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Abstract:

Research on marine biodiversity in Egypt is limited.The present study provides a
comprehensive survey and ecological analysis of the biodiversity of Mollusca species inhabiting
the rocky shores of Abu-Qir Bay. The diversity, abundance, and frequency of occurrence of the
surveyed species were compared with those previously documented 25 years ago by Farag et al.
(1999) in the same station to assess the potential impacts of the previously mentioned threats on
Molluscan populations. Qualitative and quantitative surveys were conducted from March 2023 to
February 2024. The survey recorded a total of 29 molluscan species belonging to two classes,
Bivalvia and Gastropoda. The present study recorded an increase in the number of species,
species richness (SR), Shannon diversity index (H'), and Pielou's evenness index (J'). The number
of species has increased from 17 to 29, species richness (SR) has increased from 1.689 to 3.2534,
the Shannon diversity index (H') has risen from 0.1212 to 2.419, and Pielou's evenness index (J)
has increased from 0.0428 to 0.718. On the other hand, species abundance decreased from
12969.9 ind. /m2 in 1999 to 5465.4 ind./ m2. This kind of study is needed for understanding the
long-term impacts of threats on biodiversity and for developing strategies to mitigate these effects
and protect marine biodiversity.
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1- Introduction

Rocky shores are intertidal areas formed mainly from solid rocks. They are located between the
extreme high and low tide levels (Miller, 2004; Coughlan & Crowe, 2009), creating a buffer zone
between the sea and the terrestrial environment (Hodge et al., 2021; D’Souza et al., 2022;
Gongcalves et al., 2023). These shores are characterized by their complex composition (Substrates
such as cobbles, boulders, pebbles, blocks, and rock platforms) and structure (slope and gradient)
(Aradjo et al., 2005). Such a heterogeneous environment affects the distribution and abundance
of rocky shore communities along the gradient (Archambault & Bourget, 1996; Pandey &
Thiruchitrambalam, 2019). Rocky shores present valuable insights into the ecology and
assemblages of epi- and endolithic communities (EL Hedeny et al., 2021).
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Rocky intertidal shores are frequently subjected to various disturbances. Common disturbances
include the fluctuations between submersions at high tide and desiccation at low tide caused by
exposure to high temperatures and sunlight (Bertness et al., 2006; Gongalves et al., 2023).
Intertidal organisms face multiple stresses, including fluctuations in temperature, salinity, pH,
oxygen, and irradiance (Smith, 2013; Marshall et al., 2013; Chappuis et al., 2014). Thermal
stress and desiccation are the primary factors determining the upper limit of zonation (Finke et
al., 2007; Sorte et al., 2019). In contrast, biological interactions, such as competition for space,
grazing, and predation, determine the lower limit of zonation (Paine, 1974; Shonbeck & Norton,
1980; Moreno & Jaramillo, 1983). The sedentary or slow-moving nature of intertidal species
proposed them as ecosystem engineers (Sbrocca et al., 2021). They provide food sources, clear
seawater, nurse fish hatchlings (Weckstrom & Laurén, 2023), shelter from desiccation and
predators (Gutiérrez et al., 2003), and protection from physical stress (Scrosati et al., 2011). A
large variety of organisms can be categorized as “Ecosystem engineers”. These organisms
include several groups of invertebrates such as limpets, mussels, oysters, barnacles, tube-
dwelling polychaetes, shrimps, and crabs (Borthagaray and Carranza, 2007; Bellgrove et al.,
2017).

Abu-Qir Bay is one of Alexandria's most common intertidal rocky shores. It is recognized as one
of the most productive natural commercial fishing sites, providing the city with 40% of the
market demand and 15% of Egypt’s needs. It offers a variety of recreational activities, including
swimming, boating, and fishing. However, pollution from several land-based sources and active
anthropogenic activities have long affected the bay. Approximately 5.12 x 10° m3 /day of
untreated wastewater effluents originating from household activities and other domestic uses
reach the bay through the El-Tabia pumping station, the outlet of Lake Edku (Boughaz El-
Maaddiya), and the Rosetta mouth of the Nile River (El-Rayis et al., 1993, Badawi &
Magdy,2023). The bay is contaminated by industrial effluents from various factories, including
those producing fertilizers, textiles, chemicals, petrochemicals, dyes, food processing, canning
industries, and paper mills. Additionally, discharges from the Abu-Qir Electrical Power Station
contribute to pollution. The volume of agricultural waste varies depending on the types of
techniques practiced and the volume of effluents from Lake Edku, which flows directly to the
bay. The various toxic pollutants from the previously mentioned resources, along with other
factors, severely impact the marine ecosystem by altering the physical, chemical, and biological
properties of the water, which in turn affects species distribution, abundance, and ecosystem
biodiversity (Abdallah &Mohamed, 2015; Shreadah et al., 2019; Ibrahim et al.,2023; Moneer et
al., 2023; Abdel Mohsen et al.,2024).

Mollusca is the second-largest animal phylum on Earth. It comprises more than 30,000 species
(Parker et al., 2013). It is one of the most dominant and key stone species, comprising more than
17,000 species (accounting for 13%) of the Mediterranean Sea fauna (Coll et al., 2010; Sabelli &
Taviani, 2014; Poursanidis & Koutsoubas, 2015). Molluscs offer valuable services for their
ecosystem. They provide habitat structures for benthic fauna and change other habitat structures.
They purify water through filtration for some organisms and provide a rich food source for others
(Gutiérrez et al., 2003; Jackson et al., 2008). They are considered significant bioindicators in
biodiversity studies. Parker et al. (2013) and Wittmann and Poértner (2013) attributed the
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distribution and diversity of gastropod communities in intertidal zones to several environmental
factors. These include temperature, dissolved oxygen (DO), pH, salinity, and CO2 levels, as well
as biological interactions such as grazing, competition, recruitment, and introduction of invasive
species (Raffo et al., 2014).

Biodiversity studies have been widely employed in environmental and ecological surveys.
Understanding biodiversity is necessary for effective conservation planning and sustainable
development. Habitat degradation and climate change are among the adverse stresses caused by
anthropogenic activities. Marine biodiversity has a profound influence on the structure and
function of ecosystems. According to Cimatti et al. (2023), high biodiversity helps protect
ecosystems from environmental disturbances. Preserving biodiversity ensures a continuous
supply of food and raw materials. Additionally, biodiversity enables the environment to adapt to
constant changes in conditions, such as those caused by global warming, leading to alterations in
the community structure of marine organisms (Mariappan et al.,2023). According to Gray (2000),
univariate measures, such as species richness, diversity, evenness, and total abundance, are
valuable metrics that provide insights about species assemblages.

The study had two main objectives. The First is to identify rocky shore molluscs inhabiting the
rocky shore of Abu-Qir Bay; the second is to conduct a statistical analysis of the collected data to
provide insights about the species richness, abundance, diversity, and evenness of the surveyed
species with special reference to the research conducted at the same station about 25 years ago by
Farag et al.,1999.

2.Material and methods
2.1. Ethical approval

The present study, conducted in Abou Qir, Alexandria, Egypt, was accepted after following the
ethical standards of scientific research.

2.2. Area of study

The survey was conducted on a rocky shore in Abu-Qir Bay, in Alexandria, Egypt. The bay is a
shallow, sheltered, semi-circular basin extending eastward, with an approximate area of 360 Km?2
and a total volume of approximately 5.76 km?3 (lbrahim et al., 2023). The bay extends 50 km in
length and 12 m. in depth. It is bounded to the southeast corner by Abu-Qir headland, with
coordinates ranging from 30° 5" E to 30 © 22" N, and to the northeast by the Rosetta mouth of the
Nile River, with coordinates from 30 © 22 "E to 31 °28 ' N.

The study area is situated on the western side of Abu-Qir Bay, east of Alexandria city (Figure 1).
The shore is highly exposed, with a rocky seabed densely covered by various species of algae.
The bay receives effluent water from three mainland drainage sources: Lake Edku, El Tabia
pumping station, and freshwater from the Rashid branch of the Nile (El-Rayis et al., 1993;
Abdallah, 2023). These discharges negatively impact the ecosystem by decreasing water salinity
(El-Rayis et al., 1993). The high fertility of the bay is attributed to eutrophication. These
combined factors created favorable conditions for aquatic fauna to survive, breed, and find
suitable shelter (Samaan & Mikhail,1990).
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Figure 1: A map showing the area of study, Abu-Qir Head

2.3. Sampling

Rocky shore molluscs were surveyed seasonally from March 2023 to February 2024. Samples
were attached to the rocky beach at a low tidal zone, ranging from 0.4 to 0.6 m. Five random
replicate units were collected using five randomly placed quadrats, each measuring 1 m? (English
et al., 1997; Cruz-Motta et al., 2010). Specimens were collected manually or by dredging using a
metal hand dredge and transferred to the laboratory in plastic aquaria containing seawater. Only
living specimens were considered for qualitative and quantitative studies; empty shells and dead
samples were discarded. All specimens were thoroughly rinsed to remove debris and other
calcareous deposits and were preserved in 10% buffered formalin.

2.4. Species identification

Specimens were identified at the species level based on morphological characteristics of the shell,
referencing taxonomic identification keys according to Pallary (1912), Abbott (1991), Thiele
(1992), Tan and Chou (2000), Crothers (2003), Long and Ramli (2010), and Baharuddin and
Marshall (2014). Scientific names were revised and confirmed after the World Register of Marine
Species (WoRMS) database (2024). For morphometric data, only shell length was measured for
each sample using vernier calipers with an accuracy of £0.01 mm. For gastropods, shell length
was measured from the apex to the base. For bivalves, shell length was measured
anteroposteriorly. Specimens were photographed using a Nikon D7000 DSLR camera. All the
collected specimens are held in a private archive maintained by the principal author and are
available upon request.

2.5. Data analysis
The Shannon-Wiener diversity index (H'), Pielou’s evenness index (J'), and species richness were
measured according to Magurran (2004) and Odum and Barret (2004).

2.5.1. Shannon-Wiener diversity index (H")
Diversity was calculated using the Shannon-Wiener index (H"):
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H'=-> (pi *In(pi))
=1
where:

H' = Shannon-Wiener index

> = summation symbol

pi = proportion of individuals belonging to the i-th species
In = natural logarithm

S = the number of species in the community

pi represents the proportion of individuals belonging to each species in the community. The
values of pi were obtained by dividing the number of individuals of each species by the total
number of individuals in the community.

The Shannon-Wiener diversity index is a commonly used measure for comparing diversity
among different habitats (Clarke & Warwick, 2001). It assumes that individuals are randomly
sampled from a large, independent population and that all species are represented in the sample
(Shannon & Weaver, 1949). Typically, the Shannon-Wiener diversity index falls within the range
1.5 to 3.5, with few instances exceeding 4.5. A value of 0 indicates no diversity, meaning only
one species is present; higher values indicate a more diverse community with a higher number of
species and a more even distribution of individuals among them. The Shannon-Wiener diversity
index is classified into three levels: low (H'<2), moderate (2<H'<4), and high (H>4) (Odum &
Barret 2004). This index considers two key aspects that contribute to the concept of diversity in a
community: species richness and evenness.

2.5.2. Pielou’s evenness index J'
J=H'/H nax ((H max=LnS)

H' represents the observed value of the Shannon index, and S is the total number of species
observed. Calculating J' allows one to determine how evenly distributed the species are in a
community (Odum and Barett, 2004).

Species evenness J' ranges from zero to one, with zero signifying no evenness and one a complete
evenness.

2.5.3. Species richness

Species richness refers to the total number of species in a specific area or community (Magurran,
2004).

Species richness =S-1/In N

Where N represents the total number of individuals in the community.
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2.5.4. Statistical analysis was done using Statistical Package for Social Sciences (SPSS/version
24) software at p <0.05.

3. Results and Discussion
3.1. Species identification

A total of 29 molluscan species belonging to 2 classes, Class Bivalvia and Class Gastropoda,
were surveyed from the Abu-Qir rocky shore. The surveyed species are illustrated in Plates 1 and
2 and identified in Table 1. Class Gastropoda comprised 10 families, 14 genera, and 23 species,
while Class Bivalvia included 2 families, 3genera, and 6 species. The highest number of species
collected in this study was in autumn (29 species), and the lowest number was in summer (16
species). In winter and spring, the number of species recorded was 25 and 27, respectively.

The present survey revealed that gastropods were more abundant than bivalves throughout all
seasons. Rocky shores provide an ideal substrate for the settlement of molluscan communities,
particularly gastropods (Costello et al., 2015; Barrientos-Lujan et al., 2021; Besphalaya et al.,
2021). Elias et al. (2015) noted a direct relationship between the habitat complexity of rocky
shores and the diversity and abundance of species.

Three of the twenty-nine species surveyed and identified in this study were Lessepsian migrants:
the gastropod Diodora ruppellii, the bivalves Brachidontes punicens, and Brachidontes
pharaonis. These species migrated from the Red Sea to the Mediterranean Sea through the Suez
Canal (Zenetos et al., 2010; Halim and Rizkalla, 2011; Costello et al., 2015). This migration has
increased in recent years due to several factors, including the construction of the Suez Canal and
the changes in environmental conditions. Burrows et al. (2014) explained that the Suez Canal
acts as a conduit for these species, facilitating their introduction into the Eastern Mediterranean.
Several studies focused on Lessepsian migration (Belal, 2019). These invasive species are highly
considered in biodiversity studies due to their significant contribution to disturbing natural
ecosystems and their economic implications, particularly for the fishing industry. They usually
compete with native species and hold control over food resources. They alter habitat structures
and can even spread various diseases (Battiata et al., 2024). Accordingly, they reshape the
biodiversity of the region.

The present study recorded small numbers of Diodora rueppellii, with an average of 15.8
individuals per square meter. Mienis et al. (1993) noted that D. rueppellii is primarily found in
the Eastern Mediterranean. It was previously reported from Palestine (Haas, 1948) and along the
southeast coast of Turkey, from the Gulf of Iskenderun to Alanya (Engl, 1995). In Egypt, Emam
et al. (2013) recorded D. rupellii along the rocky shore of Abu-Qir, while Sghaeir et al. (2019)
collected samples from beneath the rocks in the Marina EI Alamein lagoon in southern
Mediterranean Egypt.
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Plate 1. Rocky shore bivalves (1) Brachidontes puniceus (28 mm), (2) Brachidontes pharaonis
(22 mm), (3) Brachidontes exustus (20 mm), (4) Perna perna (35mm), (5) Isognomon bicolor (14
mm), (6) Isognomon sp. (9 mm).
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Plate 2: Rocky shore gastropods (1) Fissurella rosea (19 mm); (2) Fissurella volcano (17 mm)
;(3) Diodora ruppellii (18 mm) ;(4) Diodora aspera (18 mm) ;(5) Diodora dorsata (20 mm) ;(6)
Diodora gibberula (16 mm) ;(7) Patella aspera (35 mm) ;(8) Patella caerulea (28 mm); (9)
Patella rustica (20 mm); (10) Neverita sp. (12 mm); (11) Indothais malayensis (34 mm) ;(12)
Ocinebrina edwardsii (20 mm) ; (13) Muricopsis cristata (16 mm) ;(14) Raphitoma azuari ( 25
mm) ; (15) Nassarius unifasciatus (18 mm) ;(16) Pisania striata (20 mm) ;(17) Columbella
fuscata (11 mm) ; (18) Columbella rustica (12 mm) ;(19) Tritia mutabilis (27 mm) ;(20)
Nassarius circumcinctus (17 mm) ;(21) Conus anemone (24 mm) ;(22) Conus vayssierei (22
mm) ;(23) Calliostoma zizyphinum (20 mm)

Table 1: Seasonal abundance of surveyed species

Class Family Species Autumn | Winter | Spring | Summer
Bivalvia Mytilidae Brachidontes puniceus (Gmelin, 1791) |+ + + +
Brachidontes pharaonis (Fischer, 1870) |+ + + +
Brachidontes exustus (Linnaeus,1758) |+ + + +
Perna perna (Linnaeus,1758) + + + +
Isognomonidae |Isognomon bicolor (Adams, 1845) + + + -
Isognomon sp + - + -
Gastropoda |Fissurellidae Fissurella rosea (Gmelin, 1791) + - + -
Fissurella volcano (Reeve, 1849) + + + -
Diodora ruppellii (Sowerby,1835) + - + +
Diodora aspera (Rathke,1833) + + + -
Diodora dorsata (Monterosato, 1878) + + + +
Diodora gibberula (Lamarck,1822) + + + +
Patellidae Patella aspera (Lamarck,1822) + + + +
Patella caerulea (Linnaeus,1758) + + + +
Patella rustica (Linnaeus,1758) + + - -
Naticidae Neverita sp(Risso, 1826) + + + -
Muricidae Indothais malayensis (Tan& + + + +
Sigurdsson,1996)
Ocinebrina edwardsii (Payraudeau,1826) |+ + + +
Muricopsis cristata (Brocchi, 1814) + + + -
Raphitomidae  |Raphitoma azuari (Pelorce & Horst, + + + -
2020)
Nassariidae Nassarius unifasciatus (Kiener,1834) + + + +
Nassarius circumcinctus (Adams, 1852) |+ + + -
Tritia mutabilis (Linnaeus, 1758) + - + -
Pisaniidae Pisania striata (Gmelin, 1791) + + + +
Columbellidae  |Columbella fuscata (Sowerby,1835) + + + +
Columbella rustica(Linnaeus,1758) + + + +
Conidae Conus anemone (Lamarck, 1810) + + - -
Conus vayssierei (Pallary, 1906) + + + -
Calliostomatidae |Calliostoma zizyphinum (Linnaeus,1758) |+ + + +
o 25 for e |
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Brachidontes puniceus showed high abundance within the genus Brachidontes, recording a high
density of 1,362 individuals per square meter (Table 2). However, there are no sufficient studies
concerning the distribution of B. puniceus in Egypt.

Brachidontes pharaonis is a small mussel native to the Indian Ocean and the Red Sea. In recent
years, this mussel has expanded its range to include other habitats, such as the Mediterranean,
partly due to seawater warming and habitat degradation. The remarkable physiological
characteristics of this bivalve have enabled it to become one of the most successful invasive
species. Extensive populations exceeding 25,000 ind./m2 were also recorded on the island of
Sicily by Sard et al. (2006). Large densities of B. pharaonis ranging from 16,000 to 60,000
ind./m2 were reported by Cinar et al. (2017) in the Levantine Sea, Turkey. B. pharaonis has
dominated offshore platforms, posing a threat to native bivalve species that have lower
reproductive potential and density (Razek et al., 2017, 2020; El-Deeb et al., 2018; Sara et al.,
2018). In Egypt, B. pharaonis. was first recorded as an invasive species in Port Said in 1876
(Razek et al., 2020). This species commonly inhabits hard substrates, including corals and rocky
seabed in the Red Sea and the Mediterranean (Geba et al., 2020). Hamdy et al. (2023) reported
large populations of B. pharaonis in Stanley Bay, the Eastern harbour, EI-Mex, and the El
Umoum drain, particularly in spring. The animals were attached to concrete blocks and the rocky
seabed.They attributed the high densities of the species to several favourable ecological
conditions, including hyper- salinity levels reaching 45%, high organic matter content, shallow
waters, hard substrates, and the abundance of microflora and macroalgae.

3.2. Data analysis

Rocky shore molluscs in Abu-Qir Bay were surveyed seasonally, and only living individuals
were considered for quantitative studies. Seasonal variation in species abundance, average
number of species, and individuals was recorded (Table 2, Figures 2 and 3).

Table 2: Seasonal abundance of rocky shore molluscs in Abu-Qir Bay

Class Famil Species Season
y P Autumn_| Winter | Spring | Summer
Brachidontes 777.2 415 144.2 25.6 1362
puniceus
Brachidontes 416.4 1334 83.8 22.4 656
Mytilidae pharaonis 2275.2
Bivalvia Brachidontes 100 31 27.6 9.8 168.4
exustus
Perna perna 51.6 15.2 19 3 88.8
1345.2 594.6 2746 | 60.8
Isognomon 11.2 1.6 3.2 - 16
Isognomonidae | bicolor
Isognomon sp. | 0.8 - 0.8 - 1.6 17.6
12 1.6 4 -
1357.2 596.2 278.6 | 60.8
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Gastropoda

Fissurella 5 - 6.2 - 11.2
rosea
Fissurellidae Fissurella 10.6 4.2 3.6 - 18.4
volcano
Diodora 6.8 - 7.8 1.2 15.8
ruppellii
Diodora 22 16 2.2 - 40.2
aspera
Diodora 31.8 6.6 10.6 5 54
dorsata
Diodora 40.8 36.8 2.2 0.8 80.6
gibberula | |
Patella 82.2 59.2 40.2 44.6 226.2
Patellidae caerulea
Patella aspera | 23.2 14.8 8.4 21.6 68
Patella rustica | 3 ‘ 1.8 ‘ - 4.8
Naticidae Neverita sp 6.8 0.8 4.2 - 11.8
Indothais 613.6 294.8 58.6 17.2 984.2
Muricidae malayensis
Ocinebrina 74.4 40.6 14.4 4.8 134.2
edwardsii
Muricopsis 7.8 5.6 1.6 - 15
cristata
| |
Raphitomidae | Raphitoma 11.6 5.8 4 - 214
azuari
Nassariidae Nassarius 85.4 33 17 16.2 151.6
unifasciatus
Nassarius 9 6 4 - 19
circumcinctus
Tritia 4.6 - 3.8 - 8.4
mutabilis
99 39 24.8 16.2
Pisaniidae Pisania striata | 265.2 112.4 87 37 501.6
Columbella 110.6 53.6 21.8 10.4 196.4
Columbellidae fuscata
Columbella 301.2 63.8 93.4 25.6 484
rustica ‘ ‘
Conus 124 2.8 - - 15.2
Conidae anemone
Conus 14.8 7.4 4.2 - 26.4
vayssierei | |
Calliostomatidae | Calliostoma 43.2 22.2 13.4 5.4 84.2
zizyphinum
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Figure 3: The average number of individuals/ families in classes Gastropoda and Bivalvia
3.2.1. Abundance

The collected molluscan species can be categorized into three groups: Abundantly present
families (Mytilidae, Muricidae, Columbellidae, and Pisaniidae), moderately abundant families
(Patellidae, Fissurellidae, and Nassariidae), and occasionally or rarely present families
(Calliostomatidae, Conidae, Raphitomidae, Isognomonidae, and Naticidae). The family Mytilidae
was the most abundant among all families studied in this survey, while the family Muricidae
comprised the highest number of individuals among gastropods. On the other hand, the family
Naticidae showed the least abundance (Table 2, Figure 3). The species abundance in each family
decreased in the order: Mytilidae > Muricidae > Columbellidae > Pisaniidae > Patellidae >
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Fissurellidae > Nassariidae> Calliostomatidae > Conidae> Raphitomidae > Isognomonidae >
Naticidae (Table 2, Figure 4).
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Figure 4: Seasonal distribution of molluscan families in Abu-Qir Bay

The maximum species abundance was recorded in autumn, while the minimum was recorded in
summer, with a decreasing order: autumn > winter > spring> summer (Table 2). The seasonal
fluctuations in species abundance may be attributed to the seasonal changes in water pollution.
Water quality analysis is crucial for assessing the environmental condition of water bodies, as
changes in water quality affect all aquatic organisms, from microorganisms to large creatures (El-
Feky et al., 2018; Ashour et al., 2018; El Raey and Abo-Taleb, 2019). Heavy metal analysis
plays a crucial role in determining the quality of water. Numerous studies have documented
seasonal fluctuations in metal concentrations within aquatic ecosystems, noting the highest
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concentrations of metals in seawater samples during summer and the lowest during winter (Ali et
al., 2016; ElI-Damhogy et al., 2019; Duysak & Ugurlu, 2020; Abd-Ellah et al., 2020 & 2025). EI-
Damhogy et al. 2019, and Abd-Ellah et al. 2025 recorded the highest concentrations of heavy
metals in seawater samples collected from Abu-Qir Bay during summer. El-Serafy et al.(2003a)
& Elewa et al. (2007) attributed the summer peaks in metal concentrations to decomposition of
sediments and organic matter under high temperatures. El-Haddad (2005), Maanan (2008), and
Peng et al., (2011) explained that elevated summer temperatures decrease free oxygen content,
which in turn increases dissolved metal concentrations. Additionally, low rainfall during the dry
season results in a decrease in water flow and higher concentrations of heavy metals (Ali et al.,
2016). The drop in temperature and pH in winter enhances metal mobilization (Gaber et al.,
2017). Moreover, the level of agricultural pollutants in Abu-Qir Bay fluctuates seasonally,
influenced by the type and extent of agricultural activities, as well as the volume of effluents
from Lake Edku, which is considerably higher during summer and autumn seasons but limited in
winter (Ibrahim et al., 2023).

The results of the present study were compared with a previous study conducted by Farag et al.
(1999), which also involved a seasonal survey of rocky shore molluscs from the same area (Table
3).

Table 3: Comparative analysis of family and species distribution of rocky shore molluscs: a
study of 1999 and present data.

Class Family Species Present study 1999

Polyplacophora | Chitonidae Chiton squamosus - +
Lepidopleuridae | Lepidopleurus cancellatus - +

Gastropoda Fissurellidae Fissurella rosea
Fissurella volcano
Diodora ruppellii
Diodora aspera
Diodora dorsata
Diodora gibberula
Diodora italica
Patellidae Patella aspera

Patella caerulea
Patella rustica

Patella vulgata

Patella miniate

Patella tarentina
Naticidae Neverita sp
Muricidae Indothais malayensis
Ocinebrina edwardsii
Ocinebrina scrobiculata
Muricopsis cristata
Raphitomidae Raphitoma azuari
Nassariidae Nassarius unifasciatus
Nassarius circumcinctus
Tritia mutabilis

4|+ |+ |+ [+

1
+l+ |+ +]

+ |+ |+

1
+ [+ [+

+ [+ |+
1

+|+]++ 1+
1
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Pisaniidae Pisania striata
Columbellidae Columbella rustica
Columbella fuscata
Conidae Conus anemone
Conus vayssierei
Conus ventricosus -
Calliostomatidae | Calliostoma zizyphinum
Clanculus cruciatus -

Littorinidae Littorina neritoides -

++ ]|+ + ]+
1

+ 1

=+

Bivalvia Mytilidae Mytilus minimus
Brachidontes variabilis
Brachidontes puniceus
Brachidontes pharaonis
Brachidontes exustus
Perna perna

Isognomonidae | Isognomon bicolor
Isognomon sp
Total 29 17

++| +|+]

+l+ ||+ ||+
1

In the current survey, 29 species were identified. The species belong to 2 classes, Gastropoda and
Bivalvia, across 12 families, exceeding the number of species documented by Farag et al. (1999),
which recorded a total of 17 molluscan species belonging to 3 classes: Polyplacophora, Bivalvia
and Gastropoda. Class Polyplacophora comprised 2 families, 2 genera, and 2 species. Class
Gastropoda included 8 families, 8 genera, and 13 species, while Class Bivalvia included one
family, 2 genera, and 2 species. Farag et al. (1999), recorded 17 species belonging to 11 families.
Notably, the families Chitonidae, Lepidopleuridae, and Littorinidae were absent in the present
study. On the contrary, the Families Naticidae, Raphitomidae, Nassariidae, and Isognomonidae
were recorded in this study and were not observed in the 1999 study.

In the present study, the Mytilidae family, which included the most abundant species, was
represented by four species: Brachidontes puniceus, Brachidontes pharaonis, Brachidontes
exustus, and Perna perna. All these species were absent in the 1999 study. On the
contrary, Mytilus minimus and Brachidontes variabilis, which were documented in the 1999
study, were not observed in the current study. Three Lessepsian species were identified: Diodora
rueppellii, Brachidontes puniceus, and Brachidontes pharaonis. Farag et al. (1999) did not record
any Lessepsian species in their study.

When comparing the abundance of individuals per square metre across different seasons for the
two studies, the total number of individuals was much less than that reported in the 1999 study.
The total abundance was 12969.6 in the 1999 study, far exceeding the value 5465.4 recorded in
the present study (Table 4 and Figures 5 & 6). Species diversity has suffered tremendously from
several threats in recent years, most of which are related to human activities. Among these threats
are different types of pollution, eutrophication, habitat degradation, exploitation of marine
resources, climate change, and invasive species. Unfortunately, these threats are expected to
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escalate in the future, with aquatic resources and fisheries being heavily exploited. Finke et al.
(2007) linked the changes in diversity and species abundance to the increase in surface water
temperature observed for the past 50 years. Coastal and shelf areas are the most threatened zones
(Coll et al., 2012; Coutinho et al., 2016). D’Souza et al. (2022) emphasized that water temperature
is a significant ecological factor influencing biodiversity. Furthermore, Mendez et al. (2025) noted
the negative impacts of anthropogenic activities on biodiversity.

Table 4: Comparison between different statistical parameters in the present study and the 1999
study

No. of No. of
Abu-Qir Season species Individuals/ m?2 SR H* J'
Autumn 29 3143.2 3476  2.3467 0.697
Winter 25 1384.4 3.318 2.285 0.7099
Present study Spring 27 687.2 3.980 2554 0.775
Summer 16 250.6 2715 2436 0.8786
Total  study
period
29 5465.4 3.2534 2.419 0.718
11 6028.2 1.149 0.037 0.015
Autumn
11 207.2 1.875 0.906 0.378
Winter
1999
9 4379.6 0.954 0.019 0.009
Spring
13 2354.6 1546 0.223 0.087
Summer
Total  study
period
17 12969.6 1.689 0.1212 0.0428
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The recorded results indicate a statistically significant difference between the total study periods
of the present study and the 1999 study for all metrics. The present study recorded a significantly
higher number of species compared to the 1999 study (p=0.029). Species Richness (SR),
Diversity (H'), and Evenness (J') were significantly higher in the present study compared to the
1999 study, with p values of 0.001, 0.001, and 0.003, respectively. This suggests that the present
study period had a significantly richer, more diverse, and more evenly distributed mollusc
community than the 1999 period.

average no.of Individuals / m2

‘-__I_l

Autumn Winter Spring Summer
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Figure 5: The average number of individuals/m2 compared to the 1999 study across the different
seasons
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Figure 6: The number of species compared to the 1999 study across the different seasons
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3.2.2. The Shannon-Wiener diversity index

According to Scrosati et al. (2011), Belal (2019), and Benjamin et al. (2022), the Shannon-
Wiener diversity index considers abundance, species richness (SR), and evenness (J’), which
contribute to the overall diversity of a community. These three parameters were used to evaluate
the biodiversity condition of the rocky shore area and compared with the previously recorded
values in 1999. These parameters were significantly higher in the present survey compared to
the1999 study across all seasons (Table 4 and Figures 7 - 9). Becherucci et al. (2016) mentioned
that all these parameters increased with successional times.

3
25 2/553944
5 2.3467 e 2.436037923
1.5
1
0.5 l
0.03678 0.019198 0 1
. 01919 22284
Autumn Winter Spring Summer

Seasons

W Present study m 1999

Figure 7: Comparison between Species diversity across the seasons in the present study and
1999

Several authors applied the Shannon-Wiener diversity index in their research. Villéger et al.
(2010) recommended various diversity indices in biodiversity studies. Belal et al. (2019) noted
that this index is a valuable indicator in water pollution research. They concluded that species
diversity is higher in environmentally stable areas than in polluted ones. In Abu-Qir Bay, El-
Hedeny et al. (2021) recorded low species diversity, which aligns with the heavily polluted
nature of the area. The present study recorded moderate diversity when applying the Shannon-
Wiener diversity index.

3.2.3. Species Richness SR

Species richness (SR) refers to the number of species available in a definite area. In this study,
SR was applied to indicate the total number of molluscan species in the study area. Higher
species richness was recorded in spring compared to other seasons, while the lowest species
richness was detected in summer. The overall species richness is significantly higher than in the
1999 study (Figure 8).
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Figure 8 Comparison between Species richness across the seasons in the present study and
1999

Borja et al. (2013) found that subtidal species usually have higher species richness than intertidal
species. This difference can be attributed to various habitat factors, particularly the contribution
percentage of intertidal species. Rocky shores, coral reefs, and other hard substrates usually show
the highest species richness (Scrosati et al., 2011; Barrientos-Lujan et al., 2021), with areas
inhabited by larger populations of mussels having higher species richness compared to those with
fewer individuals (Borthagaray and Carranza, 2007). Sessile organisms, attached to those
substrates, generally display higher species richness compared to free-living predators (Scrosati
et al., 2011). Several factors influence species richness, including nutrient supplies, sampling
intensity, and environmental stressors, such as sewage effluent discharge. These stressors can
reduce species richness, which could ultimately lead to decline or loss of biodiversity (Bellgrove
etal., 2017).

2.2.4. Species Evenness J’

Pielou’s evenness index (J’) determines how evenly distributed species are in a community
(D’Souza et al., 2022). It is also known as equitability and is estimated as the ratio of observed
diversity to maximum diversity (Emara and Belal, 2004). Species evenness is beneficial in
determining changes in abundance and distribution among different species (Villéger et al., 2010;
D’Souza et al., 2022). The value of (J') ranges from 0 to 1; values close to 1 indicate a more even
distribution among species, and values close to 0 indicate an uneven distribution of species, with
some being dominant and others being rare (D’Souza et al., 2022). In this survey, the value of (J')
ranged from 0.697 in autumn to 0.8786 in summer, indicating a more even distribution of
molluscs during summer compared to other seasons. When comparing these results with Farag et
al. (1999), the species were unevenly distributed throughout all seasons, with the values of (J')
ranging from 0.009 in spring to 0.378 in winter. The total evenness in the present study was
significantly higher than that recorded in the 1999 study (0.0428) (Figure 9).
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Figure 9: Comparison between Species Evenness across the seasons in present study and 1999
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Figure 10: Comparison between the number of species, number of individuals/m2, SR, H', and
J in the present study and 1999

Finally, by comparing the results of the current study with those of Farag et al. (1999), we
observed an overall increase in all the measured parameters (Figure 10). However, species
abundance was lower in the present study compared to that recorded in the 1999 study. The
current study was conducted on one of the most polluted shores in Alexandria, which has always
been subjected to various ecological stresses. We observed a significant increase when comparing
the different statistical parameters with the study conducted since 1999, indicating that the

Page 364 Abd Ellah and Elodessy 2025



Aswan University Journal of Environmental Studies (AUJES) 6 (4), pp. 345-374, (2025).
Online ISSN: 2735-4237, Print: ISSN 2735-4229. https://aujes.journals.ekb.eq/

problem is chronic and is accelerating. There are several interpretations for the recorded results
that need further investigation. Yet, literature proposed global climate change as a major threat to
biodiversity. One of the most critical impacts of global climate change is the rise in the surface
water temperature in the Mediterranean Sea, which closely follows the increase in atmospheric
temperatures. The accelerating global warming poses a growing threat to marine biodiversity,
particularly in coastal ecosystems (Trisos et al.,2020). Numerous studies have highlighted water
temperature as a key ecological factor shaping biodiversity. Elevated temperatures often exceed
the thermal tolerance of native species, leading to population collapses and facilitating the
invasion of non-indigenous tropical species (Rilov, 2016; Albano et al., 2021b; Amarasekare &
Simon, 2020). Such invasions permanently alter the functional composition of Mediterranean
ecosystems (Steger et al., 2021; Zenetos et al., 2022). As a result, global warming and rising
seawater temperatures are reshaping the community structure of marine organisms, especially
those inhabiting rocky shores (Coutinho et al., 2016; Bianchi and Morri, 2000; Mariappan et al.,
2023).

Abu-Qir Bay has consistently received substantial amounts of sewage, agricultural runoff, and
industrial discharges, which have significantly altered its physical and chemical properties.The
Bay is highly polluted by wastewater derived from two primary sources: El-Tabia Pumping
Station, which receives a substantial amount of raw industrial wastes from approximately 36
factories(Badr and Hussein, 2010), and Boughaz EI-Maadiya ,which receives agricultural runoff
and brackish water from Lake Edku (Masoud et al., 2005). These different types of pollutants
received via the previously mentioned sources severely impact the water quality of the Bay,
which ultimately affects marine life in the Bay. Abdallah and Mohamed (2017) recorded elevated
levels of total metal content in the sediments from Abu-Qir Bay, particularly lead (Pb) and
cadmium (Cd). The Cd concentrations indicated that the sediments could be classified as "highly
to very highly contaminated,” and organisms inhabiting these sediments are prone to adverse
effects. Additionally, EI-Damhogy et al. (2019) recorded high concentrations of Pb and Zn in
Abu-Qir. According to Abdel-Mohsen et al. (2024), Abu-Qir exhibited the highest concentrations
of Cu and Cd among the five sites they studied along the Alexandria coast. Concentrations of Fe,
Pb, Cd, and Co in Abu-Qir Bay exceeded WHO permissible levels (Abd-Ellah et al.,2025). The
various types of toxic pollutants from the previously mentioned resources along with climatic
changes, severely impact the marine ecosystem of Abu-Qir by altering the physical, chemical,
and biological properties of the water, which in turn affects species distribution, abundance, and
ecosystem biodiversity (Abdallah and Mohamed, 2017; Shreadah et al., 2019; Badawi &
Magdy,2023; Ibrahim et al.,2023; Moneer et al., 2023; Abdel Mohsen et al.,2024).

4. Conclusion

This present study is pivotal for understanding the long-term impacts of environmental threats on
marine biodiversity and for developing effective strategies to mitigate these effects and protect
marine biodiversity. It can be concluded that the community structure and biodiversity of the
rocky shore molluscs are highly sensitive to long-term impacts of persistent stressors such as
global warming and anthropogenic activities. These stressors have resulted in an increase in the
species diversity index and the dominance of certain species. Further research is necessary to

Page 365 Abd Ellah and Elodessy 2025


file:///C:/Users/user/Downloads/New%20Microsoft%20Word%20Document%20(3)%20(2).docx%23_bookmark24
file:///C:/Users/user/Downloads/New%20Microsoft%20Word%20Document%20(3)%20(2).docx%23_bookmark24
file:///C:/Users/user/Downloads/New%20Microsoft%20Word%20Document%20(3)%20(2).docx%23_bookmark44

Aswan University Journal of Environmental Studies (AUJES) 6 (4), pp. 345-374, (2025).
Online ISSN: 2735-4237, Print: ISSN 2735-4229. https://aujes.journals.ekb.eq/

comprehend the specific factors contributing to the changes in the structure of shore communities
and their biodiversity. Moreover, it is highly recommended to investigate the impact of excessive
invasion by Lessepsian species on the overall integrity of the ecosystem to protect marine
biodiversity.
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