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Abstract. The Red Sea mangrove ecosystem (RSME) has faced conservation issues and in anticipation of 

future developments in the Anthropocene. The objective of this study was to comprehensively analyze 

and discussed the pollution in RSME by examining the literature spanning about four decades (1977-

2023). The primary emphasis focused on human-induced pollution in previous research. This article 

assesses the state of sustainability in the RSME to guide recommendations for its conservation and 

management. This will help identify knowledge gaps in the RSME’s response to various factors, 

including temperature increases between 2000–2011 and 2012–2023, as observed in Hurghada and 

Jeddah. The proposed measures include (a) enhanced monitoring, (b) public awareness and education 

efforts, (c) allocating funding based on economic trends, and (d) adoption of Environmental, Social, and 

Governance (ESG) practices. Efficient management of ESG factors is strongly recommended to ensure 

the sustainability of the RSME’s services and functions. Collecting monitoring data on pollution can 

provide a fundamental reference point for examining future human impacts. Therefore, restoration and 

conservation of the RSME should be prioritized. The synthesis of the water-energy-food Nexus should 

integrate the critical social, economic, and environmental dimensions including ESG implementation. 

This paper presents a framework for identifying knowledge gaps in the sustainable management of the 

RSME, particularly regarding mangrove fauna, which merits future study. 

Keywords: historical pollution, mangrove environment, environmental management, anthropogenic, 

conservation 

Introduction 

Overall background of the Red Sea mangrove ecosystem 

Studies on the Red Sea mangrove ecosystem (RSME) from various scientific 

viewpoints have been published since the 1980s (Mohamed, 1984; Dicks, 1984, 1986; 

Al-Shwafi, 2011; Hussain and Khoja, 1993; Mohamed and Al-Shehri, 2015; Balk et al., 

2015; Sohaib et al., 2023; Mohammad, 2023; Rashedy et al., 2023; Blanco-Sacristán et 

al., 2022). The RSME has been extensively studied, particularly regarding pollution 

(Al-Hasawi, 2022; Elnaggar et al., 2022; Aljahdali and Alhassan, 2022, 2023; 

Alhudhodi et al., 2022). The Red Sea littoral had a few isolated mangrove stands in 

Djibouti, Egypt, Yemen, Sudan, Eritrea, and Saudi Arabia (Almahasheer et al., 2016a). 

Egypt has the largest population in 2021, followed by Sudan, Saudi Arabia, Yemen, 

Eritrea, and Djibouti (Fig. A1). Saudi Arabia has the largest gross domestic product 

(GDP) in 2019, followed by Egypt, Sudan, Yemen, and Djibouti (Fig. A2). Saudi 

Arabia produced the most oil production in 2022, followed by Egypt, Yemen, Sudan, 

Djibouti, and Eritrea (Fig. A3). Saudi Arabia emitted the most CO2 in 2021, followed by 

Egypt, Sudan, Yemen, Eritrea, and Djibouti (Fig. A4). 

With no riverine nutrient inputs, high salinities, high temperatures, and little 

precipitation, the Red Sea features stunted mangroves (Almahasheer et al., 2016b; Eid 
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and Shaltout, 2016). The Red Sea coast has two mangrove tree species: Avicennia 

marina (Khraiwesh et al., 2013; Alharbi et al., 2019; Abroguena et al., 2022; Alhassan 

and Aljahdali, 2021b, c; Aljahdali et al., 2020, 2021a) and Rhizophora mucronata (Al-

Mutairi et al., 2012). On Farasan Island, Al-Mutairi et al. (2012) observed A. marina 

and R. mucronata coexisting. Both species cohabit in the same mangrove habitat. Both 

species develop at different speeds depending on the environment. Mangrove diversity 

and expansion were minimal, and flora and animals exhibited severe environmental 

degradation, including low nutrition levels (Saifullah, 1996). The RSME is important 

biogeographically and ecologically as the Indo-Pacific mangrove dispersion limit 

(Mohamed, 1940; Khalil, 2015). 

Interestingly, the A. marina is extensively dispersed in the northern Red Sea 

(Mandura et al., 1987). The majority of mangrove stands in the region are A. marina 

along the seashore, nearshore and offshore islands, or tidal creeks and channels. Narrow 

woodlands are characteristic of A. marina. These woods, however modest, can span tens 

of meters to several kilometers along the beach. According to various studies (El Daba 

et al., 2018; Alzahrani et al., 2018), the A. marina mangrove forest, which covers about 

135 km2 in the Red Sea, is one of the most significant plant groups in this normally dry 

and oligotrophic environment (Schneider et al., 2017). The relationship between A. 

marina’s carbon stores was found to be related to the total biomass (Shaltout et al., 

2021). The RSME may be a hybrid ecosystem with hard and soft substrates and species 

from each. A new method that delivers nitrogen, phosphate, and iron has grown over 

700,000 mangroves, predominantly A. marina, on Eritrea’s treeless mud flats (Sato et 

al., 2005). Egypt’s whole Red Sea coast is A. marina. Since Red Sea mangroves are 

nutrient-limited, they can grow bushy, are limited to a few coastal places, and are often 

found in scattered groups (Madkour et al., 2020). 

 

Potential threats to the Red Sea mangrove ecosystem 

Environmental risks may affect RSME. Global concerns concerning mangrove 

ecosystem contamination have been raised, notably in the Red Sea (Saifullah et al., 1989; 

Sabeel and Vanreusel, 2015; Nagi and Abubakr, 2013; Aljahdali and Alhassan, 2020, 

2023). Human activities endanger various tropical marine ecosystems in the Red Sea due 

to the growing population of the six nations along the coast (Fig. A1). Since the turn of 

the century, inorganic and organic pollution has been found in the Red Sea, which was 

once considered clean (El Nemr and El-Said, 2014). Walker and Ormond (1982) claimed 

that phosphate dust from ship loading and urban sewage discharge caused localized coral 

reef contamination in Aqaba (Red Sea) (Cai et al., 2022). The Red Sea Gulf of Aqaba has 

seen significant strategic and economic growth (Al-Rousan et al., 2016). Human activity 

has also damaged Yemen’s Red Sea shoreline (Omar et al., 2014; Saleh, 2021). 

Over 30 years, industry and human activity in Saudi Arabia’s coastal region have 

developed rapidly, introducing pollutants such as heavy metals (Bayoumi and El-Nagar, 

2009; Badr et al., 2009). Managing acute and long-term oil spills requires cutting-edge 

technology because of the sensitivity of mangroves near communities (Bayoumi and El-

Nagar, 2009). Oil output in Red Sea nations may be increasing (Fig. A3). Various 

human and natural sources contribute metals to the Red Sea (Al-Mur, 2021). Camels 

overgrazing in Sudan, Djibouti, and Yemen degrades habitat and threatens the RSME. 

Developing coastal highways, hotels, harbors, and airports, especially in Saudi Arabia, 

raised concerns. Poor nutrition, high salinity, UV light, and temperature are mangrove 

stressors that are being researched (Alhassan and Aljahdali, 2021a). Climate change 
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causes rising sea levels, more frequent storms, higher temperatures, shifting 

precipitation patterns, and increasing danger. Since mangroves are vulnerable to flood 

length and frequency, increased flooding may reduce mangrove cover (Aljahdali et al., 

2021b; Cai et al., 2022). Mangroves spontaneously minimize and adapt to climate 

change (Awad et al., 2023). However, polycyclic aromatic hydrocarbons (PAHs) may 

harm mangroves (El-Amin et al., 2017). The Red Sea coast nations’ rising CO2 

emissions from 1980 to 2021 (Fig. A4) corroborate this. 

Due to their role as coastal barriers, mangrove habitats, A. marina (Forssk.) Vierh., 

are useful for studying the biochemistry of potentially harmful metals (Mosa et al., 

2022). Sustainable management of coastal mangrove lagoons requires investigating 

toxic metal pollution and phytoremediation (Al-Solaimani et al., 2022; Sefrji et al., 

2022). The A. marina forests are an environmental, ecological, economic, and social 

challenge (Alamri et al., 2021). Human activity in cities is increasing harmful metal 

levels. However, how mangrove plants respond to human-caused heavy metal stress 

affects metal bioavailability and ecotoxicity (Alhassan and Aljahdali, 2021b; Shatla et 

al., 2021). Camels, road building, and silt deteriorated the lagoon in the 1990s. 

Mangrove communities have demonstrated some regrowth due to corrective 

interventions (Saleh, 2007a; Monsef et al., 2013; El-Menhawey et al., 2020; Anton et 

al., 2020; Shaban and Abdel-Gaid, 2020), and a restoration of mangrove vegetation at 

RSME has begun (Chithambaran, 2019). For instance, a generation mangrove nursery 

has been initiated at Umluj, Saudi Arabia (Fig. 1). 

 

 

Figure 1. A generation mangrove nursery at Umluj, Saudi Arabia (Photos taken by Khalid 

Awadh Al-Mutairi in 2022) 
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The A. marina’s mangrove forest in the RSME is one of the most significant plant 

groupings in this arid, oligotrophic environment (Elsebaie et al., 2013; Kumar et at., 

2010a, b, 2011; Price et al., 1987; Almahasheer et al., 2017). The disappearance of 

mangrove ecosystems is causing widespread concern. Only some academics have 

focused on Graeco-Roman mangroves despite ecological and biological issues in the 

news (Schneider, 2017). Mangrove ecosystems, vital to health (Sea et al., 2018; Abdel-

Hamid et al., 2018), are under increasing pressure from human activity and 

environmental change (Ullah et al., 2017). Extreme drought and tropical/subtropical 

climates stimulate mangrove growth (Abroguena et al., 2022), and RSME is among the 

most endangered ecosystems yet economically vital (Marasco et al., 2023). For 

instance, regional nutrient dynamics and physico-chemical characteristics vary greatly 

in the Rabigh Lagoon (Aljahdali et al., 2021a) and Egypt’s mangrove ecosystem (Afefe 

et al., 2021). Moreover, Abu Minqar, in the Red Sea near the Gulf of Suez, is 

endangered by pollution from coastal operations, increasing tourism boom, and hotel 

building at Al Ghardaqa Beach (Saleh, 2007b). Afefe (2021) concluded that the 

efficiency of restoration operations in various situations since environmental conditions 

and management regimes might affect restoration results in Egypt’s RSME. 

Therefore, the primary goal of the current study is to focus on the domain of human 

pollution research, taking into account the aforementioned literature. To this goal, the 

issue of RSME pollution, by reviewing the published literature based on the Scopus 

database from 1977 to 2024, has been delicately examined and discussed from the 

environment, social and governance (ESG) point of view in the present review study. 

Methodology 

A more thorough systematic literature review (SLR) is more suited. The SLR method 

from Moher et al. (2009)’s Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) was utilized in the current review study to add to the body of 

currently available information on “Mangrove” and “Red Sea.” PRISMA is a potent 

evidence-based reporting standard for critical evaluation. Figure 2 depicts the phases of 

the systematic method modified for this review research. Since Elsevier’s Scopus is the 

world’s largest abstract and citation database of peer-reviewed scientific literature 

journals, books and conference proceedings, which covers research topics across all 

scientific, technical and medical disciplines (Guz and Rushchitsky, 2009; Schotten et al., 

2017; Atlantis Press, 2023), it was chosen for the literature analysis in the present study. 

On 14 December 2023, using the keywords ‘Mangrove’ and ‘Red Sea’, 111 papers 

arrived (Fig. 2). From the 111 papers, 5 papers (1 of corrigendum, 3 not related to Red 

Sea, and 1 of the duplicated title) were excluded. In addition, papers with the keywords 

‘Red Sea’ and ‘Floristic’, 2 papers were found, while with the keywords ‘Red Sea’ and 

‘Economy’, 8 papers were found, with two irrelevant papers being discarded. With the 

keywords ‘Red Sea’ and ‘Pollution’, 66 papers were found, with 8 irrelevant papers 

discarded. In addition, 14 relevant papers from non-Scopus were also included in this 

literature review study. Therefore, there is a total of 186 papers for the qualitative 

synthesis in this review paper for the topical discussion used in the present study (Fig. 2). 

The daily data ranging from 1 January 2000 until 31 December 2023 for temperature, 

relative humidity and precipitation at Hurghada (Egypt) and Jeddah (Saudi Arabia) are 

obtained from CustomWeather.com Inc. Hurghada is located with coordinates 27.15 

and 33.7167, while Jeddah with 21.7 and 39.1833. All graphs were made using 
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KaleidaGraph by 1986-2022 by Synergy Software (Version 5.0 for Windows. Synergy 

Software, Reading, PA, USA. www.synergy.com). 

 

 

Figure 2. Flowchart of Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) used in the present study, which was adapted from Moher et al. (2009) 

Results 

From all the papers reviewed, there are papers on rare earth elements and PAHs or 

hydrocarbons (such as Shimy, 1997; Moursy et al., 1987; Jamoussi et al., 2022) and 

heavy metal (such as Idris, 2008; Masoud et al., 2019; Usman et al., 2013; El-Said et al., 

2013; Ismael et al., 2022; Salah-Tantawy et al., 2022) pollution in the RSME. In addition, 

studies on the use of bioindicators or biomonitors of pollution in the RSME have also 

been reported (such as Youssef et al., 2017; Ibrahim et al., 2011; Afifi et al., 2016; Bresler 

et al., 1999; El-Wahab and El-Sorogy, 2003; El-Sorogy et al., 2013; Al-Hasawi, 2019; 

Hassanine et al., 2019; Mohammad et al., 2020; Nour and Nouh, 2020a; Al-Najjar et al., 

2021; El-Kahawy et al., 2021, 2023). Most papers were reported from Saudi Arabia, 

Egypt, and the Gulf of Aqaba, and more studies from Yemen and Sudan are needed. 

Recently, papers concerning building the smart city have also been reported (Al-Sayed et 

al., 2022; Paszkowska-Kaczmarek, 2021). However, no studies on the Djibouti, Northern 

Somalia and Eritrea coasts on the RSME were reported on any pollution studies. 

Discussion 

The following discussion will focus on the following major aspects based on all the 

reviewed information. The following discussion is based on Figure 3, in which the 

following methods are proposed to understand the knowledge gaps in the RSME. This 
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includes a) more future monitoring, b) enhancing public awareness and education, c) 

investment of funding is needed in line with the economic boom, and d) implementation 

of ESG. 

 

 

Figure 3. Proposed methods to understand the knowledge gaps in the Red Sea mangrove 

ecosystem 

 

 

More future monitoring of the environment-socio-economy aspect in the water-food-

energy nexus is much-needed 

Based on all the literature reviewed, it can be concluded that there is always a need 

for conservation efforts in the water-food-energy Nexus of the RSME. Many studies 

reported pollution in the RSME previously (Fishelson, 1973; Idris et al., 2007; 

Mandura, 1997; Abelson et al., 1999; Nour and Nouh, 2020b), and this included light 

pollution (Ayalon et al., 2019; Tamir et al., 2020). Therefore, these monitoring studies 

are deemed necessary due to an unlimited provision of mangrove ecosystem services 

(Hanna and Muir, 1990; Abu-Hilal and Badran, 1990; Hanna, 1983), and increasing 

environmental stresses due to human activities causing environmental pressures on 

RSME (Abu-Hilal and Al-Najjar, 2004; Diamant et al., 1999; Georges et al., 2021; 

Teem, 2022; Ghandourah et al., 2023; Farhat et al., 2022). In addition, the many 

beneficial microorganisms (Khallil et al., 1991; Abdel-Wahab et al., 2001, 2022; Sefrji 

et al., 2021a, b; Abdel-Wahab, 2005; Ameen et al., 2015, 2016; Simoes et al., 2015; 

Fuad et al., 2015; Alzubaidy et al., 2016; Fahmy, 2020; Wahab et al., 2019; Abdel-

Wahab et al., 2019; Bakhit and Abdel-Wahab, 2022; Fahmy, 2022), such as the 

decomposer Thraustochytrids (Abdel-Wahab et al., 2021), extremophilic black yeast 

Hortaea werneckii (Hodhod et al., 2020), halophilic Aspergillus terreus (Farag et al., 

2021), and Streptomyces mutabilis (Hamed et al., 2021) have been recorded at the 
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RSME. Other species included seaweed communities (Talaat et al., 2022), podocopid 

ostracods (Helal and El-Wahab, 2012), macrofauna (Sabeel et al., 2015, 2025), benthic 

organisms (Abroguena et al., 2021; Al-Sofyani and El-Sherbiny, 2018), and the birds 

(Babbington et al., 2019). All of the above species have been a valuable natural resource 

that needs to be preserved and sustained. 

The need for the monitoring study has been intensified by the ecological risk 

assessment and nutrient studies in the sediments of the RSME, as indicated by many 

reported studies. These monitoring included geochemistries of the sediments (Madkour 

et al., 2008, 2014; Okbah et al., 2005; Afefe et al., 2019), and ecological risk assessment 

of heavy metals in the sediments (El Zokm et al., 2022; Nour et al., 2018, 2019). In 

addition, monitoring of pollution in the sediments (Attia et al., 2013; Abdallah et al., 

2015, 2016), trace metals (Badawy et al., 2021), and uranium in the sediments (Abu-

Hilal, 1994), and water (Loya, 1975; El-Sorogy and Youssef, 2021) have also been 

reported. 

In today’s rapidly changing world, the significance of accurate pollution monitoring 

in the RSME cannot be overstated. Continuous monitoring of pollutants is crucial for 

understanding the state of pollution in the RSME. This information is important for the 

conservation and protection of RSME and the health and safety of the local 

communities that rely on these resources. Additionally, monitoring pollution in the 

RSME is essential for regulatory purposes and developing effective pollution control 

and mitigation strategies. Furthermore, with the Suez Harbor being a primary gateway 

to the Red Sea, monitoring pollution in this area is particularly important (El Nemr and 

El-Said, 2014). It is necessary to detect and address the main sources of oil pollution, to 

prevent further degradation of the marine environment and promote sustainable 

development in the RSME. This proposal is based on the many reported studies of oil 

pollution in the Red Sea (Bayoumi et al., 2009; Huynh et al., 2021). 

Generally, the literature reviewed indicated that fundamental pollution monitoring 

studies have been focused on integrating the environment-socio-economy (ESE). The 

ESE aspect in the water-food-energy (WEF) Nexus is a concept that stresses the 

importance of the interactions between the ESE Nexus and WEF Nexus, in which the 

integration of both Nexuses are almost a perfect match in the RSME. Therefore, the 

RSME management under conservation efforts should be strategized under the 

monitoring of the three crucial pillars of sustainability, namely society, economy and 

environment of the RSME, in the three important components of WEF Nexus 

(Fig. 4). 

Urbanization and increased human pressures have reduced Red Sea biodiversity Al-

Mutairi et al. (2012), which is expected to increase in the future (Figs. 5a–8a) (Ritchie 

et al., 2023, 2020, 2022; Roser et al., 2023). Al-Mutairi et al. (2012) studied the floristic 

composition, diversity, and environmental factors of Farasan’s coral islands in the Red 

Sea, Saudi Arabia. He proposed a phytogeographical link between studying the 

archipelago’s flora and African and Saharan ecosystem functions. Human activities and 

the foreign invasive tree Prosopis juliflora threaten species variation. Therefore, 

conservation and management efforts must lead future efforts. Later, Tomas et al. 

(2010) examined the Farasan Archipelago’s angiosperm flora floristic linkages. The 

archipelago’s delicate flora is undervalued nationally and internationally as a 

conservation problem. Human activities threatening the RSME suggest that mangrove 

ecology must be monitored, especially in coastal regions where heavy metal pollution 

occurs. 
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Figure 4. Integrating aspects of society, economy and environment in completing the water-

energy-food nexus in sustaining the Red Sea mangrove ecosystem under the pollution stress 

 

 

The disappearance of mangrove ecosystems is causing widespread concern. Only some 

academics have focused on Graeco-Roman mangroves despite ecological and biological 

issues in the news (Schneider, 2017). Mangrove ecosystems, vital to health, are threatened 

by human and environmental activities (Ullah et al., 2017). People worldwide worry 

about climate change. CO2 emissions mainly cause climate change. Tropical and 

subtropical mangrove forests store carbon and provide many ecological services. 

Mangroves are among the strongest carbon stores but may also affect greenhouse gas 

emissions like CO2 and CH4 (Sea et al., 2018). This has been the reason why many 

studies examined the carbon stocks at RSME to understand the impact of climate change 

due to the possible decrement of the carbon sequestration capacity (Shaltout et al., 2020; 

Sea et al., 2018; Almahasheer et al., 2017; Eid et al., 2016; Saderne et al., 2019), with the 

carbon sequestration can mitigate the climate change variation (Awad et al., 2023). 

CO2 emissions in Djibouti, Saudi Arabia, Egypt, and Yemen have increased from 

1980 to 2021 (Ritchie et al., 2020) and are anticipated to continue. Controlling the 

expected exponential increase in CO2 emissions in 2060 if legislation is ignored is 

crucial (Figs. 5c-8c) (Ritchie et al., 2020). Saudi Arabia (Fig. 5d) and Egypt (Fig. 6d) 

have rising energy per capita values from 1980 to 2021 (Ritchie et al., 2020) and are 

predicted to continue. From 1980 to 2021, energy per capita values decreased (Ritchie 

et al., 2022) and are predicted to drop in Djibouti (Fig. 7d) and Yemen (Fig. 8d). The 

energy per GDP values of Djibouti, Saudi Arabia, Egypt, and Yemen have decreased 

from 1980 to 2021 (Ritchie et al., 2022) and are anticipated to continue to fall (Figs. 5e-

8e) (Ritchie et al., 2022). 

Even though coastal plant communities are global carbon sinks, Central Red Sea 

seagrasses and mangroves contain minimal organic carbon (Garcias-Bonet et al., 2019). 

Due to their productivity and climatic tolerance, mangroves are important maritime 

ecosystems (Basheer et al., 2019; Baakdah, 2018). Mangroves accumulate metal in 

tropical and subtropical maritime environments (Alzahrani et al., 2018). Land use and 

land cover changes have harmed mangrove vegetation, especially in Saudi Arabia’s 

hyper-arid, hyper-saline Red Sea coastal waters (Arshad et al., 2020). 
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(a)      (b) 

  
(c)      (d) 

 
(e) 

Figure 5. Saudi Arabia. (a) Population size (Ritchie et al., 2023); (b) gross domestic product 

(GDP) (Roser et al., 2023), (c) carbon dioxide emission (CO2) (Ritchie et al., 2020); (d) energy 

per capita (Ritchie et al., 2022); and (e) energy per GDP (Ritchie et al., 2022), based on Our 

World of Data. The extrapolations of the values are based on an exponential equation. Source: 

https://ourworldindata.org 
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(a)      (b) 

  
(c)      (d) 

 
(e) 

Figure 6. Egypt. (a) Population size (Ritchie et al., 2023); (b) gross domestic product (GDP) 

(Roser et al., 2023), (c) carbon dioxide emission (CO2) (Ritchie et al., 2020); (d) energy per 

capita (Ritchie et al., 2022); and (e) energy per GDP (Ritchie et al., 2022), based on Our World 

of Data. The extrapolations of the values are based on exponential equation. Source: 

https://ourworldindata.org 
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(a)      (b) 

  
(c)      (d) 

 
(e) 

Figure 7. Djibouti. (a) Population size (Ritchie et al., 2023); (b) gross domestic product (GDP) 

(Roser et al., 2023), (c) carbon dioxide emission (CO2) (Ritchie et al., 2020); (d) energy per 

capita (Ritchie et al., 2022); and (e) energy per GDP (Ritchie et al., 2022), based on Our World 

of Data. The extrapolations of the values are based on an exponential equation. Source: 

https://ourworldindata.org 
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(a)      (b) 

  
(c)      (d) 

 
(e) 

Figure 8. Yemen. (a) Population size (Ritchie et al., 2023); (b) gross domestic product (GDP) 

(Roser et al., 2023), (c) carbon dioxide emission (CO2) (Ritchie et al., 2020); (d) energy per 

capita (Ritchie et al., 2022); and (e) energy per GDP (Ritchie et al., 2022), based on Our World 

of Data. The extrapolations of the values are based on an exponential equation. Source: 

https://ourworldindata.org 
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Mangrove environments are plentiful and ecologically important. However, their 

little plants show that RSME is nutrient-limited. Low carbon-to-nutrient stoichiometric 

ratios in Red Sea mangrove leaves imply nutrient depletion, but experimental 

confirmation shows that iron nutritional constraint is worse. Given the low nitrogen 

inputs from the land, mangrove sediments may fix atmospheric nitrogen (N2) (Qashqari 

et al., 2020). Due to the RSME’s hot, salty waters, climatic change is attracting attention 

(Eid et al., 2019; Afefe et al., 2020). Climate change mitigation efforts use mangroves 

to store carbon (Afefe et al., 2020). Due to its high salinity and warmth, the Red Sea 

may be a calcifying environment resistant to ocean acidification. Due to their role as 

ecosystem carbon sinks and land conversion, coastal ecosystems, particularly 

mangroves’ “blue carbon” (Eid et al., 2019), are attracting increased attention. Industrial 

pollutants, dredging and erosion silt, pesticide runoff, untreated sewage, and agricultural 

waste are removed by mangroves from coastal seas. Logging for fuel wood affects 

sediment characteristics and threatens biodiversity (Almahasheer et al., 2016a). 

Tropical and subtropical mangrove forests store carbon and provide many ecological 

services. Mangroves are commercially and ecologically valuable. They provide natural 

resources, coastal stability, development protection, pollution absorption, fisheries 

feeding and breeding grounds, and pollution absorption (Almahasheer et al., 2016a; Eid 

and Shaltout, 2016). Mangroves reduce coastal erosion by expanding seaward and 

occupying new coastal habitats (Alhassan and Aljahdali, 2021a). In addition to 

safeguarding coasts, mangroves offer food and refuge for many marine animals, 

including fish and shellfish (Abu El-Regal et al., 2014; Aljahdali and Alhassan, 2020; 

Al-Kahtany et al., 2023a). Upwelling nutrients and organic matter from mangrove leaf 

litter strengthen tropical coastal marine food webs (Almahasheer et al., 2016a; Eid and 

Shaltout, 2016). Despite the mangrove ecosystem’s environmental and economic 

benefits (Alhassan and Aljahdali, 2021a; Eid and Shaltout, 2016), mangrove regions 

have declined. Many tropical regions destroy mangrove forests for aquaculture, land 

reclamation, and other purposes (Arshad et al., 2020). Coastal development severely 

damages mangrove substrate, hydrological regimes, and ecology (El Nemr and El-Said, 

2014). According to growing evidence, mangrove forests are being lost worldwide 

(Khalil, 2015). Thus, scientists and conservationists must safeguard the RSME. 

Mangroves near the Red Sea shore are less lush than those along tropical beaches in 

Southeast Asia but provide important ecological roles. They protect coral reefs by 

absorbing sediment loads from seasonal precipitation surges and producing commercial 

fish (Abu El-Regal et al., 2014; Al-Kahtany et al., 2023b). Due to its hostile 

environment, RSME is especially susceptible to overexploitation. 

According to Mohamed (1984), a short ecological evaluation of Sudanese Red Sea 

salt marsh mangrove vegetation was done between 1980 and 1982. Four types of 

locations have pure A. marina (Forsk) Vierh stands of various sizes. Camel grazing, salt 

pans, and, to a lesser extent, cutting cause degradation in accessible regions. The camel 

tribesmen who controlled grazing protected the severely damaged aggregations. 

Abohassan et al. (2012) examined two A. marina mangrove stands in Yanbu and 

Shuaiba, Saudi Arabia’s Red Sea coast. Ground plots and random coring measured 

aerial and fine roots, whereas allometric equations calculated above-ground biomasses 

such as stems, branches, leaves, and total biomass. Abohassan et al. (2012) prompted 

more research into site productivity, health, and yearly biomass increase. 

Hence, continuous research, community public monitoring, and research 

requirements will always be needed. The mangroves’ physical habitat, floral and 
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faunal populations, and short- and long-term consequences of natural and human-

induced causes must be better understood. Basic and problem-focused research is 

needed to establish management standards. Ecosystem research involves both basic 

and issue-specific research. The basic study examines how genetic features affect 

animal adaptation to living and inanimate environments. Understanding community 

structure and functioning requires studying species’ physiology, reproductive 

biology, and inter- or intra-specific interactions during their ontogenetic stages. 

Pathological and epidemiological changes must be monitored in this context. 

Application- and problem-oriented research investigates human-caused 

environmental changes and develops resource conservation and sustainable usage 

principles. This is only feasible if the organisms and their variety have been found 

via fundamental research. 

Future environmental monitoring of RSME contamination is required and ongoing. 

This study used biology, conservation, taxonomy, ecophysiology, ecology, and 

pollution studies to examine RSME contamination. Basic monitoring studies could 

provide further information on the RSME’s potential responses to increased temperature 

from 2000-2011 to 2012-2023 (Fig. 9). Previous reported studies indicated the impact 

of temperature increment on the species distribution in the Red Sea (Furby et al., 2014; 

Qashqari et al., 2020; Banc-Prandi et al., 2022). 

Human activities will alter RSME species composition. Effective management is 

suggested to decrease anthropogenic influences on RSME function. The top 

conservation priorities for the next decade will be expanding protected areas, including 

marine protected areas and nature reserves, continuing rehabilitation and reforestation 

programs, and raising public awareness and community participation in conservation. 

This matches RSME urbanization and industrialization (Hanna and Muir, 1990; Abu-

Hilal and Badran, 1990; Hanna, 1983). The monitoring studied could involve and be 

facilitated by information technology and the Internet of Things. 

Based on the extrapolation modelling in Figure 10, when reaching year 2068.4 (day 

25000 from day 0, counting from 1 January 2000), the temperature is extrapolated to 

reach 28.93°C + 4.10°C = 33.03°C at Jeddah, and the temperature is extrapolated to 

reach 24.80°C + 5.00°C = 29.80°at Hurghada, based on the modelled linear regressed 

(Fig. 10). According to NOAA (2023), the Earth’s temperature has risen by an average 

of 0.08°C per decade since 1880. The rate of warming since 1981 is more than twice as 

fast: 0.18°C per decade. 

 

Enhancing public awareness and education 

The conservation of the RSME and its ecosystems is of utmost importance in 

ensuring this unique marine environment’s long-term sustainability and preservation. 

Public awareness and education play a crucial role in this endeavor, as they contribute 

to a collective understanding of the value and fragility of the RSME and the need for its 

protection. By increasing public awareness, individuals can make informed choices and 

take actions that positively impact the RSME’s conservation efforts (Al-Sayed et al., 

2022; Paszkowska-Kaczmarek, 2021). 

Public awareness and education help foster stewardship and responsibility towards 

the RSME, encouraging individuals to participate actively in conservation initiatives. 

With a greater understanding of the importance and biodiversity of the RSME, people 

are more likely to support sustainable practices and advocate for effective conservation 

policies. Furthermore, public awareness and education also contribute to the economic 
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benefits of the RSME. By promoting the RSME as a valuable tourist destination and 

highlighting its vibrant coral reefs and diverse marine species, public awareness 

campaigns can attract visitors willing to engage in responsible and sustainable tourism 

practices. By educating the public about the negative impacts of activities such as 

overfishing, pollution, and habitat destruction, awareness campaigns can help reduce 

these threats to the RSME. Public awareness and education are crucial in mobilizing a 

collective effort towards RSME conservation. 

 

   

   

Figure 9. Comparison of temperature (maximum and minimum) in Hurghada (Egypt; graphs on 

the top) and Jeddah (Saudi Arabia; graphs on the bottom), between two periods of study, 

namely 2000-2011 (1 January 2000 to 31 December 2011; N = 4383) and 2012-2023 (1 

January 2012 to 31 December 2023; N = 4383). Note: Hurghada is located with coordinates 

27.15 and 33.7167, while Jeddah with coordinates 21.7 and 39.1833. The data are provided by 

CustomWeather.com Inc 

 

 

Public awareness and education are vital in conserving the Red Sea and its 

ecosystems. They help to promote a deeper understanding of the Red Sea’s value and 

vulnerability, encourage responsible behavior, and garner support for conservation 

efforts. Public awareness and education are essential for the success of RSME 

conservation efforts. They play a critical role in raising awareness about the importance 

of the RSME’s biodiversity and ecosystems and the threats they face. 
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Figure 10. Average daily temperature from 2000 until 2023 and extrapolation until 2068. The 

data of temperature from 2000 to 2023 was provided by CustomWeather.com Inc. (with 

permission) 

 

 

This societal aspect is crucial to reducing the human impacts threatening the RSME. 

The population of Djibouti, Saudi Arabia, Egypt, and Yemen has grown from 1980 to 

2021 (Ritchie et al., 2023) and is predicted to continue (Figs. 5a-8a). Due to the 

significant economic motivation, RSME conservation efforts must incorporate the 

human behavioral (societal) aspect. The Greeks and Romans first encountered 

mangroves in the Indian Ocean, which may have started Red Sea society (Schneider, 

2017). Schneider (2017) cited Theophrastus’ and explorers’ Red Sea and Gulf of Aden 

findings as examples of scientific accuracy. Finally, the importance of Graeco-Roman 

mangrove characteristics and their links to Red Sea indigenous inhabitants is growing. 

The Red Sea coast’s urbanization is another major driver of mangrove ecosystem 

deterioration (Sohaib et al., 2023; Rashedy et al., 2023). Socially, RSME should foster 

fundamental mangrove and community research to understand species reproduction, 

growth, nutritional biology, adaptive physiology, biochemistry, and genetic 

characteristics. 

Sato et al. (2005) developed a fertilization system that eliminates runoff. Seeds are 

sown where needed and protected from wrasse and waves using innovative 

technologies. Adding a sheep stress meal to mangrove material containing fat-soluble 

vitamins and minerals can provide enough nutrition. There is evidence of varied 

mangrove deterioration nearby. Without restoration and conservation, the coastline, 

fisheries, coral reefs, and seagrass meadows may perish. Conservation efforts in the 

region are hindered by a lack of institutional and human resources, legislative 

safeguards and enforcement, ignorance, data gaps, and fast coastal development (Khalil, 

2015). 

Nagi and Abubakr (2012) reported that Yemen’s Red Sea coast has lush mangroves. 

Still, due to environmental exposure, the Gulf of Aden and Arabian Sea beaches need to 

be completed, save for a few locations. They reported that Yemen’s mangroves are 

threatened by urbanization, aquaculture, tourism, logging, oil pollution, solid waste 

dumping, animal grazing, fishing, landfilling, and household sewage. Oil pollution, 

fishing boat debris, and a proposed aquaculture farm threaten the northernmost part of 
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Al-Luhayyah’s beach. Fishing boats moored or sailing from town cross these 

woodlands’ waterways. It faces several anthropogenic issues due to the adjacent 

municipality. Woodcutting and camel grazing impacted Al-Khawbah (Nagi et al., 

2012). 

Using local geology, Monsef et al. (2013) found the best mangrove plant places in the 

southern Saudi Arabian RSME. Site needs were met by considering drainage, soil type, 

and geomorphology. The southern half of the research zone may have more mangrove 

stands than the northern half (Monsef et al., 2013). At Wadi-Dara on the Red Sea, 100 

acres may be planted, allowing for about one million people. They guided the 

environmental impact assessment, which revealed a minimal risk due to predicted net 

zero emissions, a 75% green city, and excellent waste recycling. However, they ignored 

how anthropogenic activities, notably Wadi-Dara heavy metal pollution, influenced Red 

Sea biodiversity. According to Arshad et al. (2020), shrimp farm effluents affected a 

nearby mangrove woodland during and after its closure. The shrimp farm boosted the 

mangrove forest, but once it closed, it steadily degraded, according to Arshad et al. 

(2020). Spectral vegetation study of Sentinel-2A satellite photos showed a negative 

association between seaport development dredging and the nearby vulnerable mangrove 

forest in 2016 and 2017. Their findings showed that spectral vegetation indicators might 

track and study human influences on coastal vegetation. They recommended strict 

activity tracking, analysis, and regulation to fight RSME sustainability issues. 

Increased anthropogenic nutrient inputs will promote mangrove expansion and 

nutrient status in the Central Red Sea, affecting the ecosystem. A nutrient deficit may 

prevent mangroves from synthesizing proteins and other molecules needed to adapt to 

RSME, including high temperatures and lack of fresh water. Thus, plants lacking 

nitrogen may be more susceptible to Central Red Sea environmental challenges. Future 

studies should examine these reactions and how food restriction affects stress resistance 

(Eid and Shaltout, 2016). Research may be coordinated to solve WEF Nexus complex 

processes and produce robust and sustainable WEF systems. This would educate the 

public about the protection and conservation of RSME (Hanna and Muir, 1990; Abu-

Hilal and Badran, 1990; Hanna, 1983). 

In sum, public awareness and education also empower individuals to make 

sustainable choices in their daily lives, such as reducing the use of single-use plastics, 

practicing responsible fishing methods, and supporting conservation organizations. By 

increasing public awareness and education, individuals can learn about the unique 

RSME and the actions needed to protect them. This knowledge and awareness can lead 

to a ripple effect, as individuals share their understanding with others and inspire a 

collective effort towards conservation. Public awareness and education are key to 

fostering a sense of stewardship and responsibility towards the RSME. By increasing 

public awareness and education about the importance of the RSME and the threats they 

face, individuals can become advocates for conservation and take proactive steps to 

protect and preserve the RSME. Public awareness and education are vital tools that can 

mobilize a collective effort towards conserving the RSME. 

 

Investment of funding is needed in line with economic boom 

The REME conservation plan aims to protect and conserve the unique mangrove 

ecosystems found in the Red Sea region. Investing funds into this conservation plan will 

contribute to the preservation of these vital habitats and safeguard the rich biodiversity and 

ecological balance of the RSME. Furthermore, by protecting mangrove forests in the Red 
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Sea, we also ensure essential ecosystem services such as carbon sequestration, coastal 

erosion prevention, and the support of coastal fisheries (Hanna and Muir, 1990; Abu-Hilal 

and Badran, 1990; Hanna, 1983). These efforts will benefit the local communities that rely 

on these ecosystems for their livelihoods and contribute to global climate change 

mitigation and the overall health and resilience of the RSME. By investing funds into the 

protection and conservation of RSME, we can ensure the long-term sustainability and 

resilience of coastal communities and preserve the invaluable services these ecosystems 

provide for local and global communities. Investing funds in the conservation of RSME is 

crucial for maintaining the resilience and sustainability of coastal communities. It is 

important to note that while the completion provides a comprehensive description of the 

benefits and importance of investing funds in the conservation of RSME, it needs to 

mention the sources provided specifically (Afefe et al., 2020, 2021). 

From 1980 to 2021, Djibouti, Saudi Arabia, Egypt, and Yemen’s GDP values 

increased (Roser et al., 2023) and are predicted to rise (Figs. 5b-8b). Historically, 

hydrocarbon discoveries and large commercial harbors have driven human economic 

activity (El-Kahawy et al., 2018). The Line City ending to the Tabuk RSME has 

recently been environmentally sensitive. Saudi Arabia’s Smart City-Line links four 

ecologies. The unique scenery and beaches stretch southeast of Neom beyond the Red 

Sea islands (Al-Sayed et al., 2022). The most appealing sustainability feature is 

preserving 100% natural life since they utilize only natural energy and no cars (Al-

Sayed et al., 2022; Paszkowska-Kaczmarek, 2021). 

Dicks (1984) indicated in 1984 that the Red Sea is a substantial offshore oil producer 

(Cai et al., 2022). Commercial harbors were built because ships passing via the Suez 

Canal utilized the Red Sea. Several ships pass through the Canal daily and pump out their 

bilges to dispose of their trash efficiently. Even a small quantity of bilge pumping and 

rubbish collection by each vessel would have a tremendous impact (Moursy et al., 1987). 

The Red Sea-Dead Sea Water Conveyance is building a 180 km pipeline to transfer water 

from the Red Sea to the Dead Sea. The two oceans’ hydrographic properties differ, 

affecting biodiversity (Georges et al., 2021). Abu AI-Regal et al. (2014) investigated if 

Red Sea mangrove zones are important for reef fish larvae. In 2010, beach seine nets took 

juvenile fish from three mangrove areas over three seasons. Three times, the net was 

dragged 100 yards. The 269 juvenile fish gathered represented 21 species and 19 families. 

The most common species accounted for 86% of the fish caught. Egypt’s RSME yielded 

nine species. Many caught fish have high economic worth. 

Kabil et al. (2022) evaluated and studied the effectiveness of Egypt’s Southern Red 

Sea tourist destinations in enhancing coastal tourism for the blue economy. Tourism 

duration, size, cost, coral reef quality, hotel count, and region’s capacity to welcome 

tourists were considered. Employee and tourist numbers were inputted. Regardless of 

the efficiency model, Safaga-Quseir tourism facilities were more efficient. The weakest-

performing tourism industry was Ras Banas, with 29 attractions. Osypiska and Woniak 

(2019) examined 9498 animal bones and 8644 mollusk shells from Berenike 

Trogodytika to learn about the Hellenistic citadel and port on the Red Sea’s climate, 

local food economy, and nutrition. In the first half of the third century BC, the early 

Berenike garrison ate cereals, fish, and mollusks, with occasional sheep and goat meat. 

Ramsay and Parker’s (2016) Roman Aqaba Project archaeological research aims to 

illuminate the imperial Roman economy in the East by rebuilding the economics of the 

historic Red Sea port of Aila. The report included a project component with plant 

remnants found in soil samples from 1994–2003. 
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Lefebvre (1998) argued that the Eritrea-Yemen Hanish Islands war affects southern 

RSME security on a global, regional, national, geopolitical, and economic scale. The 

conflict between Yemen and Eritrea centers on maritime resources. As foreign nations 

and northern Red Sea states have joined the battle, geopolitics and economics have 

hampered de-escalation. Even though Eritrea and Yemen have moved for international 

arbitration, Spaargaren (1977) studied the osmoregulation of a few Gulf of Aqaba 

decapod crustaceans. 

Therefore, an investment of funding is needed and justified in line with the economic 

boom in the RSME. Transboundary and international collaborative initiatives and 

partnerships could achieve this more easily. In sum, investing funds in the protection 

and conservation of RSME is essential for preserving the region’s rich biodiversity and 

ecological balance. Furthermore, the cooperation and involvement of local communities 

and their leaders are crucial for the success of mangrove restoration activities 

 

The knowledge gaps for future studies: implementation of ESG 

This section will focus on the social and governance factors in the ESG. United 

Nations’ Principles for Responsible Investment require enterprises globally to assist 

sustainable development (Principles for Responsible Investment, 2017). ESG 

knowledge is needed to retain public, stakeholder, and investor trust and save the planet. 

Companies must support society and the globe as sustainability becomes more 

important. ESG shows corporate social responsibility. UK, Japanese, and European 

capital market regulators demanding ESG disclosure are showing growing interest. ESG 

is preferred by developed nations but being considered by emerging ones (Janah and 

Sassi, 2021; Liu et al., 2023; Singhania and Saini, 2023; Lee et al., 2016; Waddock and 

Graves, 1997; Weber, 2014; Chauhan and Kumar, 2018; Kiriu and Nozaki, 2020; 

Baraibar-Diez and Odriozola, 2019). 

Interestingly, studies have yet to be conducted on implementing ESG to manage the 

RSME effectively. Therefore, the connection between mangrove fauna and ESG must 

be better studied. This is a visible knowledge gap between RSME and pollution 

protection incorporating ESG. Hence, future studies should focus on ESG 

implementation to manage RSME effectively in connection with mangrove fauna. 

Hence, the knowledge gaps in the studies of RSME are identified as a need for ESG 

elements and connection to the mangrove fauna. 

ESG reporting improved Chinese companies’ financial market performance, 

according to Weber (2014). Results were comparable when duplicated in other 

developing nations. According to Chauhan and Kumar (2018), ESG disclosure helps 

Indian public corporations with information concerns. In impoverished countries, ESG 

transparency matters independent of enterprise ESG actions. The knowledge asymmetry 

of ESG data in underdeveloped nations may explain this. Emerging nations, like Japan 

Kiriu and Nozaki (2020) and Europe Baraibar-Diez and Odriozola (2019), should 

analyze how past-year ESG measures affect financial performance. 

The RSME plays a crucial role in the region’s marine biodiversity and is vital to the 

livelihoods of coastal communities. The RSME restoration projects can provide 

numerous ecosystem services, such as coastal defense, flood inundation control, carbon 

sequestration, and protection against extreme weather events (Hanna and Muir, 1990; 

Abu-Hilal and Badran, 1990; Hanna, 1983). The ESG practices in mangrove 

conservation efforts are essential in the Red Sea to ensure these ecosystems’ long-term 

sustainability and resilience. 
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Tebet et al. (2018) found an inadequate institutional framework for sustainable 

management in a protected area of Brazil’s Paranagua Estuarine Complex surrounded 

by traditional communities. Lovelock et al. (2022) covered global mangrove restoration 

concerns and solutions. Carbon sequestration, fisheries production, biodiversity, and 

coastal protection may result from ambitious mangrove restoration goals. Communities 

and institutions must create expertise and procedures to connect restoration possibilities 

with supporters and investors for sustainable mangrove restoration. Global reporting 

standards will help modify management and monitor mangrove restoration (Alnasser et 

al., 2024). Mangrove governance has had mixed outcomes using good governance and 

procedural justice in decision-making. Despite numerous mangrove management case 

studies, global mangrove governance comparisons could be sparse (Golebie et al., 

2022). By incorporating ESG practices in mangrove conservation efforts in the RSME, 

we can safeguard the ecological integrity of these ecosystems and promote the well-

being and prosperity of local communities (Lee et al., 2016; Waddock and Graves, 

1997). This is been an important component in the conceptual framework for restoration 

and conservation at RSME (Fig. 11). 

 

 

Figure 11. A conceptual framework for restoration and conservation at Red Sea Mangrove 

Ecosystem (RSME) (Adapted from Sam et al., 2023) 

 

 

The conceptual framework in Figure 11 is drawn based on the connections among 

the geomorphology, hydrology, and structural characteristics associated with the 

functions and services provided by this RSME. The methodological approach is 

fundamentally concerned with the particular characteristics of the arid environmental 



Al-Mutairi: Red Sea mangrove ecosystem 

- 7051 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(4):7031-7067. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2304_70317067 

© 2025, ALÖKI Kft., Budapest, Hungary 

setting of the RSME and the socio-economic aspects of restoration and conservation. 

This approach to mangrove restoration includes stages for planning, implementing, and 

monitoring mangrove restoration programs in arid environments. An example of 

mangrove restoration is the Umluj mangrove area (Fig. 1). 

 

Social: NGOs, local communities and private sectors 

Socially, the non-governmental organizations (NGOs), local communities and 

private sectors form the very connected component of S under ESG (Fig. 11). 

Undoubtedly, engaging and involving local communities in decision-making processes 

and conservation efforts, as their cooperation and support, are crucial for the success of 

restoration activities. Partnering with regional NGOs, such as the Organization for the 

Conservation of the Environment of the Red Sea and the Gulf of Aden, to coordinate 

and implement regional conservation and management initiatives for RSME (Afefe et 

al., 2020, 2021). Increasing institutional awareness among the public is needed to 

control mangrove pollution and eliminate pollutants and their threats. This is important 

to promote sustainability by contributing indigenous knowledge to conventional science 

and green sustainable development at RSME with better research skills development. 

Hence, besides the government agencies, collaborating with NGOs and local 

stakeholders can mutually benefit one another to develop sustainable financing 

mechanisms for mangrove conservation and restoration projects in the RSME. 

 

Governance 

Conceptually, it is clear that the governance in ESG is an indispensable ingredient in 

the restoration and conservation at RSME (Fig. 11). Establishing and enforcing 

conservation policies and regulations to the policymakers is imperative to prevent 

deforestation and degradation of RSME. The governance protective measures may 

include establishing an institutional and legislative framework, using environmental 

laws and effective management to implement and enforce regulations. A strict law 

should be implemented to prohibit and limit mangrove degradation activities like 

unrestricted camel browsing and wood cutting. Making biodiversity conservation as 

protected areas a social-ecological concern is a solution (Tebet et al., 2018). Decades of 

conversion and degradation endanger mangroves (Lovelock et al., 2022). Management 

is complex since mangrove ecosystems are terrestrial and marine, typically straddle 

regional or national boundaries, and are valued differently by local, national, and 

international stakeholders. 

Golebie et al. (2022) explored global governance linkages in mangrove social-

ecological systems. Conservation success depended on legitimacy, justice, and 

integration in all three governance systems. These procedural fairness standards 

highlight stakeholder inclusion in mangrove management. They recommended clearly 

defined duties for all governance actors, transparent policy development communication 

to stakeholders, fairness in process and outcome, and sustainable conservation resource 

access. Supsup et al. (2023) examined biodiversity in four Palawan municipalities in the 

western Philippines through field surveys. According to their estimates, many Palawan 

indigenous species endure human pressures. They found much of the natural forest in 

challenging terrain and high heights. Identification of keystone species with their 

critical habitats contain protection gaps, and a revision to accommodate fragile and 

endemic species is proposed, as shown in Figure 11. 
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It is important that merging biodiversity data helps restoration, conservation and 

management at RSME (Fig. 11). Arifanti et al. (2022) investigated Indonesian 

mangrove management issues and strategies. They found that sustainable mangrove 

management and support of the national blue carbon agenda require improving 

mangrove forest function and value, integrating mangrove ecosystem management, 

strengthening political commitments and law enforcement, involving all stakeholders 

(especially coastal communities), and advancing research and innovations. Liu et al. 

(2023) studied public ESG perceptions. ESG policies in China are new and need to be 

completed. Policymakers and firms may use the data to determine public needs and 

enhance ESG communication on social media and policy. Singhania and Saini (2023) 

contrasted developed and emerging ESG regulations. 

Mohamed et al. (2023) examined Zanzibar’s laws, regulations, and sustainable 

mangrove management from 1890 to the present. They asserted that forest guards, 

chiefs, and elders ruled before Zanzibar became a British protectorate in 1890. The 

colonial government established land administration rules, regulations, and processes to 

protect mangrove forests. They wanted more diverse and inclusive rules. Government 

agencies should coordinate contradictory laws and obligations to protect mangroves. 

In recent studies, clear knowledge gaps have yet to be reported in ESG elements 

(Arifanti et al., 2022; Mohamed et al., 2023; Rosenberg, 2011). Hence, by integrating 

ESG practices into mangrove conservation efforts in the Red Sea, we can ensure that 

these ecosystems continue providing valuable services and benefits to the environment 

and the communities that rely on them. In summary, the successful conservation of 

mangrove ecosystems in the Red Sea requires the implementation of practices. Finally, 

monitoring and modelling pollution landscape, continuously mapping coastline (Abdel-

Hamid et al., 2018) and governance management (Sam et al., 2023) at the RSME are 

also deemed necessary for the future of RSME preservation and conservation. This is 

proposed for effective, sustainable economic growth in the RSME. 

Conclusions 

Based on the present review and synthesis, several key strategies are proposed to 

address knowledge gaps and enhance the protection and conservation of RSME 

(Restoration and Sustainable Management of Ecosystems). These include: (a) 

establishing more comprehensive and continuous monitoring programs, particularly 

involving both scientific and community-based approaches; (b) enhancing public 

awareness and education through community science, local engagement, and the 

incorporation of indigenous knowledge; (c) increased investment and funding aligned 

with economic growth, especially focusing on renewable energy diversification and 

private sector involvement; and (d) effective implementation of ESG principles, with 

particular attention to integrity, contingency planning, and biodiversity offsets. The 

current review provides a governance-driven framework that integrates NGOs, policy-

makers, and private sectors to support ecosystem restoration and coastal sustainability. 

However, knowledge gaps persist in the understanding of keystone species, their 

habitats, and the translation of academic knowledge into decision-making processes for 

ecological conservation. 

Moreover, the need for a restoration-specific regulatory framework and co-

management policies remains critical, as enforcement and compliance mechanisms are 

still underdeveloped. Private sector roles, though promising, require further clarity and 
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incentivization to enhance investments in restoration and biodiversity. The integration 

of sustainable land use models and research skill development at the local level also 

demands greater focus. Pollution monitoring data must be expanded to serve as a 

baseline for identifying future anthropogenic effects, particularly in the face of 

environmental degradation and climate change. Furthermore, the inclusion of ESG 

elements in faunal conservation and the development of adaptive management strategies 

represent emerging areas for future research. Addressing these gaps will be vital for 

ensuring long-term sustainability and resilience of RSME ecosystems. 

REFERENCES 

[1] Abdallah, R. I., Khalil, N. M., Roushdie, M. I. (2015): Monitoring of pollution in 

Egyptian Red Sea. – Egypt. J. Petroleum 24(1): 59-70. 

[2] Abdallah, R. I., Khalil, N. M., Roushdy, M. I. (2016): Monitoring of pollution in 

sediments of the coasts in Egyptian Red Sea. – Egypt. J. Petroleum 25(1): 133-151. 

[3] Abdel Ghani, S. A., Shobier, A. H., El-Sayed, A. A. M., Shreadah, M. A., Shabaka, S. 

(2023): Quantifying microplastics pollution in the Red Sea and Gulfs of Suez and Aqaba: 

insights from chemical analysis and pollution load assessment. – Sci. Tot. Environ. 901: 

166031. 

[4] Abdel-Hamid, A., Dubovyk, O., El-Magd, I. A., Menz, G. (2018): Mapping mangroves 

extents on the Red Sea coastline in Egypt using polarimetric SAR and high-resolution 

optical remote sensing data. – Sustainability 10(3): 646. 

[5] Abdel-Wahab, M. A. (2005): Diversity of marine fungi from Egyptian Red Sea 

mangroves. – Botan. Mar. 48(5-6): 348-355. 

[6] Abdel-Wahab, M. A., El-Sharouney, H., Jones, E. B. G. (2001): Two new intertidal 

lignicolous Swampomyces species from Red Sea mangroves in Egypt. – Fung. Diver. 8: 

35-40. 

[7] Abdel-Wahab, M. A., Jones, E. B. G., Bahkali, A. H. A., El-Gorban, A. M. (2019): 

Marine fungi from Red Sea mangroves in Saudi Arabia with Fulvocentrum rubrum sp. 

nov. (Torpedosporales, Ascomycota). – Nova Hedwigia 108(3-4): 365-377. 

[8] Abdel-Wahab, M. A., El-Samawaty, A. E.-R. M. A., Elgorban, A. M., Bahkali, A. H. 

(2021): Thraustochytrids from the Red Sea mangroves in Saudi Arabia and their abilities 

to produce docosahexaenoic acid. – Botanica Marina 64(6): 489-501. 

[9] Abdel-Wahab, M. A., Gareth Jones, E. B., Elgorban, A. M., Bahkali, A. H. (2022): 

Torpedospora yanbuensis sp. nov. (Torpedosporales, Sordariomycetes), a new marine 

fungus from the Red Sea mangroves, Saudi Arabia. – Nova Hedwigia 115(3-4): 393-404. 

[10] Abelson, A., Shteinman, B., Fine, M., Kaganovsky, S. (1999): Mass transport from 

pollution sources to remote coral reefs in Eilat (Gulf of Aqaba, Red Sea). – Mar. Pollut. 

Bull. 38(1): 25-29. 

[11] Abohassan, R., Okia, C., Agea, J., Kimondo, J., McDonald, M. (2012): Perennial biomass 

production in arid mangrove systems on the Red Sea coast of Saudi Arabia. – Environ. 

Res. J. 6: 22-31. 

[12] Abroguena, J. B. R., Anton, A., Woo, S. P., Baptista, M., Duarte, C. M., Hussain, S. A., 

Shoeb, M., Qurban, M. (2022): The impact of inundation and sandstorms on the growth 

and survival of the mangrove Avicennia marina seedlings in the southern Red Sea. – 

Scientia Marina 86(3): e041. 

[13] Abroguena, J. B. R., Joydas, T. V., Pappathy, M., Cali, N. A., Alcaria, J., Shoeb, M. 

(2021): Structure and composition of the macrobenthic community associated with 

shallow mangrove-seagrass habitat along the southern Red Sea coast, Saudi Arabia. – 

Egypt. J. Aquat. Res. 47(1): 61-66. 



Al-Mutairi: Red Sea mangrove ecosystem 

- 7054 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(4):7031-7067. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2304_70317067 

© 2025, ALÖKI Kft., Budapest, Hungary 

[14] Abu El-Regal, M. A., Ibrahim, N. K. (2014): Role of mangroves as a nursery ground for 

juvenile reef fishes in the southern Egyptian Red Sea. – Egypt. J. Aquat. Res. 40(1): 71-

78. 

[15] Abu-Hilal, A. H. (1994): Effect of depositional environment and sources of pollution on 

uranium concentration in sediment, coral, algae, and seagrass species from the Gulf of 

Aqaba (Red Sea). – Mar. Pollut. Bull. 28(2): 81-88. 

[16] Abu-Hilal, A. H., Al-Najjar, T. (2004): Litter pollution on the Jordanian shores of the 

Gulf of Aqaba (Red Sea). – Mar. Environ. Res. 58(1): 39-63. 

[17] Abu-Hilal, A. H., Badran, M. M. (1990): Effect of pollution sources on metal 

concentration in sediment cores from the Gulf of Aqaba (Red Sea). – Mar. Pollut. Bull. 

21(4): 190-197. 

[18] Afefe, A. (2021): Linking territorial and coastal planning: conservation status and 

management of the mangrove ecosystem at the Egyptian-African Red Sea coast. – Aswan 

Uni. J. Environ. Stud. 2(2): 91-114. 

[19] Afefe, A. A., Abbas, M. S., Soliman, A. S., Khedr, A. H. A., Hatab, E. B. E. (2019): 

Physical and chemical characteristics of mangrove soil under marine influence. A case 

study on the mangrove forests at the Egyptian-African Red Sea Coast. – Egypt. J. Aquat. 

Biol. Fish. 23(3): 385-399. 

[20] Afefe, A. A., Abbas, M. S., Soliman, A. S., Khedr, A.-H. A., Hatab, E.-B. E. (2020): Tree 

biomass and soil carbon stocks of a mangrove ecosystem on the Egyptian-African Red 

Sea coast. – Fund. Appl. Limnol. 193(3): 239-251. 

[21] Afefe, A. A., Khedr, A.-H. A., Abbas, M. S., Soliman, A. S. (2021): Responses and 

tolerance mechanisms of mangrove trees to the ambient salinity along the Egyptian Red 

Sea coast. – Limnological Review 21(1): 3-13. 

[22] Afifi, M., Ali, H. A., Saber, T. M., El-Murr, A. E. (2016): Lethrinas nebulosus fish as a 

biomarker for petroleum hydrocarbons pollution in the Red Sea: alterations in 

antioxidants mRNA expression. – Jap. J. Vet. Res. 64: S123-S129. 

[23] Alamri, D. A., Al-Solaimani, S. G., Abohassan, R. A., Rinklebe, J., Shaheen, S. M. 

(2021): Assessment of water contamination by potentially toxic elements in mangrove 

lagoons of the Red Sea, Saudi Arabia. – Environ. Geochem. Health 43(11): 4819-4830. 

[24] Alharbi, O. M. L., Khattab, R. A., Ali, I., Binnaser, Y. S., Aqeel, A. (2019): Assessment 

of heavy metals contamination in the sediments and mangroves (Avicennia marina) at 

Yanbu coast, Red Sea, Saudi Arabia. – Mar. Pollut. Bull. 149: 110669. 

[25] Al-Hasawi, Z. M. (2019): Environmental parasitology: intestinal helminth parasites of the 

siganid fish Siganus rivulatus as bioindicators for trace metal pollution in the Red Sea. – 

Parasite 26: 12. 

[26] Al-Hasawi, Z. M. (2022): Determination of potentially toxic metals in mangrove trees 

and associated sediments along the Saudi Red Sea coast. – Egyptian J. Aquat. Biol. Fish. 

26(6): 595-617. 

[27] Al-Hasawi, Z., Hassanine, R. (2023): Effect of heavy metal pollution on the blood 

biochemical parameters and liver histology of the lethrinid fish, Lethrinus harak, from the 

Red Sea. – Pakistan J. Zool. 55(4): 1771-1783. 

[28] Alhassan, A. B., Aljahdali, M. O. (2021a): Nutrient and physicochemical properties as 

potential causes of stress in mangroves of the central Red Sea. – PLoS ONE 16(12): 

e0261620. 

[29] Alhassan, A. B., Aljahdali, M. O. (2021b): Sediment metal contamination, 

bioavailability, and oxidative stress response in mangrove Avicennia marina in the central 

Red Sea. – Front. Environ. Sci. 9: 691257. 

[30] Alhassan, A. B., Aljahdali, M. O. (2021c): Fractionation and distribution of rare earth 

elements in marine sediment and bioavailability in Avicennia marina in central Red Sea 

mangrove ecosystems. – Plants 10(6): 1233. 



Al-Mutairi: Red Sea mangrove ecosystem 

- 7055 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(4):7031-7067. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2304_70317067 

© 2025, ALÖKI Kft., Budapest, Hungary 

[31] Alhudhodi, A. H., Alduwais, A. K., Aldhafeeri, Z. M., Al-Shamsi, M. A. S., Alharbi, B. 

H. (2022): Contamination assessment of mangrove ecosystems in the Red Sea coast by 

polycyclic aromatic hydrocarbons. – Int. J. Environ. Res. Pub. Health 19(9): 5474. 

[32] Aljahdali, M. O., Alhassan, A. B. (2020): Ecological risk assessment of heavy metal 

contamination in mangrove habitats, using biochemical markers and pollution indices: a 

case study of Avicennia marina L. in the Rabigh lagoon, Red Sea. – Saudi J. Biol. Sci. 

27(4): 1174-1184. 

[33] Aljahdali, M. O., Alhassan, A. B. (2022): Rare earth elements and bioavailability in 

northern and southern central Red Sea mangroves, Saudi Arabia. – Molecules 27(14): 

4335. 

[34] Aljahdali, M. O., Alhassan, A. B. (2023): The use of marine sponge species as a 

bioindicator to monitor metal pollution in Red Sea, Saudi Arabia. – Mar. Pollut. Bull. 

197: 115618. 

[35] Aljahdali, M. O., Alhassan, A. B., Zhang, Z. (2021a): Environmental factors causing 

stress in Avicennia marina mangrove in Rabigh Lagoon along the Red Sea: based on a 

multi-approach study. – Front. Mar. Sci. 8: 646993. 

[36] Aljahdali, M. O., Munawar, S., Khan, W. R. (2021b): Monitoring mangrove forest 

degradation and regeneration: Landsat time series analysis of moisture and vegetation 

indices at Rabigh Lagoon, Red Sea. – Forests 12(1): 52, 1-19. 

[37] Al-Kahtany, K., Nour, H. E., El-Sorogy, A. S., Alharbi, T. (2023a): Ecological and health 

risk assessment of heavy metals contamination in mangrove sediments, Red Sea coast. – 

Mar. Pollut. Bull. 192: 115000. 

[38] Al-Kahtany, K., Youssef, M., El-Sorogy, A. (2023b): Benthic foraminifera as 

bioindicators of anthropogenic pollution in the Red Sea Coast, Saudi Arabia. – J. King 

Saud Uni. Sci. 35(1): 102383. 

[39] Almahasheer, H., Aljowair, A., Duarte, C. M., Irigoien, X. (2016a): Decadal stability of 

Red Sea mangroves. – Estuar. Coast. Shelf Sci. 169: 164-172. 

[40] Almahasheer, H., Duarte, C. M., Irigoien, X. (2016b): Nutrient limitation in central Red 

Sea mangroves. – Front. Mar. Sci. 3: 271. 

[41] Almahasheer, H., Serrano, O., Duarte, C. M., Arias-Ortiz, A., Masque, P., Irigoien, X. 

(2017): Low carbon sink capacity of Red Sea mangroves. – Scientific Rep. 7(1): 9700. 

[42] Al-Mur, B. A. (2021): Assessment of heavy metal contamination in water, sediments, and 

mangrove plant of Al-Budhai region, Red Sea coast, Kingdom of Saudi Arabia. – J. 

Taibah Uni. Sci. 15(1): 423-441. 

[43] Al-Mutairi, K. A., El-Bana, M., Mansor, M., Al-Rowaily, S., Mansor, A. (2012): Floristic 

diversity, composition, and environmental correlates on the arid, coralline islands of the 

Farasan archipelago, Red Sea, Saudi Arabia. – Arid Land Res. Manage. 26(2): 137-150. 

[44] Al-Najjar, T., Wahsha, M., Al-Khushman, M., Khalaf, M., Hardage, K., Hayek, W., 

Khadra, K. A., Paytan, A. (2021): Assessing metal content in Halophila stipulacea 

seagrass as an indicator of metal pollution in the northern Gulf of Aqaba, Red Sea. – 

Ocean Sci. J. 56(4): 364-377. 

[45] Alnasser, A. S., Halawani, R. F., Quicksall, A. N. (2024): Assessment of heavy metal 

distribution, risk, and sourcing in mangrove sediments from three Saudi Arabian Red Sea 

locations. – Mar. Pollut. Bull. 198: 115821. 

[46] Al-Rousan, S., Al-Taani, A. A., Rashdan, M. (2016): Effects of pollution on the 

geochemical properties of marine sediments across the fringing reef of Aqaba, Red Sea. – 

Mar. Pollut. Bull. 110(1): 546-554. 

[47] Al-Sayed, A., Al-Shammari, F., Alshutayri, A., Aljojo, N., Aldhahri, E., Abouola, O. 

(2022): The Smart City-Line in Saudi Arabia: issues and challenges. – Postmodern 

Openings 13(1): 15-37. 

[48] Al-Shwafi, N. A. (2011): Distribution of nutrients and chlorophyll-a in mangrove 

environment of Red Sea coast of Yemen. – Nature Environ. Pollut. Technol. 10(4): 517-

520. 



Al-Mutairi: Red Sea mangrove ecosystem 

- 7056 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(4):7031-7067. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2304_70317067 

© 2025, ALÖKI Kft., Budapest, Hungary 

[49] Al-Sofyani, A., El-Sherbiny, M. (2018): Meiobenthic assemblage of the grey mangrove 

(Avicennia marina) along the Saudi Arabian coast of the Red Sea with emphasis on free-

living nematodes. – Oceanol. Hydrobiol. Stud. 47(4): 359-375. 

[50] Al-Solaimani, S. G., Abohassan, R. A., Alamri, D. A., Yang, X., Rinklebe, J., Shaheen, S. 

M. (2022): Assessing the risk of toxic metals contamination and phytoremediation 

potential of mangrove in three coastal sites along the Red Sea. – Mar. Pollut. Bull. 176: 

113412. 

[51] Alzahrani, D. A., Selim, E.-M. M., El-Sherbiny, M. M. (2018): Ecological assessment of 

heavy metals in the grey mangrove (Avicennia marina) and associated sediments along 

the Red Sea coast of Saudi Arabia. – Oceanologia 60(4): 513-526. 

[52] Alzubaidy, H., Essack, M., Malas, T. B., Bokhari, A., Motwalli, O., Kamanu, F. K., 

Jamhor, S. A., Mokhtar, N. A., Antunes, A., Simões, M. F., Alam, I., Bougouffa, S., Lafi, 

F. F., Bajic, V. B., Archer, J. A. C. (2016): Rhizosphere microbiome metagenomics of 

gray mangroves (Avicennia marina) in the Red Sea. – Gene 576(2): 626-636. 

[53] Ameen, F., Moslem, M., Hadi, S., Al-Sabri, A. E. (2015): Biodegradation of low-density 

polyethylene (LDPE) by mangrove fungi from the Red Sea coast. – Prog. Rub. Plast. 

Recycl. Technol. 31(2): 125-144. 

[54] Ameen, F., Moslem, M., Hadi, S., Al-Sabri, A. E. (2016): Biodegradation of diesel fuel 

hydrocarbons by mangrove fungi from Red Sea coast of Saudi Arabia. – Saudi J. Biol. 

Sci. 23(2): 211-218. 

[55] Anton, A., Almahasheer, H., Delgado, A., Garcias-Bonet, N., Carrillo-de-Albornoz, P., 

Marbà, N., Hendriks, I. E., Krause-Jensen, D., Saderne, V., Baldry, K., Duarte, C. M. 

(2020): Stunted mangrove trees in the oligotrophic central Red Sea relate to nitrogen 

limitation. – Front. Mar. Sci. 7: 597. 

[56] Arifanti, V. B., Sidik, F., Mulyan, B., Susilowati, A., Wahyuni, T., Yuniarti, N., Aminah, 

A., Suita, E., Karlina, E., Suharti, S., Turjaman, M. (2022): Challenges and strategies for 

sustainable mangrove management in Indonesia: a review. – Forests 13(5): 695. 

[57] Arshad, M., Eid, E. M., Hasan, M. (2020): Mangrove health along the hyper-arid 

southern Red Sea coast of Saudi Arabia. – Environ. Monitor. Assess. 192(3): 189. 

[58] Atlantis Press (2023): Indexing Databases. – https://www.atlantis-press.com/industry-

affiliations/indexing-databases (accessed on 20 October 2023). 

[59] Attia, O. E. A., Ghrefat, H. (2013): Assessing heavy metal pollution in the recent bottom 

sediments of Mabahiss Bay, North Hurghada, Red Sea, Egypt. – Environ. Monitor. 

Assess. 185(12): 9925-9934. 

[60] Awad, A., El-Sammak, A., Elshazly, A., El-Masry, E. A. (2023): Carbon sequestration in 

mangrove sediments as a climate change mitigation tool: a case study from the Red Sea, 

Egypt. – Egyptian J. Aquat. Biol. Fish. 27(4): 707-727. 

[61] Ayalon, I., de Barros Marangoni, L. F., Benichou, J. I. C., Avisar, D., Levy, O. (2019): 

Red Sea corals under artificial light pollution at night (ALAN) undergo oxidative stress 

and photosynthetic impairment. – Glob. Change Biol. 25(12): 4194-4207. 

[62] Baakdah, M. A. (2018): Diversity of the brachyuran crabs of the mangroves of southern 

Red Sea coast of Saudi Arabia. – J. King Abdulaziz Uni. Mar. Sci. 28(1): 43-54. 

[63] Babbington, J., Boland, C., Kirwan, G. M., Alsuhaibany, A., Shirihai, H., Schweizer, M. 

(2019): Confirmation of Acrocephalus scirpaceus avicenniae (Aves: Acrocephalidae) 

from mangroves on the Red Sea coast near Jazan, southwest Saudi Arabia. – Zool. 

Middle East 65(3): 201-207. 

[64] Badawy, W. M., Duliu, O. G., El Samman, H., El-Taher, A., Frontasyeva, M. V. (2021): 

A review of major and trace elements in Nile River and Western Red Sea sediments: an 

approach of geochemistry, pollution, and associated hazards. – Appl. Radiat. Isotop. 170: 

109595. 

[65] Badawy, W. M., Dmitriev, A. Y., El Samman, H., El-Taher, A., Blokhin, M. G., 

Rammah, Y. S., Madkour, H. A., Salama, S., Budnitskiy, S. Y. (2024): Elemental 



Al-Mutairi: Red Sea mangrove ecosystem 

- 7057 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(4):7031-7067. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2304_70317067 

© 2025, ALÖKI Kft., Budapest, Hungary 

composition and metal pollution in Egyptian Red Sea mangrove sediments: 

characterization and origin. – Mar. Pollut. Bull. 198: 115830. 

[66] Badr, N. B. E., El-Fiky, A. A., Mostafa, A. R., Al-Mur, B. A. (2009): Metal pollution 

records in core sediments of some Red Sea coastal areas, Kingdom of Saudi Arabia. – 

Environ. Monitor. Assess. 155(1-4): 509-526. 

[67] Bakhit, M. S., Abdel-Wahab, M. A. (2022): Safagamyces marinus gen. et sp. nov. 

(Halosphaeriaceae, Sordariomycetes) from Red Sea mangroves, Egypt. – Phytotaxa 

568(2): 221-229. 

[68] Balk, M., Keuskamp, J. A., Laanbroek, H. J. (2015): Potential activity, size, and structure 

of sulfate-reducing microbial communities in an exposed, grazed and a sheltered, non-

grazed mangrove stand at the Red Sea coast. – Front. Microbiol. 6: 01478. 

[69] Banc-Prandi, G., Baharier, N., Benaltabet, T., Torfstein, A., Antler, G., Fine, M. (2022): 

Elevated temperatures reduce the resilience of the Red Sea branching coral Stylophora 

pistillata to copper pollution. – Aquat. Toxicol. 244: 106096. 

[70] Baraibar-Diez, E. D., Odriozola, M. (2019): CSR committees and their effect on ESG 

performance in UK, France, Germany, and Spain. – Sustainability 11(18): 5077. 

[71] Basheer, M. A., El Kafrawy, S. B., Mekawy, A. A. (2019): Identification of mangrove 

plant using hyperspectral remote sensing data along the Red Sea, Egypt. – Egypt. J. 

Aquat. Biol. Fish. 23(1): 27-36. 

[72] Bayoumi, R. A., El-Nagar, A. Y. (2009): Safe control methods of petroleum crude oil 

pollution in the mangrove forests of the Egyptian Red Sea coast. – J. Appl. Sci. Res. 

5(12): 2435-2447. 

[73] Blanco-Sacristán, J., Johansen, K., Duarte, C. M., Daffonchio, D., Hoteit, I., McCabe, M. 

F. (2022): Mangrove distribution and afforestation potential in the Red Sea. – Sci. Tot. 

Environ. 843: 157098. 

[74] Bresler, V., Bissinger, V., Abelson, A., Dizer, H., Sturm, A., Kratke, R., Fishelson, L., 

Hansen, P.-D. (1999): Marine molluscs and fish as biomarkers of pollution stress in 

littoral regions of the Red Sea, Mediterranean Sea and North Sea. – Helgoland Mar. Res. 

53(3): 219-243. 

[75] Cai, C., Devassy, R. P., El-Sherbiny, M. M., Agusti, S. (2022): Cement and oil refining 

industries as the predominant sources of trace metal pollution in the Red Sea: a 

systematic study of element concentrations in the Red Sea zooplankton. – Mar. Pollut. 

Bull. 174: 113221. 

[76] Chauhan, Y., Kumar, S. B. (2018): Do investors value the nonfinancial disclosure in 

emerging markets? – Emerging Markets Review 37: 32-46. 

[77] Chithambaran, S. (2019): Restoration of mangrove vegetation at Red Sea coast, Saudi 

Arabia. – Ind. J. Geo-Mar. Sci. 48(11): 1755-1760. 

[78] Diamant, A., Banet, A., Paperna, I., Westernhagen, H. V., Broeg, K., Kruener, G., 

Koerting, W., Zander, S. (1999): The use of fish metabolic, pathological and 

parasitological indices in pollution monitoring II. The Red Sea and Mediterranean. – 

Helgoland Mar. Res. 53(3): 195-208. 

[79] Dicks, B. (1984): Oil pollution in the Red Sea—Environmental monitoring of an oilfield 

in a coral area, Gulf of Suez. – Deep Sea Res. Part A, Oceanogr. Res. Papers 31(6-8): 

833-854. 

[80] Dicks, B. (1986): Oil and the black mangrove, Avicennia marina, in the northern Red 

Sea. – Mar. Pollut. Bull. 17(11): 500-503. 

[81] Eid, E. M., Shaltout, K. H. (2016): Distribution of soil organic carbon in the mangrove 

Avicennia marina (Forssk.) Vierh. along the Egyptian Red Sea Coast. – Reg. Stud. Mar. 

Sci. 3: 76-82. 

[82] Eid, E. M., Arshad, M., Shaltout, K. H., El-Sheikh, M. A., Alfarhan, A. H., Picó, Y., 

Barcelo, D. (2019): Effect of the conversion of mangroves into shrimp farms on carbon 

stock in the sediment along the southern Red Sea coast, Saudi Arabia. – Environ. Res. 

176: 108536. 



Al-Mutairi: Red Sea mangrove ecosystem 

- 7058 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(4):7031-7067. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2304_70317067 

© 2025, ALÖKI Kft., Budapest, Hungary 

[83] Eid, E. M., El-Bebany, A. F., Alrumman, S. A. (2016): Distribution of soil organic 

carbon in the mangrove forests along the southern Saudi Arabian Red Sea coast. – 

Rendiconti Lincei 27(4): 629-637. 

[84] El Daba, S. A. E. M., Abd El Wahab, M. (2018): Geo-environmental study on mangrove 

swamps in some localities along the Red Sea coast of Egypt. – Egypt. J. Aquat. Biol. 

Fish. 22(5): 23-37. 

[85] El Nemr, A., El-Said, G. F. (2014): The pollution status along the Red Sea: a review. – 

Blue Biotechnology Journal 3(4): 403. 

[86] El Zokm, G. M., Al-Mur, B. A., Okbah, M. A. (2022): Ecological risk indices for heavy 

metal pollution assessment in marine sediments of Jeddah Coast in the Red Sea. – Int. J. 

Environ. Analyt. Chem. 102(16): 4496-4517. 

[87] El-Amin, B. M., El-Maradny, A., El-Sherbiny, M., Mohammed Orif, R. K. T. (2017): 

Bio-concentration of polycyclic aromatic hydrocarbons in the grey mangrove (Avicennia 

marina) along the eastern coast of the Red Sea. – Open Chem. 15(1): 344-351. 

[88] El-Kahawy, R., El-Shafeiy, M., Helal, S. A., Aboul-Ela, N., El-Wahab, M. A. (2018): 

Morphological deformities of benthic foraminifera in response to nearshore pollution of 

the Red Sea, Egypt. – Environ. Monitor. Assess. 190(5): 312. 

[89] El-Kahawy, R., El-Shafeiy, M., Helal, S., Aboul-Ela, N., Abd El-Wahab, M. (2021): 

Benthic ostracods (crustacean) as a nearshore pollution bio-monitor: examples from the 

Red Sea coast of Egypt. – Environ. Sci. Pollut. Res. 28(24): 31975-31993. 

[90] El-Menhawey, W., Kholeif, S. E. A., Elshanawany, R., Ibrahim, M. I. A. (2020): Benthic 

foraminifera as bio-indicator of mangrove ecosystem quality: a case study from Abu 

Ghoson area, Red Sea Coast, Egypt. – Reg. Stud. Mar. Sci. 40: 101506. 

[91] Elnaggar, D. H., Mohamedein, L. I., Younis, A. M. (2022): Risk assessment of heavy 

metals in mangrove trees (Avicennia marina) and associated sea water of Ras Mohammed 

Protectorate, Red Sea, Egypt. – Egyptian J. Aquat. Biol. Fish. 26(5): 117-135. 

[92] El-Said, G. F., Youssef, D. H. (2013): Ecotoxicological impact assessment of some heavy 

metals and their distribution in some fractions of mangrove sediments from Red Sea, 

Egypt. – Environ. Monitor. Assess. 185(1): 393-404. 

[93] Elsebaie, I. H., Aguib, A. S. H., Al Garni, D. (2013): The role of remote sensing and GIS 

for locating suitable mangrove plantation sites along the southern Saudi Arabian Red Sea 

coast. – Int. J. Geosci. 4: 471-479. 

[94] El-Sorogy, A. S., Youssef, M. (2021): Pollution assessment of the Red Sea-Gulf of 

Aqaba seawater, northwest Saudi Arabia. – Environ. Monitor. Assess. 193(141): 

https://doi.org/10.1007/s10661-021-08911-8. 

[95] El-Sorogy, A., El Kammar, A., Ziko, A., Aly, M., Nour, H. (2013): Gastropod shells as 

pollution indicators, Red Sea coast, Egypt. – J. Afric. Earth Sci. 87: 93-99. 

[96] El-Wahab, M. A., El-Sorogy, A. S. (2003): Scleractinian corals as pollution indicators, 

Red Sea Coast, Egypt. – Neues Jahrbuch fur Geologie und Palaontologie - Monatshefte 

11: 641-655. 

[97] Fahmy, N. M. (2020): Isolation and characterization of Streptomyces sp. Nmf76 with 

potential antimicrobial activity from mangrove sediment, Red Sea, Egypt. – Egypt. J. 

Aquat. Biol. Fish. 24(6): 479-495. 

[98] Fahmy, N. M. (2022): Characterization of amylase-producing Streptomyces sp. NAA-28 

isolated from mangrove sediment, Red Sea, Egypt. – Egyptian J. Aquat. Biol. Fish. 26(4): 

1053-1065. 

[99] Farag, A., El-Borai, A., Morsy, R., El-Assar, S. (2021): Purification and characterization 

of a thermostable β-mannanase from halophilic Aspergillus terreus strain ARSA 

associated to a mangrove plant of Red Sea coast, Egypt, and its application in 

mannooligosaccharides production and juice clarification. – Egyptian J. Aquat. Biol. 

Fish. 25(6): 1-16. 



Al-Mutairi: Red Sea mangrove ecosystem 

- 7059 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(4):7031-7067. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2304_70317067 

© 2025, ALÖKI Kft., Budapest, Hungary 

[100] Farhat, H. I., Gad, A., Saleh, A., Abd El Bakey, S. M. (2022): Risks assessment of 

potentially toxic elements’ contamination in the Egyptian Red Sea surficial sediments. – 

Land 11: 1560. https://doi.org/10.3390/land11091560. 

[101] Fishelson, L. (1973): Ecology of coral reefs in the Gulf of Aqaba (Red Sea) influenced by 

pollution. – Oecologia 12(1): 55-67. 

[102] Fuad, A., Mohamed, M., Sarfaraz, H. (2015): Biodegradation of petroleum oil by 

mangrove fungi from Saudi Red Sea coast. – Res. J. Biotechnol. 10(4): 75-83. 

[103] Furby, K. A., Apprill, A., Cervino, J. M., Ossolinski, J. E., Hughen, K. A. (2014): 

Incidence of lesions on Fungiidae corals in the eastern Red Sea is related to water 

temperature and coastal pollution. – Mar. Environ. Res. 98: 29-38. 

[104] Garcias-Bonet, N., Delgado-Huertas, A., Carrillo-de-Albornoz, P., Anton, A., 

Almahasheer, H., Marbà, N., Hendriks, I. E., Krause-Jensen, D., Duarte, C. M. (2019): 

Carbon and nitrogen concentrations, stocks, and isotopic compositions in Red Sea 

seagrass and mangrove sediments. – Front. Mar. Sci. 6: 267. 

[105] Georges, O., Fernández, S., Martinez, J. L., Garcia-Vazquez, E. (2021): DNA 

metabarcoding illustrates biological pollution threats of Red Sea–Dead Sea water 

conveyance to Dead Sea biodiversity. – Mar. Pollut. Bull. 168: 112451. 

[106] Ghandourah, M. A., Orif, M. I., Al-Farawati, R. K., El-Shahawi, M. S., Abu-Zeid, R. H. 

(2023): Illegal pollution loading accelerates the oxygen deficiency along the coastal 

lagoons of eastern Red Sea. – Reg. Stud. Mar. Sci. 63: 102982. 

[107] Golebie, E. J., Aczel, M., Bukoski, J. J., Chau, S., Ramirez‐Bullon, N., Gong, M., Teller, 

N. (2022): A qualitative systematic review of governance principles for mangrove 

conservation. – Conser. Biol. 36(1): e13850. 

[108] Guz, A. N., Rushchitsky, J. J. (2009): Scopus: a system for the evaluation of scientific 

journals. – Int. Appl. Mechan. 45: 351-362. 

[109] Hamed, M. M., Abdrabo, M. A. A., Fahmy, N. M., Abdelfattah, L. S., Kelany, M. S., 

Abd-El Latif, H. H., Abou El Ela, G. M., Abd-Elnaby, H. M., Hassan, S. W. M. (2021): 

Distribution and characterization of actinomycetes in mangrove habitats (Red Sea, Egypt) 

with special emphasis on Streptomyces mutabilis M3MT483919. – J. Pure Appl. 

Microbiol. 15(1): 246-261. 

[110] Hanna, R. G. M. (1983): Oil pollution on the Egyptian Red Sea coast. – Mar. Pollut. Bull. 

14(7): 268-271. 

[111] Hanna, R. G., Muir, G. L. (1990): Red Sea corals as biomonitors of trace metal pollution. 

– Environ. Monitor. Assess. 14(2-3): 211-222. 

[112] Hassanine, R. M. E.-S., Al-Hasawi, Z. M., Hariri, M. S., Touliabah, H. E., Al-Jahdali, S. 

(2019): Sclerocollum saudii (Acanthocephala: Cavisomidae) as a sentinel for heavy-metal 

pollution in the Red Sea. – J. Helminthol. 93(2): 177-186. 

[113] Helal, S. A., El-Wahab, M. A. (2012): Distribution of podocopid ostracods in mangrove 

ecosystems along the Egyptian Red Sea coast. – Crustaceana 85(14): 1669-1696. 

[114] Hodhod, M. S. E.-D., Gaafar, A.-R. Z., Alshameri, A., Qahtan, A. A., Noor, A., Abdel-

Wahab, M. (2020): Molecular characterization and bioactive potential of newly identified 

strains of the extremophilic black yeast Hortaea werneckii isolated from Red Sea 

mangrove. – Biotechnol. Biotechnol. Equip. 34(1): 1288-1298. 

[115] Hussain, M. I., Khoja, T. M. (1993): Intertidal and subtidal blue-green algal mats of open 

and mangrove areas in the Farasan Archipelago (Saudi Arabia), Red Sea. – Botan. Mar. 

36(5): 377-388. 

[116] Huynh, B. Q., Kwong, L. H., Kiang, M. V., Chin, E. T., Mohareb, A. M., Jumaan, A. O., 

Basu, S., Geldsetzer, P., Karaki, F. M., Rehkopf, D. H. (2021): Public health impacts of 

an imminent Red Sea oil spill. – Nat. Sustain. 4: 1084-1091. 

[117] Ibrahim, H. A. H., Farag, A. M., Beltagy, E. A., El-Shenawy, M. A. (2011): Microbial 

pollution indicators along the Egyptian coastal waters of Suez and Aqaba Gulfs and Red 

Sea. – J. Egypt. Publ. Health Assoc. 86(5-6): 111-118. 



Al-Mutairi: Red Sea mangrove ecosystem 

- 7060 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(4):7031-7067. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2304_70317067 

© 2025, ALÖKI Kft., Budapest, Hungary 

[118] Idris, A. M. (2008): Combining multivariate analysis and geochemical approaches for 

assessing heavy metal level in sediments from Sudanese harbors along the Red Sea coast. 

– Microchem. J. 90: 159-163. 

[119] Idris, A. M., Eltayeb, M. A. H., Potgieter-Vermaak, S. S., Van Grieken, R., Potgieter, J. 

H. (2007): Assessment of heavy metals pollution in Sudanese harbors along the Red Sea 

Coast. – Microchem. J. 87(2): 104-112. 

[120] Ismael, M., Mokhtar, A., Adil, H., Li, X., Lü, X. (2022): Appraisal of heavy metals 

exposure risks via water pathway by using a combination of pollution indices approaches, 

and the associated potential health hazards on population, Red Sea State, Sudan. – Phys. 

Chem. Earth 127: 103153. 

[121] Jamoussi, B., Chakroun, R., Al-Mur, B. (2022): Assessment of total petroleum 

hydrocarbon contamination of the Red Sea with endemic fish from Jeddah (Saudi Arabia) 

as bioindicator of aquatic environmental pollution. – Water 14(11): 1706. 

[122] Janah, O. O., Sassi, H. (2021): The ESG impact on corporate financial performance in 

developing countries: a systematic literature review. – Int. J. Account. Finance, Audit. 

Manage. Econ. 2(6): 391-410. 

[123] Kabil, M., Abd Almoity, E. A., Csobán, K., Dávid, L. D. (2022): Tourism centres 

efficiency as spatial units for applying blue economy approach: a case study of the 

Southern Red Sea region, Egypt. – PLoS ONE 17(7): e0268047. 

[124] Khalil, A. S. M. (2015): Mangroves of the Red Sea. – In: Rasul, N., Stewart, I. (eds.) The 

Red Sea. Springer Earth System Sciences. Springer, Berlin. https://doi.org/10.1007/978-

3-662-45201-1_33. 

[125] Khallil, A.-R. M. A., El-Hissy, F. T., Bagy, M. M. K. (1991): Mycoflora of mangroves of 

Red Sea in Egypt. – Folia Microbiol. 36(5): 456-464. 

[126] Khraiwesh, B., Pugalenthi, G., Fedoroff, N. V. (2013): Identification and analysis of Red 

Sea mangrove (Avicennia marina) microRNAs by high-throughput sequencing and their 

association with stress responses. – PLoS ONE 8(4): e60774. 

[127] Kiriu, T., Nozaki, M. (2020): A text mining model to evaluate firms’ ESG activities: an 

application for Japanese firms. – Asia-Pacific Financial Markets 27(4): 621-632. 

[128] Kumar, A., Khan, M., Muqtadir, A. (2010a): Distribution of mangroves along the Red 

Sea coast of the Arabian Peninsula: Part 1: The northern coast of western Saudi Arabia. – 

Earth Sci. Ind. 3(1): 28-42. 

[129] Kumar, A., Khan, M., Muqtadir, A. (2010b): Distribution of mangroves along the Red 

Sea coast of the Arabian Peninsula: Part 2: The southern coast of western Saudi Arabia. – 

Earth Sci. Ind. 3(3): 154-162. 

[130] Kumar, A., Khan, M., Muqtadir, A. (2011): Distribution of mangroves along the Red Sea 

coast of the Arabian Peninsula: Part 3: Coast of Yemen. – Earth Sci. Ind. 4(2): 29-38. 

[131] Lee, K.-H., Cin, B. C., Lee, E. Y. (2016): Environmental responsibility and firm 

performance: the application of an environmental, social, and governance model. – 

Business Strat. Environ. 25(1): 40-53. https://doi.org/10.1002/bse.1855. 

[132] Lefebvre, J. A. (1998): Red Sea security and the geopolitical-economy of the Hanish 

Islands dispute. – Middle East J. 52(3): 367-385. 

[133] Leila, B., Sedláček, P., Anastasopoulou, A. (2023): Plastic pollution in the deep-sea Giant 

red shrimp, Aristaeomorpha foliacea, in the Eastern Ionian Sea; an alarm point on stock 

and human health safety. – Sci. Tot. Environ. 877: 162783. 

[134] Liu, M., Luo, X., Lu, W. Z. (2023): Public perceptions of environmental, social, and 

governance (ESG) based on social media data: evidence from China. – J. Cleaner Prod. 

387: 135840. 

[135] Lovelock, C. E., Barbier, E., Duarte, C. M. (2022): Tackling the mangrove restoration 

challenge. – PLoS Bio. 20(10): e3001836. 

[136] Loya, Y. (1975): Possible effects of water pollution on the community structure of Red 

Sea corals. – Mar. Biol. 29(2): 177-185. 



Al-Mutairi: Red Sea mangrove ecosystem 

- 7061 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(4):7031-7067. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2304_70317067 

© 2025, ALÖKI Kft., Budapest, Hungary 

[137] Madkour, H. A., Mohammed, A. W. (2008): Nature and geochemistry of surface 

sediments of the mangrove environment along the Egyptian Red Sea coast. – Environ. 

Geol. 54(2): 257-267. 

[138] Madkour, H. A., Mansour, A. M., Ahmed, A. E.-H. N., El-Taher, A. (2014): 

Environmental texture and geochemistry of the sediments of a subtropical mangrove 

ecosystem and surrounding areas, Red Sea coast, Egypt. – Arab. J. Geosci. 7(9): 3427-

3440. 

[139] Madkour, H. A., Mansour, A. M., Osman, M. R., Mansour, H., El Attar, R. M., El-Taher, 

A., Ahmed, A.-E.-H. N. (2020): Sedimentological studies of mangrove environment at 

Hamata–Wadi El-Gemal protected area, Red Sea coast, Egypt. – Int. J. Sci. Technol. Res. 

9(3): 6787-6800. 

[140] Mahmoud, S. A., Mohamedein, L. I., Orabi, A. S., El-Moselhy, K. M., Saad, E. M. 

(2023): Evaluation of trace elements concentration using sediments and mussels as 

bioindicators and pollution indices in the Egyptian Red Sea. – Mar. Pollut. Bull. 196: 

115623. 

[141] Mandura, A. S. (1997): A mangrove stand under sewage pollution stress: Red Sea. – 

Mangroves Salt Marshes 1(4): 255-262. 

[142] Mandura, A. S., Saifullah, S. M., Khafaji, A. K. (1987): Mangrove ecosystem of southern 

Red Sea coast of Saudi Arabia. – Proc. Saudi Biol. Soc. 10: 165-193. 

[143] Marasco, R., Michoud, G., Sefrji, F. O., Fusi, M., Antony, C. P., Seferji, K. A., Barozzi, 

A., Merlino, G., Daffonchio, D. (2023): The identification of the new species 

Nitratireductor thuwali sp. nov. reveals the untapped diversity of hydrocarbon-degrading 

culturable bacteria from the arid mangrove sediments of the Red Sea. – Front. Microbiol. 

14: 1155381. 

[144] Masoud, M. S., Abdel-Halim, A. M., El Ashmawy, A. A. (2019): Seasonal variation of 

nutrient salts and heavy metals in mangrove (Avicennia marina) environment, Red Sea, 

Egypt. – Environ. Monitor. Assess. 191(7): 425. 

[145] Mohamed, A. F. (1940): The Egyptian exploration of the Red Sea. – Proc. Royal Society 

B, Biological Sciences. https://doi.org/10.1098/rspb.1940.0013. 

[146] Mohamed, B. F. (1984): Ecological observations on mangroves of the Red Sea shores of 

the Sudan. – Hydrobiol. 110(1): 109-111. 

[147] Mohamed, M. K., Adam, E., Jackson, C. M. (2023): Policy review and regulatory 

challenges and strategies for the sustainable mangrove management in Zanzibar. – 

Sustainability 15: 1557. https://doi.org/10.3390/su15021557. 

[148] Mohamed, Z. A., Al-Shehri, A. M. (2015): Biodiversity and toxin production of 

cyanobacteria in mangrove swamps in the Red Sea off the southern coast of Saudi Arabia. 

– Botan. Mar. 58(1): 23-34. 

[149] Mohammad, A. S., Al-Jahdali, M. O., Al-Hasawi, Z. M. (2020): The siganid fish and 

their endohelminth parasites as heavy metal pollution biomonitors at the Red Sea coast of 

Jeddah, Saudi Arabia. – J. King Abdulaziz Uni. Mar. Sci. 30(2): 1-15. 

[150] Mohammad, D. A. (2023): Free-living nematodes in some mangrove sites on the southern 

Egyptian Red Sea coast with emphasis on their horizontal distribution. – Egyptian J. 

Aquat. Biol. Fish. 27(1): 509-530. 

[151] Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G. PRISMA Group. (2009): Preferred 

reporting items for systematic reviews and meta-analyses, the PRISMA statement. – 

PLoS Med. 6: e1000097. https://doi.org/10.1371/journal.pmed.1000097. 

[152] Monsef, H. A. E., Aguib, A. S. H., Smith, S. E. (2013): Locating suitable mangrove 

plantation sites along the Saudi Arabia Red Sea coast. – J. Afric. Earth Sci. 83: 1-9. 

[153] Mosa, A., Selim, E.-M. M., El-Kadi, S. M., Khedr, A. A., Elnaggar, A. A., Hefny, W. A., 

Abdelhamid, A. S., El Kenawy, A. M., El-Naggar, A., Wang, H., Shaheen, S. M. (2022): 

Ecotoxicological assessment of toxic elements contamination in mangrove ecosystem 

along the Red Sea coast, Egypt. – Mar. Pollut. Bull. 176: 113446. 



Al-Mutairi: Red Sea mangrove ecosystem 

- 7062 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(4):7031-7067. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2304_70317067 

© 2025, ALÖKI Kft., Budapest, Hungary 

[154] Moursy, A. S., Deeb, E., Mohamed, A. (1987): Oil pollution in the Suez Gulf of the Red 

Sea. – Mar. Pollut. Bull. 18(9): 4571-4584. 

[155] Nagi, H. M., Abubakr, M. M. (2013): Threats status to the mangrove ecosystem along the 

coastal zone of Yemen. – J. KAU Mar. Sci. 24(1): 101-117. 

[156] Nagi, H. M., Khanbari, K. M., Al-Sameh, A. (2012): Estimating total area of mangrove 

habitats in the Republic of Yemen using remote sensing and GIS. – Fac. Sci. Scie. Bull. 

Sana’a Uni. Yemen 24: 75-84. 

[157] NOAA National Centers for Environmental Information (2023): State of the Climate: 

Global Climate Report for 2022. – 

https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202213 (accessed 

January 18, 2023). 

[158] Nour, H. E. S., Nouh, E. S. (2020a): Comprehensive pollution monitoring of the Egyptian 

Red Sea coast by using environmental indicators. – Environ. Sci. Pollut. Res. 27(23): 

28813-28828. 

[159] Nour, H. E. S., Nouh, E. S. (2020b): Using coral skeletons for monitoring heavy metals 

pollution in the Red Sea coast, Egypt. – Arabian J. Geosci. 13(10): 341. 

[160] Nour, H. E., El-Sorogy, A. S., Abdel-Wahab, M., Almadani, S., Alfaifi, H., Youssef, M. 

(2018): Assessment of sediment quality using different pollution indicators and statistical 

analyses, Hurghada area, Red Sea coast, Egypt. – Mar. Pollut. Bull. 133: 808-813. 

[161] Nour, H. E., El-Sorogy, A. S., Abd El-Wahab, M., Nouh, E. S., Mohamaden, M., Al-

Kahtany, K. (2019): Contamination and ecological risk assessment of heavy metals 

pollution from the Shalateen coastal sediments, Red Sea, Egypt. – Mar. Pollut. Bull. 144: 

167-172. 

[162] Okbah, M. A., Shata, M. A., Shridah, M. A. (2005): Geochemical forms of trace metals in 

mangrove sediments—Red Sea (Egypt). – Chem. Ecol. 21(1): 23-36. 

[163] Omar, W. A., Saleh, Y. S., Marie, M. A. S. (2014): Integrating multiple fish biomarkers 

and risk assessment as indicators of metal pollution along the Red Sea coast of Hodeida, 

Yemen Republic. – Ecotoxicol. Environ. Saf. 110: 221-231. 

[164] Onay, H., Karslı, B., Minaz, M., Dalgıç, G. (2023): Seasonal monitoring of microplastic 

pollution in the Southeast Black Sea: an example of red mullet (Mullus barbatus) 

gastrointestinal tracts. – Mar. Pollut. Bull. 191: 114886. 

[165] Osypińska, M., Woźniak, M. (2019): Livestock economy at Berenike, a Hellenistic city 

on the Red Sea (Egypt). – Afric. Archaeol. Rev. 36(3): 367-382. 

[166] Paszkowska-Kaczmarek, N. E. (2021): The Saudi-Arabian Linear City concept as the 

prototype of future cities. – Architecturae et Artibus 13(2): 33-46. 

[167] Price, A. R. G., Medley, P. A. H., McDowall, R. J., Dawson-Shlephard, A. R., Hogarth, 

P. J., Ormond, R. F. G. (1987): Aspects of mangal ecology along the Red Sea coast of 

Saudi Arabia. – J. Nat. Hist. 21: 449-464. 

[168] Principles for Responsible Investment (2017): The SDG investment case. – 

https://www.unpri.org/sustainable-development-goals/the-sdginvestment-case/303.article 

(accessed on 3 November 2023). 

[169] Qashqari, M. S., Garcias-Bonet, N., Fusi, M., Booth, J. M., Daffonchio, D., Duarte, C. M. 

(2020): High temperature and crab density reduce atmospheric nitrogen fixation in Red 

Sea mangrove sediments. – Estuar. Coast. Shelf Sci. 232: 106487. 

[170] Ramsay, J. H., Parker, S. T. (2016): A diachronic look at the agricultural economy at the 

Red Sea Port of Aila: an archaeobotanical case for hinterland production in arid 

environments. – Bull. Am. Schools Orient. Res. 376: 101-120. 

[171] Rashedy, S. H., Hamed, E. S. A. E., El-Manawy, I. M., Pereira, L. (2023): Stability of 

macroalgal assemblage in the mangrove swamp as an indicator for the health and quality 

of the Red Sea waters. – Egyptian J. Aquat. Res. 

https://doi.org/10.1016/j.ejar.2023.01.004. 

[172] Rawajfh, M. M., Rasheed, M. Y., Al-Rousan, S. A., Manasrah, R. S., Abu-Hilal, A. H. 

(2023): Transportation, accumulation, and pollution by lost raw phosphate dust particles 



Al-Mutairi: Red Sea mangrove ecosystem 

- 7063 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(4):7031-7067. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2304_70317067 

© 2025, ALÖKI Kft., Budapest, Hungary 

from a phosphate loading berth in coastal water of the Gulf of Aqaba-Red Sea. – Jordan J. 

Earth Environ. Sci. 14(3): 222-231. 

[173] Ritchie, H., Roser, M., Rosado, P. (2020): CO₂ and Greenhouse Gas Emissions. – 

OurWorldInData.org (accessed on 3 November 2023). 

[174] Ritchie, H., Rodés-Guirao, L., Mathieu, E., Gerber, M., Ortiz-Ospina, E., Hasell, J., 

Roser, M. (2023): Population Growth. – OurWorldInData.org (accessed on 3 November 

2023). 

[175] Rosenberg, D. E. (2011): Raising the Dead without a Red Sea-Dead Sea project? Hydro-

economics and governance. – Hydrol. Earth Sys. Sci. 15(4): 1243-1255. 

[176] Roser, M., Arriagada, P., Hasell, J., Ritchie, H., Ortiz-Ospina, E. (2023): Economic 

Growth. – OurWorldInData.org (accessed on 3 November 2023). 

[177] Sabeel, R. A. O., Vanreusel, A. (2015): Potential impact of mangrove clearance on 

biomass and biomass size spectra of nematode along the Sudanese Red Sea coast. – Mar. 

Environ. Res. 103: 46-55. 

[178] Sabeel, R. A. O., Ingels, J., Pape, E., Vanreusel, A. (2025): Macrofauna along the 

Sudanese Red Sea coast: potential effect of mangrove clearance on community and 

trophic structure. – Mar. Ecol. 36(3): 794-809. 

[179] Saderne, V., Baldry, K., Anton, A., Agustí, S., Duarte, C. M. (2019): Characterization of 

the CO₂ system in a coral reef, a seagrass meadow, and a mangrove forest in the central 

Red Sea. – J. Geophys. Res. Oceans 124(11): 7513-7528. 

[180] Saifullah, S. M., Khafaji, A. K., Mandura, A. S. (1989): Litter production in a mangrove 

stand of the Saudi Arabian Red Sea coast. – Aquat. Bot. 36(1): 79-86. 

[181] Saifullah, S. S. (1996): Mangrove ecosystem of Saudi Arabian Red Sea coast—an 

overview. – J. KAU Mar. Sci. 7: 263-270. 

[182] Salah-Tantawy, A., Mahdy, A., Dar, M. A., Young, S.-S., Abdelreheem, A. M. A. (2022): 

Assessment of heavy metal pollution in seawater, benthic flora and fauna and their ability 

to survive under stressors along the northern Red Sea, Egypt. – Oceanol. Hydrobiol. Stud. 

51(4): 355-370. 

[183] Saleh, M. A. (2007a): Assessment of mangrove vegetation on Abu Minqar Island of the 

Red Sea. – J. Arid Environ. 68(2): 331-336. 

[184] Saleh, M. A. (2007b): Mangrove vegetation on Abu Minqar Island of the Red Sea. – Int. 

J. Remote Sens. 28(23): 5191-5194. 

[185] Saleh, Y. S. (2021): Evaluation of sediment contamination in the Red Sea coastal area 

combining multiple pollution indices and multivariate statistical techniques. – Int. J. Sed. 

Res. 36(2): 243-254. 

[186] Sam, K., Zabbey, N., Gbaa, N. D., Ezurike, J. C., Okoro, C. M. (2023): Towards a 

framework for mangrove restoration and conservation in Nigeria. – Reg. Stud. Mar. Sci. 

66: 103154. 

[187] Sato, G., Fisseha, A., Gebrekiros, S., Abdul Karim, H., Negassi, S., Fischer, M., Yemane, 

E., Teclemariam, J., Riley, R. (2005): A novel approach to growing mangroves on the 

coastal mud flats of Eritrea with the potential for relieving regional poverty and hunger. – 

Wetlands 25(3): 776-779. 

[188] Schneider, P. (2017): On the Red Sea the Trees are of a Remarkable Nature (Pliny the 

Elder): The Red Sea Mangroves from the Greco-Roman Perspective. – In: Agius, D. A. 

(eds.) Human Interaction with the Environment in the Red Sea: Selected Papers of Red 

Sea Project VI. Brill, Berlin, pp. 9-29. 

[189] Schotten, M., Meester, W. J., Steiginga, S., Ross, C. A. (2017): A Brief History of 

Scopus: The World’s Largest Abstract and Citation Database of Scientific Literature. – 

In: Cantu-Ortiz, F. J. (ed.) Research Analytics. Auerbach Publications, Boca Raton, FL, 

pp. 31-58. 

[190] Sea, M. A., Garcias-Bonet, N., Saderne, V., Duarte, C. M. (2018): Carbon dioxide and 

methane fluxes at the air-sea interface of Red Sea mangroves. – Biogeosci. 15(17): 5365-

5375. 



Al-Mutairi: Red Sea mangrove ecosystem 

- 7064 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(4):7031-7067. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2304_70317067 

© 2025, ALÖKI Kft., Budapest, Hungary 

[191] Sefrji, F. O., Marasco, R., Michoud, G., Seferji, K. A., Merlino, G., Daffonchio, D. 

(2021b): Kaustia mangrovi gen. nov., sp. nov. isolated from Red Sea mangrove 

sediments belongs to the recently proposed Parvibaculaceae family within the order 

Rhizobiales. – Int. J. Syst. Evol. Microbiol. 71(5): 004806. 

[192] Sefrji, F. O., Michoud, G., Marasco, R., Merlino, G., Daffonchio, D. (2021a): 

Mangrovivirga cuniculi gen. nov., sp. nov., a moderately halophilic bacterium isolated 

from bioturbated Red Sea mangrove sediment, and proposal of the novel family 

Mangrovivirgaceae fam. nov. – Int. J. Syst. Evol. Microbiol. 71(7): 004866. 

[193] Sefrji, F. O., Marasco, R., Michoud, G., Seferji, K. A., Merlino, G., Daffonchio, D. 

(2022): Insights into the cultivable bacterial fraction of sediments from the Red Sea 

mangroves and physiological, chemotaxonomic, and genomic characterization of 

Mangrovibacillus cuniculi gen. nov., sp. nov., a novel member of the Bacillaceae family. 

– Front. Microbiol. 13: 777986. 

[194] Shaban, W. M., Abdel-Gaid, S. E. (2020): Drivers of change in the epifaunal assemblages 

associated with intertidal macro-algae at the Mangrove site South Safaga, Egypt, Red 

Sea. – Egypt. J. Aquat. Biol. Fish. 24(3): 225-243. 

[195] Shaltout, K. H., Ahmed, M. T., Alrumman, S. A., Ahmed, D. A., Eid, E. M. (2020): 

Evaluation of the carbon sequestration capacity of arid mangroves along nutrient 

availability and salinity gradients along the Red Sea coastline of Saudi Arabia. – 

Oceanologia 62(1): 56-69. 

[196] Shaltout, K. H., Ahmed, M. T., Alrumman, S. A., Ahmed, D. A., Eid, E. M. (2021): 

Standing crop biomass and carbon content of mangrove Avicennia marina (Forssk.) 

vierh. along the Red Sea coast of Saudi Arabia. – Sustainability 13(24): 13996. 

[197] Shatla, S. H., El Kafrawy, S. B., Ahmed, H. A., El-Mokadem, M. T. (2021): Integrating 

geospatial technology with microbiology in isolating and characterizing selenite-reducing 

bacteria from two mangrove areas along the Red Sea, Egypt. – Egypt. J. Aquat. Biol. 

Fish. 25(1): 389-405. 

[198] Shimy, T. M. (1997): Marine pollution as indicated by oil accumulated on clams 

collected from the western coasts of the Red Sea, Egypt. – Ener. Sourc. 19(2): 153-161. 

[199] Simoes, M. F., Antunes, A., Ottoni, C. A., Amini, M. S., Alam, I., Alzubaidy, H., 

Mokhtar, N.-A., Archer, J. A. C., Bajic, V. B. (2015): Soil and rhizosphere-associated 

fungi in gray mangroves (Avicennia marina) from the Red Sea—A metagenomic 

approach. – Genom. Proteom. Bioinform. 13(5): 310-320. 

[200] Singhania, M., Saini, N. (2023): Institutional framework of ESG disclosures: comparative 

analysis of developed and developing countries. – J. Sustain. Finance Invest. 13(1): 516-

559. 

[201] Sohaib, M., Al-Barakah, F. N. I., Migdadi, H. M., Alyousif, M., Ahmed, I. (2023): 

Ecological assessment of physico-chemical properties in mangrove environments along 

the Arabian Gulf and the Red Sea coasts of Saudi Arabia. – Egypt. J. Aquat. Res. 49(1): 

9-16. 

[202] Spaargaren, D. H. (1977): On the water and salt economy of some decapod crustaceans 

from the Gulf of Aqaba (Red Sea). – Neth. J. Sea Res. 11(1): 99-106. 

[203] Supsup, C. E., Asis, A. A., Eslava, M. R. R., Domingo, J. P. S., Amarga, A. K. S., 

Carestia Jr, U. V., Cantil, J. A., Marjorie, D., Acosta-Lagrada, L. S. (2023): Revisiting 

environmental management zones toward conserving globally important species in 

western Philippines. – J. Nat. Conserv. 73: 126415. 

[204] Talaat, M., Mohamed, A. K. S. H., Mahdy, A., Nassar, M. Z., Abo-Dahab, N. F. (2022): 

Status of seaweed community in the mangrove forest and sandy shore ecosystems, Red 

Sea, Egypt. – Egypt. J. Aquat. Biol. Fish. 26(2): 567-585. 

[205] Tamir, R., Eyal, G., Cohen, I., Loya, Y. (2020): Effects of light pollution on the early life 

stages of the most abundant northern Red Sea coral. – Microorganisms 8(2): 193. 



Al-Mutairi: Red Sea mangrove ecosystem 

- 7065 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(4):7031-7067. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2304_70317067 

© 2025, ALÖKI Kft., Budapest, Hungary 

[206] Tebet, G., Trimble, M., Medeiros, R. P. (2018): Using Ostrom’s principles to assess 

institutional dynamics of conservation: lessons from a marine protected area in Brazil. – 

Mar. Policy 88: 174-181. 

[207] Teem, Z. A. H. A. (2022): Legal protection of the Red Sea waters from pollution by 

pharmaceutical waste carried by ships within the framework of the regional convention 

and international conventions. – J. Pharmaceut. Neg. Res. 13(4): 858-862. 

[208] Tomas, J., Al-Farhan, A. H., Sivadasan, M., Samraoui, B., Bukhari, N. (2010): Floristic 

composition of the Farasan Archipelago in southern Red Sea and its affinities to 

phytogeographical regions. – Arab. Gulf J. Sci. Res. 28(2): 79-90. 

[209] Tzempelikou, E., Parinos, C., Zeri, C., Hatzianestis, I., Abualnaja, Y., Hoteit, I., Plakidi, 

E., Chourdaki, S., Iliakis, S., Papadopoulos, V. P., Pavlidou, A. (2023): Pollution status 

determination using trace metals and organic contaminants of the water column in coastal 

areas of the Red Sea and the Gulf of Aqaba: a baseline assessment. – Mar. Pollut. Bull. 

194: 115379. 

[210] Ullah, R., Yasir, M., Khan, I., Bibi, F., Sohrab, S. S., Al-Ansari, A., Al-Abbasi, F., Al-

Sofyani, A. A., Daur, I., Lee, S.-W., Azhar, E. I. (2017): Comparative bacterial 

community analysis in relatively pristine and anthropogenically influenced mangrove 

ecosystems on the Red Sea. – Can. J. Microbiol. 63(8): 649-660. 

[211] Usman, A. R. A., Alkredaa, R. S., Al-Wabel, M. I. (2013): Heavy metal contamination in 

sediments and mangroves from the coast of the Red Sea: Avicennia marina as potential 

metal bioaccumulator. – Ecotoxicol. Environ. Saf. 97: 263-270. 

[212] Vered, G., Kaplan, A., Avisar, D., Shenkar, N. (2019): Using solitary ascidians to assess 

microplastic and phthalate plasticizers pollution among marine biota: a case study of the 

Eastern Mediterranean and Red Sea. – Mar. Pollut. Bull. 138: 618-625. 

[213] Waddock, S. A., Graves, S. B. (1997): The corporate social performance–financial 

performance link. – Strateg. Manage. J. 18(4): 303-319. 

[214] Wahab, M. A. A., Jones, E. B. G., Aziz, F. A. A., Bahkali, A. H. (2019): Nia lenicarpa 

sp. nov. (Niaceae, Agaricales) from Red Sea mangroves in Saudi Arabia with comments 

on Nia vibrissae. – Phytotaxa 406(3): 157-168. 

[215] Walker, D. I., Ormond, R. F. G. (1982): Coral death from sewage and phosphate 

pollution at Aqaba, Red Sea. – Mar. Pollut. Bull. 13(1): 21-25. 

[216] Weber, O. (2014): Environmental, social, and governance reporting in China. – Bus. 

Strateg. Environ. 23(5): 303-317. 

[217] Younis, A. M., Elnaggar, D. H., Mohamedein, L. I., Kolesnikov, A. V. (2023): Spatial 

distribution and risk assessment of heavy metals in sediments of the mangrove ecosystem 

in Ras Mohammed Protectorate, Gulf of Aqaba, Red Sea. – Egypt. J. Aquat. Biol. Fish. 

27(5): 1029-1049. 

[218] Youssef, M., Madkour, H., Mansour, A., Alharbi, W., El-Taher, A. (2017): Invertebrate 

shells (Mollusca, Foraminifera) as pollution indicators, Red Sea Coast, Egypt. – J. Afric. 

Earth Sci. 133: 74-85. 

 

 

 

 



Al-Mutairi: Red Sea mangrove ecosystem 

- 7066 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(4):7031-7067. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2304_70317067 

© 2025, ALÖKI Kft., Budapest, Hungary 

APPENDIX 

 

Figure A1. Population sizes in the six countries surrounding the Red Sea from 1980 to 2022 

(about 4 decades). Source: https://ourworldindata.org 

 

 

 

Figure A2. Gross domestic products in the six countries surrounding the Red Sea from 1980 to 

2022 (about 4 decades). Source: https://ourworldindata.org 
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Figure A3. The oil production (This has been converted into primary energy equivalents (i.e. 

terawatt-hours (TWh) of energy) for comparability across our other data on energy) in the six 

countries surrounding the Red Sea from 1980 to 2022 (about 4 decades). Source: 

https://ourworldindata.org 

 

 

 

Figure A4. Annual carbon dioxide (CO2) emission in the six countries surrounding the Red Sea 

from 1980 to 2022 (about 4 decades). Source: https://ourworldindata.org 


