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Abstract

Mangroves in the Arabian region are often connected to nearby habitats, greatly
benefiting local marine life and people. However, while mangrove research has expanded
globally, those in the Arabian region remain understudied. This thesis aims to investigate the
role of mangrove habitats in supporting marine species and the perceptions of people to identify
the best ways to use available information to target conservation efforts in the Arabian region.
Two systematic literature reviews were undertaken to identify publication trends in the
mangrove literature on the importance of mangrove habitat for supporting marine species
(Chapter Two), and on the literature temporal trends and geographical coverage in the Arabian
region (Chapter Three). Fish habitat use within mangrove microhabitats (Chapter Four) and
the perception of people on the conservation of mangroves in Arabia were investigated (Chapter
Five). The results show that at least 65% of the research focused on fish populations in
mangroves and adjacent habitats, typically concentrated in the tropical Atlantic and Oceania
regions. Arabian literature on mangroves has steadily increased, yet it exhibits a lack of
diversity in research topics, with an underrepresentation of areas known for their substantial
mangrove presence, such as the southern Gulf subregion. The underwater visual census showed
young fish in greater abundance and diversity in mangroves exhibiting greater structural
complexity compared to less complex habitats like mudflats. Fish patterns were influenced by
seasonal temperature changes, which underscores the sensitivity of fish communities to
environmental conditions. Through semi-structured interviews, regional perspectives on
mangroves among different groups varied. Key challenges in the region include research and
restoration method gaps, lack of policies to address threats from human activities, and
insufficient communication between different stakeholder groups, such as local communities
and environmental managers. This thesis suggests we should prioritize scientific research of
mangroves and adjacent coastal ecosystems, seek to incorporate traditional knowledge into
conservation planning and improve regional and international collaboration. Filling these gaps
will adopt a holistic approach that bridges ecological and social considerations to strengthen

mangrove protection and raise the international profile of Arabian mangroves.
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CHAPTER 1: Introduction

1. INTRODUCTION

1.1 Background to mangrove ecosystems

Mangroves are trees or shrubs occupying coastal, rivers and estuarine areas within tropical
and subtropical regions (Duke, 1992; Ellison ef al., 1999; Saenger, 2002). The word mangrove
originated from either ‘manggi-manggi’, a word in Malaysian, or from ‘mangue’, a word from
Portuguese and Spanish (MacNae, 1969), or a combination of Malaysian and Arabic words ‘al-
gurm’ and ‘mang-gurm’ (Saenger, 2002). The first historical description of mangroves was in
the Arabian Gulf region in the fourth century BC by Theophrastus and Aristotle, where they
described the mangroves of Tylos (now known as the country Bahrain) (Saenger, 2002).
Mangroves form the main vegetation in saline wetlands and exclusively disperse along
intertidal areas by sea currents (Tomlinson, 2016). Mangroves grow on soils that consist of
mud, clay, and silt (Kathiresan and Bingham, 2001), but some are able to grow on loose sand,

peat, and rock substrates (Saenger, 2002).

Tomlinson (2016) defines a mangrove community as a taxonomically distinct group of
plants that exhibit unique morphological and physiological adaptations to survive in a marine
environment. This means that the classification of mangroves is based on their structural
attributes (e.g. tree height) and the environmental conditions they inhabit (e.g. geomorphology).
Initially, six types of mangrove forms were identified: fringe, overwash, scrub, hammock,
riverine, and basin (Lugo and Snedaker, 1974). However, they were later grouped into three
categories: fringe (tide-dominated mangroves), riverine (river-dominated mangroves), and
basin (interior mangroves) (Woodroffe, 1992). Each region's mangroves are unique, reflecting
their specific geomorphology and ecological features, which influence their structural and
functional processes (Twilley and Day, 1999). According to Worthington and Spalding (2018),
the global classification of mangroves recognizes four broad classes of mangrove types; deltas,

estuaries, lagoons, and fringing.



1.1.1 Distribution and species of mangroves

Mangroves are generally distributed between 30°N and 30°S latitude (Alongi, 2002; Giri et
al., 2011; Bunting et al., 2022). However, the largest concentration of mangroves is between
5°N and 5°S, in the following regions: Asia (42%), North and Central America (15%), and
South America (11%) (Giri et al., 2011). Mangrove distribution is highly associated with sea-
surface temperatures (Tomlinson, 2016). Apart from temperatures, other environmental
components influence mangrove distribution (Duke, 1992). These include wave action, tidal
inundation, sea currents, and shallow shores (Saenger, 2002; Alongi, 2009; Tomlinson, 2016).
The limiting factors of mangrove growth are attributed to the composition of soil salinity and
waterlogging, as well as the limitation of nutrient supply (Koch and Snedaker, 1997; Lovelock
et al., 2004). The diversity of world mangroves is estimated to be 70 species in 28 genera that
belong to 20 families (Hogarth, 2015). The mangrove plant Avicennia marina, belonging to the
Acanthaceae family, is one of the most widespread species found in almost every tropical,
subtropical, and temperate region of the world (Saenger ef al., 1983; Duke, 1992; Kathiresan
and Bingham, 2001; Alongi, 2002; Spalding et al., 2010).



1.2 Mangroves of the Arabian Gulf

The coastline of the Arabian Gulf comprises the northern latitudinal limits of the Indo-
Pacific East African mangrove distribution; thus, mangrove diversity in the region is low
(Sheppard et al., 1992; Saenger et al., 2004; Saenger, 2002). It was suggested by Plaziat (1995)
that the mangrove species Rhizophora was once abundant in the region due to favourable wetter
climate conditions and the presence of potamiid mollusc fauna (7erebralia palustris) some
3,800 years BP. However, due to the changes in sea levels over thousands of years, Rhizophora
species declined and became extinct in many parts of the region (Plaziat, 1995), with few stands

remaining along the Iranian coast.

Presently, the only widespread species in the entire Arabian Gulf is the salt-tolerant
Avicennia marina (Saenger, 2002; Saenger et al., 2004; Almahasheer, 2018). The species
Avicennia marina was first described in the Arabian region along the Red Sea by Pher Forsskal
and was named after the famous medical scientist Ibn Sina (Saenger, 2002). The regional
assessment of mangroves in the Arabian Gulf indicates that the ecosystem is at risk (Almansoori
et al., 2024). However, while existing research on mangrove ecosystems worldwide is well
established (e.g. Lovelock et al., 2004; Beitl et al., 2014; Himes-Cornell et al., 2018; Su et al.,
2021), mangroves of the Arabian region remain one of the least represented regions in global
mangrove literature, and particularly the southern Arabian Gulf subregion (Saenger et al., 2004;
Zahran and Elamier, 2016; Almahasheer, 2017; EAD, 2019; Vaughan et al., 2019; Adame et al.,
2020). Recently, the regional assessment of mangroves in the Arabian Gulf indicates that the

ecosystem is at risk (Almansoori et al., 2024: see Appendix B.4).



1.2.1 Southern Arabian Gulf

The southern Arabian Gulf covers a coastline of approximately 750 km? along the United
Arab Emirates (UAE), which includes seven Emirates: Abu Dhabi, Dubai, Sharjah, Ras Al
Khaimah, Ajman, Umm Al Quwain, and Fujairah (MOEC, 2023). The Emirates are located
north and northeast of the Arabian Gulf, except for Abu Dhabi Emirate, which is situated along
the southern Arabian Gulf (Almahasheer, 2018; MOEC, 2023) (Figure 1.1). The climate of the
southern Arabian Gulf'is hyper-arid and typically extreme in environmental conditions (Hellyer
and Aspinall, 2005; Alsalam, 2007). The semi-enclosed Gulf is relatively shallow, with an
average depth of 35 m (Sheppard et al., 1992; Saenger et al., 2004). It has an annual
precipitation of less than 90 mm and fluctuating sea-water temperatures that range from 16°C
in winter to 35°C during the summer (Sheppard et al., 1992; EAD, 2003; Alsalam, 2007;
AGEDI, 2008; EAD, 2011; Vaughan et al., 2019). In addition, high evaporation rates cause
extreme salinity offshore of nearly 40 ppt and exceed roughly 50 ppt inshore (Saenger et al.,
2004). As a result, mangroves occur in monospecific stands of Avicennia marina along coastal
lagoons, typically alongside other important ecosystems, including saltmarsh communities,
mudflats, and seagrass meadows (Loughland et al., 2004; Alsalam, 2007; AGEDI, 2008; Brown
et al.,2008; EAD, 2011).
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Figure 1. 1. The distribution of mangroves along the southern Arabian Gulf in the United Arab
Emirates.



1.2.2 Spatial distribution of mangroves in the southern Arabian Gulf

Mangroves of the southern Arabian Gulf represent half of the entire Arabian Gulf region’s
mangrove forest extent (Almahasheer, 2018; Almansoori et al., 2024). Almahasheer (2018)
recorded approximately 165 km? of mangrove along the interior of the Arabian Gulf region,
with more than 50% found along the southern coastline of Abu Dhabi in the UAE. Recently, it
was reported that the regional coverage of mangroves in the Arabian Gulf is approximately
209.5 km?, with more than 47% situated in the southern Arabian Gulf (Almansoori et al., 2024).
According to the Environment Agency (EAD), Abu Dhabi mangrove extent estimate is 57 km?
(EAD, 2018). This estimate was similar to the extent reported by the Global Mangrove Watch
of 54 km? along the UAE coastline (Bunting et al., 2022). The spatial distribution of Arabian

Gulf mangroves represents 0.1% of the global mangrove extent (Bunting et al., 2022).

UAE’s mangrove extent has increased over the past two decades (Almahasheer, 2018;
Almansoori ef al., 2021). Historically, it was estimated that mangroves covered at least 35 km?
in 1980, and in 2005, it was reported to be approximately 41 km? (FAO, 2005; Alhabshi et al.,
2007). The increase was mainly due to the large reforestation efforts led by the UAE
government (Saenger et al., 2004; Almahasheer, 2018). Despite these gains, mangroves remain
vulnerable in the region due to intense coastal infrastructure (Sheppard et al., 2010; Almansoori
et al., 2021; Almansoori et al., 2024). According to Almansoori et al. (2021), the National Red
List of Ecosystems assessment of mangroves in the UAE assigned an ‘Endangered’ status due
to their restricted area of occupancy and recent anthropogenic threats. Recent research for the
IUCN Red List of Ecosystems assigned a ‘Vulnerable’ status for mangroves of the Arabian
Gulf, also owing to their restricted area of occupancy and regional threats from human activities

(Almansoori et al., 2024: see Appendix B.4).



1.3 Ecosystem services of mangroves

Mangroves are one of the most productive ecosystems of the tropical and subtropical
shorelines (Ellison et al., 1999; Alongi, 2009). Where they occur, they are one of the dominant
features of the shoreline, adjacent to equally important ecosystems, such as saltmarshes
(Hogarth, 2015), seagrass beds (Sudo et al., 2021), and coral reefs (Singh et al., 2023). Research
on mangroves revealed much about their ecological role, functions, and services. The
ecosystem services and benefits provided by mangroves and saltmarshes yield values of 25 US$
trillion annually (Costanza et al., 2014). Mangrove habitat extent is also linked to high
productivity in nearby coastal fisheries (e.g. Aburto-Oropeza ef al., 2008; zu Ermgassen ef al.,
2020), which could reach an estimated economic value of up to 16,500 US$ per hectare of

mangroves (UNEP, 2006).

Mangroves are adapted to the saline environment and provide a variety of services and
benefits to coastal communities, adjacent marine ecosystems, and numerous terrestrial and
marine species (Nagelkerken, 2009; Curnick et al., 2019; Gayo, 2022; Leal and Spalding,
2022). At least 40% of the global human population lives near coastal areas (UNEP, 2020), and
thus coastal communities and coastal villages may be vulnerable to climate change stressors
(e.g. Goldberg et al., 2020; Hagger et al., 2022). Research shows that coastal communities
could be protected from waves, intense storms, and flooding by the structural complexity and

root system of mangrove trees (Patel ef al., 2014; Chen et al., 2023; Reciproco et al., 2023).

Mangroves store four to five times more carbon content belowground than other terrestrial
ecosystems (Donato et al., 2011). Research shows that the slow process of organic matter
decomposition over time in the waterlogged soils of mangroves renders them major blue carbon
sinks (Alongi, 2009; Donato et al., 2011; Zou et al., 2023). For example, Indo-Pacific region
mangroves contain, on average 1,023 mg carbon per hectare (Donato et al., 2011). Hence,
mangroves are one of the most essential blue carbon ecosystems that are vital for maintaining
a resilient profile in the face of climate change mitigation (Donato ef al., 2011; Lovelock et al.,

2015; Goldberg et al., 2020; Diana et al., 2023).



Moreover, mangroves are efficient at trapping sediment (Alongi, 2009). This process
enhances the water quality and clarity, recycles material, and provides nutrients to its
environment and neighbouring marine ecosystems (Twilley and Day, 1999; Lovelock et al.,
2004; Nagelkerken, 2009). In addition to trapping sediments, mangroves also offer numerous
resources to terrestrial and marine species (Aburto-Oropeza et al., 2008; Nagelkerken, 2009;
Igulu et al., 2014). They support species by offering habitat services, such as shelter, food, and
protection (see e.g. Igulu et al., 2014; Carrasquilla-Henao et al., 2022; Ponton-Cevallos et al.,
2022). For example, an abundance of various species such as birds, reptiles, amphibians,
mammals, fish, and shrimp species are typically found in mangroves due to their considerable
habitat resources (Nagelkerken, 2009; Luther and Greenberg, 2009; Ponton-Cevallos et al.,
2022).

Intrinsically, cross-ecosystem interactions are common among mangroves and nearby
coastal habitats, such as the exchange of nutrients and the movement of species (Nagelkerken,
2009). The latter is well-investigated across the world, especially by the movement of marine
fish (see e.g. Nagelkerken, 2009; Kimirei et al., 2013; Carrasquilla-Henao et al., 2019; Sievers
et al., 2019). However, while extensive research is evident globally, some regions, such as
Arabia, remain poorly studied in coastal connectivity studies (Adame et al., 2020; Almahasheer
2018; Almansoori et al., 2024). In fact, prior research revealed that studies investigating the
multi-habitat use by fish were mainly conducted across the tropical Atlantic region, the

Caribbean, and Australia (see e.g. Nagelkerken, 2009; Sambrook et al., 2019).



1.3.1 Benefit of mangroves for fish

Numerous studies worldwide demonstrate the importance of mangroves as an essential
habitat for fish species (Bell et al., 1984; Robertson and Duke 1987; Chong et al., 1990;
Nagelkerken et al., 2000; Dorenbosch et al., 2007). Mangroves provide a refuge for fish mainly
due to the availability of food resources, shelter, structural complexity, and reduced predation
risk due to the size of refuge spaces and distance from offshore habitats (Nagelkerken et al.,
2000). Research by Hutchison et al. (2014) showed that mangrove habitats provide important
primary production, e.g. detritus or leaves, that form an important part of the marine food web
for fisheries. As such, mangroves are widely accepted as essential nursery habitats for fish (e.g.
Blaber, 2000, Kathiresan and Bingham 2001), and their contribution to nearshore fisheries has

been well documented (Manson et al., 2005; Beitl, 2014).

Mangrove areas are important for economically valuable marine species (see e.g.
Nagelkerken et al., 2000; Manson et al., 2005; Reis-Filho et al., 2016; Carrasquilla-Henao,
2017), but have also been shown to provide livelihoods for small-scale fisheries. According to
zu Ermgassen et al. (2020), mangrove areas sustain at least 70 individual fish, crustaceans, and
molluscs per square metre annually and support approximately 4.1 million small-scale fishers
worldwide. Although, it is evident that our knowledge of the linkage between mangrove habitats
and fish has increased over the past decade (see e.g. Kimirei et al., 2013; Igulu et al., 2014;
Reis-Filho et al., 2016; Carrasquilla-Henao, 2017), it has been largely carried out across the
tropical Atlantic region, the Caribbean, and Australia, with relatively few studies elsewhere,
e.g. parts of Asia (e.g. Manson et al., 2005; Sambrook et al., 2019). For instance, in the Arabian
region, much of the research on mangrove habitats and fish has been carried out in the Red Sea
and the northern coast of the Arabian Gulf mangroves (see e.g. El-regal and Ibrahim 2014,
Dunne et al., 2023). Little has been documented from the southern coastline of the Arabian
Gulf, which hosts the largest extent of mangroves in the region (Almahasheer, 2018;
Almansoori et al., 2024). Where there are fisheries-related studies in the southern Arabian Gulf,
they are mostly found within offshore coral reef ecosystems or commercial landings (see e.g.

Francis et al., 2022; Vaughan et al., 2021).



1.3.2 Benefits of mangroves to local communities

There is a growing body of literature that recognizes the importance of mangrove
ecosystems for local communities (e.g. Carrasquilla-Henao and Juanes, 2017; Costanza et al.,
2017; Huxham et al., 2017; Himes-Cornell et al., 2018). Mangrove ecosystems support the
livelihoods of millions in coastal populations around the world through their habitat provision,
nursery role for fish and invertebrate species, water quality enhancement, recreation, and
climate mitigation (Howard et al., 2017; Carrasquilla-Henao and Juanes, 2017; Himes-Cornell
etal.,2018). Elwin et al. (2024) demonstrated the importance of understanding local knowledge
about mangrove ecosystem health from personal experiences. For instance, the study revealed
that the historical tsunami event of 2004 was perceived by local participants to mark the lowest
health conditions of mangrove ecosystems through significantly disrupting fisheries production

and altering the habitat, which in turn affected livelihoods (Elwin et al., 2024).

Research has also revealed that differences between cultures may affect the way local
communities perceive and experience ecosystems, e.g. ecosystem health and livelihoods
(Robards et al., 2011; Satterfield ef al., 2013). This is thought to be because individuals perceive
benefits differently, according to the cultural and socio-economic context of the individual
(Diaz et al., 2018), or that community experiences vary due to the differences in ecosystem
benefits that are both spatially and temporally dynamic (Roces-Diaz et al., 2014). Despite the
importance of traditional local knowledge, current literature revealed limited information on
the involvement of local communities in conservation strategies across Arabia (Hellyer and

Aspinall, 2005; Alsalam, 2007; Ghasemi et al., 2010).

Traditional local knowledge and the involvement of local communities in mangrove
management are important elements in mangroves conservation (Datta et al., 2012; Cebrian-
Piqueras et al., 2020). Indeed, Ghasemi et al. (2010) reported that the conservation of
mangroves showed success in Iran, mainly due to the support of local communities, and
reflected socio-economic benefits, such as medicinal resources. Globally, successful mangrove
conservation has been shown to involve local community participation in restoration projects
(e.g. Reyes-Garcia et al., 2019), and failing to do so can lead to the failure of conservation

strategies (e.g. Klain et al., 2012; Satterfield et al., 2013).
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1.4 Threats to mangroves

Historically, humans have posed significant threats to mangrove ecosystems most directly
by clearing and conversion of large areas into aquaculture, agriculture, and urban development
in many regions (e.g. Saenger ef al., 1983; Alongi, 2002). As mangroves become fragmented
and eventually lost, their ecological services and benefits also decline (Duke ef al., 2007). By
the late 1990s, it was estimated that mangrove forests had declined in extent by 35% (Valiela
et al., 2009). According to Duke ef al. (2007), mangrove loss reached at least 86% in some
areas, mostly in developing countries where approximately 90% of mangroves are located. The
reduction in the extent of global mangroves has been mainly attributed to the impacts of human
activities near the coastline, such as infrastructure, pollution, and land conversion for shrimp
farms and rice production, as well as climatic factors (Sheppard et al., 2010; Goldberg et al.,

2020; Hagger et al., 2022).

However, awareness of the importance of mangroves has improved in the past two decades,
which has resulted in a decrease in their loss and even some gains in some countries (Hagger et
al., 2022). By 1996, mangrove extent was estimated at 152,604 km? globally (Bunting et al.,
2022). FAO reported a similar estimate from the same year at roughly 169,248 km? (Wilkie and
Fortuna, 2005). The reduction of net mangrove loss was observed between 1996 and 2007 at
2.74 %, and between 2007 and 2016, rates reduced to 1.58 %, and by 2020, the total mangrove
extent covered approximately 147,359 km? (Bunting et al., 2022). Therefore, mangrove habitat
reduction and even gains in some countries were associated with understanding the overall
benefits of mangrove ecosystem services, restoring previously degraded areas, and initiating
the protection of forests (see e.g. Bunting et al., 2022; Hagger et al., 2022; Leal and Spalding,
2022).
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1.5 Thesis aims

The overall aim of my thesis is to investigate the role of mangrove habitats in supporting

marine species, explore how people perceive mangroves, and how we can use the available

information to guide conservation efforts in the Arabian region.

The individual aims of the thesis chapters are as follows:

Chapter 2: To establish the importance of mangrove habitat for supporting biodiversity
and describe the current literature knowledge and whether the connectivity facilitated
by the movement of marine species has been examined. This will be achieved through
a systematic literature review to identify the publication trends, such as research topics,
description of habitats, taxonomic groups studied, historical changes and geographical
coverage of the literature to obtain an overall understanding of the literature on the
ecological role of mangrove habitats and the associated marine life, and the regions
where this type of research has been investigated.

Chapter 3: To highlight mangrove research in the understudied Arabian Gulf region, by
exploring temporal trends, geographical coverage, and research gaps. A systematic
literature review in English and Arabic languages using a combination of scientific
bibliographic databases, grey literature, and resource hubs of locally-based databases
will be used to extract data. This will include the number of publications, authorship
and affiliates, research topics and primary taxa, and research efforts according to
mangrove typologies. The information will contribute to the understanding of the
temporal trends and geographical coverage of scientific literature on Arabian mangroves
to help direct research for the following Chapters.

Chapter 4: To gather primary data to address research gaps in previous chapters
concerning the connectivity facilitated by the movement of marine species. The goal is
to establish the habitat use by fish in mangroves of the southern Arabian Gulf. Here, the
relationship between mangrove ecosystems and fish populations will be examined to
determine the similarities and differences in fish assemblages associated with various
mangrove microhabitats and to assess whether environmental variables influence fish
assemblages. An underwater visual census will be conducted to gather data on fish
populations in various mangrove microhabitats within the southern Arabian Gulf
lagoonal systems. This will provide an overall understanding of fish use in mangroves

and support the conservation of these habitats and their associated species.
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Chapter 5: To address the research gap found in Chapter Three regarding the lack of
information on the social aspects of mangrove ecosystems for people in the region by
collecting a broad range of regional perspectives on the conservation of mangroves in
Arabia. This will be accomplished through semi-structured interviews with different
groups, including local community members, academia, environmental experts, non-
environmental experts, and representatives from non-governmental organizations,
guided by research questions such as how people perceive the importance and
applications of mangrove ecosystems, how people assess the health of mangroves, what
are people's perspectives on potential threats to mangroves, and how do people
recognize any challenges that may impede conservation efforts. The results will support
the exploration of people from diverse backgrounds' perceptions of mangrove
ecosystems, capturing traditional knowledge and public awareness and finding ways to

engage the community in mangrove conservation efforts.
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CHAPTER 2: The importance of mangrove habitat for supporting species:
A synthesis of the current literature

2.1 INTRODUCTION

Mangroves are located in a distinct intertidal zone that serves as a critical link between
terrestrial and marine ecosystems (Hogarth, 2015; Friess et al., 2019). These ecosystems offer
numerous ecological services that include coastal protection from extreme floods and storms,
sedimentation trapping, nutrient cycling, significant rates of carbon sequestration, and various
resources for numerous species (FAO, 1994; Mumby, 2006; Friess et al., 2019). The latter
comprises essential habitat services to species, such as the supply of abundant food resources,
shelter, and protection due to their complex structure (Mumby, 2006; Nagelkerken, 2009). In
this way, mangroves offer immense livelihood opportunities to local communities, such as
fisheries, material supply, medical production, and tourism, which directly adds economic value
(e.g. income) to local communities (Sarhan and Tawfik, 2014; DasGupta et al., 2017; Schwenke
and Helfer, 2021). Despite their importance, deforestation and land conversion of mangroves
are still increasing, posing a major threat to their ecological services (Goldberg et al., 2020).
Consequently, these socio-economic systems remain at risk of habitat disruption, and with
habitat modification, all ecosystem services provided by mangroves will be affected, thus

impacting both the livelihoods of local communities and coastal connectivity (Nagelkerken,

2009; Berkstrom et al., 2020).

Coastal connectivity is fundamental for healthy ecosystems (Nagelkerken, 2009;
Vargas-Fonseca et al., 2016; Olds et al., 2018). It has been demonstrated that species movement
across the seascape matters and sustains the long-term health of the ecosystem (Olds et al.,
2018). In addition, the arrangement of multiple coastal habitats is a key factor in the distribution,
growth, and survival of species (Irlandi and Crawford, 1997; Micheli and Peterson, 1999). In
fact, according to Green et al. (2012) and Staveley et al. (2017), the seascape configuration
(e.g. the spatial scale of mangroves, seagrass beds, and other coastal habitats) has been shown
to influence the structure of marine species. For instance, fringing mangroves are occupied by
juvenile reef sharks and fish, while basin mangroves are utilized by smaller-bodied organisms,
e.g. invertebrates (Faunce and Layman, 2009; Chin et al., 2013; Sambrook, 2019). Nagelkerken
(2009) also documented distinct patterns of faunal utilization across mangrove ecosystems and

nearby habitats, such as seagrass beds. This pattern is particularly evident within fish
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populations, especially during their juvenile stages, as they seek refuge and food in vegetative
areas before eventually transitioning to offshore habitats (Sheaves, 2005; Mumby, 2006;
Faunce and Layman, 2009; Nagelkerken, 2009).

Variations in mangrove structure across different geographic areas shape the extent and
quality of the ecosystem services they offer (Gillanders et al., 2003; Sheaves, 2005; Ewel et al.,
1998; Faunce and Layman, 2009; Honda et al., 2013). This, in turn, leads to a complex and
often challenging relationship between mangroves and associated fauna, which can impact
research and conservation efforts (FAO, 1994; Sambrook, 2019). Stronger linkages between
our understanding of coastal ecology and implementing management actions (e.g. marine

spatial planning) appear to improve conservation outcomes (Olds et al., 2016).

The extent of coastal connectivity could indicate our effectiveness in achieving
successful conservation outcomes (Olds et al., 2016). Yet, a large knowledge gap in mangrove
research remains limited worldwide (e.g. Gerona-Daga and Salmo, 2022; Ho and Mukul, 2021).
For instance, the growing body of literature contains research from across the tropical Atlantic
region, the Caribbean, and Australia (e.g. Mumby et al., 2004; Mumby, 2006; Honda et al.,
2013; Serafy et al., 2015; Smale et al., 2018; Reis-Filho et al., 2016; Carrasquilla-Henao and
Juanes, 2017; Carrasquilla-Henao et al., 2019; Sambrook, 2019), while limited research is
found in other geographical areas, e.g. parts of Asia, Africa, and Arabia (Serafy et al., 2015;
Almahasheer, 2018; Sambrook, 2019; Hai et al., 2020). And where mangrove ecosystems are
examined, they remain investigated as systems isolated from the wider seascape (Sheaves,

2005; Berkstrom et al., 2012; Almaslamani et al., 2013; Sambrook, 2019).

There is a pressing need, therefore, to capture fully where research into coastal
connectivity among mangrove ecosystems has been conducted around the world, what type of
topics are leading research, and how we can capture publication trends to fully offer
opportunities for future research. From this perspective, this chapter aims to describe the current
knowledge about the importance of mangrove habitats for supporting biodiversity and whether
the connectivity facilitated by the movement of marine species has been examined. Through a
systematic literature review, the objectives are to identify the publication trends, such as
research topics, description of habitats, taxonomic groups studied, historical changes and

geographical coverage of the literature.
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2.2 METHODS

2.2.1 Literature search

This chapter followed the guidelines for systematic literature reviews (Pullin and
Stewart 2006; Rutter ef al., 2013; Saran et al., 2018; Page et al., 2020), and was performed
using three scientific bibliographic databases: Web of Science, Scopus, and Science Direct, and
a search engine, Google Scholar. The search engine Google Scholar was limited to the first ‘50’
hits (.doc, .txt, .xls, and .pdf documents) due to the many irrelevant results found after several
reviews of the next pages. The search was conducted on 24 June 2020 and used the following
combination of search terms: [mangroves* OR mangrove ecosystems* OR mangrove habitats*
AND biodiversity AND (proximity OR vicinity) OR (connectivity OR movement) AND
("shallow water habitats*" OR "coastal habitats*") AND NOT (lakes* OR freshwater)]. These
terms were chosen according to the objectives of the study (Appendix A.1). The search
outcomes were imported and managed using the reference management software EndNote X9

(EndNote, 2019).

The initial list identified 1,210 records, of which 30 were removed after filtering for
duplicates and 1,019 were removed after reviewing by title. Subsequently, 161 were screened
by title and abstract, of which 77 were removed due to irrelevance to the topic leaving 84
relevant articles identified after a full-text screening. A supplementary search was conducted
using the references from the identified relevant articles (Badzmierowski et al., 2021), which
recognized an additional 40 records. At this stage, several articles were excluded, e.g. non-
relevant populations or unable to source the full text. The final list included 102 records, as
shown in Figure 2.1, following the Preferred Reporting Items for Systematic Reviews and

Meta-analysis (PRISMA) flow diagram (Page et al., 2020).
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2.2.2 Selection criteria

The criteria used to assess the eligibility of a publication to be included in this review
were: (a) the relevant subject(s) had to include either mangrove ecosystems or several mangrove
areas, or an additional marine habitat, excluding riverine or freshwater ecosystems, such as
lakes and rivers, (b) the relevant population had to include either terrestrial or marine species
population, or both, that moves across habitats, (c) the relevant comparator had to include an
indication of connectivity or proximity to mangrove ecosystems, e.g. spatially, to adjacent
marine habitats: studies with no significance to the connectivity, presence or proximity of one
mangrove patch to another were excluded, (d) the relevant study outcomes had to describe
whether species, diversity, and structure changes were examined or measured within mangroves
in comparison to other areas or adjacent marine habitats: study outcomes that included
conservation and monitoring were also included, and finally (e) the relevant study types were
primary or secondary research published in the English language. These criteria were evaluated
by screening titles and abstracts of all documents and a full-text screening if the information in

the title and abstract was not sufficient.
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2.2.3 Data extraction

A meta-data extraction on the final list of relevant articles was then performed to obtain
full descriptive information following Pullin and Stewart (2006) and Saran et al. (2018), e.g.
publication date, publication type, and specific sub-topics related to the research questions, e.g.
type and number of habitat(s) included in the study (Table 2.1). To ensure transparency,
consistency, and organization, the meta-data was sorted using Microsoft Excel Workbook

(details in Appendix A.2).
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Figure 2. 1. Flow chart representing the records included and excluded at each
stage of the systematic review process following PRISMA (Page et al., 2020).
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Topic

Description

Publication

Publication Type

Length of study

Study location

Data source

Data type

Study design

Information about the publication, e.g. full reference (Author(s), title, year,
publisher, etc.), year of publication (date of publication), and language.

The type of publication, e.g. journal article, conference paper, book (or book
chapter), dissertation paper, technical report, and government document.

The duration of the study in blocks of time, e.g. less than six months, one
year, two years, one to three years, five to nine years, more than ten years,
or unknown.

The location of study, e.g. name of country, name of region, multiple
regions, or unknown.

The source of research or type of source, e.g. primary research, secondary
research.

The type of data collected, e.g. quantitative, qualitative.

The type of study design, e.g. experimental, observational.

Specific sub-topics

Number of habitat(s)

Type of habitat(s)

Proximity of habitats
assessed

Group of species
population

Type of research topic

Type of approach

The number of habitat(s) included in the research, such as single habitat,
two habitats, or multi-habitats.

The type of habitat(s) included, such as mangroves; mangroves and other;
mangroves and seagrass beds; mangroves, seagrass beds and other;
mangroves and coral reefs; mangroves, coral reefs and other; mangroves,
seagrass, and coral reefs; mangroves, seagrass, coral reefs, and other.

(If) the proximity between habitats was assessed quantitatively, such as
distance or spatial scale, in the study (yes), and if not assessed (no).

The type of species population assessed in the research, e.g. marine species
(fish, sharks), terrestrial species.

The type of research topic, such as biodiversity (e.g. assemblage and
composition, biomass and richness), ecosystem services, spatial mapping,
monitoring, connectivity (e.g. biological), and conservation. The research
topic may include more than one; if available, specific research topics
should be identified.

The type of methodology used, such as visual census (e.g. underwater),
camera (e.g. video-recording, photography), passive gears (e.g. seine net,
trawling, traps, other), acoustic telemetry, mapping, modeling, meta-
analysis, other methods (e.g. interview, literature review). The type of
methodology may include more than one.

Table 2. 1 Description of information for extraction.
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2.3 RESULTS

2.3.1 Number of publications and trends

Initially, the three bibliographic databases (Web of Science, Scopus, Science Direct),
and Google Scholar search engine revealed substantial publications. Of the four, the grey
literature by Google Scholar search engine identified 3500 publications irrelevant to the topic
of interest; thus, upon screening the literature of the first ‘50’ hits, eleven publications were
relevant and included in the review. As shown in Figure 2.1, a total of 102 publications were
relevant to this review. Of these, ninety-three (91.2%) were peer-reviewed articles presenting
primary information. The nine (8.8%) remaining data sources were from books or book chapters

and reports, presenting either primary or secondary information.

The duration of studies varied across the published literature, with numerous articles
not specifying a particular study duration (34%, n = 35). The findings show that twelve studies
were conducted over less than six months (e.g. Kruitwagen et al., 2010, and Le et al., 2018),
twenty-five articles in one year (e.g. Hemingson et al., 2020, and Marley et al., 2020), nine
articles in two years (e.g. Kimirei et al., 2015, and Jelbart et al., 2007), seven articles between
one to three years (e.g. Bell et al., 1984; Chin et al., 2012; and Chin et al., 2013), only three
extending between five and nine years (e.g. Aburto-Oropeza et al., 2008), and eleven spanning
more than a decade (e.g. Zharikov and Milton, 2009; Vasconcelos ef al., 2014; and Sambrook
etal.,2019).

In terms of the types of study identified in this review, there was a clear focus on field-
based data sampling through primary data collection in the field (e.g. sampling fish in
mangroves using gears) (60%, n = 61), compared to data collected through observation and
measurement of variables without intervention (e.g. visual census) (38%, n = 39), and
experimental by testing hypothesis under a controlled environment (e.g. to determine cause and
effect relationship) (2%, n = 2). Concerning the data type found in the publications, quantitative
information from the literature accounted for 76% (n = 78), and qualitative data for 24% (n =
24). The former data types involved quantitative investigations using numerical values suitable
for statistical analysis (e.g. multivariate variance analysis to determine species composition
across multiple habitats; see e.g. Huijbers et al., 2008; Kimirei et al., 2011; Honda et al., 2013;
and Hylkema et al., 2015).
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The qualitative data type in the publications consisted of descriptive analysis, mainly
relating to literature reviews. For instance, reviews were found on the relationship of habitat
connectivity with regard to fisheries (Blader, 2009), and the biological connectivity of
mangrove-bird communities (Buelow and Sheaves, 2015). In addition, several publications
used meta-analysis to extract specific information relating to mangrove-fisheries linkages (e.g.
Sheridan and Cynthia, 2003; Faunce and Joseph, 2006; Igulu et al., 2014; and Carrasquilla-
Henao, 2017). Other than literature reviews, qualitative data were also gathered using semi-

structured interviews (e.g. Das, 2017; and Carrasquilla-Henao et al., 2019).
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2.3.2 Research topics and approach

Of all the publications, the research topics found in the literature were ecology,
connectivity, conservation/ management, monitoring, and others (Table 2.2). The latter (others)
mainly dealt with aspects of ecosystem services provided by mangroves (e.g. Benzeev et al.,
2017; Carrasquilla-Henao et al., 2019). Most publications focused on ecological research (48%,
n =49), such as species community structure (84%, n =41) and species foraging (14%, n = 7).
Other publications examined connectivity topics (36%, n = 37), specifically the movement of
species across multiple habitats, such as the works by Robertson and Norman (1987),
Dorenbosch et al. (2007), Davis et al. (2014), Aguilar et al. (2014), Almaslamani et al. (2013),
De-Abreu and Macia ef al. (2017). In contrast, the least investigated research topics dealt with
conservation and management (9%, n = 9) and monitoring (3%, n = 3). The conservation
management research publications involved marine spatial planning (e.g. Devitt et al., 2015),
and monitoring research topics focused on long-term information, such as dispersal and

connectivity between species and coastal habitats (Chin ef al., 2013).

A range of approaches were used to collect information, with some publications using
more than one approach. Of these, the majority used literature reviews (31%, n = 34), of which
meta-analyses comprised 12% (n = 4). This was followed by approaches using visual census
(25%, n = 27), and passive gears (22%, n = 24), specifically seine net (n = 9), other types of
nets (n = 6), traps (n = 4), trawling (n = 2), push net (n = 1), fyke net (n = 1), and other passive
gear (n = 1). Additional approaches found in the publications included mapping techniques and
modeling (7%, n = 8) (e.g. Devitt et al., 2015; Brown et al., 2016). The results also found
publications regarding the use of acoustic telemetry (5%, n = 5), semi-structured interviews
(2%, n = 2), camera usage for video-recording (5%, n = 5), stable isotope (2%, n = 2), catch
and release techniques (1%, n = 1), and tagging species to determine their movement across the

seascape (1%, n=1).
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Examples of publications that used more than one approach include research by
Nagelkerken ef al. (2001) that used underwater visual census and seine nets to collect fish data
across habitat types. Similarly, work by Kimirei et al. (2015) used underwater visual census
and seine nets to investigate fish communities, and Ho ez al. (2018) also used visual census but
with camera usage for video-recording to explore the influence of habitat complexity on fish

density and species richness.

Research Description No. of Example(s)

topic publications

Ecology Research focused on general n =49, 48% (Adkins et al., 2016;
ecological aspects (including Harborne et al.,
biodiversity and species 2016)

population structure within a
given area)

Connectivity  Studies primarily focused on n=237,36% (Meynecke et al.,
biological connectivity, 2008; Marley et al.,
interlinkage, or the movement 2020)

of species among habitats

Conservation/ Publications focused on the n=9,9% (Devitt et al., 2015)
Management  management and/or

conservation of species and

habitats

Monitoring Research focused on n=3,3% (Haig et al., 2018)
monitoring changes in
population and/or habitat over

time
Other (e.g. Studies on the ecosystem n=4,4% (Benzeev et al.
ecosystem services provided by 2017; Carrasquilla-
services) mangroves with an explicit Henao et al., 2019)

focus on habitat provision

Table 2. 2 Topics of research and description as presented in the literature. Note that several
of the studies focused on more than one topic.
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2.3.3 Representation of habitats and species

The literature represented a range of habitats; namely, single mangrove habitats and
variations within these (e.g. the edge and centre), two different habitats (e.g. mangroves and
seagrass beds), or multiple habitats (e.g. mangroves, seagrass beds, and coral reefs) (Figure
2.2). The most represented habitats investigated in the literature were mangroves and other
shallow-water habitats (e.g. mudflats, rocky shores) (63%, n =43). The less-represented habitat
types were mangroves, seagrass beds, and other shallow-water habitats (6%, n = 4). Other
shallow-water habitats that included various coastal areas, such as rocky shores, mudflats, and
seagrass beds, were the primary investigated areas adjacent to mangroves. For example,
Hajisamae et al. (2003) investigated a range of littoral and shallow sublittoral zones near
mangroves to determine species of fish. Huijbers et al. (2008) explored a variety of habitat
types consisting of juvenile habitats (e.g. mangroves, seagrass beds, adjacent areas such as
boulders) as well as non-typical juvenile habitats (e.g. shelf patch reefs), and Ramos et al.
(2015) identified species populations across inshore and offshore coastal habitats, such as

fringing reefs, mangroves, and seagrass beds.

While most research focused on exploring the habitat role of mangroves and other
shallow-water habitats, few examined the role of different zones (or depth ranges) within a
mangrove forest, such as work by Reis-Filho e al. (2016) that showed fisheries migration
patterns in different tidal cycles in various mangrove zones, revealing how distinct habitats and
environmental variables influence fish assemblages, and work by Kimirei (2011) that
investigated various depth ranges within multiple coastal habitats to study species movement.
Moreover, eighty publications (78%) of all studies assessed the proximity of mangrove habitats
to the other studied habitats using a quantifiable figure (e.g. a numerical value) (e.g. Verweij
and Nagelkerken, 2007; Aguilar et al., 2014; Adkins et al., 2015; Almaslamani et al., 2015;
Benzeev et al., 2017).
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Figure 2. 2 The range of habitat types investigated in the literature (n =102 publications).



Ninety-seven percent of the 102 publications were concerned with marine species, with
the remaining 3% were terrestrial species (e.g. Zharikov and Milton, 2009; Buelow and
Sheaves, 2015; Sandilyan and Kathiresan, 2015); note that several studies investigated multiple
populations in one study (Figure 2.3a). Most publications studied fish species (67%, n = 78)
across multiple habitat types near mangrove ecosystems. The following studied species were
multiple groups of marine species (9%, n= 10), including fish, decapods, sharks, shrimp, and
other benthic fauna. These publications focused on investigations such as ecosystem services
provided by mangroves and other habitats for multiple species, compiling evidence of
connectivity between juvenile and adult habitats for multiple species and understanding patterns
of habitat variability in exploited marine species (e.g. Moberg and Ronnback, 2003; Gillanders
et al., 2003; Vasconcelos et al., 2014). The remainder of the publications examined shark
species (6%, n = 7), decapods (4%, n=5), and shrimps (3%, n= 4). The shark publications
explored the importance of inshore habitats and mangrove channels for juvenile shark species

(e.g. Wetherbee, 2007; Murchie, 2010; Chin, 2012; Chin, 2013; Haig, 2018).
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Multiple-species Single-species

Figure 2. 3 (a) Above: The type of species presented in the literature (n = 102 publications),
(b) Below: The cumulative number of publications for multiple-species and single-species
presented in the literature (n = 102 publications).
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2.3.4 Historical trends and geographical coverage of mangrove research

Since the first publication identified in this review (Bell, 1984), a steady accumulation
of articles can be seen up to 2020 (Figure 2.4). The studies that describe the role of mangroves
and other habitat types in supporting species grew slowly during the 1980s (n =5). By the early
1990s, investigations on fish community structure in mangroves and adjacent habitats were the
dominant research topics (Thayer et al., 1987; Hutchings and Saenger, 1987; Blaber et al.,
1989; Robertson and Blaber, 1992). Afterward, a growing number of publications focused on
investigating fish populations among coastal habitats. These publications were mainly from

mangroves of the Caribbean Sea and its surrounding coasts (Figure 2.5).
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Figure 2. 4 The number of studies published from the year 1984 to 2020 (n = 102
publications).
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Figure 2. 5 The proportion of publications in each research topic in each region (n = 102
publications). Africa (Connectivity n=6, Ecology n=2), Asia (Connectivity n=1, Ecology n=8,
Conservation n=1, Other n=1), Australia (Connectivity n=4, Ecology n=7, Conservation n=1,
Monitoring n=2), Multiple Regions (Connectivity n=13, Ecology n=13, Conservation n=6,
Monitoring n=1, Other n=2), North America (Connectivity n=12, Ecology n=14, Conservation
n=1, Other n=1), South America (Connectivity n=1, Ecology n=3).
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The distribution of publication topics varied worldwide (Figure 2.6). The Americas and
Australia were the top regions with the highest publications, and Asia, Arabia, and Africa with
the least publications. Multiple-country publications investigated several regions (25%, n =26)
(e.g. Saenger, 2002; Hogarth, 2015; Carrasquilla-Henao, 2019; Sambrook, 2019; Sievers,
2019), while single-country studies mainly originated from the Caribbean (16%, n = 16) and
Australia (15%, n = 15). These locations focused on investigating fish populations among

multiple coastal habitats (e.g. Dorenbosch et al., 2007).

North America (25%)
South America (5%)
Australia (15%)
Middle East (2%)
Africa (9%)

Asia (11%)

Multiple (34%)

Figure 2. 6 The proportion of publications in each region (n =102 publications).
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2.4 Discussion

2.4.1 Key findings and insights

This study captured the available literature on where and what has been represented in
global mangrove research between 1982 and 2020. According to the most widely used scientific
databases, peer-reviewed articles about ecological connectivity in mangroves started to appear
in the 1980s, and only in the mid-2000s did the number of articles reach, on average, five per
year. Google Scholar provided a large initial number of potential publications (n = 3500), but
contributed less than 10% of those records to the study, suggesting that few grey literature
publications report relevant outcomes. The combination of different databases and a search
engine in this synthesis has produced meaningful insights, but if repeated, the search terms
could be broadened beyond the movement of species to capture publications concerned with
broader ecological interlinkages in mangroves systems and adjacent areas (e.g. the transfer of
energy and nutrients, or export of organic matter). This consideration highlights the critical need
for future literature reviews to incorporate a diverse and broad set of search terms to better
represent the whole ecological role of mangroves in supporting species (see e.g. Nagelkerken

et al., 2008; Brander et al., 2012; Mukherjee et al., 2014).

The results imply that research on the movement of marine species across mangrove
ecosystems and nearby habitats has had a steady accumulation over time (on average 2.5 papers
per year). Geographically, research was concentrated along coastal areas of North America and
parts of Australia. Relatively little attention has been given to mangrove areas in arid and hyper-
arid regions (e.g. the Arabian Peninsula). The variation in mangrove research volumes across
regions may be explained by not only the extent of mangroves in each area, but also the
historical presence and accessibility of ocean research centres, facilities, and initiatives.
Research, especially in the past two decades, has been examining the role of connectivity among
habitats by the movement of marine fish species widely on patterns in the distribution of fish
within mangrove ecosystems and the immediate shallow-water habitat. As such, research has
helped to provide a reasonable knowledge base on the importance of mangrove habitats for

supporting marine fish.
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This work complements previous research, indicating that studying the movement of
fish has been an important element in mangrove research (e.g. Pittman et al, 2003;
Nagelkerken, 2009; Sheaves et al., 2015; Sambrook et al., 2019). It has also been demonstrated
that the spatial distribution of various coastal habitats influences the distribution, growth, and
survival of marine species (Irlandi and Crawford, 1997; Micheli and Peterson, 1999), and that
biological interconnectedness is vital for sustaining the long-term health of the ecosystem

(Vargas-Fonseca et al., 2016; Olds et al., 2018).
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2.4.2 Research gaps and future directions

The results of this study have helped us understand where in the world research has been
covered on species and their movements in mangroves around the world, suggesting that there
is a notable geographic bias. Previous research suggests that countries such as Indonesia,
Malaysia, and the Philippines, have well-established mangrove restoration studies that were
principally funded by international programmes (Salmo, 2021; Hai et al., 2020; Nawari et al.,
2021). Yet, regions like Arabia may have funding resources, but marine research in general is
still in its infancy, as suggested by Sheppard ef al. 2010. This indicates that research in this
particular field, until now, has been carried out in tropical and sub-tropical regions where,

historically, accessibility of expertise and research facilities is centred.

While the emergent body of literature helps us understand how important multi-habitats
are for ecological interactions (e.g. movement of species across the seascape), much of this
knowledge originates from areas where ‘favourable’ wetter conditions present high species
diversity in both plants and fauna (see e.g. Mumby et al., 2004; Mumby, 2006; Honda, 2013;
Serafy et al., 2015; Smale et al., 2018; Reis-Filho ef al., 2016; Carrasquilla-Henao and Juanes,
2017; Carrasquilla-Henao et al., 2019; Sambrook, 2019). This finding complements the results
of other studies that suggest variations in the distribution of scientific literature on mangrove
ecosystems worldwide (see e.g. Sannigrahi et al., 2020; Castellanos-Galindo et al., 2021;
Schwenke and Helfer, 2021; Bimrah et al., 2022). Although mangrove research worldwide is
accumulating, and recently, there have been more publications from countries rarely
represented before (e.g. India, China, and Brazil), it still appears that the North American region

leads in the production of articles per year (see e.g. Ho and Mukul, 2021).

Other geographical areas, such as Africa and regions of arid and hyper-arid mangroves,
e.g. the Middle East, remain underrepresented in global mangrove literature (Gerona-Daga and
Salmo, 2022; Ho and Mukul, 2021). As such, mangrove research investigating ecological
connectivity through species movement should broaden its geographical scope to encompass
regions that have consistently had limited literature research. Prioritizing mangrove research
will have to first tackle the geographical bias in the literature identified in this synthesis.
Secondly, mangrove research should prioritize ecological interlinkages of processes other than
just the movement of fish and also consider other species in a holistic approach that also

integrates social aspects (e.g. coastal communities).

33



Looking ahead, there has been a recent surge in seascape conservation efforts (see e.g.
UNEP-WCMC, 2020), and the provision of sound baseline knowledge will help improve the
scientific foundations for more effective restoration of diverse habitats in understudied regions.
Future research would benefit from investigating the complex connections between coastal
communities, ecosystem services, and fisheries production through transdisciplinary or cross-
disciplinary approaches, such as examining how low mangrove ecosystem productivity can
affect the assemblage of fish and coastal communities over time. Research could also focus on
ecological interconnectedness of multiple-coastal habitats by incorporating local community
knowledge to support decision-makers in seascape conservation (e.g. the recognition of
restoring multi-coastal habitats such as the ‘Seascape Programs’ by Conservation International
by Mcafee et al., 2022). This might be especially important in regions with a high chance of
coastal development plans, such as the United Arab Emirates in the southern Arabian Gulf

subregion.
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2.5 Conclusion

Mangroves are productive coastal ecosystems that offer many ecological services for
biodiversity and local communities. Mangrove habitats are increasingly recognized as
important for supporting a wide range of species. This bibliographic analysis has identified
useful trends in the published literature regarding ecological interlinkage by the movement of
species in mangrove ecosystems and beyond. The combination of different databases highlights
the importance of using a variety of sources to document knowledge across a range of
geographical areas and, thus, has indicated key knowledge gaps that can be seen as

opportunities for future research.

While mangrove research has been conducted worldwide to document the importance
of mangrove habitat services to species, many regions with substantial mangrove cover
(Bunting et al., 2022), such as those in Arabia, Brunei, Cambodia, Laos, and Myanmar, still
have a relatively low contribution to the mangrove knowledge base. With coastal habitats
progressively being affected by various natural and anthropogenic stressors, setting
geographical and research priorities will help to understand how mangroves will survive in the
future. As mangrove research grows, owing to its recognition as a critical habitat for fish, so
will the need for further investigation of the movement of all species beyond mangroves and

into adjacent complex habitats such as seagrass beds.

Future research is required to extend the literature analysis to quantify the linkage
between multi-habitat patches or seascape configurations, the structure of fish communities,
and how that might impact coastal communities and restoration efforts. In addition, it is
acknowledged that a large range of literature has yet to be captured on mangroves, as the field
of ecological connectivity is also concerned with a range of important mechanisms in addition
to species movement, such as the export of organic matter. As research progresses, there will
be a need to understand the patterns of connectivity fully. Using transdisciplinary approaches
can be used to identify thresholds where interlinkages between habitats and species are
weakened to effectively manage the wider seascape configuration. In addition, mangrove
research should be expanded geographically, particularly by exploring understudied regions of

the world, such as the Arabian region.
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CHAPTER 3: Mangrove research in the Arabian Gulf: Temporal trends,
geographical coverage, and research gaps

3.1 INTRODUCTION

Mangrove ecosystems in the Arabian region are situated in one of the most extreme
marine environments in the world (Sheppard et al., 1992) and so are of particular scientific
interest due to their unique characteristics. The Arabian Gulf is situated in one of the world's
hyper-arid and arid regions, characterized by limited precipitation (between 250mm in the north
and less than 90 mm in the south), extreme sea-water temperatures, and high salinity levels,
where many areas experience temperatures exceeding 34°C and salinity levels reaching 50 ppt,
e.g. southern Arabian Gulf (Orif and El-Maradny 2018; Rostami ef al., 2022; Almansoori et al.,
2024). Mangroves in this geographical region extend over 209.5 km?, representing roughly
0.1% of the global mangrove area (Bunting et al., 2022). Along the Arabian Gulf, mangroves
are mainly dominated by the grey mangrove (Avicenna marina) (Saenger et al., 2004;
Almahasheer, 2018). According to Worthington and Spalding (2018) the mangrove ecosystem
types found in the Middle East region include fringing, lagoonal, and deltaic mangrove
formations. Despite the importance of mangroves for coastal communities and biodiversity in
the Arabian region, they are being subjected to increasing anthropogenic pressures (Sheppard

et al., 1992; Sheppard et al., 2010; Almansoori et al., 2024).

Rapid economic growth in the region has impacted marine ecosystems from coastal
development and human population expansion after the 1970s discovery of oil and gas
(Sheppard et al., 2010; Sale et al., 2011; Burt, 2013; Almahasheer, 2018). The degradation of
mangrove habitats has consequently led to a growth in regional research on mangroves,
especially relating to plantation efforts (Almahasheer, 2018; Almansoori et al., 2021;
Almansoori et al., 2024). Yet, despite their importance, the Arabian Gulf remains the least
represented in the global mangrove literature (see e.g. Chapter 2 of this thesis; Sheppard et al.,
1992; Almansoori et al., 2021; Burt, 2024). Scientific studies on mangrove ecosystems along
the southern coasts of the Arabian Gulf have often lagged behind those conducted on other local
marine ecosystems, such as coral reefs (see e.g. Riegl and Purkis, 2012; Burt, 2013). Mangrove
studies in the southern Gulf have been conducted primarily by locally-based government
environmental agencies, namely the Environment Agency of Abu Dhabi (EAD) and the
Ministry of Climate Change and Environment (MOCCAE), making it challenging to access and

disseminate mangrove information widely (Almansoori et al., 2021). Over the last 20 years,
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mangrove research has been conducted extensively in regions with excellent access to research
funding, facilities, and scientific expertise (e.g. Australia; Alongi, 2009; and USA; Lee et al.,
2017; Sievers et al., 2019). While global awareness of the importance of mangroves has led to
a notable body of scientific literature worldwide, publication patterns have varied between
countries (Lee et al., 2017). Partelow et al. (2020) observe that although research findings have
been published in languages other than English, they may not be widely accessible to the
broader scientific community or English-speaking audience, especially in some countries where
English is not the native language. Despite consistent research output in some regions
previously understudied (e.g. Colombia; Castellanos-Galindo et al., 2020; and Asia; Bimrah et
al., 2022), progress in mangrove research has been relatively slow in countries located in
western Africa and Arabia, where mangroves are also crucial but have received far less attention

and fewer resources (Lee ef al., 2017; Friis and Burt, 2020).

The rise in published research in different fields highlights the value of systematic
literature reviews to help researchers understand the current state of knowledge and focus on
their area of interest (Gurevitch et al., 2018). As such, systematic reviews can help identify
knowledge gaps and guide both research and conservation efforts (Gurevitch et al., 2018),
which has proven helpful in multiple marine and coastal ecosystems, such as mangroves
(Sierra-Correa and Cantera Kintz, 2015; Himes-Cornell ez al., 2018; Castellanos-Galindo et al.,
2020), coral reefs (Comte and Pendleton, 2018), and seagrass beds (Unsworth et al., 2018).
Therefore, an important body of literature on Arabian mangrove ecosystems has yet to be
captured by a systematic review of well-known multidisciplinary databases (e.g. Scopus and
grey literature). This gap presents a valuable opportunity to shed light on the extent and scope

of Arabian mangrove research.

This chapter aims to synthesize the literature base to summarize what is known and
identify thematic knowledge and geographic gaps to propose future research on regional
mangroves for better conservation and management in Arabia. Specifically, this study is
intended to identify: (1) the temporal trends and geographical coverage of scientific literature
on mangroves in the Arabian Gulf, (2) the geographical scope of literature production of
authorship and affiliations, and (3) the spatial trends in research efforts according to mangrove

typologies (Worthington and Spalding, 2018).

37



3.2 METHODS

3.2.1 Literature search

A systematic literature search was conducted using a combination of scientific
bibliographic databases (Web of Science and Scopus), the search engine Google Scholar, and
resource hubs of locally based environmental agencies (EAD and MOCCAE). This literature
search aimed to take a regional focus to capturing the extant body of research on mangroves, in
contrast to the previous chapter, which concentrated on a global review of mangrove
connectivity and biodiversity. In this chapter, the term “region” refers to the Arabian Gulf and
“subregion” refers to a part of the Arabian region. The initial search was conducted on 12 May
2021 and consisted of two steps. The first step involved searching the bibliographic databases
Web of Science and Scopus using the search terms: [mangrove* AND “Arabian Gulf” OR
“Persian Gulf”]. The second step supplemented this by searching the resource hubs tab on the
main web pages of the leading environmental agencies in the United Arab Emirates (EAD and
MOCCAE) in English and Arabic languages using the search term "mangrove". This additional
search aimed to capture any records specific to the southern Arabian Gulf region that may have
been missed in the global peer-reviewed databases; however, this search found unpublished

material not relevant to this review (details in Appendix B.2: see also Figure 3.1).

A follow-up search was conducted on 7 June 2024 using Web of Science, Scopus, and
the search engine Google Scholar, using the same search terms in the initial step, to update the
literature database with relevant records after the initial search. The grey literature search was
performed using the software Publish or Perish (PoP) version 8 (Harzing, 2007) in the search
engine Google Scholar. The search performed in PoP included all available years to June 2024
using the ‘keyword’ field following the same search terms as in 2021 [mangrove* AND
“Arabian Gulf” OR “Persian Gulf’] and retrieved the first ‘100’ hits. The literature was
managed using the reference management software EndNote X9 (Endnote, 2019). The results
were then merged using simple steps following Caputo and Kargina (2022), which included
converting the datasets to bibliography files (e.g. BibTex) and manually merging the datasets
using Excel. In total, 140 publications were retrieved following the PRISMA process (Figure
3.1).
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’ Search term: mangrove* AND “Arabian gulf” OR “Persian gulf” ‘
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Figure 3. 1. Flow chart representing each stage of the systematic review process
following PRISMA (Page et al., 2020).
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3.2.2 Selection criteria

A publication was included in the review if it met the following criteria; (1) the article
reported research on mangrove ecosystems, and (2) the article described research undertaken
in the Arabian region that is bounded by the Arabian Gulf, Red Sea, Gulf of Aden, Gulf of
Oman, and Arabian Sea. Figure 3.1 presents the procedure for the exclusion and inclusion of
records, following the Preferred Reporting Items for Systematic Reviews and Meta-analysis
(PRISMA) process (Page et al., 2020). The first step of the screening process included the title
and abstract (n = 173), at this stage if the information was not sufficient to determine eligibility

of the articles, a full-text review was performed.
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3.2.3 Data extraction

To populate the literature corpus the following information was extracted: (a)
publication year, (b) type of document (e.g. journal article, conference proceedings, book, book
chapter, or technical report), (c) study type (e.g. primary or secondary data), (d) study location
(e.g. name of country), (e) subregion (e.g. Arabian Gulf, Red Sea, etc.), (f) study outcome, or
research topics (e.g. ecology of mangroves), (g) aftiliation of lead author, and (h) country of
affiliation of lead author. A publication that included multiple locations in the region, e.g.
Arabian Gulf and Red Sea, or Oman and Kuwait, was considered in the category ‘multiple
locations’. Similarly, if more than one research topic had been studied, the category ‘multiple
topics’ was applied. The study outcome, or research topic, was assigned to a specific category
(Table 3.1). Additionally, when sufficient information was available in a study, the mangrove
type was determined, following Worthington and Spalding (2018) of the four different
mangrove typologies: (1) deltas, (2) estuaries, (3) fringes, and (4) lagoons. Prior to full data
extraction, the process was first tested using at least 20 records to ensure cross-checking,

agreement, and compliance with the set criteria.
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Topic

Criterion

Biodiversity

Research related to the diversity of fauna
species that are associated with mangrove
ecosystems, such as terrestrial, marine,
invertebrates, and studies focused on food
webs and species composition.

Phenology

Research on the plant life cycle and
biological aspects related to growth,
development, flowering, litter production,
and plant biomass.

Connectivity

Research focused on biological
connectivity, such as biological, chemical,
or interlinkage among mangrove habitats or
adjacent areas.

Ecosystem description

Research concerned with describing the
coastal area, with an emphasis on mangrove
ecosystems but without an explicit focus on
mechanisms or interactions within
mangroves.

Evolutionary biology

Research focused on evolutionary processes
and mangrove species diversity or genetics.

Table 3.1 (Continued) Study outcome or research topic and criteria.

Physiology Research focused on the physiological
characteristics of mangrove ecosystems.

Sediment Research focused on the composition and
characteristics of sediments or soil within
mangrove ecosystems.

Carbon Research focused on the study of organic

carbon content, carbon sequestration, and
blue carbon in mangrove ecosystems.

Spatial distribution

Research using spatial techniques to
determine the distribution, health, or
vegetation cover of mangrove areas.

Conservation management

Research focused on the management,
conservation, restoration, and mitigation of
mangrove ecosystems.

Other

Publications related to (a) government
documents, such as federal law and policy,
(b) reports, such as technical and baseline
surveys, (c) literature reviews or interviews

Table 3. 1. Study outcome or research topic and criteria.
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3.3 RESULTS

3.3.1 Temporal trends and geographical coverage of mangrove research

The first scientific study identified in this review was published in 1982 (Khan, 1982)
as part of a coastal description review in the Bulletin of the Emirates Natural History Group on
mangroves of the southern Arabian Gulf in the United Arab Emirates (UAE). After this study,
nine further studies were published in the 1990s, with the number of publications increasing
slowly through the 2000s, particularly in Iran in the northern Arabian Gulf (Figure 3.2a). Most
publications emerging from the Arabian Gulf were from Iran along the northern part of the Gulf
region (n = 67, 48%), followed by Saudi Arabia and the UAE, each contributing 25 studies
(18%). The UAE has a longer history of investigating mangrove ecosystems (1982 to 2022)
(e.g. Khan, 1982; Embabi, 1993; Shriadah, 1999; and Nelson et al., 2022) than Saudi Arabia
(1994 to 2023). The Gulf countries Qatar and Kuwait produced nine and six publications,
between 1991 to 2021 and 1996 to 2020, respectively. Oman, Egypt, and Bahrain produced the
least number of publications (1% each) over the same period. The publications represent studies
that span the three major subregions: the Arabian Gulf (n =122, 87%), the Red Sea (n =7, 5%),
and the Gulf of Oman (n = 1, 1%), which includes eight Gulf countries (Figure 3.2b). The

remainder of the publications were found across multiple regions (n = 10, 7%).
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Figure 3. 2. (a) Historical trend in mangrove studies in the Arabian region by study location
(n =9) from the year 1982 to 2024 (n = 140). The total number of publications for each
study location is indicated for: Bahrain (n = 1), Egypt (n = 1), Iran (n = 67), Kuwait (n =
4), Multiple locations (n = 6), Oman (n = 2), Qatar (n = 9), Saudi Arabia (n = 25), and the
United Arab Emirates (n = 25); (b) publication trends by subregions (n = 140).
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Of the ten publications that included multiple subregions, six included two Gulf
countries: four studies in Saudi Arabia along both the Red Sea and Arabian Gulf, and two
studies in Iran and Oman along the Arabian Gulf and Gulf of Oman (Figure 3.3). The variety
of research topics increased progressively between 1982 and 2024, with a notable rise in the
last decade (Figure 3.4). In the Red Sea subregion, Saudi Arabia showed an even distribution
across research topics, with spatial distribution-related topics being the most prominent topic
(see Red Sea subregion in Figure 3.4). The most distinguished year for biodiversity-related
studies occurred in 2023, with seven publications originating mainly from Iran (northern

Arabian Gulf subregion).

SAUDI ARABIA
25

Figure 3. 3. The distribution of study sites in mangrove scientific publications by Gulf
countries in the Arabian region (n = 140). The map displays the total number of
publications (n = 134) for the study locations: Iran (n = 67), Saudi Arabia (n = 25),
United Arab Emirates (n = 25), Qatar (n = 9), Bahrain (n = 1), Egypt (n = 1), Kuwait
(n=4), and Oman (n = 2). The remainder of publications were conducted in multiple
countries (n = 6).
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Figure 3. 4. Temporal trends in the proportion of publications for each research topic related to
mangrove studies in the Arabian region between the 1980s and 2024 for each of the subregions:

Arabian Gulf and Red Sea.
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3.3.2 Representation of studies according to authorship and institutes

Of the 140 publications, 134 (96%) were journal articles, and the remaining were reports
(n = 3), book chapters (n = 1), datasets (n = 1), and preprints (n = 1), with most publications
collecting primary data (n = 128, 91%). The search results in the resource hubs of locally based
environmental agencies uncovered a report on the main web page of the Environment Agency

of Abu Dhabi, published by AGEDI (2008) and authored by regional experts.

The results from this review show that in expanding the corpus beyond peer-reviewed
journal articles, the first authors were regionally-based researchers who contributed the
majority of mangrove research publications (73%). The top three Gulf countries by contribution
rank were first authors from Iran (n = 62, 44%), Saudi Arabia (n = 24, 17%), and UAE (n =17,
12%). The remainder of the publications were led by foreign-based authors that contributed to
a total of twenty-three studies, accounting for nearly 16% of all studies. By country, these
included the United States (n = 6, 4%) and Australia (n = 4, 2%); together, they contributed ten
studies (7%) out of the 140 total publications (Figure 3.5).

In total, nineteen countries and seventy institutions contributed to Arabian mangrove
research, with a strong contribution from Iranian (n =48) and Saudi Arabian (n = 8) institutions.
The institute with the largest number of publications from Iran was Tarbiat Modares University
(n=11). This is followed by the Islamic Azad University (Iran), King Saud University (Saudi
Arabia), and the University of Hormozgan (Iran), each with eight publications. Qatar University
follows closely with seven publications, and Shaherkord University (Iran) ranks sixth with five

publications.
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Figure 3. 5. Percentage of first authorships from each subregion based on the lead author of the
total publications (n = 140).
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3.3.3 Main research topics

Twelve research topics were identified in the publications, including ‘multiple,” which
consists of more than one topic (Figure 3.6). Across the Arabian region, the top three topics
were biodiversity (n = 40, 29%), phenology (n = 24, 17%), and spatial distribution (n = 23,
16%), with most of the research originating from the Arabian Gulf subregion. The top three
topics found in the publications across the Arabian Gulf subregion were related to biodiversity
(n = 36), phenology (n = 22), and spatial distribution (n = 19). The other research topics were
related to carbon research (n = 10, 7%), physiology studies (n = 5, 4%), conservation

management and connectivity studies, with both contributing two studies (1% each).
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Figure 3. 6. Research topics covered by mangrove studies in the Arabian region between 1982 and
2024 (n = 140). The distribution of studies conducted in the Arabian region is presented by the three
main subregions: the Arabian Gulf (red), Gulf of Oman (green), and Red Sea (purple). The subregion
category ‘multiple’ indicates more than one subregion. The research topic category ‘multiple’ presents
publications that focus on more than one research topic.



On conservation management, recent publications appeared in Saudi Arabia (Amin et
al., 2018) and the United Arab Emirates (Paleologos ef al., 2019), both of which have indicated
an urgent need for conservation strategies or restoration efforts. The connectivity studies took
place in Iran in the northern Arabian Gulf on crab composition across mangrove areas (Hemmati
et al., 2021) and in Qatar on the role of outwelling within and outside mangrove areas, e.g. in
seagrass beds (Walton et al., 2014). Studies focused on biodiversity topics (n = 40, 29%)
focused on species composition in mangroves (Figure 3.7). Of these species, macrofauna was
the most investigated (e.g. Al-Khayat et al., 2019; Salimi et al., 2021; Akbari et al., 2022;

Noghabi et al., 2022), while molluscs, shrimps, and sponges were the least studied.

Fauna
Birds
Crabs
Fish

Fungi
12.5% Gastropods
Macrofauna
Mollusc

Shrimps

Sponges

Figure 3. 7. The percentage contribution of the total primary fauna in publications of the ‘Biodiversity’
research topic in the Arabian region (n = 40).

50



3.3.4 Representation of studies according to mangrove type

The mangrove typologies present in the Middle East region are fringing (224 km?),
Lagoonal (82 km?), and deltaic (12 km?) (Worthington and Spalding, 2018) (Figure 3.8). This
study found that fringing mangroves were the most studied type (n = 98, 70%), lagoonal
mangroves (n = 37, 26%), and both lagoonal (n = 5, 4%). The most frequently examined
mangrove type by study location was found in fringing mangroves in Iran (n = 67, 48%),
fringing mangroves in Saudi Arabia and lagoonal mangroves in UAE (n =25, 18%) (Table 3.2).
In terms of primary fauna research in publications by mangrove type, fringing mangrove

systems were most investigated (83%), compared to lagoonal systems (18%).

Study location Mangrove type Subregion Number of
publications
Bahrain Fringing Arabian Gulf (m=1, 1%)
Egypt: Fringing Red Sea (m=1, 1%)
Iran Fringing Arabian Gulf (n=167, 48%)
Kuwait Lagoonal Arabian Gulf (n=4,3%)
Oman Fringing Gulf of Oman (n=2,1%)
Saudi Arabia Fringing Arabian Gulf/ Red Sea (n=25, 18%)
UAE Lagoonal Arabian Gulf (n=25, 18%)
Qatar Lagoonal Arabian Gulf (n=9, 6%)
Multiple locations Fringing/ lagoonal All subregions (n=6,4%)
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Table 3. 2. Representation of publications by mangrove type across the Arabian region (n = 140).

All subregions include the Arabian Gulf, Gulf of Oman, Red Sea, and Multiple subregions.
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Figure 3. 8. Map of the Arabian Gulf with mangrove areas classified according to Worthington and
Spalding (2018) typology. Iran (above) is represented by fringe and delta mangroves, and UAE
(below) by lagoon mangrove ecosystems.
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3.3.5 Representation of mangrove characteristics and zonation in the southern Arabian

Gulf

The publications that dealt with mangrove phenology-related studies along the southern
Arabian Gulf subregion (see e.g. Saenger ef al., 2004; Almardeai et al., 2017; Samara et al.,
2020), found that Avicennia marina species exhibit some of the lowest productivity levels and
growth rates (Table 3.3). Generally, mangroves in Arabia have exhibited a relatively low
average above-ground biomass compared to those in other regions of the same species
(Avicennia marina), such as subtropical or sub-humid climates (Table 3.4). Moreover, it was
noted in the publications (n = 25) that Avicennia marina mangroves along the southern Arabian
Gulf are often fragmented and stunted stands along tide-dominated intertidal areas, mostly
lagoons, that frequently compete with other marine habitats, such as saltmarshes (see e.g.

Saenger et al., 2004; AGEDI, 2008; Samara et al., 2020) (Figure 3.9).
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Country/ Region = Mangrove Species Mangrove Average tree Growth Climate Source

area 2020 type height (m) rate (cm)
(km?)
United Arab 74.45 A. marina Lagoon 3 0.1 Hyper-arid  (Saenger et al.,
Emirates (southern 2004; Almardeai
Arabian Gulf) etal., 2017,
Samara et al.
2020)
Iran (northern 111.77 R. mucranata/ A.  Fringe/ 3.54 0.7 Semi-arid  (Zahed et al.,
Arabian Gulf marina) Lagoon 2010; Al-mayah
and Al-Asadi,
2023)
Saudi Arabia (Red 77.10 R. mucranata/ A.  Fringe/ 3 0.1 Arid (Sheppard et al.,
Sea/ Arabian Gulf) marina) Lagoon 1992)

Table 3. 3. Mangrove forest structure characteristics across different Arabian regions. Mangrove area indicates the total country/ territory according to
Bunting et al., 2022; Species indicates mangroves Avicennia marina and Rhizophora macrunata; Mangrove type indicates the forest typology according
to Worthington and Spalding, 2018; Climate is based on Koeppen’s Classification (Chen and Chen, 2013).
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Country/ Region Mangrove area 2020  Mangrove Average above-ground Climate Source
(km?) type biomass
(t/ha! or MgC ha™)
United Arab Emirates 74.45 Lagoon 78 to 110 t/ha™ Hyper-arid  (Saenger et al.,
(southern Arabian 2004)
Gulf)
Western Australia 10,170.81 Fringe/ 147.6 + MgC ha’! Sub-humid  (Alongi, 2009)
Estuary
Zambezi River Delta, 3027.35 Delta/ 111 +t/ha’! Sub-tropical (Trettin et al.,
Mozambique Estuary 2016)
East Sumatra, 29,533.98 Delta/ 279 + MgC ha'! Tropical (Kusmana et al.,
Indonesia Estuary/ 1992)
Fringe
Dominican Republic 4700 + Delta 233 £+ MgC ha’! Tropical (Sherman et al.,

2003)

Table 3. 4. Forest characteristics of A. marina among different climatic regions.
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The findings in these publications indicate that the coastal arrangement of habitats is
unique, in which, at the landward edge, numerous coastal features such as hyper-saline flats
(known in Arabic as ‘Sabkhas’), cyanobacterial mats, and salt marshes often fragment
mangrove communities (see schematic representation Figure 3.10). However, this is not
uncommon for mangrove communities in hyper-arid climates and extreme environmental
conditions (see e.g. Hellyer and Aspinall, 2005; and Almansoori et al., 2021), who noted uneven

ecosystem description in the locality of Abu Dhabi Emirate in the UAE.

Figure 3. 9. Representation of mangroves and surrounding coastal habitats along the southern Gulf of
Arabia, Abu Dhabi Emirate, United Arab Emirates. Top left: mangrove species (Avicennia marina) along
the eastern coast near Jubail and Ramhan Islands. Top middle and top right: saltmarsh species
(Arthrocnemum macrostachyum) coexisting with mangroves found near Ras Ghurab and Ramhan
Islands. Bottom left: Aerial view of Jubail Island presenting naturally fragmented mangroves, saltmarsh,
and cyanobacterial mats. Bottom right: hyper-saline coastal flats near mangroves in Bu Tinah Island
(known as ‘Sabkhas’ in Arabic).
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Photo southern Arabian mangroves in Abu Dhabi: Amna Almansoori, 2021.

Figure 3. 10. A schematic representation of a classic mangrove zonation pattern of a tide-
dominated shore (above) in comparison to the profile of the southern Arabian Gulf mangroves
(below). Western Pacific mangroves (above) show a clear classic zonation where different
species grow at each zone depending on their responses to geomorphology, physiology, species
dominance, and plant succession. Southern Arabian Gulf mangroves (below) show saltmarsh
communities co-existing with mangroves, causing coastal fragmentation, as described in the
publications of this review. The diagram features; Y-axis: Increasing tree height in meters;
western Pacific trees reach nearly 20m, and southern Arabian Gulf trees about 8m; X-axis:
decreasing mangrove cover toward the seaward edge; Salinity, soil stability, and sedimentation
rate increase toward the landward edge and decreases toward the seaward edge in both regions.
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3.4 DISCUSSION

3.4.1 Key findings

This study provides insights into the temporal, spatial, and thematic aspects of
mangrove research conducted in the Arabian Gulf. The key findings suggest that research on
mangroves in the Arabian Gulf has progressed slowly, likely due to a lack of marine and
ecological scientists specializing in mangroves, and that studies are not evenly distributed
across the subregions. The body of literature on Arabian mangrove ecosystems has emerged
since the 1980s, with over 80% published in the past two decades and a proportional increase
in publications since the 1990s (e.g. Embabi, 1993; Howari et al., 2009; Mafi-Gholami et al.,
2017; Gholami and Baharlouii, 2019; Ghayoumi et al., 2022). The results show that mangrove
research in Arabia varied across the subregions. Notably, the southern and western subregions
of the Arabian Gulf remain underrepresented in the existing mangrove literature. Mangrove
research in the Arabian Gulf has been primarily driven by regionally-based scholars from Iran.
The findings indicate that research efforts have focused mainly on fringing mangrove types and
suggest that mangrove research is not closely tied to the spatial distribution of mangrove

extents.
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3.4.2 Mangrove research efforts based on published literature

Historically, mangrove research in the Arabian region has received little attention (Friis
and Burt, 2020; Almansoori ef al., 2024). However, in recent years, some Gulf countries, such
as Iran and those bordering the Red Sea, have prioritized mangrove research. This is evident in
the past two decades, where the majority of publications on the Arabian Gulf have focused on
the Iranian coasts, such as Qeshm Island (e.g. Mohammadizadeh et al. 2009; Ebrahimi-Sirizi
and Riyahi-Bakhtiyari, 2013). To a lesser extent, there has been research along the western
Arabian coast, including in Khuzestan Province (e.g. Baboli and Sahar, 2017; Orif and El-
Maradny, 2018), and the southern Arabian Gulf coast in the United Arab Emirates (e.g. Saenger
et al., 2004; Alsalam, 2007). The findings of this review point to a pronounced focus of
mangrove research, which is predominantly centred on mangroves in the northern Arabian Gulf,
in Iran. These results are consistent with patterns observed in previous literature (see e.g.

Vaughan and Burt, 2016; Friis and Burt, 2020; Almansoori ef al., 2024).

The representation of authorship on mangrove research in Arabia varied marginally
based on the country of affiliation of the lead author and the study location. For example, this
study revealed that the majority of publications in the United Arab Emirates were authored by
researchers based outside of Arabia. This suggests the possibility of limited marine research
centres or affiliations in the region (Sheppard et al., 2010; Burt, 2013; Almansoori et al., 2021),
or that international collaborations occur due to the inclusion of sub-regional datasets in
regional or global-scale analyses (see e.g. Giri et al., 2011; Alongi, 2015). Another observation
is that the majority of mangrove research in the northern subregion of the Arabian Gulf has
been contributed by regionally-based researchers, while foreign-based researchers have been
responsible for a significant portion of the research in the southern subregion, consistent with
previous literature (e.g. Sheppard et al., 2010; Van Lavieren et al., 2011; Burt, 2013; Vaughan
and Burt, 2016; Friis and Burt, 2020).
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3.4.3 Existing research gaps on mangroves of Arabia

Overall, twelve research topics studied in the Arabian Gulf can be classified into two
primary thematic areas: spatial distribution and ecological-related studies. Spatial distribution-
related publications dominate the literature in Arabia, presumably due to the rapid urbanisation
and human expansion into coastal areas (Erdelen, 2007; Almansoori ef al., 2024). Historically,
more than 40% of the coastlines in most areas of the Arabian Gulf had been altered, leading to
considerable declines in biodiversity and productivity (Al-Ghadban and Price, 2014), and
presently, coastal development continues to be degrading mangrove habitats (Almahasheer,
2018; Almansoori et al., 2024). While there appears to be a recent interest in the conservation
of mangroves in the region (see e.g. EAD, 2020; Arachchige et al., 2024), there is limited
information on the effects of large-scale coastal development projects on mangroves. Thus, it
is expected that spatial distribution and related mapping techniques will continue to dominate
mangrove science, as this research underpins management efforts that are gaining interest both
regionally (e.g. Brown et al., 2008; Paleologos et al. 2019) and internationally (e.g. Romanach
et al., 2018; Ellison et al., 2020).

According to this review, research on even mangrove’s locations within the Arabian
region is limited, leaving other aspects of these ecosystems largely unexplored. A few studies
have focused on long-term shifts in the extent, health, and associated biodiversity of mangrove
ecosystems over decades. Examining the long-term changes of mangrove distribution could
provide valuable insights for long-term ecological targets (Tran et al., 2024). Limited data is
available on how mangroves in the Arabian region respond to climate-driven stressors. There
is also a paucity of data regarding the contribution of mangroves to fisheries productivity and
community livelihoods, as well as local communities' perspectives of mangroves and

conservation needs.

Acquiring such knowledge would support future conservation efforts (see e.g.
Romanach et al., 2018; Jamaluddin ef al., 2022; Tran et al., 2024). Across the subregions, this
review found few peer-reviewed studies from the southern Gulf subregion, despite the
subregion encompassing 47% of the total mangrove extent in the entire Arabian province
(Almansoori et al., 2024). Lack of subregional mangrove knowledge makes it challenging to
clearly understand the ecology of mangrove ecosystems, including plant productivity, growth

patterns, and species interactions, or to use scientific-based evidence for conservation efforts.
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3.4.4 Opportunities to scale-up mangrove research and conservation efforts

Mangroves of the Arabian Gulf province have been recently classified as a ‘vulnerable
ecosystem’ (Almansoori et al., 2024), and preparing for the future, whether it is for climate
change scenarios or meeting national conservation targets, continuous research, monitoring of
mangrove ecosystems, and regional collaboration will be essential. While remote sensing and
mapping have been applied in many mangrove areas worldwide (see e.g. Cipta et al., 2021;
Jamaluddin et al., 2022), further investigations and biodiversity assessments are required. This
includes examining the productivity of mangroves, identifying local patterns in species
distribution and abundance, and understanding the underlying mechanisms driving habitat
patterns in the local context of Arabia. Research from the Arabian region suggests that
mangroves offer a unique setting of both lagoonal and fringing types; but that mangroves also
considerably compete with other nearby ecosystems (e.g. saltmarshes, hyper-saline flats, and
mudflats) (see e.g. Hellyer and Aspinall, 2005; Alsalam 2007; Almansoori et al., 2021), which
could be due to the restricted area of occupancy of the Arabian coastline (Almansoori et al.,
2021; Almansoori et al., 2024). Therefore, the contribution of coastal profile and biodiversity
knowledge could support managers and decision-makers to effectively plan and monitor

mangroves conservation programs in Arabia (e.g. Malik et al., 2019; Pimple et al., 2022).

In this review, the mangrove classification framework by Worthington and Spalding
(2018) has provided a useful basis for examining the mangrove ecosystem types that have been
the primary focus of research efforts in the Arabian region. However, it could be further
developed to accommodate local-scale mangrove typologies to show the differences in some
coastal areas. For example, mangroves of the southern Arabian Gulf in Jubail and Ramhan
Islands along the eastern coast of Abu Dhabi Emirate could consist of both lagoonal and
fringing mangroves, but were identified as only lagoonal systems. As such, local-scale
mangrove types could significantly improve restoration programmes especially when dealing
with the site selection of mangrove plantations, that otherwise fail due to poor local information

(e.g. Etemadi et al., 2020; Erftemeijer et al., 2020; Afefe, 2021).
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Local information is often overlooked in restoration programmes in Arabia, leading to
potential failures is ‘large-scale planting targets’ (see e.g. MOCCAE, 2023). Although
restoration programs could fail for many reasons (Ellison et al., 2020), establishing an early
understanding of the coastal area suitable for mangroves is a fundamental element in restoration
programmes (Beeston et al., 2023). Following best practices in the restoration of mangroves
that have led to highly successful outcomes elsewhere (see e.g. Coleman et al., 2008; Ren et
al., 2008; Romanach et al., 2018; Ellison et al., 2020; Hai et al., 2020), is an approach that
regional management could undertake. Another approach to scale up conservation efforts would
be to set up marine protected areas to conserve existing mangrove habitats, and develop local
capacity through workshops, training programs, universities, enabling self-sufficiency in
research development (Van Lavieren et al., 2011). Mangrove experts from the international
scientific community and regional researchers across Arabia should communicate to engage in
such capacity-building programmes. This would help improve scientific research that would
allow for a better understanding of these ecosystems and increase their representation in the
global literature. In the absence of mangrove expertise or sufficient data, applying baseline
marine surveys, regular monitoring, and well-designed mangrove restoration programs using

scientific-based guidelines (e.g. Beeston et al., 2023), may be an appropriate starting point.
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3.5 CONCLUSION

This review analyses the geographical and temporal trends in mangrove research across
the Arabian Gulfregion. Although the Arabian region remains one of the least studied mangrove
areas of the world (Almahasheer, 2018; Almansoori et al., 2021), the findings of this study
showed that there is a sound basis of knowledge distributed throughout the Arabian region and
that knowledge is increasing. However, there are geographical differences in research efforts
between Gulf nations that have led to knowledge gaps in some areas. Research efforts appear
to be unevenly spread across the region despite the recognition of the importance of mangroves.
Accordingly, the research gaps in the Arabian region should be viewed as valuable opportunities
for future investigations, as proposed by previous studies (see e.g. Almahasheer, 2017; Friis and
Burt, 2020; Jawad, 2021; Almansoori et al., 2021). Moving forward, several areas, such as the
western and southern Arabian coast, would benefit from future research on mangrove
ecosystems such as biodiversity assessments, environmental impact studies, and the influences
driving coastal patterns and habitat distribution. Addressing existing research gaps and
developing appropriate plans to fill them is imperative, as this would contribute to safeguarding

mangrove ecosystems in the Arabian region.
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CHAPTER 4: Evaluate the habitat use by fish in mangroves of the southern
Arabian Gulf

4.1 INTRODUCTION

Mangrove habitats provide a wide range of ecosystem services, such as provisioning
services (e.g. food and raw material) (Lopez-Angarita et al., 2016; Carrasquilla-Henao and
Juanes, 2017), regulatory and supporting services (e.g. primary productivity) (Brander et al.,
2012). Despite the importance of mangrove ecosystems, they are still being lost worldwide
(Friess et al., 2020), mainly due to impacts of land conversion, pollution, and unsustainable
use, such as aquaculture and overfishing (e.g. Duke ef al., 2007; Halpern et al., 2008). Studies
of mangrove fish habitat use have been well documented worldwide (see e.g. Faunce and
Joseph, 2006; Mumby et al., 2006; Nagelkerken and Van der Velde, 2004; Sambrook et al.,
2019). Traditionally, researchers have paid considerable attention to the study of mangrove fish
habitat use across multiple coastal and marine ecosystems (or inter-habitats), such as seagrass
beds (Unsworth ef al., 2018), and coral reefs (Mumby et al., 2004; Dorenbosch et al., 2005).
As such, the seascape configuration of inter-habitats (Green et al., 2012), and the environmental
factors, such as tidal regimes and temperatures (Igulu et al., 2014; Bradley et al., 2020), have
been shown to influence the structure of fish communities. However, understanding of such
fish habitat uses between microhabitats of mangroves (e.g. intra-habitats or niches within

mangrove habitats) and the environmental variables that drive this, remains scarce.

In a broad sense, mangrove habitats encompass a wide array of biological, chemical,
and physical elements that significantly influence the composition of fish communities
(Robertson and Blaber, 1992; Igulu et al., 2014). In a practical sense, fish-habitat associations
are highly complex and context-dependent, driven by various factors including local
environmental variables (e.g. rainfall and tidal range) (Bradley et al., 2020), regional
differences (e.g. mangrove species and coastal geomorphology) (Reis-Filho et al., 2016;
Sambrook et al., 2019). Studies of fish habitat use within intra-habitats of mangroves have
mainly focused on the influence of environmental variations, such as rainfall, temperatures, or
tidal regimes (Brenner and Krumme, 2007; Giarrizzo et al., 2010; Krumme et al., 2014), on
fish community structure across tropical or subtropical regions, primarily in deltaic or estuarine
mangrove ecosystems (Igulu et al., 2014; Reis-Filho et al., 2016; Sambrook et al., 2019).
However, evidence for mangrove use by fish in arid or hyper-arid mangrove systems and among
lagoonal mangrove systems, particularly in the Arabian region, is notably scarce, highlighting

the significance and relevance of further research in this area.
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Studies of mangrove use by fish in Arabia have mainly investigated fish assemblages
focusing on inter-habitats (e.g. between mangroves and corals) for marine fishes in the Red Sea
(e.g. Dunne ef al., 2023), the role of mangroves as a nursery ground for juvenile reef fishes in
the southern Egyptian Red Sea (e.g. El-regal and Ibrahim, 2014), and fish diversity of mangrove
ecosystems in Oman (e.g. Al-Jufaili ez al., 2021). Little attention has been given to mangroves
in the Arabian Gulf, particularly within the intra-habitats of the southern coast. The southern
Arabian/Persian Gulf (hereafter, the “southern Gulf™”) is among the most hostile marine
environments in the world (Alsalam, 2007; Vaughan et al., 2021). The Gulf experiences extreme
environmental conditions, including limited precipitation (< 90 mm annually), high salinity
levels (> 50), and temperature fluctuations (e.g. 16°C to greater than 35°C) (Sheppard et al.,
1992; Price et al., 1993; Vaughan et al., 2019). The annual sea surface temperatures exceed 36
°C in the Gulf, making it the hottest sea on Earth during the summer months (Sheppard et al.,
1992). Moreover, the Arabian Gulf experiences temperature variation within itself, with the
southern region along the United Arab Emirates (UAE) coast exhibiting the most extreme
conditions (annual ranges of 24°C) (Sheppard et al., 1992). This exposes the region's fish
populations to temperatures higher than those experienced by any other fish globally (Vaughan
et al., 2021). Long-term studies on reefs in the southern Gulf have shown evidence of fish
community variation due to dramatic seasonal temperature changes (see e.g. McCain et al.,

1984; Burt et al., 2013; Feary et al., 2011).

As aresult of the extreme marine environment, mangroves in the Gulf are distinguished
by niche intra-habitats or microhabitats of different mangrove communities along the intertidal
zone (Sheppard et al., 1992; Saenger et al., 2004). On this coastline, geomorphological
conditions differ from those present on offshore islands. For example, on the western side of
the southern Gulf, mangrove habitats are typically found on offshore islands in dense, fringing
systems, limited to one other habitat type, such as offshore coral reefs or seagrass beds
(Almansoori et al., 2021). In these areas, temperatures, tides, and salinity fluctuate significantly
due to the influence of the open sea and high currents (Vaughan et al., 2019). In contrast, on the
eastern coast of the southern Gulf coastline, mangroves grow in sheltered, lagoonal systems
adjacent to a diverse habitat mosaic of saltmarshes, mudflats, and rocky shores (Saenger et al.,
2004; Almansoori ef al., 2021). Here, the mangrove communities are fragmented by natural
creek systems, and the environmental conditions, including temperature, tides, and salinity, are

relatively stable (Sheppard et al., 1992; Almansoori et al., 2021).
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In such cases, mangroves in the lagoonal systems of the eastern coast of the southern do
not share environmental conditions with mangroves in other regions, such as Caribbean lagoon
systems (Reis-Filho ef al., 2016), or with high tidal regimes, such as Indo-West Pacific
mangroves, where fish have limited foraging and shelter time in mangroves (Igulu et al., 2014).
In addition, mangroves of the southern Arabian Gulf are low in diversity (< two mangrove
species) and often in monospecific stands (Sheppard et al. 1992; Loughland et al. 2004;
Alsalam, 2007), showing a degree of atypical mangrove zonation patterns (see e.g. Twomey,
2022). Unlike mangrove areas in deltaic-like systems, and tropical regions, the lagoonal
mangroves in the southern Gulf experience unusual patterns of tidal rhythms and coastal
configuration (Sheppard et al., 1992; Almansoori et al., 2021). The tidal rhythms in lagoons
and creek-like channels of the intertidal areas of the Gulf are extremely low in velocity, with
cycles that range between 0.2 and 2.5 m (Siddiq et al., 2019; Emmanuel et al., 2023). As such,
microtidal characteristics provide continuous food access to fish, primarily due to the fact that

they are constantly inundated (Nagelkerken and Van der Velde, 2004).

Recent studies in microtidal environments have demonstrated the importance of
adjacent habitats, such as mudflats, for fish species (Marley et al., 2020) as well as the
significance of mangrove habitats in supporting local communities, especially artisanal
fisheries (Sandoval Londono ef al., 2020). In Arabia, mangrove research is generally limited
(but see e.g. Saenger et al., 2004; Almahasheer, 2018; Almansoori et al., 2021), and there is
even less focus on the perspectives of mangrove fish ecology. Despite some investigation into
fish habitat use across multiple coastal and marine ecosystems in Arabia (e.g. El-regal and
Ibrahim, 2014; Dunne et al., 2023), our continued examination of fish use across diverse
habitats and large distances has not yielded sufficient information to prioritize the microtidal

environments of mangroves and their influence on fish community structure in Arabia.

The purpose of this study was to determine fish community structure in different
mangrove microhabitats within lagoonal systems in the southern Arabian Gulf. Specifically, the
study objectives were to determine (a) how similar or dissimilar fish assemblages are associated
with different mangrove microhabitats, and (b) whether the environmental variable temperature
influences fish assemblages. The hypothesis is that abundance and diversity would be greater
in mangrove habitats that consist of high structural complexity and features, e.g. rocky shores,
than those associated with mudflats or saltmarshes, and that temperature will have an impact

on the structure of fish communities among habitats.
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4.2 METHODS

4.2.1 Study area

Fish assemblages were investigated in mangroves of the southern Arabian Gulf at Jubail
and Ramhan situated on the coast of Abu Dhabi in the United Arab Emirates (Figure 4.1). The
hyper-arid climate of the southern Arabian Gulf region is characterized by sea-surface
temperatures (ranging from 16°C and 35°C), high salinity (> 50), and limited freshwater input
(rainfall < 90 mm annually) (Sheppard et al., 1992; Prince et al., 1993; Kottek et al., 2006;
Vaughan et al., 2019). The seasons are summer (June to August), fall (September to November),
winter (December to February), and spring (March to May), and the highest precipitation rates
typically occur between winter months (Vaughan et al., 2019; Almansoori ef al., 2021; Dasari

et al., 2022).

Mangroves and other features
Dense mangroves

Mangroves and saltmarsh
Tidal flats and mangroves
[] Mangroves

A 0 50 100 KM
e e——

Figure 4. 1. The study area in the east coast of the southern Arabian Gulf. Red squares
indicate sampling stations (Jubail and Ramhan), and coloured lines represent the habitat
classification.
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The study area is dominated by one mangrove species; Avicennia marina (Saenger et
al., 2004; Almahasheer, 2018). These monospecific mangroves grow in narrow fringes often
restricted to shallow waters (< 1 m deep) and generally appear stunted or dwarf-like (Saenger
et al., 2004). Mangroves receive tides usually twice daily that range between 0.2 and 2.5 m
(Siddiq et al., 2019; Almansoori et al., 2021; Emmanuel et al., 2023), with many creek-like
channels along the intertidal areas remaining partially flooded due to the physical configuration
of the seabed (Almansoori et al., 2021). The physical characteristics of mangrove creeks and
their configuration vary in size and habitat composition (Hellyer and Aspinall, 2005; Zahran
and Elamier, 2016), typically providing unusual patterns of different mangrove microhabitats.
It is common to find wide creeks greater than 50 m that consist of sparse mangroves (tree
spacing > 2.5 m) intersecting with saltmarshes and extensive tidal flats (or mud flats), while on
the other side dense mangroves (tree spacing average 0.5 m) nearby subtidal seagrass beds and
rocky shores (Sheppard et al., 1992; Hellyer and Aspinall, 2005; EAD, 2020; Almansoori et al.,
2021).

The region contains five critical coastal habitats: mangroves, tidal flats, saltmarshes,
rocky shores, and seagrass beds (Sheppard et al, 1992; Hellyer and Aspinall, 2005; EAD,
2020). Tidal flats and saltmarshes are often found together along the intertidal area and have
high secondary productivity, while the latter ecosystem also acts as natural filters trapping
sediments and nutrients (Sheppard et al., 1992; Barbier et al., 2011). Rocky shores consist of
solid rocks with various rock pools, boulder platforms, and cliffs and are biologically rich with
macroalgae, mollusks, bivalves, and birds (Hellyer and Aspinall, 2005; EAD, 2020). Seagrass
beds are the immediate subtidal habitat near mangroves found extensively along the entire

coastline and deeper waters of the region (Sheppard et al., 1992; EAD, 2020).
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4.2.2 Classification of habitats

A pre-site survey to determine the habitat types and characteristics of the study area was
conducted in January 2022 (Table 4.1). The survey followed the guidelines of the Abu Dhabi
Classification of Intertidal Habitats and Mangrove Forest Assessment (EAD, 2020; Almansoori
etal.,2021). For other references on mangrove ecosystems, the guidelines of the [UCN Habitats
Classification of the region (IUCN, 2012) and the IUCN Global Ecosystem Typology were used
(Keith et al., 2020). The classification of the mangrove typologies was based on Worthington
and Spalding (2018), and the mangrove habitat characteristics (e.g. maturity, canopy cover, and
density) were based on English et al. (1997). Accordingly, the habitat of the study area consisted
of lagoonal mangrove types (Worthington and Spalding, 2018), characterized as follows:
sheltered tidal flats with sparse mangroves (Site A); mangroves with dense saltmarsh in the
upper margin (Site B); mature mangrove stands (Site C); and mangroves with other habitats,

namely; seagrass beds and rocky shores (Site D) (details in Appendix C.1).

Site A included sheltered tidal flats exposed at low tide that typically form when mud is
deposited by tide and currents, with a lack of vegetation and less than 10% mangrove vegetation
area (11 to 30 % canopy cover) along the seaward edge. Site B included saltmarsh vegetation
(Sp. Arthrocnemum macrostachyum and Halocnemum strobilaceum) on the upper margin of the
tidal flat (> 50 %) partially covered at high tide and sparse patches of short mangrove stands (0
to 10 % canopy cover). Site C included mature mangrove stands (height > 1.3 m and 51 - 75 %
canopy cover). Site D comprised of mature and dense mangrove stands (76 to 100 % canopy
cover) with patches of seagrass beds (Sp. Halodule uninervis, Halophila stipulacea and
Halophila ovalis) along the shallow sub-tidal substrate of unconsolidated sediments at mid-
depths (4 to 10 m), and sub-tidal feature of exposed rocks and hard-bottom habitat in shallow
areas at mid-depths (0 to 2 m). Due to the local geomorphology variation, the site selection
criteria included accessible natural creeks with a length greater than 100 meters and a width

range of 2 to 5 meters. Modified or dredged channels by human activities were excluded.
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Habitat characteristics

Site Name Coordinates Habitat type Mangrove area  Width of creek Mangrove Mangrove canopy  Mangrove
(sqm) (m) maturity cover (%) typology
A Jubail (A) Lat: 24.555003° / Sheltered tidal 1.33 25 to 30 Height > 1.3 m 11 to 30 lagoon
Long: 54.488596° flats with sparse
mangroves
(TFSM)
B Jubail (B) Lat: 24.513355°/ Mangroves with 1.36 38 to 48 Tree height > 1.3 0to 10 Very sparse
Long: 54.516956° dense saltmarsh m and saplings > 1
in the upper m girth <4 cm
margin (MGSM)
C Ramhan (A) Lat: 24.539015°/ Mature mangrove 1.69 10to 15 Height> 1.3 m 51to 75 Dense
Long: 54.546968° stands (DM)
D Ramhan (B)  Lat: 24.534942° / Mangroves with 1.05 10 to 18 Height> 1.3 m 76 to 100 Very dense
Long: 54.509870° other marine

habitats, e.g.
seagrass beds and
rocky shores
(MGOT)

Table 4. 1. Classification of habitat types and characteristics. Mangrove area (sqm) and width of creek (m) are derived from Environmental Agency Coastal and
Marine Portal Viewer Map (EAD, 2021). Mangrove maturity and mangrove canopy cover (%) are based on English et al. (1997). Mangrove typologies are based
on Worthington and Spalding (2018).
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4.2.3 Fish sample procedures

A belt-transect technique was used to guide underwater visual census (UVC) to record
fish in their natural environment (Bohnsack and Bannerot, 1986). The UVC method was
selected for its wide application in coastal habitats such as coral reefs, mangroves, and seagrass
beds. UVC enables direct observation of fish without causing any harm or disturbance to their
natural environment, where it records the diversity, abundance, and size estimation of fish
species, and allows for comparisons with other studies, resurveying over time, and repetition
across multiple habitats (Nagelkerken e al., 2000). However, using UVC also has several
challenges, such as the high census speed that can cause underestimation, observer training to
identify fish, and transect width (English et al, 1997). To overcome these, the speed was
confined to two gentle swimming strokes, limited from 5 to 10 minutes per transect. Before
sampling, the observer was trained by an expert fisheries scientist using pre-defined fish
identification and a ruler to practice size estimation underwater using objects. Furthermore, the

transect width was pre-defined to 5 meters (2.5 meters x 2.5 meters).

The sampling protocol followed Bohnsack and Bannerot (1986). Each site was sampled
once during the daytime over seven months from January to September 2022, encompassing
three main seasons (winter, spring, and summer). To maintain uniformity, sampling commenced
during the first peak of the high tide and in water depths ranging from 0.8 to 2 meters (details
in Appendix C.2, Table C.2.1). A total of twenty-four transects were taken during each sampling
month (six transects per site) across four days per month (n = 168). Each transect was collected
by a single observer using snorkeling gear parallel to submerged roots of mangroves, covering
a sampling area of 750 m? at each site. It is acknowledged that fish may avoid the observer by
sheltering in mangrove roots. Therefore, the transect width was pre-defined to 5 meters (2.5
meters X 2.5 meters); (a) to ensure fish count is restricted to 2.5 meters distance from the
observer to the edge of the channel, and (b) to avoid variability in water depths, which restricted
the sampling of fish at depths greater than 0.8 within transects and at each habitat. Prior to fish
surveys, the environmental variables were recorded at each site during each sampling day, using
the instrument HI-98194 multiparameter waterproof meter for salinity, sea-water temperature,
and pH, a Hondex Digital Depth Sounder for measuring water depth, and a Secchi disc to ensure

clarity of the water (Figure 4.2).

71



-
0wt 0 o
- — —

=24°N

‘ Mangroves
@ Transect
¥ Environmental sample

0 075 15 3 45 6 =
[ ——

54°E

Figure 4. 2. Map of study area and sampling location in mangroves of the southern Arabian Gulf.
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Fish observed along the transect were counted, and total body length was estimated
according to pre-defined categories: abundance (Log-1) and size (Log-2) to ensure
standardization (details in Appendix C.2, Table C.2.2). Fish during post-larval stages were not
counted (< 3cm) to avoid potential errors in species identification due to small body size
(English et al. 1997). The maturation size of each fish and its exploitation status (e.g.
commercial importance) was assessed based on reports and databases from FishBase, [UCN
Red List Status, and Local Fisheries Stock Assessments (Grandcourt et al., 2008; Grandcourt
et al., 2010; Francis et al., 2016; Francis et al., 2019; Froese and Pauly, 2023). A pre-determined
fish species ID list supplied by fisheries experts at the Environment Agency of Abu Dhabi was
used as a guide during the survey (Grandcourt, 2008; Francis et al., 2022) (details in Appendix
C.2, Table C.2.3).
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4.2.4 Data analysis

Pearson’s correlation coefficient using the function cor in R software was calculated to
determine whether there was a relationship between variables (Freedman et al., 2007). The
values of the correlation coefficient may range from +1 to the value -1, where numbers closer
to 1 show a strong relationship, the negative values show a strong negative relationship, and
those closer to 0 suggest no relationship. To describe the difference in environmental variables,
such as sea-surface temperature, salinity, water depth, and pH, and fish community structure,
e.g. fish abundance and length (response variables), between different habitat types
(explanatory variable), an analysis of variance (ANOVA) using the function aov in R software
was performed (RStudio 2022). The Kruskal-Wallis test (non-parametric) was used if the
assumptions of ANOVA were not met (Kruskal and Wallis, 1952). A Dunn-Bonferroni post-hoc

test was used for the pairwise multiple-comparison procedure among groups (Dunn, 1964).

The relative abundance (RA = Number of individuals for species A / Total number of
individuals) X 100% was computed to determine the dominant species. To estimate the diversity
of species between habitat types, a Shannon index was calculated, where S is the number of
species, N is the total number of individuals within the community, »; is the number of
individuals of the i-th species, and p; represents the proportion of the number of individuals of
the i-th species relative to the total number of individuals in the sample (Clarke and Warwick,
2001). To evaluate the number of different species and the evenness of distribution among
species, a Simpson’s diversity index was calculated, where 7; is the number of individuals in
species i, N is the total number of species in the sample, p; is the proportional abundance for
each species, and R is the total number of species within the sample. According to Simpson
(1949), values ranging from O represent infinite diversity, and 1 represents no diversity.
Moreover, an analysis of similarities (ANOSIM) was performed to compare differences in the
fish community structure using the dissimilarity measure Bray-Curtis in the function anosim in
R package vegan 2.6-4 (RStudio, 2022). Finally, to visualize the fish assemblage composition
between habitat types and environmental variables, a principal component analysis (PCA) using

the function prcomp was performed for data visualization (RStudio, 2022).
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4.3 RESULTS

4.3.1 Environmental variables

Positive correlations were observed between the environmental variable sea-water
temperature and the number of fish (count), and between the length of fish and the number of
fish (count) (» =0.38 and » = 0.22; respectively) (Figure 4.3). Environmental variables indicate
moderate temperatures among the habitat types, but higher in mangroves with saltmarsh and
mangroves with other features such as rocky shores. Higher fish abundances and larger fish
sizes were associated with very dense mangrove habitat types, indicating that these
environments may support better conditions for fish. Salinity was found to be higher across
dense and very sparse habitat types compared to slightly lower levels of salinity at sparse and
very dense habitats. Very dense habitat types showed the lowest levels of water depth (1.05 +
0.09) compared to the rest of the habitat types, while the pH levels showed slight differences
among the habitat types (Table 4.2). The ANOVA results for the environmental variables and
fish community between habitat types showed significant differences (p = < 0.05). ANOVA
results showed both temperature and salinity (p = < 0.05) to be significant environmental
variables among the different habitat types. The Kruskal-Wallis test showed a statistically
significant difference in fish abundance between seasons (p = 0.006). Following, the Dunn-
Bonferroni post-test revealed that the pairwise group comparison of winter and summer seasons

was statistically significant (p =< 0.05) (Figure 4.4).

Temperature (°C) Salinity Depth (m) pH
Habitat types (mean = sd)
Tidal flat with sparse 20.82 + 0.76 43.52+0.77 1.23+£0.59 8.76 = 0.05
mangroves
Mangroves with 28.61 +4.14 45.73+£0.79 1.50+0.51 8.64+0.18
saltmarsh
Dense mangroves 25.42+3.44 4431+1.23 1.65+0.48 8.74 £ 0.06
Mangroves with 31.09+2.95 42.67+1.07 1.05+0.09 8.72+0.12
other

Table 4. 2. The differences in environmental variables between the habitat types.
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Figure 4. 3. Pearson’s correlation coefficient plot between variables is presented
using the function CORRPLOT in R software. Variables presented are pooled
together across all the study sites, as follows: pH: pH levels, depth: water depth,
salinity: sea-surface salinity, temp: sea-water temperature, length: total fish
length, e.g. size (cm), and count: total number of fish. The values of the
correlation coefficient range from +1 to the value -1.
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Figure 4. 4. The mean abundance of fish species among habitat types and season.
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4.3.2 Fish assemblage among habitat types

A total of 1137 fish were recorded during this study, belonging to eleven families, and
fourteen species. Among these, Gerres longirostris was the most abundant, accounting for
44.59% of the total species (Table 4.3a). However, the presence of fish species varied among
habitat types. The Whittaker plot showed high fish species evenness in mangroves with
saltmarsh and mangroves with other marine habitats, while the tidal flats with sparse mangroves
found the least abundance of species and the lowest evenness across habitat types (Figure 4.5).
The most species-rich habitat was found in dense mangroves adjacent to other structured
habitats (H’ = 1.63, D’ = 0.75) when compared to all other habitat types. The majority of fish
species were juveniles that performed ontogenetic migration, and according to regional
fisheries stock assessments at least nine of the fourteen species have been reported as
commercially important species in the region (Table 4.4) (Grandcourt ef al., 2008; Grandcourt,
2008; Grandcourt et al., 2010; Francis et al., 2016; EAD, 2019; Francis et al., 2019; Francis et
al., 2022) (details in Appendix C.3).
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(a) Fish abundance in different

habitats
TFS MGS DM MGO
M M T
Shannon Index (H'") = 0.22 1.39 1.04 1.63
Simpsons Diversity Index (D')= 0.11 0.69 0.51 0.75
Relative Average

Species Abundance length

(cm)
Gerres longirostris 65 106 180 156 44.59% 6.70
Lutjanus ehrenbergii 4 167 17 24 18.65% 6.00
Strongylura leiura 0 0 2 0 0.18% 6.50
Lutjanus argentimaculatus 0 3 38 135 15.48% 6.42
Epinephelus coioides 0 0 2 12 1.23% 9.93
Lutjanus fulviflamma 0 0 26 2.29% 9.00
Lethrinus lentjan 0 11 1 1.06% 12.00
Maculabatis arabica 0 1 0 0 0.09% NA
Monodactylus argenteus 0 37 0 43 7.04% 6.00
Acanthopagrus latus 0 37 0 21 5.1% 8.00
Gobiidae* 0 4 0 0 0.35% NA
Lethrinus nebulosus 0 0 0 42 3.69% 6.00
Pomacanthus maculosus 0 0 0 1 0.09% 10.00
Acanthopagrus berda 0 0 0 2 0.18% 10.00

69 366 266 436
(b) Species No. of individuals Min. Max. Length  Mean + Std.
Length

Gerres oyena 507 3 14 7.93+2.8
Lutjanus ehrenbergii 212 3 12 8.48 +£2.03
Lutjanus argentimaculatus 176 3 12 7.77+£2.92
Monodactylus argenteus 80 6 6 6+0
Acanthopagrus arabicus 58 6 12 8.69 £3.01
Lethrinus nebulosus 42 6 6 6+0
Lutjanus fulviflamma 26 9 9 9+0
Epinephelus coioides 14 4 14 9.93 +3.67
Lethrinus lentjan 12 12 12 12+0
Gobiidae* 4 6 6 6+0
Strongylura leiura 2 5 8 6.5+2.12
Acanthopagrus berda 2 9 11 10+ 1.41
Maculabatis arabica 1 11 11 11 + N4
Pomacanthus maculosus 1 10 10 10 £ NA

1,137

* = family name, species level not identified. NA= results 0 of 0 due to species observed once.

Table 4. 3. (a) List of fish species and their distribution among different habitats in mangrove
ecosystems. TFSM: Tidal flat with sparse mangroves. MGSM: Mangroves with saltmarsh. DM: Dense
mangroves. MGOT: Mangroves with other (e.g. seagrass, rocky shores). NA: not applicable, (b) Total
fish size (cm) description.
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Figure 4. 5. Rank-abundance distribution for the total sample of fish species across habitat
types. The Whittaker plot x-axis represents the rank of each species from highest to lowest
abundance and the y-axis displays the species abundance.
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Species name Commercial IUCN Red List Status Maturation size (cm) Ontogenetic migration Availability of

importance biology data
G. longirostris Yes Least Concern (LC) 20 + Yes
L. ehrenbergii Yes Least Concern (LC) 20 + Yes
S. leiura No Not Evaluated NA + No
L. argentimaculatus Yes Least Concern (LC) 57 + No
E. coioides Yes Vulnerable (VU) 40 + Yes
L. fulviflamma Yes Least Concern (LC) 19 +/- No
L. lentjan Yes Least Concern (LC) 24 +/- No
M. arabica No Critically Endangered (CR) NA NA NA
M.s argenteus No Least Concern (LC) 13 +/- No
A. latus Yes Least Concern (LC) 24 +/- No
Gobiidae* NA No data available NA NA No
L. nebulosus Yes Least Concern (LC) 38 + Yes
P. maculosus No Least Concern (LC) 21 +/- No
A. berda Yes Least Concern (LC) 21 +/- No

Table 4. 4. Description of fish species found in mangroves. The commercial importance and availability of regional biology data are based on regional fisheries
stock assessments (Grandcourt et al., 2008; Grandcourt, 2008; Grandcourt et al., 2010; Francis et al., 2016; EAD, 2019; Francis et al., 2019; Francis et al., 2022).
The TUCN Red List Status is derived from IUCN database (2022). The maturation size and ontogenetic migration are based on FishBase (Froese and Pauly,
2023). Maturation size refers to the sexual maturity of the fish species. Ontogenetic migration refers to the migration of juvenile species to offshore (or deeper)
habitats when reaching adulthood (e.g. coral reefs); +/- (partial ontogenetic migration). NA = not applicable, and No data = no data available.
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The distribution of fish species sizes (cm) varied for each combination of habitat type
and season (Figure 4.6). The largest fish in terms of size (14 cm) were found in dense mangrove
habitats (species G. longirostris) in spring, and in very dense mangrove habitats (species G.
longirostris and E. coioides) in both spring and summer seasons. ANOVA revealed a
statistically significant difference between fish size among habitat types (p = < 0.001) and a
significant effect of season on the size of fish (p = < 0.05). The Dunn-Bonferroni post-hoc test
revealed that habitat types; TFSM (tidal flats with sparse mangroves) and MGSM (mangroves
with saltmarsh); TFSM (tidal flats with sparse mangroves) and MGOT (mangroves with other);
MGSM (mangroves with saltmarsh) and DM (dense mangroves) were each statistically

significant pairwise (p = < 0.05).

The largest fishes were found in the habitat type MGOT during spring. Moreover,
ANOVA showed a significant difference in fish abundance between habitat types (p = <0.001).
The Dunn-Bonferroni post-test showed that habitat types; TFSM (tidal flats with sparse
mangroves) and MGSM (mangroves with saltmarsh); TFSM (tidal flats with sparse mangroves)
and MGOT (mangroves with other), MGSM (mangroves with saltmarsh) and DM (dense
mangroves); and DM (dense mangroves) and MGOT (mangroves with other) were each
statistically significant pairwise (p = < 0.05). The PCA findings suggest that warmer and saltier
waters are associated with higher fish counts and fish sizes, in contrast to cooler, less saline
waters with lower pH levels (Figure 4.7). Fish inhabiting tidal flat areas with sparse mangroves
tend to be linked to lower salinity and pH, whereas those found in dense mangrove
environments align with higher salinity and temperatures. The results of the ANOSIM test (r =
0.04) and NMDs visualization revealed that the fish assemblage was affected by habitat types
(Figure 4.8).
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Figure 4. 7. Principle component analysis (PCA) of fish assemblage across habitat types and
environmental variables. ‘Depth’ refers to water depth (m), ‘salinity’ refers to salinity levels, ‘pH’
refers to pH levels, ‘temp’ refers to sea-surface temperature, ‘size’ refers to fish size (cm), and
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4.4 DISCUSSION

4.4.1 Key findings

This study provides clear evidence for fish community structure shifts in abundance and
species richness associated with different mangrove microhabitats and seasons in the southern
Arabian Gulf. The results suggest that fish assemblages are dissimilar across different mangrove
microhabitats in the southern Gulf. The change in fish abundance is influenced, to a notable
degree, by the structural characteristics, e.g. rocky shores and saltmarshes in mangrove habitats
(MGOT and MGSM). The higher abundance of fish in these areas was likely associated with
the intra-habitat features of hard rocky structures and shallow-water seagrass beds on and near
mangrove areas. The tidal creeks were much narrower, and water levels remained relatively
stable, which supported the highest mean abundance of fish species. These attributes were likely
associated with the necessity of many fish species using flooded mangrove areas with higher
structural forms as refuge habitats. These expectations were based on structurally complex
mangrove habitats providing better foraging grounds and protection from predators (Cocheret

de la Moriniere et al., 2004; Nagelkerken et al., 2017).

Variations in fish community structure and habitats were primarily driven by species G.
longirostris, L. ehrenbergii, and L. argentimaculatus, which appear to cause the differences
among dense mangrove habitats (MGOT) and mangroves with saltmarshes (MGSM). These
associations also reveal some variations among MGOT and MGSM microhabitats in species
composition, where G. longirostris species were commonly found across all the microhabitats,
while the species L. ehrenbergii were predominantly associated with mangroves that contained
saltmarshes (MGSM). Although the underlying reason for these associations may be minor and
is beyond this study, but in a broad sense, multiple factors could have an influence on fish
assemblages in different mangrove habitats, including the spatial configuration of the coastline,
temporal and tidal regime, and local geomorphology (Bradley et al., 2020; Bradley et al., 2024;
Reis-Filho ef al., 2016).
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By contrast, microhabitats of mangroves with less structural features, e.g. tidal flats and
sparse stands (TFSM), revealed fewer fish occurrences across the sampling period. These
observations were anticipated due to the extensive tidal flat area that lacks vegetation or
structure, such as seagrass or saltmarsh, or possibly due to human disturbances, such as
dredging, near the habitat during the sampling period. A number of factors may account for the
difference in fish communities among microhabitats, including direct impact on the habitat,
which could indirectly alter fish populations (Larentis et al., 2022), resource availability, such
as food or shelter (Cocheret de la Moriniere et al., 2004; Mumby et al., 2004; Benzeev et al.,
2017; Nagelkerken et al., 2017) or simplicity water depth or tidal cycle preferences (Brenner
and Krumme, 2007; Rypel et al., 2007; Reis-Filho et al., 2016).
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4.4.2 Environmental drivers of fish communities

Most studies on fish and their associated habitats have revealed that environmental
variables, such as salinity (e.g. Barletta et al., 2005; Amezcua et al., 2019), tidal regime (e.g.
Reis-Filho et al., 2016; Soria-Barreto ef al., 2021), and precipitation (e.g. Bradley et al., 2020)
influence fish communities. In a practical sense, salinity and precipitation may not play a major
role in changes to the fish assemblage within mangrove habitats, particularly in the southern
Arabian Gulf, where environmental conditions are more extreme than on coasts in the same
region. For instance, the present mangrove area receives less than 90 mm of annual precipitation
(Vaughan et al., 2019), whereas rainfall along the northern Arabian Gulf'is typically 60% higher
(Dasari et al., 2022; Rostami et al., 2022). Several studies on fish and mangrove habitat
associations showed that temperature and salinity influence the structure of fish (such as in Iran,
e.g. Shahraki et al., 2016; and Oman, Al-Jufaili et al., 2021). Temporally, the results of this
study indicate that fish communities differed among the months sampled, possibly related to

the change of season across months.

Among the microhabitats, we imply that there is spatial homogeneity across all the study
sites, indicating that the temperature change between winter and summer is the primary
influence on the structure of fish communities within these habitats. The fish communities were
higher in abundance and diversity during the warmer months of the sampling period (average
temperature 26°C) than in winter, indicating that fish may be using mangrove canopies and
structures for shade during the extreme summer months in this geographical area. Such fish
patterns may be the case, as fish communities are influenced by both the structural complexity
of the habitat and the degree of shade (Cocheret de la Moriniere et al., 2004). Overall, these
observations may allow fish to have a longer duration of foraging within the intertidal complex
microhabitats while simultaneously reducing the risk of predation (Nagelkerken et al., 2001;

Hampel et al., 2003; Reis-Filho et al., 2016).
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4.4.3 Mangroves as fundamental habitats for fish

The results of this study suggest that mangrove habitats may serve as important nursery
areas for juvenile fish, despite some minor differences in the size distribution across different
microhabitats within the mangrove ecosystem. Smaller-size fish were typically found among
all habitat types, while marginally larger fish were only present during summer months and in
mangroves that contained rocky shores and seagrass beds (MGOT). Changes in fish size
distribution among habitats may be dependent, to some extent, on the type of microhabitat or
fish growth over time. Like this study, a similar pattern was observed in other subregions of
Arabia (e.g. Al-Jufaili et al., 2021; Dunne ef al., 2023). This also seems to be a general pattern
in many other regions (e.g. Chong et al., 1990; Nagelkerken et al., 2000; Mumby et al., 2004;
Benzeev et al., 2017).

While these patterns of juvenile presence in mangroves have been well-documented
(e.g. Faunce and Joseph, 2006; Mumby et al., 2006; Nagelkerken and Van der Velde, 2004;
Sambrook et al., 2019), direct comparisons between studies and among various habitats (e.g.
both intra-habitat and inter-habitat) may lead to misinterpretation of fish nursery roles in
mangrove habitats. Therefore, the role of microhabitats in providing key nursery functions to
fish remains complex (Nagelkerken et al., 2004; Nagelkerken et al., 2009; Benzeev et al.,
2017), and evidence must be sufficient to prove that a particular habitat contributed significantly
per unit area to adult fish populations in other habitats, such as coral reefs (Whitfield, 2017).
Even though this study showed high proportions of juvenile fish in mangrove microhabitats and
that small fish are common in mangrove creeks, it may not be relevant to assume that mangroves

are nursery grounds without further investigations.
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4.4.4 Limitations and recommendations for future research

Furthermore, the present study has limitations that could be addressed through future
investigations, mainly by enhancing the methodology and sampling efforts, as well as
increasing the duration of sampling to cover more mangrove sites and seasons. Specifically,
this study focused on daytime sampling and did not consider the potential influence of
microtidal changes on fish movement; therefore, it would be recommended that future
investigations account for both seasonal fluctuations and tidal regimes. Additionally, although
measures were taken to reduce the challenges of underwater visual census sampling, fish
obscured by mangrove roots or sedimentation uplift caused by the observer may have been
miscounted or missed. As such, future studies should address these challenges and, where
possible, consider additional factors, such as distance to the edge of mangroves, when seeking
to understand fish communities in structurally complex habitats. Hence, the results of this study
must be interpreted with caution, as these ecosystems are complex, and direct comparisons may

lead to misinterpretation.

While the behavioural patterns and habitat preferences of fish within the diverse
microhabitats of mangrove ecosystems remain largely unexplored globally (see e.g.
Nagelkerken et al., 2001; Hampel ef al., 2003; Reis-Filho et al., 2016; Sambrook et al., 2019),
this knowledge gap is particularly noticeable in mangrove regions of the Arabian Peninsula.
The fundamental interrelationships between habitat and fauna may be an important issue for
future research as climate change progresses. Given that mangrove ecosystems in Arabia
already operate at the limits of their environmental tolerance, further investigations on the fish
community structure, alongside examinations of their associated behaviours, and relevant
abiotic factors such as tidal regimes, salinity, and temperature, could enhance our capacity to
understand and effectively manage these intertidal habitats under a ‘natural laboratory’ that

could then inform future projections of mangrove ecosystems in other regions.
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4.5 CONCLUSION

The present study provides the first comprehensive description of the fish community
structure in different mangrove microhabitats within lagoonal systems in the hyper-arid
southern Arabian Gulf. Fish species are dissimilar among habitats and may access different
microhabitats for various reasons, such as complexity, shade, and food. Therefore, it is essential
to determine the habitat characteristics and associated environmental variables that promote
variations in ecosystem services. The fish structural differences in this study may be associated
with seasonal temperature changes or fish behaviour responses, such as feeding or seeking
shelter from predators in mangrove areas. While fish behaviour and habitat preferences within
different microhabitats of mangroves remain largely unstudied worldwide, this is especially
true in the mangroves of the Arabian region. Further investigations of the fish community
structure associated behaviour and abiotic factors, such as tidal regimes and temperature, may
improve our ability to understand and manage intertidal habitats. Mangrove forests and their
fundamental relationship with adjacent intertidal habitats and associated environmental
conditions are crucial factors in preserving the structure and diversity of fish communities.
These interconnected microhabitats support a wide range of fish species and play a critical role

in maintaining the overall health and productivity of coastal ecosystems.
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CHAPTER 5: Regional perspectives on the conservation of mangroves in
Arabia

5.1 INTRODUCTION

Healthy and effectively functioning ecosystems are now widely acknowledged as the
foundation for the sustainable advancement of human societies (IPBES, 2019). Initiatives such
as the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services
Values Assessment (IPBES, 2022), Nature’s Contributions to People (Brauman et al., 2019),
and the United Nations Sustainable Development Goals (SDGs) (United Nations, 2015) targets
such as SDG 14 (Life Below Water) and SDG 15 (life on land) emphasizes healthy ecosystems
to local communities, aiming to incorporate social sciences more inclusively (Diaz et al., 2018).
The new Kunming-Montreal Global Biodiversity Framework reflects the importance of
collective action in conservation efforts, with its core consideration of a ‘whole-of-government
and whole-of-society’ approach (Joly, 2022). This approach recognizes the importance of local
knowledge, local communities' involvement, and their perspectives of the ecosystem as
essential elements in future conservation efforts (Datta et al., 2012; Scholte et al., 2015;
Cebrian-Piqueras et al., 2020). It underscores the significant role that local communities play
in conserving mangroves and the importance of their active participation in these efforts.

The increased public understanding of the importance of mangroves and the awareness
of the socio-ecological contributions of these ecosystems have made them a top priority for
international conservation initiatives (Friess et al., 2020; Elwin ef al., 2024). These initiatives,
such as the International Blue Carbon Initiative to Mitigate Climate Change or ‘The Blue
Carbon Initiative’ (https://www.thebluecarboninitiative.org/), and the Global Mangrove
Alliance and the Mangrove Breakthrough ‘pledge to action’
(https://www.mangrovealliance.org/). The growth in conservation efforts has contributed to the
reduction of mangroves in recent years (e.g. Hamilton and Casey, 2016; Friess et al., 2020;
Goldberg et al., 2020), offering hope for the future of mangroves, but also highlighting the
pressing need for continued efforts.

Sustaining the benefits of mangrove conservation will possibly require continued
international policy focus, further research on mangrove ecosystem services and values, and
improved mangrove restoration that produces positive ecological impacts (Friess et al., 2020),
and the support of local communities as stewards (Jape et al., 2024). This aligns with the United
Nations "Decade of Ocean Science for Sustainable Development" (Guan ef al., 2023) and

"Decade on Ecosystem Restoration" (UNEP, 2020) to support efforts to reverse the decline in
91


https://www.thebluecarboninitiative.org/
https://www.mangrovealliance.org/

ocean health. Mangrove ecosystems are vital to a network of functionally connected
ecosystems, including saltmarshes, seagrass beds, and coral reefs (Tomlinson, 2016). This
interconnectedness not only enriches biodiversity but also provides a wide range of benefits
that support the livelihoods of millions of people (Costanza et al., 2017). The benefits
of mangroves include the provision of habitat (Tomlinson, 2016), nurseries for fish and
invertebrate species (Carrasquilla-Henao and Juanes, 2017), coastal protection (Menendez et
al., 2020), and climate mitigation (Himes-Cornell et al., 2018). Despite this wide range of
benefits, mangroves remain vulnerable ecosystems, especially to increasing human impacts,
such as aquaculture expansion (Elwin et al., 2019), urban development, marine pollution, and
global warming (Friess et al., 2019).

Ecosystem health and benefits may vary spatially and temporally (Roces-Diaz et al.,
2014), and the differences in cultures and livelihoods may influence how people experience
ecosystems (Satterfield ef al., 2013), which can then shape their perceptions of the ecosystem
as a whole. For example, the differences in how people interact with ecosystems, their socio-
cultural values, and personal factors such as age or environmental awareness can significantly
shape the link between local communities and ecosystems (Ronnback et al., 2007). In addition,
how the concept of a ‘healthy ecosystem’ may be perceived by people or how local
communities benefit from the ecosystem can vary across geographical locations (Scholte et al.,
2015). As such, engaging local communities is a key component for successful conservation
efforts worldwide (Saunders et al., 2020).

At a regional level, countries that are signatories to international agreements and
initiatives will have to fulfil their targets by involving local members of the communities and
their perceived views of the ecosystem for better conservation efforts (Satterfield et al., 2013;
Scholte et al., 2015; Blum and Herr, 2017; Diaz et al., 2018). However, local community
involvement in conservation strategies across the Arabian region remains limited. For example,
the United Arab Emirates (UAE) has country-level sustainable and environmental plans, such
as for UAE Sustainable Fisheries (2016), the National Marine and Coastal Environment
Monitoring (2016), and the Coastal Oil Spill Cleanup Guide (2017) (UAE-SDG, 2023). There
do not, however, appear to be plans involving local communities in mangrove conservation
strategies, and to date, there has been no assessment of how local people experience mangroves
in the UAE. Prior studies have indicated that engaging local communities in the planning and
execution of conservation initiatives can lead to successful outcomes (Saunders et al., 2020;

Beeston et al., 2023).
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This study sought to investigate how people in the southern Arabian Gulf perceive the
importance, health, and conservation of mangrove ecosystems, through semi-structured
interviews guided by the following research questions: How do people perceive the importance
and applications of mangrove ecosystems? How do people assess the health of mangroves?
What are people's perspectives on potential threats to mangroves? And How do people
recognize any challenges that may impede conservation efforts? The research aimed to
understand local perceptions on the significance of mangrove habitats in the region and how

these perceptions compare to previous scholarly findings on these issues.
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5.2 METHODS

A qualitative research methodology was used, with data collected using semi-structured
interviews (Creswell and Poth, 2016) and explored using thematic analysis (Clarke and Braun,
2013). Qualitative research offers valuable explanatory power and rich, in-depth information

(Dejonckheere and Vaughn, 2019).

5.2.1 Study area

The study was conducted in Abu Dhabi, United Arab Emirates, along the southern
Arabian Gulf coastline (Figure 5.1). Abu Dhabi Emirate has a total coastline of around 750 km?
and a population of approximately 9.8 million as of 2021 (MOEC, 2023). Around 80% of the
population resides in the Emirate's coastal region (MOEC, 2023), taking advantage of its
proximity to the sea and the diverse marine ecosystems, such as mangrove habitats, saltmarshes,
and coral reefs. Mangrove ecosystems play a crucial role in the coastal environment of the
Emirates, providing cultural value and fisheries services to local communities (Almansoori et
al., 2024), as well as protection against coastal erosion (Brander et al., 2012; Lopez-Angarita
et al., 2016). As of 2021, Abu Dhabi Emirate’s mangrove habitats covered an area of
approximately 111 km? (Almansoori et al., 2021).

Figure 5. 1. Map of mangrove ecosystems along Abu Dhabi Emirate, in the southern Arabian Gulf.
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5.2.2 Data collection

The process of finding participants for the survey was to first identify a broad list of
regional organizations to contact for potential participation, including the Environment Agency
of Abu Dhabi, UAE Ministry of Climate Change and Environment, Department of Culture and
Tourism (Maritime Heritage), Environment and Protected Areas Authority Sharjah, Emirates
Nature-WWEF, University campuses in the UAE, Abu Dhabi National Oil Company (ADNOC),
and TOTAL Energies. Due to cultural barriers in the region and the need to build long-term
trust with stakeholders, it was challenging to receive quick responses from stakeholders. Hence,
participants who agreed to participate in the survey were fully informed about the purpose of
the study and their rights to withdraw at any time and have their information removed from the
study. To ensure a good and structured balance of different participants, each participant was
randomly selected and assessed for their relative importance in either influencing or being
influenced by the issue being investigated, in a simple matrix-style (IUCN-SSC, 2008) (Figure
5.2).

Potential impact of initiative
on stakeholder

A

|:| Interest
High [ ] High

. Critical

Medium

Low

Potential impact of
stakeholder on
» initiative

Low Medium High

Figure 5. 2. A simple matrix-style used to assess each participant for their
relative value adapted from [UCN-SSC (2008).
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5.2.3 Semi-structured interviews

Semi-structured interviews were conducted in person and through Zoom video-
conferencing between May and June 2023, following the approval of Newcastle University’s
ethics procedure (Ref: 40431/2023) (details in Appendix D.1). The interviews followed the
methods outlined by Creswell and Poth (2016). The selection of questions was designed to
allow an overall understanding of the perceptions of regional people on the importance of
mangrove habitats (see Appendix D.2 for full transcripts). This semi-guided approach allowed
participants to elaborate and explain their perceptions freely, enabling the collection of new
qualitative data through an in-depth investigation of the participants' beliefs and ideas about the
topic (Dejonckheere and Vaughn, 2019).

Eleven participants were interviewed, including local community members,
environmental experts, and representatives from non-governmental organizations, with each
interview typically lasting approximately 60 minutes (Table 5.1). The five local community
participants were male residents who had been involved in mangrove ecosystems for at least
two decades (e.g. for fishing). These interviews were conducted in-person due to the nature of
the participants, e.g. cultural respect, limited use of technology, language (Arabic — native
language), and authentic involvement to increase their confidence to speak easily (Tesfaye,
2017).

A printed copy of the questions in Arabic was used during the interview, and data was
recorded in a notebook and then entered into Word documents. The remaining six participants
were interviewed on Zoom video conference platform (details in Appendix D.2). This
communication platform allows for an easy approach to video recording and generating
transcripts, and a cost-effective way to collect qualitative data, proving satisfactory for this
purpose (Archibald et al., 2019; Steele et al., 2022). This approach allowed the recording of all
the interviews and transcription directly by Zoom software after consent and the ethical
approval of each participant (details in Appendix D.3). Finally, surveys were converted into

English for thematic data analysis (Clarke and Braun, 2013).
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Potential impact

Group Description Nurfll?er of Initiative on Stakeholder
participants stakeholder on
Initiative
Local community A group of people who live in a 5 High Medium
certain area and often share
(UAE Residents or common values, culture,
citezen) traditions, recreational activities,
and services, such as fishermen or
residents.
Academia A group associated with 2 Low High
educational and research
(Staff or Professor at institutions, such as universities
UAE campus) or educators.
Non-governmental Refers to an independent, non- 1 Low Medium
organizations (NGOs)  profit organization driven by
specific goals to address various
(Non-profit or issues, such as environmental or
independent from humanitarian.
government)
Environmental expert ~ An individual who is a 1 Low High
professional with specialized
(Specialists in the knowledge or skills in the fields
environment sector) of ecology, biology,
environmental science, policy,
management, or engineering.
Non-environmental An individual who is a 2 Medium Low
expert professional with specialized
knowledge or skills in a wide
(Staff'in oil and gas range of industries and
sector) disciplines, who possesses
knowledge or skills not directly
related to environmental science
subjects.
Total: 11

Table 5. 1. Description of each participant and relative value using the matrix-style analysis (IUCN-

SSC, 2008).
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5.2.4 Data Analysis

The interviews were recorded digitally in Microsoft Word, and thematic analysis was
used following the six phases proposed by Clarke and Braun (2013) (Figure 5.3a). The initial
phase involved thoroughly familiarizing oneself with the data through repeated reading and
identifying any preliminary insights. The next phase was generating codes for important data
features relevant to the research questions, which subsequently entailed an iterative process of
identifying coherent patterns and compiling all coded data for each theme. This was then
followed by reviewing the themes to ensure they captured the data, leading to refinement, and
then labelling the key themes. Finally, the concluding phase involved writing the data extracts
into an objective narrative about the data, contextualizing it in relation to existing literature.
The analysis involved a recurring, iterative process, where the different phases were revisited
to ensure the captured information remained relevant. The Delve Qualitative Coding Software
was used during the coding and themes phase to organize information (Delve, 2023) (Figure

5.3b).

(a)

1) Familiarisation with the data 2) Coding

3) Searching for themes 4) Reviewing themes

BN 5) Defining and naming themes 6) Writing up

(b)

Create Read Start Collate Group Evaluate
initial through codes with codes into and revise
codes transcripts excerpts themes themes

coding

Figure 5. 3. (a) The six phases by Clarke and Braun (2013), (b) The steps used in Delve
Software to initiate and evaluate the codes and themes.
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5.3 RESULTS

The main themes that emerged were importance, threats, limitation, opportunity, and
conservation (Figure 5.4). This section begins by discussing the overall significance and uses
of mangrove ecosystems. It then examines how people assess changes in mangrove health and

the potential threats facing these ecosystems and concludes with an exploration of conservation-

related perspectives.
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Theme 1: Importance (n = 127)

The significance of mangroves for providing
ecosystem services

Theme 1: Opportunity (n=110)

Ability for people to enhance mangroves
knowledge/ collaboration

Theme 1: Conservation (n = 87)

Conservation efforts and approaches to
protecting or restoring mangroves

Theme 1: Limitation (n = 82)

Limitations that may restrict ability to
understand mangroves

Theme 1: Threats (n =31)

Harm or impact on mangrove ecosystem,
i.e., health or loss
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Sample statement

“It is important for the people of the
country because mangroves provide fish
forus”

“Education and capacity building around
mangroves is a general priority area”

“Keep on planting because it’s easy
and can be achieved fast, it also
helps in increasing the area of the
forest which can help the other
benefits.”

“[there is] lack of research and
monitoring”

“[we should] stop the dredging
near mangroves and outside the
mudflat area because it disturbs

the water and the animals around
that use it.”

Figure 5. 4. Description of emergent themes and statements of the systematic thematic
analysis approach. Information based on eleven transcripts and a total of 434 excerpts
based on five groups: A: Academic (n = 2), EE: Environmental expert (n = 1), LC: Local
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governmental organizations (n = 1).
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Figure 5. 5. Distribution of themes across groups.
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5.3.1 How do people perceive mangrove ecosystems?

Mangrove ecosystems were commonly perceived as one of the most important coastal
habitats, providing vital support for biodiversity, ecosystem services, and livelihoods,
particularly through fisheries and the supply of material resources. All participants
demonstrated a basic understanding of mangrove ecosystems, such as type of plants, where they
occur along the coastline, and what services they provide to fauna and people. Though their
overall outlook on the importance of mangroves was comparable, there were some variations
in how they articulated the significance of these ecosystems. The local community participants
emphasized the cultural significance of mangroves and widely recognized their various material
uses, such as wood for building boats. They also made clear the importance of mangroves for
fishermen and fish populations. For instance, a participant from the local community group
stated: “Mangrove snappers, long-silver biddies, and seabreams are among the fish we catch
in mangrove areas,” and another stated: “Yes, many fish, some are naiser [snapper| and badah
[biddy]”. Several other participants from the local community group also expressed how
mangroves help other habitats by increasing the number of fish and how that has supported
fishermen. For example, local community group participants stated: “mangroves increase fish,
and fish in the coral reefs; we see the increase every day when we fish”, and “it [mangrove]
increases the fish population in the country, and it helps us fisherman to catch more fish”, and
“it is important for the people of the country because mangroves provide fish for us”.

Regarding the mangrove material use, participants from the local community group
stated that mangroves were historically important for building materials and feeding livestock,
but that mangrove are not used for these purposes. Historically, the material used from
mangrove trees included wood for building ship hulls and housing, while the leaves of
mangroves were used for feeding livestock such as camels. For example, local community
participants mentioned the use of resources by statements, such as: “everything in the mangrove
tree is used because it’s a strong tree for building homes and boats”, and “they [mangrove
leaves] are also used for cattle and livestock like gazelles”, and ‘“‘the material is used for
homes”. The NGO and environmental expert participants shared opinions on the importance of
mangroves for other reasons. For instance, an NGO participant stated that mangroves play a
role in carbon sequestration by saying: "The area [mangrove] is rich in organic carbon”, and
an environmental expert participant stated that mangroves play a role in biodiversity and coastal

“«

protection: “...so what is the economic benefit? fisheries resources, flood protection”.
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The non-environmental experts displayed a limited understanding of the importance of
mangroves, including their significance to humans and the ecological services they provide,
such as nutrient cycling processes. Instead, these participants emphasized the need to restore
mangrove habitats through planting efforts, as their awareness was restricted to planting targets.
For example, the emphasis on planting mangroves has been expressed as a good, and the main,
approach for increasing mangrove cover due to its ease of implementation, as one participant
stated: “so, we keep on planting because it’s easy and can be achieved fast, it also helps in
increasing the area of the forest which can help with the other benefits”. Another participant
from the same group expressed that decision-makers are realizing the importance of increasing
mangrove cover due to carbon sequestrations and, for example, stated: “today policymakers
are realizing the importance of mangroves in terms of carbon... the awareness has increased”.
Similarly, a participant from another group (academia) showed that the reason for planting
mangroves was their role in carbon offsetting, by stating: “people now are emphasizing so much
on planting for carbon offset” .

Furthermore, the need for more research on mangrove ecosystems was central to many
of the discussions in all groups. There was consensus that there is a scarcity of research on
mangrove ecosystems in this geographical region and a feeling that the underlying reasons
remain unclear. For example, a participant from the environmental expert group stated: “...and
do you feel like there is still lack of research in this field? Yes, it is affecting us all. So most of
the human activities that are negative, yeah, are directly actually affecting”, and a participant
from the NGO group said: “you know, the scientific understanding is not there”, and “maybe

there is limited resources and funding”.
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5.3.2 General perceptions of mangrove ecosystem health

All participants recognized that increased habitat cover in mangrove areas was a key
indicator of a 'healthy mangrove ecosystem.' There was consensus among participants regarding
the overall health of the mangrove ecosystem, with the general assumption that a healthy
ecosystem is linked to stable habitat cover and ongoing habitat growth. Many participants from
the local community group attributed the positive state of mangrove habitat growth to past
plantation efforts by the late founder of the United Arab Emirates (Shaikh Zayed bin Sultan),
which aligned with habitat change patterns reported in the literature (Almahasheer, 2018).

A participant from the local community group provided detailed insights about the role
of Sheikh Zayed toward the initiation of mangrove habitat cover increase across the Emirates,
stated: “yes, [ was one of the first group of residents with the late President Sheikh Zayed bin
Sultan, who acted fast and ordered the companies to plant mangroves to make the area richer
in biodiversity... I then started to notice that it was an important habitat for many other things
like reducing some waves, Sheikh Zayed encouraged the plantation, such as collect seeds and
plant, that included along the whole coast of Abu Dhabi... started a department [dredging
ships] from UAE and Oman to collect the seeds and start to plant, they carry it with a rug,
where he wanted them to plant, they planted... the first propagules came from Marawabh...
Sheikh Zayed kept encouraging the plantation efforts over time until we saw this dense forest”.
Other participants from the local community group expressed a similar experience, such as: “/
have seen at least a 60% increase from all the plantations that our late founder Sheikh Zayed
planted many years ago”, and one mentioned that mangrove ecosystem health was linked to
habitat size, which stated: “60% - 100% increase and their size is much larger than I
remembered also the density is higher than before”.

In general, there was a recognition among all the groups that a greater extent of
mangrove areas provided a fundamental indicator that an ecosystem is balanced and healthy,
but also that there needs to be protection of forests to help maintain the health of mangrove
ecosystems. For example, participants from the local community stated: “We need to keep
mangroves healthy for a long time”, and participants from NGOs said: “Of course, we need
marine protected area”, and “...cost of development and the protection of both, can go together,

development and protection and the consideration of the local communities”.
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5.3.3 General perceptions of threats to mangroves

Participants from all the groups expressed similar concerns about potential threats to
mangrove ecosystems, primarily linked to human activities related to regional economic
growth, such as coastal development or global warming (Table 5.2; Figure 5.5). The
environmental expert participants cited coastal development threats the most, accounting for
nearly a third of all threat mentions, explaining that coastal development activities harm the
health of mangrove ecosystems and nearby areas, such as mudflats. According to the
environmental expert participant, pollution resulting from development and unregulated
activities has a detrimental impact on mangroves. For example, the participant expressed:
“Pollution is very harmful and I see that many of the mangroves die from bad water”, and
“...also when there is no water flow because of construction or a bad land use for some reason,
the water flow just stops, and the tree dies very quickly”.

Similarly explained by other participants, for instance, from the academic group
indicated that dredging was impacting coastal habitats, as expressed by: “Stop the dredging
near mangroves and outside the mudflat area because it disturbs the water and the animals
around that use it, so we have to protect all the area, not just mangroves”. An NGO participant
expressed concern that future economic growth could lead to degraded mangrove habitats and
health. This participant provided specific insights on the future status of mangroves,
emphasizing the importance of involving youth in nature and educating them, stating: “you
think this will not really affect the future plan for mangroves, or because the new generation
doesn't actually interact so much [with nature] maybe like the old people who go fishing and
still go fishing to this day, maybe the new generation don't interact so much with nature, but

this will affect everything”, and “this youth generation, these too need to be educated right?”.
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Group Mention(s) Top threats

Environmental Experts 10 Coastal development (n = 8), Global
warming (n = 2)

Academia 8 Coastal development (n = 4), Global
warming (n =4)

NGO 7 Coastal development (n = 5), Global
warming (n = 2)

Local Community 3 Coastal development (n = 3)

Non-Environmental Experts 2 Coastal development (n = 2)

Table 5. 2. The number of identified threats across groups (n = 30).

Figure 5. 6. Images depicting the signs of threats to mangrove ecosystems along the coastline of Abu
Dhabi (United Arab Emirates) as perceived across the survey groups. Mangrove habitat degradation
and loss due to human activities (left), dredging and landfilling operations near mangrove areas (top
right), and coastal infrastructure, e.g. bridge, near mangroves (bottom right).
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5.3.4 Perceptions of challenges towards mangrove conservation

The key insights into how each participant perceived the challenges of mangrove
conservation emerged from their personal experiences with mangroves. Thus, perceptions of
potential conservation challenges varied among the groups. Members of the local community
group were not fully aware of how conservation works and, therefore, were unable to identify
any challenges. Participants from other groups, however, were able to communicate some key
challenges, including research gaps in mangrove ecology, lack of effective policies and
enforcement to address unauthorized human activities, insufficient communication and
collaboration between local communities and environmental managers, and scarcity of
resources such as funding.

According to three groups (environmental expert, NGOs, and academia), the primary
challenge in conserving mangrove ecosystems in the region was the lack of communication
between local community members and decision-makers such as environmental managers, as
the following statements show: “The people are also not fully involved in the planning level
like restoration planning. They are also not involved in the management practice”, and “So they
should be involved, you know. Yes. So if the local community is involved in mangroves,
conservation, it's in big term or success. There is always a gap, you know, between
management, by offices for the management, by the local people. That is a gap. That gap should
be reduced”. In addition, the environmental expert participant expressed the need to have clear
conservation targets or agendas that involve a wider range of stakeholders; as expressed by:
“what is the commitment or what is the mandate? ... and I'm talking in general”.

Several ways to address these challenges were discussed, including encouraging
scientific knowledge by conducting more research on mangrove ecosystems. The main topics
of discussion on scientific research included the role of mangrove habitats for biodiversity, such
as their importance for habitats or fisheries, the role of mangroves in climate change mitigation
through carbon sequestration, the use of innovative monitoring techniques, and the need to raise
public awareness on the importance of mangroves. For example, a participant from the NGO
group expressed: “There should be an increase of research happening here. And I think,
highlighting this more and more right? [on mangrove research]”, and another from academia
stated: “the technology, the innovation. Now, every 5 or 2 years, we can see amazing things [to

help in monitoring of mangroves] ... Okay, it works sometimes.”.
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The participants viewed these challenges as opportunities that would enhance
conservation efforts. Members of the local community group associated these opportunities
with the potential to increase or strengthen the protection of mangroves, as evidenced by the
following statements: “we need to protect them [mangroves] by the protection of the old trees
in the areas because they mean a lot to the local community”, and “we protected it [mangrove
forest] a long time ago and never cut it down for no reason, and I believe now the government
is protecting it which is good for people and fish”, and “protect mangroves because they are
valuable it helped us [long time ago], and it will help you [future generations]”.

Moreover, the participants across all groups shared a similar outlook on the way forward
for mangrove conservation, emphasizing the importance of planting and protecting trees.
However, each group provided distinct insights into their approach to restoration. For instance,
the local community group described using traditional knowledge and natural regeneration, as
illustrated by statements, such as: “there is a way I used to do near my home for small young
mangroves, I take care of them from the algae by manually removing them from the tree and
leaves, then also I put a fence around the small saplings to protect them from other things like
grazing and wind”. They also noted that: “...most planting works, with natural regeneration...
and the tidal water flushing”. In contrast, participants in the non-environmental expert group
discussed restoration through large-scale plantation efforts and national conservation
commitments, stating: “we are just familiar with the 100 million trees that the country has
pledged for mangroves. So, for example, you see, a lot, probably, people are kind of bidding on
how many plantations they want to reach because we have committed for a hundred million
plants. [ wouldn't say we are aware what is the commitment or what is the mandate?”, and “we
need to plant, uh, 10 and 100 million mangrove, [such as] Abu Dhabi National Oil Company
pledge for 10 million”, and discussed that plantation can help in carbon offset, by stating that:
“Other than planting more mangroves. I think it should continue because this is what we did
from the beginning so this is what we need to be ready to focus and try to do, because if we can,

if we focus on offsetting”.
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5.4 DISCUSSION

This study set out to evaluate how different groups of stakeholders define and assess
mangrove ecosystem importance, health, threats, and the potential challenges that may hinder
conservation efforts. The results of this study are based on a small sample size and would benefit
from further work, such as long-term trust building, before being considered representative of
the national population. The study shows that using semi-structured interviews can offer
valuable insights and rich narratives on specifics in understanding the link between people and
mangrove ecosystems (Dejonckheere and Vaughn, 2019; Nyangoko et al., 2022), which is not
currently captured very well by national conservation strategies or frameworks in the same
region of the study area. For example, UAE's current frameworks for the marine and coastal
environment, such as the Emirates' Strategy for Green Development or the National Strategy
for Coastal and Marine Environment, often partially address the social aspects of the
relationship between people and nature (UAE-SDG, 2023).

This study provides information that participants generally hold a positive perception
of mangrove ecosystems, but their level of knowledge and experience vary. It was most notable
that the participants from the local communities, academic institutions, non-governmental
organizations, and environmental experts exhibited extensive familiarity with mangrove
ecosystems, presumably due to their close interaction with the environment through daily
activities or research. The non-environmental group showed limited familiarity and experience
with mangroves, discussing mangroves mainly as national-level concerns, referencing large-
scale planting commitments, and providing few examples of why or how such plantations could
succeed. Such variations in people's perceptions of natural ecosystems have been observed
elsewhere (see e.g. Halpern, 2020; Loch and Riechers, 2021), suggesting that participants'
knowledge and experience can be attributed to various factors, such as their interactions with

ecosystems or simply their level of environmental awareness (Ronnback et al., 2007).
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5.4.1 How can local knowledge be used to develop better conservation efforts?

The local community group displayed the most in-depth and direct experience of
mangroves, appreciating them not only for the services they provide but also for their cultural
and aesthetic significance. The relationship between people and nature creates a sense of
connection beyond the typical material approach used to assess ecosystem services (Nyangoko
et al., 2020). This suggests that communities in the Arabian region derive relational value from
mangroves (Chan et al., 2018). This finding is supported by research showing that local
communities identify the cultural services of mangrove ecosystems as most significant
(Nyangoko et al., 2020). In this study, the local community group also demonstrated a
meaningful relationship with mangroves beyond material benefits, suggesting that they feel a
connection to nature and a commitment to protecting them, despite some historical practices
being common. However, like many other parts of the world, local knowledge is often
overlooked in decision-making and policies (Chan et al., 2012).

The study of local ecological knowledge is relevant to understanding fishery-related
ecological issues within mangroves (Mellado et al., 2014) and for effective conservation efforts
(Adom, 2018; Beeston et al., 2023). The local community group demonstrated in this study that
they benefit from traditional fishing in areas near mangroves, and as previously reported, local
knowledge can reduce the need for extensive surveys and guide how conservation resources are
used (see e.g. Mellado et al., 2014; Camacho et al., 2020). Local knowledge can enhance
conservation efforts by providing detailed information on species distribution and changes over
time. For example, fishermen can offer insights into seasonal migration patterns and
fluctuations in fish populations. Additionally, local communities can contribute input on
specific sites to identify priority areas for mangrove restoration or report on observations of
declining mangrove health or increased erosion. Engaging local communities in conservation
efforts fosters a sense of ownership and responsibility (Jape ef al., 2024), because when people
see themselves as custodians of their local ecosystems, they are more likely to actively protect
and manage them, which leads to more holistic and effective conservation efforts (Adom, 2018;

Beeston et al., 2023).
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5.4.2 Regional perceptions of mangrove threats

According to environmental experts, NGOs, and academic participants, the key
challenges hindering mangrove conservation efforts in the Arabian region are linked to three
main limitations: gaps in scientific research, lack of policies, and poor communication between
the public and higher management or environmental authorities. This assertion is supported by
the evidence gathered in previous chapters (e.g. see Chapter Two and Three). Government
authorities could contribute by allocating more funds to research centres and universities to
assess how mangroves support local communities and biodiversity, as well as the impacts of
anthropogenic and natural stressors on mangrove habitats.

Lack of enforcement and policies could limit the ability of managers to sustain healthy
ecosystems and, if addressed, could reduce threats to ecosystems (e.g. Friess et al., 2019).
Policies that are strengthened can help mitigate threats to ecosystems by preventing illegal
activities, promoting sustainable practices, and safeguarding mangrove habitats, consistent with
previous research (Chamberland-Fontaine, 2022). Environmental authorities could enhance
regulations, such as limiting dredging activities and enforcing buffer zones, to prevent the loss
and degradation of mangrove habitats. This could include issuing violations for industries and
establishing marine protected areas (see e.g. Dabala et al., 2023) that ensure mangroves remain
undisturbed.

Improved communication between the public and environmental authorities will help
bridge the gap of communication between people and decision-makers, which has been shown
to provide higher conservation successes (see e.g. Reagans and McEvily, 2003; Crona and
Bodin, 2006). Across the Arabian region, different stakeholders, including governments, local
communities, and practitioners, could collaborate to address large-scale threats to mangroves
(see e.g. Regional Organization for the Protection of the Marine Environment programs;
ROMPE, 2024). Providing more evidence-based information can increase the likelihood of
positive conservation action (Friess et al., 2019; Dahdouh-Guebas et al., 2020; Elwin et al.,

2024).
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5.4.3 Raising awareness about science-based approaches to conservation

This study found that all the participants advocated for the plantation of mangrove
ecosystems, and while this seems to be a positive outlook for the restoration of degraded and
lost areas, excessive plantation efforts may have a negative environmental impact (Peng et al.,
2016), such as the introduction of non-native species (Augusthy et al, 2024). All the
participants also credited past planting initiatives by the late UAE president, which they
consider has increased total mangrove cover over the years, consistent with scholarly reports
(e.g. Alhabshi et al., 2007; Almahasheer, 2018). Previous studies have demonstrated that
factors such as site capacity or selection, science-based methodology, and land tenure can
significantly influence the success of restoration projects (Peng et al., 2016; Wylie et al., 2016;
Friess et al., 2019). The large-scale plantation pledge stated by non-environmental experts to
plant millions of mangrove saplings (also see e.g. ‘UAE's ambitious pledge to plant 100 million
mangrove trees by 2030°; MOCCAE, 2024) must be revised to consider multiple factors that
may influence the successful establishment and growth of the trees. Thus, it appears that
participants' perspectives on the approach to restoring mangroves are limited to the need for
planting trees to restore coverage, indicating their understanding of why mangroves need
restoration but less certainty about how to achieve successful restoration.

Mangroves are vulnerable ecosystems, susceptible to increasing human stressors such
as urban development (e.g. Elwin ef al., 2019), and marine pollution (e.g. Friess et al., 2019),
factors that can degrade the health of mangroves and, in some cases, lead to the complete loss
of these habitats. While deforestation of mangroves worldwide has declined (Bunting et al.,
2022), the future of mangroves remains uncertain, especially in the rapidly developing Arabian
region, where coastal environments face threats (Sheppard et al., 2010). Without adequate
measures and management to investigate underlying threats to mangroves, the drivers of
degradation may continue (e.g. Elwin et al., 2019; Friess et al., 2019). To effectively raise
awareness about science-based approaches to conservation, environmental authorities in the
region must first address the underlying threats to mangroves and understand long-term habitat
changes. Additionally, they should employ science-based restoration methods to ensure the
success of their conservation efforts (see e.g. Coleman et al., 2008; Ren et al., 2008; Romanach

et al.,2018; Hai et al., 2020).
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5.4.4 Constraints of the study

The scope of this study precluded an in-depth examination. Instead, it illustrated that
people with different backgrounds hold a wide range of valuable perceptions and knowledge
about mangrove ecosystems. The study provided information that could be leveraged when
planning mangrove restoration or other science-based initiatives. However, results cannot yet
be generalized to represent the full range of perspectives on mangrove ecosystems, as relying
solely on the perceptions of a limited number of people is insufficient to capture the diverse
views about this ecosystem. To enhance this study, future investigations could target one
specific group, such as local communities or fishermen, and conduct interviews across the
different subregions of Arabia. This would capture the full range of local perceptions regarding
the benefits of mangroves, including their importance for fisheries and cultural values (see e.g.
Mellado et al., 2014; Camacho et al., 2020). The insights from such studies can then be used to
bring local community perceptions to guide the planning of conservation initiatives (Saunders
et al., 2020; Beeston et al., 2023).

While capturing the viewpoints of stakeholders can be straightforward, interpreting
these perspectives requires thought and care. Several approaches can address this, such as
improving data collection techniques through methods like participant observations (Bazen et
al., 2021) or a mixed-method approach combining surveys, focus groups, and interviews
(Nyangoko et al., 2022). Alternatively, high-level meetings could be organized with
management from different stakeholders (e.g. ADNOC and NGOs) and incorporate a series of
workshops to better understand their needs and viewpoints (Johnson-Bailey and Cervero, 1997;
Elwin et al., 2024). Another approach is conducting more interviews to achieve a larger sample
size (Gayo, 2020; Loch and Riechers, 2021). Researchers could spend more time building trust
with local communities, organizing small group discussions to collect opinions, and dedicating
more time and resources to engage with community leaders and elders. These approaches may

enable the acquisition of critical information to ensure consistency of responses.
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5.5 CONCLUSION

This study used semi-structured interviews to examine how people perceive mangrove
ecosystems, providing valuable insights and rich narratives on the importance and conservation
of these ecosystems. While all participants recognized the importance of mangrove ecosystems,
their varying levels of knowledge and engagement with these systems revealed a
correspondingly mixed understanding of conservation needs and existing efforts. The increased
public awareness of the importance and positive socio-ecological contributions of mangroves
has led to these ecosystems being considered a high priority for international conservation
initiatives (e.g. Friess ef al., 2019; Friess et al., 2020; Elwin et al., 2024). Currently, there is a
lack of awareness about mangrove ecology and the approach to restoring mangroves across all
stakeholder groups in the Arabian region. Addressing the underlying threats to mangroves and
understanding long-term habitat changes is essential. Research and education could be a helpful
tool that can enable people to understand the ecosystem better, the cultural value and connection
of mangroves to people, and the different ways mangrove ecosystems could be restored,
particularly by using science-based restoration methods (Beeston ef al., 2023).

This study has important implications for understanding mangroves by examining the
perspectives of diverse groups of people. However, future research could focus on a specific
group, such as local communities or developers along the coastline, as this would be important
when planning conservation initiatives to ensure successful outcomes (Saunders et al., 2020;
Beeston et al., 2023). It is recommended that conservation initiatives in the region involve
multiple stakeholders, especially members of the coastal and local community, at an early stage
of the planning process to build strong networks and amplify the voices of local people into
positive conservation action. This will allow for recognizing the vital connection between local
communities and mangrove ecosystems, and it will better acknowledge that mangrove
ecosystems are socio-ecological systems (Elwin, 2019), eventually contributing to successful

conservation outcomes.
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CHAPTER 6: General Discussion

6.1 Background

Mangroves intricately link a wide array of biological, ecological, and physical
components, providing important ecosystem services and playing a crucial role in the lives of
coastal communities. Mangroves in the whole Arabian Gulf region cover an area of 209.5 km?,
accounting for less than 0.1% of the global mangrove distribution. Of the total mangrove area
in the province, 47% 1is situated in the southern Arabian Gulf, dominated by one species:
Avicennia marina (Almansoori et al., 2024). Although mangroves are important to biodiversity
and people, Arabian mangrove ecosystems remain among the least studied globally. Mangrove
habitats are under substantial pressure in the Arabian region from human activities, particularly
coastal development (Sheppard ef al., 2010; Almansoori et al., 2024), marine pollution (Friess
et al., 2019), and global warming-induced sea-level rise (Hagger ef al., 2022). The paucity of
research presents substantial challenges in establishing optimal approaches for conservation
efforts, such as restoration, and highlights the pressing need for a much more robust scientific-
based foundation to support effective conservation strategies and plans in the region.

The primary aim of my thesis was to investigate the role of mangrove habitats in
supporting marine species and the perspectives of people and how we can use the available
information to target conservation efforts in the Arabian region. Mangroves are crucial coastal
ecosystems globally, and in the Arabian region, they are unique, benefiting marine species
living at their environmental limits and supporting a diverse and dynamic seascape where other
species cannot thrive. As a result, this region serves as a 'natural laboratory' for mangrove
research as the climate changes, offering new knowledge about ecological connectivity within
increasingly warm and arid climates that mangroves in other parts of the world may face in the
future. My research provides a valuable resource for guiding future scientific research on
mangrove habitats and highlights priority areas for future conservation attention in the Arabian

region.
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6.1.1 Synthesis of key findings

Chapter Two established an understanding of mangrove habitats role in supporting
species, especially fish populations. However, it reveals significant geographical gaps in
research, including the Arabian Peninsula, and limited exploration of other species and
microhabitats. Future investigations could include expanding research on other marine species
and understudied microhabitats and addressing geographical gaps by prioritizing studies in
underrepresented regions. The geographical bias identified in Chapter Two provides a rationale
for focusing on underrepresented regions like the Arabian Gulf. The findings emphasized the
need for more local research, the specific requirements of which are identified in Chapter Three,
such as the key literature trends, research gaps, and geographic disparities identified in the
Arabian Gulf mangrove studies. The results show the necessity for developing region-specific
mangrove typologies to better represent its unique mangrove ecosystems, as well as the
expansion of ecological research, including climate change impacts and coastal connectivity.

Chapter Three established the groundwork for Chapter Four by highlighting the gaps in
our knowledge regarding species-specific habitat utilization within southern Arabian mangrove
ecosystems. The emphasis on coastal connectivity corresponded with research on fish habitat
and its ecological importance in the Arabian region. Chapter Four provided a novel exploration
of fish communities in southern Arabian Gulf mangroves. The findings affirm the ecological
significance of mangroves discussed in Chapter Five, particularly in sustaining fisheries valued
by local communities. Furthermore, Chapter Four underscores the necessity for conservation
strategies that preserve habitat complexity and connectivity and address environmental shifts.
Building on the ecological findings presented in the previous chapters, Chapter Five
underscores the importance of translating scientific and traditional knowledge into effective
conservation practices. This chapter highlights perceptions of mangrove ecosystems in Arabia
by different groups, identifying gaps in awareness and a preference for tree planting as the
primary conservation method. While participants recognize the benefits of mangroves, the
findings reveal a limited understanding of alternative, science-based restoration approaches.
Insights from Chapter Five emphasize the critical role of traditional knowledge in conservation

plans. A summary of key findings of each chapter is presented in Table 6.1.
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Chapter Title

Key findings

2 The importance Research on coastal connectivity in mangrove
of mangrove ecosystems has steadily increased over the past four
habitat for decades.
supporting 65% of studies focused on fish populations with
species: A limited focus on other marine species and
synthesis of the microhabitats.
current Geographical bias exists, with most studies
literature concentrated in the tropical Atlantic and Oceania,
while regions such as Asia, Africa, and the Arabian
Peninsula are underrepresented.
Greater integration of ecological process
understanding and conservation measures is
needed, especially in less-studied regions.
3 Mangrove The review revealed a steady increase in mangrove
research in the research over two decades, focused on the northern
Arabian Gulf: subregion and led by regional researchers.
Temporal Research diversity is lacking, with
trends, underrepresentation in southern UAE despite
geographical significant mangrove presence.
coverage, and Research focuses on two themes: mangrove
research gaps ecology (e.g. coastal descriptions and phenology)
and spatial mapping of habitats.
Insights suggest a need for local-scale mangrove
typologies and an expanded focus on climate
change impacts and coastal connectivity.
4 Evaluate the Fish abundance and diversity were higher in

habitat use by
fish in
mangroves of
the southern
Arabian Gulf

structural complexity habitats, e.g. mangroves and
rocky shores, than in bare habitats, such as
mudflats, with the majority of fish at juvenile
stages.

Fish communities were strongly influenced by
seasonal temperature changes, indicating sensitivity
to environmental fluctuations.

This study provides the first detailed exploration of
fish communities in southern Arabian Gulf
mangroves but highlights the need for further
research on mangrove-fishery relationships and
local community benefits.
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Regional
perspectives on
the
conservation of
mangroves in
Arabia

Five key themes emerged: ecosystem services,
threats, conservation approaches, protection
limitations, and future opportunities.

Participants valued mangroves, though awareness
levels varied: local communities had traditional
knowledge of mangrove products and fisheries,
while non-environmental groups lacked basic
understanding.

Participants perceived mangrove tree planting as
the main restoration method and were unaware of
alternative approaches.

Future research could focus on a specific group,
such as local communities, to fully capture their
traditional knowledge and involve them in
conservation projects. Research and education can
equip people with a deeper understanding of
mangrove ecosystems and empower them to
explore diverse, science-based approaches for
restoring these environments beyond just planting
targets.

Table 6. 1. The aim and key findings of each Chapter.

In the following section, I will discuss how my research can contribute to the
conservation of Arabian mangroves. Due to the broad scope of mangrove research, my thesis
revealed research gaps that could benefit from further investigation. Therefore, I will conclude

by recommending key areas of future work and directions for mangrove research, offering hope

for achieving conservation goals.
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6.2 How my thesis contributes to the conservation of Arabian mangroves

The effects of human activities on our ecosystems have increased significantly in recent
decades, and the need for conservation is more urgent than ever (e.g. IPBES, 2019). My
research is timely because it focuses on a region understudied in mangrove science and situated
in one of the world's harshest environments. Here, I have generated a new understanding and
knowledge about the southern Arabian Gulf mangrove habitats. I have situated this within the
mangrove literature presented in Chapter Two, and my synthesis of regional published literature
and datasets in Chapter Three. By mapping the focus of research efforts and identifying gaps,
in both Chapters Two and Three, I was able to design ecological and social surveys that
examined the connections between Arabian mangroves, local fish populations (as seen in
Chapter Four), and people from diverse backgrounds (as presented in Chapter Five). This thesis
emphasizes the critical need for an integrated approach to mangrove conservation that combines
ecological knowledge (Chapters Two to Four), stakeholder engagement (Chapter Five), and

advocacy for evidence-based conservation strategies prioritizing research in this region.
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6.2.1 Local knowledge in conservation planning

People and mangroves have long shared a deep connection, with this relationship
varying across cultures and individual experiences (see e.g. Roces-Diaz et al., 2014; Elwin et
al., 2024). Particularly important is how nature has benefited human livelihoods. In the 1960s,
the UAE's population was estimated to be around 4,000 people (Nowell, 1998), and the region
holds significant historical and cultural heritage (Heard, 2012). Few visitors, merchants, or
mariners ventured into the shallow waters of the inhospitable Arabian coast due to the lack of
fresh food supplies, and for centuries, the local population had relied on small boats to search
for pearls and fish, utilized camels and date palms for trading, providing employment, wealth,
and food (Sheppard et al., 2010; Heard, 2012). The Arabian region's mangroves were among
the first reported in the world literature, documented by Nearchus and Theophrastus over 2,000
years ago (Saenger, 2002), and, therefore, could hold incredible historical and ecological
insights into past geological records of mangroves (Plaziat ef al., 2001). The establishment of
the UAE in 1971 and the discovery of crude oil and natural gas brought prosperity to the Emirati
people, fuelling the economy rapidly (Heard, 2012) and expanding the population, which has
since grown to exceed nine million as of 2022 (UAE-MOFA, 2022). Therefore, the entire
coastal environment has become a major contributor to the economy of the Gulf countries (see

e.g. Sheppard et al., 2010; Almahasheer et al., 2015).

This research highlighted the cultural significance of mangroves from local people's
perspectives, yet relatively few studies have involved local communities in mangrove
management projects (but see Satterfield ef al., 2013; Reyes-Garcia et al., 2019). We need to
explore ways to address these issues to utilize available data better and gather more information
if we want to reach national conservation targets. Traditional knowledge regarding the benefits
of mangroves to fisheries and other services has been acquired through personal experiences or
shared stories passed down through generations. This is particularly true for Arabian culture,
where people have long migrated along the coast in search of food, shelter, and trade, forging a

deep connection with mangroves (Nowell, 1998; Heard, 2012).
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The involvement of local communities is an essential element of mangrove conservation
efforts in the region, and an expansion of the approach I used in Chapter Five could be a useful
way to gather such data, if it could be expanded in scope (a greater diversity of stakeholders)
and depth (more people in each group). For coastal protection and restoration strategies to build
resilience, it is imperative that future research not only acknowledges but also incorporates the
local and traditional knowledge of residents and stakeholders throughout the project planning
process (Martinez, 2021). The involvement of local communities in mangrove management is
an essential element of mangrove conservation (Datta et al., 2012; Cebrian-Piqueras et al.,
2020), but the evidence from the papers reviewed in Chapter Three is insufficient to prove that
local communities have participated in mangrove research in Arabia to date, making it difficult
to assess whether our understanding of the relationship between people and nature is too

complex to ever be complete.
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6.2.2 Implications for management

This research has immediate implications for management to preserve existing
mangrove ecosystems and surrounding coastal habitats. It recognizes that mangroves do not
function in isolation and require protection, as they are essential for supporting fisheries. With
decades of coastal habitat loss driven by urbanization, the global community has now
recognized the critical need to conserve these vital ecosystems (Mazor et al., 2021). From a
management perspective, the ecological connectivity among these habitats must be considered
(Nagelkerken, 2009) to ensure the unrestricted flow of natural processes that sustain life on
Earth (CMS, 2020). In the Arabian region, marine protected areas (MPAs) account for
approximately 12%, and robust strategies will be needed to achieve the ambitious goal of
expanding coverage to at least 30% (UAE-GOV, 2024). Yet, in a broad sense, marine research
in the entire Arabian region remains in its early stages of development (but see e.g. Saenger et
al., 2004; Alsalam, 2007; Burt, 2013; Vaughan ef al., 2019), and while well-placed and well-
managed protected areas can provide connectivity between habitats and species, the
conservation of species and habitats can only be truly achieved if these protected areas are

functionally connected (Trombulak and Baldwin, 2010; Resasco, 2019).

In the Arabian region, future investigations of seasonal and environmental influences
on fish communities, as presented in Chapter Four, will support targeted management strategies
that account for dynamic environmental conditions (e.g. temperature fluctuations and coastal
modifications). Moreover, the global mangrove zonation story map by Twomey (2022),
currently covers five main subregions of the Arabian province; mangroves of Kalmat Khor in
Pakistan Balochistan (Rasool and Saifullah, 1996), mangroves of Oman (Saifullah and Rasool,
2000), mangroves of Miani Hor lagoon north Arabian Sea in Pakistan (Saifullah and Rasool,
2002), two mangroves sites of Bardestan in Iran (Abuzinada ef al., 2008; Safahieh et al., 2012).
Hence, the mangrove zonation of the southern Arabian Gulf subregion described in Chapter
Three could be included in the global story map platform. This would place the region on a
global platform accessible to international practitioners and support local management in

restoration efforts for mangrove and coastal ecosystems.
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6.3 Recommendations for future work

The findings present novel insights into the importance of mangroves in Arabia for
supporting biodiversity and people, which can guide the identification of specific priority areas
for future research for the southern Arabian Gulf subregion in the United Arab Emirates (UAE).
The following priorities emerge from the findings presented in this thesis: (1) enhance scientific
research of mangroves and adjacent coastal ecosystems, (2) seek to involve national perceptions
and knowledge in conservation planning, and (3) improve regional and international
collaboration (Table 6.2). These priorities are proposed for future work in line with the newly
developed Environment Agency of Abu Dhabi’s (EAD) strategic objectives for marine
biodiversity from 2026 to 2030 (EAD, 2024). This should help drive growth in mangrove

research in the region, which will gain international attention in the coming years.

6.3.1 A roadmap for practical action

As mangrove research continues to grow and the pressure of coastal expansion persists,
there will be a simultaneous need for further investigation in a region that remains understudied
in many ecological aspects of mangrove science. This region continues to face threats from
urbanization and rapid economic growth, and studies to understand the impact of these threats
on mangroves are urgently needed. In the face of future microclimatic changes, such as shifts
in temperature and salinity (Osland et al., 2016), detrimental effects may occur on mangrove
habitats. As such, the extreme conditions in which mangroves thrive in Arabia suggest that even
a small increase in aridity could lead to drastic changes to these systems, as Berdugo et al.

(2020) have observed.

The natural spatial configuration of the southern Arabian coastline offers a unique
setting for ecological studies such as primary productivity services and fisheries studies (Table
6.2; Target 1.1), in line with the EAD’s objective to strengthen monitoring of biodiversity’s
state to support evidence-based conservation (4A.1). In the context of fisheries studies, many
opportunities are presented to further understand species distribution, movement, and their
response to minor habitat or climatic changes, e.g. temperature and salinity, which could help
in the understanding of how fish respond to habitat fragmentation and whether their responses
are similar across other habitats and taxa (e.g. Bostrom et al., 2016). This research highlighted
the cultural significance of mangroves from local people's perspectives, yet relatively few

studies have concentrated on studying coastal community interactions with mangroves or have
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involved them in mangrove management projects (but see Satterfield et al., 2013; Reyes-Garcia
et al., 2019). Local communities and government stakeholders must collaborate in managing
and conserving mangroves, and previous research has suggested that recognizing the rights of
local communities can enhance social acceptance and achieve conservation objectives (see e.g.
Datta et al., 2010; Majesty and Fadmastuti, 2018; Camacho et al., 2020; Gayo, 2022). As such,
engagement with local fishermen could be a useful way to study fisheries in the region, such as

through traditional knowledge research (Table 6.2; Target 2.1).

As habitats change due to land use or natural causes, monitoring mangrove ecosystems
and adjacent habitats, such as saltmarshes, will be important for future work (Table 6.2; Targets
1.2 and 1.3). Saltmarsh ecosystems are an important critical ecosystem that coexist with
mangrove communities in the UAE, but has received little attention to date (EAD, 2024). To
achieve this, future studies could examine how mangrove or saltmarsh habitat loss and
fragmentation due to land reclamation impact ecosystem health by using field data and remote
sensing or mapping techniques (Table 6.2; Targets 1.2). This could involve regular monitoring
of salinity levels over long periods and correlating these data with measures of mangrove health,
tree mortality rates, and biodiversity species composition. By using transdisciplinary
approaches, such as input of different stakeholders (Newton and Elliott, 2016) to identify
thresholds where interlinkages between habitats and species are weakened, can provide a useful
tool for managers. This will allow for effectively managing the wider seascape and reduce

habitat destruction effects, offering lessons for adaptive conservation as the climate changes.

We must explore ways and set solid roadmaps to gain scientific and traditional
information and enhance coordination and cooperation among stakeholders at various levels to
inform management and develop effective mangrove conservation strategies. The type of
critical information required for conservation planning could include the current degradation of
mangroves (e.g. Ferreira and Lacerda, 2016), mangrove rehabilitation methods and restoration
policies (e.g. Lee et al., 2019). While coastal and marine restoration is relatively new compared
with terrestrial restoration (Saunders et al., 2020), the restoration of mangroves has become a
global priority and a key focus of initiatives such as the United Nations Framework Convention
on Climate Change (UNFCCC), Ramsar Convention on Wetlands, Sustainable Development
Goals (SDGs), United Nations Decade for Ecosystem Restoration (Waltham et al., 2020), as
well as large international conservation initiatives, such as the Global Mangrove Alliance
(https://www.mangrovealliance.org/) and  International Blue  Carbon Initiative
(https://www.thebluecarboninitiative.org/). According to the first-ever global assessment for the

IUCN Red List of Ecosystems, more than half of the world's mangrove ecosystems are at risk
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of collapse by 2050 (IUCN, 2024), and the overall threat categorisation for Mangroves of the
Arabian Gulf is Vulnerable (Almansoori et al., 2024: see Appendix B.4).

The conservation and management status of UAE mangroves is primarily based on
expert knowledge or baseline marine surveys contracted by developers (Sheppard et al., 2010).
Therefore, to meet national targets, e.g. UAE’s Climate Change Plan 2017-2050 (MOCCAE,
2023) or National Committee on SDGs (UAE-SDG, 2023), the UAE must take a series of
coordinated actions that align with international commitments more explicitly. A practical road
map to reach these targets and to maximize the protection of existing mangrove habitats could
start by establishing a regional task force dedicated to the research and conservation of
mangroves in Arabia to link between regional and national and to deliver on key reports, such
as the Climate Change Plan of the United Arab Emirates 2017-2050, and UAE-SDGs (Table
6.2; Target 3.1). The regional task force should also develop a regional conservation action plan
incorporating new targets, such as mangrove conservation in land-use planning (Links to
Kunming-Montreal Global Biodiversity Framework-KMGBF, Target 1) (Table 6.2; Target 3.2).
Such a dedicated team in the region could assess the management status of marine protected
areas using a limited set of indicators (e.g. Pomeroy et al., 2005), as demonstrated in the work
of Tupper et al. (2015). Also, establishing workshops and training programs could foster self-
sufficiency in research and development (Van Lavieren et al., 2011). Establishing a ‘Majlis’ (an
Arabic term meaning a place where community members gather) where capacity-building and

knowledge sharing events may enable a way to engage with local communities.
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Environment Agency of Abu Dhabi’s (EAD) strategic objectives for marine biodiversity from

2026 to 2030 (EAD, 2024) relevant to the recommended future work:

o 4A.1. Strengthen monitoring of biodiversity’s state to support evidence-based
conservation

o 4A.2. Strengthen institutional, regulatory, and policy frameworks for biodiversity and
coordinate with stakeholders for effective implementation

o 4A.3. Deliver conservation and restoration programs and ensure sustainable
environmental management

o 4A.4. Ensure biodiversity representation, and sustainability of resource values in the
protected areas of network of Abu Dhabi

o 4B.2. Adopt innovative research and monitoring in support of habitats restoration and
stock regeneration

o 4B.2.1. Conduct further monitoring and assessment programs to expand knowledge of
the fisheries and aquaculture sector in Abu Dhabi

o 4.A.2.1 Further mainstream biodiversity conservation into policies, regulations, and
national development plans, and advocate for implementation

o 4B.3. Promote fisheries and aquaculture’s social, cultural, economic value, and expand
engagement and awareness

o 4B.3.3. Seek further engagement of various stakeholders, particularly fisherman
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Objective 1: Enhance scientific research of mangroves and adjacent coastal ecosystems
Details Priority level! EAD Strategic Objective
Target 1.1
Ecological e Evaluate the ecosystem services of mangroves
assessment of e Develop a baseline survey of associated marine species in 1 4A.1.
mangroves mangrove ecosystems, e.g. fish and crabs
Target 1.2
Monitoring e Extend the current monitoring sites to include new areas such
programme of as offshore islands and urbanized areas
mangrove e Develop a scientifically-based guidance for restoration of
ccosystems mangroves that ensures post-restoration assessments 4A.1.
e Assess direct and indirect impacts of natural and 1 4A.3.
anthropogenetic activities on mangroves, e.g. coastal 4B.2.
development
e Utilize broad-scale remote sensing data, e.g. multispectral or
LiDAR, to estimate tree-level attributes of mangroves
Target 1.3
Distribution and e Utilize mapping techniques and field-based surveys to develop AA 1
ecology of coastal a detailed spatial distribution map of saltmarsh ecosystems ) 4 A'3.
ecosystems adjacent e Conduct baseline ecological survey of saltmarsh ecosystems o
to mangroves

Table 6. 2. Proposed future work for mangrove ecosystems in the United Arab Emirates, southern subregion of the Arabian Gulf.

! Priority level: 1: High (1 to 2 years), 2: Medium (3 to 4 years), 3: Low (5 to 6 years), 4: Very low (7 to 9 years)
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Objective 2: Seek to involve national perceptions and knowledge in conservation planning

Target 2.1

Engagement with e Enhance the communication between local communities, 2 4A.1.

local communities especially those by the coastal areas, and decision-makers or 4B.2.1
government agencies by conducting interviews, workshops, 4B.3.
and involvement in conservation planning of mangrove 4B.3.3.
ecosystems 4A3.

e Establish a ‘Majlis’ (an Arabic term meaning a relaxed sitting
place where community members gather) for networking,
knowledge sharing, and capacity building

Objective 3: Improving regional and international collaboration

Details Priority level EAD Strategic Objective
Target 3.1
Regional task force e Establish a regional task force dedicated to the research and 2 4A.2.
conservation of mangroves in Arabia 4A2.1
e Deliver reports on NBSAPs, Climate Change Plan of the United 4A.3
Arab Emirates 2017-2050, and UAE-SDGs 4A.4.
e Submit peer-reviewed publications to help attract more global
attention and build knowledge to reach international scientific
groups
Target 3.2
Mangrove e Develop a national mangrove action plan incorporating 3 4A.2.
conservation action requirements for mangrove conservation in land-use planning 4A2.1
plan (Links to KMGBF Target 1) 4A.3
e Develop new MPAs that include existing mangrove areas and 4A.4.

identify priority areas most at risk (Links to KMGBF Target 3)
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6.4 Conclusion

In a rapidly changing marine environment, ecological connectivity and the ways in
which mangroves shape the lives of people must be considered to ensure effective management
and conservation of mangroves. However, while data on mangroves is increasingly available
globally, information remains limited in the Arabian region. To address these knowledge gaps,
my examination of regional publication trends will enable a better understanding of what has
been studied and in which subregional areas; this information can guide future research. As
habitat and land changes threaten coastal areas, investigations into fish assemblages in
mangrove microhabitats and beyond will inform better management of coastal systems and
strengthen linkages among habitats for species. As more people live in proximity to coastal
areas, it will be imperative to explore the perspectives of these communities. Semi-structured
interviews are one way to obtain valuable insights into the experiences of people and how best
to involve them in conservation planning to achieve successful outcomes. While exploring the
role of mangrove habitats in supporting marine species and shaping human lives can be
approached in various ways, using these scientific methods can provide a rich regional synthesis

that may not be evident in broader studies.

Based on this thesis, the future priorities for Arabian mangroves include: enhancing
scientific research on mangroves and adjacent coastal ecosystems, seeking to incorporate local
knowledge in conservation planning, and improving regional and international collaboration.
We have many tools available to achieve these priorities, and by setting a practical roadmap
supported by local and regional organizations, such as the Environment Agency of Abu Dhabi,
a starting point can be established to achieve strategic objectives and prepare for 2030, thereby
aiding in the conservation of mangrove ecosystems. Overall, adopting a balanced approach that
bridges ecological and social considerations is crucial for strengthening mangrove protection

and raising the international profile of Arabian mangroves.
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Appendix

Appendices A1-3: Supplementary material to Chapter 2

Appendix A.1: Database information The literature search was performed using Web of
Science, Scopus, Science Direct, and Google Scholar Search Engine on 24 June 2020, using
the following combination of search terms: [mangroves* OR mangrove ecosystems* OR
mangrove habitats* AND biodiversity AND (proximity OR vicinity) OR (connectivity OR
movement) AND ("shallow water habitats*" OR "coastal habitats*") AND NOT (lakes* OR

freshwater)].

Name Hits
Database: Scopus 129
Database: Web of Science 197
Database: Science Direct 880
Database: Google Scholar 3500
Total records retrieved 4706
Records removed filter by irrelevance to topic 3496
Records retrieved to be sorted 1210
Duplicates removed 30
Records reviewed for relevance by title 1180
Records removed filter by irrelevance to topic 1019
Reviewed by title and abstract 161
Records removed filter by irrelevance to topic 77
Records sought for retrieval 84
Additional records included from reference list 40
Records assessed for eligibility 124
Records excluded (e.g. unable to source full-text, irrelevance) 22
Final articles included in the review 102

Appendix A.2: Meta-data information Manually filled spreadsheet for the meta-data

information and full references. [see additional files].

Appendix A.3: PRISMA flow chart Template for PRISMA 2020 flow diagram for new

systematic reviews of databases and registers only (Page et al., 2020).
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Identification

Screening

Identification of studies via databases and registers

Records identified from*:
Databases (n =)
Registers (n =)

A\ 4

Records screened

(n=)

A4

Reports sought for retrieval

(n=)

\4

Reports assessed for eligibility

(n=)

\4

Studies included in review
(n=)
Reports of included studies

(n=)
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Records removed before
screening:
Duplicate records removed
(n=)
Records marked as ineligible
by automation tools (n =)
Records removed for other
reasons (n =)

Records excluded**

(n=)

Reports not retrieved

(n=)

Reports excluded:
Reason 1 (n=)
Reason 2 (n=)
Reason 3 (n =)
etc.

Figure A. 3. 1. Prisma flow chart adapted from Page et al. (2020).




Appendices B1-4: Supplementary material to Chapter 3

Appendix B.1: Database information The literature search was performed using the
scientific bibliographic databases (Web of Science and Scopus), resource hubs of locally based
environmental organizations (EAD and MOCCAE), and the search engine Google Scholar,

using the search terms: [mangrove® AND “Arabian gulf” OR “Persian gulf”].

Hits
Articles identified in search 1 (21 May 2021) 62
Records excluded from search 1 (unpublished records) 16
Final records identified in search 1 46
Articles identified in search 2 (7 June 2024) 541
Excluded in both searches (duplicates and irrelevance to topic) 367
Reviewed for relevance by title 220
Records excluded (filter by irrelevance to topic ) 47
Reviewed by title and abstract 173
Articles excluded (Irrelevance to topic) 2
Records sought for retrieval 171
Articles excluded (unable to source full-text) 28
Records assessed for eligibility 143
Articles excluded (Irrelevance to topic) 3
Final articles included in the review 140

Appendix B.2: Meta-data information Manually filled spreadsheet for the meta-data

information and full references. [see additional files].

Appendix B.3: Prisma flow chart Template for PRISMA 2020 flow diagram for new
systematic reviews of databases and registers only (Page et al., 2020). See Appendix A.3.

Appendix B.4: IUCN Red List of Ecosystems, Mangroves of the Arabian

(Persian) Gulf Copy of full article.
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Appendices C1-3: Supplementary material to Chapter 4

Appendix C.1: Description of study area used to sample fish in mangroves of the United

Arab Emirates, eastern coast in the southern Arabian Gulf

—

Study Area

Figure C. 1. 1. Map of the study area for sampling fish in mangroves (yellow polygon)
adapted from Google Earth. Located (GPS): Lat: 24.555003° / Long: 54.488596° and
Lat: 24.513355°/ Long: 54.516956° and Lat: 24.539015° / Long: 54.546968° and Lat:
24.534942° / Long: 54.509870°. Habitats in the area comprise intermixed coastal and
marine ecosystems, including saltmarsh, tidal flats, seagrass beds, and rocky shores,
covering a total area of approximately 5.4 km?.
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Figure C. 1. 2. The different habitat types of the study area along the Southern Arabian Gulf,
Abu Dhabi, United Arab Emirates. Top left; Sparse mangroves with saltmarsh communities
during low tide. Top right; Aerial view of mangrove patches with saltmarsh communities along
creeks of Jubail Island. Middle left; dense mangroves of Ramhan Island. Middle right; Aerial
view of dense mangrove forests without saltmarsh communities along Ramhan Island. Bottom
left; Sparse mangroves with saltmarsh communities during high tide. Bottom right; mangroves
near rocky shores along Ramhan Island.
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Appendix C.2: Description of the fish sampling procedure, data analysis, and Fish ID list

Sampling date Time of Tide phase Water level (m) | Site name (code)
sampling

1/26/2022 07:45 High tide/ Flow 1.6 Jubail (a)
1/27/2022 08:50 High tide/ Flow 1.7 Jubail (b)
1/31/2022 12:40 High tide / Flow | 1.9 Ramhan (a)
1/31/2022 13:45 High tide / Ebb 1.5 Ramhan (b)
2/4/2022 15:15 High tide/ Flow 2.0 Jubail (a)
2/5/2022 15:45 High tide / Flow | 1.8 Jubail (b)
2/11/2022 09:00 High tide / Flow | 1.6 Rambhan (a)
2/11/2022 09:50 High tide/ Ebb 0.9 Rambhan (b)
3/2/2022 13:00 High tide / Flow | 2.0 Jubail (a)
3/13/2022 09:20 High tide / Flow | 1.8 Jubail (b)
3/14/2022 10:30 High tide / Flow | 1.7 Ramhan (a)
3/14/2022 11:25 High tide/ Ebb 0.9 Rambhan (b)
5/23/2022 06:00 High tide / Flow | 1.8 Jubail (a)
5/23/2022 07:15 High tide/ Ebb 1.3 Jubail (b)
5/31/2022 14:30 High tide / Flow | 1.6 Rambhan (a)
5/31/2022 15:20 High tide/ Ebb 0.9 Rambhan (b)
6/9/2022 09:00 High tide / Flow | 1.5 Jubail (a)
6/9/2022 10:05 High tide/ Ebb 1.2 Jubail (b)
6/28/2022 13:45 High tide / Flow | 1.7 Ramhan (a)
6/28/2022 14:40 High tide/ Ebb 1.4 Ramhan (b)
8/27/2022 14:15 High tide / Flow | 1.6 Jubail (a)
8/27/2022 15:20 High tide/ Ebb 1.2 Jubail (b)
8/28/2022 14:45 High tide / Flow | 1.7 Rambhan (a)
8/28/2022 15:35 High tide/ Ebb 1.2 Ramhan (b)
9/19/2022 08:45 High tide / Flow | 1.2 Jubail (a)
9/19/2022 09:35 High tide/ Ebb 0.8 Jubail (b)
9/20/2022 10:20 High tide / Flow | 1.2 Ramhan (a)
9/20/2022 11:15 High tide/ Ebb 0.8 Rambhan (b)

Notes: No samples were taken during April and July.

Table C. 2. 1. Dates of sampling period and tidal regimes.
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Log 1 Abundance category Number of fish Average count
1 1to?2 Per fish counted
2 3to5 Per fish counted
3 6to 15 11

4 16 to 25 21

5 > 26 26

Log 2 Size category Size range Average size

1 3to8 6

2 9to 14 12

3 15 to 20 18

4 21 to 26 24

5 > 27 27

Table C. 2. 2. Standardized Log categories for sampling fish abundance and total length in mangroves,

adapted and modified from English et al., 1997.

Family Species Common name Code
Apogonidae Apogonichthyoides taeniatus Twobelt cardinal ATA
Apogonidae Taeniamia fucata Orangelined cardinalfish AFU
Apogonidae Ostorhinchus fleurieu Flower cardinalfish AFL
Ariidae Netuma bilineata Bronze/Roundsnout catfish ABL
Ariidae Netuma thalassina Giant catfish ATH
Ariidae Plicofollis layardi Thinspine sea catfish ATN
Ariommatidae Ariomma indicum Indian driftfish AID
Batrachoididae Colletteichthys dussumieri Flat toadfish AUS
Batrachoididae Colletteichthys occidentalis Arabian toadfish BCO
Batrachoididae Allenbatrachus grunniens Grunting toadfish BAG
Belonidae Strongylura leiura Banded needlefish SLI
Belonidae Strongylura strongylura Spottail needlefish SSR
Belonidae Tylosurus crocodilus crocodilus Houndfish TCC
Carangidae Atule mate Yellowtail scad AMB
Carangidae Gnathanodon speciosus Golden trevally GSP
Carangidae Scomberoides commersonnianus Talang queenfish SCO
Carangidae Scomberoides lysan Doublespotted queenfish SLY
Carangidae Scomberoides tol Needlescaled queenfish STO
Chanidae Chanos chanos Milkfish CAO
Clupeidae Herklotsichthys quadrimaculatus Bluestripe herring HQU
Clupeidae Nematalosa nasus Bloch’s gizzard shad NNA
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Clupeidae Herklotsichthys lossei Gulf herring HLO
Cynoglossidae Cynoglossus puncticeps Speckled tonguesole CPU
Cynoglossidae Cynoglossus kopsii Shortheaded tonguesole CKO
Cynoglossidae Cynoglossus arel Largescale tonguesole CAE
Cyprinodontidae Aphanius dispar dispar Arabian pupfish ADS
Dasyatidae Brevitrygon walga Scaly Whipray DHW
Dasyatidae Himantura leoparda Leopard Whipray DKL
Dasyatidae Himantura uarnak Reticulate Whipray DHV
Dasyatidae Maculabatis arabica Arabian Whipray ZMR
Dasyatidae Maculabatis gerrardi Whitespotted Whipray DHG
Dasyatidae Maculabatis randalli Arabian Banded Whipray DMR
Dasyatidae Pastinachus ater Broad Cowtail Ray ZPA
Dasyatidae Pastinachus sephen Cowtail Ray DYP
Dasyatidae Pateobatis fai Pink Whipray DHF
Dasyatidae Urogymnus asperrimus Porcupine Ray RUA
Elopidae Elops machnata Tenpounder EMA
Engraulidae Thryssa baelama Baelama anchovy TBA
Engraulidae Encrasicholina devisi Devis’ anchovy EDE
Engraulidae Stolephorus indicus Indian anchovy SID
Gerreidae Gerres infasciatus Nonbanded whipfin mojarra GIN
Gerreidae Gerres longirostris Strongspine silver-biddy GLO
Gerreidae Gerres oyena Common silver-biddy GOY
Haemulidae Diagramma pictum Painted sweetlips DPI
Haemulidae Pomadasys kaakan Javelin grunter PKA
Hemiramphidae Hemiramphus far Black-barred halfbeak HFA
Hemiramphidae Hemiramphus marginatus Yellowtip halfbeak HMR
Hemiramphidae Hyporhamphus sindensis Sind halfbeak HIN
Hemiramphidae Rhynchorhamphus georgii Long billed half beak RGE
Leiognathidae Gazza minuta Toothpony GMI
Leiognathidae Leiognathus equulus Common ponyfish LEQ
Lethrinidae Lethrinus lentjan Pinkear emperor LLE
Lethrinidae Lethrinus nebulosus Spangled emperor LNE
Lutjanidae Lutjanus argentimaculatus Mangrove red snapper LAR
Lutjanidae Lutjanus ehrenbergii Ehrenberg’s snapper LEH
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Lutjanidae Lutjanus fulviflamma Blackspot snapper LFU
Microdesmidae Parioglossus raoi Rao's hover goby PRA
Monodactylidae Monodactylus argenteus Silver moony MAR
Mugilidae Planiliza subviridis Greenback mullet LSU
Mugilidae Ellochelon vaigiensis Squaretail mullet MES
Mugilidae Moolgarda seheli Bluespot mullet VSE
Mullidae Upeneus tragula Freckled goatfish UTR
Nemipteridae Scolopsis ghanam Arabian monocle bream SGA
Nemipteridae Scolopsis taeniata Blackstreaked monocle bream STA
Platycephalidae Platycephalus indicus Bartail flathead PIN
Polynemidae Polydactylus sextarius Blackspot threadfin PSE
Pomacanthidae Pomacanthus maculosus Yellowbar angelfish PMB
Rhinobatidae Glaucostegus halavi Halavi Guitarfish RBH
Sciaenidae Johnius belangerii Belanger's croaker JBE
Sciaenidae Johnius carutta Karut croaker ICA
Sciaenidae Johnius dussumieri Sin croaker JSI
Sciaenidae Johnius borneensis Sharpnose hammer croaker JBO
Sciaenidae Protonibea diacanthus Blackspotted croaker PDI
Scombridae Rastrelliger kanagurta Indian mackerel RAS
Serranidae Epinephelus epistictus Dotted grouper EEP
Serranidae Epinephelus bleekeri Bleeker’s grouper EBE
Serranidae Epinephelus coioides Orange spotted grouper ECO
Sillaginidae Sillago sihama Silver sillago SSH
Sillaginidae Sillago arabica Arabian sillago SAA
Soleidae Brachirus orientalis Oriental sole BOR
Soleidae Pardachirus marmoratus Finless sole PMA
Soleidae Solea stanalandi Stanaland's sole SST
Soleidae Zebrias captivus Convict zebra sole ZEA
Sparidae Acanthopagrus latus Yellowfin seabream ARA
Sparidae Acanthopagrus berda Picnic seabream ABE
Sparidae Acanthopagrus sheim Spotted yellowfin seabream ACS
Sparidae Crenidens crenidens Karanteen seabream CCS
Sparidae Rhabdosargus sarba Goldlined seabream RSA
Sphyraenidae Sphyraena jello Pickhandle barracuda SJE
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Sphyraenidae Sphyraena acutipinnis Sharpfin barracuda SAC
Sphyraenidae Sphyraena flavicauda Yellowtail barracuda SFL
Sphyraenidae Sphyraena obtusata Obtuse barracuda SOB
Sphyraenidae Sphyraena putnamae Sawtooth barracuda SPU
Teraponidae Pelates quadrilineatus Fourlined terapon PGU
Teraponidae Terapon jarbua Jarbua terapon TJIA
Teraponidae Terapon puta Smallscaled terapon TPU
Triacanthidae Triacanthus biaculeatus Shortnose tripodfish TBC
Siganidae Siganus luridus Dusky spinefoot SLU
Siganidae Siganus canaliculatus White-spotted spinefoot SCA

Table C. 2. 3. A pre-determined fish species ID list supplied by fisheries experts at the Environment
Agency of Abu Dhabi (Grandcourt 2008; Francis et al., 2022).
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Mangrove-fish ID Lutj. Snapper Sphy. Barracuda Caran. Jacks Platy. Flat head Haem. Grunter
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Figure C. 1. 3. Mangrove fish ID photos.
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Figure C. 1. 4. Fish abundance and size sample data sheet.
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Appendix C.3: Supplementary results

Figure C. 1. 5. Underwater field photos of fish species observed during sampling in
mangroves of the Southern Arabian Gulf. Top left; Lutjanus argentimaculatus. Top
right and bottom; Epinephelus coioides.
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Figure C. 1. 6. Field photographs during the underwater visual census sampling
(left) and habitat survey (right) of Amna Almansoori in mangroves of Abu Dhabi,
United Arab Emirates, southern Arabian Gulf.
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Figure C. 1. 7. Species accumulation curve across study stations; JA+JB (left)
and RA+RB (right).
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Appendices D1-3: Supplementary material to Chapter 5

Appendix D.1: Newcastle University’s ethics policy and procedure (Ref: 40431/2023)

From: Policy & Information Team, Newcastle University

To: Amna Almansoori (PGR)

Subject: Ethics Form Completed for Project: Evaluating mangrove habitats as part of an interconnected coastal mosaic for
supporting biodiversity in the Southern Arabian Gulf AMNA ALMANSOORI

Date: Thursday, December 14, 2023 12:32:05 PM

External sender. Take care when opening links or attachments. Do not provide your login
details.

Ref: 40431/2023

Thank you for submitting the ethical approval form for the project 'Evaluating mangrove habitats as
part of an interconnected coastal mosaic for supporting biodiversity in the Southern Arabian Gulf'
(Lead Investigator: AMNA ALMANSQORI). Expected to run from 06/01/2020 to 15/12/2023.

Your project already has ethical approval in place and your faculty representative has agreed to
accept this approval in lieu of a new application. Based on your answers, the University Ethics
Committee grants its approval for you to start working on your project. Please be aware that if
you make any significant changes to your proposal then you should complete this form again, as
further review may be required. This confirmation may be used within a research portfolio as
evidence of ethical approval. Please note: this confirmation will be the only correspondence you
should expect to receive as evidence of ethical approval. There will be no other confirmation
provided. You may now proceed with research. If you have any queries, please review the
internal and external ethics FAQ pages before contacting res.policy@ncl.ac.uk.

Best wishes
Research Policy Intelligence and Ethics Team,

Research Strategy & Development

res.policy@ncl.ac.uk

Figure D. 1. 1. Ethics Form Completed for Project Ref: 40431/2023.
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Appendix D.2: Description of participants

No. Background Group Date of Duration of  Place of
interview interview interview

1 UAE Resident Local community 6 Feb 2023 55 minutes In-person

2 UAE Resident Local community 8 Feb 2023 50 minutes In-person

3 UAE Resident Local community 19 Feb 2023 60 minutes In-person

4 UAE Resident Local community 20 Feb 2023 60 minutes In-person

5 UAE Resident Local community 21 Feb 2023 50 minutes In-person

6 Professor Academic 22 May 2023 60 minutes Zoom

7 Marine science expert NGO staff 24 May 2023 55 minutes Zoom

8 Professor Academic 25 May 2023 60 minutes Zoom

9 Marine science expert ~ Environmental expert 31 May 2023 55 minutes Zoom

10 Oil & Gas Industry Non-environmental 8 June 2023 50 minutes Zoom

staff
11 Oil & Gas Industry Non-environmental 9 June 2023 60 minutes Zoom

staff

Table D. 2. 1. Background, expertise level on mangroves, and interview date of each participant.

Appendix D.3: Transcripts of interviews (n = 11)
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