of Blue Economy and
Fisheries Zanzibar, three academia, two from the Institute of Marine Sciences and one
from the secondary school, Zanzibar National Service Technical School to represent
the academic institutions. Also, one respondent was interviewed from Western Indian
Ocean Marine Sciences Association (WIOMSA) to represent a non-governmental
organization. Again, 20 fishers, five seaweed farmers and five gleaners were
interviewed from Chwaka. For Fumba, 20 fishers and 10 gleaners were interviewed
since there was no seaweed farming in the community; hence no seaweed farmers
available. These stakeholders were selected by considering the closer association and
dependence of their livelihoods on seagrass meadows. Respondents were identified by
purposive sampling techniques and with the use of a snowball approach, with
recommendations for additional participants solicited from initial contacts within each
stakeholder group (Owusu and Adjei, 2021; Adjei and Overa, 2019; Penney et
al., 2017). All participants had understanding and clear picture of the seagrass

meadows before in the community and how it has been degraded now.


https://www.nature.com/articles/s41599-023-01513-4#ref-CR40
https://www.nature.com/articles/s41599-023-01513-4#ref-CR2
https://www.nature.com/articles/s41599-023-01513-4#ref-CR42

Table 1: Describing number respondents for the study. (Community and

Professionals)

Community:

Chwaka Fumba Total

(n=230) (n=30) (n=60)
Fisher 20 20 40
Gleaners 5 10 15
Seaweed farm 5 0 5
Professionals:

(n=6)

Government officials - - 2
Academia - - 3
NGO - - 1

2.2 Data Collection

The study used qualitative methods to take stakeholders’ perspective on the
degradation of seagrass and the significance of its restoration to carbon sequestration.
The empirical data consists of a questionnaire (appendix A&B) survey of 60
respondents from the communities and six officials from different institutions as part
of the stakeholders.

The survey was conducted from 10" July — 28" July in Zanzibar. Questionnaires
were used to collect the data for the study. The community questionnaire covered
two broads thematic: demographic information, and perception on seagrass
degradation and its significance to carbon sequestration. The demographic section
screened respondents’ age, gender, occupation and how long has the person been
working in relation to seagrass. The questionnaire included open ended questions
which allow the respondents to freely talk about knowledge and experience about
seagrass, carbon sequestration and any other relevant issues concerning the project
topic. The survey lasted between 20-30 mins on average per person. To assess
participants' perceptions, specific questions asked included what are the main drivers
of seagrass degradation in your community, what role different stakeholders (e.qg.,
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government, NGOs, local communities) should play in seagrass restoration
(Appendix A).

Figure 2: Degraded seagrass meadows at Chwaka Figure 3: Degraded seagrass meadows at
Fumba
Source: Salahudeen, 2023 Source: Salahudeen, 2023

R e e

Figure 4: Gleaners collecting invertebrates at Chwaka bay Figure 5; Ieaig invertebrates at Fumba
Source: Salahudeen, 202 Source: Salahudeen, 2023
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2.3 Data Analysis

The qualitative data from the semi structured questionnaires were analysed through
content analysis, coded and organized into a short meaningful sentence. Microsoft
excel was used to organized the respondents’ data and the software Python (Python
version 3.9) to undertake the statistical analysis and for descriptive statistics to
summarize and present the results. Chi-square test was employed for independence to
conduct inferential statistical analysis, examining the varying perceptions of
stakeholders across different sites with respect to the significance of seagrass
restoration for blue carbon. The significance level (alpha) was set at o < 0.05 to identify

statistically significant variations in stakeholder perceptions among the sites.
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3.0 Results

3.1 Threats to seagrass in the study areas.

3.1.1 Threats to seagrasses

The chi-square test (y?) results indicate no significant association between study areas
and the responses on the threats for seagrass degradation (> = [19.50], df = [0.05], p
=0.24).

The perception of causes and/ or threat for seagrass degradation were almost similar
for all sites. The respondents, whose livelihoods depends on seagrasses revealed a
wide range of threats for seagrass degradation (Table 2). The highest percentage of
respondents pinned the climate change (86.67%) and fishing activity (63.63%) as the
main threats for seagrass degradation. Other threats scored a relatively lower responses
including grazing from sea urchin, gleaning activities, seaweed farming and pollution.
In Fumba, there was no response on pollution and gleaning; they perceived that they

were not part of the threats to the degradation of seagrass (Table 2).

Table 2: Perceived response on the threats for seagrass degradation in the study areas

for non-professionals

% Response Chi-square test

Seagrass threats Chwaka Fumba  Mean for association

bay (n = (n=30) (n=60)

30)
Climate change 80.00 93.33 86.67 x2 =19.50
Fishing activity 63.33 63.33 63.33 p=0.24
Pollution 6.67 0.00 3.33
Grazing from sea urchin ~ 56.67 3.33 30.00
Gleaning 3.33 0.00 1.67
Seaweed farming 3.33 13.33 8.33

Participants from the professionals, perceive threats to seagrass degradation with
little difference from those of the community. The threats were almost the same, but
as the community people prioritizes climate change as the main threat, the

professionals feel that illegal fishing activities are the highest threat, followed by
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seaweed farming. Other threats were also mentioned, like boating and anchoring,
strong waves, and grazing by sea urchins, as major threats. Some threats also scored

relatively low, like pollution and tourism (Figure 6).

lllegal Fishing activities
seaweed farming
Trampling

strong waves

Boating and boat anchoring

Tourism

Hotel

Threats to seagrass meadows

Pollution

grazing feom sea urchin

T T T
0 20 40 60 80 100
Response perception (%)

Figure 6: Multiple response analysis on the threats to seagrass meadows by the study
professionals

3.1.2 Impacts of Seagrass degradation

Furthermore, the respondents identified various impacts that had been arising due to
seagrass degradation in the study areas. The chi-square test (}2) showed that the
perception of respondents from Chwaka and Fumba was not significant different (y2=
24, p>0.05). Generally, loss of fish catch (43.30%) and loss of invertebrate gleaning
(21.70%) were perceived as the main impacts of seagrass degradation (Table 3). Loss
of the natural beauty of the ocean, coastal and shoreline erosion, poverty and sandbar
formation were identified with less scores. The loss of invertebrate diversity scored
the highest perceived impact at Fumba, while the decline in fish stocks scored the

highest in Chwaka.
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Table 3: Perceived response on the impact of seagrass degradation in the study areas

Effect of seagrass % Response Chi-square test
degradation Chwaka Fumba  Overall for association
bay (n = (n=30) (n=60)
30)
Loss of fish catch 53.3 33.3 43.3 x2 =24.00
Loss of the natural 16.7 16.7 16.7 p=0.24
beauty of the ocean
Coastal erosion 13.3 10.0 11.7
Poverty 3.3 6.7 5.0
Loss of invertebrate 13.3 30.0 21.7
gleaning
Sandbar’s formation 0.0 3.3 1.7

The professionals identify loss of ocean beauty as the main effect of seagrass
degradation, followed by loss of fish catch. Other effects such accelerating poverty,

loss of revenue and discouraging tourism got similar and lowest scores (Figure 7).

Loss of fish catch

Loss of ocean beauty

Accelerate poverty

Loss of revenue

Effect of seagrass degradation

Discourage tourism

T T T
o] 20 40 60 80 100
Response perception (%)

Figure 7: Multiple response analysis on the impacts of seagrass degradation by the
professionals
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3.2 Economic, social and environmental benefits of seagrass for blue carbon
sequestration and storage

3.2.1 Challenges for seagrass restoration

Generally, the respondent identified several factors that might hinder seagrass
restoration. Strong wave energy has given highest response as major challenge or
factor hinder seagrass restoration programme (40 %) where by the highest score being
recorded at Fumba. The challenge was protecting the restored plots, funding, fishing
activity, fishers themselves, threats, technicality. On the other hand, 15% and 6.7% of
the respondents had no ideas and no challenge, respectively (Figure 4). Furthermore,
the Chi square (x2) indicated no significance association between study areas and
perception responses (y2 =30, p>0.05) (Table 4).

Table 4: Perceived response on the challenges for seagrass restoration in the study

areas

Seagrass restoration % Response Chi-square test

challenges Chwaka Fumba  Overall for association
bay (n = (n=30) (n=60)
30)

Strong wave 23.3 56.7 40.0 2 =30.0

Funding 10.0 0.0 5.0 p=0.222

Fishing activity 23.3 6.7 15.0

Fishers 6.7 6.7 6.7

Technicality 26.7 6.7 16.7

Protection 10.0 20.0 15.0

Threats 10.0 0.0 5.0

No idea 16.7 13.3 15.0

No challenge 3.3 10.0 6.7
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Figure 8: Multiple response analysis on the challenges on seagrass restoration in the
study areas

3.2.2 Stakeholders’ knowledge on seagrass carbon sequestration

For Fumba, majority of responded had no idea on seagrass carbon sequestration
(86.7%) which means they do not have any idea or knowledge about carbon
sequestration, similar to 46.7% respondents from Chwaka. 50% of the respondents
from Chwaka says yes, they have knowledge of what carbon sequestration is as
compare to only 10% from Fumba (Figure 9).
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Figure 9: The donut pie chart for response on knowledge analysis on carbon

sequestration in the study areas

3.2.3 Perceptions on social economic and environmental benefits of Seagrass
restoration

With regard to the perceived on social economic and environmental benefits of
seagrass restoration, in general, the respondents had identified numerous benefits
offered by seagrass restorations. Such benefits include, support fisheries (90%),
habitat provision (85%) and increases breeding grounds for both fish and invertebrates
(41.7%). Other benefits are to stabilize seafloor, serves as feeding ground for some
aquatic species, increase wave buffering capacity and also serves as feeds for some
species. However, there was no significant association (p > 0.05) between study areas

and responses on benefits provide by seagrass restoration (Table 5).
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Table 5: Perceived responses on social economic and environmental benefits of
Seagrass restoration

Seagrass restoration benefits % Response Chi-square test
Chwaka Fumba Overall for association
bay (n= (n=30) (n=60)

30)

Support fisheries 80.0 100.0 90.0 x2 =26.67

Habitat provision 73.3 96.7 85.0 p=0.37

Increase breeding grounds 26.7 56.7 41.7

Increase feeding grounds 20.0 10.0 15.0

Feeds 10.0 10.0 10.0

Stabilize seafloor 26.7 26.7 26.7

Ocean beautification

Increase wave buffer capacity 3.3 10.0 6.7

The professionals identify many benefits that are derived from restoring the degraded
seagrass meadows and are not much different from what the respondents from the
communities also identify: that it provides support in fisheries and habitat provision,
as the majority of the respondents from the professionals’ stated that it provides
nursery grounds as part of supporting fisheries and also stabilizes the sea floor,
providing habitat and feeding grounds for some species. They perceived that seagrass

restoration would support tourism and also increase carbon sequestration (Figure 10).
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Figure 10: Multiple response analysis on social economic and environmental benefits

of Seagrass  restoration by the professionals.

3.3 The role of stakeholder collaboration and partnerships in enhancing
seagrass restoration efforts for blue carbon

Figure 11 presents perceived response by survey respondents on the role of
stakeholders on seagrasses restoration efforts in the study sites. Overall, 73.3% and
26.7 % of the respondents reported conservation and protection, respectively as a
major role of stakeholders towards effective and sustainable seagrass restoration
project. On the other hand, respondents highlight other roles including awareness
rising (education (6.7%)), collaboration at every step of seagrass restoration effort
(6.7%), forming association as for easing implementation of restoration project (1.7%)
as well as to implement zoning and restricts any human activities at the designated
seagrass restoration sites (1.7%).

Again, the respondents identified that they are poorly involved by the government to
seagrass related projects. Generally, 98.7% of the surveyed respondents had never
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been invited nor involved in any seagrass’s restoration project either by the
government or non-governmental agencies. The chi-square test (¥2) results indicate
similar perception between Fumba and Chwaka (p > 0.05) (Table 6).

Furthermore, respondents highly indicated that the management structure for
sustainable and effective seagrass restoration must involve both participatory and
technocratic approach (58.3%).  However, few respondents suggested the
Participatory (Bottom-top approach) and Technocratic (Top-Down approach) as
required management structure for effective and sustainable seagrass restoration.

The chi-square test (x?) results indicate significant associations (p = 0.037) between
the study areas and the management structure, whose significance level is less than
0.05. This means that the probability of observing such a level by random chance alone
is less than 5%. So, the choice of management structures between the study areas is
not uniform or the same. There is a likelihood that there are some reasons that influence
the difference. Each site prioritizes its management structure differently (Table 7).

Conservation

Protection

Education

Collaboration

The role of stakeholders collaboration

No idea
Nothing
Good strategic plan Sites
o mm Chwaka
Association Fumba
Zoning s Overall
I T T T T
0 20 40 60 80 100

Response perception (%)

Figure 11: Multiple response analysis on role of stakeholders’ collaboration and
partnership on seagrasses restoration
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Table 6: Perceived responses of stakeholders on invitation and involvement in
seagrass project by the governmental agency

Involvement in % Response Chi-square test

seagrass project Chwaka(n=30) Fumba (n = Overall  for association
30) (n=60)

Yes 0.0 3.33 1.7 x2 = 1.65

No 100 96.67 98.7 p=0.19

Table 7: Perceived responses on the management structure of seagrass restoration

projects
Seagrass management % Response Chi-square test
structure Chwaka Fumba (n = Overall for association

(n=30) 30) (n=60)

Participatory (Bottom-top) 30 23.3 26.7 x2 =6.56
Technocratic (Top-Down) 20 10.0 15.0 p =0.037
Both (Participatory/
Technocratic) 50 66.7 58.3

The respondents from the professionals mentioned the need for stakeholders’
collaboration as a major key to implementing any seagrass restoration project. About
90% of them perceived that collaborating makes people, especially the community
members, feel a sense of ownership over the project, so they need to take very good
care of it. Protection is the second highest, and they indicate the need to build capacity
and create awareness to increase people's knowledge, and collaboration also helps
because of knowledge diversity. The community people have traditional knowledge,
which helps when it comes to implementation and protecting the seagrass meadows
(figure 12).
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Figure 12: Multiple response analysis on role of stakeholders’ collaboration and
partnership on seagrasses restoration by the professionals.
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4.0 Discussion

This study is the first to seek the perception of stakeholders on the degradation of
seagrass meadows and the significance of restoring the meadows towards blue carbon
in Zanzibar, Tanzania. The coastal sites around Zanzibar have seen a decrease in
seagrass cover over time (Aller et al., 2019; Nchimbi and Lyimo, 2019). This research
was carried out simultaneously with other research projects that also studied the
perspectives of stakeholders on the degradation and restoration of mangrove towards
blue carbon in Jozani, Zanzibar as well as stakeholder awareness, importance, and
significance of seagrass towards blue carbon in Wasini, Kenya. The local stakeholders
in Kenya, like in Fumba and Chwaka, are aware of the importance of the seagrass
ecosystem and the significance of restoring degraded seagrass meadows. This is due
to earlier restoration and some ongoing projects that were carried out in Wasini,
Kenya, which increased community awareness. In the Jozani community, Zanzibar, as
in Wasini in Kenya, the majority of the community people were aware of blue carbon
and carbon sequestration because of many restoration projects on mangrove and on
carbon sink trade, so the level of awareness on carbon sequestration is high unlike in

Chwaka and Fumba where majority were not really aware of carbon sequestration.

4.1 Perceived Threats for Seagrass Degradation

The study's results indicate that climate change and fishing activity are perceived as
the primary threats to seagrass degradation across the surveyed study areas. This aligns
with the growing recognition in scientific literature that climate change, including
rising sea temperatures and ocean acidification, can have adverse effects on seagrass
ecosystems. Similarly, fishing activity, particularly destructive or unsustainable
practices, has been well-documented as a significant threat to seagrass meadows.

These findings are consistent with previous research conducted by Mazarrasa et al.
(2015) and Waycott et al. (2009), which also identified climate change and fishing
activity as key threats to seagrass ecosystems. Moreover, Short et al. (2014) and Orth

et al. (2006) have highlighted the detrimental effects of climate change on seagrass
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habitats, emphasizing rising sea temperatures and ocean acidification as major
contributors.
Notably, the study found that pollution and gleaning were not considered significant
threats in Fumba, suggesting potential variations in local perceptions or environmental
conditions. This finding is in line with the work of Bjork et al. (2008), which
emphasized the importance of site-specific factors in understanding threat perceptions.
However, | found in the test results, indicating no significant association between
study areas and threat responses, suggest that perceptions of climate change and
fishing as primary threats are relatively consistent across different surveyed sites.
According to findings from a different study by Mazarrasa et al. (2008), blue carbon
and the environmental restrictions on seagrass habitats are both impacted by climate
change. This is confirmed once more in this study, as local stakeholders in the research
area identified climate change as the main concern.

This implies a broad consensus among the surveyed communities about the most
pressing threats to seagrass ecosystems, similar to the results reported by Unsworth et
al. (2019, 2018) and Fonseca et al. (2014).

4.2 Impacts of Seagrass Degradation

Respondents identified loss of fish catch and loss of invertebrate gleaning as the
primary impacts of seagrass degradation, this is no difference to a study done by
Unsworth et al, (2018) in Indonesia as declining state of the fisheries resources that
seagrass meadows support is as a result of seagrass declining. These findings align
with previous research indicating that seagrass meadows provide essential nursery and
feeding grounds for many commercially and ecologically valuable species of fish and
invertebrates (Unsworth et al., 2019; Beck et al., 2001). The loss of these habitats can
have cascading effects on local fisheries and biodiversity (Jackson et al., 2017). Apart
from the socio-economic benefits of seagrass, it has environmental benefits, of which
beautifying the ocean is one of it. When the seagrass is degraded, it reduces the beauty

in a way that reduces tourism activities in that particular area and eventually reduces
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revenue. Also, the effects of seagrass degradation reduce fish catch and accelerate
poverty, according to the responses from the professionals

Interestingly, there is a difference in perception between professionals and community
members. Professionals tend to focus more on the impact on ocean beauty and fish
catch (Heck et al., 2003). This divergence in perception may stem from the
professionals' broader perspective, considering economic and environmental factors,
while community members may be more attuned to direct livelihood impacts (Diaz et
al., 2019) and echoes the findings of Heck et al. (2003) which underscores the
importance of bridging the gap in perception to develop comprehensive conservation
strategies.

Furthermore, the finding from this study indicated similar perceptions across different
areas and a significant difference between professionals and community members
underscore the importance of involving diverse stakeholders in seagrass conservation
efforts to ensure a comprehensive understanding of the impacts (Pendleton et al.,
2012).

4.3 Seagrass Restoration's Benefits and Challenges

The study underscores the multifaceted benefits of seagrass restoration, reaffirming its
pivotal role in marine ecosystems. These benefits encompass supporting fisheries,
providing critical habitat, enhancing breeding grounds, and sequestering carbon,
including blue carbon. These findings align seamlessly with the broader ecosystem
services offered by seagrass meadows, as emphasized by Fourqurean et al. (2012) and
Lavery et al. (2013). The significance of these ecosystem services extends beyond
ecological considerations, encompassing socioeconomic and climate change
mitigation aspects.

Seagrass restoration, like many ecological restoration efforts, is not without its
challenges. Our study identified hurdles such as strong wave energy and technical
complexities, which are commonly encountered in similar restoration projects. These
challenges echo the broader obstacles discussed in the field of ecological restoration,
as explored by Campbell et al. (2007) and Govers et al. (2014). These difficulties
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underscore the need for innovative engineering solutions and robust collaborations
among scientists, policymakers, and local communities. Such interdisciplinary
approaches, as advocated by van Katwijk et al. (2016) and Bostrom et al. (2018), are
vital for overcoming these challenges and ensuring the success of seagrass restoration
efforts.

Again, the results indicate that study areas do not significantly influence perceptions
of the benefits and challenges associated with seagrass restoration. This finding
suggests that the recognition of these benefits and challenges is relatively consistent
across different geographical locations. This consistency is reflective of the universal
nature of the issues surrounding seagrass restoration, as highlighted by Paling et al.
(2019). It further underscores the importance of a standardized and adaptable approach
to seagrass restoration, one that can be applied effectively across diverse marine

environments.

4.4 Stakeholders’ knowledge on seagrass carbon sequestration

The local community members, who were involved in this research as stakeholders
and included fishermen, seaweed farmers, and gleaners, had very little knowledge
about seagrass's capacity to store carbon. In contrast to Chwaka, where only a small
percentage of respondents were knowledgeable of carbon sequestration in relation to
seagrass, the Fumba respondents had a greater understanding of the topic. The
variation may be as a result of a seagrass restoration awareness project carried out in
the Fumba community by the Indo-Pacific Seagrass Network and Western Indian
Ocean Marine Science Association, which gave them the chance to raise awareness
about carbon sequestration. In accordance with the findings of the Orth et al. (2006)
study that concluded that in order to optimize the potential for seagrass restoration to
carbon sequestration, it was necessary to re-connect it with public knowledge and

understanding.
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4.5 Stakeholder Collaboration and Partnerships

This study underscores the critical role played by various stakeholders in seagrass
restoration efforts. The identified stakeholders include fishers, seaweed farmers,
gleaners, fisheries officials, environmental officials, non-governmental organization,
and academics, each contributing their unique perspectives and expertise to the
restoration process. This multi-level engagement approach aligns with the
recommendations of Ehlers et al. (2021) and Beck et al. (2011), who emphasize the
importance of involving diverse stakeholders in seagrass restoration projects. This
inclusivity ensures a more holistic and effective restoration strategy, as it draws upon
a wide range of knowledge and experiences.

One noteworthy finding of this study is the limited involvement of stakeholders in
government or NGO-led seagrass restoration initiatives. This highlights a significant
opportunity for improving stakeholder engagement strategies, particularly in ensuring
that local communities have a meaningful voice and a sense of ownership in restoration
efforts. This observation echoes the sentiments expressed by Tallis et al. (2008), who
stress the importance of community involvement and empowerment in conservation
and restoration projects. Empowering local communities to actively participate in
decision-making processes not only enhances the sustainability of restoration efforts
but also fosters a sense of responsibility and stewardship among community members.
But unfortunately, there is no ongoing restoration program currently going on at the
study sites.

Furthermore, the results indicated similar perceptions between different geographical
areas, and the consistent emphasis on collaboration and protection by professionals,
further underscore the significance of building strong partnerships in seagrass
restoration initiatives. These partnerships bridge the gap between scientific expertise
and on-the-ground implementation, facilitating the translation of research findings into
effective conservation and restoration actions. Trevathan-Tackett et al. (2015) provide
support for this approach, emphasizing the importance of collaborative efforts in

seagrass ecosystem management.
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This study identifies various stakeholders, including fishers, seaweed farmers,
gleaners, fisheries officials, environmental officials, and academics, as playing key
roles in seagrass restoration efforts. These findings align with the importance of multi-
level engagement in seagrass restoration efforts, as emphasized by Ehlers et al. (2021)
and Beck et al. (2011).

The study's finding regarding the lack of involvement in government or NGO-led
projects highlights opportunities for enhancing stakeholder engagement strategies,
ensuring that local communities have a voice and ownership in restoration efforts,
echoing the sentiments of Tallis et al. (2008). | found the results indicating similar
perceptions between different areas and the emphasis on collaboration and protection
by professionals underscore the significance of building strong partnerships in

seagrass restoration initiatives, as supported by Trevathan-Tackett et al. (2015).

4.6 Knowledge Gap and Restoration Efforts

The acknowledgment of knowledge gaps in seagrass restoration is a critical aspect of
our study, and it aligns with the dynamic and evolving nature of ecological restoration
science. Ecological restoration is an interdisciplinary field that continually evolves as
new research findings emerge and as we gain a deeper understanding of complex
ecosystem dynamics. Seagrass restoration, like other ecological restoration efforts,
faces ongoing challenges and uncertainties that necessitate adaptive and research-
based strategies.

One of the fundamental takeaways from this study is the recognition that seagrass
restoration initiatives must be adaptable and based on empirical evidence. The
influence of various factors on restoration outcomes, including environmental
conditions, local ecological interactions, and the specific species composition of
seagrass meadows, highlights the need for a nuanced and context-specific approach.
The evolving nature of ecological restoration science underscores the importance of
continuous research and monitoring to refine and improve restoration techniques.
Furthermore, our study underscores the importance of collaboration and community

involvement in successful seagrass restoration efforts. While scientific expertise is
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essential for designing and implementing restoration projects, local knowledge and
community engagement play equally vital roles. The active participation of local
communities and stakeholders fosters a sense of ownership and stewardship over
restored seagrass ecosystems, ultimately enhancing the likelihood of long-term
success.

Importantly, our study also recognizes the concept of blue carbon in seagrass
restoration. Blue carbon refers to the carbon captured and stored by marine and coastal
ecosystems, including seagrass meadows. Seagrasses are highly efficient at
sequestering carbon dioxide from the atmosphere and storing it in their biomass and
sediments. This carbon sequestration not only mitigates climate change but also
provides additional ecological benefits by enhancing sediment stability and supporting
diverse marine life.

Incorporating the concept of blue carbon into seagrass restoration efforts highlights
the broader environmental and climate-related implications of these restoration
projects. By restoring seagrass meadows, we not only enhance biodiversity and
support local fisheries but also contribute to global carbon mitigation efforts. This
recognition underscores the interconnectedness of ecological and climate-related
objectives in marine ecosystem management and emphasizes the holistic and

multifaceted nature of seagrass restoration.
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5.0 Conclusions and Recommendation

This study, investigates various aspects related to seagrass degradation, restoration,
and stakeholder involvement in different study areas within Zanzibar. The causes,
effects, and challenges of these ecosystems in all the areas studied are almost the same.
Through an analysis of the results and an in-depth discussion, several key findings
have emerged, shedding light on the complexities and significance of seagrass
ecosystems in coastal environments.

1. The research revealed that climate change and fishing activity were
consistently perceived as the primary threats to seagrass degradation across the
surveyed sites. This underscores the urgent need for climate mitigation
strategies and sustainable fishing practices to protect these valuable coastal
habitats. The perceived impacts of seagrass degradation, particularly the loss
of fish catch and invertebrate gleaning, emphasize the critical role of seagrass
meadows in supporting both local fisheries and biodiversity.

2. Interestingly, the study identified a disparity in perception between
professionals and community members. This discrepancy underscores the
importance of considering multiple perspectives in seagrass conservation
efforts. Professionals, with their broader viewpoints, may offer valuable
insights into the broader ecological and economic impacts, while community
members, reliant on seagrass for livelihoods, provide critical local context.

3. The recognition of seagrass restoration's benefits, such as habitat provision and
support for fisheries, underscores the importance of investing in restoration
efforts. However, challenges, including strong wave energy and technical
complexities, call for innovative solutions and close collaboration between
researchers, policymakers, and local communities.

4. Stakeholders, identified as key players in seagrass restoration, have roles
ranging from conservation and protection to raising awareness and
implementing zoning. Our study highlights the need for inclusive and
participatory approaches that engage various stakeholders in the decision-

making process. The lack of involvement by respondents in government or
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NGO-led projects indicates opportunities for enhancing community
engagement and ensuring that restoration projects align with local needs and

priorities.

32



References

Almasi, M. N., Hoskin, C. M., Reed, J. K., & Milo, J. (1987). Effects of Natural and
Artificial Thalassia on Rates of Sedimentation. Journal of Sedimentary
Research, Vol. 57. https://doi.org/10.1306/212f8c9c-2b24-11d7-
8648000102¢1865d

Alonso Aller, E., Jiddawi, N. S., & EKI6f, J. S. (2017). Marine protected areas increase
temporal stability of community structure, but not density or diversity, of
tropical seagrass fish communities. PLOS ONE, 12(8), e0183999.
https://doi.org/10.1371/journal.pone.0183999

Adjei, Moses, and Ragnhild Overa. “Opposing Discourses on the Offshore
Coexistence of the Petroleum Industry and Small-Scale Fisheries in Ghana.”
The Extractive Industries and Society, vol. 6, no. 1, Jan. 2019, pp. 190-197,
https://doi.org/10.1016/j.exis.2018.09.006. Accessed 17 Dec. 2020.

Beck, M. W., Heck Jr, K. L., Able, K. W., Childers, D. L., Eggleston, D. B., Gillanders,
B.M, ... & Orth, R. J. (2001). The identification, conservation, and
management of estuarine and marine nurseries for fish and invertebrates.
BioScience, 51(8), 633-641.

Belshe, E. F., D. Hoeijmakers, N. Herran, M. Mtolera, and M. Teichberg.
2018. Seagrass community-level controls over organic carbon storage
are constrained by geophysical attributes within meadows of Zanzibar,
Tanzania. Biogeosciences 15:4609-4626.

Bjork, M., Short, F., Mcleod, E., & Beer, S. (2008). Managing seagrasses for resilience
to climate change. IUCN.

Cullen-Unsworth, L. C., Lina Mtwana Nordlund, Paddock, J., Baker, S., McKenzie,
L. J., & Richard. (2014). Seagrass meadows globally as a coupled social—
ecological system: Implications for human wellbeing. Marine Pollution
Bulletin, 83(2), 387-397. https://doi.org/10.1016/j.marpolbul.2013.06.001

de la Torre-Castro, M., Di Carlo, G., & Jiddawi, N. S. (2014). Seagrass importance for
a small-scale fishery in the tropics: The need for seascape management. Marine
Pollution Bulletin, 83(2), 398-407.
https://doi.org/10.1016/j.marpolbul.2014.03.034
De la Torre-Castro (2006). Humans and Seagrasses in East Africa A social-ecological
systems approach. https://www.diva-
portal.org/smash/get/diva2:189345/FULLTEXTO1.pdf

33


https://doi.org/10.1306/212f8c9c-2b24-11d7-8648000102c1865d
https://doi.org/10.1306/212f8c9c-2b24-11d7-8648000102c1865d
https://doi.org/10.1371/journal.pone.0183999
https://doi.org/10.1016/j.exis.2018.09.006.%20Accessed%2017%20Dec.%202020
https://doi.org/10.1016/j.marpolbul.2013.06.001
https://doi.org/10.1016/j.marpolbul.2014.03.034
https://www.diva-portal.org/smash/get/diva2:189345/FULLTEXT01.pdf
https://www.diva-portal.org/smash/get/diva2:189345/FULLTEXT01.pdf

de la Torre-Castro, M., & Ronnbéack, P. (2004). Links between humans and
seagrasses—an example from tropical East Africa. Ocean & Coastal
Management, 47(7-8), 361-387.
https://doi.org/10.1016/j.ocecoaman.2004.07.005

Diaz, S., Settele, J., Brondizio, E. S., Ngo, H. T., Agard, J., Arneth, A., Balvanera, P.,
Brauman, K. A., Butchart, S. H. M., Chan, K. M. A., Garibaldi, L. A., Ichii,
K., Liu, J., Subramanian, S. M., Midgley, G. F., Miloslavich, P., Molnér, Z.,
Obura, D., Pfaff, A., & Polasky, S. (2019). Pervasive human-driven decline of
life on Earth points to the need for transformative change. Science, 366(6471),
eaax3100. https://doi.org/10.1126/science.aax3100

Duarte, C. M., Losada, I. J., Hendriks, I. E., Mazarrasa, ., & Marba, N. (2013). The
role of coastal plant communities for climate change mitigation and
adaptation. Nature Climate Change, 3(11), 961-968.

Duarte, C., J. Borum, F. T. Short, and D. I. Walker. 2008. Seagrass ecosystems: their
global status and prospects. Pages 281-294 Aquatic ecosystems: trends and
global prospects. Cambridge University Press.

Duarte, C.M. 2002. Te future of seagrass meadows. Environmental Conservation
29:192-206.

Duarte, C.M. and C.L. Chiscano. 1999. Seagrass biomass and production: a
reassessment. Aquatic Botany 65:159-174

Ehlers, A., Worm, B., & Reusch, T. B. H. (2021). Importance of seagrass for global
fisheries. Proceedings of the National Academy of Sciences, 118(35),
€2101174118.

Fonseca, M. S., & Bell, S. S. (2014). Influence of physical setting on seagrass
landscapes near Beaufort, North Carolina, USA. Marine Ecology
Progress Series, 187-200.

Fonseca, M.S. and J.S. Fisher. 1986. A comparison of canopy friction and sediment
movement between four species of seagrass with reference to their ecology
and restoration. Marine Ecology Progress Series 29:15-22.

Fourqurean, J. W. (2002). HEMMINGA, M. A., AND C. M. DUARTE. 2000.
Seagrass ecology. Cambridge University Press. xi+298 p. US$80. ISBN 0-521-
66184-6. Limnology and Oceanography, 47(2), 611-611.
https://doi.org/10.4319/10.2002.47.2.0611

34


https://doi.org/10.1016/j.ocecoaman.2004.07.005
https://doi.org/10.1126/science.aax3100
https://doi.org/10.4319/lo.2002.47.2.0611

Fourqurean, J. W., Duarte, C. M., Kennedy, H., Marba, N., Holmer, M., Mateo, M.
A, ... & Serrano, O. (2012). Seagrass ecosystems as a globally
significant carbon stock. Nature Geoscience, 5(7), 505-509.

Gullstrém, M., Lundén, B., Bodin, M., Kangwe, J., Ohman, M. C., Mtolera, M. S. P.,
& Bjork, 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(3), 399-408.
https://doi.org/10.1016/j.ecss.2005.11.020

Halpern, B. S., McLeod, K. L., Rosenberg, A. A., & Crowder, L. B. (2008). Managing
for cumulative impacts in ecosystem-based management through ocean
zoning. Ocean & Coastal Management, 51(3), 203-211.
https://doi.org/10.1016/j.ocecoaman.2007.08.002

Hedberg, N., von Schreeb, K., Charisiadou, S., Jiddawi, N. S., Tedengren, M., &
Nordlund, L. M. (2018). Habitat preference for seaweed farming — A case
study from Zanzibar, Tanzania. Ocean & Coastal Management, 154, 186-195.
https://doi.org/10.1016/j.ocecoaman.2018.01.016

Hemminga, M. A., and C. M. Duarte. 2000. Seagrass ecology. Cambridge
University Press.

Hughes, T. P., Kerry, J. T., Baird, A. H., Connolly, S. R., Dietzel, A., C. Mark Eakin,
Heron, S. F., Hoey, A. S., Hoogenboom, M. O., Liu, G., McWilliam, M., Pears,
R., Pratchett, M. S., Skirving, W., Stella, J., & Torda, G. (2018). Global
warming transforms coral reef assemblages. Nature, 556(7702), 492-496.
https://doi.org/10.1038/s41586-018-0041-2

Ismail, R. O. (2021). Drivers of carbon sink function in tropical seagrass beds:
influence of carbon import, plant composition, seascape configuration and
human activities. DIVA; Department of Ecology, Environment and Plant
Sciences, Stockholm University. https://www.diva-
portal.org/smash/record.jsf?pid=diva2%3A1607441&dswid=3295

Jackson, E. L., Rowden, A. A., Attrill, M. J., Bossey, S. J., Jones, M. B., & Hiscock,
K. (2017). The importance of seagrass beds as a habitat for fishery species.
Oceanography and Marine  Biology: An Annual Review, 49, 43-104.

Jones, B. L. H., Unsworth, R. K. F., Nordlund, L. M., EKI6f, J. S., Ambo-Rappe, R.,
Carly, F., Jiddawi, N. S., La Nafie, Y. A., Udagedara, S., & Cullen-
Unsworth, L. C. (2022). Dependence on seagrass fisheries governed by
household income and adaptive capacity. Ocean & Coastal Management,
225, 106247. https://doi.org/10.1016/j.ocecoaman.2022.106247

35


https://doi.org/10.1016/j.ecss.2005.11.020
https://doi.org/10.1016/j.ocecoaman.2007.08.002
https://www.diva-portal.org/smash/record.jsf?pid=diva2%3A1607441&dswid=3295
https://www.diva-portal.org/smash/record.jsf?pid=diva2%3A1607441&dswid=3295
https://doi.org/10.1016/j.ocecoaman.2022.106247

Khamis, Z. A., Kalliola, R., & Kéyhko, N. (2017). Geographical characterization of
the Zanzibar coastal zone and its management perspectives. Ocean & Coastal
Management, 149, 116-134.
https://doi.org/10.1016/j.0cecoaman.2017.10.003

Lavery, P. S., Mateo, M. A., Serrano, O., & Rozaimi, M. (2013). Variability in the
carbon storage of seagrass habitats and its implications for global
estimates of blue carbon ecosystem service. PLoS ONE, 8(9), e73748.

Maricela, G. Di Carlo, & Narriman Jiddawi. (2014). Seagrass importance for a small-
scale fishery in the tropics: The need for seascape management. Marine
Pollution Bulletin, 83(2), 398-407.
https://doi.org/10.1016/j.marpolbul.2014.03.034

Mazarrasa, I., Marba, N., & Duarte, C. M. (2015). Mediterranean seagrass (Posidonia
oceanica) loss between 1842 and 2009. Biological Conservation, 176,
183-190.

Mazarrasa, I., Samper-Villarreal, J., Serrano, O., Lavery, P. S., Lovelock, C. E.,
Marba, N., Duarte, C. M., & Cortés, J. (2018). Habitat characteristics provide
insights of carbon storage in seagrass meadows. Marine Pollution Bulletin,
134, 106-117. https://doi.org/10.1016/j.marpolbul.2018.01.059

Mazor, T., Gagnon, K., & Rilov, G. (2020). Loss of a foundation species and its
consequences for a modularly structured community. Ecology, 101(9),
e03175.

Moreira-Saporiti, Agustin, et al. “Seaweed Farming Pressure Affects Seagrass and
Benthic Macroalgae Dynamics in Chwaka Bay (Zanzibar, Tanzania).”
Regional Environmental Change, vol. 21, no. 1, 14 Jan. 2021,
https://doi.org/10.1007/s10113-020-01742-2.

Nchimbi, A. A., & Lyimo, L. D. (2019). Socioeconomic Determinants of Mangrove
Exploitation and Seagrass Degradation in Zanzibar: Implications for Sustainable
Development. Journal of Marine Biology, 2019, 1-11.
https://doi.org/10.1155/2019/7684924

Orth, R. J., Carruthers, T. J., Dennison, W. C., Duarte, C. M., Fourqurean, J. W., Heck
J,K. L, .. & Kendrick, G. A. (2006). A global crisis for seagrass
ecosystems. BioScience, 56(12), 987-996.

Owusu, Victor, and Moses Adjei. “Politics, Power and Unequal Access to Fisheries
Subsidies among Small-Scale Coastal Fisherfolk in Ghana.” Ocean &

36


https://doi.org/10.1016/j.ocecoaman.2017.10.003
https://doi.org/10.1016/j.marpolbul.2014.03.034
https://doi.org/10.1016/j.marpolbul.2018.01.059
https://doi.org/10.1007/s10113-020-01742-2

Coastal Management, vol. 214, Nov. 2021, p. 105920,
https://doi.org/10.1016/j.ocecoaman.2021.105920. Accessed 28 Oct. 2021.

Pendleton, L., Donato, D. C., Murray, B. C., Crooks, S., Jenkins, W. A., Sifleet, S.,
Craft, C., Fourqurean, J. W., Kauffman, J. B., Marba, N., Megonigal, P.,
Pidgeon, E., Herr, D., Gordon, D., & Baldera, A. (2012). Estimating Global
“Blue Carbon” Emissions from Conversion and Degradation of Vegetated
Coastal Ecosystems. PLoS ONE, 7(9), e43542.
https://doi.org/10.1371/journal.pone.0043542

Penney, Ryan, et al. “Managing Sino-Ghanaian Fishery Relations: A Political
Ecology Approach.” Marine Policy, vol. 79, May 2017, pp. 46-53,
https://doi.org/10.1016/j.marpol.2017.02.008. Accessed 25 Mar. 2020.

Purvis, Danielle, and Narriman Jiddawi. Current State of Seagrasses in Zanzibar:
Impacts of Coastal Current State of Seagrasses in Zanzibar: Impacts of
Coastal Economic Activities and Marine Protected Areas on Seagrass
Economic Activities and Marine Protected Areas on Seagrass Cover Cover
Environmental Studies Commons, Natural Resources Management and
Policy Commons, and the Sustainability Commons Recommended Citation
Recommended Citation. 2021.

Purvis and Jiddawi “Seagrass Cover Reduction in Zanzibar from 2006 to 2019.”
Western Indian Ocean Journal of Marine Science, vol. 22, no. 1, 2006, pp. 1-
14, https://doi.org/10.4314/wiojms. Accessed 21 Aug. 2023.

Reynolds, P. L. (2018, December 18). Seagrass and Seagrass Beds. Smithsonian
Ocean. https://ocean.si.edu/ocean-life/plants-algae/seagrass-and-seagrass-
beds

Richard, Collier, C., Waycott, M., McKenzie, L. J., & Cullen-Unsworth, L. C.
(2015). A framework for the resilience of seagrass ecosystems. Marine
Pollution Bulletin, 100(1), 34—46.
https://doi.org/10.1016/j.marpolbul.2015.08.016

Rohani Ambo-Rappe, La, Y., Assir Marimba, A Rismayani, & Richard. (2021).
Bycatch from seagrass fisheries: implication for conservation. IOP Conference
Series, 860(1), 012107-012107. https://doi.org/10.1088/1755-
1315/860/1/012107

Short, F. T., Carruthers, B., Dennison, W. C., & Waycott, M. (2007). Global seagrass
distribution and diversity: A bioregional model. Journal of Experimental
Marine Biology and Ecology, 350(1-2), 3-20.
https://doi.org/10.1016/j.jembe.2007.06.012

37


https://doi.org/10.1016/j.ocecoaman.2021.105920
https://doi.org/10.1371/journal.pone.0043542
https://doi.org/10.1016/j.marpol.2017.02.008
https://doi.org/10.4314/wiojms
https://ocean.si.edu/ocean-life/plants-algae/seagrass-and-seagrass-beds
https://ocean.si.edu/ocean-life/plants-algae/seagrass-and-seagrass-beds
https://doi.org/10.1088/1755-1315/860/1/012107
https://doi.org/10.1088/1755-1315/860/1/012107
https://doi.org/10.1016/j.jembe.2007.06.012

Short, F. T., Polidoro, B., Livingstone, S. R., Carpenter, K. E., Bandeira, S., Bujang,
JS, .. & Calumpong, H. P. (2011). Extinction risk assessment of the
world's seagrass species. Biological Conservation, 144(7), 1961-1971.

St. John, F.A., Keane, A.M., Jones, J.P., and Milner-Gulland, E. (2014). Robust
study design is as important on the social as it is on the ecological side of
applied ecological research. Journal of Applied Ecology 51, 1479-1485.

Staehr, P. (2018). Managing human pressures to restore ecosystem health of zanzibar
coastal waters. Journal of Aquaculture & Marine Biology, 7(2).
https://doi.org/10.15406/jamb.2018.07.00185

Tallis, H., Kareiva, P., Marvier, M., & Chang, A. (2008). An ecosystem services
framework to support both practical conservation and economic
development. Proceedings of the National Academy of Sciences of the United
States of America, 105(28), 9457-9464.
https://doi.org/10.1073/pnas.0705797105

Tallis, H. M., Lester, S. E., Ruckelshaus, M., Plummer, M., McLeod, K. L., & Halpern,
B.S. (2008). The many faces of ecosystem-based management: Making the
process work today in real places. Marine Policy, 32(3), 369-374.

Tan, Yi Mei, et al. “Seagrass Restoration Is Possible: Insights and Lessons from
Australia and New Zealand.” Frontiers in Marine Science, vol. 7, 14 Aug.
2020, https://doi.org/10.3389/fmars.2020.00617. Accessed 21 Aug. 2023

Terrados, J. and C.M. Duarte. 2000. Experimental evidence of reduced particle
resuspension within a seagrass (Posidonia oceanica L.) meadow. Journal of
Experimental Marine Biology and Ecology 243:45-53

Trevathan-Tackett, S. M., Macreadie, P. I., Sanderman, J., Baldock, J., Howes, J. M.,
& Ralph, P. J. (2017). A Global Assessment of the Chemical Recalcitrance of
Seagrass Tissues: Implications for Long-Term Carbon Sequestration.
Frontiers in Plant Science, 8. https://doi.org/10.3389/fpls.2017.00925

Trevathan-Tackett, S. M., Macreadie, P. ., Sanderman, J., Baldock, J., Howes, J. M.,
& Ralph, P.  J. (2015). A global assessment of the chemical recalcitrance.

Unsworth, Richard K. F., Nordlund, L. M., Cullen-Unsworth, L. C., and Seagraves,
R. J. (2018)1. “Global Challenges for Seagrass Conservation.” Ambio, vol. 48,
no. 8, 19 Nov. 2018, pp. 801-815, https://doi.org/10.1007/s13280-018-1115-

Y.

38


https://doi.org/10.15406/jamb.2018.07.00185
https://doi.org/10.1073/pnas.0705797105
https://doi.org/10.3389/fmars.2020.00617.%20Accessed%2021%20Aug.%202023
https://doi.org/10.1007/s13280-018-1115-y
https://doi.org/10.1007/s13280-018-1115-y

Unsworth, R. K. F., Nordlund, L. M., & Cullen-Unsworth, L. C. (2018). Seagrass
meadows support global fisheries production. Conservation Letters, 12(1),
e12566. https://doi.org/10.1111/conl.12566

Unsworth, R. K. F., McKenzie, L. J., Collier, C. J., Cullen-Unsworth, L. C., Duarte,
C. M., EKI&f, J. S., Jarvis, J. C., Jones, B. L., & Nordlund, L. M. (2018). Global
challenges for seagrass conservation. Ambio, 48(8), 801-815.
https://doi.org/10.1007/s13280-018-1115-y

van Katwijk, M. M., Thorhaug, A., Marba, N., Orth, R. J., Duarte, C. M., Kendrick,
G. A,, Althuizen, I. H. J., Balestri, E., Bernard, G., Cambridge, M. L., Cunha,
A., Durance, C., Giesen, W., Han, Q., Hosokawa, S., Kiswara, W., Komatsu,
T., Lardicci, C., Lee, K.-S., & Meinesz, A. (2015). Global analysis of seagrass
restoration: the importance of large-scale planting. Journal of Applied Ecology,
53(2), 567-578. https://doi.org/10.1111/1365-2664.12562

Waycott, M., Duarte, C. M., Tim, Orth, R. J., Dennison, W. C., Olyarnik, S. V.,
Calladine, A., Fourqurean, J. W., Heck, K. L., A. Randall Hughes, Kendrick, G.
A., Kenworthy, W. J., Short, F. T., & Williams, S. L. (2009). Accelerating loss
of seagrasses across the globe threatens coastal ecosystems. Proceedings of the
National Academy of Sciences of the United States of America, 106(30), 12377—
12381. https://doi.org/10.1073/pnas.0905620106

Wegoro, J., Siajali Pamba, George, R., Yohanna Shaghude, Hollander, J., & Blandina
Robert Lugendo. (2022). Seagrass restoration in a high-energy environment in
the Western Indian Ocean. Estuarine Coastal and Shelf Science, 278, 108119-
108119. https://doi.org/10.1016/j.ecss.2022.108119

Yoshihiro Mazda, Magi, M., Ikeda, Y., Kurokawa, T., & Asano, T. (2006). Wave
reduction in a mangrove forest dominated by Sonneratia sp. Wetlands Ecology
and Management, 14(4), 365-378. https://doi.org/10.1007/s11273-005-5388-0

39


https://doi.org/10.1007/s13280-018-1115-y
https://doi.org/10.1111/1365-2664.12562
https://doi.org/10.1073/pnas.0905620106
https://doi.org/10.1007/s11273-005-5388-0

Appendices

Appendix A: Questionnaire for community stakeholders

STAKEHOLDERS’ PERSPECTIVE ON SEAGRASS DEGRADATION AND
THE SIGNIFICANCE OF ITS RESTORATION TO CARBON
SEQUESTRATION. A CASE STUDY OF ZANZIBAR, TANZANIA.
(COMMUNITY STAKEHOLDERS)

Introduction

This interview guide has been designed in order to collect information on
stakeholders’ perceptions of seagrass degradation and the significance of restoration

to carbon sequestration in Zanzibar.

The aim is to explore:
1. To identify threats and describe the impact of seagrass degradation on the
livelihoods of local communities and other stakeholders.
2. To evaluate the economic, social and environmental benefits of seagrass
restoration for blue carbon sequestration and storage.
3. To examine the role of stakeholder collaboration and partnerships in

enhancing the effectiveness of seagrass restoration efforts for blue carbon.

The interview is purely for academic purposes being part of the requirement for the
award of a Master of Science degree in Maritime Affairs at the World Maritime
University.

Participation in this study is voluntary.

1. A participant shall be required to provide consent for use of data by signing a
consent form.

2. A participant has the freedom to exit the study at any time or withdraw the
consent.

3. All information from the participants will be held with strict confidentiality hence

no divulging to third parties.



Questionnaire for community people
Please tick appropriate:

Section A: Demographic information

1.

2
3
4.
5

Gender: Male Female

. Howoldareyou? ...........cooiiiiiiiiiiiiiiin.,

Name of COMMUNILY.......ouviiiiiii i,
What iS YOUr OCCUPALION?.......ccveiieiieeieiie st se e

How long have you been working?

Section B: Perception on seagrass degradation and its significance to carbon

sequestration

10.

11.
12.
13.

Have you ever heard of seagrasses?
Have you noticed any changes in seagrass meadow in your area?

i) Yes ii) No If Yes, what changes have you

ODSEIVEA?....ceiieee et

How concerned are you about the degradation of seagrass ecosystems in your
community?

i) Much concern ii) Least concern iii) Not concern at all
In your opinion, what are the main drivers of seagrass degradation in your
community?

i) Climate change ii) Fishing activity iii) Pollution

Other specify......ccovveiviiiiiiiiiiia,

Do you believe that seagrass restoration can help mitigate the impacts of
climate change?

i) Yes i) No iii) No idea
Have you ever heard about carbon sequestration?
Do you think that seagrasses are an important part of carbon sequestration?
What actions do you think should be implemented to protect seagrass

meadows?



14.

15.

16.

17.

18.

19.

20.

21.

Which ecosystem do you think is most important to protect regarding carbon
sequestration: seagrass or mangrove?

What are the main challenges associated with seagrass restoration in your
COMIMUNIEY? ..ottt et et et e e et et e aeeeaeeness

How effective do you think seagrass restoration efforts have been in your
community?

i) Very effective i) Not effective iii) Nothing has been done
What role do you believe different stakeholders (e.g., government, NGOs,
local communities) should play in seagrass
(=S (0] - LA o] 1 PSSRSO
Have you ever been invited by the government on a seagrass

010 =T USSR

How do you think seagrass restoration can be made more successful and
sustainable in your community?
i) Technocratic (Top-Down) ii) Participatory (Bottom-Up) iii) Both

In your opinion, what are the key factors that should be considered when
prioritizing seagrass restoration efforts in your
COMIMUINIEY?. ...ttt b ettt

Would you be interested to take part in a seagrass restoration project, so
called citizen science?
i) Yes i) No iii) No idea

Appendix B: Questionnaire for Professionals stakeholders

STAKEHOLDERS’ PERSPECTIVE ON SEAGRASS DEGRADATION AND
THE SIGNIFICANCE OF ITS RESTORATION TO CARBON
SEQUESTRATION. A CASE STUDY OF ZANZIBAR, TANZANIA.
(PROFESSIONALYS)

Introduction



This interview guide has been designed in order to collect information on
stakeholders’ perceptions of seagrass degradation and the significance of restoration

to carbon sequestration in Zanzibar.

The aim is to explore:
1. To identify threats and describe the impact of seagrass degradation on the
livelihoods of local communities and other stakeholders.
2. To evaluate the economic, social and environmental benefits of seagrass
restoration for blue carbon sequestration and storage.
3. To examine the role of stakeholder collaboration and partnerships in

enhancing the effectiveness of seagrass restoration efforts for blue carbon.

The interview is purely for academic purposes being part of the requirement for the
award of a Master of Science degree in Maritime Affairs at the World Maritime
University.

Participation in this study is voluntary.

1. A participant shall be required to provide consent for use of data by signing a
consent form.

2. A participant has the freedom to exit the study at any time or withdraw the
consent.

3. All information from the participants will be held with strict confidentiality hence
no divulging to third parties.

Questionnaire for Government officials, Agency, Academic Institutions and
NGO’s

Section A: Demographic information
Please tick appropriate

1) Gender: Male Female

2) Name of your organization



3) What is your position in the organization?
b) How long have you been working? ................coociiiiiiiiiinn.n
4) Does this Agency/organization deal with the issue of seagrass management and
restoration in Zanzibar? i) Yes i) No
b) If yes, what is it responsible fOr..........oouiiiiiiii i
5) Is there existing policies or regulations for the management and protection of
seagrass meadows in Zanzibar?
i) Yes ii)No iii) Noidea
6) Which type of government structure do you have for seagrass protection and
management?
i) Top to Down approach (Technocratic) ii) Bottom to Up approach
(Participatory)
Section B: Perception on seagrass degradation and its significance to carbon
sequestration
7) Have you notice any change in seagrass coverage in your area over the last 10
years?
8) If Yes, in your opinion, what are the main factors contributing to seagrass
degradation in your
= TP PTOUR PP UPR PP
9) Do you think seagrass degradation has any impact on the local economy or
tourism industry?
i) Yes i) No
10) Do you think that seagrasses are an important part of the marine/coastal

environment?

11) How familiar are you with the concept of carbon sequestration?
12) Do you think that seagrasses are an important part of carbon sequestration?
13) What actions do you think should be implemented to protect seagrass meadows?



14) What role do you think restoring seagrass ecosystems will have for the impact of

Carbon SEQUESTIALION? ... ...ttt e

15) Have you or your organization ever been involved in any seagrass restoration

projects?
i) Yes i) No

If Yes, what was your

EXPEIIEINCE?. .ot ctieete ettt e et sae e re et e e e nne s
16) Were the community people involved in the restoration project?

17) How important do you think it is to involve local stakeholders in seagrass

restoration efforts?

18) Do you think there are any potential drawbacks or negative impacts associated

with seagrass restoration projects?
i) Yes i) No
ITYeS, What are theY? ..o

19) What steps do you think should be taken to increase to increase public awareness
about the importance of seagrass ecosystems, carbon sequestration, and the need for
seagrass

FESTOTALIONS? .o



