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Abstract
Mangrove ecosystems in the Persian Gulf and Gulf of Oman are vital for biodiversity
conservation and the sustenance of coastal communities. This interdisciplinary study
explores the ethnobiology of mangroves, integrating ecological, ethnographic, and
socio-economic perspectives to provide a comprehensive understanding of human-
mangrove relationships in this region. We analyze the biodiversity and ecological
dynamics of mangroves, emphasizing their role in coastal protection and habitat
provision. Ethnographic insights reveal the cultural significance and traditional
knowledge associated with mangroves, highlighting their importance in the local
heritage and identity. The socio-economic analysis underscores the economic value
of mangroves and the impact of conservation efforts on local livelihoods. Additionally,
we address the challenges posed by climate change, deforestation, and pollution,
proposing sustainable management strategies that combine traditional practices with
modern scientific approaches. By showcasing successful community-led conservation
initiatives, this study underscores the potential for sustainable mangrove management
that benefits both ecosystems and communities. Our findings provide valuable insights
for policymakers and conservationists aiming to protect and sustainably manage
mangrove ecosystems in the Persian Gulf and Gulf of Oman.
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1. Introduction

Mangroves are among the most productive and diverse ecosystems on Earth, playing a crucial role
in coastal protection, carbon sequestration, and providing habitats for numerous species [1]. In recent
years, there has been a growing interest in mangrove planting, particularly along the northern coasts
of the Persian Gulf and the Gulf of Oman [2]. These efforts are driven by various factors, including the
need for coastal protection, the restoration of degraded ecosystems, and the potential economic benefits
associated with mangrove forests [3].

The northern coasts of the Persian Gulf and the Gulf of Oman host three varieties of mangrove species,
including Avicennia marina, Rhizophora mucronata, Conocarpus erectus and Conocarpus lancifolius [4]
(Figure 1). These species have adapted to thrive in the harsh coastal environments of the region, playing
a significant role in stabilizing coastal sediments, protecting against erosion, and creating habitats for fish
nurseries and other marine species [5].

A key factor driving mangrove planting in this region is the need for coastal protection [2]. The northern
coasts of the Persian Gulf and the Gulf of Oman are highly vulnerable to coastal erosion and flooding,
especially as a result of climate change and rising sea levels [6]. Mangrove forests act as natural barriers,
reducing the impact of waves and storms and helping to stabilize shorelines [7].

Figure 1: Species of mangroves in the Persian Gulf and Gulf of Oman, and locations of their forests along the coasts.
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In addition to their role in coastal protection, mangroves provide a wide range of other ecosystem
services that are valuable to local communities [8]. For example, mangrove forests are important nursery
grounds for fish and other marine species, supporting local fisheries and providing a source of food
and income for coastal communities [9]. Mangroves also sequester large amounts of carbon, helping to
mitigate climate change, and offer significant recreational and aesthetic benefits [10].

Mangrove planting along the northern coasts of the Persian Gulf and the Gulf of Oman has the
potential to generate significant economic benefits for local communities [11]. By providing coastal
protection, mangrove forests can help safeguard infrastructure such as roads, buildings, and agricultural
and aquaculture lands, reducing the risk of damage from coastal hazards [12]. This, in turn, can support
local economies by maintaining the productivity of coastal areas and reducing the costs associated with
disaster recovery and reconstruction [13].

Furthermore, mangrove forests can offer a range of direct economic benefits, such as the sustainable
harvesting of mangrove products like timber, honey, and medicinal plants [9]. Mangroves also support
local fisheries by providing habitat and food for fish and other marine species, which can enhance fish
stocks and support the livelihoods of local fishers [14].

This article aims to examine the impacts of mangrove planting and expansion along the northern coasts
of the Persian Gulf and the Gulf of Oman and the potential to generate a wide range of economic benefits
for local communities. It also evaluates the role of mangrove forests in providing coastal protection,
supporting local fisheries, and offering a wide range of other ecosystem services, to support local
economies and improve the resilience of coastal communities in the face of climate change and other
environmental challenges.

2. Diversity and Distribution of Mangroves

Mangroves are important coastal ecosystems found in tropical and subtropical regions worldwide [15].
Along the northern coasts of the Persian Gulf and the Gulf of Oman, mangrove species such as Avicennia
marina, Rhizophora mucronata, and Conocarpus sp. play a vital role in the local environment [2, 16].
However, due to various human activities and natural processes, these mangrove forests have faced
degradation and loss over the years [17]. To counteract this decline and restore these valuable ecosystems,
a mangrove planting initiative has been implemented in Iran [2].

Avicennia marina, commonly known as the grey mangrove, is one of the dominant mangrove species
in the region [18]. It is well-adapted to the harsh environmental conditions of the Persian Gulf and the Gulf
of Oman, including high salinity, tidal fluctuations, and nutrient-poor soils [19]. Rhizophora mucronata, or
the red mangrove, is another important species, recognized for its woody roots that provide stability in
muddy coastal areas [20].
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Mangrove planting involves the propagation of mangrove seedlings to degraded or barren areas
to establish new mangrove forests [21]. This practice aims to restore mangrove ecosystems, enhance
coastal protection, and promote biodiversity [21]. Significant efforts have been made in mangrove planting
along the northern coasts of the Persian Gulf and the Gulf of Oman, particularly with Avicennia marina,
Rhizophora mucronata, and Conocarpus erectus, due to their ecological importance and adaptability to
local conditions [2,16].

The planting of mangroves is intended to restore ecosystem services that have been lost or degraded
due to human activities [22]. Mangroves provide important habitats for various species, including fish,
crustaceans, and birds [23]. These ecosystems also contribute to the local economy through activities
such as fishing and ecotourism [24]. By restoring mangrove forests, communities can increase biodiversity
and support sustainable livelihoods [13].

The success of planting projects depends on various factors, including site selection, species selection,
and management practices [21]. Site selection is crucial, as mangroves require specific environmental
conditions such as sufficient sunlight, water depth, and soil salinity for growth [25]. Species selection is
also important, as different mangrove species have different ecological requirements and provide different
ecosystem services [26].

Management practices, such as regular monitoring and maintenance, are essential to ensure the
long-term success of planting initiatives [27]. Monitoring helps assess the health and growth of planted
mangroves, while maintenance activities ensure optimal growth and survival [28].

3. Ethnobiological Applications of Mangroves in the Persian Gulf and
Gulf of Oman Region

Mangrove forests have been an integral part of the traditional knowledge systems of coastal communities
worldwide, including those in the Persian Gulf and Gulf of Oman [4]. These communities have developed a
deep understanding of the medicinal, culinary, and cultural values of mangroves, utilizing them in various
aspects of their daily lives [29].

One of the most important ethnobiological applications of mangroves in the Persian Gulf and Gulf
of Oman is in traditional medicine [30]. Mangrove species such as Avicennia marina [31], Rhizophora
mucronata [32], and Conocarpus erectus [16] are known for their medicinal properties and have been
used for centuries to treat a variety of ailments. For example, the bark of Avicennia marina is used
in traditional medicine to treat skin diseases, wounds, and infections [33]. The leaves of Rhizophora
mucronata are used to prepare a decoction believed to have anti-inflammatory and analgesic properties
[32].

In addition to their use in traditional medicine, mangroves in the Persian Gulf and Gulf of Oman region
are also used as a food source [34]. The propagules and leaves of Iranian mangrove species are not
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consumed raw or cooked by coastal communities as in other parts of the world, but are instead used as
livestock feed [4]. For example, the fruit of Avicennia marina is edible and consumed by local communities
outside Iran after preparation or cooking [35]. The seeds of Rhizophora mucronata are also edible and
used in traditional dishes in some communities [36].

Mangroves, especially the wood of Rhizophora mucronata, have historically been used in the
construction of traditional and historical homes and various household items, particularly for making roofs
in southern Iran [37]. The wood of mangrove species is known for its durability and resistance to decay
and insect damage, making it ideal for building houses, boats, and furniture [28]. In some communities,
mangrove leaves are used to make thatched roofs, and branches are used to construct fences and other
structures [38].

Furthermore, mangroves play a significant role in the cultural practices of coastal communities [38].
Mangrove forests are often considered sacred or culturally significant, with specific rituals and ceremonies
conducted in and around mangrove areas [39].

4. Broader Geographic Overview

Mangrove ecosystems in the Persian Gulf and Gulf of Oman are not limited to the northern coasts but
span a diverse range of environments across several countries. In addition to the previously discussed
regions, significant mangrove populations are found along the southern coasts of Iran, the United Arab
Emirates, Bahrain, Qatar, Kuwait, and the eastern coast of Saudi Arabia.

In the United Arab Emirates, mangroves are primarily located in Abu Dhabi, where species such as
Avicennia marina thrive in the warm, saline waters. Similarly, Bahrain’s coastal regions host extensive
mangrove stands, contributing to the island nation’s biodiversity. Qatar’smangroves, though less extensive,
play a crucial role in coastal protection and local fisheries. In Kuwait, small but vital mangrove patches
exist, supporting local wildlife and acting as natural barriers against coastal erosion. Saudi Arabia’s eastern
coast is home to significant mangrove areas, particularly around Tarut Bay and Jubail, where they support
rich marine life and local livelihoods.

5. Comparative Ethnobiology

Ethnobiological practices involving mangroves vary across the Persian Gulf and Gulf of Oman, reflecting
the diverse cultural heritage of the region. In Iran, mangroves are traditionally used for medicinal
purposes, with local communities utilizing mangrove extracts to treat ailments such as skin infections and
gastrointestinal issues. In the United Arab Emirates, mangroves have been historically used for building
materials and fuel, though modern conservation efforts have shifted the focus towards sustainable use
and protection.
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Bahraini communities have long relied on mangroves for fish and shrimp nurseries, which are crucial
for local fisheries. In Qatar, mangroves contribute to traditional practices such as dhow building, where
their wood is valued for its durability and resistance to marine conditions. In Kuwait and Saudi Arabia,
mangroves are used in traditional medicine and as a source of fodder for livestock, showcasing the
diverse ways in which these ecosystems are integrated into local cultures.

5.1. Conservation efforts

Across the Persian Gulf and Gulf of Oman, various conservation initiatives are in place to protect and
restore mangrove ecosystems. In Iran, governmental and nongovernmental organizations collaborate on
mangrove restoration projects, particularly in the Hara Biosphere Reserve. The United Arab Emirates has
implemented extensive reforestation programs, with Abu Dhabi’s Environment Agency leading efforts to
plant thousands of mangrove seedlings annually.

Bahrain’s Supreme Council for Environment oversees mangrove conservation, focusing on habitat
restoration and public awareness campaigns. In Qatar, the Ministry of Municipality and Environment
actively monitors mangrove health and promotes community involvement in conservation activities.
Kuwait’s Environmental Public Authority has initiated projects to rehabilitate degraded mangrove areas,
while Saudi Arabia’s National Center for Wildlife is spearheading efforts to protect and expand mangrove
habitats along the eastern coast.

6. Health Benefits of Mangroves

Mangrove ecosystems offer numerous health benefits to human populations, particularly in coastal
regions. These benefits can be classified into direct and indirect categories, each playing a vital role
in enhancing human well-being (Figure 2).

6.1. Direct health benefits

Medicinal properties: Mangrove species have been traditionally used in various cultures for their
medicinal properties. For instance, extracts from the leaves, bark, and roots of mangroves like Avicennia

marina and Rhizophora mucronata are known for their anti-inflammatory, antimicrobial, and antioxidant
properties. Local communities in Iran and the United Arab Emirates have long used these extracts to treat
ailments such as skin infections, wounds, gastrointestinal disorders, and respiratory issues.

Nutritional value: Some mangrove species produce fruits and seeds that are consumed by local
populations. These fruits are often rich in essential nutrients, providing a source of vitamins and minerals.
For example, the fruits of Sonneratia species are edible and have been used in traditional diets in various
coastal communities.
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Figure 2: Various benefits of mangroves.

6.2. Indirect health benefits

Environmental health: Mangroves play a crucial role in maintaining the health of coastal ecosystems,
which in turn supports human health. They act as natural water filters, trapping sediments and pollutants
from land-based sources before they reach the open sea. This filtration process helpsmaintain cleanwater,
which is essential for the health of coastal communities relying on these waters for drinking, fishing, and
recreational activities.

Protection from natural disasters: Mangroves provide a natural barrier against storm surges, tsunamis,
and coastal erosion. By stabilizing shorelines and reducing the impact of waves and storms, mangroves
help protect coastal communities from natural disasters. This protective function is particularly important
in regions prone to tropical storms and cyclones, where mangroves can significantly reduce the loss of
life and property.

Support for fisheries: Mangroves serve as crucial nurseries for many fish species and other marine
organisms. Healthy mangrove ecosystems support robust fisheries, which are a primary source of protein
for many coastal communities. The availability of fish and other seafood contributes to food security and
nutrition, positively impacting public health.
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Climate regulation: Mangroves are highly effective at sequestering carbon, thus playing a significant
role in mitigating climate change. By absorbing carbon dioxide from the atmosphere, mangroves help
regulate global temperatures and reduce the occurrence of extreme weather events. This climate
regulation function indirectly supports human health by contributing to a stable and hospitable
environment.

Biodiversity and ecosystem services: The biodiversity supported bymangrove ecosystems contributes
to the overall health and resilience of the environment. This biodiversity provides ecosystem services
such as pollination, pest control, and genetic resources for medicinal research. These services are vital
for maintaining the health of human populations by ensuring the availability of resources and maintaining
ecological balance.

6.3. Community health and well-being

Recreational and psychological benefits: Access to natural environments, including mangrove forests,
has been shown to provide psychological benefits. Activities such as bird watching, nature walks, and
ecotourism in mangrove areas contribute to mental health and well-being. The tranquility and beauty of
mangrove ecosystems offer a respite from urban stresses and promote a connection to nature.

Cultural and social benefits: Mangroves hold cultural significance for many coastal communities. They
are often associated with traditional practices, folklore, and community identity. The preservation and
restoration of mangrove ecosystems can foster community cohesion and pride, contributing to social
well-being.

The health benefits of mangrove ecosystems are manifold, extending beyond their immediate
environmental functions to impact human health and well-being directly and indirectly. Recognizing and
promoting these benefits can enhance conservation efforts and support sustainable development in
coastal regions. By integrating the health benefits of mangroves into public health and environmental
policies, stakeholders can foster resilient communities that thrive alongside these vital ecosystems.

7. Economic and Ecological Benefits

Mangroves provide a range of economic and ecological benefits throughout the Persian Gulf and Gulf of
Oman. In the United Arab Emirates, mangroves contribute to ecotourism, attracting visitors interested in
bird watching and nature excursions. Bahrain and Qatar benefit from the role of mangroves in supporting
local fisheries, which are vital to the economies of coastal communities.

In addition to their economic value, mangroves offer significant ecological benefits, such as carbon
sequestration and coastal protection. Studies have shown that mangroves in Saudi Arabia’s eastern coast
sequester substantial amounts of carbon, helping mitigate climate change. Similarly, the mangroves in
Kuwait act as natural barriers, reducing the impact of storm surges and coastal erosion.
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8. Challenges and Threats

Mangrove ecosystems in the Persian Gulf and Gulf of Oman face numerous challenges and threats,
including pollution, coastal development, and climate change. In Iran, industrial pollution and oil spills
pose significant risks to mangrove health. The United Arab Emirates and Bahrain face pressures from
rapid urbanization and tourism development, which can lead to habitat degradation.

Qatar’s mangroves are threatened by coastal construction projects, while in Kuwait, industrial activities
and marine pollution are major concerns. Saudi Arabia’s mangroves contend with similar issues,
exacerbated by the impacts of climate change, such as rising sea levels and increased salinity.

To address these challenges, countries in the region are implementing various management strategies.
Iran has established protected areas and strict pollution control measures. The United Arab Emirates
focuses on sustainable development practices and public education to promote mangrove conservation.
Bahrain, Qatar, Kuwait, and Saudi Arabia are enhancing their conservation frameworks through habitat
restoration projects and stricter environmental regulations.

9. Community-based Conservation and Management Challenges of
Mangrove Forests in the Persian Gulf and Gulf of Oman Region

Mangrove ecosystems in the Persian Gulf and Gulf of Oman face a wide range of threats that jeopardize
their survival. These threats include deforestation, pollution, and climate change, all of which have the
potential to significantly impact these valuable ecosystems [40]. However, community-basedmanagement
approaches have emerged as effective strategies for conserving mangroves and preserving traditional
knowledge systems [41].

One of the primary threats facing mangrove ecosystems in the Persian Gulf and Gulf of Oman is
deforestation [4]. Mangroves are often cleared for coastal development, agriculture, and aquaculture,
leading to the loss of critical habitats for numerous species [42]. Deforestation also reduces the ability of
mangrove forests to protect coastal areas from erosion and storms, increasing the vulnerability of coastal
communities to natural disasters [43].

Pollution is another significant threat to mangrove ecosystems [44]. Industrial runoff, agricultural runoff,
and solid waste disposal can all contaminate mangrove habitats, affecting water quality and harming
mangrove plants and animals [28]. Pollution can also disrupt the delicate balance ofmangrove ecosystems,
leading to decreased biodiversity and ecosystem health [45].

Climate change poses amajor threat to mangrove ecosystems in the Persian Gulf and Gulf of Oman [46].
Rising sea levels, increasing temperatures, and changes in precipitation patterns can all affect mangrove
forests, altering their distribution and structure [47]. Climate change can also increase the frequency and
intensity of extreme weather events, such as storms and cyclones, which can cause significant damage
to mangrove habitats [48].
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In the face of these threats, community-based management approaches have proven to be effective
strategies for conserving mangroves [49]. Community-based management involves engaging local
communities in the conservation and management of natural resources, empowering them to take
ownership of their environment and develop sustainable practices [50]. One of the key benefits of
community-based management approaches is that they utilize traditional knowledge systems to inform
conservation efforts [51]. Local communities have a deep understanding of their environment and have
developed sustainable practices over generations [52]. By incorporating traditional knowledge into
conservation strategies, communities can enhance the effectiveness and sustainability of mangrove
conservation efforts [49].

Research highlights the success of community-led conservation efforts in the Persian Gulf and Gulf
of Oman region, demonstrating the effectiveness of community-based management approaches [53].
For example, in the Qeshm Island Biosphere Reserve in Iran and in Bushehr province, local communities
have actively participated in mangrove conservation efforts, including planting mangroves and monitoring
their growth [2, 54]. These efforts have led to the restoration of degraded mangrove habitats and the
conservation of biodiversity in the region.

10. Interdisciplinary Approaches in Ethnobiology of Mangroves in the
Persian Gulf and Gulf of Oman Region

Mangrove ecosystems in the Persian Gulf and Gulf of Oman are complex and dynamic systems that require
interdisciplinary approaches to fully understand their breadth and significance. Interdisciplinary research
in the ethnobiology of mangroves integrates ecological, ethnographic, and socio-economic perspectives,
providing a comprehensive understanding of the relationships between humans and mangroves in the
region [2].

One of the key reasons for the importance of interdisciplinary research in the ethnobiology of
mangroves is the interconnected nature of mangrove ecosystems [55]. Mangroves are not only
ecologically significant but also play a crucial role in the livelihoods and cultures of coastal communities
[39]. Therefore, understanding the full scope of these relationships requires a holistic approach that
considers ecological, ethnographic, and socio-economic factors.

Ecological perspectives in interdisciplinary research onmangrove ethnobiology focus on understanding
the ecological processes that drive mangrove ecosystems [56]. This includes research on the biodiversity
of mangrove forests, the dynamics of mangrove ecosystems, and their ecosystem services. Ecological
research helps in understanding how mangroves respond to environmental changes and how they can
be managed sustainably.

Ethnographic perspectives in interdisciplinary research on mangrove ethnobiology focus on
understanding the cultural significance of mangroves for coastal communities. This includes research on
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traditional knowledge systems, cultural practices, and belief systems related to mangroves. Ethnographic
research helps in understanding how mangroves are integrated into the cultural identity of coastal
communities and how traditional knowledge can contribute to conservation efforts.

Socio-economic perspectives in interdisciplinary research on mangrove ethnobiology focus on
understanding the socio-economic factors affecting the conservation and management of mangroves.
This includes research on the economic value of mangroves, the impact of mangrove conservation on
local communities, and the role of governance and policy in mangrove management. Socio-economic
research helps in understanding themotivations and barriers tomangrove conservation andmanagement.

Recent research has used interdisciplinary approaches to explore the relationships between humans
and mangroves [57]. For example, studies conducted in the Qeshm Island Biosphere Reserve and
community-led mangrove planting activities in Bushehr, Iran, have used ecological, ethnographic, and
socio-economic perspectives to assess the impact of community-based mangrove conservation efforts
on local communities [2, 54]. These studies found that local community involvement in mangrove
conservation not only helps in protecting mangrove ecosystems but also provides economic opportunities
for local residents.

Another study conducted in the United Arab Emirates used interdisciplinary approaches to evaluate the
environmental and socio-economic impacts of mangrove restoration projects [58]. This research found
that mangrove restoration not only improved biodiversity and ecosystem services but also provided
economic benefits to local communities through eco-tourism and fisheries.

By integrating these diverse perspectives, interdisciplinary research in the ethnobiology of mangroves
offers a comprehensive understanding of the complex interactions between humans and mangrove
ecosystems, ultimately aiding in the development of effective and sustainable conservation strategies.

11. Future Directions in Mangrove Ethnobiology in the Persian Gulf and
Gulf of Oman Region

Future research on the ethnobiology of mangroves in the Persian Gulf and Gulf of Oman region should
focus on addressing key challenges facing the communities and ecosystems dependent on mangroves.
One important area for future research is the impact of climate change on mangrove ecosystems and the
communities that depend on them. Climate change is expected to result in rising sea levels, increasing
temperatures, and changes in precipitation patterns, all of which can have significant effects on mangrove
ecosystems. Studying the effects of climate change on mangroves and developing strategies to mitigate
these effects will be crucial for the conservation of these valuable ecosystems.

Another important area for future research is exploring the potential of traditional knowledge in
developing sustainable management practices for mangrove ecosystems. Traditional knowledge systems
have evolved over generations and have proven to be effective in the sustainable management of natural
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resources. By integrating traditional knowledge with modern scientific approaches, it may be possible to
develop innovative and sustainable management practices for mangrove ecosystems.

Additionally, future research should focus on the conservation of mangrove ecosystems and traditional
knowledge for future generations. Mangrove ecosystems are facing increasing threats from deforestation,
pollution, and climate change, highlighting the need for urgent conservation efforts. Similarly, traditional
knowledge systems related to mangroves are at risk of being lost as younger generations move away from
traditional ways of life. Preserving both mangrove ecosystems and traditional knowledge is essential for
maintaining the cultural and ecological integrity of the region. Based on the 15 years of experience of the
Beautiful Planet Association as the first and oldest NGO specializing in the planting and conservation of
Iran’smangrovewetlands, this conservation is achievablewith the cooperation of governmental institutions
and NGOs.

In conclusion, future research in mangrove ethnobiology in the Persian Gulf and Gulf of Oman region
should focus on addressing the impacts of climate change, exploring the potential of traditional knowledge
in sustainable management, and preserving mangrove ecosystems and traditional knowledge for future
generations. By focusing on these key areas, researchers can contribute to the sustainable conservation
and management of mangrove ecosystems in the region.

12. Recommendations for Policymakers, Researchers, and Local Com-
munities

The article has outlined several future research directions, yet a more detailed set of actionable
recommendations can significantly enhance the impact and applicability of the findings. Addressing
the challenges facing mangrove ecosystems and traditional knowledge systems requires coordinated
efforts across various stakeholders. Below are specific and actionable recommendations for policymakers,
researchers, and local communities:

12.1. Recommendations for policymakers

Develop and implement comprehensive mangrove conservation policies: Policymakers should
formulate and enforce comprehensive conservation policies that protect mangrove ecosystems from
deforestation, pollution, and overexploitation. These policies should include stringent regulations on
coastal development and land use that impact mangrove habitats.

Integrate traditional knowledge into policy development: Incorporate traditional ecological knowl-
edge and practices of local communities into policy-making processes. Engaging with indigenous and
local knowledge holders can enhance the effectiveness of conservation strategies and ensure culturally
relevant practices are preserved.
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Enhance funding for mangrove research and conservation: Increase financial support for research
initiatives focusing on mangrove ecosystems, including their ecological, socio-economic, and health
benefits. Funding should also be allocated to conservation projects that involve local communities in
mangrove management and restoration efforts.

Promote public awareness and education: Develop educational campaigns to raise awareness
about the importance of mangroves and their benefits. Educational programs should target schools,
communities, and the general public to foster a sense of stewardship and encourage sustainable practices.

Support sustainable livelihoods for coastal communities: Implement programs that promote
sustainable livelihoods for communities dependent on mangrove resources. Encourage alternative
income-generating activities that reduce pressure on mangrove ecosystems while providing economic
benefits to local populations.

12.2. Recommendations for Researchers

Conduct longitudinal studies on mangrove ecosystem health: Initiate long-term research projects to
monitor changes in mangrove health and ecosystem services over time. This will provide valuable data
on the impacts of environmental changes, conservation efforts, and restoration activities.

Explore the integration of modern and traditional knowledge: Investigate how modern scientific
approaches can be integrated with traditional ecological knowledge to develop more effective
conservation andmanagement strategies. Collaborative researchwith local communities can yield insights
that benefit both scientific understanding and practical applications.

Assess the socioeconomic impacts of mangrove conservation: Research the socioeconomic impacts
of mangrove conservation initiatives on local communities. This includes evaluating how conservation
efforts affect livelihoods, health, and cultural practices, and identifying ways to optimize benefits while
mitigating any adverse effects.

Develop and test innovative restoration techniques: Explore and test new techniques for mangrove
restoration and rehabilitation, focusing on improving the success rates and sustainability of these efforts.
This includes experimenting with different planting methods, soil treatments, and species selection.

Investigate the health benefits of mangrove products: Conduct studies on the medicinal and
nutritional properties of mangrove species. Understanding the health benefits of mangrove-derived
products can promote their sustainable use and support traditional practices.

12.3. Recommendations for Local Communities

Engage in community-based mangrove management: Local communities should actively participate in
the management and restoration of mangrove ecosystems. This includes forming community groups or
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associations dedicated to mangrove conservation and implementing sustainable practices in resource
use.

Document and preserve traditional knowledge: Document and preserve traditional knowledge related
to mangrove ecosystems, including medicinal uses, conservation practices, and cultural significance. This
knowledge should be shared within the community and with researchers to support conservation efforts.

Participate in educational and advocacy efforts: Engage in educational activities and advocacy efforts
to promote the importance of mangroves. Community-led initiatives can raise awareness and mobilize
support for conservation efforts at the local level.

Adopt sustainable practices: Implement sustainable practices in daily activities that impact mangrove
ecosystems, such as reducing pollution, avoiding overharvesting, and supporting eco-friendly alternatives.
Encourage others in the community to follow similar practices.

Collaborate with external stakeholders: Collaborate with researchers, policymakers, and non-
governmental organizations to address challenges facing mangrove ecosystems. Partnerships can
provide additional resources, knowledge, and support for local conservation and management efforts.

References

[1] Kathiresan K. Mangroves: types and importance. Mangroves: ecology, biodiversity and management. 2021. p.
1-31.

[2] Farshid Z, Moradi Balef R, Zendehboudi T, Dehghan N, Mohajer F, Kalbi S, et al. Reforestation of grey mangroves
(Avicennia marina) along the northern coasts of the Persian Gulf. Wetl Ecol Manag. 2023;31(1):115-28.

[3] Su J, Friess DA, Gasparatos A. Ameta-analysis of the ecological and economic outcomes ofmangrove restoration.
Nat Commun. 2021;12(1):5050.

[4] Milani AS. Mangrove forests of the Persian Gulf and the Gulf of Oman. Threats to mangrove forests: hazards,
vulnerability, and management. Springer, 2018. p. 53-75.

[5] Anu K, Sneha V, Busheera P, Muhammed J, Augustine A. Mangroves in environmental engineering: Harnessing
the multifunctional potential of Nature’s coastal architects for sustainable ecosystem management. Results Eng.
2024:101765.

[6] Ba-Khamis AN, Bilal H, Heggy E, Al-Kuwari MS, Al-Ansari T. On the drivers, forecasts, and uncertainties of relative
sea level rise in the Eastern Arabian Peninsula: A review. Reg Stud Mar Sci. 2024:103503.

[7] Sunkur R, Kantamaneni K, Bokhoree C, Ravan S. Mangroves’ role in supporting ecosystem-based techniques to
reduce disaster risk and adapt to climate change: A review. J Sea Res. 2023:102449.

[8] Owuor M, Santos TM, Otieno P, Mazzuco ACA, Iheaturu C, Bernardino AF. Flow of mangrove ecosystem services
to coastal communities in the Brazilian Amazon. Front Environ Sci. 2024;12:1329006.

[9] Das SC, Das S, Tah J. Mangrove Forests and People’s Livelihoods. Mangroves: Biodiversity, Livelihoods and
Conservation: Springer; 2022. p. 153-73.

[10] Bimrah K, Dasgupta R, Hashimoto S, Saizen I, Dhyani S. Ecosystem services of mangroves: A systematic review
and synthesis of contemporary scientific literature. Sustainability. 2022;14(19):12051.

DOI 10.18502/wkmj.v66i4.17776 Page 414



West Kazakhstan Medical Journal Farhad Rahmanifar et al

[11] Savari A, Khaleghi M, Safahieh A, Hamidian Pour M, Ghaemmaghami S. Estimation of biomass, carbon stocks
and soil sequestration of Gowatr mangrove forests, Gulf of Oman. Iran J Fish Sci. 2020;19(4):1657-16580.

[12] Chang C-W, Mori N. Green infrastructure for the reduction of coastal disasters: A review of the protective role of
coastal forests against tsunami, storm surge, and wind waves. Coast Eng J. 2021;63(3):370-385.

[13] Debrot AO, Veldhuizen A, Van Den Burg SW, Klapwijk CJ, Islam MN, Alam MI, et al. Non-timber forest product
livelihood-focused interventions in support of mangrove restoration: A call to action. Forests. 2020;11(11):1224.

[14] Zu Ermgassen PS, Mukherjee N, Worthington TA, Acosta A, da Rocha Araujo AR, Beitl CM, et al. Fishers who
rely on mangroves: Modelling and mapping the global intensity of mangrove-associated fisheries. Estuar Coast
Shelf Sci. 2020;247:106975.

[15] Alongi DM. Functional role of mangrove forests along the subtropical and tropical coasts of China. Curr Chin
Sci. 2021;1(1):73-86.

[16] Chehrazi M, Shirakani A, Balef R, Khoradmehr A, Rasti N, Tamadon A. Conocarpus tree the marine-medicinal
treasure of Southern Iran: A review of botanical, phytochemical and medicinal properties. Iran South Med J.
2021;24(2):111-125.

[17] Savari M, Damaneh HE, Damaneh HE. Factors involved in the degradation of mangrove forests in Iran: A mixed
study for the management of this ecosystem. J Nat Conserv. 2022;66:126153.

[18] Koochaki Chenani S, Babaie Kafaky S, Kiadaliri H, Ebrahimi A, Etminan A. Relationship among environmental
factors with distribution of genetic types of Avicennia marina in mangrove ecosystems of Iran. Int J Environ Sci
Technol. 2023;20(3):2713-27132.

[19] Friis G, Killilea ME. Mangrove ecosystems of the United Arab Emirates. A Natural History of the Emirates: Springer;
2023. p. 217-40.

[20] Miri M, Seyfabadi J, Ghodrati Shojaei M, Rahimian H, Valipour M. Polychaete diversity and functional trait
composition in subtropical mangrove ecosystems. Diversity. 2023;15(9):998.

[21] Ellison AM, Felson AJ, Friess DA. Mangrove rehabilitation and restoration as experimental adaptivemanagement.
Front Mar Sci. 2020;7:327.

[22] Sam K, Zabbey N, Gbaa ND, Ezurike JC, Okoro CM. Towards a framework for mangrove restoration and
conservation in Nigeria. Reg Stud Mar Sci. 2023:103154.

[23] Arceo-Carranza D, Chiappa-Carrara X, Chávez López R, Yáñez Arenas C. Mangroves as feeding and breeding
grounds. Mangroves: Ecology, Biodiversity, and Management. 2021:63-95.

[24] Singgalen YA. Mangrove forest utilization for sustainable livelihood through community-based ecotourism in kao
village of north halmahera district. J Man Hut Trop. 2020;26(2):155-168.

[25] Xiong Y, Jiang Z, Xin K, Liao B, Chen Y, Li M, et al. Factors influencingmangrove forest recruitment in rehabilitated
aquaculture ponds. Ecol Eng. 2021;168:106272.

[26] Mitra A, Mitra A. Ecosystem services of mangroves: An overview. Mangrove Forests in India: Exploring Ecosystem
Services. 2020:1-32.

[27] Kamyab H, Khademi T, Chelliapan S, SaberiKamarposhti M, Rezania S, Yusuf M, et al. The latest innovative
avenues for the utilization of artificial intelligence and big data analytics in water resource management. Results
Eng. 2023:101566.

[28] Akram H, Hussain S, Mazumdar P, Chua KO, Butt TE, Harikrishna JA. Mangrove health: A review of functions,
threats, and challenges associated with mangrove management practices. Forests. 2023;14(9):1698.

DOI 10.18502/wkmj.v66i4.17776 Page 415



West Kazakhstan Medical Journal Farhad Rahmanifar et al

[29] Walters BB, Rönnbäck P, Kovacs JM, Crona B, Hussain SA, Badola R, et al. Ethnobiology, socio-economics and
management of mangrove forests: A review. Aquat Bot. 2008;89(2):220-236.

[30] Safa O, Soltanipoor MA, Rastegar S, Kazemi M, Nourbakhsh Dehkordi K, Ghannadi A. An ethnobotanical survey
on hormozgan province, Iran. Avicenna J Phytomed. 2013;3(1):64-81.

[31] ElDohaji LM, Hamoda AM, Hamdy R, Soliman SSM. Avicennia marina a natural reservoir of phytopharmaceuticals:
Curative power and platform of medicines. J Ethnopharmacol. 2020;263:113179.

[32] Roy UK, Sarkar C, Jamaddar S, Mondal B, Ramproshad S, Zulfiquar TN, et al. A detailed assessment of the
traditional applications, bioactive content, pharmacology, and toxicity of Rhizophora mucronata. J Herb Med.
2023:100702.

[33] Okla MK, Alatar AA, Al-Amri SS, Soufan WH, Ahmad A, Abdel-Maksoud MA. Antibacterial and antifungal activity
of the extracts of different parts of Avicennia marina (Forssk.) Vierh. Plants. 2021;10(2):252.

[34] Shahraki M. Fish community structure and food web dynamics in low rainfall mangrove and non-mangrove
ecosystems (Persian Gulf): Staats-und Universitätsbibliothek Bremen; 2015.

[35] Kusmana C (ed.). Mangrove plant utilization by local coastal community in Indonesia. IOP Conference Series:
Earth and Environmental Science; 2018: IOP Publishing.

[36] Budiyanto F, Alhomaidi EA, Mohammed AE, Ghandourah MA, Alorfi HS, Bawakid NO, et al. Exploring the
mangrove fruit: From the phytochemicals to functional food development and the current progress in the Middle
East. Mar Drugs. 2022;20(5):303. https://doi.org/10.3390/md20050303

[37] Nadoomi R, Sharghi A, Nakhaei S, Azadian R. Regional materials and environmental sustainability in hot and
humid climates: A study on Boushehr’s vernacular houses. Int J Archit Eng Urban Plan. 2023;33(4):1-19.

[38] Bandaranayake W. Traditional and medicinal uses of mangroves. Mangroves Salt Marshes. 1998;2:133-148.

[39] Moore AC, Hierro L, Mir N, Stewart T. Mangrove cultural services and values: Current status and knowledge
gaps. People Nat. 2022;4(5):1083-1097.

[40] Rahmadi MT, Yuniastuti E, Suciani A, Harefa MS, Persada AY, Tuhono E. Threats to mangrove ecosystems and
their impact on coastal biodiversity: A study on mangrove management in Langsa City. Indones J Earth Sci.
2023;3(2):A627- A62A.

[41] Macamo CdCF, Inácio da Costa F, Bandeira S, Adams JB, Balidy HJ. Mangrove community-based management
in Eastern Africa: Experiences from rural Mozambique. Front Mar Sci. 2024;11:1337678.

[42] Ferreira AC, Borges R, de Lacerda LD. Can sustainable development save mangroves? Sustainability.
2022;14(3):1263.

[43] Asari N, Suratman MN, Mohd Ayob NA, Abdul Hamid NH. Mangrove as a natural barrier to environmental risks
and coastal protection. Mangroves: Ecology, Biodiversity and Management. Springer, 2021. P. 305-322.

[44] Szafranski GT, Granek EF. Contamination in mangrove ecosystems: A synthesis of literature reviews across
multiple contaminant categories. Mar Pollut Bull. 2023;196:115595.

[45] Wang Y-S, Gu J-D. Ecological responses, adaptation and mechanisms of mangrove wetland ecosystem to global
climate change and anthropogenic activities. Int Biodeter Biodegr. 2021;162:105248.

[46] Etemadi H, Smoak JM, Abbasi E. Spatiotemporal pattern of degradation in arid mangrove forests of the Northern
Persian Gulf. Oceanologia. 2021;63(1):99-114.

[47] Mafi-Gholami D, Zenner EK, Jaafari A. Mangrove regional feedback to sea level rise and drought intensity at the
end of the 21st century. Ecol Indic. 2020;110:105972.

DOI 10.18502/wkmj.v66i4.17776 Page 416



West Kazakhstan Medical Journal Farhad Rahmanifar et al

[48] Ward RD, Friess DA, Day RH, Mackenzie RA. Impacts of climate change on mangrove ecosystems: A region by
region overview. Ecosyst Health Sustain. 2016;2(4):e01211.

[49] Sathiyamoorthy S, Sakurai T. Effectiveness of community participation in mangrove restoration: The evidence
from northern Sri Lanka. Environ Econ Policy Stud. 2024;26:759–779.

[50] Jones B, Murphree MW. Community-based natural resource management as a conservation mechanism: Lessons
and directions. Parks in transition: Routledge; 2013. p. 63-103.

[51] Kothari A, Camill P, Brown J. Conservation as if people also mattered: Policy and practice of community-based
conservation. Medknow; 2013. p. 1-15.

[52] Dawson NM, Coolsaet B, Sterling EJ, Loveridge R, Gross-Camp ND, Wongbusarakum S, et al. The role of
indigenous peoples and local communities in effective and equitable conservation. Ecol. Soc. 2021; 26:19.

[53] Pak A, Farajzadeh M. Iran’s integrated coastal management plan: Persian Gulf, Oman Sea, and southern Caspian
Sea coastlines. Ocean Coast Manag. 2007;50(9):754-773.

[54] Feyzolahpour M, Ghasemlu H, Fard MM. The impact of human activities on the mangrove forests of the Qeshm
Island, Iran. AUC Geogr. 2023;58(1):96-112.

[55] Nijamdeen TM, Ephrem N, Hugé J, Kodikara KAS, Dahdouh-Guebas F. Understanding the ethnobiological
importance of mangroves to coastal communities: A case study from Southern and North-western Sri Lanka.
Mar Policy. 2023;147:105391.

[56] Macintosh DJ, Ashton EC. A review of mangrove biodiversity conservation and management. Centre for tropical
ecosystems research, University of Aarhus, Denmark. 2002.

[57] Awuku-Sowah EM, Graham NA, Watson NM. Investigating mangrove-human health relationships: A review of
recently reported physiological benefits. Dialogues Health. 2022;1:100059.

[58] Samara F, Solovieva N, Ghalayini T, Nasrallah ZA, Saburova M. Assessment of the environmental status of the
mangrove ecosystem in the United Arab Emirates. Water. 2020;12(6):1623.

DOI 10.18502/wkmj.v66i4.17776 Page 417


