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INTRODUCTION  

 

Seagrass meadows are important coastal ecosystems that contribute to coastal 

resilience and marine biodiversity in a variety of ways. As keystone elements of marine 

environments, these underwater prairies play a crucial role in nutrient cycling, habitat 

provision, and carbon sequestration (Duarte et al., 2013; Unsworth et al., 2019; Shayka 

et al., 2023). Seagrasses' extraordinary ability to act as "blue carbon" sinks has attracted a 

lot of scientific interest. Due to their capacity to store large amounts of carbon in biomass 

and sediments, seagrasses are essential partners in efforts to mitigate the effects of 

climate change worldwide (Mcleod et al., 2011; Liu et al., 2022). Globally, seagrasses 

store approximately 4.2–8.4 Pg of organic carbon (Corg) in their sediments (Fourqurean 

et al., 2012; Shrestha et al., 2019). The health of marine environments depends on these 
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        Seagrass ecosystems are essential coastal habitats, providing refuge for 

marine biodiversity and acting as significant carbon sinks. This study 

examined the temporal dynamics of seagrass coverage, species composition, 

and carbon stock at the NIOF station in Hurghada, Egypt, from 2007 to 

2023, integrating field surveys with remote sensing. Field assessments 

quantified shoot density, biomass, and carbon stock per ground area (CAGA) 

with historical records data contextualized observed trends in species 

composition. Five seagrass species were identified, including the dominant 

Halophila stipulacea, Halophila ovalis, Halodule uninervis, 

Thalassodendron ciliatum, and the newly recorded Thalassia hemprichii. H. 

uninervis exhibited the highest shoot density (808 shoots/m²) and carbon 

stock (CAGA: 129.12g/ m²), underscoring its pivotal role in carbon 

sequestration. Seagrass coverage declined from 160.91 ha (59.8%) in 2007 

to 115.16 ha (42.8%) in 2014, marking a 28.43% reduction. However, 

subsequent recovery was evident, reaching 171.13 ha (63.6%) in 2019 and 

175.97 ha (65.4%) in 2023, indicative of successful conservation or 

improving environmental conditions. Concurrently, carbon stock increased 

from 203.57 to 222.63 tons. These findings emphasize the ecological 

significance of seagrass meadows in climate change mitigation and advocate 

for strategic conservation, restoration, and policy interventions to enhance 

ecosystem resilience, biodiversity, and long-term carbon sequestration. 
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underwater meadows, which are among the globe's most productive ecosystems 

(Fourqurean et al., 2012).  According to Gullström et al. (2002), seagrasses stabilize 

coastal areas by acting as sediment traps. Seagrass meadows support biodiversity by 

providing marine organisms a place to live and a place for reproduction (Hemminga & 

Duarte, 2000). However, local communities often disregard the sustainability aspects of 

seagrass habitats, despite their massive ecological value (Zulkifli et al., 2021). 

Unfortunately, anthropogenic stresses like pollution, climate change, and coastal 

development are the main causes of the global decline in seagrass meadows (Waycott et 

al., 2009; Orth et al., 2020; Tang & Hadibarata, 2022). These stressors have caused 

habitat fragmentation and degradation, which has led to a gradual decline in ecosystem 

services besides biodiversity (Bujang et al., 2006; Grech et al., 2012). While this is a 

global phenomenon, certain regions face unique challenges. One example of a 

particularly vulnerable scenario is the Red Sea, which includes the coast of Hurghada, 

Egypt. Seagrass ecosystems in this area are seriously threatened by the rapidly growing 

tourism sector and the development of coastline infrastructure (El-Asmar et al., 2015; 

Chaidez et al., 2017). The effects of global warming carry an additional threat to the 

seagrass meadows of the Red Sea, which are home to species like Thalassodendron 

ciliatum, Halophila stipulacea, and Thalassia hemprichii (El Shaffai, 2016). The heat 

stress and thermal collapse of these vital habitats may result from increasing sea surface 

temperatures in this already warm region (Thomas et al., 2012; Sawall et al., 2014). The 

preservation of these crucial ecosystems requires a multifaceted approach, combining 

local conservation efforts with global climate change mitigation strategies. Understanding 

the unique characteristics and challenges of the Red Sea seagrass meadows is essential 

for developing targeted conservation measures that can protect these vital "blue carbon" 

sinks and biodiversity hotspots. 

Trends in seagrass coverage, species composition, and carbon stock can be 

discovered via long-term monitoring, which is necessary for evaluating the impacts of 

human activity and environmental change (Lefcheck et al., 2018; Griffiths et al., 2020). 

Knowledge of the factor's influencing change is essential to discover and address the gaps 

that lead to ineffective seagrass management, given the high variability in individual 

meadow evolution and the significant gaps in current meadow management practices 

(Griffiths et al., 2020). Since then, numerous monitoring efforts have given us an 

extensive amount of new data, which has enabled us to reevaluate patterns of seagrass 

changes internationally considering the growing influence of environmental factors as 

well as human effects. Recent developments in European seagrass pastures have been 

stabilized and recovered (de los Santos et al., 2019). The community's support for 

conserving and beneficial management of coastal habitats is promoted by the seagrass 

surveillance program. The community as a whole turns into greatly affected by the need 

for protecting their local marine environment. Seagrass protection via environmental 

management of seagrass strategies and baseline monitoring parameters is essentially 
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nonexistent in many countries' programs (Duffy et al., 2019). The monitoring may be 

carried out for a variety of reasons, such as assessment the effects of an environmental 

policy or determining the reasons behind changes. It may also be utilized for condition 

evaluation, detecting changes, and early warning. A wide variety of indicators may be 

employed for monitoring, that can be completed at local, regional, and global scales 

(Neckles et al., 2012). Multiple monitoring methods and approaches are used, depending 

on the goal and scope of the different monitoring strategies, and indicators can be 

recommended (Phillips & McRoy 1990; Short & Coles 2001). Physical and biological 

instabilities often result in gaps in our attentiveness of seagrass dynamics (Nakaoka & 

Aioi, 1999). The seagrass abundance and distribution, both spatially and temporally, are 

potential markers that have been determined in several studies to assist managers select 

the best indicator for following seagrass health and alterations. In accordance with recent 

studies, monitoring seagrass meadow changes and shifts is essential for spotting possible 

hazards and guiding adaptive management strategies (de los Santos et al., 2019; Orth et 

al., 2023). However, the increasing threats to these ecosystems necessitate immediate 

conservation efforts. The primary aim of this study was to investigate the temporal 

changes in seagrass meadows coverage, species composition, and carbon stock at the 

NIOF station in Hurghada, Egypt, over a period from 2007 to 2023. The specific 

objectives were as follows: To assess the spatial and temporal variability of seagrass 

composition by integrating field study data with historical records from the NIOF study 

area; to evaluate the temporal changes in seagrass meadow coverage using a combined 

approach of remote sensing techniques and field-based observations in the NIOF study 

area, and to estimate the carbon stock associated with seagrass meadows over a 16-year 

period for assessment their role in coastal carbon sequestration and potential 

contributions to climate change mitigation. 

By achieving these objectives, the study will contribute to a better understanding of 

the ecological functions of seagrass meadows and their role in mitigating climate change 

impacts in arid coastal regions (Chaidez et al., 2017; Liu et al., 2022). Tupan and 

Uneputty (2017) and Liu et al. (2022) have provided valuable insights into the dynamics 

of seagrass ecosystems in the Red Sea and their role in carbon sequestration, biodiversity 

conservation, and coastal protection. The findings of the current study will serve as a 

baseline for future monitoring and conservation efforts, ensuring the long-term 

sustainability of these vital ecosystems. 

 

MATERIALS AND METHODS  

 

Study area 

The study area, covering 269.073ha, is located in the Egyptian coast of the Red Sea 

at Hurghada site, north of Hurghada Harbor Marine Station of the National Institute of 

Oceanography and Fisheries (NIOF) (27o16'59.60” N and 33o46'24.26" E) (Fig. 1).  
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     Fig. 1. The study area of seagrasses meadows in NIOF studied area, Hurghada Egypt 

 

Field studies 

Field studies, where samples were collected from monospecific meadows, and their 

exact locations were recorded using Differential GPS (Trimble Geo 7X). These ground-

truth data points were incorporated into the classification process after necessary image 

corrections. 

Floristic analysis 

 Seagrass sampling was conducted using the quadrat method (0.5 x 0.5m), 

following English et al. (1997). Samples were transported to the laboratory in ice boxes 

for species identification. Identification was based on classifications by Den Hartog 

(1970), Green and Short (2003), Short (2006), Boulos (2008), and El Shaffai (2011). 

The specimens were preserved in the Botany Department at Ain Shams University. The 

global geographical distribution of seagrass species was determined according to Short et 

al. (2007), categorizing them into the floral regions: TA (Tropical Atlantic), ME 

(Mediterranean), TI-P (Tropical Indo-Pacific), TNP (Tropical North Pacific), and TSO 

(Tropical South Ocean). Temporal seagrass composition data from field studies 

conducted at the study area (NIOF) before 2019 were determined by integrating them 

with historical records of seagrass composition in the same area. 

      Seagrass density and carbon stock estimation for each species 

Seagrass density was assessed within quadrats (0.5 × 0.5 m) using methods 

outlined by Rahmawati and Kiswara (2012). An individual seagrass was defined as a 

single stem with leaves, sheaths, rhizome, and roots. Carbon stock assessment followed 
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methodologies from Howard et al. (2018), Rahman et al. (2018) and Wahyudi et al. 

(2020). Seagrass samples were oven-dried at 60°C for 24 hours to obtain stable dry 

weight. Organic carbon content was analyzed using the method of Walkley and Black  

(1934). 

 Remote-sensing data and its processing 

Preprocessing by Radiometric and atmospheric corrections were applied to Landsat 

(2007, 2014) and Sentinel (2019, 2023) imagery using ERDAS IMAGINE software. 

Unsupervised classification: An initial unsupervised classification was performed to 

categorize general cover types. Supervised Classification: Ground-truth data were used to 

train a supervised classification model, improving species differentiation and mapping 

accuracy. Class 1 included submerged sand substrate, land, water, reefs including coral 

reefs and dead coral/rubble substrate and Class 2 included seagrass. A seagrass coverage 

map was generated by integrating image data with field observations, and accuracy 

assessment was conducted using 41 validation points from field study 2019. The spectral 

reflectance of seagrass mono specific meadows was extracted from field-verified samples 

and was used to enhance classification accuracy. The spectral reflectance characteristics 

of different species were analyzed, allowing for distinct species identification. 

Subsequently, the classes were merged with all the dominant species to assess the total 

seagrasses coverage during each selected year.  

Temporal mapping of seagrass coverage area and estimation of carbon stock (2007-

2023)  

        The area of seagrass meadows was calculated by analyzing classified pixels using 

the zone statistics plugin for each image Landsat (2007, 2014) and Sentinel (2019, 2023).  

The classified imagery was converted into polygons to provide clear seagrasses coverage 

maps and extract seagrass coverage area value in selected years.  The total carbon stock 

of seagrasses for each selected year was estimated by summing the carbon stock values 

(per m²) of each species from the field study. These values were then converted from 

square meters to hectares (1 ha = 10,000m²). Finally, the total carbon stock per hectare 

was multiplied by the seagrass coverage area for each selected year. 

  

RESULTS  

 

Table 1. Floristic properties of the recorded species 

Species Family Habit Life form Bioregion 

Halophila stipulacea (Forssk.) Asch., Hydrocharitaceae Perennial Helophyte TA+M+TI-P 

Halophila ovalis (R.Br.) Hook. f., Hydrocharitaceae Perennial Helophyte TNP+ TI-P+TSO 

Halodule uninervis (Forssk.) Boiss., Cymodoceaceae Perennial Helophyte TI-P 

Thalassodendron ciliatum (Forssk.) Hartog Cymodoceaceae Perennial Helophyte TI-P+TSO 

Thalassia hemprichii  (Ehrenb.) Asch.  Hydrocharitaceae Perennial Helophyte  TA +TI-P 

https://www.itis.gov/servlet/SingleRpt/RefRpt?search_type=author&search_id=author_id&search_id_value=142009
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Table (1) presents the floristic characteristics of the recorded seagrass species. The 

species include Halophila stipulacea, Halophila ovalis, and Thalassia hemprichii, all 

belonging to the Hydrocharitaceae family. In contrast, Halodule uninervis and 

Thalassodendron ciliatum are part of the Cymodoceaceae family. Each species is 

classified as perennial, indicating a life span of multiple years and established life cycles, 

which are essential for ecosystem stability. All species are categorized as helophytes, 

adapted to shallow aquatic environments, where they help stabilize sediments and 

provide habitats for various marine organisms. 

Table 2. Temporal seagrasses composition data over the years before 2019 from field 

studies in studied area NIOF 

 
H. 

stipul

acea 

H. 

uniner

vis 

H. 

ovalis 

Th. 

ciliatu

m 

Th.hemp

richii 

depth(m) soil texture references 

2007 + + + + - 0.75 -2 Fine sand (ranged 

from 53.8 to 62.8%) 

Geneid,2009 

2014 + + + + - 0.5-1.5 Mainley fine sand El-Kafrawy et 

al.,2016 

2019 + + + + + 0.5-2 Mainley fine sand present study 

2021 + + + + + 0.5-2 Mainley fine sand present study 

 

The data presented in Table (2) indicate the composition of seagrass species and their 

associated environmental conditions over the years from 2007 to 2021. The species 

Halophila stipulacea, Halophila uninervis, Halophila ovalis, and Thalassodendron 

ciliatum were consistently recorded across all surveyed years, demonstrating their 

established presence in the studied area. Notably, Thalassia hemprichii was documented 

in 2019 and 2021, suggesting a potential ecological shift or expansion into the region. 

The observed depth range for seagrass occurrence remained stable, predominantly 

between 0.5 to 2 meters. The soil texture across all years was primarily fine sand, with a 

composition varying from 53.8 to 62.8%. 

Table 3. Seagrass shoot density, biomass and carbon stock (CAGA /m2) for studied species 

in the years (2019-2021) in studied area NIOF, Hurghada 
 

Shoot 

denisty/m2 

Biomass (Dry wt 

g/m2 ) 

CAGA/individual CAGA /m2 

H.stipulacea 172 ±34 11.18±0.17 0.03±0.00 5.25±0.11 

Th.ciliatum 186±11 14.88±0.97 0.038±0.00 6.99±0.4 

H.uninervis 808±55 274.72±29 0.16±0.01 129.12±15.4 

H.ovalis 5.3±0.81 0.037±0.00 0.003±0.0 0.02±0.00 

Th. hemprichii 252±16.5 24.192±1.01 0.045±0.0 11.37±0.10 

 

The presented data in Table (3) highlight the shoot density, biomass, and carbon stock 

potential (CAGA) of five seagrass species in the NIOF studied area over the period of 
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2019-2021. Understanding these parameters is crucial for assessing the ecological role of 

seagrasses in carbon sequestration and their overall health. 

 The assessment of shoot density and biomass across five seagrass species 

revealed significant variability, reflecting their distinct ecological roles and contributions 

to ecosystem structure. Halodule uninervis exhibited the highest values for both shoot 

density (808 shoots/m²) and biomass (274.72g/ m²), highlighting its dominance in the 

seagrass community. In contrast, H. ovalis displayed the lowest values, with a shoot 

density of 5.3 shoots/m² and a biomass of 0.037g/ m², indicating its limited presence and 

ecological contribution. Intermediate values were observed for Th. hemprichii (252 

shoots/m² and 24.192g/ m²), Th. ciliatum (186 shoots/m² and 14.88g/ m²), and Halophila 

stipulacea (172 shoots/m² and 11.18g/ m²), suggesting their moderate but meaningful 

roles in the ecosystem. These findings align with global patterns of seagrass distribution 

and productivity, where fast-growing species like H. uninervis often dominate in terms of 

biomass and shoot density.  

The CAGA values demonstrate the potential of each species to sequester carbon. 

Carbon stock (CAGA) was obtained by conversion from seagrass biomass using carbon 

contents of seagrass tissues. H. uninervis contributes the most to carbon storage per 

square meter (129.12 ± 15.4g C/ m²), highlighting its dominance in carbon sequestration . 

H. stipulacea, Th. ciliatum  and Th. hemprichii also show reasonable CAGA values (5.25, 

6.99 and 11.37g C/m², respectively), suggesting that while they are less dominant in 

biomass compared to H. uninervis, they still contribute meaningfully to carbon storage. 

H. ovalis contributes the least (0.02 ± 0.00g C/ m²), reflecting its low abundance and 

biomass. H. uninervis exhibited the highest carbon storage capacity among the studied 

seagrass species. 

Temporal prediction of seagrasses coverage  over the years (2007-2023) 

The data presented in Fig. (2) and Table (4) indicate a clear trend in seagrass 

coverage over the years, with a total area of 269.07 ha recorded. In 2007, seagrass 

coverage was documented at 160.91 ha, representing 59.8% of the total studied area. 

However, by 2014, coverage sharply declined to 115.16 ha (42.8%), reflecting a 

reduction of 28.43% compared to 2007. This decline aligns with global trends in seagrass 

loss, often attributed to coastal development, pollution, and climate change (Waycott et 

al., 2009). In a positive turn, seagrass coverage rebounded to 171.13 ha (63.6%) by 2019, 

exceeding 2007 levels by 6.35%. By 2023, coverage further increased to 175.97 ha 

(65.4%), indicating a growth of 9.36% compared to 2007. The trends observed—initial 

decline followed by recovery and stabilization—are consistent with documented global 

patterns of seagrass loss and recovery (Dunic et al., 2021). The increase in coverage from 

2014 to 2023 suggests that effective conservation efforts or natural regeneration may be 

influencing these positive outcomes.  
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Estimation  carbon stock over the years (2007-2023) 

            Table (4) explored carbon stock dynamics reflect the changes in seagrass 

coverage. In 2007, the carbon stock was 203.57 tons, which declined to 145.70 tons 

(−28.43%) by 2014 due to reduced coverage. However, carbon stocks rebounded to 

216.50 tons by 2019, surpassing 2007 levels by 6.35%. This upward trend continued into 

2023, with carbon stocks reaching 222.63 tons, a 9.36% increase compared to 2007. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                           Sand /coral /water                       Seagrass coverage area 

               

 

   Fig 2. Temporal seagrass coverage over the years (2007-2023) in studied area     
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Table 4. Temporal prediction of seagrasses coverage and carbon stock (ton) over the 

years (2007-2023) in studied area NIOF 

Total 

studied 

area (ha) 

Years coverage area of 

seagrasses(ha) 

Ratio (%) Carbon stock  of  

seagrass (ton) 

The change 

compared 

to 2007 (%) 

269.073 2007 160.91 59.8 203.57 
 

2014 115.16 42.8 145.7 -28.43 

2019 171.13 63.6 216.5 6.35 

2023 175.97 65.4 222.63 9.36 

DISCUSSION 
 

Floristic properties of the recorded species 

Seagrasses play critical roles in marine ecosystems by providing essential services 

such as habitat for fish and invertebrates, facilitating nutrient cycling, and stabilizing 

sediments (Duarte, 2002). The classification of these species within the 

Hydrocharitaceae and Cymodoceaceae families highlights the diversity and ecological 

adaptations present within seagrass ecosystems. The presence of multiple species in 

overlapping bioregions suggests potential ecological interactions and the capacity of 

these species to thrive under varying environmental conditions. All listed species forms a 

monospecific vegetation and they are perennial, indicating they live for multiple years 

and have established life cycles, which is crucial for stability and resilience in their 

ecosystems. Perennial species often contribute more significantly to habitat structure and 

ecosystem functions over time compared to annuals. The perennial nature of these species 

allows them to recover from disturbances more effectively than annuals, enhancing their 

importance in maintaining the health of coastal ecosystems (Orth et al., 2006). The 

bioregional codes (e.g., TA+M+TI-P for Halophila stipulacea) indicate the specific 

regions where these species thrive. TA (Tropical Atlantic), M (Mediterranean), TI 

(Tropical Indo-Pacific), and TSO (Tropical South-Western Ocean) suggest that these 

species are well-adapted to warm, shallow coastal waters across multiple biogeographic 

regions. The presence of species in overlapping bioregions indicates potential ecological 

interactions and the ability of these species to adapt to different environmental conditions. 

Moreover, the diverse bioregional distribution emphasizes the adaptability of seagrasses 

to changes in salinity and temperature, which is vital for their survival amid the 

challenges posed by climate change and anthropogenic pressures, including coastal 

development and pollution (Waycott et al., 2009). Understanding the distribution and 

ecological roles of these seagrass species is imperative for conservation efforts. 

Protecting these habitats not only enhance biodiversity and support fisheries but also 

mitigate climate change through carbon sequestration (Fourqurean et al., 2012). 

Effective conservation strategies should consider the specific ecological needs of each 

species and their habitats to maintain ecological balance. 
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Temporal seagrasses composition data over the years before 2019 from field studies 

in studied area NIOF 

The persistence of H. stipulacea, H. uninervis, H. ovalis, and Th. ciliatum over 

multiple years reflects their resilience and adaptability to local environmental conditions. 

This stability aligns with the findings of Madden et al. (2009), who highlighted the 

importance of a stable and diverse seagrass community as an indicator of ecosystem 

health and resilience. The recent appearance of Th. hemprichii in 2019 and 2021 may 

indicate either a recovery from previous ecological disturbances or a response to 

improved habitat conditions, such as reduced anthropogenic impacts. This trend suggests 

that the ecosystem is becoming more resilient and capable of supporting a wider range of 

species. The depth range observed indicates suitable habitat conditions, as seagrasses 

thrive in shallow, well-lit waters (Jones et al., 1987). The predominance of fine sand as a 

soil texture is conducive to seagrass growth, facilitating adequate drainage while 

retaining essential nutrients. The stability of sediment conditions is crucial for the 

anchorage and nutrient uptake of seagrass species (Mellors et al., 2002). The consistent 

presence of these seagrass species underscores their ecological importance, including 

providing critical habitat for marine organisms, stabilizing sediments, and facilitating 

nutrient cycling (Creed et al., 2023; Chen et al., 2024). Furthermore, the presence of 

multiple species enhances biodiversity and ecological stability (Hyman et al., 2019). The 

stable depth range implies that the seagrass beds are well-adapted to their environment, 

ensuring sufficient light availability for photosynthesis. Shallow areas are known to be 

more productive, supporting diverse marine life (Hatcher et al., 1989). Variations in 

sediment type can influence species composition and distribution, with finer sediments 

generally supporting greater biomass (Bennett, 2014). Understanding the dynamics of 

seagrasses is essential for assessing their resilience and response to environmental 

stressors (Connolly et al., 2018). Thus, the findings from this study contribute valuable 

insights for the conservation and management of seagrass ecosystems in the face of 

ongoing environmental changes. 

Present studied results of seagrass shoot density, biomass and carbon stock (CAGA 

/m2) for studied species in the years (2019-2021) in studied area NIOF, Hurghada, 

Egypt 

The assessment of shoot density and biomass across the five seagrass species 

reveals significant variability, reflecting their distinct ecological roles and contributions 

to the ecosystem. The dominance of H. uninervis not only contributes to overall seagrass 

cover but also enhances habitat complexity, providing refuge for various marine 

organisms (Waycott et al., 2009). The robust growth of H. uninervis aligns with global 

patterns where fast-growing species dominate in terms of biomass and shoot density. This 

species not only contributes significantly to the overall seagrasses cover but also has a 
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notable capacity for carbon storage. These results were considerably higher compared to 

those from Umluj and Jazan in Saudi Arabia, as well as from Kuwait and Papua New 

Guinea (Brouns, 1987; Al-Bader et al., 2014; Qurban et al., 2019). In contrast, the 

extremely low shoot density of H. ovalis suggests that environmental conditions may not 

be conducive to its growth in this area, or that it is outcompeted by other species. The 

observed shoot densities for H. ovalis are considerably lower than those recorded in 

regions such as Indonesia (Nienhuis et al., 1989) and the Philippines (Rollon et al., 

2001), underscoring the importance of species-specific assessments in understanding 

seagrass ecosystem dynamics. 

The CAGA values highlight each species' potential for carbon sequestration, with 

H. uninervis demonstrating the highest capacity. Its carbon storage value falls within the 

range reported for dominant monospecific seagrass meadows elsewhere (Rahmawati & 

Kiswara, 2012), indicating the variability in carbon sequestration potential among 

seagrass species. This variability emphasizes the critical importance of understanding 

species-specific contributions to blue carbon dynamics. Given its high biomass and 

carbon stock, H. uninervis should be prioritized for restoration and conservation efforts, 

particularly in areas aimed at enhancing carbon sequestration. Continued monitoring and 

further research are necessary to evaluate the responses of these seagrass species to 

environmental stressors, such as climate change, nutrient loading, and habitat 

degradation. Understanding the interactions among seagrass species, their associated 

faunal communities, and the broader marine ecosystem will provide valuable insights into 

their functional roles and resilience strategies (Duarte, 2002). 

Temporal prediction of seagrasses coverage and carbon stock (ton) over the years 

(2007-2023) 

However, by 2014, coverage sharply declined to 115.16 ha (42.8%), reflecting a 

reduction of 28.43% compared to 2007. This decline aligns with global trends in seagrass 

loss, often attributed to coastal development, pollution, and climate change (Waycott et 

al., 2009). In a positive turn, seagrass coverage rebounded to 171.13 ha (63.6%) by 2019, 

exceeding 2007 levels by 6.35%. By 2023, coverage further increased to 175.97 ha 

(65.4%), indicating a growth of 9.36% compared to 2007. The trends observed—initial 

decline followed by recovery and stabilization—are consistent with documented global 

patterns of seagrass loss and recovery (Dunic et al., 2021).  

The recovery of seagrass coverage and carbon stocks is indicative of effective 

conservation strategies and highlights the resilience of seagrass ecosystems. The initial 

decline from 2007 to 2014 reflects global trends driven by coastal development and 

environmental stressors. However, the subsequent recovery suggests that targeted 

management and improved environmental conditions, such as reduced pollution and 

nutrient inputs, may be fostering a more stable ecosystem (Short et al., 2011). The 
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increase in coverage from 2014 to 2023 suggests that effective conservation efforts or 

natural regeneration may be influencing these positive outcomes. While  the stabilization 

in seagrass coverage by 2023 implies that the ecosystem may be reaching a new 

equilibrium, supported by local management initiatives. Protecting these habitats not only 

enhances biodiversity but also supports fisheries and mitigates climate change through 

carbon sequestration (Fourqurean et al., 2012; Epple et al., 2016). In conclusion, while 

the data reflect past challenges, they also point toward the potential for recovery, aligning 

with findings that show the importance of protective measures for seagrass ecosystems 

(Orth et al., 2020; Hall et al., 2021). This upward trend contrasts with global reports of 

continued seagrass decline, underscoring the importance of localized management 

strategies (Swadling et al., 2023). 

Carbon stock dynamics, seagrass meadows are critical blue carbon sinks, and their 

carbon stocks mirrored changes in coverage. In 2007, the carbon stock was 203.57 tons, 

declining to 145.70 tons (−28.43%) by 2014 due to reduced coverage. However, by 2019, 

carbon stocks rebounded to 216.50 tons, surpassing 2007 levels by 6.35%. This increase 

continued to 2023, with carbon stocks reaching 222.63 tons, a 9.36% rise compared to 

2007. These findings align with studies emphasizing the resilience of seagrass 

ecosystems and their capacity to recover carbon sequestration functions following 

restoration (Hejnowicz et al., 2015; Gouldsmith &Cooper,  2022). The increasing 

carbon stock underscores the importance of seagrass conservation as part of climate 

change mitigation strategies. The observed recovery in seagrass coverage and carbon 

stocks contrasts with global trends, where seagrass meadows have declined at an annual 

rate of 1.5% since the 20th century (Waycott et al., 2009). However, localized recoveries 

have been documented in regions with effective management, such as the Mediterranean 

Sea (Telesca et al., 2015) and Chesapeake Bay (Orth et al., 2020). The 9.36% increase 

in coverage and carbon stocks by 2023 in this study highlights the potential for seagrass 

recovery under favorable conditions, consistent with findings by Unsworth et al. (2019), 

who reported similar recoveries in Southeast Asia following community-led conservation 

efforts. The carbon stock values in this study (145.70–222.63 tons) are comparable to 

those reported in other temperate and tropical seagrass ecosystems. For instance, 

Fourqurean et al. (2012) documented carbon stocks ranging from 140 to 250 tons in 

seagrass meadows across the Indo-Pacific region. The recovery of carbon stocks in this 

study underscores the importance of seagrass meadows in climate change mitigation, as 

highlighted by Krause‐Jensen et al. (2021), who estimated that seagrass ecosystems 

globally store up to 19.9 Pg (19.9 billion metric tons of carbon.) of organic carbon. In 

terms of conservation and climate change mitigation, the recovery of seagrass coverage 

and carbon stocks observed in this study demonstrates both the effectiveness of targeted 

conservation efforts and the resilience of seagrass ecosystems. However, continued 

monitoring is essential to address ongoing threats such as coastal development, 

eutrophication, and climate change. The findings also emphasize the role of seagrass 
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meadows in achieving global climate goals, as their restoration can significantly enhance 

carbon sequestration and biodiversity (McLeod et al., 2011). Protecting and restoring 

seagrass habitats can enhance their capacity to sequester carbon while also providing 

essential ecosystem services (Nordlund et al., 2024). Further research could explore 

specific restoration techniques or environmental policies that contributed to this positive 

trend. Additionally, f urther analysis could explore the underlying causes for the 

fluctuations and implications for marine habitats. 

CONCLUSION 

 

The floristic composition of the surveyed area reveals a diversity of seagrass 

species, including Halophila stipulacea, Halophila ovalis, Thalassia hemprichii, 

Halodule uninervis, and Thalassodendron ciliatum, each contributing uniquely to 

ecosystem stability and resilience. The presence of perennial species indicates established 

life cycles that enhance habitat complexity and ecological functions over time (Waycott 

et al., 2009). Moreover, the presence of Thalassia hemprichii in 2019 and 2021 suggests 

potential ecological shifts linked to environmental changes or management actions and 

enhanced ecosystem health. Stability in seagrass depth range and soil texture indicates 

suitable habitat conditions, essential for their growth and productivity. The predominance 

of fine sands supports the nutrient retention and drainage necessary for seagrass survival 

(Rehlmeyer et al., 2024). Moreover, the observed variations in shoot density and 

biomass among species suggest differential responses to environmental conditions, 

highlighting the importance of species selection in restoration and conservation efforts 

(Jahnke et al., 2015). The analysis of seagrass coverage and ecological dynamics over 

the years reveals both challenges and promising trends for these vital ecosystems. The 

data indicate a significant decline in seagrass coverage from 2007 to 2014, dropping from 

160.91 to 115.16 ha, reflecting a 28.43% decrease. This decline can likely be attributed to 

factors such as water quality degradation, coastal development, and climate change 

impacts (Orth et al., 2010). However, from 2014 to 2023, a notable recovery occurred, 

with coverage increasing to 175.97 ha, representing an overall positive trend in seagrass 

health and ecosystem function. The coverage ratio increased from 59.8% in 2007 to 

65.4% in 2023. In terms of carbon stock, an upward trend from 203.57 tons in 2007 to 

222.63 tons in 2023 illustrates the significant role seagrasses play in carbon sequestration. 

The highest carbon storage potential is attributed to Halodule uninervis, suggesting its 

prioritization in conservation and restoration initiatives aimed at enhancing carbon 

capture (Fourqurean et al., 2012). This underscores the resilience of these ecosystems 

and suggests that effective conservation efforts or improved environmental conditions 

may have facilitated this recovery (Short et al., 2011). Such positive changes are critical, 

as seagrasses provide essential services, including habitat for marine life, nutrient 

cycling, and carbon sequestration, making them key players in coastal ecosystem health 

(Fourqurean et al., 2012). Overall, while the data reflect past challenges, it also 
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highlights the potential for seagrass recovery and resilience. Future research should focus 

on identifying specific drivers of seagrass dynamics and exploring effective restoration 

techniques. This knowledge will be vital for developing targeted conservation strategies 

that protect these critical habitats and enhance their ecological roles in the face of 

ongoing environmental pressures. 

REFERENCES  

 

Al-Bader, D.; Shuail D.; Al-Hasan, R. and Suleman, P. (2014) Intertidal seagrass 

Halodule uninervis: Factors controlling its density; biomass and shoot length. 

Kuwait Journal of Science 41:171–192 

Bennett, A. (2014). The influence of sediment compositions on the Western School 

Prawn Metapenaeus dalli in a temperate Australian Estuary (Doctoral dissertation; 

Murdoch University). 

Boström, C.; Jackson, E. L. and Simenstad, C. A. (2006). Seagrass landscapes and 

their effects on associated fauna: A review. Estuarine; Coastal and Shelf Science; 

68(3-4); 383-403. 

Boulos, L. (2008). Flora and vegetation of the deserts of Egypt. Flora Mediterranea; 18; 

341-359. 

Brouns, J.J. (1987) Aspects of production and biomass of four seagrass species 

(Cymodoceoideae) from Papua New Guinea. Aquat Bot 27:333–362. 

Bujang, J. S.; Zakaria, M. H. and Arshad, A. (2006). Distribution and significance of 

seagrass ecosystems in Malaysia. Aquatic Ecosystem Health & Management, 

9(2), 203-214. 

Chaidez, V.; Dreano, D.; Agusti, S.; Duarte, C. M.  and Hoteit, I. (2017). Decadal 

trends in Red Sea maximum surface temperature. Scientific Reports; 7(1); 8144. 

Chen, K.; Liu, W.; Zhong, C.; Zhao; M.; Liao; Y.; Du, H. and Chen, Q. (2024). A 

bibliometric analysis of seagrass sediment: Interpretation and prospects for 

research hotspots. Marine Environmental Research; 202; 106807. 

Collier, C. J. and Waycott, M. (2014). Temperature extremes reduce seagrass growth 

and induce mortality. Marine pollution bulletin; 83(2); 483-490. 

Connolly, R. M.; Jackson, E. L.; Macreadie, P. I.; Maxwell, P. S. and O’Brien, K. R. 

(2018). Seagrass dynamics and resilience. Seagrasses of Australia: Structure; 

ecology and conservation; 197-212. 

Creed, J. C.; Aranda, L. S.; de Sousa, J. G.; Brito do Bem, C. B.; Dutra, B. S. A. V. 

M.; Lanari, M.; ... and Copertino, M. (2023). A Synthesis of Provision and 

Impact in Seagrass Ecosystem Services in the Brazilian Southwest Atlantic. 

Sustainability; 15(20); 14722. 

de Los Santos, C. B.; Krause-Jensen, D.; Alcoverro, T.; Marbà, N.; Duarte, C. M.; 

Van Katwijk, M. M. ... and Santos, R. (2019). Recent trend reversal for 

declining European seagrass meadows. Nature communications; 10(1); 3356. 



1375 
Temporal Change of Seagrass Meadows: Estimating Species Composition, Coverage and Carbon 

Stock Trends Over 16 Years in NIOF Studied area, Hurghada Egypt 
 

 

den Hartog, C. The Seagrasses of the World . North-Holland Publ. Co.; Amsterdam; pp. 

275 (1970).  

Duarte, C. M. (2002). "The future of seagrass meadows." *Environmental 

Conservation*; 29(2); 192-206. 

Krause‐Jensen, D.; Duarte, C. M.; Sand‐Jensen, K. and Carstensen; J. (2021). 

Century‐long records reveal shifting challenges to seagrass recovery. Global 

Change Biology; 27(3); 563-575. 

Duarte, C. M.; Kennedy, H.; Marbà, N. and Hendriks, I. E. (2013). Assessing the 

capacity of seagrass meadows for carbon burial: Current limitations and future 

strategies. Ocean and Coastal Management; 83; 32-38. 

Duarte, C. M.; Losada, I. J.; Hendriks, I. E.; Mazarrasa, I. and Marbà; N. (2013). 

The role of coastal plant communities for climate change mitigation and 

adaptation. Nature Climate Change; 3(11); 961-968. 

Duffy, J. E.; Benedetti-Cecchi,  L.; Trinanes, J.; Muller-Karger, F. E.; Ambo-

Rappe, R.; Boström,  C. ... and  Yaakub, S. M. (2019). Toward a coordinated 

global observing system for seagrasses and marine macroalgae. Frontiers in 

Marine Science; 6; 317. 

Dunic; J. C.; Brown; C. J.; Connolly; R. M.; Turschwell; M. P. and Côté; I. M. 

(2021). Long‐term declines and recovery of meadow area across the world’s 

seagrass bioregions. Global Change Biology; 27(17); 4096-4109. 

El Shaffai, A. (2016). Field guide to seagrasses of the Red Sea. IUCN. 

El-Asmar, H. M.; Ahmed, M. H.; El-Kafrawy, S. B.; Oubid-Allah, A. H.; Mohamed; 

T. A. and Khaled, M. A. (2015). Monitoring and assessing the coastal ecosystem 

at Hurghada; Red Sea coast; Egypt. J Environ Earth Sci; 5(6); 144-160. 

El-Kafrawy , S. A.; Khalafallah, A. A.; Sheteawia, S.; Darb; M. A. and Essaa, B. 

(2016). Vegetation Analysis; Distribution of Seagrasses and Their relationship to 

Sediment type in Hurghada and Safaga Harbors; Red Sea. Journal of Scientific 

Research in Science; 33(part1); 84-103. 

English, S.; Wilkinson, C. and Basker, V. (1997). "Survey manual for tropical marine 

resources" (2nd Ed). Australian Institute of Mar. Sci.. Townsville;  pp.119-195. 

Epple, C.; García Rangel, S.; Jenkins, M. and Guth, M. (2016). Managing ecosystems 

in the context of climate change mitigation: A review of current knowledge and 

recommendations to support ecosystem-based mitigation actions that look beyond 

terrestrial forests. 

Fourqurean, J. W.; Duarte, C. M.; Kennedy, H.; Marbà, N.; Holmer, M.; Mateo, M. 

A.; Apostolaki, E. T.; Kendrick, G. A.; Krause-Jensen, D.; McGlathery, K. J. 

and Serrano, O. (2012). Seagrass ecosystems as a globally significant carbon 

stock. Nature Geoscience, 5(7), 505–509. 

Geneid, Y.  A. (2004). Distribution Of heavy Metals In Different Seagrass Species Along 

The Egyptian Red sea coast; 131 P : 



Essa & Geneid, 2025 1376 

Geneid, Y.A.(2009). Distribution of seagrass species along the Egyptian Red Sea coast. 

Egyptian Journal of Aquatic Research ;35 (1) :58-68. 

Gouldsmith, V.; and Cooper, A. (2022). Consideration of the carbon sequestration 

potential of seagrass to inform recovery and restoration projects within the Essex 

Estuaries Special Area of Conservation (SAC); United Kingdom. Journal of 

Coastal Conservation; 26(4); 36. 

Grech, A.; Chartrand-Miller, K.; Erftemeijer, P. L.; Fonseca, M. and McKenzie, L. 

(2012). A review of the ecological role of seagrass in ecosystem services. 

Oceanography and Marine Biology: An Annual Review; 50; 155-178. 

Green; E.P.; and Short, F.T. (2003).  World Atlas of Seagrasses . Published in 

association with UNEP-WCMC by the University of California Press; California. 

Berkeley; USA.298 pp . 

Griffiths, L. L.; et al. (2020). Global patterns of seagrass degradation and loss. Marine 

Pollution Bulletin; 160; 111412. 

Hall, M. O.; Bell, S. S.; Furman, B. T. and Durako, M. J. (2021). Natural recovery of 

a marine foundation species emerges decades after landscape-scale mortality. 

Scientific reports; 11(1); 6973. 

Hatcher, B.; Johannes, R. and Robinson, A. (1989). Review of the research relevant to 

the conservation of shallow tropical marine ecosystems. Oceanography and 

Marine Biology; 27; 337-414. 

Heck, K. L.; Hays, G. and Orth, R. J. (2008). Critical evaluation of the nursery role 

hypothesis for seagrass meadows. Marine Ecology Progress Series; 253; 123-136. 

Hejnowicz, A. P.; Kennedy, H.; Rudd, M. A. and Huxham, M. R. (2015). Harnessing 

the climate mitigation; conservation and poverty alleviation potential of 

seagrasses: prospects for developing blue carbon initiatives and payment for 

ecosystem service programs. Frontiers in Marine Science; 2; 32. 

Howard, J. L.; Creed, J. C.; Aguiar, M. V. and Fourqurean, J. W. (2018). CO2 

released by carbonate sediment production in some coastal areas may offset the 

benefits of seagrass “Blue Carbon” storage. Limnology and Oceanography; 63(1); 

160-172. 

Hyman, A. C.; Frazer, T. K.; Jacoby, C. A.; Frost, J. R. and Kowalewski, M. (2019). 

Long-term persistence of structured habitats: seagrass meadows as enduring 

hotspots of biodiversity and faunal stability. Proceedings of the Royal Society B; 

286(1912); 20191861. 

Jones, D. A.; Ghamrawy, M. O. S. T. A. P. H. A. and Wahbeh, M. I. (1987). Littoral 

and shallow subtidal environments. Red Sea; 7; 169. 

Jahnke, M.; Serra, I. A.; Bernard, G. and Procaccini, G. (2015). The importance of 

genetic make-up in seagrass restoration: a case study of the seagrass Zostera 

noltei. Marine Ecology Progress Series, 532, 111-122. 



1377 
Temporal Change of Seagrass Meadows: Estimating Species Composition, Coverage and Carbon 

Stock Trends Over 16 Years in NIOF Studied area, Hurghada Egypt 
 

 

Kuo, J. and Den Hartog, C. (2001). Seagrass taxonomy and identification key. 

University of Western Australia. 

Lavery, P. S.; Mateo, M. A.; Serrano, O. and Rozaimi, M. (2013). Variability in the 

carbon storage of seagrass habitats and implications for global estimates. Marine 

Biology; 160(1); 45-53. 

Lefcheck, J. S.; Orth, R. J.; Dennison, W. C.; Wilcox, D. J.; Murphy, R. R.; 

Keisman, J.; Gurbisz, C.; Hannam, M.; Landry, J. B.;Moore, K. A.; Patrick, 

C. J.; Testa, J.; Weller, D. E.  and Batiuk, R. A. (2018). Long-term nutrient 

reductions lead to the unprecedented recovery of a temperate coastal region. 

Proceedings of the National Academy of Sciences, 115(14), 3658–3662 

Lefcheck, J. S.; Orth, R. J.; Dennison, W. C.; Wilcox, D. J.; Murphy, R. R.; 

Keisman; J. ... and Batiuk, R. A. (2018). Long-term nutrient reductions lead to 

the unprecedented recovery of a temperate coastal region. Proceedings of the 

National Academy of Sciences; 115(14); 3658-3662. 

Lipkin, Y. and Zakai; D. (2003). Seagrasses of the Red Sea. In: Seagrasses: Biology; 

Ecology and Conservation; 31-40. 

Liu, P. J.; Chang, H. F.; Mayfield, A. B. and Lin, H. J. (2022). Assessing the effects of 

ocean warming and acidification on the seagrass Thalassia hemprichii. Journal of 

marine science and engineering, 10(6), 714. 

Liu, S.; Trevathan-Tackett, S. M.; Jiang, Z.; Cui, L.; Wu, Y.; Zhang, X. and Huang, 

X. (2022). Nutrient loading decreases blue carbon by mediating fungi activities 

within seagrass meadows. Environmental Research; 212; 113280. 

Madden, C. J.; Rudnick, D. T.; McDonald, A. A.; Cunniff, K. M. and Fourqurean, 

J. W. (2009). Ecological indicators for assessing and communicating seagrass 

status and trends in Florida Bay. Ecological Indicators; 9(6); S68-S82 

Madkour, H. A. (2015). Detection of damaged areas due to tourism development along 

the Egyptian Red Sea coast using GIS; remote sensing and foraminifera. State of 

the Art; National Institute of Oceanography and Fisheries; Red Sea Branch. 

Mansour, A. M. and Abdelkareem; M. (2024). Climate change and risk assessment of 

the Red Sea region; Egypt. Oceanographic and Marine Environmental Studies 

around the Arabian Peninsula; 289. 

McLeod, E.; Chmura, G. L.; Bouillon, S.; Salm, R.; Björk, M.; Duarte, C. M.; 

Lovelock, C. E.; Schlesinger, W. H. and Silliman, B. R. (2011). A blueprint for 

blue carbon: Toward an improved understanding of the role of vegetated coastal 

habitats in sequestering CO₂. Frontiers in Ecology and the Environment, 9(10), 

552–560. 

Mellors, J.; Marsh, H.; Carruthers, T. J. and Waycott, M. (2002). Testing the 

sediment-trapping paradigm of seagrass: Do seagrasses influence nutrient status 

and sediment structure in tropical intertidal environments?. Bulletin of Marine 

Science; 71(3); 1215-1226. 



Essa & Geneid, 2025 1378 

Mtwana Nordlund, L.; Koch, E. W.; Barbier, E. B. and  Creed, J. C. (2016). 

Seagrass ecosystem services and their variability across genera and geographical 

regions. Plos one; 11(10); e0163091. 

Nakaoka, M. and Aioi, K. (1999). Growth of seagrass Halophila ovalis at dugong trails 

compared to existing within-patch variation in a Thailand intertidal flat. Marine 

Ecology Progress Series; 184; 97-103. 

Neckles, H. A.; Kopp, B. S.; Peterson, B. J. and Pooler, P. S. (2012). Integrating scales 

of seagrass monitoring to meet conservation needs. Estuaries and Coasts; 35; 23-

46. 

Nienhuis, P.; Coosen, J. and Kiswara, W. (1989) Community structure and biomass 

distribution of seagrasses and macrofauna in the Flores Sea; Indonesia. Neth J Sea 

Res 23:197–214 

Nontji, A.; Kuriandewa, T. E. and Hariyadi, E. (2012). National review of dugong and 

seagrass: Indonesia. Indonesia: UNEP Project. 

Nordlund; L. M., Unsworth, R. K.; Wallner‐Hahn, S.; Ratnarajah, L.; 

Beca‐Carretero, P.; Boikova, E., ... and Wilkes, R. (2024). One hundred 

priority questions for advancing seagrass conservation in Europe. Plants, People, 

Planet, 6(3), 587-603. 

Orth, R. J. and Heck Jr, K. L. (2023). The dynamics of seagrass ecosystems: history; 

past accomplishments; and future prospects. Estuaries and Coasts; 46(7); 1653-

1676. 

Orth, R. J.; Carruthers, T. J. B.; Dennison, W. C.; Duarte, C. M.; Fourqurean, J. 

W.; Heck, K. L.; Hughes, A. R.; Kendrick, G. A.; Kenworthy, W. J.; 

Olyarnik, S.; Short, F. T.; Waycott, M. and Williams, S. L. (2006). A global 

crisis for seagrass ecosystems. BioScience, 56(12), 987–996.   

Orth, R. J.; Lefcheck,  J. S.; McGlathery, K. S.; Aoki, L.; Luckenbach, M. W.; 

Moore,  K. A.; ... and Lusk; B. (2020). Restoration of seagrass habitat leads to 

rapid recovery of coastal ecosystem services. Science advances; 6(41); eabc6434. 

Pazzaglia, J.; Reusch, T. B.; Terlizzi, A.; Marín‐Guirao, L. and Procaccini; G. 

(2021). Phenotypic plasticity under rapid global changes: The intrinsic force for 

future seagrasses survival. Evolutionary applications; 14(5); 1181-1201. 

Phillips, R. C.  and McRoy,  C. P. (1990). Seagrass research methods. 

Price, A. R. G.; Crossland, C. J.; Dawson Shepherd,  A. R.; McDowall, R. J.; 

Medley, P. A. H.; Stafford Smith, M. G.; ... and Wrathall; T. J. (1988). 

Aspects of seagrass ecology along the eastern coast of the Red Sea. 

Qurban,  M. A. B.; Karuppasamy, M.; Krishnakumar, P. K.; Garcias-Bonet, N.  

and Duarte, C. M. (2019). Seagrass distribution; composition and abundance 

along the Saudi Arabian coast of Red Sea. Oceanographic and biological aspects 

of the Red Sea; 367-385. 



1379 
Temporal Change of Seagrass Meadows: Estimating Species Composition, Coverage and Carbon 

Stock Trends Over 16 Years in NIOF Studied area, Hurghada Egypt 
 

 

Rahman, F. A.; Qayim, I.  and WARDIATNO, Y. (2018). Carbon storage variability 

in seagrass meadows of Marine Poton Bako; East Lombok; West Nusa Tenggara; 

Indonesia. Biodiversitas Journal of Biological Diversity; 19(5); 1626-1631. 

Rahmawati, S. and Kiswara, W. (2012). Carbon deposit and carbon storage capacity of 

Enhalus acoroides at Pari Island; Jakarta. Oseanologi dan Limnologi; 38(1); 143-

150. 

Rehlmeyer, K.; Franken, O.; Van Der Heide, T.; Holthuijsen, S. J.; Meijer, K. J.; 

Olff, H.; Lengkeek, W.; Didderen, K. and Govers, L. L. (2024). 

Reintroduction of self-facilitating feedbacks could advance subtidal eelgrass 

(Zostera marina) restoration in the Dutch Wadden Sea. Frontiers in Marine 

Science, 11, 1253067.. 

Rollon, R.N.; Cayabyab, N.M.and Fortes, M.D. (2001) Vegetative dynamics and 

sexual reproduction of monospecific Thalassia hemprichii meadows in the 

Kalayaan Island Group. Aquat Bot 71:239–246 

Samper-Villarreal, J.; Lovelock, C. E.; Saunders, M. I.; Roelfsema, C.; Hua,  Q.  

and Mumby, P. J. (2016). Spatial and temporal variation in carbon storage in 

subtropical seagrass meadows. 

Sawall, Y.; Al-Sofyani, A.; Banguera-Hinestroza, E. and Voolstra, C. R. (2014). 

Spatio-temporal analyses of Symbiodinium physiology of the coral Pocillopora 

verrucosa along large-scale nutrient and temperature gradients in the Red 

Sea. PloS one; 9(8); e103179. 

Shayka, B. F.; Hesselbarth, M. H.; Schill, S. R.; Currie, W. S. and Allgeier, J. E. 

(2023). The natural capital of seagrass beds in the Caribbean: evaluating their 

ecosystem services and blue carbon trade potential. Biology letters, 19(6), 

20230075. 

Short, F. T. and Coles; R. G. (Eds.). (2001). Global seagrass research methods. 

Elsevier. 

Short, F. T.; Duarte, C. M. and Carruthers, T. J. B. (2011). Global seagrass research 

methods. Elsevier. 

Short, F. T.; Polidoro,  B.; Livingstone, S. R.; Carpenter, K. E.; Bandeira, S.; 

Bujang, J. S. and Zieman, J. C. (2011). Extinction risk assessment of the 

world’s seagrass species. Biological Conservation; 144(7); 1961-1971. 

Supriadi, A.; Baehaki, A. and Pratama, M. C. (2016). Antibacterial activity of 

methanol extract from seagrass of Halodule uninervis in the coastal of 

Lampung. Pharm Lett; 8; 77-79. 

Swadling, D. S.; West, G. J.; Gibson, P. T.; Laird, R. J. and Glasby, T. M. (2023). 

Multi-scale assessments reveal changes in the distribution of the endangered 

seagrass Posidonia australis and the role of disturbances. Marine Biology; 

170(11); 147. 



Essa & Geneid, 2025 1380 

Tang, K. H. D. and  Hadibarata, T. (2022). Seagrass meadows under the changing 

climate: A review of the impacts of climate stressors. Research in Ecology, 4(1), 

27-36. 

Telesca, L.; Belluscio, A.; Criscoli, A.; Ardizzone, G.; Apostolaki, E. T.; Fraschetti, 

S.; Gristina, M.; Knittweis, L.; Martin, C. S.; Pergent, G.; Alagna, A.; 

Badalamenti, F.; Garofalo, G.; Gerakaris, V.; Pace, M. L.; Pergent-Martini, 

C. and Salomidi, M. (2015). Seagrass meadows (Posidonia oceanica) distribution 

and trajectories of change. Scientific Reports, 5, 12505. 

https://doi.org/10.1038/srep12505. 

Thomas, M. K.; Kremer, C. T.; Klausmeier, C. A. and Litchman, E. (2012). A global 

pattern of thermal adaptation in marine phytoplankton. Science; 338(6110); 1085-

1088. 

Unsworth, R. K.; Nordlund, L. M. and Cullen‐Unsworth, L. C. (2019). Seagrass 

meadows support global fisheries production. Conservation Letters, 12(1), 

e12566. 

Unsworth, R. K.; Ambo-Rappe, R.; Jones, B. L.; La Nafie,  Y. A.; Irawan, A.; 

Hernawan, U. E.; Moore,,A.M. and Cullen-Unsworth; L. C. (2018). 

Indonesia's globally significant seagrass meadows are under widespread 

threat. Science of the Total Environment; 634; 279-286. 

Vermaat, J. E.; Agawin, N. S. R.; Fortes, M. D.; Uri; J.; Duarte, C. M.; Marba, N; 

Enriquez, S.  and Van Vierssen; W. (1997). The capacity of seagrasses to 

survive increased turbidity and siltation: the significance of growth form and light 

use. Ambio; 26(8); 499-504. 

Wabnitz, C. C.; Andréfouët, S.; Torres-Pulliza, D.; Müller-Karger, F. E.  and 

Kramer, P. A. (2008). Regional-scale seagrass habitat mapping in the Wider 

Caribbean region using Landsat sensors: Applications to conservation and 

ecology. Remote Sensing of Environment; 112(8); 3455-3467. 

Wahyudi, A. J.; Rahmawati, S.; Irawan, A.; Hadiyanto, H.; Prayudha, B.; Hafizt, 

M.; Afdal, A.; Adi, N. S.; Rustam, A.; Hernawan, U.; Rahayu, Y. P.; Iswari, 

M. Y.; Supriyadi, I. H.; Solihudin, T.; Ati, R. N. A.; Kepel, T. L.; 

Kusumaningtyas, M. A.; Daulat, A.; Salim, H. L.; Sudirman, N.; Suryono, D. 

D. and Kiswara, W. (2020).  Assessing carbon stock and sequestration of the 

tropical seagrass meadows in indonesia. Ocean Science Journal, 55(1), 85–97.. 

Waycott, M.; Duarte, C. M.  and Carruthers, T. J. B. (2009). Accelerating loss of 

seagrasses across the globe threatens coastal ecosystems. Frontiers in Ecology and 

the Environment; 7(1); 1-9. 

Wicaksono, P.; Fauzan, M. A.; Kumara, I. S. W.; Yogyantoro, R. N.; Lazuardi, W.  

and Zhafarina; Z. (2019). Analysis of reflectance spectra of tropical seagrass 

species and their value for mapping using multispectral satellite 

images. International Journal of Remote Sensing; 40(23); 8955-8978. 



1381 
Temporal Change of Seagrass Meadows: Estimating Species Composition, Coverage and Carbon 

Stock Trends Over 16 Years in NIOF Studied area, Hurghada Egypt 
 

 

Zulkifli, L.; Syukur, A. and Patech, L. R. (2021). Seagrass conservation needs based 

on the assessment of local scale economic value on the diversity of its associated 

biota in the South Coast East Lombok; Indonesia. In IOP Conference Series: 

Earth and Environmental Science (Vol. 712; No. 1; p. 012037). IOP Publishing. 

 

 


