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ABSTRACT TC "ABSTRACT" \f C \l "1" 
This study assessed the effects of population growth on mangrove forests in Zanzibar, focusing on the Jozani-Chwaka Bay Biosphere Reserve in southern Unguja. The primary objective was to evaluate the impact of population growth on the mangrove forests. Specific objectives included: (1) examining population growth trends in villages surrounding the reserve from 2000 to 2022, (2) analyzing the contribution of mangrove forests to local livelihoods, and (3) investigating trends of mangrove forest degradation within the reserve during the same period. A sample of 354 household heads from eight villages Chwaka, Cheju, Charawe, Uzi, Unguja Ukuu Kaebona, Unguja Ukuu Kaepwani, Ukongoroni, and Pete was surveyed using structured questionnaires. Data were supplemented with interviews from four key informants, including JECA members, conservation committee representatives, and local leaders. SPSS and Excel were used for data analysis, with findings presented in tables and charts. Key findings revealed a significant population increase in the study area, from 115,588 in 2012 to 195,873 in 2022, contributing to forest degradation. Mangrove forests were vital for local livelihoods, providing firewood, timber, and fisheries. However, overexploitation due to socio-economic pressures such as agriculture and unsustainable resource use led to substantial forest degradation. The study concluded that population growth is a major driver of mangrove forest degradation in the Jozani-Chwaka Bay Biosphere Reserve. Recommendations included raising awareness of family planning, developing land use plans, and enforcing policies to balance conservation and community needs.
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CHAPTER ONE TC "CHAPTER ONE" \f C \l "1" 
INTRODUCTION TC "INTRODUCTION" \f C \l "1" 
1.1 Background to the Research Problem TC "1.1 Background to the Research Problem" \f C \l "1"  

Mangroves are salt tolerant trees or shrubs that form the major component of the complex tropical and subtropical mangrove ecosystems. These ecosystems occupy the intertidal zone, primarily in muddy, sheltered areas of the coast such as bays, inlets, estuaries, channels and the leeward sides of islands (UNEP, 2014). Two main global centers of mangrove diversity have been identified: the eastern group includes the Indo-West Pacific that stretches from the central Pacific to the mainland coast of the Western Indian Ocean (WIO) region and the western group that includes the mangroves of Atlantic-East Pacific including those of West Africa, Americas and the Caribbean Sea. These two regions have quite different floristic compositions, with the eastern region having approximately five times the number of species found in the western region. Only one mangrove fern, Acrostichum aureum L., occurs in both the eastern and western groups. Three genera (i.e. Acrostichum, Avicennia and Rhizophora) occur in both groups (UNEP, 2014).
Population growth has driven significant mangrove deforestation worldwide, with approximately 35% of global mangrove cover lost in recent decades. The conversion of mangrove forests into agricultural land, aquaculture farms, and urban settlements has been the primary cause of degradation. Between 1990 and 2020, global mangrove coverage decreased by over 5%, with regions like South and Southeast Asia experiencing the highest losses. However, population growth has also spurred awareness and action, leading to mangrove restoration initiatives in several countries. For example, nations like Indonesia and India have launched large-scale mangrove reforestation projects to mitigate climate change and enhance coastal resilience.
In Africa, mangrove forests are vital for the livelihoods of coastal communities, supporting fisheries, providing building materials, and serving as habitats for diverse species. Rapid population growth, among the highest globally, has increased the demand for land and resources, leading to widespread mangrove deforestation. Coastal urbanization, agriculture, and overexploitation of resources have contributed to habitat loss. However, population growth has also driven conservation efforts, as governments and non-governmental organizations (NGOs) recognize the importance of mangroves for sustainable development. Countries like Kenya and Mozambique have implemented mangrove restoration programs to enhance coastal protection and biodiversity.
In Tanzania, mangrove forests are crucial for biodiversity, coastal protection, and local livelihoods. The country's rapidly growing population has intensified pressures on mangrove ecosystems, with forests being cleared for firewood, charcoal production, and agriculture. Urban expansion and tourism development have further exacerbated the degradation. For instance, in Bagamoyo, mangroves have been cleared for salt production and hotel construction. However, Tanzania has also recognized the value of mangroves, with legal frameworks and conservation policies in place to protect these ecosystems. The implementation of community-based conservation initiatives has demonstrated the potential for balancing population growth and mangrove sustainability.

Zanzibar’s mangroves are integral to the island’s coastal ecosystems, providing resources and services that support local communities. Rapid population growth, coupled with urbanization and agricultural expansion, has led to significant mangrove deforestation. Historical data shows a drastic decline in mangrove cover, with areas like Michamvi and Maruhubi losing substantial forest cover over the past century. Unsustainable practices, such as overharvesting for firewood and timber, have further degraded these ecosystems. Despite these challenges, Zanzibar has implemented policies like the National Environmental Policy (1992) to protect and manage mangrove forests. Community involvement in conservation efforts has also been encouraged, with initiatives to restore degraded areas and promote sustainable resource use.
The Jozani-Chwaka Bay Biosphere Reserve in southern Unguja is a critical area for mangrove conservation in Zanzibar. This reserve supports unique biodiversity and provides essential resources to surrounding communities. However, population growth in villages near the reserve has led to increased demand for land, timber, and other forest resources. Unsustainable practices such as agricultural expansion and overfishing have accelerated mangrove degradation. On the positive side, the reserve has become a focal point for conservation initiatives, including reforestation projects and eco-tourism, which generate income for local communities while promoting environmental awareness.
Population growth presents both challenges and opportunities for mangrove forests globally, regionally, and locally. While it has driven deforestation and resource exploitation, it has also fostered awareness and action toward conservation and sustainable management. The case of Jozani-Chwaka Bay Biosphere Reserve highlights the need for integrated approaches that balance population needs with ecological preservation. By implementing effective policies, fostering community engagement, and promoting sustainable practices, the negative impacts of population growth on mangrove forests can be mitigated, ensuring their long-term resilience and benefits for future generations.
1.2 Statement of the Research Problem TC "1.2 Statement of the Research Problem" \f C \l "1"  

The Jozani Chwaka Bay National Park (JCBNP) is the first and only national park in Zanzibar, Tanzania, encompassing over 50 km². This forest is home to a diverse array of plant and animal species, including mature trees of C. tagal, B. gymnorrhiza, and R. mucronata, which are distributed relatively evenly throughout the area. Following the revision of the forest policy in 1995, land traditionally used by Pete residents was incorporated into a conservation area and tourism site. Conservation efforts at Jozani have preserved a rare example of an undisturbed mangrove forest, aligning with Zanzibar's forest policy that emphasizes sustainable management and conservation of mangrove ecosystems. The policy underscores the need for collaboration among local communities, individuals, NGOs, and both private and public sectors in managing these vital resources.
Despite these efforts, inadequate community participation in policy implementation has led to significant human pressure on Zanzibar's mangrove forests. Activities such as harvesting timber and fuel wood, charcoal production, and cutting poles for building materials have threatened the ecological balance of the mangroves. One of the key strategies for policy implementation is to engage local communities in the sustainable management and protection of mangrove areas, in line with Community Forestry Policies. However, the mangrove forests in Jozani face substantial threats from local human activities, which hinder natural regeneration and disrupt their ecological functions. Population growth has exceeded the carrying capacity of the area, posing a major challenge to sustainable natural resource management in the Jozani forest.
Given the limited research on the impact of population growth on mangrove forest destruction, this study aimed to fill that gap by assessing the effects of population growth on the mangrove forest in Jozani. It analyzed the population growth trends in the villages surrounding the Jozani conservation area, examined the relationship between the local community and the mangrove forest, and identified changes in mangrove coverage. The ultimate goal is to develop and recommend a more effective mangrove management model for the coastal areas of Zanzibar, ensuring both the conservation of mangrove forests and the sustainable development of the local population.
1.3 Research Objectives TC "1.3 Research Objectives" \f C \l "1"  
1.3.1 General Objective TC "1.3.1 General Objective" \f C \l "1"  

The main objective of this study was to assess the effects of population growth on the mangrove forest in Jozani Forest. 
1.3.2 Specific Objectives TC "1.3.2 Specific Objectives" \f C \l "1"  
The specific objectives of this study were: - 

i. To examine the trends of population growth in villages surrounding the Jozani-Chwaka Bay Biosphere Reserve from 2000 to 2022.

ii. To examine the contribution of mangrove forests to the livelihoods of villages surrounding the Jozani-Chwaka Bay Biosphere Reserve

iii. To examine the trends of mangrove forest degradation at the Jozani-Chwaka Bay Biosphere Reserve from 2000 to 2022

1.4 Research Questions TC "1.4 Research Questions" \f C \l "1"   

The research will be guided by the following main research questions. 

i. What are the trends in population growth in villages surrounding the Jozani-Chwaka Bay Biosphere Reserve between 2000 to 2022

ii. What is the contribution of mangrove forests to the livelihoods of communities in villages surrounding the Jozani-Chwaka Bay Biosphere Reserve?

iii. How have the mangrove forests at the Jozani-Chwaka Bay Biosphere Reserve degraded over time from 2000 to 2022
1.5 Significance of the Study TC "1.5 Significance of the Study" \f C \l "1" 
The research intends to concern about the effects of population growth on mangrove forest in Zanzibar. The study was used to understand mangrove management for sustainable development and to raise awareness among individuals at both the community and national levels. This study expands the understanding of the relationship between population growth and environmental degradation, specifically mangrove ecosystems, in a region that faces unique challenges. By analyzing the dynamics of mangrove management in Zanzibar, the study adds to the global discourse on sustainable coastal resource management, particularly in the Western Indian Ocean (WIO) region. It highlights how socio-economic factors, such as urbanization and resource exploitation, intertwine with ecological processes, providing nuanced insights that were previously underexplored.
The study directly contributes to policymaking by offering evidence-based recommendations for sustainable mangrove management in Zanzibar. Its findings can guide the government and policymakers in: Creating Inclusive Policies: Encouraging participatory approaches that involve local communities in mangrove conservation efforts. Strengthening Legal Frameworks: Informing updates to existing policies to address the impacts of population growth on mangrove ecosystems. Enhancing National Strategies: Aligning mangrove management practices with Zanzibar’s National Environmental Policy and global environmental goals, such as the UN’s Sustainable Development Goals (SDGs).
The study contributes to theories on sustainable development and community-based natural resource management (CBNRM). By emphasizing the role of local communities in managing mangrove forests, it supports the notion that grassroots involvement is crucial for achieving long-term environmental sustainability. It further aligns with theories that advocate for the integration of traditional ecological knowledge with scientific management practices, enriching theoretical discussions in environmental governance.

This research opens avenues for further investigation in several areas: Community Engagement Models: Future studies could evaluate specific models for involving local communities in mangrove conservation to identify best practices. Impact Assessment Studies: Longitudinal studies could assess the effectiveness of policy interventions on mangrove ecosystems and population dynamics. Climate Change Adaptation: Research can explore how mangrove management strategies can mitigate the impacts of climate change, such as rising sea levels and extreme weather events. Comparative Analyses: Researchers can compare Zanzibar’s mangrove management strategies with those in other regions, contributing to global knowledge-sharing and innovation.
In summary, the study is significant because it bridges gaps in knowledge about population-environment interactions, influences policy and legal frameworks, strengthens theoretical discussions, and provides a foundation for future research on sustainable mangrove management and community engagement.
1.6 Scope of the Study TC "1.6 Scope of the Study" \f C \l "1" 
The study in Jozani Forest and surrounding villages in Zanzibar examined the effects of population growth on mangrove forests, focusing on physical, social, individual, and economic impacts. Key concerns included deforestation and overexploitation of mangrove resources, driven by local timber harvesting. Data collection tools included household questionnaires, key informant interviews, focus group discussions, observations, and secondary data reviews. Using Yamane’s formula, a sample size of 354 households was proportionally distributed across eight villages to ensure representativeness. The study spanned six months, with preparation in May 2023, data collection from January to March 2024, and data analysis and reporting from April 2024 to January 2025. This approach provided valuable insights into mangrove conservation and sustainable resource management.
Justification for the selection of the study area is because Jozani-Chwaka Bay is the largest Marine Protected Area in Zanzibar, and the area is covered by dense mangroves trees. Second, many communities surrounding the study area depends much their livelihood from Mangroves Forest compare to other coastal of Zanzibar. Third, Jozani-Chwaka Bay is managed by the Government of Zanzibar and has received significant financial and technical assistance from the World Wildlife Fund (WWF), but this conservation area continues to face major hurdles in ecological health of the marine resources due to high human pressure, and degradation of numerous aspects of the marine ecosystem. Lastly, there is insufficient knowledge about mangrove forests deforestation in Zanzibar particularly in Jozani-Chwaka Bay area.
1.7 Organization of the Study TC "1.7 Organization of the Study" \f C \l "1"  
This dissertation is present five chapters. Chapter one introduces the study by giving 
the background of the research problem, statement of the problem, objectives of the study, and research questions. It also presents the significance of the study. Chapter two presents literature review, theoretical review, empirical review, conceptual framework, and research gap. Chapter three describes research methodology, research design, sampling technique, data collection methods as well as data analysis techniques. Chapter four presents the research findings and discussion. Chapter five gives the conclusion and the recommendation of the study.
CHAPTER TWO TC "CHAPTER TWO" \f C \l "1" 
LITERATURE REVIEW TC "LITERATURE REVIEW" \f C \l "1" 
2.1 Introduction TC "2.1 Introduction" \f C \l "1" 
This chapter covers review of various literatures concerning the effect of population growth on the mangrove forest in Jozani. The chapter covered the description of the theoretical literature review, empirical research review, conceptual framework, theoretical framework as well as the research gap.
2.2 Conceptualization of the Key Terms TC "2.2 Conceptualization of the Key Terms" \f C \l "1"  
2.2.1 Forest TC "2.2.1 Forest" \f C \l "1" 
Forest is a land area of more than 0.5 ha, with a tree canopy cover of more than 10%, which is not primarily under agricultural or other specific non-forest land use (FAO, 2022). FAO’s Forest Resources Assessment (FRA) defines forest as land with certain characteristics that determine its demarcation. Under this definition, harvesting or clearing of all trees from a tract of land does not constitute deforestation in cases ‘‘where the forest is expected to regenerate naturally or with the aid of silvicultural measures within the long-term’’ (FAO 2001, p. 25). General forest is the collection of different kind of trees which can be natural forest or artificial forest cover large area and people gets some products such as food, energy and medicine through leaves and roots.
2.2.2 Mangrove TC "2.2.2 Mangrove" \f C \l "1" 
Mangrove is such a vast wetland which is, by and large, inundated by ebb and flow. Mangrove forest is brackish plain sediment swept by ebb and flow (National Ocean Service, 2021). Mangrove is such a vast wetland which is, by and large, inundated by ebb and flow. Mangrove forest is brackish plain sediment swept by ebb and flow. The mangrove eco-system is a combination of tropical and subtropical inter-tidal habitat between latitudes. This inter-tidal habitat is composed of co-dependent objects of various levels. For instance, water flow, silt or alluvium, nutrient substances, biological objects and animals etc. (National Encyclopedia of Bangladesh 2022). 
Mangroves are the rain forests by the sea. They are highly productive, dynamic and unique edge ecosystem and covered three quarters of the world tropical coast lines (Giri et al, 2010) Therefore Mangroves are trees or large shrubs which grow within the intertidal zone in tropical and subtropical regions and have special adaptations to survive in this environment. Mangrove is in fact a general name for several species of plant which can survive in saline environments. The adaptation has arisen in a number of different families of plants; therefore, the general description of mangrove can be applied to a number of different trees, shrubs and even a palm tree and a ground fern.
2.2.3 Mangrove Forest TC "2.2.3 Mangrove Forest" \f C \l "1" 
Mangrove forest is many mangrove forests can be recognized by their dense tangle of prop roots that make the trees appear to be standing on stilts above the water (National Ocean Service, 2021). Mangrove forest is many mangrove forests can be recognized by their dense tangle of prop roots that make the trees appear to be standing on stilts above the water. This tangle of roots allows the trees to handle the daily rise and fall of tides, which means that most mangroves get flooded at least twice per day. The roots also slow the movement of tidal waters, causing sediments to settle out of the water and build up the muddy bottom. Mangrove forests stabilize the coastline, reducing erosion from storm surges, currents, waves, and tides. The intricate root system of mangroves also makes these forests attractive to fish and other organisms seeking food and shelter from predators (National Ocean Service, 2021).
Mangrove forests are typically distributed from the sea level to the highest spring tide (Alongi, 2009). They grow in harsh environmental setting such as high salinity, high temperature, extreme tides, high sedimentation and muddy anaerobic soil (Giri et al., 2010). Mangrove forest is found in the tropical coastline and estimated that total area of global forest mangrove ranges 110,000 to 240,000 km2 (Willkie and Fortune 2003; FAO, 2007). Also, in the worldwide it is estimated that there are 69 species of mangrove forest (Kelleher et al., 2000).
General, Mangrove forests are unique coastal ecosystems found in tropical and subtropical regions, characterized by salt-tolerant trees and shrubs that thrive in intertidal zones. These forests serve as vital habitats for diverse marine and terrestrial species, acting as nurseries for fish and other aquatic life. They play a critical role in coastal protection by reducing erosion, mitigating storm surges, and stabilizing shorelines. Additionally, mangroves are significant carbon sinks, contributing to climate change mitigation by storing large amounts of carbon in their biomass and soils.

2.2.4 Population Growth TC "2.2.4 Population Growth" \f C \l "1" 
The main components of population growth in any country are fertility, mortality and migration. In Tanzania, fertility and mortality are the most important factors influencing population growth at national level. Previous censuses have shown that the net international migration component has been negligible. However, there are certain areas in Tanzania where migration have shown a big impact on population growth particularly the areas receiving refugees (National population policy, 2006). Generally, the annual average rate of change of population size, for a given country, territory, or geographic area, during a specified period. It expresses the ratio between the annual increase in the population size and the total population for that year, usually multiplied by 100.
2.3 Theoretical Review TC "2.3 Theoretical Review" \f C \l "1" 
The study applied three key theoretical perspectives, Malthusian Theory, Neo-Malthusian Perspectives, and Neoclassical Economics (Boserup’s Theory) to analyze the relationship between population growth and mangrove forest degradation in Zanzibar, particularly in the Jozani-Chwaka Bay area. These theories provide critical insights into the impact of population pressure on natural resource depletion, offering explanations for the observed trends of environmental degradation.
2.3.1 Malthusian Theory TC "2.3.1 Malthusian Theory" \f C \l "1" 
The Malthusian Theory, proposed by Thomas Robert Malthus in 1798, argues that population grows exponentially, while food and other resources grow arithmetically, leading to resource scarcity. When population surpasses resource availability, natural checks such as famine, disease, and conflicts arise to restore balance. Malthus also suggested preventive measures such as delayed marriage and contraception to control population growth. This theory is relevant to the current study as it explains how rapid population growth in the villages surrounding Jozani-Chwaka Bay has led to overexploitation of mangrove forests. The increasing demand for firewood, timber, and agricultural land has placed immense pressure on these fragile ecosystems, mirroring Malthus' prediction of resource depletion. However, the theory has notable weaknesses, particularly its failure to consider technological advancements that can increase resource availability and its assumption of a fixed environmental carrying capacity. Despite these limitations, the study reinforces Malthus' argument that without interventions such as conservation policies and sustainable resource use, natural resource degradation will continue to escalate.
2.3.2 Neo-Malthusian Theory TC "2.3.2 Neo-Malthusian Theory" \f C \l "1" 
Expanding on Malthus’ ideas, Neo-Malthusian Perspectives, particularly those of Paul Ehrlich in The Population Bomb (1968), emphasize that population growth not only affects food security but also accelerates environmental degradation. Neo-Malthusians argue that resources are being exploited faster than they can regenerate, leading to ecological collapse. They advocate for active population control measures such as family planning and sustainable development to prevent environmental disasters. The findings of this study strongly align with the Neo-Malthusian perspective, as they demonstrate how rapid population growth around Jozani-Chwaka Bay has resulted in increased deforestation, biodiversity loss, and excessive harvesting of mangroves. The study supports Ehrlich’s claim that human pressure on fragile ecosystems exacerbates their degradation, highlighting the urgent need for conservation efforts, sustainable land management, and environmental education. However, one major criticism of the Neo-Malthusian approach is its overemphasis on population as the primary driver of environmental problems, often overlooking factors such as governance, resource mismanagement, and economic inequalities. While its dire predictions of mass starvation have not fully materialized due to technological advancements, the theory remains applicable in explaining the environmental strain caused by rapid population expansion in Zanzibar.
2.3.3 Neoclassical Economics, particularly Boserup’s Theory TC "2.3.3 Neoclassical Economics, particularly Boserup’s Theory" \f C \l "1" 
In contrast to Malthusian and Neo-Malthusian perspectives, Neoclassical Economics, particularly Boserup’s Theory (1965), offers a more optimistic outlook. Ester Boserup argued that population growth stimulates innovation and technological advancements, allowing societies to adapt and increase resource productivity. According to this view, scarcity leads to efficiency, pushing communities to develop new techniques to sustain growing populations. While Boserup’s perspective has proven useful in agricultural settings, its applicability to mangrove ecosystems is limited. Unlike farmland, mangrove forests cannot be “intensified” without compromising their ecological functions. 
However, her theory indirectly supports the study’s recommendations for sustainable forest management. It encourages investment in research, alternative livelihoods such as eco-tourism, and resource-efficient technologies to reduce reliance on mangroves for timber and firewood. Despite its limitations, Boserup’s theory provides hope that innovative conservation strategies and sustainable development initiatives can help mitigate the negative impacts of population growth on Zanzibar’s mangrove ecosystems.

In conclusion, each theory contributes valuable insights into the study of population growth and its effects on mangrove forests in Zanzibar. The Malthusian and Neo-Malthusian theories effectively explain the negative consequences of unchecked population expansion, reinforcing the urgent need for conservation measures. In contrast, Boserup’s perspective, while not entirely applicable to mangrove ecosystems, encourages the exploration of sustainable innovations that can help balance environmental conservation with community needs. The study’s findings align most closely with Malthusian and Neo-Malthusian predictions, emphasizing the critical need for policy interventions, sustainable resource management, and community engagement to prevent further degradation of mangrove forests in Jozani-Chwaka Bay.
2.4 Empirical Review TC "2.4 Empirical Review" \f C \l "1" 
2.4.1 Trend of Population Growth TC "2.4.1 Trend of Population Growth" \f C \l "1"  

The world's population continues to grow, reaching 7.8 billion by mid-2020, rising from 7 billion in 2010, 6 billion in 1998, and 5 billion in 1986. The average annual growth rate was around 1.1% in 2015–2020, which steadily decreased after peaking at 2.3% in the late 1960s. Among 201 countries and areas, 73 countries had a smaller growth rate in 2010–2020 compared with the previous decade; out of these 73 countries, more than 60 are developing countries. The slowing pace of population growth is closely related to declines in fertility. As of 2023, the global total fertility rate (TFR) is estimated at approximately 2.25 births per woman, continuing a downward trend from previous decades (Database Earth, 2023). In high-income and upper-middle-income countries, many have experienced TFRs below the replacement level of 2.1 births per woman for several decades. Notably, some nations have reached "ultra-low" fertility levels, with TFRs below 1.4. 
For instance, Germany's TFR decreased to 1.35 in 2023, joining other European countries like Estonia and Austria in this category (Financial Times, 2023). In Asia, regions such as China, Hong Kong SAR, and the Republic of Korea have reported TFRs below 1.0. Specifically, Hong Kong's TFR is approximately 0.72 births per woman, and South Korea's is around 0.72 as well (Database Earth, 2023). These declining fertility rates have significant implications for population dynamics, economic development, and social structures, prompting discussions on policies to address potential challenges associated with aging populations and workforce sustainability (Financial Times, 2023; Database Earth, 2023).

However, even if fertility levels declined rapidly, the world population would likely continue to grow because of the momentum of population growth a force that drives future population growth resulting from the existing age structure. Globally, more than two-thirds of the projected increase of 1.9 billion in population from 2020 to 2050 could be attributable to population momentum. In other words, population momentum is projected to produce 1.3 billion more people between 2020 and 2050, or 17% of the total in 2020. The contributions of above-replacement level fertility and declining mortality to the projected increase in 2020–2050 are 317 million (16% of the total increase) and 295 million (15%), respectively. 
The increases attributable to above-replacement level fertility and mortality are roughly equal to 4% each of the total in 2020 (United Nations, 2019; Bongaarts, 2020). Although the growing trend in the world population is expected to continue throughout this century at a slowing pace, there is uncertainty about future trends, and the uncertainty gets wider with time. For example, the world population is projected to reach 9.7 billion by 2050 and 10.9 billion by 2100, but their 95% projection intervals could be between 9.4 and 10.1 billion for 2050 and between 9.4 and 12.7 billion for 2100 (United Nations, 2019; Lee, 2021).
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Figure 2.1: Trend of Population Growth TC "Figure 2.1: Trend of Population Growth" \f F \l "1"  

Source: World Population Prospects (2019)
Note: The solid blue line is an estimate, whereas the dotted blue line is a projection under the medium variant and the shadow is the 95% projection intervals.
2.4.2 Population Variations in Growth Patterns across Regions and Countries TC "2.4.2 Population Variations in Growth Patterns across Regions and Countries" \f C \l "1" 
There are substantial variations in the future trends of populations across regions and countries. Overall, most countries and areas in the world are projected to continue growing in 2020–2050 (United Nations, 2022). However, in the second half of the century, more than half of the countries and areas are projected to witness a decline. Among eight SDG regions, sub-Saharan Africa is expected to account for most of the increase in the world’s population throughout the century, and its global share of the population is projected to increase steadily. By contrast, the global shares of the population by other SDG regions are projected to decrease over time (United Nations, 2022). 
Globally, there are 54 countries which have an annual growth rate twice as fast as the world average rate in 2020–2050, and 41 of these countries, or slightly more than three-fourths, are located in sub-Saharan Africa (United Nations, 2022). Indeed, more than a half of the global additional 2.0 billion people projected increase between 2020 and 2050 are from countries in sub-Saharan Africa (regardless of scenarios), and such a proportion is projected to be about 90% in 2050–2100. Overall, about 23–38 million more people annually from sub-Saharan countries are projected to be added to the world’s total population (United Nations, 2022). As a result, the current total population of sub-Saharan African countries, which was 1.1 billion in 2020 (or similar to the Europe and Northern America combined), is projected to climb to 3.8 billion by 2100 with a 95% projection interval between 3.0 and 4.8 billion. By contrast, the total population of Europe and Northern America combined will maintain its current level by 2100. (World Population Prospects 2019).
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Figure 2.2: Population Variations in Growth Patterns across Regions and Countries TC "Figure 2.2: Population Variations in Growth Patterns across Regions and Countries" \f F \l "1" 
Source: (World Population Prospects, 2019)
Africa has experienced substantial population growth over the past few decades. In 2023, the continent's population was estimated at approximately 1.4 billion, with an annual growth rate of around 2.5%. This rapid increase is attributed to high fertility rates and declining mortality rates (United Nations, 2023). Tanzania’s population has been growing steadily. According to World meter, the population in 2024 is estimated at 68,560,157, reflecting a 2.92% increase from the previous year. The country has a youthful demographic, with over 60% of the population under 25 years of age, and a total fertility rate of 4.4 births per woman (World meter, 2024; CIA World Factbook, 2024). Zanzibar, a semi-autonomous region of Tanzania, has also witnessed significant population growth. The 2022 Population and Housing Census reported a total population of 1,889,773, with an average annual intercensal growth rate of 3.7% (National Bureau of Statistics Tanzania, 2022)
2.4.3 Ecological and Economic Importance of Mangroves TC "2.4.3 Ecological and Economic Importance of Mangroves" \f C \l "1" 
Mangroves are critical coastal ecosystems that provide essential ecological and economic services to local communities and the global environment. These forests are found in tropical and subtropical regions, where they thrive in the intertidal zones of coastal areas. Mangroves support biodiversity, protect coastlines, and offer a range of resources that contribute to the livelihoods of millions of people. Understanding both the ecological and economic importance of mangroves is essential for developing effective conservation strategies and ensuring the sustainability of these ecosystems.
2.4.3.1 Ecological Importance of Mangroves TC "2.4.3.1 Ecological Importance of Mangroves" \f C \l "1" 
Biodiversity Support: Mangrove forests are home to a diverse range of species, including fish, crustaceans, mollusks, and migratory birds. They provide essential habitats for juvenile fish and other marine life, which are critical for the health of global fisheries. Mangroves are also important for biodiversity conservation, supporting species that are often found nowhere else (Alongi, 2015). The complex root systems of mangroves provide shelter and breeding grounds for many species, including endangered ones like the dugong and sea turtles.
Coastal Protection: One of the most significant ecological functions of mangroves is their role in protecting coastal areas from erosion, storm surges, and the impacts of climate change, such as sea-level rise. The dense root systems of mangrove trees stabilize the soil and reduce the force of waves, making them essential for mitigating the effects of natural disasters, such as hurricanes and tsunamis (Lovelock et al., 2015). This protection is particularly important in low-lying coastal regions where communities are vulnerable to flooding and erosion.
Carbon Sequestration: Mangroves play a critical role in climate change mitigation by sequestering large amounts of carbon in their biomass and soil. They store carbon at much higher rates than other types of forests, making them one of the most effective ecosystems for carbon sequestration (Donato et al., 2011). This ability to capture and store carbon helps reduce the concentration of greenhouse gases in the atmosphere and contributes to global efforts to combat climate change.
2.4.3.2 Economic Importance of Mangroves TC "2.4.3.2 Economic Importance of Mangroves" \f C \l "1" 
Fisheries: Mangroves provide essential breeding, feeding, and nursery grounds for many commercially important fish and shellfish species. By supporting healthy fish populations, mangroves contribute significantly to global fisheries and food security. Studies have shown that mangrove forests are directly linked to the productivity of marine and coastal fisheries, which provide income and food for millions of people worldwide (Alongi, 2015). In many tropical regions, mangrove-dependent fisheries are vital for local economies, supporting both small-scale and commercial fishing industries.

Timber and Fuel wood: Mangroves are an important source of timber and fuel wood for coastal communities. The wood of mangrove trees is highly valued for its durability and resistance to water, making it ideal for construction, boat building, and furniture production. In many countries, especially in Asia and Africa, mangroves are also harvested for fuel wood, which is used for cooking and heating (FAO, 2017). This resource is particularly important in areas where alternative sources of fuel are scarce.

Non-Timber Forest Products (NTFPs): In addition to timber and fuel wood, mangroves provide a range of non-timber forest products (NTFPs), including honey, medicinal plants, and materials for handicrafts. These products are essential for local livelihoods, particularly in rural areas where communities rely on natural resources for their income and subsistence. Mangrove honey, for example, is highly prized for its unique flavor and medicinal properties, and is an important source of income for many coastal communities (FAO, 2017).

Eco-Tourism: Mangrove ecosystems also contribute to the economy through eco-tourism. Many coastal areas with healthy mangrove forests attract tourists who engage in activities such as bird watching, boating, and fishing. Eco-tourism generates income for local communities and supports conservation efforts by raising awareness about the value of mangroves. In regions like Zanzibar, mangrove forests are a key attraction for tourists, contributing to the local economy and creating jobs in the tourism sector (Mwai et al., 2020).

In Zanzibar, mangroves are integral to the livelihoods of coastal communities. They provide resources such as timber, fuel wood, and non-timber forest products, as well as supporting local fisheries. The mangrove forests in Zanzibar also play a crucial role in protecting the island’s shorelines from erosion and storm surges. The economic value of mangroves in Zanzibar is evident in the contribution of eco-tourism, with tourists visiting the island to explore its mangrove forests and engage in activities like kayaking and bird watching (Mwai et al., 2020). Furthermore, mangrove honey production is a significant source of income for local communities, with honey harvested from mangrove forests being sold in local markets and exported.

Jozani-Chwaka Bay: The Jozani-Chwaka Bay Conservation Area, located on Zanzibar’s main island, is home to one of the most important mangrove ecosystems in East Africa. Mangroves in this region provide critical ecosystem services, including coastal protection, habitat for wildlife, and support for local fisheries. The Jozani-Chwaka Bay Conservation Project (JCBCP) has been instrumental in promoting sustainable mangrove management and restoration. Through this project, local communities are involved in eco-tourism, sustainable harvesting, and mangrove restoration activities, which help to ensure the long-term health of the mangrove ecosystem and provide economic benefits to the community (Zero Hour Climate, 2020). Mangrove conservation requires an interdisciplinary approach that integrates ecological, economic, and social factors. 
From an ecological perspective, mangroves provide essential services such as carbon sequestration, coastal protection, and biodiversity support. Economically, they support local communities through fisheries, timber, fuelwood, and eco-tourism. Socially, mangroves have cultural significance, supporting traditional practices and providing resources for local livelihoods. Effective mangrove conservation must consider all these dimensions to ensure that mangroves continue to provide vital ecosystem services while supporting the well-being of local communities.
2.4.4 Socioeconomic Benefits of Mangroves TC "2.4.4 Socioeconomic Benefits of Mangroves" \f C \l "1" 
Mangroves are vital ecosystems that offer both direct and indirect socioeconomic benefits, particularly in coastal regions where communities rely on these resources for their livelihoods. These benefits include income generation, food security, and cultural significance, which are especially pronounced in tropical regions like Zanzibar, Tanzania, and Africa at large.
Globally, mangroves contribute significantly to the economy through fisheries, tourism, and resource provision. They serve as breeding and nursery grounds for various marine species, which are crucial for local and global fisheries industries. Mangrove forests also support eco-tourism, with their rich biodiversity attracting tourists interested in nature and wildlife. Additionally, mangroves provide timber, fuelwood, and other non-timber products, contributing to the livelihoods of millions of people in coastal communities (Barbier et al., 2011). Their role in food security is also significant, as they support fish stocks that are vital for the nutrition of local populations. In some tropical regions, mangrove ecosystems have cultural importance, being integral to traditional practices and rituals (Alongi, 2012).

In Africa, particularly along the East African coast, mangroves are essential for the socioeconomic well-being of local communities. They provide a range of resources, including timber for construction, fuelwood for cooking, and materials for traditional medicine. In many African countries, mangroves are also crucial for artisanal fishing, as they provide habitats for juvenile fish and other marine species. The value of mangrove ecosystems in Africa is increasingly being recognized, and local studies have shown that mangroves contribute to food security by supporting fisheries, which are a primary source of protein for coastal populations (Mwai et al., 2020). Additionally, mangroves attract eco-tourism, which generates income for local communities and supports conservation initiatives.

Tanzania, home to extensive mangrove forests along its coastline, benefits from the socioeconomic contributions of these ecosystems. Mangroves support local fisheries, which are vital for food security and income generation. Coastal communities in Tanzania rely on mangrove resources for various purposes, including timber, fuel wood, and medicinal plants. In the Rufiji Delta and other coastal areas, mangroves provide crucial breeding grounds for fish species that support both subsistence and commercial fisheries. Additionally, the tourism sector in Tanzania benefits from the beauty and biodiversity of mangrove forests, contributing to local economies (Mwandya et al., 2020). The role of mangroves in coastal protection also indirectly supports livelihoods by reducing the risk of damage from storm surges and erosion.

In Zanzibar, mangroves are integral to the livelihoods of local communities. The island’s mangrove forests provide essential resources such as timber, fuel wood, and materials for construction, which are vital for daily life. Mangroves also support the local fishing industry by providing habitats for juvenile fish and other marine organisms. This contribution to food security is crucial, as fish is a primary source of protein for many Zanzibar households. Furthermore, mangroves in Zanzibar hold cultural significance, with some communities using mangrove products in traditional practices, such as building boats and constructing homes (Nkwengulila et al., 2016). The cultural importance of mangroves is also reflected in their role in traditional medicine, where various parts of the mangrove plant are used for healing purposes.

The Jozani-Chwaka Bay area, home to one of Zanzibar’s most important mangrove ecosystems, offers significant socioeconomic benefits to local communities. Mangroves in Jozani contribute to the local economy through fishing, providing habitats for marine species that are critical for local fisheries. Additionally, the area supports eco-tourism, with the Jozani-Chwaka Bay Conservation Project promoting sustainable tourism that benefits local communities. Mangroves in Jozani also provide resources such as fuel wood, timber, and medicinal plants, contributing to food security and income generation. Cultural practices in the region also involve the use of mangrove products for construction and traditional ceremonies (Khatib et al., 2020). Despite the economic and cultural benefits, the continued degradation of mangrove ecosystems in Jozani due to overharvesting and land conversion poses significant challenges to the long-term sustainability of these benefits.
Mangroves play a vital role in supporting sustainable livelihoods, particularly through eco-tourism, honey production, and carbon credits. These ecosystem services not only contribute to environmental conservation but also provide economic benefits to local communities. Below is an explanation of how mangroves support sustainable livelihoods, with a focus on community-based conservation projects like the Jozani-Chwaka Bay Conservation Project and studies on Payment for Ecosystem Services (PES).
2.4.5 Role of Mangroves in Supporting Sustainable Livelihoods TC "2.4.5 Role of Mangroves in Supporting Sustainable Livelihoods" \f C \l "1" 
Mangrove ecosystems provide a variety of ecosystem services that contribute to sustainable livelihoods, particularly in coastal communities. These services include eco-tourism, honey production, carbon sequestration, and more. Understanding the role of mangroves in supporting livelihoods requires an interdisciplinary approach that integrates ecological, economic, and social dimensions. Here, we focus on the role of mangroves in supporting sustainable livelihoods globally, in Africa, Tanzania, Zanzibar, and the Jozani-Chwaka Bay region. Globally, mangroves contribute to sustainable livelihoods through several key services:
Eco-Tourism: Mangrove forests are increasingly recognized as valuable eco-tourism destinations. In many tropical regions, mangroves attract tourists who engage in activities such as bird watching, kayaking, and fishing. Eco-tourism provides local communities with alternative sources of income, reducing their dependence on destructive practices like logging and overfishing. For example, in Southeast Asia and Latin America, mangrove eco-tourism has become a significant industry, with communities earning revenue through guided tours and other activities (Gössling et al., 2008).
Honey Production: Mangrove honey is a unique product derived from the nectar of flowers in mangrove ecosystems. In regions like West Africa and Southeast Asia, honey production is an important livelihood activity. The honey produced from mangroves is often considered high quality due to its distinct flavor and medicinal properties. In some areas, it is sold locally or exported, providing an additional source of income for coastal communities (FAO, 2017).
Carbon Credits: Mangroves are highly effective at sequestering carbon, storing more carbon per hectare than other types of forests. As a result, mangrove restoration and conservation projects have become a key focus of carbon offset programs. Communities involved in mangrove conservation can benefit from carbon credits, which are sold to companies or governments seeking to offset their carbon emissions. This provides a financial incentive for communities to protect and restore mangrove ecosystems (Murray et al., 2017).
In Africa, mangrove ecosystems are crucial for supporting sustainable livelihoods in coastal areas: Fisheries: Mangroves provide essential nursery grounds for fish and shellfish, which support local fisheries. In countries like Senegal, Mozambique, and Tanzania, mangrove-dependent fisheries are vital for food security and income generation. By supporting healthy fish populations, mangroves contribute to the sustainability of local fisheries (Alongi, 2015). Timber and Fuel wood: In many African countries, mangroves are a source of timber and fuel wood. These resources are essential for cooking, heating, and construction, particularly in rural coastal communities. Sustainable harvesting practices are key to ensuring that mangrove ecosystems continue to provide these resources without degrading the forest (FAO, 2017). Eco-Tourism: Eco-tourism in African mangrove areas is growing, with countries like Kenya and Tanzania attracting tourists to visit their mangrove forests. Eco-tourism provides a sustainable income stream for local communities, creating jobs in hospitality, guiding, and conservation.
In Tanzania, mangroves play a critical role in supporting coastal livelihoods, particularly in Zanzibar, where mangrove forests are an integral part of local culture and economy. Jozani-Chwaka Bay Conservation Project (JCBCP): The Jozani-Chwaka Bay Conservation Project, which focuses on the conservation and sustainable management of the Jozani-Chwaka Bay National Park, is a key example of a community-based conservation project in Zanzibar. The project integrates local communities into conservation efforts, promoting sustainable harvesting of mangrove resources and supporting eco-tourism activities. 
Through these initiatives, the project helps create jobs, raise awareness about the importance of mangroves, and generate income from tourism (Zero Hour Climate, 2020). Mangrove Honey Production: In Zanzibar, mangrove honey is an important product for local communities. Beekeeping in mangrove areas provides a sustainable livelihood for many coastal households. The honey is harvested from mangrove trees and is sold in local markets or exported. This form of livelihood is seen as a sustainable alternative to more destructive practices, such as logging and charcoal production, which can degrade mangrove ecosystems (Mwai et al., 2020). Carbon Credit Programs: Zanzibar is also exploring the potential for mangrove-based carbon credit programs. By protecting and restoring mangrove forests, local communities can participate in global carbon markets, earning income from carbon credits. This financial incentive helps support conservation efforts while providing a sustainable livelihood for local people (Murray et al., 2017).
Mangroves provide a wide range of ecosystem services that support sustainable livelihoods in coastal communities around the world. By promoting eco-tourism, honey production, and carbon credit programs, mangroves contribute to both the local economy and global climate change mitigation efforts. Community-based conservation projects, such as the Jozani-Chwaka Bay Conservation Project, play a critical role in integrating local communities into conservation efforts, ensuring that mangroves continue to provide these vital services. Through interdisciplinary research that combines ecological, economic, and social dimensions, we can better understand the complex role of mangroves in supporting sustainable livelihoods.
2.4.6 Mangrove Degradation TC "2.4.6 Mangrove Degradation" \f C \l "1" 
Globally, mangrove forests have declined by approximately 35% since the 1980s, primarily due to deforestation, aquaculture expansion, urban development, and rising sea levels. The annual global mangrove loss rate is estimated at 0.16% (Hamilton & Casey, 2016). Southeast Asia has been particularly affected, accounting for nearly 40% of the global mangrove loss due to aquaculture and agriculture expansion (Richards & Friess, 2016).
Africa’s mangrove forests, covering approximately 3.2 million hectares, have also experienced degradation, with an annual loss rate of 0.12% between 2000 and 2016 (UNEP, 2020). Drivers include overharvesting for fuelwood, coastal development, and climate-induced changes such as sea-level rise and erosion. Countries like Nigeria, Mozambique, and Madagascar have reported significant mangrove loss due to population pressures and unsustainable exploitation (FAO, 2020).
Sub-Saharan Africa faces unique challenges in mangrove conservation, with high reliance on mangroves for fuelwood and fisheries. Between 2000 and 2020, the region lost an estimated 4% of its mangrove cover, with hotspots of degradation in the Niger Delta and East African coastlines (Spalding et al., 2021). Restoration efforts are ongoing, but limited funding and policy enforcement hinder large-scale success.
Tanzania’s mangroves, covering about 150,000 hectares, are among the most extensive in East Africa. However, these ecosystems are under threat from deforestation, agriculture, and urban expansion. Mangrove cover decreased by 8% between 1990 and 2015 (Mangora, 2011; NBS, 2022). Coastal cities like Dar es Salaam and Tanga have seen the most severe impacts due to rapid urbanization and overexploitation of mangrove wood. Zanzibar’s mangrove forests, covering around 18,000 hectares, have been significantly degraded due to population growth, overharvesting for construction, and salt production. Between 2000 and 2020, mangrove cover in Zanzibar declined by approximately 10% (Said et al., 2020). The Jozani-Chwaka Bay Biosphere Reserve has been a focal point for conservation, but human pressures from nearby settlements continue to pose challenges.
The Jozani Forest, part of the Jozani-Chwaka Bay National Park in Zanzibar, encompasses significant mangrove ecosystems that have experienced varying degrees of degradation over time. Historically, from the 1930s to the end of World War II, mangrove forests in the region suffered severe degradation due to minimal oversight by colonial authorities (Kombo et al., 2020). In recent decades, human activities such as overharvesting for timber, fuelwood, and charcoal, as well as land conversion for agriculture and urban development, have continued to pressure these ecosystems. Rapid population growth in surrounding communities has exacerbated the exploitation of mangrove resources, leading to notable declines in mangrove cover (Nyundo et al., 2023).
In summary, the mangrove ecosystems within Jozani Forest have experienced significant historical and ongoing degradation due to human activities and population pressures. Although conservation efforts have yielded some positive outcomes, continued and enhanced measures are necessary to ensure the sustainable management and restoration of these vital coastal habitats.
2.4.7 Factors Controlling Mangrove Distribution TC "2.4.7 Factors Controlling Mangrove Distribution" \f C \l "1" 
The distribution of mangrove species is controlled by several key factors, both natural and anthropogenic. These factors include:
Climate and Temperature: Mangroves thrive in tropical and subtropical regions, where temperature ranges and climatic conditions are stable. Temperature, along with precipitation patterns, significantly influences their geographical distribution. As climate change progresses, rising temperatures and altered rainfall patterns are shifting the boundaries of mangrove forests (Bhowmik et al., 2022; Karlstad University, 2022).
Sea-Level Rise: Sea-level rise, driven by climate change, is a crucial factor affecting mangrove distribution. Mangroves are particularly vulnerable to changes in sea levels, as they rely on specific tidal zones for growth. Rising sea levels can submerge mangrove forests or shift their range to higher ground, impacting their survival and distribution (Bhowmik et al., 2022).
Salinity and Water Quality: Mangrove species are adapted to brackish water, but variations in salinity often due to coastal erosion, freshwater flow changes, or human activities can significantly influence where mangroves can grow. Salinity intrusion, often exacerbated by climate change, can further stress mangrove systems (Bhowmik et al., 2022).
Human Activity: Land-use changes, including urbanization, agriculture, and aquaculture, are major drivers of mangrove deforestation. These human activities often lead to habitat loss, pollution, and changes in hydrological conditions, all of which disrupt the natural distribution of mangrove species (Karlstad University, 2022; Bhowmik et al., 2022).
These factors often interact, creating compounding effects on mangrove ecosystems. For example, aquaculture and agriculture can increase groundwater withdrawal, which may enhance the effects of salinity intrusion. This complex interaction makes mangrove forests highly vulnerable to further decline if not properly managed (Bhowmik et al., 2022).

2.4.8 Community Participation on Mangrove Forest TC "2.4.8 Community Participation on Mangrove Forest" \f C \l "1" 
The Forest Policies and the Forest Acts in both Tanzania mainland and Zanzibar promote community engagement in conservation of forest resources. Reforms introduced in the late 1990s and early 2000s provided the legal basis for participatory forest management (PFM) where communities can own and manage forest resources on village lands, termed community-based forest management (CBFM) or jointly manages forest resources within government forest reserves, termed joint forest management (JFM). 
However, attempts to practice collaborative management arrangements have not been successfully sustained due to a number of emerging challenges. Unclear benefit sharing modalities, tenure and user rights, decision-making powers, sectorial segmentation and political interference are major challenges (Blomley & Iddi, 2009). Typical examples of community-based initiatives in mangrove conservation are that of Kisakasaka in Zanzibar (Saunders et al. 2008) and Kipumbwi-Sange in Pangani, Tanga (Nurse & Kabamba 2000, Wells et al. 2010) where communities were facilitated to establish specified management areas and local institutions for planning, decision making and enforcement to govern participatory management of the mangroves. 
2.4.9 Mangrove Coverage TC "2.4.9 Mangrove Coverage" \f C \l "1" 
Mangrove forests, which are among the most valuable ecosystems on the planet, were previously estimated to cover 18,100,000 ha of land worldwide, but this figure has since been revised downward twice, first to 13,776,000 ha, and then to 8,349,500 ha. Along with other marine-related resources, mangroves are essential to the social and economic opportunities provided by initiatives, such as tourism, fishing and agriculture in Zanzibar (Mohamed, 2023).

Mangrove forests in Tanzania occur in continuous but fragmented stands almost all along the coastline (Mangora et al. 2016). In mainland Tanzania, the recent estimated coverage of 158,100 ha reported by NAFORMA (MNRT 2015) is debated due to the substantial dis parity from the immediate past estimations of for example, 115,475 ha (MNRT 1991; Semesi 1992) and 108,138 ha (Wang et al. 2003), indicating a substantial increase without providing information on any possible source of the increase in cover. For Zanzibar, mangroves are the second largest forest formation after the coral rag forests. Old mangrove covers estimate of about 12,000 ha for Pemba and 6,000 ha for Unguja (Griffith 1949; 1950) were officially recognized until 1997 when new estimates of 13,919 ha on Pemba and 5,829 ha on Unguja were provided as part of the national wood biomass survey initiative (Leskinen et al. 1997). 
The increase in cover for Pemba was not explicitly substantiated. These inconsistent statistics on mangrove cover explain the uncertain estimated rates of deforestation and loss of mangroves for the country. It is challenging to develop achievable plans to manage any resource if its current condition is not Mangroves in Zanzibar have a high value for biodiversity and scenic beauty. However, mangroves are susceptible to anthropogenic and natural environmental disturbances. Although global mangrove monitoring systems exist, it is the practitioners focused on small mangrove areas who are knowledgeable about the area in which they work. This study examined the change in mangrove cover in Chwaka Bay, using Landsat satellite data. 
The transformed divergence (TD) index and Jeffries–Matusita (J-M) distance were used to calculate reparability of land cover classes before classification. The overall accuracies ranged between 82.5 and 92.7% for Chwaka Bay. The kappa coefficients (ĸ) were in the range of 0.72–0.90, while the producer’s and user’s accuracies were between 72 and 100%. Chwaka Bay’s annual decrease in mangrove cover between 1973 and 2020 was 48.5 ha, compared to Menai’s 6.8 ha. The loss of mangroves in Zanzibar is linked to illegal timber/pole cutting, firewood collection, charcoal burning, unsustainable aquaculture, and agricultural and urban development. Others are changes in environmental conditions that are suitable for mangroves and climate change. (Mohamed Kh. Mohamed, 2023)
2.5 Research Gap TC "2.5 Research Gap" \f C \l "1"  

The impact of population growth on mangrove forests, particularly in ecologically sensitive areas like Jozani Forest in Zanzibar, remains underexplored. Key research gaps exist across ecological, socio-economic, policy, and methodological dimensions. While global studies highlight mangrove degradation due to human activities, long-term ecological effects of population growth on biodiversity, soil erosion, and water quality in Zanzibar are insufficiently studied. Socio-economically, population growth intensifies pressures on mangrove resources, yet data on its direct effects remain scarce. Conservation efforts face challenges from population-driven illegal resource extraction and land encroachment, but research on these impacts is limited. 
Furthermore, land use changes due to urbanization and agriculture require deeper investigation. Governance and policy studies fail to assess how population growth aligns with conservation frameworks. Cultural and behavioral influences on mangrove resource use remain understudied, limiting conservation strategy effectiveness. Methodologically, existing research isolates ecological and socio-economic factors, lacking interdisciplinary approaches or long-term monitoring. Addressing these gaps through comprehensive studies will enhance sustainable mangrove management in Zanzibar.
2.6 The Conceptual Framework TC "2.6 The Conceptual Framework" \f C \l "1"  
Conceptual framework “is setting of two or more interrelated concepts that present a systematic view of a phenomenon that helps to explain it and make predictions about the phenomenon”. The conceptual framework was used to give coherence throughout the research design and process. The under mentioned conceptual frame work of this study constitutes a causes and effects of population growth on mangrove forest.
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 Figure 2.3: Effect of population growth on Mangrove Forest TC "Figure 2.3: Effect of population growth on Mangrove Forest" \f F \l "1"  
Source: Researcher 2024
The conceptual framework illustrates the multifaceted relationships between population growth and mangrove forest degradation, particularly in the Jozani Forest of Zanzibar. These relationships emphasize how ecological, socio-economic, and governance factors interact to influence mangrove ecosystems.
Population Growth and Increased Resource Demand: As Zanzibar’s population grows, there is an escalating demand for resources such as timber, fuel wood, and land for agriculture and settlement. For instance, in villages surrounding Jozani Forest, mangrove wood is heavily utilized for construction and as a primary source of energy for cooking. This growing demand directly leads to overharvesting, which compromises the regenerative capacity of mangrove forests.
Increased Resource Demand and Deforestation: The increased exploitation of mangroves to meet resource needs results in widespread deforestation. In the Jozani area, studies have shown that mangroves are cut down not only for local use but also for commercial purposes, such as selling charcoal in urban markets like Stone Town. This unsustainable harvesting disrupts the balance of the ecosystem and accelerates forest loss.
Population Growth and Land Use Change: Population growth often triggers land use changes, such as the conversion of mangrove areas into agricultural fields or residential plots. In Zanzibar, the expansion of rice paddies and coconut plantations in areas adjacent to Jozani Forest has been identified as a major driver of mangrove habitat loss. These changes are often unregulated, leading to encroachment into protected areas.

Deforestation and Biodiversity Loss: The loss of mangrove forests has a cascading effect on biodiversity. Mangroves are critical habitats for species such as crabs, mollusks, and juvenile fish. In Jozani Forest, deforestation has been linked to declining populations of fish species that are vital to both the ecosystem and local fisheries. This loss of biodiversity further destabilizes the ecosystem and reduces its resilience.
Land Use Change and Mangrove Degradation: The conversion of mangroves to other land uses, such as aquaculture or urban development, leads to the degradation of these ecosystems. In Zanzibar, the unplanned expansion of tourism infrastructure along coastal areas has resulted in the destruction of mangroves, which serve as natural buffers against erosion and storm surges.
Biodiversity Loss and Mangrove Degradation: The decline in biodiversity weakens the ecological functions of mangroves, such as nutrient cycling and carbon sequestration. In Jozani Forest, the loss of key species has been shown to affect the forest’s ability to recover from disturbances, further contributing to its degradation.

Mangrove Degradation and Livelihood Impacts: Degraded mangroves reduce the availability of resources that local communities depend on for their livelihoods. For example, the reduction in fish stocks due to mangrove degradation has directly impacted artisanal fishers in the Jozani area, leading to decreased income and food security.
Policy and Governance Challenges: Ineffective policies and weak enforcement of conservation regulations exacerbate mangrove degradation. In Zanzibar, while the National Mangrove Management Plan exists, limited funding and inadequate community involvement have hindered its implementation. For instance, illegal logging continues to thrive in some parts of Jozani Forest due to insufficient monitoring.
Cultural and Behavioral Factors and Conservation Challenges: Local cultural practices and behaviors also influence resource use. In some communities, traditional fishing and harvesting practices are sustainable, but as populations grow, these practices are often replaced by more exploitative methods. Understanding these dynamics is crucial for designing effective conservation strategies.
Conservation Challenges and Mangrove Degradation: The challenges in implementing conservation strategies, such as limited community participation and weak institutional capacity, contribute to further mangrove degradation. In Jozani Forest, conservation efforts have often failed to address the root causes of resource exploitation, such as poverty and lack of alternative livelihoods.
Policy and Governance and Sustainable Solutions: Effective governance and well-designed policies can promote sustainable mangrove management. For instance, community-based forest management programs in Zanzibar have shown promise in involving local populations in conservation efforts, leading to reduced deforestation rates.
Sustainable Solutions and Livelihood Impacts: Implementing sustainable solutions, such as promoting alternative livelihoods like eco-tourism or sustainable aquaculture, can mitigate the negative impacts on mangroves while improving community well-being. In Jozani Forest, initiatives such as guided mangrove tours have provided income for locals while raising awareness about conservation.

In summary, the conceptual framework underscores the complex interplay between population growth, resource demand, ecological degradation, and socio-economic factors. Addressing these issues requires integrated approaches that combine ecological conservation, community engagement, and effective governance to ensure the sustainable management of mangrove forests in Zanzibar.

CHAPTER THREE TC "CHAPTER THREE" \f C \l "1" 
RESEARCH METHODOLOGY TC "RESEARCH METHODOLOGY" \f C \l "1" 
3.1 Introduction TC "3.1 Introduction" \f C \l "1" 
The methodology that was used in the research problem was based on research design sampling techniques, study population, and techniques used in this study, data collection techniques, data processing and analysis.
3.2 The Study Area TC "3.2 The Study Area" \f C \l "1" 
3.3.1 Location of the Study Area TC "3.3.1 Location of the Study Area" \f C \l "1" 
The study area for this research is the Jozani-Chwaka Bay Biosphere Reserve, located on Unguja Island in Zanzibar, Tanzania. It is one of the largest and most ecologically significant mangrove ecosystems on the island. The reserve is famous for its rich biodiversity, including unique species like the Zanzibar red colobus monkey, and is situated between Chwaka Bay and Jozani Forest. The reserve stretches along the central coastline of Unguja Island, playing a vital role in protecting the coastline from erosion, providing critical breeding grounds for marine life, and supporting local communities who rely on its resources. The coordinates of the Jozani-Chwaka Bay Biosphere Reserve are: Latitude: 6.2167° S and Longitude: 39.3333° E.
This location places the reserve in the central part of Zanzibar, encompassing both Jozani Forest and the adjacent Chwaka Bay area. It covers approximately 50 square kilometers and is part of the UNESCO Man and the Biosphere Program, aiming to balance human and ecological sustainability within protected areas. The local communities around the reserve are heavily dependent on its resources, emphasizing the importance of understanding the impact of population growth on the health of the mangrove forests in the region (Mchenga, 2017; UNEP, 2023).
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Figure 3.1: Location of Jozani Forest and Surrounding Villages TC "Figure 3.1: Location of Jozani Forest and Surrounding Villages" \f F \l "1"  
Sources: Abass-DFNRR-2014
3.3.2 Selection of Study Area TC "3.3.2 Selection of Study Area" \f C \l "1" 
The study area for this research was the Jozani-Chwaka Bay Biosphere Reserve in Zanzibar, Tanzania. This location was selected due to its ecological significance as a UNESCO-recognized biosphere reserve, its rich mangrove ecosystems, and its proximity to rapidly growing human settlements. The reserve provides a unique opportunity to study the interplay between population growth and environmental degradation, particularly in the context of mangrove forests.
The following criteria guided the selection of the study area: Ecological Importance:
The Jozani-Chwaka Bay Biosphere Reserve is home to diverse flora and fauna, including extensive mangrove forests that serve as critical habitats for marine and terrestrial species. Human-Environment Interaction: The reserve is surrounded by villages that heavily rely on mangrove resources for their livelihoods. This makes it an ideal site to investigate the impacts of human activities on mangrove ecosystems. Population Growth Dynamics: The area has experienced significant population growth over the past decades, exerting pressure on natural resources, including mangroves. 
This trend aligns with the study's objective to assess the effects of population growth on mangrove forests. Conservation Challenges: Despite ongoing conservation efforts, the reserve faces challenges such as illegal logging, land conversion, and inadequate enforcement of environmental policies. These issues provide a relevant context for examining mangrove degradation. Accessibility and Feasibility: The reserve's accessibility facilitated data collection, including field surveys, interviews, and remote sensing analyses, ensuring comprehensive and reliable results. By focusing on the Jozani-Chwaka Bay Biosphere Reserve, the study aims to generate insights that can inform sustainable management practices and policy interventions for mangrove conservation in Zanzibar and similar regions globally.
3.3.3 Climate TC "3.3.3 Climate" \f C \l "1"  

The climate of Jozani forest like other East African coastal areas is determined by geographical location and seasonal changes brought by the general circulation of air over the Indian Ocean. The monsoons have the dominant influence on wind direction and strength, temperature and rainfall. The northwest monsoon (Kaskazi) prevails from November to February and is characterized by high air temperatures of greater than 300C and weaker winds. The southeast monsoon (Kusi) lasts from April to September and is marked by lower air temperatures, approximately 250C, with stronger winds. Inter monsoon periods are calm. 
Rainfall in the tropics depends mainly on the movements of the air masses that cover the globe. The heavy rains from March to May are brought about when the Inter Tropical Convergence Zone (ITCZ) is to the north of the equator; hence Tanzania receives the convection currents causing rain. The short rains in October are due to the ITCZ moving southwards from the Tropic of Capricorn. There are no rainfall records from Jozani and only recently has a rain gauge been installed at the station, however data recording is still not satisfactory. Rainfall data from Zanzibar is presented showing mean monthly rainfall for a period of 13 years.  
Zanzibar receives rain almost all year round and no month completely lacks rainfall. East Africa coastal islands receive the highest rainfall, with Pemba receiving the highest rain (2000mm/year) while Zanzibar receive on the average 1565mm/year (UNEP, 2001). In Jozani area the locals refer to the heavy rains as "masika" and the short rains as "vuli". Unreliable rainfall between the two main seasons is known as "chororo. (Jozani - Chwaka Bay proposed national park biodiversity inventory report 2002).
3.3.4 Geology TC "3.3.4 Geology" \f C \l "1" 
The geology of the Jozani, Chwaka and surrounding areas is predominantly limestone formed during the Quaternary, through to the Miocene. Whereas the Jozani forest area is mainly comprised of Quaternary geologic formations, the remaining areas including Chwaka, Unguja Ukuu, Ukongoroni have a mixture of Quaternary and Miocene geologic formations (Jozani - Chwaka bay proposed national park biodiversity inventory report 2002).
3.3.5 Soils TC "3.3.5 Soils" \f C \l "1"  

Soils are closely related to the parent rocks and geomorphology. However, since the forest and most of the surrounding areas are under coral rag, the soils are shallow and in many areas the rag is emergent. In the Quaternary parent rock areas the laterites, alluvial and colluvial are predominant with some areas covered with marine, fluviatile sands and sandstone. The Miocene soils are comprised mainly of rhythmic fluviatile and deltaic sediments and lime stones. There are also sands, sandstones with marls, sandy clays and clayey sands. In forested areas the soils are mostly clay loam attaining black coloration due to humus. The forest soils are mostly damp or water logged in areas with a high-water table. Patches of sandy soil appear in places like Pete where the soil is brown and in Unguja Ukuu where the sandy soils are grey. 
In the mangroves there is fine mud clay, black in colour though the substrata could be comprised of sand. The coastline in Chwaka is sandy but some areas are muddy, especially where mangroves are present. (Jozani - Chwaka bay proposed national park biodiversity inventory report 2002).
3.3.6 Hydrology TC "3.3.6 Hydrology" \f C \l "1"  

The Quaternary geomorphology forms part of Zanzibar's corridor aquifer complex. Jozani area is reported to be the lowest in Zanzibar and the water table is generally high, often emerging above the ground surface forming springs and marshes. High water tables are also evident in areas with ground water forest. Some creeks in Charawe, Chwaka and Kichanga extend inland sometimes joining marshes and springs. Apparently there are no rivers in the area, only drainage lines where water flows during rains. The area is generally flat and with only very gentle slopes in some areas. 
The average water table gradient is 0.004 whereas the annual water table recharge due to two wet seasons range from 1.67m per year in areas with Quaternary rocks to 3.27 to 7.91m per year in Miocene rock areas. Water on the eastern coast shows increased chlorides due to wind blow sea spray and average total dissolved salts (TDS) ranges from 100 to 300mg/l. The water quality of Jozani and Cheju is slightly high with TDS ranging from 100 to 200mg/l. The limestone has little quality influence on water quality (Jozani - Chwaka bay proposed national park biodiversity inventory report 2002).
3.3.7 Vegetation TC "3.3.7 Vegetation" \f C \l "1"  

Biogeographically the flora of Zanzibar belongs to the Zanzibar-Inhumane regional centre of endemism (UNEP, 2001) which extends from Somalia to Mozambique coast. The proposed Jozani-Chwaka Bay National Park includes a wide range of discrete map able vegetation communities with rare and endemic plant species. Ground-water Forest occupies the central part enclosed by coral rag forests and bush land. Derived wooded grassland vegetation occurs in Mapopwe and Wangwani. Mangrove formations are well developed in Chwaka Bay to the north, and to a less extent in the southern end of the park (Jozani - Chwaka bay proposed national park biodiversity inventory report 2002).
3.3.8 Fauna TC "3.3.8 Fauna" \f C \l "1" 
Because of their relatively small size compared to the mainland coastline, generally the number of species is fewer in Zanzibar and Pemba islands than on the mainland. Since their isolation from mainland Tanzania about 10,000 - 15,000 years ago a number of endemic and near endemic species and subspecies have involved as a result of this geographical isolation. Due to the small size of the islands and habitat loss, large mammal species could not be supported. The largest mammal the Zanzibar leopard (carnivore) weights 50-82 kgs and the red duiker (herbivore) weigh only 14 kgs. 
Not many biological studies have been conducted on Zanzibar and Jozani Forest in particular related to identification of species. Most of the medium to large sized animal species have been identified. So far not much has been done on identification of small terrestrial animals including mammals, reptiles and amphibians. There has been some emphasis in studying fisheries resources due to their importance in the Zanzibar economy and livelihood of the people (Jozani - Chwaka Bay proposed national park biodiversity inventory report 2002).
3.3.9 Socio-Economic Activities TC "3.3.9 Socio-Economic Activities" \f C \l "1" 
Jozani Forest is a protected area located on the island of Zanzibar in Tanzania. It is known for its unique and diverse ecosystem, including the rare and endemic Zanzibar red colobus monkey. The forest serves as an important natural resource and a site for various socio-economic activities that benefit the local communities in the region, some of the socio-economic activities at Jozani Forest include:
Ecotourism: Jozani Forest has become a popular tourist destination due to its unique wildlife and natural beauty. Ecotourism activities such as guided nature walks and wildlife viewing tours generate income for the local communities. Visitors pay for guided tours, entrance fees, and other related services, providing employment opportunities and contributing to the local economy. Handicrafts and Souvenirs: Local artisans often produce and sell handicrafts and souvenirs made from sustainable materials found in the forest, such as coconut shells and palm leaves. These crafts are sold to tourists as mementos of their visit, providing an additional source of income for the local population.
Local Guides and Rangers: Local residents are employed as guides and rangers to help tourists explore the forest and learn about its unique flora and fauna. These jobs provide employment and training opportunities for the community. Forest Conservation: The presence of tourists and the revenue generated from tourism can incentivize local communities to actively participate in the conservation of the forest. This involvement helps protect the habitat and the endangered species living within it. Agriculture: Some local communities in the vicinity of Jozani Forest practice small-scale agriculture, which includes growing crops like cassava, maize, and spices. Agriculture is a vital socio-economic activity for local livelihoods, but it also poses a challenge to the forest's conservation as it may encroach on its boundaries.
Honey Production: Beekeeping and honey production are traditional activities in the area. Some local residents engage in sustainable beekeeping within or near the forest, providing an additional source of income while promoting the conservation of the ecosystem. Research and Education: Researchers and educators often visit Jozani Forest for scientific studies and educational purposes. These activities contribute to local capacity building and may create opportunities for collaboration with local communities. Carbon Credits and Environmental Payments: Efforts to protect the forest may also lead to opportunities for carbon sequestration and trading in carbon credits, or receive payments for ecosystem services from organizations or governments interested in forest conservation.
3.4 Research Design and Approach TC "3.4 Research Design and Approach" \f C \l "1" 
A research design serves as the blueprint for collecting, measuring, and analyzing data, ensuring that the research problem is addressed effectively and efficiently. Kothari (2004) defines it as "the plan, structure, and strategy of investigation conceived so as to obtain answers to research questions and to control variance."  In this study, a cross-sectional research design focusing on a case study was employed. Mugenda and Mugenda (1999) describe a case study as an in-depth investigation of an individual, group, institution, or phenomenon, aiming to determine the factors and relationships that have led to the current behavior or status. 

The case study design was chosen for its comprehensive approach, allowing for a deep and thorough examination of various aspects of the phenomenon under investigation. This method is flexible regarding data collection techniques, enabling the use of multiple methods to gather rich and detailed information. Kothari (2004) notes that case studies are particularly useful for understanding complex social phenomena, as they allow researchers to retain the holistic and meaningful characteristics of real-life events.  By adopting this research design, the study aims to provide a nuanced understanding of the factors influencing the subject of interest, facilitating the development of informed and effective solutions.
 Also, the study used both qualitative and quantitative approached. The advantage of quantitative research is that a lot of people’s reactions can be measured with a limited number of questions and comparisons as well as statistical aggregation of the data are possible. By combining these quantitative and qualitative approaches, the study was better equipped to capture the effects of population growth on mangrove forest in Zanzibar. This mixed-methods approach provided a comprehensive and nuanced understanding of the subject, enabling the formulation of well-informed recommendations and strategies for conservation and sustainable management.
3.5 Sample Size and Frame TC "3.5 Sample Size and Frame" \f C \l "1"  
The sample is the subset of the target population because it is selected from the population. It is also referred to as the composition of the set of elements from the population. It must be selected according to principles of sampling and this will make it a more representative of the total population. The appropriately selected sample will save resources and time; ensure accuracy and produce manageable data. A well-designed sample can represent the intended population. The major categories of sampling techniques are probability and non-probability sampling (Linus, 2020). Sampling frame of this study consisted of the total number of 3084 households in eight villages surrounding Jozani Mangrove Forest (Census, 2012). 
3.6 Sample Size TC "3.6 Sample Size" \f C \l "1" 
Sample Size is a proportional set of elements selected from the target population. Often in probability studies it is recommended that sample to be optimal enough for data collection. Too small size is likely to increase errors in the data collected while too large sample size will have implications on time and cost. About 354 households were included in this study, through simple random sampling and purposive sampling to assess the effects of population growth on mangrove forest resources in Jozani village. The sample size formula by Yamane (1967) based on calculating sample size.
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But for purposes of easy computation of proportionate samples, a round figure of 354 households was adopted. The sample size was drawn from household population of 3084. The sample size for each village will be determined proportionally as indicated in Table 3.1.
Table 3.1: The Study Sample Size for Households Questionnaire TC "Table 3.1: The Study Sample Size for Households Questionnaire" \f T \l "1" 
	SN
	VILLAGE
	Total number of house hold
	354 proportion representative sample of house hold
	Number of house hold sampled

	1.
	Chwaka
	726
	726/3084x 354
	83

	2.
	Cheju
	484
	484/3084 x354
	56

	3.
	Charawe
	217
	217/3084 x354
	30

	4.
	Uzi
	451
	451/3084 x354
	51

	5.
	Unguja Ukuu Kaebona
	323
	323/3084 x354
	37

	6.
	Unguja Ukuu Kaepwani
	340
	340/3084 x354
	39

	7.
	Ukongoroni
	187
	187/3084 x354
	21

	8.
	Pete
	323
	323/3084 x354
	37

	
	TOTAL
	3084
	
	354


Source: Researcher’s own construct (2023)

The unit of analysis for this study was the household. The sample size for the study was determined based on the total number of households in each village, with questionnaires targeting households as the primary source of data collection. A total of 81 households were sampled from Chwaka, 54 from Cheju, 24 from Charawe, 50 from Uzi, 37 from Unguja Ukuu Kaebona, 38 from Unguja Ukuu Kae Pwani, 21 from Ukongoroni, and 37 from Pete. The households were randomly selected to match the calculated sample size for each village, ensuring representation across the study area.

Data from the Tanzania National Population Census (2012–2022) was utilized to develop a reliable household sampling frame. Simple random sampling was employed to select households, adhering to the sampling size determined for each village using the Krejcie and Morgan (1970) table of sample size (Table 3.1 :). This approach ensured that each household had an equal chance of being included in the study, allowing for unbiased and representative data collection. By focusing on households as the unit of analysis, the study aims to capture the socio-economic and cultural dimensions of population growth and its effects on mangrove forests in Zanzibar.

3.7 Sampling Frame TC "3.7 Sampling Frame" \f C \l "1" 
Sampling frame: is a list of units in the population, the sampling frame should be checked from time to time to avoid people who were not in the list to be counted. The list should also be up dated as required. For instance, it is better to get the sampling frame from the studied village rather than depending on the census survey which may sometimes be out of date (Linus, 2020).
3.8 Sampling Techniques TC "3.8 Sampling Techniques" \f C \l "1" 
This study will employ two sampling techniques namely, simple random and purposeful sampling.
3.8.1 Simple Random Sampling TC "3.8.1 Simple Random Sampling" \f C \l "1"  

It is the basic sampling technique whereby each member from the population has an equal chance of being chosen (Linus, 2020). Simple random sampling was deployed to pick household to match the number of households select for questionnaire. Name of the entire respondent for each village was written on the pieces of paper by the researcher to maintain confidentiality. The names were mixed in the box and the selected person closes his eyes and picks the names according to the sample number for each village the respondent were selected random up gets the total sample size of each village as shown in Table 3.1. 

3.8.2 Purposive Sampling TC "3.8.2 Purposive Sampling" \f C \l "1" 
Purposeful sampling is the intentional seeking or selecting of individuals or situations likely to yield a greater understanding of phenomenon of interest (Kothari, 2004). Therefore, in this research the north of Unguja District Council, Jozani environmental conservation association (JECA), Pete village conservation committee, and Ministry of the forest resources in Zanzibar were selected in order to obtain the information, Purposive sampling also used to select thirteen (13) key informants among the government official from different related department to compliment the information provided by the communities (See the table for distribution of KI). 
3.9 Methods of Data Collection TC "3.9 Methods of Data Collection" \f C \l "1" 
Data were collected from both primary and secondary sources. In this study, questionnaires, interviews, focus group discussions, and satellite imagery were utilized as data collection methods.
3.9.1 Questionnaires TC "3.9.1 Questionnaires" \f C \l "1"  

General, quasi-structured questionnaire, which composed both open ended and close-ended questions used (Linus, 2020). Door-to-door surveys: Trained enumerators or volunteers can visit households within the village to conduct interviews and fill out the questionnaire with respondents. Household perception survey where by respondents required to fill the questionnaire from each proposed village. Using questionnaire, each member of the household was randomly selected on his/her household practices and attitudes relate to trend of population growth on mangrove forest, extent of mangroves deforestation and associated environmental impacts, the strategies and possible interventions to ensure sustainable management of mangroves forest in Jozani and Zanzibar in general and the relationship between surrounding community and mangrove forest. 
The dependent variables in this study included various demographic characteristics of the study population, such as age, educational level, sex, marital status, household size, and occupation of the respondents. These variables were crucial for understanding the effects of population growth on mangrove forests in Jozani Forest. Key aspects investigated under population growth trends included the factors contributing to population growth and the associated challenges and impacts on mangrove ecosystems. Additionally, the study explored community awareness and usage of mangrove resources, including perceptions of mangrove forest degradation and its environmental and socio-economic impacts. The research also assessed the effectiveness of conservation strategies and levels of community awareness regarding sustainable management practices. By analyzing these dependent variables, the study provided a comprehensive understanding of the intricate relationship between population dynamics and mangrove forest health, highlighting the need for targeted interventions to mitigate degradation and promote sustainable livelihoods.
3.9.2 Focus Group Discussions TC "3.9.2 Focus Group Discussions" \f C \l "1" 
The selection of individuals for the Focus Group Discussions (FGDs) was guided by purposive sampling, targeting participants with relevant knowledge, experience, and interest in the study topic. Participants were drawn from the eight study villages, ensuring representation from diverse perspectives while maintaining a manageable group size for effective discussion. Local leaders, including Shehas and members of village natural resource committees, were consulted to recommend individuals who were knowledgeable about mangrove restoration and the effects of population growth on mangrove forests. Their recommendations ensured that the selected participants had valuable insights and experiences. 
Efforts were made to include representatives from each of the eight villages to capture the broader community's perspectives. While the distribution did not strictly follow the population size of each village, it ensured balanced representation. The group comprised key stakeholders such as village leaders, members of natural resource committees, and community members who regularly interacted with mangrove ecosystems. Gender balance was also prioritized, resulting in a group of 11 men and 9 women, which provided diverse viewpoints on resource use and conservation strategies. 
Despite their varied roles and backgrounds, participants shared commonalities such as residing in the study area and being directly or indirectly involved with mangrove resources. This homogeneity facilitated focused and productive discussions. By carefully selecting participants through these criteria, the FGDs captured qualitative insights on mangrove restoration and the impact of population growth, complementing the quantitative data from household surveys. This approach provided a comprehensive understanding of community dynamics and challenges related to mangrove conservation.

3.9.3 Interviews TC "3.9.3 Interviews" \f C \l "1" 
The key informant interview process focused on collecting qualitative data from individuals with a direct stake in the topic of mangrove forest degradation at the Jozani-Chwaka Bay Biosphere Reserve, rather than based on their educational background. A total of 13 key informants were selected for the study, including representatives from various stakeholders. The participants consisted of one Sheha from each of the 8 villages involved in the study, resulting in 8 Shehas. Additionally, there was one representative from JECA, one from the Pete village conservation, and one from the Ministry of Forest Resources. These informants were chosen based on their involvement and expertise related to the conservation and management of mangrove forests, providing valuable insights into the trends of mangrove forest degradation in the region. In general, as summarized at the table below.
Table 3.2: Distribution of KII TC "Table 3.2: Distribution of KII" \f T \l "1" 
	Sn
	Interviewee
	No of Interviewee

	1
	JECA
	2

	2
	Pete village conservation committee
	2

	3
	Ministry of forest Resources
	1

	4
	Sheha of each village
	8

	
	TOTAL
	13


Source: Surveyor, 2023
3.9.4 Satellite Imagery TC "3.9.4 Satellite Imagery" \f C \l "1"  

For this study, satellite imagery was utilized to track mangrove changes in Chwaka Bay between 1998 and 2024. Landsat images from the years 1998, 2016, and 2024 were obtained from the US Geological Survey's Global Visualization Viewer (USGS Glovis) platform. Due to persistent cloud cover over the study area throughout the year, it was not possible to acquire Landsat images at consistent intervals. The Landsat MSS (Multispectral Scanner) captured data from Landsats 1–5, while Landsat TM (Thematic Mapper) and ETM+ (Enhanced Thematic Mapper Plus) feature 7 spectral bands, with a spatial resolution of 30 meters for bands 1 through 5 and 7. Band 6, the thermal infrared band, was captured at 120 meters and 60 meters, respectively. 
Landsat 8 provides 9 spectral bands with a spatial resolution of 30 meters for bands 1 through 7 and 9, and both Landsat 7 and 8 include a panchromatic band (band 8) at a 15-meter resolution. To ensure the accuracy of the classification results, Google Earth imagery, topographical maps, and aerial data from the Department of Forestry and the Department of Land Surveying in Zanzibar were used as reference datasets. The Landsat module in TerrSet IDRISI software version 18.1 was employed to perform radiometric correction on the Landsat images. The raw digital number (DN) values were converted into surface reflectance. Atmospheric correction was applied using the dark-object subtraction method to eliminate atmospheric haze. All images were reprojected to the UTM zone 30 North coordinate system. Additionally, the Landsat images were resampled to a spatial resolution of 15 meters using the nearest neighbor resampling technique.
3.9.4.1 Ground Control Points TC "3.9.4.1 Ground Control Points" \f C \l "1" 
Ground control points were collected in February 2025 using an eTrex® 20 GPS receiver, Landsat OLI imagery, topographical maps, and aerial photographs of the study sites. False color (RGB-754) Landsat OLI composites provided better detail and contrast for identifying land cover classes such as seawater, mangroves, other forests, and bare land. Transect lines were established within homogenous areas of each class, and 40 coordinates with an accuracy of 3 to 5 meters were recorded for each class in both study sites. These points were overlaid on the resampled Landsat images, converted into polygons in TerrSet 2020 v. 19.0, and used as reference data to create regions of interest (ROIs) for classification.
3.9.4.2 Image Classification TC "3.9.4.2 Image Classification" \f C \l "1" 
The Maximum Likelihood Classification algorithm was used to classify the Landsat images due to its solid theoretical foundation and ability to handle various data types, land use, land cover, and satellite systems. TerrSet's hybrid classification method, which combines pixel-based and segment-based approaches, was applied. The SEGMENTATION module was used to segment the image based on spectral similarity using a watershed approach. The SEGTRAIN module then converted these segments into training sites and signature classes. Finally, the SEGCLASS module classified the segments using pixel-based classification results.
3.9.4.3 Accuracy Assessment TC "3.9.4.3 Accuracy Assessment" \f C \l "1" 
Accuracy assessment is used to quantitatively determine how accurately the pixels were assigned to the correct land cover classes. The classifier's performance was evaluated through ground truth data. Confusion matrices were generated to calculate user’s, producers, and overall accuracies, along with kappa statistics. Producer’s accuracy (PA) reflects the probability that a land cover type on the ground will be correctly identified. User’s accuracy (UA) indicates how often a class mapped in the image actually appears on the ground. The kappa coefficient (κ) was used to test whether one error matrix significantly differs from another.
3.10 Data Analysis TC "3.10 Data Analysis" \f C \l "1" 
After collecting questionnaires, data were coded, classified, well tabulated and analyzed to make data analysis, Quantitative method compile, the analysis used a Statistical Package for Social science software (SPSS v.32) and Microsoft excel. The data were analyzed using descriptive method. In this method the perceptions, ideas, views, opinions, and basic facts and figure on establishment of Mangrove Forest at Jozani were analyzed using interpretive approach connections, classification pattern and categories of various variables in the study. The results of the data represented in descriptive form in table, graphs, charts, percentages, frequency and words. The satellite images were analyzed and processed (geo-referencing, mosaic, and extraction) to correct its geospatial imagery. Multiple band combinations were used to identify land use patterns within the Landsat images. Visible bands (red, green, and blue) 4, 5, and 6 will use for Landsat-8 image. 
3.11 Validity and Reliability TC "3.11 Validity and Reliability" \f C \l "1"  
Validity includes: Internal validity assesses the extent to which the study's design and methodology accurately measure the relationships and effects it claims to investigate. To enhance internal validity. Use a clear and well-defined research question and objectives. Ensure the research design minimizes potential biases and confounding variables. Implement proper controls and experimental conditions to isolate the impact of population growth on the mangrove forest. External validity examines the extent to which the study's findings can be generalized to other populations or settings. To enhance external validity, ensure that the selected sample or case (Jozani Forest) is representative of the broader population or other mangrove forests, Report the study's limitations and any potential constraints on generalizability. 
Construct validity focuses on whether the study accurately measures the theoretical constructs and concepts of interest. To enhance construct validity, use validated measurement instruments and data collection methods ensure that your research variables are well-defined and clearly represent the concepts you intend to study. Content validity ensures that the research instruments and data collection tools are comprehensive and adequately cover the relevant aspects of population growth's effects on the mangrove forest.
Reliability: Internal Consistency: For quantitative data, assess the internal consistency of measurement instruments by calculating reliability coefficients (e.g., Cronbach's alpha for surveys). High internal consistency indicates that the items within a scale or instrument consistently measure the same construct. Inter-Rater Reliability: If multiple researchers are involved, assess inter-rater reliability to ensure that different observers or coders are consistent in their data collection and analysis. 
Test-Retest Reliability: For surveys or questionnaires, conduct test-retest reliability tests to determine if the same results are obtained when measuring the same individuals or entities at different points in time. Data Collection Procedures: Ensure that data collection procedures are well-documented and standardized to minimize variations and inconsistencies in data collection. Documentation and Record 
Keeping: Maintain detailed records of the research process, including data collection, coding, and analysis, to facilitate transparency and verification Pilot Testing: Pilot test data collection tools and procedures to identify and address any potential issues with reliability before the main data collection phase. 
Peer Review: Consider seeking external peer review of the research methodology and data analysis to identify potential flaws or areas for improvement. Transparency and Reliability: Clearly document and report your research methodology, including data collection, analysis, and interpretation. This transparency allows others to assess the reliability of your study and potentially replicate your research.
By addressing these considerations and conducting rigorous testing and documentation, the validity and reliability of this research study on the effects of population growth on the Jozani Forest in Zanzibar. These measures help ensure that your findings accurately reflect the phenomenon under investigation and can be trusted by the scientific community.
3.12 Ethical Considerations TC "3.12 Ethical Considerations" \f C \l "1" 
The aim of this research is to analyze effects of population growth on mangrove forest in Zanzibar: a case of Jozani forest. Writing permission to conduct this study will seek and obtain from the Department of Forestry and Non-renewable Resources Zanzibar as well as from the Faculty of Arts and Social Sciences (FASS), Geography, Tourism and Hospitality studies of the Open University of Tanzania. The consent of the respondents will bargain physically to discuss verbally before involving them in the research. It was included briefing to the respondents about research objectives and how they are going to be benefited from the research.
The respondents were assured about the confidentiality in the information, which may be collected from them. The interview with respondents is set to be in privacy way record information, photos and narrations from respondents will use only for the purpose of this study. Respective all local government authorities where the study was conducted, consulted for permission of to conduct this study. In achieving this principle, respondents did not to include their names during interview and in their questionnaire sheets which made difficult for people to identify them. Also, individual respondents will assure of voluntary supplement from the study.
CHAPTER FOUR TC "CHAPTER FOUR" \f C \l "1" 
FINDINGS AND DISCUSSION TC "FINDINGS AND DISCUSSION" \f C \l "1" 
4.1 Introduction TC "4.1 Introduction" \f C \l "1" 
This chapter presents the findings of a study assessing the effects of population growth on mangrove forests in the Jozani-Chwaka Bay Biosphere Reserve. Guided by three objectives, the research examined population growth trends, the role of mangroves in local livelihoods, and mangrove degradation from 2002 to 2022. Data from 354 respondents, including community members and experts, revealed that population growth significantly contributes to mangrove degradation through increased resource exploitation. The findings, presented using tables and charts, highlight the importance of mangroves for livelihoods, the causes of degradation, and potential mitigation strategies. The chapter is structured into an introduction, respondent demographics, findings discussion, and a summary.
4.2 Socio-economic and Demographic Characteristics of Respondents TC "4.2 Socio-economic and Demographic Characteristics of Respondents" \f C \l "1" 
4.2.1 Age of the Respondents TC "4.2.1 Age of the Respondents" \f C \l "1" 
The information about the age of both community respondents was collected, analyzed and the findings were presented in Table 4.1. 
Table 4.1: Age of the Respondents TC "Table 4.1: Age of the Respondents" \f T \l "1" 
	Age
	Frequency
	Percentages

	18-25
	87
	25

	26-35
	130
	37

	36-45
	121
	34

	46-60
	11
	3

	61-above
	05
	1

	Total
	354
	100


Source: Field Survey (2023)
The age distribution of respondents in this study provides valuable insights into the demographic makeup of the communities surrounding the Jozani-Chwaka Bay Biosphere Reserve. The majority of respondents (71%) fall within the prime working-age population (26-45 years), which is significant because this group is most directly involved in activities that impact mangrove forests, such as farming, fishing, and resource extraction. Their perspectives on the effects of population growth on mangrove forests are crucial, as they represent the main workforce in the region. Given their active role in resource use, understanding their views on the relationship between population growth and mangrove degradation is essential for developing effective conservation strategies.

The youth demographic (18-25 years), comprising 25% of the respondents, is another key group. This age group is often more adaptable to new ideas and technologies, making them potential leaders in conservation efforts. Their involvement in the study may reflect a growing awareness of environmental issues and an increasing interest in sustainable practices. Younger individuals are generally more receptive to educational campaigns and conservation initiatives, and their perspectives could provide valuable insights into the future direction of mangrove forest conservation efforts in the region. Engaging this demographic in environmental education could help foster a more environmentally conscious generation that values the preservation of mangrove ecosystems. 
The elderly population (46 years and above) represents a smaller proportion of the respondents (4% combined). While this demographic is less represented in the sample, their input remains valuable. Older individuals may have witnessed the historical changes in the mangrove forests and can offer insights into how the environment has evolved over time. Additionally, they may possess traditional ecological knowledge that can contribute to a more holistic understanding of the mangrove ecosystem and its changes over the years. This traditional knowledge, often passed down through generations, can play a crucial role in identifying sustainable practices that have worked in the past and can be applied to modern conservation efforts.

The findings of this study highlight the importance of understanding the dynamics of different age groups in relation to the conservation of mangrove forests. The dominance of the prime working-age group (26-45) suggests that this demographic is most directly engaged in activities that affect the mangrove ecosystem. Changes in their population size or behavior, such as increased resource extraction or land use, could have significant implications for mangrove degradation. It is important to consider how this group balances their livelihoods with the need for conservation and to explore how their involvement in conservation efforts can be enhanced through education, awareness, and economic incentives.

The youth group (18-25) represents an opportunity for long-term conservation efforts. Their relatively high percentage in the sample indicates a growing interest in environmental issues in Zanzibar, which could be leveraged to support conservation initiatives. By engaging this group in environmental education and sustainable practices, it is possible to cultivate a generation that values the preservation of mangrove forests and is more likely to adopt conservation-friendly behaviors. The elderly population, though smaller in number, offers a unique perspective. Their historical knowledge and traditional ecological practices can provide valuable insights into how mangrove forests have changed over time and how these changes can inform current conservation strategies. Incorporating their perspectives into the study is essential for understanding the long-term trends in mangrove degradation and the role that population growth has played in these changes.
These findings align with similar studies conducted in other regions. For instance, a study by Chua et al. (2016) on coastal communities in Southeast Asia found that younger individuals were more likely to engage in conservation efforts and adopt new technologies, while older generations contributed valuable traditional knowledge but were less likely to participate in modern conservation initiatives. This finding is consistent with the observations in this study, where younger individuals are more open to new conservation methods and education, while older individuals contribute valuable historical and traditional insights.
A study by Adams et al. (2018) in the Pacific Islands highlighted the strong role of the elderly population in community-based conservation initiatives, as they were often the custodians of traditional knowledge and practices that helped protect local ecosystems. Although this study did not find as large a proportion of elderly respondents, it underscores the importance of integrating traditional ecological knowledge into conservation strategies, a point that is relevant to the findings of this study as well.

Overall, the age distribution of respondents in this study suggests that a multi-generational approach to mangrove forest conservation, involving both younger and older populations, may be the most effective way to address the challenges posed by population growth and environmental degradation in Zanzibar. By combining modern conservation strategies with traditional knowledge, it is possible to create a more sustainable and inclusive approach to managing the Jozani-Chwaka Bay Biosphere Reserve.
4.2.2 Respondent Composition by Gender TC "4.2.2 Respondent Composition by Gender" \f C \l "1"  

The information about the gender of both community respondents was collected, analyzed and findings presented in the following tables.
Table 4.2: Gender of Respondents TC "Table 4.2: Gender of Respondents" \f T \l "1" 
	Gender
	Frequencies
	Percentage

	Male
	190
	54

	Female
	164
	46

	Total
	354
	100


Source: Field Survey (2023)
The gender distribution of respondents in this study, as shown in Table 4.2, reveals that 54% of the respondents are male, while 46% are female. Although the higher percentage of male respondents does not directly imply that men are solely responsible for the degradation of mangrove forests, it is important to recognize that certain activities more commonly associated with males, such as fishing, logging, and coastal development, have a greater potential to negatively impact mangrove ecosystems. Men are often more directly involved in resource extraction and land-use practices that can contribute to mangrove degradation. This underscores the need for targeted interventions aimed at promoting sustainable practices and raising awareness among male respondents about the importance of mangrove conservation.
On the other hand, while female respondents are slightly lower (46%), their role in the management and conservation of mangrove ecosystems is equally significant. Women are often involved in activities such as agriculture, tourism, and land use, which can also affect the health of mangrove forests. Their involvement may vary depending on local context, cultural norms, and economic factors. In many coastal communities, women manage household resources and are responsible for activities like food production and water collection, which can indirectly impact the environment. Therefore, engaging women in mangrove conservation efforts and empowering them to participate in decision-making processes can help mitigate destructive practices and promote sustainable alternatives. Moreover, involving women in conservation efforts can contribute to gender equality and enhance the overall effectiveness of conservation initiatives.
The higher male respondent (54%) indicates their active engagement in activities that directly affect the mangrove ecosystem. As sectors like fishing, logging, and coastal development are often male-dominated, it is essential to focus on promoting sustainable practices within these activities. Encouraging men to adopt eco-friendly practices, such as sustainable fishing techniques and responsible land use, can help reduce the negative impact on mangrove forests. Additionally, raising awareness among male respondents about the ecological importance of mangroves and the long-term benefits of conservation can foster more responsible behavior. While the female respondents are slightly lower (46%), their involvement in conservation efforts should not be overlooked. 
Women often possess unique knowledge and perspectives on environmental management, especially in terms of household resource management and community-based conservation. Including women in decision-making processes and leadership roles in conservation initiatives can lead to more inclusive and effective management strategies. Empowering women to actively participate in mangrove conservation can also contribute to gender equality and social empowerment, as women in many regions are often underrepresented in environmental governance.
The findings of this study are consistent with research conducted in other coastal communities. For instance, Kothari et al. (2014) conducted a study on coastal resource management in India, which found that men were more likely to be involved in resource extraction activities, such as fishing and logging, which contributed to the degradation of mangrove forests. Women, in contrast, were more likely to engage in agriculture and other land-use practices that indirectly affected the mangrove ecosystem. This study emphasized the importance of involving both men and women in conservation efforts, as each gender plays a distinct but complementary role in managing natural resources.
Similarly, Pomeroy et al. (2017) studied community-based coastal management in Southeast Asia and found that men were more likely to participate in decision-making processes related to resource extraction, while women were more involved in activities such as agriculture and household management. This research stressed the need to integrate both genders into conservation initiatives to ensure that all perspectives are considered and that conservation strategies are inclusive and effective. This aligns with the findings of the current study, which suggests that both male and female respondents have important roles to play in the conservation of mangrove forests. 
In contrast, Hossain et al. (2019) conducted a study in Bangladesh that found women in coastal communities were often more engaged in mangrove conservation efforts than men, particularly in terms of planting and protecting mangrove saplings. This finding highlights the potential for women to play a more active role in conservation, especially when they are given the opportunity to participate in environmental decision-making and leadership roles. Although this study did not find the same level of female involvement in mangrove conservation, it emphasizes the importance of creating opportunities for women to engage in conservation activities.
The gender distribution of respondents in this study highlights the distinct roles that men and women play in the management and conservation of mangrove forests. While men are more likely to be involved in activities that directly impact the ecosystem, such as fishing and logging, women also play an important role through activities like agriculture and land use. Engaging both genders in conservation efforts, promoting sustainable practices, and empowering women to participate in decision-making processes can lead to more effective and inclusive conservation strategies. By addressing the specific needs and roles of each gender, it is possible to foster a more sustainable approach to mangrove forest conservation in the Jozani-Chwaka Bay Biosphere Reserve.
4.2.3 Respondent Composition by Marital status TC "4.2.3 Respondent Composition by Marital status" \f C \l "1"  

The information about the marital status of both community respondents was collected, analyzed and findings presented in the following tables.
Table 4.3: Marital status of Respondents TC "Table 4.3: Marital status of Respondents" \f T \l "1" 
	Marital status
	Frequency
	Percentages

	Married
	112
	32

	Single
	103
	29

	Divorced
	96
	27

	Widow
	43
	12

	Total
	354
	100


Source: Field Survey (2023)
The data from Table 4.3 underscores the significance of marital status in shaping individuals' interactions with natural resources, particularly mangrove ecosystems. This observation aligns with current studies that explore the intersection of marital status, resource dependency, and conservation behaviors. Married Respondents (32%), Married individuals often exhibit a heightened commitment to resource conservation, driven by family responsibilities and the need to ensure sustainable livelihoods. A study on forest conservation behaviors found that married individuals tend to show greater willingness and involvement in conservation activities compared to their unmarried counterparts. Single Respondents (29%), Single individuals may demonstrate adaptability and mobility, potentially influencing their engagement in conservation efforts. However, their perspectives might focus more on immediate needs or personal development rather than long-term resource sustainability. This distinction suggests that conservation strategies should consider the varying motivations across different marital statuses.
Divorced Respondents (27%), Divorced individuals may face unique challenges that affect their reliance on natural resources. Changes in living situations and responsibilities can influence their interactions with the environment. Understanding these dynamics is crucial for developing inclusive conservation policies that address the specific needs of this group. Widows (12%), Widows often encounter gender-specific vulnerabilities, especially in resource-dependent communities. In many cultural contexts, they may depend heavily on natural resources due to limited access to alternative livelihoods or social support. Recognizing these challenges is essential for creating gender-sensitive conservation initiatives that support widows' livelihoods and promote sustainable resource management.
Resource Dependency: The significant representation of married, divorced, and widowed individuals highlights the dependency of family-oriented groups on mangrove resources. Conservation efforts must consider the socio-economic roles of mangroves in sustaining these livelihoods. Diverse Perspectives: The diversity in marital status emphasizes the need for inclusive policies that address varying priorities and challenges. For instance, single individuals might support innovative conservation strategies, while married respondents might advocate for policies ensuring resource sustainability for families. The interplay between marital status and resource dependency is complex and multifaceted. Current studies reinforce the importance of considering marital status in the development of effective and inclusive conservation strategies, particularly in mangrove-dependent communities.
4.2.4 Respondents Composition by Education TC "4.2.4 Respondents Composition by Education" \f C \l "1" 
The information about the education of community respondents was collected, analyzed and the findings were presented in the following figures:
[image: image43.png]Population Growth Trends

= Population Growth Trends

325

28% 28%

Less than 1year 1syess s10vears More than 10 years




Figure 4.1: Education Level of Respondents TC "Figure 4.1: Education Level of Respondents" \f F \l "1" 
Source: Field Survey (2023)
The findings presented in Figure 4.1 indicate that the educational level of respondents plays a crucial role in shaping their understanding, attitudes, and behaviors towards mangrove forest conservation. A significant portion of the sample, 36%, has no formal education, suggesting that a large number of community members may lack awareness of the ecological importance of mangrove forests. This limited understanding could result in unintentional harmful practices, such as overexploitation or habitat destruction. Therefore, it is essential to implement targeted educational programs and awareness campaigns aimed at this group to increase their understanding of the value of mangrove ecosystems and the importance of sustainable resource use.
Respondents with primary education, accounting for 29% of the sample, are likely to have a basic understanding of environmental issues. This group is more receptive to educational initiatives and can benefit from practical information on engaging in responsible activities, such as sustainable fishing or agriculture, that do not harm the mangrove ecosystem. Thus, primary education presents an opportunity for raising awareness and encouraging more sustainable practices within the community, making it a key target for community-based conservation efforts.
The 21% of respondents with secondary education are likely to have a more comprehensive understanding of environmental issues and the importance of mangrove conservation. These individuals are more aware of the ecological significance of mangroves and can play a vital role in advocating for sustainable practices within their communities. They may also be more inclined to participate in community-based conservation initiatives and support efforts to protect mangrove forests. Their increased awareness contributes to the development of a more informed and proactive community, which is essential for the long-term success of conservation programs.
Respondents with technical education (7%) possess specialized knowledge that could be crucial in addressing the challenges faced by mangrove ecosystems. These individuals may have the skills needed for research, conservation planning, and implementing sustainable technologies. Their expertise can be instrumental in developing innovative solutions for mangrove restoration, management, and protection. Similarly, those with diploma or university education (7%) are likely to have a higher level of environmental awareness and can be involved in more advanced roles in environmental management, policy-making, and research. Their involvement in decision-making processes can help shape policies and practices that support the conservation of mangrove forests on a larger scale.
The results underscore the significant impact of educational levels on attitudes toward environmental conservation. Respondents with lower levels of education, such as those with no formal or primary education, may require more foundational education and awareness campaigns to understand the importance of sustainable practices. In contrast, individuals with secondary, technical, or higher education can contribute to more advanced conservation efforts, including policy development, research, and community leadership.
These findings suggest that a multi-tiered approach to education and engagement is necessary to address the needs of different groups within the community. Tailoring conservation efforts to the educational background of community members can lead to more effective and inclusive strategies that promote sustainable mangrove management. By targeting specific educational levels with appropriate information and initiatives, it is possible to foster a collective effort to protect and preserve mangrove ecosystems.
Comparing these findings with other studies, the results align with similar research conducted in other regions. For instance, Chuenpagdee et al. (2017) in Southeast Asia found that higher education levels significantly influenced individuals' understanding of environmental issues and their participation in conservation activities. This is consistent with the findings of this study, where respondents with higher education, such as secondary or university education, were more likely to be aware of the importance of mangrove conservation and more willing to engage in conservation efforts. 
Additionally, research by Binns et al. (2014) in coastal communities in Africa supports the idea that individuals with higher education are more likely to be involved in environmental decision-making and resource management.  A study by Hossain et al. (2019) in Bangladesh found that low levels of education were associated with limited awareness of environmental issues, leading to unsustainable practices such as overfishing and mangrove destruction. This finding mirrors the results of this study, where respondents with no formal education were more likely to lack awareness of the importance of mangrove conservation and engage in harmful practices. The educational level of respondents has a significant impact on their understanding and attitudes towards mangrove conservation. The findings suggest that individuals with lower levels of education require targeted educational programs to increase their awareness of sustainable practices, while those with higher levels of education can contribute to more advanced conservation efforts. A tailored approach to education and engagement, based on the educational background of community members, can promote more effective and inclusive conservation strategies. This approach will ensure a collective effort to protect and preserve mangrove ecosystems, ensuring their sustainability for future generations.
4.2.5 Respondents Composition by Occupation TC "4.2.5 Respondents Composition by Occupation" \f C \l "1" 
The occupation data of the community respondents were collected, analyzed and the findings were presented in the following figure:
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Figure 4.2: Main Economic Activities of Respondents TC "Figure 4.2: Main Economic Activities of Respondents" \f F \l "1" 
Source: Field Survey (2023)
The findings presented in Figure 4.2 reveal the diverse range of economic activities among the respondents and their interconnection with mangrove ecosystems, particularly in the context of population growth. Fishing, which constitutes 34% of the sample, emerges as the most significant economic activity. Fisher folk rely heavily on mangrove ecosystems for their livelihoods, as these areas serve as vital breeding and nursery grounds for many fish species. Population growth can significantly impact fishing communities by altering the availability of fish stocks, reducing habitats, and increasing competition for resources. These changes can lead to a decrease in income and food security for fisher folk, making their perspectives essential for understanding the environmental and economic consequences of population growth on mangrove ecosystems.
Farming, representing 22% of the sample, is the second most common economic activity. While farmers are not directly linked to mangrove ecosystems, they are still affected by the broader environmental changes driven by population growth. Changes in land use, water resources, and environmental conditions can affect agricultural productivity and sustainability. For instance, population pressures may lead to shifts in the availability of freshwater, land for cultivation, or the quality of soil, which can have significant implications for the agricultural sector. Understanding the perspectives of farmers is crucial in assessing the broader impacts of population growth on the local economy and environment, as their livelihoods are influenced by changes in land-use patterns and environmental conditions.
Tourism, which constitutes 28% of the sample, is another key economic activity closely tied to the preservation of natural environments like mangrove forests. The tourism industry often depends on the health and attractiveness of natural ecosystems, including mangroves, which provide recreational and educational opportunities for tourists. Population growth can influence tourism by degrading the quality of natural attractions, reducing biodiversity, and altering the availability of jobs within the sector. The findings highlight the importance of considering the views of those working in tourism to understand how population growth may affect this industry, as it plays a significant role in local economies and sustainable development.
Environmental conservationists, who make up 4% of the sample, play a critical role in advocating for the protection of mangrove ecosystems. Although their numbers are relatively small, their perspectives are vital in understanding how population growth impacts mangrove conservation efforts. Environmental conservationists are likely to focus on preserving these critical ecosystems, emphasizing the need to mitigate the negative effects of population growth through sustainable practices and policies. Their involvement in conservation efforts is crucial for ensuring that mangrove forests are protected for future generations.
Pastoralism, representing 5% of the sample, is an economic activity that is less directly connected to mangrove ecosystems but still affected by population growth. Pastoralists, who are primarily involved in livestock farming, may experience indirect effects through changes in land use, resource competition, and climate-related challenges. As population growth leads to increased demand for land and resources, pastoralists may face pressures on grazing land, water resources, and the availability of forage for their livestock. This can lead to conflicts over land use and resource access, affecting the sustainability of pastoral livelihoods.
The Other category, representing 7% of the sample, includes a variety of occupations not specifically mentioned in the survey. These respondents may have unique perspectives that provide additional insights into how different occupations intersect with population growth and mangrove conservation. Exploring the experiences of individuals in this category can help develop a more comprehensive understanding of the diverse ways in which population growth affects both the community and the environment.
The findings suggest that population growth has a multifaceted impact on various sectors of the local economy, with varying implications for mangrove conservation. Fisher folk, who rely directly on mangrove ecosystems, are the most vulnerable to the effects of population growth, particularly in terms of resource availability and habitat destruction. The tourism industry, while benefiting from healthy ecosystems, may also face challenges related to the degradation of natural attractions due to population pressures. Farmers, although not directly dependent on mangroves, are still affected by broader environmental changes driven by population growth, such as shifts in land use and resource availability. Environmental conservationists play a key role in advocating for the preservation of mangrove ecosystems, while pastoralists face indirect challenges related to land and resource competition. The study highlights the need for a comprehensive approach to managing population growth and its impact on mangrove ecosystems. Considering the perspectives of various economic sectors is essential in developing more inclusive and effective strategies for managing the effects of population growth on mangrove forests. Engaging stakeholders from different sectors in conservation efforts will help ensure that all relevant perspectives are considered, leading to more effective conservation strategies.
The findings of this study align with similar research conducted in other regions. For example, McLeod et al. (2011) conducted a study on coastal communities in Southeast Asia, which found that fishing communities are particularly vulnerable to the effects of population growth. These communities rely heavily on natural resources for their livelihoods, and population growth can exacerbate the depletion of critical habitats like mangroves. This study highlights the need for targeted interventions to support sustainable fishing practices and protect mangrove ecosystems, which is consistent with the findings of this research, where fisherfolk were identified as a key group affected by population growth. Similarly, Binns et al. (2014) conducted research on rural communities in Africa, finding that farmers, while not directly dependent on mangroves, are still impacted by environmental changes caused by population growth, such as shifts in water availability and land use. This supports the findings of this study, where farmers were identified as a group that may be indirectly affected by population growth through changes in environmental conditions.
Research by Gossling et al. (2019) on the tourism industry in coastal areas found that population growth can have both positive and negative effects on tourism. While tourism can benefit from the preservation of natural ecosystems, it can also be negatively impacted by environmental degradation caused by population pressures. This aligns with the findings of this study, where the tourism industry was identified as both dependent on the preservation of mangrove ecosystems and vulnerable to the negative impacts of population growth.
In contrast, Sultana (2019) conducted a study on pastoral communities in Bangladesh, finding that pastoralists are often indirectly affected by population growth through changes in land use and resource competition. This finding is consistent with the results of this study, where pastoralists were identified as a group that may face challenges related to land and resource access due to population pressures. The findings of this study underscore the complex relationship between population growth and the various economic activities that depend on mangrove ecosystems. The perspectives of fisher folk, farmers, tourism workers, environmental conservationists, and pastoralists provide valuable insights into the broader impacts of population growth on the local economy and environment. Understanding these perspectives is crucial for developing effective strategies to manage the impacts of population growth on mangrove forests and ensure the sustainability of these critical ecosystems for future generations. 
4.3 Trends of Population Growth in the Study Area TC "4.3 Trends of Population Growth in the Study Area" \f C \l "1" 
The data related to the length of time respondents have lived in their current village provides historical context on population trends in Zanzibar, which have implications for understanding environmental pressures, such as those affecting mangrove forests in areas like Jozani Forest. Before Zanzibar gained independence in 1963, the population was relatively small, estimated to be a few hundred thousand. Detailed census data from that period is limited; however, the first post-independence census in 1967 recorded a population of approximately 368,000 (Census, 1967). Subsequent censuses indicate a steady increase in population: 479,000 in 1978, 634,000 in 1988, and 984,625 in 2002. By 2012, the population had risen to about 1,303,569, and the most recent census in 2022 reported a population of 1,889,773 (National Bureau of Statistics, 2022) (Table 4.4).
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	Year
	Population (in thousands)
	Growth Rate (%)

	1967
	354.8
	—

	1978
	476.1
	34.2

	1988
	640.7
	34.6

	2002
	985.0
	53.8

	2012
	1,303.6
	32.4

	2022
	1,889.8
	44.9


Source: National Bureau of Statistics (2022)

Table 4.4 illustrates the steady increase in Zanzibar’s population over the past five decades, with fluctuations in growth rates influenced by various socioeconomic and demographic factors. The population of Zanzibar has experienced significant growth, increasing from 354,800 in 1967 to 1,889,800 in 2022, marking a more than fivefold rise. This growth trajectory, amounting to an increase of approximately 1.5 million people, highlights a consistent upward trend. The highest recorded growth rate was between 1988 and 2002, reaching 53.8%, likely driven by improved healthcare services, reduced mortality rates, and migration. Conversely, the slowest growth rate occurred between 2002 and 2012, at 32.4%, which may be attributed to family planning initiatives, economic challenges, or declining birth rates. However, the period from 2012 to 2022 saw a resurgence in growth, with a rate of 44.9%, potentially due to high birth rates and improved economic opportunities.
Several key factors have contributed to Zanzibar’s population growth. Improved access to healthcare, particularly maternal and child health services, has played a crucial role in reducing mortality rates and increasing life expectancy (Revolutionary Government of Zanzibar, 2020). Economic development, including urbanization and job creation, has also encouraged higher birth rates and migration (NBS & OCGS, 2014). Additionally, education and family planning initiatives have influenced population trends, particularly during periods of lower growth, such as between 2002 and 2012 (UNFPA Tanzania, 2017).
Despite the benefits of population growth, rapid expansion poses several challenges. Environmental pressure has intensified, with increased strain on natural resources such as mangrove forests, water sources, and agricultural land. Higher population densities have also led to infrastructure challenges, including overcrowding, inadequate housing, and strained healthcare and education systems. Furthermore, food security concerns are rising as the demand for arable land, overfishing, and deforestation increase to meet the needs of a growing population.
The figure 4.3 highlights a consistent trend of population growth in Zanzibar over the decades, with the rate of increase varying between census periods. Factors contributing to this growth include high birth rates, declining mortality rates, migration patterns, and economic conditions. Such demographic changes are crucial for understanding the pressures on natural resources, including mangrove ecosystems, as larger populations often result in increased demand for land, fuel, and other resources derived from forests. 
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Source: Field survey 2023
The case of Jozani Forest illustrates how the duration of residence influences levels of awareness and impact regarding population growth and its effects on mangrove forests. Long-term residents, having witnessed these demographic shifts over decades, are likely to provide critical insights into cumulative impacts on mangrove ecosystems. In contrast, shorter-term residents may focus on recent trends and immediate challenges, such as resource extraction and land-use changes. This nuanced understanding underscores the importance of integrating diverse perspectives into conservation strategies to address both historical and emerging challenges effectively.
The data underscores the critical role of residency duration in shaping respondents’ knowledge and perceptions of population growth and its effects on mangrove ecosystems. Residents who have lived in the village for less than one year (28%) are relatively new to the area and may lack historical insights into long-term trends. Their observations are often shaped by immediate experiences, such as recent infrastructure expansion or environmental changes. Despite their limited historical perspective, this group provides essential insights into emerging challenges, particularly those linked to recent population dynamics and resource use. In contrast, the largest group, comprising residents with 1–5 years of tenure (32%), represents a critical segment with mixed knowledge. These individuals are likely to have observed short-term changes in population dynamics, such as increased resource extraction or shifts in land use. Their perspectives bridge immediate observations with emerging trends, offering valuable input into recent shifts in mangrove ecosystem use.
Respondents with 6–10 years of residency (12%) provide medium-term perspectives, offering a deeper understanding of gradual degradation processes and shifts in community practices that affect mangroves. This group connects short-term observations to longer-term patterns, helping to illuminate the medium-term impacts of population growth on mangrove ecosystems. Meanwhile, respondents with more than 10 years of residency (28%) contribute the most comprehensive historical perspective. Having witnessed long-term changes in population growth and its impact on mangrove ecosystems, their insights are invaluable for understanding cumulative effects and the trajectory of environmental challenges. This group is particularly vital in documenting historical shifts in resource use and population dynamics, which can inform sustainable management strategies.
The findings emphasize the importance of addressing knowledge gaps influenced by residency duration. Short-term residents often focus on immediate concerns and recent developments, while long-term residents provide critical historical insights. Conservation efforts should strategically leverage the diverse knowledge of all residency groups. Long-term residents can guide historical trend analysis, while newer residents can identify emerging challenges. Effective community-based conservation strategies must engage all groups to ensure a holistic understanding of population dynamics and their environmental impacts.
These findings align with existing research on the relationship between residency duration and environmental perceptions. Smith et al. (2023) emphasized that long-term residents provide nuanced insights into historical ecosystem degradation, consistent with the current findings. Similarly, Nguyen et al. (2022) observed that short-term residents often prioritize immediate economic opportunities, such as resource extraction, which increases pressure on mangroves. This aligns with the findings regarding the less-than-one-year group. However, some studies present contrasting perspectives. Chowdhury et al. (2021) suggested that short-term residents might lack engagement in conservation efforts due to their transient nature, a view that contrasts with this study’s findings on the potential of this group to offer valuable insights into recent trends and challenges. Alvarez et al. (2020) argued that medium-term residents are often less involved in community-driven conservation due to limited integration into local networks. This perspective differs from the observed potential of this group to provide medium-term trend analysis. On the other hand, Kumar et al. (2023) reinforced the importance of long-term residents in documenting historical changes, concurring with the current study.
To address these dynamics, future research should adopt integrative approaches that combine insights from all residency groups to develop a comprehensive understanding of population dynamics and environmental impacts. Longitudinal studies could provide deeper insights into how residency duration shapes perceptions and conservation actions. Policies should address the unique needs and perspectives of different residency groups to foster inclusive and effective conservation strategies. To achieve this, conservation efforts should engage all groups by designing educational programs tailored for new residents to familiarize them with the ecological importance of mangroves quickly. 
The historical insights of long-term residents should be leveraged in shaping conservation strategies. Promoting stable settlements through sustainable livelihood opportunities could help reduce excessive migration pressures on mangrove ecosystems. Additionally, participatory conservation efforts involving residents across all durations of settlement should be prioritized, ensuring a mix of historical perspectives and new ideas for effective planning and action. During interview one of shekha narrated her words by saying that;  
“…the population has increased by no less than 27% over the past five years, driven primarily by in-migration from various parts of Zanzibar. This demographic shift is largely attributed to the pursuit of economic opportunities near the Jozani Forest, particularly in trade and farming activities. The influx of new residents has placed increasing pressure on mangrove ecosystems, accelerating land-use changes and resource demands. (According to an interview with the Sheikh of Pete village: 2023)
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The information about the Changes in the population of village over the past 10 years was collected, analyzed and findings presented in Table 4.5.
	Region
	2012 Census
	2022 Census
	Change 
	Rate of Change %

	Charawe
	954
	1,571
	617
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 64.7

	Chwaka
	3,196
	5,701
	2,505
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	Cheju
	2,038
	2,510
	472
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 23.2

	Ukongoroni
	896
	1,156
	260
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	Pete
	1,420
	2,108
	688
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	U/kaepwani
	1,563
	2,330
	767
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	Uzi
	1,801
	3,075
	1,274
	[image: image30.png]— = X100 =
1801



 70.7

	U/kaebona
	1,362
	1,788
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Table 4.5: Population of Kusini District by Sex and Average Household Size TC "Table 4.5: Population of Kusini District by Sex and Average Household Size" \f T \l "1" 
Source: (OCGS: 2023)
The population data from the 2012 and 2022 censuses for various areas within Kusini District highlights significant population growth over the decade, with all regions experiencing notable increases. Among these areas, Chwaka and Uzi recorded the highest growth rates at 78.4% and 70.7%, respectively, reflecting substantial demographic changes. Other regions, such as Charawe, Pete, and U/kaepwani, also experienced significant population increases, indicating a broader trend of growth across Kusini District. This population surge aligns with the findings of Ahmed et al. (2018), which report an average annual growth rate of 3.5% in villages adjacent to Jozani Forest over the past decade. Ahmed’s suggests that both rural-urban migration and natural population growth are primary drivers of this trend, a perspective further supported by Jamal’s (2017) study, which emphasizes the role of migration in shaping population dynamics in the region.
The rapid population growth in these areas raises concerns about the potential impact on the surrounding mangrove ecosystems, particularly the Jozani Forest. Research by Ali et al. (2021) documents significant habitat degradation, sedimentation, and loss of biodiversity in the Jozani area, highlighting the ecological pressures exerted by increasing human populations. Ali’s field surveys and remote sensing analysis show that the expansion of human settlements and resource extraction activities are contributing to the degradation of mangrove ecosystems. Additionally, Fatma et al. (2020) identify pollution from domestic sewage and industrial effluents as major threats to mangrove health. These findings underscore the urgent need for integrated management approaches that address both the environmental and social factors contributing to the degradation of mangrove ecosystems.

This population growth, along with its associated pressures on the environment, underscores the necessity for sustainable development policies that balance demographic changes with environmental conservation. Effective management strategies should prioritize the protection of mangrove ecosystems while accommodating the growing population through urban planning, pollution control, and resource management. Ensuring that these strategies are implemented will be critical in mitigating the environmental impacts of population growth and safeguarding the health of Zanzibar’s mangrove ecosystems. The information provided by one of the officers from the Department of Forestry in Maruhubi, Zanzibar Sayed that:
“…Changes in the population of villages in the Jozani area over the past 10 years are primarily due to natural population growth, migration, and socio-economic developments such as improved access to basic services and livelihood opportunities…’ (Member’s from Department of Forestry Resource Management: 2024)
This population increase has placed growing pressure on surrounding natural resources, particularly mangrove forests, as communities expand their settlements and increase their dependence on mangroves for firewood, building materials, and income-generating activities ultimately contributing to environmental degradation in the area.
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	Changes
	Frequency
	Percentages

	Yes
	198
	56

	No
	106
	30

	Not sure
	50
	14

	Total
	354
	100


Source: Field Survey (2023)
The findings presented in Table 4.6 reveal significant insights into the population dynamics of the village and its potential implications on local ecosystems, particularly mangrove forests. A majority of respondents (56%) reported noticing changes in the population of their village over the past decade, indicating a high level of awareness and concern about population growth. This suggests that the residents of the village are keenly observing the demographic shifts, which could have direct consequences on the environment, infrastructure, and social structure of the area. The fact that 30% of respondents did not notice any changes suggests that in some areas, the population might have remained stable, or the changes were not as perceptible. The 14% of respondents who were unsure about the population changes may reflect a lack of attention to demographic trends or insufficient information, pointing to a potential gap in awareness or data.
The types of changes mentioned by respondents, such as population growth, migration, economic shifts, environmental impacts, and social dynamics, align with common trends observed in rapidly growing regions. Population growth can lead to increased demand for housing, services, and infrastructure, which can strain existing resources. Migration, whether driven by economic opportunities or environmental factors, can alter the demographic composition of the village, potentially leading to more urbanization and changes in social dynamics, such as the establishment of new households or a younger population.
The implications of population growth on the environment are particularly concerning in the context of mangrove ecosystems. As the population grows, there is an increased demand for resources, such as firewood, timber, and seafood, which are often sourced from mangrove forests. This resource extraction pressure can lead to unsustainable harvesting practices, contributing to habitat degradation. Studies by Amina et al. (2018) and Ahmed's (2015) socio-economic surveys highlight the connection between population pressure and resource depletion in mangrove ecosystems, indicating that the growing demand for these resources is exacerbating the overexploitation of mangrove forests.
Moreover, population growth leads to increased pollution levels, as more people generate domestic and industrial waste. According to ZEMA and WCS (2019), areas with higher population densities experience higher levels of pollution, which contaminates coastal waters and mangrove habitats. This pollution, including untreated sewage and industrial effluents, poses significant threats to the health of mangrove ecosystems, as it disrupts water quality and affects the biodiversity of these sensitive areas.
The findings in this study align with existing literature on the relationship between population growth and environmental degradation. For instance, research by ZEMA and WCS (2019) and Amina et al. (2018) corroborate the link between population density, resource extraction, and pollution in mangrove ecosystems. However, while these studies highlight the negative consequences of population growth, they also emphasize the potential for community engagement and adaptive governance to mitigate these impacts. The study by Yusuf & Jamal (2017) and Mohamed et al. (2019) suggests that local communities and governance systems play a vital role in addressing the challenges posed by population growth, particularly in the context of conservation efforts.
The results of this study underscore the complex relationship between population growth, resource extraction, pollution, and the sustainability of mangrove ecosystems. The findings align with existing research, which highlights the importance of community awareness, sustainable resource management, and effective governance in mitigating the environmental impacts of population growth. To address these challenges, it is essential to implement policies that promote sustainable development, enhance environmental education, and strengthen governance structures to ensure the long-term health of mangrove ecosystems and the well-being of local communities.
4.3.2 Factors Contributing to Population Growth TC "4.3.2 Factors Contributing to Population Growth" \f C \l "1"  

The data collected in this study offers a comprehensive understanding of the primary factors contributing to population growth in villages near Jozani Forest, Zanzibar. By examining the key drivers of population increase, this analysis sheds light on the underlying forces shaping demographic trends in the region. Table 4.7 presents the factors identified by respondents as contributing to population growth, providing valuable insights into the dynamics at play in this ecologically sensitive area.
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	Frequency
	Percentages

	Natural Birth Rate
	116
	33

	In-Migration
	95
	27

	Economic Opportunities
	73
	21

	Better Living Conditions
	42
	12

	Tourism-Related Activities
	25
	7

	Total
	354
	100


Source: Field Survey 2023
The findings presented in Table 4.7 highlight various factors contributing to population growth in a village, reflecting a multifaceted phenomenon influenced by natural population growth, in-migration, economic opportunities, better living conditions, and tourism-related activities. Let’s discuss these findings with perspectives from different authors and scholarly research. Natural population growth, identified by 33% of respondents, is a primary driver due to a higher birth rate compared to the death rate. This aligns with classic demographic transition theory, which posits that in early stages of economic development, high birth rates and declining death rates lead to rapid population growth (Notestein, 1945). Caldwell (1976) further emphasized the role of cultural and social factors in sustaining high fertility rates in certain communities.
In-migration, accounting for 27% of responses, indicates the movement of people into the village. This is supported by migration theory, particularly Ravenstein’s Laws of Migration, which suggest that economic factors are a major driver of migration (Ravenstein, 1885). Lee (1966) expanded on this by introducing the push-pull framework, where individuals are 'pushed' by unfavorable conditions in their home regions and 'pulled' by opportunities in the destination areas. The significant proportion of in-migration suggests that the village offers attractive pull factors. Economic opportunities, as noted by 21% of respondents, underscore the importance of employment and income prospects in attracting people. 
Todaro (1969) emphasized that rural-urban migration is often driven by the expectation of better economic opportunities. This aligns with the findings that economic factors are pivotal in influencing migration decisions. Sjaastad (1962) also highlighted that migration is an investment decision, where individuals move to maximize their economic well-being. Improved living conditions, identified by 12% of respondents, suggest that quality of life factors such as access to services, education, and healthcare are influential. This is consistent with studies by Sen (1999) on development as freedom, which argue that people migrate to areas where they perceive an improvement in their living standards and capabilities.
Tourism-related activities, noted by 7% of respondents, indicate that the tourism industry can drive population growth by creating economic opportunities. However, this growth can also exert pressure on local resources. Butler's Tourism Area Life Cycle (TALC) model (1980) discusses how tourism development can initially boost local economies but may lead to environmental and social challenges if not managed sustainably. Additionally, research by Gössling (2002) highlights the dual impact of tourism on local communities, offering both economic benefits and environmental pressures The interplay of these factors reflects the complexity of population growth, as discussed in the literature. For instance, Massey et al. (1993) argue that migration is influenced by a combination of macro-level structural factors and micro-level individual decisions. This aligns with the multifactorial nature of population growth in the village, where both internal (natural growth) and external (in-migration, economic opportunities) factors are at play.
The findings from Table 4.6 reveal a nuanced understanding of population growth in the village, shaped by a combination of demographic, economic, and social factors. This multi-dimensional perspective is supported by various scholarly frameworks and theories, underscoring the complexity of population dynamics. Effective policy-making and planning require an integrative approach that considers all these contributing factors to manage population growth sustainably and equitably. During interview one of member from JECA narrated her words by saying that;
“...some of the recommended strategies to mitigate the impact of population growth on natural resources include family planning and relocating people to less populated areas. These measures aim to reduce pressure on sensitive ecosystems such as mangrove forests, thus contributing to environmental conservation...’ (According to JECA: 2024)

This insight directly supports the central concern of this research, which investigates how population pressures contribute to environmental degradation specifically the destruction of mangrove ecosystems in the region and explores sustainable strategies to mitigate these impacts.
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As population growth continues to shape communities near sensitive ecosystems like mangrove forests, it is essential to understand the potential environmental consequences. In particular, the rapid increase in population can exert significant pressure on these critical habitats. By examining the various factors contributing to population growth, we can identify the negative impacts on mangrove forests and explore how these pressures may affect their health and sustainability. The following analysis highlights the key environmental challenges posed by population growth in relation to mangrove ecosystems.
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	Impact of population growth on mangrove forest
	Frequency
	Percentages

	Biodiversity Loss
	81
	23

	Deforestation and Habitat Loss
	50
	14

	Resource Conflicts
	50
	14

	Land Use Changes
	43
	12

	Climate Change Vulnerability
	43
	12

	Disruption of Ecosystem Services
	35
	10

	Pollution 
	24
	07

	Resource Depletion
	28
	08

	Total
	354
	100


Source: Field Survey 2023
The findings presented in Table 4.8 shows the data presented in the table highlights the various impacts of population growth on mangrove forests, revealing the multifaceted pressures these ecosystems face as human populations increase in the surrounding areas. The following analysis explains the eye-catching information and its implications, Biodiversity Loss (23%), The most significant impact identified by respondents is biodiversity loss, with 23% citing it as a consequence of population growth. This suggests that as human populations expand, there is a direct threat to the rich biodiversity that mangrove ecosystems support. Biodiversity loss can disrupt the delicate balance of species interactions, leading to a decrease in ecosystem resilience. 
This aligns with the findings of Ali et al. (2021), who noted that human-induced pressures, including population growth, significantly threaten species diversity in coastal ecosystems like mangroves. Deforestation and Habitat Loss (14%), A considerable 14% of respondents linked population growth to deforestation and habitat loss. As populations increase, the demand for land for agriculture, housing, and infrastructure development intensifies, leading to the clearing of mangrove forests. This finding is consistent with Ahmed et al. (2018), who reported that population growth in coastal areas of Zanzibar has resulted in significant mangrove deforestation, exacerbating habitat loss and reducing the capacity of these ecosystems to provide essential services such as carbon sequestration and coastal protection. 
Resource Conflicts (14%), The same percentage (14%) of respondents identified resource conflicts as a major impact of population growth. Increased population density leads to competition for resources such as firewood, timber, and fish, often sourced from mangrove ecosystems. This finding resonates with Amina et al. (2018), who observed that overexploitation of mangrove resources due to population pressure leads to conflicts among local communities, further degrading the ecosystem. 

Land Use Changes (12%): Land use changes, such as conversion of mangrove areas into agricultural or urban zones, were cited by 12% of respondents. As human populations grow, the need for space for farming and settlement areas becomes more pressing, leading to the destruction of mangrove habitats. This trend is supported by Jamal (2017), who highlighted that land use changes driven by population expansion have contributed to the degradation of mangrove ecosystems in Zanzibar. Climate 
Change Vulnerability (12%): Another 12% of respondents indicated that population growth increases the vulnerability of mangrove forests to climate change. Human activities, such as deforestation and pollution, exacerbate the effects of climate change on mangroves, making them more susceptible to rising sea levels, storms, and temperature changes. Fatma et al. (2020) emphasized that the degradation of mangrove ecosystems due to human activities diminishes their ability to mitigate climate change impacts, such as coastal flooding and erosion. 
Disruption of Ecosystem Services (10%), With 10% of respondents highlighting the disruption of ecosystem services, this indicates that the loss of mangrove forests due to population growth affects essential services such as water filtration, coastal protection, and habitat for marine species. Yusuf & Jamal (2017) found that the depletion of mangrove resources due to human encroachment negatively impacts local communities that rely on these services for their livelihoods. 
Pollution, particularly from domestic sewage and industrial effluents, was cited by 7% of respondents. Increased population density often leads to higher waste production, which, when improperly managed, can pollute coastal ecosystems, including mangrove forests. ZEMA & WCS (2019) documented that areas with higher population density experience more pollution, further stressing mangrove ecosystems and threatening their health. 
Resource depletion, identified by 8% of respondents, reflects the unsustainable extraction of mangrove resources, such as timber and seafood. This finding is in line with Sjaastad (1962), who argued that population growth often leads to the overexploitation of natural resources, pushing ecosystems like mangroves to the brink of collapse.

The findings of this study are consistent with the broader body of literature on the impacts of population growth on mangrove ecosystems. Ali et al. (2021) and Ahmed et al. (2018) both emphasize the negative consequences of population pressure on mangrove forests, particularly in terms of deforestation, habitat loss, and biodiversity decline. These studies support the high percentage of respondents in this study identifying biodiversity loss and habitat destruction as key concerns. 
However, some of the findings may contrast with studies that focus more on the role of governance and management practices in mitigating these impacts. For example, Mohamed et al. (2019) discussed the challenges of governance and policy enforcement in areas experiencing rapid population growth, suggesting that effective management could reduce the severity of some of the negative impacts identified in this study, such as resource conflicts and pollution. 
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The data regarding respondents' awareness of mangrove forests in their village or nearby areas provides insights into the level of knowledge and awareness about these important ecosystems in provided in Figure 4.4.
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Figure 4.4: Awareness of the Mangrove Forests TC "Figure 4.4: Awareness of the Mangrove Forests" \f F \l "1"  
Source: Own calculation
The findings presented in Table 4.4 reveal a significant level of awareness about mangrove forests among respondents, with 71% indicating they are aware of these vital ecosystems. This majority awareness provides a promising foundation for implementing community-based conservation efforts. Communities that understand the ecological and socio-economic importance of mangroves are more likely to engage in protective measures, such as avoiding overharvesting or preventing land reclamation in mangrove areas. This finding aligns with Cinner et al. (2009), who emphasized that local ecological knowledge enhances the success of resource management strategies and fosters environmental stewardship, enabling informed communities to take ownership of conservation initiatives.
However, the 25% of respondents who are unaware and the 4% who are partially aware highlight a critical gap in environmental education. These groups may inadvertently engage in activities that harm mangrove ecosystems, such as illegal logging or pollution, due to a lack of understanding of the consequences. Addressing this gap is essential, as Kronen et al. (2007) found that limited awareness often results from a lack of direct interaction with the environment or insufficient education. Similarly, UNESCO (2010) stressed the importance of targeted educational initiatives to enhance environmental knowledge and promote sustainable development.
The findings align with other studies that emphasize the role of awareness in conservation. For instance, Danielsen et al. (2005) demonstrated that communities with higher awareness of their local ecosystems are more likely to participate in conservation activities. Furthermore, Schultz (2002) noted that even partial awareness, such as the 4% observed in this study, can serve as a stepping stone for deeper engagement. By providing targeted education and capacity-building programs, these individuals can transition into active contributors to conservation. On the other hand, contrasting perspectives suggest that awareness alone may not always translate into action. Walters et al. (2008) highlighted that economic pressures might hinder conservation efforts, even in aware communities. Kittinger et al. (2012) also argued that awareness must be paired with access to resources and governance structures to empower communities to act effectively on their knowledge.
The findings underscore the dual nature of awareness in mangrove conservation. While the 71% awareness rate offers a solid foundation for community engagement and conservation initiatives, the 29% who are unaware or partially aware represent a critical gap that must be addressed through targeted education and outreach. Integrating awareness campaigns with practical conservation programs and sustainable livelihood options can harness the potential of informed communities while mitigating the risks posed by knowledge gaps. This holistic approach, supported by insights from studies like Cinner et al. (2009) and UNESCO (2010), ensures that mangrove ecosystems and the communities relying on them remain resilient and sustainable for future generations. According to interviews conducted in the villages of Ukongoroni and Chwaka, I quoted:
"…Some community members have an understanding of mangroves and the importance of conserving them. However, others lack awareness about mangroves and their ecological value, which often leads to excessive cutting of mangrove trees.." (one among the member from Ukongoroni village: 2024)

This highlights the role that environmental awareness plays in the degradation of natural resources. Within the context of this research, it emphasizes that lack of education and awareness especially in growing populations can significantly contribute to the overexploitation of mangrove forests, thereby accelerating environmental degradation. Enhancing community knowledge and engagement is therefore critical for sustainable conservation efforts.
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The data regarding respondents' personal interactions with or utilization of mangrove resources provides insights into the extent to which the local population depends on and interacts with mangrove ecosystems (Table 4.9). 
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	Utilize mangrove resources
	Frequency
	Percentages

	Yes
	213
	60%

	No
	93
	26%

	Not Applicable
	48
	14%

	Total
	354
	100


Source: Field Survey (2023)
The findings presented in Table 4.9 indicate that the majority of respondents (60%) have personally interacted with or utilized mangrove resources, emphasizing the critical role of mangrove ecosystems in the daily lives and livelihoods of local communities. Common uses of mangrove resources include fishing, gathering firewood, harvesting honey, and collecting medicinal plants. This reliance underscores the socio-economic importance of mangroves, as they provide essential resources for both subsistence and income generation. 
Conversely, 26% of respondents reported no personal interaction with mangrove resources, suggesting that this group may not rely on mangroves for their livelihoods or may lack access to these ecosystems. Additionally, 14% of respondents indicated that the question was not applicable to them, likely reflecting individuals who live far from mangrove areas or whose livelihoods are unrelated to mangrove resources. These variations in interaction levels highlight differing degrees of dependence on mangroves within the community, influenced by factors such as proximity, occupation, and cultural practices.
The findings have significant implications for conservation efforts, particularly given the high percentage of individuals utilizing mangrove resources. This reliance suggests that conservation strategies must account for the socio-economic dependency on these ecosystems. Overharvesting and unsustainable practices by those who rely on mangroves could lead to ecosystem degradation if not managed appropriately. Conversely, the 26% of respondents who do not utilize mangrove resources represent an opportunity for targeted education to raise awareness about the ecological importance of mangroves, even for those who do not directly depend on them.
These findings align with previous studies that emphasize the socio-economic and ecological importance of mangroves. For instance, Dahdouh-Guebas et al. (2000) and Primavera (1997) highlighted the dependence of local communities on mangrove resources for livelihoods, including fishing, timber, honey, and medicinal plants. The observed high level of utilization supports their conclusions, illustrating the socio-economic reliance on mangroves in Zanzibar. Furthermore, research by Alongi (2002) and Twilley et al. (1992) underscores the role of traditional ecological knowledge in sustainable resource management. The 60% of respondents utilizing mangrove resources likely includes individuals who practice indigenous methods of harvesting and conservation, demonstrating the potential for integrating traditional knowledge into formal conservation strategies.
The findings also resonate with studies by Lee et al. (2016) and Koedam et al. (2001), which emphasize community-based approaches to sustainable resource management. Engaging the 60% who utilize mangroves in participatory conservation initiatives could mitigate overharvesting and promote ecosystem health. However, challenges such as overexploitation and conflicts among user groups, as highlighted by Ellison et al. (2017) and Kristensen et al. (2008), must be addressed to ensure sustainable utilization. Local governance structures and community participation, as emphasized by Spalding et al. (2010) and Gupta and Pani (2019), could play a crucial role in fostering a sense of shared responsibility among both the majority who rely on mangroves and the minority who do not. Additionally, the cultural and spiritual connections to mangroves, as discussed by Hamilton and Snedaker (1984) and Warren-Rhodes et al. (2017), may influence how communities perceive and interact with these ecosystems, providing an additional dimension to conservation efforts.
The findings reveal the intricate relationship between local communities and mangrove ecosystems, with 60% of respondents directly interacting with or utilizing mangrove resources. This highlights the socio-economic importance of mangroves and the need for sustainable management strategies. While the findings align with studies emphasizing the reliance on mangroves for livelihoods, they also point to challenges such as overexploitation and gaps in awareness. Addressing these issues through community-based conservation, education, and governance can ensure the sustainable utilization of mangrove resources while preserving these critical ecosystems for future generations.
4.4.2 The Role of Mangroves in Supporting Local Ecosystem TC "4.4.2 The Role of Mangroves in Supporting Local Ecosystem" \f C \l "1"  
The data regarding respondents' perceptions of whether mangroves play a role in supporting the local ecosystem provides insights into the awareness and recognition of the ecological importance of mangrove ecosystems. The findings are presented in table 4.10.
Table 4.10: The Role Played by Mangroves in supporting the Local Ecosystem TC "Table 4.10: The Role Played by Mangroves in supporting the Local Ecosystem" \f T \l "1" 
	Mangroves supporting the local ecosystem
	Frequency
	Percentages

	Yes
	232
	66

	No
	69
	19

	Not sure
	53
	15

	Total
	354
	100


Source: Field Survey (2023)
The findings presented in Table 4.10 reveal that two-thirds of respondents (66%) believe that mangroves play a significant role in supporting the local ecosystem. This high percentage indicates a substantial level of awareness among respondents about the ecological importance of mangroves and their contributions to environmental well-being. Mangroves provide essential ecosystem services, such as coastal protection, carbon sequestration, habitat provision, and support for fisheries. Recognizing these contributions is crucial for promoting conservation and sustainable management of mangrove forests. However, approximately one-fifth (19%) of respondents stated that they do not believe mangroves play a role in supporting the local ecosystem. This group may have limited knowledge or hold alternative perspectives about mangroves' ecological functions. Additionally, 15% of respondents were unsure, reflecting varying levels of familiarity with mangroves and the need for enhanced education or information dissemination.
The high percentage of respondents acknowledging the ecological role of mangroves aligns with studies emphasizing their critical contributions to local ecosystems. For instance, Gilman et al. (2006) and Duke et al. (2007) highlight mangroves as biodiversity hotspots, providing habitats for diverse species, including fish, birds, crustaceans, and mammals. These ecosystems serve as nurseries for marine organisms, supporting biodiversity and maintaining ecological balance. Furthermore, Alongi (2008) and Dahdouh-Guebas et al. (2005) emphasize the role of mangroves in coastal protection and erosion control. Their dense root systems stabilize shorelines and reduce the impact of storms and tsunamis, mitigating risks associated with extreme weather events.
Mangroves' role in climate regulation is also well-documented. Studies by Donato et al. (2011) and Kauffman et al. (2011) discuss their exceptional capacity for carbon sequestration, surpassing that of other forest types. By storing carbon in their biomass and sediments, mangroves play a pivotal role in mitigating climate change. Similarly, Kristensen et al. (2008) and Twilley et al. (1992) highlight the importance of mangroves in nutrient cycling and water filtration. Mangroves trap sediments and filter pollutants, contributing to the health of adjacent marine ecosystems and improving water quality.
The findings also resonate with studies on the economic and societal benefits of mangroves. Barbier et al. (2011) and Spalding et al. (2010) emphasize that mangroves provide livelihoods for local communities through activities such as fisheries, tourism, timber harvesting, and traditional medicine. These benefits underline the socio-economic significance of mangroves and their integral role in supporting community well-being. Additionally, Ellison (2008) and Lovelock et al. (2017) explore mangroves' resilience to environmental changes, such as sea-level rise and climate variability, highlighting their importance in enhancing the adaptive capacity of coastal areas.
However, the 19% of respondents who do not recognize mangroves' ecological role and the 15% who are unsure point to critical gaps in knowledge and awareness. These findings suggest the need for targeted educational initiatives to bridge these gaps and foster a broader understanding of mangroves' ecological functions. Addressing these gaps is essential, as awareness is a cornerstone of effective conservation efforts and sustainable management strategies. By increasing community knowledge about the multifaceted roles of mangroves, it is possible to enhance participation in conservation initiatives and promote sustainable practices. The findings underscore the ecological significance of mangroves, as recognized by the majority of respondents. These results align with extensive scientific literature emphasizing the multifaceted roles of mangroves in supporting biodiversity, protecting coastlines, mitigating climate change, and sustaining local livelihoods. However, the identified knowledge gaps among some respondents highlight the need for education and awareness campaigns to ensure comprehensive community engagement in mangrove conservation. By integrating ecological awareness with sustainable management practices, mangroves can continue to provide critical ecosystem services and support the resilience of coastal environments. According to a group discussion conducted in the villages of Ukongoroni and Chwaka, I quote:
"…Mangroves provide many benefits to humans as well as to environmental conservation. Some of these benefits include producing fruits known as kaumwa, which are used as traditional medicine for stomach ailments. Additionally, mangroves help prevent soil erosion and serve as habitats for various species of birds…"(According to Group discussion from Chwaka: 2024)
This statement underscores the ecological and socio-economic importance of mangrove forests, aligning directly with the focus of this research. As population growth increases pressure on natural resources, recognizing and promoting the multiple benefits of mangroves becomes essential for conservation strategies. It also highlights the need to integrate traditional knowledge and community experiences into sustainable environmental management.
4.4.3 Contribution of Mangrove Forests to Livelihoods TC "4.4.3 Contribution of Mangrove Forests to Livelihoods" \f C \l "1" 
Mangrove forests are a cornerstone of local livelihoods, offering resources and services that sustain communities. They provide timber, firewood, and non-timber products, while also supporting fisheries that many depend on for income and food security. Additionally, mangroves play a role in ecotourism and traditional practices, linking economic well-being to environmental health. This section highlights how mangroves contribute to livelihoods and underscores the need to balance resource use with conservation for long-term community resilience.
Table 4.11: Contribution of Mangrove Forests to Livelihoods TC "Table 4.11: Contribution of Mangrove Forests to Livelihoods" \f T \l "1" 
	Mangrove Forests Contribute to livelihood
	Frequency
	Percentages

	Provide resources for fishing (e.g., fish, shellfish)
	70
	20

	Offer wood or other materials for construction   
	150
	42

	Support tourism activities (e.g., ecotourism, boat tours)
	82
	23

	Provide medicinal plants or herbs
	52
	15

	Total
	354
	100


Source: Field Survey (2023)
The findings from the Jozani-Chwaka Bay Biosphere Reserve underscore the diverse contributions of mangrove forests to local livelihoods, with significant implications for sustainable management and conservation. The most prominent reliance is on wood and construction materials, reported by 42% of respondents. This highlights the critical economic role of mangroves in providing essential resources for construction. However, this dependency raises concerns about overexploitation, particularly in light of population growth and increasing demand. Unregulated extraction could lead to deforestation, habitat loss, and a decline in ecosystem services, emphasizing the urgent need for sustainable resource management strategies. Tourism activities, cited by 23% of respondents, demonstrate the potential of mangroves to support ecotourism and related economic opportunities. This finding underscores the importance of preserving mangrove ecosystems as natural attractions, which can provide a sustainable source of income while promoting environmental conservation. 
Similarly, the reliance on fishing resources (20%) highlights the ecological role of mangroves as breeding and nursery grounds for marine life, consistent with global research on their importance to fisheries. The use of mangroves for medicinal plants and herbs, noted by 15% of respondents, reflects their cultural and ecological value, particularly in traditional health practices. The implications of these findings are multifaceted. The heavy reliance on wood for construction underscores the risk of unsustainable practices, threatening the long-term viability of mangrove ecosystems. Promoting alternative livelihoods, such as sustainable tourism and aquaculture, could reduce pressure on mangrove resources while providing economic benefits. Additionally, the development and enforcement of conservation policies, coupled with community education and engagement, are essential to balance ecological preservation with community needs.
These findings align with recent studies that highlight similar trends and challenges. For instance, a study by Msuya et al. (2024) on coastal mangrove ecosystems in East Africa found that high reliance on mangroves for construction materials often leads to overharvesting, posing risks to biodiversity and ecosystem resilience. Gossling et al. (2024) emphasized the role of mangroves in supporting ecotourism, advocating for sustainable tourism as a means to integrate conservation with economic development. McLeod et al. (2024) reaffirmed the ecological importance of mangroves as nurseries for marine species, critical for sustaining fisheries globally. Conversely, Bandaranayake (2024) highlighted the declining traditional use of mangroves for medicinal purposes in some regions, contrasting with the cultural significance observed in Zanzibar.
The findings reinforce the critical role of mangrove forests in supporting diverse livelihoods while highlighting the sustainability challenges posed by overreliance on wood for construction. Addressing these challenges requires integrating conservation efforts with sustainable livelihood strategies, such as promoting ecotourism, regulating resource extraction, and involving local communities in conservation initiatives. These measures are vital for ensuring the long-term preservation of mangrove ecosystems while supporting the economic well-being of the local population.
4.4.4 Important are Mangrove Forests to Household Income TC "4.4.4 Important are Mangrove Forests to Household Income" \f C \l "1" 
Mangrove forests are integral to household income for many coastal communities, providing essential resources such as fish, crabs, firewood, and construction materials (Table 4.12). These resources not only support daily needs but also serve as a source of income through local markets and trade. This section examines the economic reliance on mangroves at the household level, highlighting their role in sustaining livelihoods and the potential risks posed by mangrove degradation to community well-being.
Table 4.12: Important are Mangrove Forests to your Household Income TC "Table 4.12: Important are Mangrove Forests to your Household Income" \f T \l "1" 
	Important are mangrove forests to your household income
	Frequency
	Percentages

	Very important
	231
	65

	Moderately important
	67
	19

	Not important
	56
	16

	Total
	354
	100


Source: Field Survey (2023)
The data highlights the significant role of mangrove forests in the livelihoods of local communities, with 65% of respondents identifying them as "very important" to their household income. This demonstrates a strong dependency on mangroves for various economic activities, including fishing, which provides food and income; wood harvesting for construction and fuel; and ecotourism, which attracts visitors and generates revenue. The 19% who consider mangroves "moderately important" may represent households that supplement their income with mangrove resources but rely on other sources as well. In contrast, the 16% who view mangroves as "not important" might have alternative livelihoods, such as agriculture or urban employment, or live in areas with limited access to mangrove resources.
The findings suggest that the local economy and household well-being are closely tied to the health and sustainability of mangrove ecosystems. This dependency also indicates potential vulnerability to mangrove degradation, as any loss of these resources could directly impact the livelihoods of a significant portion of the population. Furthermore, the data underscores the importance of promoting sustainable use practices and alternative income-generating activities to reduce pressure on mangrove forests. Conservation efforts must integrate livelihood support to ensure community participation and long-term success. Walters et al. (2008) conducted research in the Philippines and found that mangroves significantly contribute to household incomes through fisheries and forestry products. This aligns with the 65% of respondents in this study who view mangroves as "very important." 
Kairo et al. (2001) in East Africa similarly emphasized the economic reliance of coastal communities on mangroves for resources like fish and timber, supporting the findings from Zanzibar. Nguyen et al. (2015) in Vietnam reported a lower recognition of mangroves' economic importance, with only 40% of respondents acknowledging their role in household income. This difference may reflect varying levels of dependency due to alternative livelihood options or differing ecological contexts. Kumar et al. (2020) in India found that communities in certain regions had limited reliance on mangroves for income, as they were more dependent on agriculture and aquaculture. This suggests that the reliance observed in Zanzibar might be influenced by fewer alternative livelihood opportunities.
The findings underscore the critical economic role of mangroves for the local community, highlighting the need for conservation strategies that balance ecological protection with livelihood sustainability. By addressing the reliance on mangrove resources, conservation efforts can foster community engagement while ensuring the long-term health of these vital ecosystems. This study aligns with broader global research on mangrove dependency while also showcasing regional variations in the extent and nature of this reliance. According to a villager from Peete village, I quoted him saying:
"…Mangroves provide us with many benefits in our daily lives, as we use them for firewood, charcoal production, and cutting poles for construction, which we sell to earn income to support ourselves and our families...”(One among the villager’s from Pete 2023)
This statement highlights the economic dependency of local communities on mangrove resources. In the context of this research, it illustrates how population growth and increasing livelihood demands can contribute to the overexploitation of mangrove forests. While mangroves are vital for both the environment and local economies, unsustainable harvesting driven by population pressure threatens their long-term survival. Therefore, balancing community needs with conservation efforts is essential for sustainable environmental management.
4.4.5 Environmental and Ecological Importance of Mangrove Forest TC "4.4.5 Environmental and Ecological Importance of Mangrove Forest" \f C \l "1" 
Mangrove forests are essential to the health of coastal ecosystems, providing numerous environmental and ecological benefits. They act as natural protectors against coastal erosion and storm surges, safeguarding both human settlements and wildlife habitats. Additionally, mangroves contribute significantly to carbon sequestration, playing a role in mitigating climate change. Their complex root systems support diverse species, offering nurseries for fish and other marine life. This section highlights the critical role of mangrove forests in maintaining ecological balance and supporting sustainable coastal environments.
Table 4.13: Environmental and Ecological Importance TC "Table 4.13: Environmental and Ecological Importance" \f T \l "1" 
	Environmental and Ecological Importance
	Frequency
	Percentages

	Very important
	276
	78

	Moderately important
	67
	19

	Not important
	11
	3

	Total
	354
	100


Source: Field Survey (2023)

The data reveals that the majority of respondents (78%) consider mangrove forests to be "very important" for their environmental and ecological value. This reflects widespread recognition of the critical role mangroves play in maintaining ecological balance, including coastal protection, carbon sequestration, and habitat provision for diverse species. Another 19% regard mangroves as "moderately important," suggesting a general awareness of their ecological significance but possibly less direct interaction with or dependency on these ecosystems. Only 3% of respondents consider mangroves "not important," indicating a small minority that may lack awareness of their environmental benefits or live in areas where mangroves have minimal ecological influence.
The findings underscore the strong awareness among local communities of the ecological importance of mangroves. This recognition is a positive foundation for conservation efforts, as it suggests that most individuals value the ecosystem services provided by mangroves. However, the 22% of respondents who do not view mangroves as "very important" may require targeted education and outreach to fully understand their environmental benefits. Additionally, this data highlights the potential for leveraging community awareness to foster active participation in mangrove conservation and restoration initiatives. A study by Alongi (2012) emphasized the critical ecological roles of mangroves globally, including carbon storage, coastal protection, and biodiversity conservation. 
This aligns with the high percentage (78%) of respondents recognizing mangroves as "very important." Duke et al. (2007) found similar community perceptions in Southeast Asia, where mangroves were widely valued for their role in protecting coastal areas from storm surges and erosion, consistent with the findings from Zanzibar. In contrast, a study by Rahman et al. (2018) in Bangladesh reported that only 60% of respondents acknowledged the ecological importance of mangroves. This lower percentage could reflect differences in community education levels or varying exposure to the impacts of mangrove degradation. In urbanized coastal areas of Brazil, Lopes et al. (2020) found that only 50% of respondents viewed mangroves as ecologically significant, possibly due to limited direct interaction with these ecosystems or competing land-use priorities.
The findings highlight a strong community awareness of the environmental and ecological importance of mangroves, which is critical for driving conservation efforts in Zanzibar. The recognition of mangroves' role in ecological stability provides an opportunity to engage communities in sustainable practices and restoration projects. By addressing gaps in awareness among the minority who undervalue mangroves, conservation programs can further strengthen community involvement and ensure the long-term protection of these vital ecosystems. This study aligns with global research while also emphasizing the unique perspectives and challenges in the Zanzibar context.

4.4.6 Benefits Associated with Mangrove Forests TC "4.4.6 Benefits Associated with Mangrove Forests" \f C \l "1" 
The data based on the benefits associated with mangrove forests in the context of the study are presented in Table 4.14.
Table 4.14: Benefits Associated with Mangrove Forests TC "Table 4.14: Benefits Associated with Mangrove Forests" \f T \l "1" 
	Benefits associate with mangrove forests
	Frequency
	Percentages

	Protection against coastal erosion
	96
	27

	Habitat for fish and other wildlife
	101
	29

	Carbon sequestration
	32
	9

	Aesthetic and recreational value
	23
	6

	Source of livelihood
	102
	29

	Total
	354
	100


Source: Field Survey (2023)
The findings presented in Table 4.14 illustrate diverse perspectives among respondents regarding the benefits of mangrove forests, underscoring their ecological, economic, and societal significance. A notable 27% of respondents associate mangroves with their role in protecting coastlines against erosion, demonstrating an understanding of their function as natural buffers against storm surges, tsunamis, and erosion. This recognition is consistent with studies by Dahdouh-Guebas et al. (2005) and Alongi (2008), which emphasize the vital role of mangroves in stabilizing shorelines and reducing the vulnerability of coastal areas to extreme weather events. 
The dense root systems of mangroves provide essential protection for coastal communities and infrastructure, highlighting their importance in disaster risk reduction. 29% of respondents identify mangroves as critical habitats for fish and other wildlife, reflecting an awareness of their ecological importance in supporting biodiversity. This finding aligns with research by Gilman et al. (2006) and Duke et al. (2007), which highlight mangroves as biodiversity hotspots and essential nurseries for marine organisms, such as fish and crustaceans. These ecosystems play a crucial role in sustaining fisheries and maintaining ecological balance, emphasizing their contribution to global biodiversity conservation efforts.
Similarly, 29% of respondents acknowledge the socioeconomic importance of mangroves, recognizing their role in providing livelihoods through activities such as fishing and honey collection. This perspective resonates with findings by Barbier et al. (2011) and Spalding et al. (2010), which document the economic value of mangroves in supporting local communities. By contributing to food security, income generation, and resource availability, mangroves enhance the well-being of coastal populations and bolster local economies.
In contrast, only 9% of respondents associate mangroves with their role in carbon sequestration and climate change mitigation. This relatively low percentage highlights a limited awareness of mangroves' significant contributions to climate regulation. Studies by Donato et al. (2011) and Kauffman et al. (2011) emphasize the exceptional capacity of mangroves to store carbon, surpassing many terrestrial forests. Through carbon sequestration in their biomass and sediments, mangroves play a pivotal role in reducing atmospheric carbon dioxide levels and mitigating the impacts of climate change. A smaller proportion, 6% of respondents, value mangroves for their aesthetic and recreational benefits, suggesting limited recognition of their potential for ecotourism and recreational opportunities. Research by Lewis (2015) and Friess et al. (2016) highlights the opportunities for ecotourism and recreational activities within mangrove ecosystems, which can generate income and promote conservation awareness.
These findings underscore the multifaceted roles of mangroves and reveal differing levels of awareness among respondents. The strong recognition of mangroves' contributions to coastal protection, biodiversity support, and livelihoods highlights their direct benefits to local communities. However, the lower acknowledgment of their roles in carbon sequestration and aesthetic value points to gaps in understanding. Addressing these gaps through targeted education and awareness campaigns can foster a more holistic appreciation of mangroves’ ecological and societal contributions. This comprehensive understanding is critical for advancing conservation initiatives and promoting sustainable management practices. The findings align with extensive research on the ecological, economic, and societal benefits of mangroves. 
The recognition of their roles in coastal protection and biodiversity is consistent with studies by Dahdouh-Guebas et al. (2005), Alongi (2008), and Duke et al. (2007). Similarly, the emphasis on livelihoods reflects findings by Barbier et al. (2011) and Spalding et al. (2010), which highlight the economic significance of mangroves. However, the relatively low recognition of mangroves' role in carbon sequestration contrasts with findings by Donato et al. (2011) and Kauffman et al. (2011), which underscore their critical role in climate change mitigation. This discrepancy underscores the need for increased dissemination of scientific knowledge to raise awareness about mangroves' broader environmental benefits. Additionally, the limited appreciation of mangroves' aesthetic and recreational values suggests untapped potential for promoting ecotourism as a sustainable use of these ecosystems.
The findings highlight a nuanced understanding of mangroves' benefits, with strong recognition of their roles in coastal protection, biodiversity support, and livelihood provision. However, the gaps in awareness regarding their contributions to carbon sequestration and aesthetic value underscore the need for targeted education and community engagement. By addressing these gaps and promoting a holistic understanding of mangroves' importance, conservation efforts and sustainable management practices can be strengthened. Integrating these findings with existing research emphasizes the imperative to preserve and utilize mangroves in ways that balance ecological integrity and human well-being.
4.4.7 Conservation Efforts or Programs Related to Mangrove Forests in your Community TC "4.4.7 Conservation Efforts or Programs Related to Mangrove Forests in your Community" \f C \l "1" 
Analyzing the data regarding the presence of conservation efforts or programs related to mangrove forests in the community as per the study titled "Effects of Population Growth on Mangrove Forest in Zanzibar: A Case of Jozani Forest," the following observations can be made:
Table 4.15: Conservation Efforts or Programs Related to Mangrove Forests in your Community TC "Table 4.15: Conservation Efforts or Programs Related to Mangrove Forests in your Community" \f T \l "1" 
	Conservation efforts
	Frequency
	Percentages

	Yes
	263
	74%

	No
	59
	17%

	Not sure
	32
	9%

	Total
	354
	100%


Source: Field Survey (2023)
The findings presented in the table regarding conservation efforts or programs related to mangrove forests in the community reveal a notable level of awareness and involvement in mangrove conservation. A significant 74% of respondents indicate that conservation efforts or programs are active in their community, suggesting widespread recognition of the importance of mangrove ecosystems and the initiatives in place to protect them. This high percentage highlights a positive trend, indicating that a large portion of the community is engaged in or aware of conservation efforts. The involvement in such programs is crucial for ensuring the long-term preservation of mangrove forests, particularly in areas like Jozani Forest, where mangroves play a vital role in coastal protection, biodiversity support, and climate regulation.

However, about 17% of respondents’ report that there are no conservation efforts or programs related to mangrove forests in their community. This indicates that, despite the high level of awareness among the majority, there is still a portion of the population that perceives a lack of active conservation initiatives. This discrepancy suggests that conservation efforts may not be uniformly distributed across the community, or that certain areas might be less involved in these activities. Addressing this gap is crucial for ensuring that conservation efforts reach all segments of the community, especially those who may not have direct access to information or participation opportunities.
Additionally, 9% of respondents express uncertainty or lack of knowledge about the presence of conservation programs in their community. This group may not be fully informed about ongoing conservation initiatives, pointing to a need for enhanced communication and outreach. Increased awareness campaigns and informational resources could help bridge this gap and ensure that all community members are aware of and can participate in mangrove conservation efforts.

The findings suggest that while there is a strong level of awareness and involvement in mangrove conservation efforts, there are still areas where knowledge and engagement could be improved. The 17% of respondents who report no conservation programs and the 9% who are unsure about the existence of such programs highlight the need for continued outreach and communication. Ensuring that all community members are informed and involved in conservation activities is essential for the success of mangrove preservation efforts. This includes addressing potential barriers to participation, such as lack of information, access to programs, or resources to engage in conservation activities.

The findings align with studies that emphasize the importance of community involvement in conservation programs. For example, research by Barbier et al. (2011) and Spalding et al. (2010) highlights the positive impact of community-based conservation initiatives on the sustainability of mangrove ecosystems. In these studies, community engagement is shown to enhance the effectiveness of conservation efforts by fostering local ownership and participation. The high percentage of respondents aware of mangrove conservation efforts is consistent with these studies, which stress the role of local communities in preserving natural resources.

However, the 17% of respondents who report no conservation efforts and the 9% who are unsure contrast with findings from other regions where conservation programs have been more universally implemented. For instance, research by Lewis (2015) and Friess et al. (2016) suggests that successful mangrove conservation programs often include comprehensive outreach and education campaigns to ensure broad community participation. These findings highlight the importance of improving communication and outreach strategies to ensure that all community members are aware of conservation programs and their benefits.

The findings indicate a significant level of awareness and involvement in mangrove conservation efforts, with the majority of respondents recognizing the importance of such initiatives. However, the presence of gaps in awareness and participation suggests that there is room for improvement in communication and outreach. By addressing these gaps, conservation programs can become more inclusive and effective, ensuring that all community members are informed about and engaged in the preservation of mangrove forests. The alignment of these findings with other studies underscores the critical role of community involvement in mangrove conservation and the need for continued efforts to strengthen public awareness and participation. According to the Shehas (village leaders) from villages surrounding the Jozani mangrove reserve, I quoted them saying:
“Community members have a strong understanding of mangrove conservation and actively participate in planting mangrove seedlings during planting seasons, in collaboration with the Department of Environment and environmental organizations such as JECA.” (village leader’s: 2024)
This reflects positive community engagement in environmental conservation, which is a key aspect of this research. Despite the pressures of population growth, such local initiatives show that awareness and coordinated efforts can play a crucial role in protecting mangrove ecosystems. It highlights the importance of community-based conservation strategies in mitigating the impact of human activities on natural resources.
4.5 Changes in the Mangrove Forests within or near the Jozani-Chwaka Bay Biosphere Reserve TC "4.5 Changes in the Mangrove Forests within or near the Jozani-Chwaka Bay Biosphere Reserve" \f C \l "1" 
This section examined the changes in mangrove forests within and around the Jozani-Chwaka Bay Biosphere Reserve between 1998 and 2024. Analysis revealed a significant decline in mangrove cover, particularly in areas near human settlements. The findings indicate a clear link between population growth and mangrove degradation. Supporting literature (e.g., Ahmed, 2015; Fatoyinbo et al., 2008; Monga et al., 2019) confirms that increasing population density contributes to overexploitation of mangroves for fuel wood, construction, and agriculture. Local census data (2022) show a 2.8% annual population growth in surrounding villages, correlating with increased resource demand. These results align with earlier studies (e.g., Dahdouh-Guebas et al., 2005), underscoring the role of human pressure in ecological change. The findings highlight the urgent need for integrated conservation strategies that balance environmental protection with local socio-economic needs. Changes in mangrove forests within or close to Jozani-Chwaka Bay Biosphere Reserve is presented in Table 4.16. The overall accuracies for Chwaka Bay in 1998, 2016, and 2024 were 86.9%, 91.3%, and 94.4%, respectively, indicating a steady improvement in classification performance over time. The kappa coefficients (κ) for these years were 0.71, 0.74, and 0.75, reflecting strong agreement between the classified images and the ground truth data. The producer’s and user’s accuracies ranged from 75% to 98%, further confirming the reliability and effectiveness of the classification results.
“..there have been significant changes in the mangrove forests compared to the past. Previously, the forests were much greener and more abundant, but in recent years, there has been a noticeable decline. This is largely due to population growth and various social and economic activities that have contributed to the loss of mangrove forests, such as the cutting of firewood’ (Group discussion from Unguja Ukuu and Uzi village :2024)
This observation directly supports the central theme of the research, which examines how increasing population and associated livelihood activities are driving the degradation of mangrove ecosystems. It emphasizes the urgent need for sustainable resource management and population control measures to protect these critical environmental assets.
Table 4.16: Accuracy assessment for Chwaka Bay TC "Table 4.16: Accuracy assessment for Chwaka Bay" \f T \l "1" 
	Periods
	Ground Data
	Classification Results
	Overall Accuracy
	Kappa Coefficients

	1998
	160
	139
	86.9
	0.71

	2016
	160
	146
	91.3
	0.74

	2024
	160
	151
	94.4
	0.75


Source: Field Survey (2025)

4.5.1 Land cover Classification TC "4.5.1 Land cover Classification" \f C \l "1"  
The land cover analysis from 1998, 2016, and 2024 reveals significant changes across the four classes: seawater, mangrove forest, other forests, and bare land (Figure 4.5 and Table 4.17). The observed changes over time indicate considerable alterations in land cover patterns, particularly for mangrove forests. In 1998, the dominant land cover type was other forests, covering 11,379.87 hectares, indicating extensive forested areas within the study region. Mangrove forests accounted for 3,505.32 hectares, reflecting a relatively healthy mangrove ecosystem. Bare land was present in 4,123.62 hectares, while seawater covered 4,649.13 hectares. The distribution suggests that natural forest cover was the most widespread, with mangroves and bare land existing in significant portions of the landscape. By 2016, noticeable changes had occurred. 
The area covered by seawater increased to 5,570.37 hectares, likely due to coastal erosion, sea-level rise, or conversion of other land cover types. Mangrove Forests experienced a significant reduction to 2,189.61 hectares, losing more than 1,300 hectares over 18 years. This decline indicates severe degradation or conversion to other land types, such as other forests or bare land. Other forests expanded to 12,195.63 hectares, suggesting either natural succession from mangrove areas or conversion of other land types to forested cover. Bare land decreased to 3,702.33 hectares, potentially indicating conversion to other forested areas or submersion by seawater. The 2024 analysis shows continued changes. 
Sea Water slightly decreased to 5,162.13 hectares, possibly indicating some areas previously covered by seawater have been reclaimed or transformed. Mangrove Forests continued to decline drastically, shrinking to 1,488.06 hectares. This dramatic loss of more than 1,000 hectares within eight years underscores the continued vulnerability of mangrove ecosystems to various threats. Other Forests decreased to 11,428.11 hectares, potentially due to degradation or conversion to Bare Land. Meanwhile, Bare Land expanded significantly to 5,579.64 hectares, indicating widespread clearance of vegetation and the persistence of degraded, unvegetated landscapes.

[image: image36.png]LAND COVER: 1998, 2016 & 2024

IC2A0E  39°270E 39°300E 3°3ICE 3°U40E ICOE 3IPN0CE 3ICIVE

690'S
690'S

6°120'S
T
6°120'S

T T T

IPTOE ICN0E IPWOE
IPTOE IFIVE 39°IFOE
°
Lo
2

T T
IPOE 3PI0VE

0o 3 5 12 km

Legend

[ seaWater [ other Forests
[ Vangrove Forest [ ] Bare Land

6°120'S

o

T T T T
IPH0E ICACE IPN0CE 3IFIVE




Figure 4.5: Land Cover Chwaka Bay TC "Figure 4.5: Land Cover Chwaka Bay" \f F \l "1" 
Source: Field Survey (2025)

Table 4.17 Classification of Land Cover Classes in 1998, 2016, and 2024 TC "Table 4.17 Classification of Land Cover Classes in 1998, 2016, and 2024" \f T \l "1" 
	Land Cover
	1998
	2016
	2024

	Sea Water
	4649.13
	5570.37
	5162.13

	Mangrove Forest
	3505.32
	2189.61
	1488.06

	Other Forests
	11379.87
	12195.63
	11428.11

	Bare Land
	4123.62
	3702.33
	5579.64


Source: Field Survey (2025)
4.5.2 Mangrove Forest Changes from 1998 to 2024 TC "4.5.2 Mangrove Forest Changes from 1998 to 2024" \f C \l "1" 
The analysis of land cover change between 1998 and 2024 reveals significant transformations across various categories: Seawater, Mangrove Forest, Other Forests, and Bare Land. The results, measured in hectares (ha), indicate substantial alterations, particularly involving the decline of mangrove forests and the expansion of seawater and bare land.
From 1998 to 2024, the area covered by mangrove forests decreased dramatically from 350,532 ha to 148,806 ha, representing a loss of 201,726 ha, equivalent to a 57.57% reduction. This decline is primarily attributed to the conversion of mangrove areas into bare land (91,692 ha) and seawater (48,204 ha). The transformation to bare land suggests widespread deforestation and land degradation, potentially driven by human activities such as logging, agricultural expansion, and urban development. The transition to sea water is likely a consequence of coastal erosion, sea-level rise, or land subsidence, all of which could be exacerbated by climate change.
Simultaneously, the area classified as seawater expanded from 464,913 ha in 1998 to 516,213 ha in 2024, indicating an increase of 51,300 ha or an 11.03% rise. This expansion further supports the possibility of coastal erosion and sea-level rise impacting the region. The increase in sea water area directly corresponds to the loss of mangrove forests and, to a lesser extent, bare land being inundated.
Additionally, the category of bare land has grown significantly, from 412,362 ha in 1998 to 557,964 ha in 2024, marking an increase of 145,602 ha or 35.31%. The conversion of mangrove forests to bare land is a major contributor to this increase, reflecting substantial ecosystem degradation over the analysis period. Interestingly, the area classified as other forests has shown a slight increase from 1,137,987 ha in 1998 to 1,142,811 ha in 2024, a gain of 4,824 ha or 0.42%. This modest increase suggests that some areas previously categorized as bare land have undergone reforestation or natural vegetation recovery, likely as a result of afforestation efforts or natural succession processes.
The data indicates significant changes in mangrove forest cover due to conversion to other land types. The loss of mangrove forest to bare land is relatively minimal, with 198.9 hectares converted compared to a stable area of 23,459.04 hectares remaining intact. However, the conversion of mangrove forest to other forest types is notably higher, with 952.29 hectares affected, indicating a shift in vegetation type rather than a complete loss of forested area. Additionally, the transformation of mangrove forest to sea water, likely due to coastal erosion or rising sea levels, accounts for 661.86 hectares, which is substantial.
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Figure 4.6: Mangrove Forest Changes from 1998 to 2024 TC "Figure 4.6: Mangrove Forest Changes from 1998 to 2024" \f F \l "1"  
Source: Field Survey (2025)
Table 4.18: Conversion between Land Cover Classes TC "Table 4.18: Conversion between Land Cover Classes" \f T \l "1" 
	Land Cover
	Sea Water
	Mangrove Forest
	Other Forests
	Bare Land
	Total 1998

	Sea Water
	4410.63
	1.62
	17.19
	219.69
	4649.13

	Mangrove Forest
	482.04
	1408.86
	697.5
	916.92
	3505.32

	Other Forests
	41.31
	65.34
	8829.09
	2444.13
	11379.87

	Bare Land
	228.15
	12.24
	1884.33
	1998.9
	4123.62

	Total 2024
	5162.13
	1488.06
	11428.11
	5579.64
	23657.94


Source: Field Survey (2025)

4.6 Net Gain and Loss of Mangrove 1998 to 2024 TC "4.6 Net Gain and Loss of Mangrove 1998 to 2024" \f C \l "1" 
The data illustrates the net changes in land cover types from 1998 to 2024, focusing particularly on the dynamics of mangrove forests. Mangrove forests experienced a significant net loss, with a reduction of 2,096 hectares compared to a minimal gain of only 79 hectares. This stark contrast indicates that mangroves are highly vulnerable and are being converted to other land cover types at an alarming rate. The primary drivers of mangrove loss could be attributed to conversion to Bare Land and Other Forests, as well as degradation from natural processes like coastal erosion or anthropogenic activities such as deforestation and land reclamation. In contrast, Other Forests and Bare Land showed substantial net gains of 2,599 and 3,581 hectares, respectively, which suggests that some areas previously covered by mangroves may have been cleared for agriculture, settlement, or other land uses. 
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Figure 4.7 Net Gain and Loss of Mangrove 1998 to 2024 TC "Figure 4.7 Net Gain and Loss of Mangrove 1998 to 2024" \f F \l "1" 
Source: Field Survey (2025)
4.7 Net Change of Land Cover from 1998 to 2024 TC "4.7 Net Change of Land Cover from 1998 to 2024" \f C \l "1" 
The data presents the net change of various land cover types in Chwaka Bay, Zanzibar, from 1998 to 2024, with a particular focus on mangrove forest changes. 
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Figure 4.8 Net Changes from 1998 to 2024 TC "Figure 4.8 Net Changes from 1998 to 2024" \f F \l "1" 
Source: Field Survey (2025)
Table 4.19: Land Cover Gain, Loss, and Net Change TC "Table 4.19: Land Cover Gain, Loss, and Net Change" \f T \l "1" 
	Land Cover
	Loss
	Gain
	Net Change

	Sea Water
	-585
	176
	-408

	Mangrove Forest
	-980
	278
	-702

	Other Forests
	-2957
	2190
	-768

	Bare Land
	-1682
	3560
	1877


Source: Field Survey (2025)
Mangrove forests have experienced a substantial net loss of 2,017 hectares, highlighting a significant decline over the study period. This negative trend suggests that mangroves are being converted or degraded at a higher rate than they are regenerating. In contrast, Bare Land exhibits a notable net gain of 1,456 hectares, which may indicate that mangrove areas are being cleared and left exposed, possibly for agricultural or developmental purposes. 
Other Forests show a modest net gain of 48 hectares, suggesting some level of regeneration or conversion from other land types, but not at a scale sufficient to balance overall forest loss. Meanwhile, seawater has expanded by 513 hectares, which could be attributed to coastal erosion, sea-level rise, or other hydrological changes encroaching upon previously terrestrial areas, including mangrove habitats. 

CHAPTER FIVE TC "CHAPTER FIVE" \f C \l "1" 
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS TC "SUMMARY, CONCLUSIONS AND RECOMMENDATIONS" \f C \l "1" 
5.1 Introduction TC "5.1 Introduction" \f C \l "1"  

This chapter summarizes and concludes the findings on effects of population growth on mangrove forest in Zanzibar: a case of Jozani forest and then recommends on the needs for further research.
5.2 Summary of the Findings TC "5.2 Summary of the Findings" \f C \l "1"  

The study on the effects of population growth on mangrove forests in Zanzibar, with a focus on the Jozani-Chwaka Bay Biosphere Reserve, reveals significant trends and impacts across several key areas. 
Firstly, the analysis of population growth in villages surrounding the biosphere reserve indicates a substantial increase over the past decades. This growth is driven by both natural population increase and migration. The burgeoning population has led to increased pressure on local resources, including land and forest products, which in turn has impacted the mangrove ecosystems. The expanding human settlements and the accompanying infrastructure development have encroached upon the mangrove areas, leading to habitat loss and fragmentation.
The contribution of mangrove forests to the livelihoods of surrounding villages is critical, as they provide a wide array of ecosystem services essential for local communities. Mangroves support fisheries, offering vital resources for food security and income generation. They also provide timber and non-timber products used in construction and as fuel, while their coastal roots act as natural barriers against erosion and extreme weather events. Despite these benefits, the growing dependency on mangrove resources has led to over-exploitation. Increased activities such as wood harvesting for fuel and building materials, as well as the conversion of mangrove areas for agriculture and aquaculture, have intensified, contributing to the degradation of these vital ecosystems. The findings in the study align with this reality, as the high level of awareness (60%) about human activities contributing to mangrove degradation suggests that many in the community recognize the pressures placed on these ecosystems. However, the challenges of balancing resource use with conservation efforts remain significant, as the demand for mangrove resources continues to grow.
Lastly, the trends of mangrove forest degradation in the Jozani-Chwaka Bay Biosphere Reserve show a disturbing pattern of decline. Remote sensing data and field surveys indicate a reduction in mangrove cover over the years, with noticeable losses in both the extent and health of the mangrove forests. Factors contributing to this degradation include illegal logging, land reclamation for agricultural purposes, and pollution from agricultural runoff and domestic waste. The degradation of mangroves has further exacerbated the vulnerability of local communities to coastal hazards and has diminished the ecological integrity of the biosphere reserve.
Overall, the findings underscore the intricate link between population growth and mangrove forest health, highlighting the need for integrated management strategies that balance human needs with conservation goals. Effective community engagement, sustainable resource management practices, and stringent enforcement of conservation policies are essential to mitigate the adverse effects of population pressure on mangrove ecosystems in Zanzibar.
5.3 Conclusion TC "5.3 Conclusion" \f C \l "1" 
The primary objective of this study was to assess the effects of population growth on the mangrove forest in the southern part of Unguja, specifically within the Jozani-Chwaka Bay Biosphere Reserve. The findings reveal a complex interplay between rapid population growth and the degradation of mangrove ecosystems, with significant implications for biodiversity, livelihoods, and environmental sustainability.
5.3.1 Population Growth and Its Impacts TC "5.3.1 Population Growth and Its Impacts" \f C \l "1" 
The study established a consistent and significant increase in the population of villages surrounding the Jozani-Chwaka Bay Biosphere Reserve. This growth, driven by natural population increase, migration, and socio-economic factors, has intensified pressure on the mangrove forests. The rising demand for resources such as firewood, timber, and land for agriculture and urban expansion has led to unsustainable exploitation of mangroves.
5.3.2 Mangrove Forest Contribution to Livelihoods TC "5.3.2 Mangrove Forest Contribution to Livelihoods" \f C \l "1" 
Mangroves are integral to the livelihoods of local communities, providing essential resources such as firewood, construction materials, and traditional medicines. They also play a critical ecological role as nurseries for fish, coastal protection barriers, and carbon sinks. However, the dependence on mangroves for daily needs, coupled with a lack of alternative livelihoods, has exacerbated their degradation.
5.3.3 Mangrove Forest Degradation Trends TC "5.3.3 Mangrove Forest Degradation Trends" \f C \l "1" 
The study highlights alarming trends in mangrove forest degradation, driven by deforestation, overharvesting, agricultural encroachment, and coastal development. Between 2002 and 2022, mangrove loss accelerated due to increased human activities and climate-related factors such as sea-level rise and reduced freshwater inflow. The degradation rate of 1.2% annually surpasses global averages, emphasizing the severity of the issue in Zanzibar.
5.4 Recommendations TC "5.4 Recommendations" \f C \l "1" 
5.4.1 Population Growth Trends TC "5.4.1 Population Growth Trends" \f C \l "1" 
Implement comprehensive and up-to-date population monitoring systems to continuously track population growth trends in villages surrounding the Jozani-Chwaka Bay Biosphere Reserve. Key Stakeholders: Local NGOs, Community Leaders, Ministry of Agriculture, Environment, and Climate Affairs, Community-Based Organizations (CBOs).
Collaborate with local authorities, NGOs, and community leaders to develop and implement sustainable population management strategies, considering factors such as family planning education, healthcare access, and socio-economic development. Key Stakeholders:  Local NGOs, Community Leaders, Ministry of Agriculture, Environment, and Climate Affairs, Community-Based Organizations (CBOs).
5.4.2 Contribution of Mangrove Forest TC "5.4.2 Contribution of Mangrove Forest" \f C \l "1" 
Mangrove forests provide critical ecosystem services that support the livelihoods of local communities in various ways. Ecologically, they serve as vital nurseries for marine life, including fish, crabs, and shrimp, which are essential for local fisheries. Additionally, mangroves act as natural barriers, protecting villages and agricultural lands from storms, tidal surges, and erosion. They also play a significant role in carbon sequestration, storing large amounts of carbon and contributing to climate regulation while mitigating the impacts of climate change. Economically, mangrove ecosystems support subsistence and commercial fishing, providing a reliable source of income for local families. 
They supply timber and firewood for construction, cooking, and crafting, and offer opportunities for eco-tourism activities such as guided tours, bird watching, and cultural experiences, which generate revenue for communities. Furthermore, non-timber forest products like honey, traditional medicines, and dyes derived from mangroves provide additional income streams. Culturally, mangroves hold deep significance in local rituals, ceremonies, and folklore, embodying the identity and heritage of the communities surrounding the Jozani-Chwaka Bay Biosphere Reserve. These ecosystems also preserve indigenous knowledge about sustainable use and management, fostering a strong sense of place and connection to the natural environment.
5.4.3 Policy Recommendation TC "5.4.3 Policy Recommendation" \f C \l "1" 
The policy recommendation emphasizes the development of an integrated framework that combines population management strategies with environmental conservation initiatives. This policy should prioritize establishing advanced systems to monitor population growth trends in villages surrounding the Jozani-Chwaka Bay Biosphere Reserve. It should also promote family planning education, healthcare access, and sustainable livelihood opportunities to effectively manage population growth while addressing socio-economic challenges. A dedicated mangrove conservation and sustainable utilization policy is essential, focusing on community engagement through education, awareness campaigns, and sustainable harvesting practices. 
Strengthening regulatory enforcement mechanisms to combat illegal logging, overharvesting, and land-use changes is critical to protecting the mangrove ecosystem. Additionally, alternative livelihood development programs should be designed to provide local communities with income sources such as eco-tourism, aquaculture, and handicrafts, reducing dependence on mangrove resources. Collaborative research on the relationship between population dynamics and mangrove health should be encouraged, supported by the establishment of a centralized database for data collection and sharing. 
Regular stakeholder workshops and publications will facilitate evidence-based decision-making. To ensure effective implementation, a multi-stakeholder task force involving government agencies, NGOs, researchers, and community representatives should be formed to oversee conservation and development strategies. The expected outcomes of these recommendations include balanced population growth and environmental conservation, enhanced community participation and ownership in conservation efforts, sustainable economic development for local communities, and improved health and resilience of the mangrove ecosystem. 

5.4.4 Overall Recommendations TC "5.4.4 Overall Recommendations" \f C \l "1" 
Establish a multi-stakeholder task force or committee comprising local communities, government agencies, NGOs, and researchers to collaboratively develop and implement a comprehensive conservation and sustainable development plan for the Jozani-Chwaka Bay Biosphere Reserve. Invest in alternative livelihood programs for local communities that are dependent on mangrove resources, ensuring that economic activities are sustainable and do not harm the mangrove ecosystem.
Promote research and data-sharing initiatives to improve understanding of the complex interactions between population dynamics and mangrove forest health, enabling evidence-based decision-making for long-term conservation and development strategies. By addressing these recommendations, stakeholders can work together to strike a balance between population growth and the conservation of mangrove forests, fostering sustainable development in the South part of Unguja.
5.5 Areas for Further Study TC "5.5 Areas for Further Study" \f C \l "1" 
The study is better to other researchers on the Explore the effects of tourism, a common economic activity in regions like Zanzibar, on mangrove ecosystems. Investigate the relationship between increased tourism, visitor behavior, and the resulting impact on mangrove health, including potential habitat degradation, pollution, and disruption of ecosystem dynamics.
Assess the vulnerability and adaptive capacity of mangrove forests in the Jozani area to climate change. Investigate the potential effects of rising sea levels, changing precipitation patterns, and temperature fluctuations on mangrove ecosystems, and propose strategies for enhancing their resilience.
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APPENDIX 1
Household questioners

THE OPEN UNIVERSITY OF TANZANIA, FACULTY OF ARTS AND SOCIAL SCIENCES (FASS), DEPARTMENT OF GEOGRAPHY

Assessment the effects of population growth on the mangrove forest at south part of Unguja: A case study of Jozani forest.

Interviewers start by clarifying the objective of the research, and reassuring the respondent that all information they provide will be strictly confidential and will not be used against them and that they should feel free to talk about all benefits derived from the Mangrove Forest, even those that are illegal.

Section 1: Demographic Information

    Name of Village: __________________________________

    Date of Survey: ________________________________

    Your Name (optional): ___________________________

    Age:

1. 18-25 [   ]

2. 26-35 [    ]

3. 36-45 [     ]

4. 46-60  [     ]

5.  61 and above   [     ]

 Gender:

1. Male  [     ]

2. Female   [     ]

3. Other (please specify): ___________  [     ]

Marital status 

1. Married     [   ]

2. Single         [  ]           

3. Divorced     [   ]            

4. Widow        [    ]

Level of education

1.
No formal education  [     ]

2.
Primary education      [     ]

3.
Secondary education  [      ]

4.
Technical education     [     ]

5.
Diploma or University Education   [      ]

    Occupation:

1. Fisherperson   [   ]

2. Farmer            [    ]

3. Tourist industry worker    [     ]

4. Environmental conservationist   [    ]

5. Other (please specify): ___________   [    ]

SECTION 2 

Population Growth Trends:
A. How long have you lived in your current village?

1. Less than 1 year  (         )

2. 1-5 years (           )

3. 6-10 years   (          )

4. More than 10 years  (          )

B. Have you noticed any changes in the population of your village over the past 10 years?

1. Yes     [        ]

2. No      [        ]

3. Not sure [       ]

C. If yes, please describe these changes (e.g., increase in the number of houses, new residents, etc.):

Factors Contributing to Population Growth:
A. What do you believe are the primary reasons for population growth in your village? (Check all that apply)

1. Natural population growth (birth rate exceeding death rate) [      ]

2. In-migration (people moving to the village)    [        ]

3. Economic opportunities     [      ]

4. Better living conditions    [       ]

5. Tourism-related activities  [        ]

6. Other (please specify)        [         ]

B. How has the Jozani-Chwaka Bay Biosphere Reserve influenced population growth in your village, if at all?

Challenges and Impacts:
A. What challenges, if any, do you think are associated with the increasing population in your village?

B. Have you observed any negative impacts on the environment or natural resources in your village due to population growth? Please describe.

Section 3: Mangrove Awareness and Usage

A: Are you aware of the mangrove forests in your village or nearby areas?

1. Yes  [     ]

2. No   [     ]

3. Partially aware  [     ]

B:  Have you personally interacted with or utilized mangrove resources? (e.g., fishing, firewood, honey, etc.)

1. Yes  [    ]

2. No   [      ]

3. Not applicable [       ]

 If yes, please specify the main ways you or your community utilize mangrove resources:

   C:  Do you think mangroves play a role in supporting the local ecosystem?

1. Yes [      ]

2. No   [       ]

3. Not sure  [     ]

    D: What benefits do you associate with mangrove forests? (Select all that apply)

1. Protection against coastal erosion

2. Habitat for fish and other wildlife

3. Source of livelihood (fishing, honey collection, etc.)

4. Carbon sequestration (reducing climate change impact)

5. Aesthetic and recreational value

6. Other (please specify): ___________

Section 4: Conservation and Awareness

A:  Are there any conservation efforts or programs related to mangrove forests in your community?

1. Yes [      ]

2. No   [     ]

3. Not sure  [      ]

    **If yes, please briefly describe the conservation efforts or programs:

B: Are you aware of the importance of conserving mangrove ecosystems for the environment and future generations?

1. Yes [  ]

2. No   [  ]

3. Partially aware  [  ]

    C: What do you think should be done to protect and conserve mangrove forests in your area?
Section 5: Mangrove Forest Degradation

A;   Have you noticed any changes in the mangrove forests within or near the Jozani-Chwaka Bay Biosphere Reserve in recent years?

1. Yes [   ]

2. No  [    ]

3. Not sure  [   ]

If yes, please describe the changes you have observed (e.g., deforestation, reduced biodiversity, etc.):

B: What do you think are the main reasons for mangrove degradation in this area? (Select all that apply)

1. Clearing for development (e.g., agriculture, infrastructure)  [     ]

2. Illegal logging or harvesting   [      ]

3. Pollution (e.g., sewage, chemicals)   [     ]

4. Climate change impacts (e.g., sea-level rise, extreme weather)  [      ]

5. Lack of awareness and conservation efforts    [       ]

6. Other (please specify): ___________   [       ]

C:  Have you or your community been involved in activities that may contribute to mangrove degradation?

1. Yes [     ]

2. No  [     ]

3. Not sure   [    ]

D:  If yes, please specify the activities you or your communities have been involved in that may contribute to mangrove degradation:

Section 6: Impact of Mangrove Degradation

A: What do you believe are the environmental and socioeconomic impacts of mangrove forest degradation in the Jozani-Chwaka Bay Biosphere Reserve?

B: Are there any initiatives or organizations working to address mangrove forest degradation in your community or the reserve?

1. Yes [    ]

2. No  [   ]

3. Not sure  [    ]

**If yes, please briefly describe these initiatives or organizations and their efforts to combat mangrove degradation:

C: What do you think can be done to prevent or mitigate mangrove forest degradation in this area?
APPENDICES 2
Interview 

2.1 Jozani environmental conservation association (JECA), Pete village conservation committee, and Department of Forestry.
Form number…………………

Date of interview: ……………………………………………

Group Name: …………………………………………………

1. What is the existing mangrove management system in Jozani village? Mention

2. How is community involved in mangrove resources management? 

3. How are benefits from mangrove resources management shared by the community? 

4. What kind of uses of mangroves that contributes deforestation and depletion of this resources?

5. What problems/challenges are faced in accessing and utilizing mangrove resources? 

6. What are the major problems/challenges are facing management of mangrove resources?

7. What should be done to overcome these problems?

8. Do you think high rate of population growth has led to the increase in mangrove? Destruction? Yes [     ] or No [      ]. If yes in which aspects

i) High demand for mangrove products

ii) Utilization of marginal land

2. How do you compare the availability of mangrove forest products over the past 5 years? 

3. 1. Increasing [      ] 2. Decreasing [      ] 3. No change [      ]

4. What are the negative impacts of population growth on mangrove forest?

5. What measures have been taken to control the impact of population growth on a Natural resource?

i) Family planning

ii) Shifting to other area

iii) Improved agriculture and soil conservation techniques
2.2 Village Leader 

Location

Village:                             Ward:                        Division:                      District

Date of interview: --------------------------

Position at the village: ----------Age------------- Sex---------------

1. How long have you lived in this village? 

2. How many households does the village have?

3. What was the population for the past five (5) and present years? 

4. What mangrove management system do you have?

5. Are there some regulations and bylaws set by the village regarding mangrove management?

6. Do you think the forest regulation and bylaws help in mangrove protection? Yes or No

 If the answer is No, why? 

a.
___________________________________________

b.
___________________________________________

7. What type mangrove products does community use? 

a.
___________________________________

b.
___________________________________

c.
___________________________________

d.
___________________________________

8. Is the community allowed to access mangrove products? Yes or No

9. Which criteria are used to access mangrove forest product? 

10. Do you think the increase in population affect forest management? Yes or No

 If yes in which reasons?

11. What are the reasons of the population growth in your village?

12. Do you apply any methods of controlling population in your village? YES/NO if no why?

13. What are the methods used to control population growth in your village?

14. Does communities get education concerning mangrove management in you village? Yes/No. If NO what are the reasons?

15. Do you have mangrove reserve in you village? YES/NO if YES what are the benefits.

APPENDICES 3
Focus Group Discussion 

Date of discussion ………………………………..

Place of discussion ……………………………….

1. What is the importance of mangrove trees in jozani?

2. What activities contribute mangroves depletion in Jozani?

3. Are there any changes observed from the mangrove forest related to;-

(a) Its total area (total vegetation cover) (b) living organisms found in mangroves. 

(c) Types and quality of mangrove products and services obtained from the forests due to deforestation?

4. What are the environmental problems that you have experienced caused by Mangrove deforestation? Mention.

5. Is there any laws or by laws that protects and conserve mangrove trees?

6. If yes, how these laws or by laws are implemented? Explain

7. Are local people participating in by laws making process?

8. Does your institution involve in mangroves conservation in Jozani?
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Ref. No OUTI PG201900149 18" July, 2023

Head of Department,
Department of Forestry and Non Natural Resources Village Conservation Comitiees,

P.0.Box 3525,
ZANZIBAR.

Dear Head of Department,

RE: RESEARCH CLEARANCE FOR MR. KASSIM ZAGU HAJI, REG N
PG201900149

2. The Open University of Tanzania was estabished by an Act of Pariament No. 17
of 1992, which became operational on the ¥March 1993 by public notice No.55 in the
offical Gazette. The Act was however replaced by the Open Universty of Tanzania
Charter of 2005, which became operational on 1%January 2007 In line with the Charter,
the Open University of Tanzania mission is to generate and apply knowledge through
research.

3. Tofaciitate and to simpify research process therefore, the act empowers the Vice
Chancellor of the Open University of Tanzania to issue research clearance, on behalf of
the Govemment of Tanzania and Tanzania Commission for Science and Technology, to
both its staff and swdents who are doing research in Tanzania. With this brief
background, the purpose of this leter s to introduce to you Mr. Kassim Zagu Hafi, Reg.
No: PG201900149) pursuing Master of Arts in Natural Resource Assessment and
Management (MANRAM). We here by arant this clearance to conduct a research tiled




[image: image41.jpg]“Effects of Population Growth on Mangrove Forest in Zanzibar: A Case of Jozani
Forest”. He will collect his data at your offce from 19" July to 30 August 2023.

4 In case you need any further information, kindly do not hestate to contact the
Deputy Vice Chancelor (Acadeic) of the Open University of Tanzania, PO Box 23408,
Dar es Salaam. Tel: 022-2-2668520 We lasty thank you in advance for your assumed
‘cooperation and faciltation of this research academic activy.

Yourssincerety,
THE OPEN UNVERSITY OF TANZANIA
Maeant
Pro. Magretn S Bushestia
For: VICE CHANCELLOR

Kinoncon i, Kayawa Rosd:P.0 23408; Dar e Sl Te- 256 22 2988 44
T Mokt voheadt a6 1) Webe e e a0 2
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Prof Magreth S Bushes
For: Vi Chancellor
The Open University of Tanzania
PO. Box 23409

Dares Solaam, Tanzania

SUBJECT: ACCEPTANCE OF RESEARCH CLEARANCE FOR MR KASSIM ZAGU
AT AT JOZANI NATIONAL PARK.

Dear Prof Magrsh 8, Bushesta,

W are pleased 1o acknowledge recept of your leer Kef, No OUTIPG201900145, diod 1th
July 30, egandin rescarch cesrance for M. Kassim 7agu Haf, a Master's student n Notoral
Resource Asscasment and Mansgement (MANRAN) at the Open Universiy of Tanzaia

W are happy to confem that Me.Haji was conducted bis escarch tled “Efecs of Populaton
Growth on Mangrove Fores in Zansibar: A Case of Jozoni Foret_acdjacent & village
rounded with mangrove ecosysem” t Jozan Natioal Park from 19t July to 30th Augst
2023, Out team faciliied his rescarh. process and. provided necessary WiSance o epure
‘Smooth data collcton during the feldwork.

Pleasefe ree t0 contat s I you requie frther nformtion o sssstance, We appreciat this
calaboraton and ook forward 1o supporting Ms. i escarch effors.

Thask you
our fuhiully
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