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ABSTRACT

Twenty-three surface, ditch and core samples were collected from a number of islands in the El

Burullus Lagoon to define Holocene Molluscan biofacies present in these islands, determine their

spatial and geographic distribution and to assess the environmental impact on the habitat of the

Jauna. In addition, the chemical analysis of the trace elements of the shells is studied to show the

relation between the shell composition and the enclosing sediments.

The quantitative examination and statistical analysis of faunal data were undertaken to refine

interpretations of the present environmental conditions affecting these islands. This is important

because all modern Nile lagoons are undergoing very rapid change (reduction in size, pollution) be-

cause of accelerated human activity.

A total of eight Molluscan bivalve and gastropod species represented by 1123 specimens was

identified and described. Four identified bivalve species are assigned to Ostrea edulis, Cerastoder-

ma glaucum, Abra ovata and Corbicula fluminalis. The gastropods belong to Theodoxus niloticus,

Melanoides tuberculata, Bittium reticulatum and Hinia reticulate species. The ontogeny of most

studied species is dealt with through plots of measurements of a number of specimens.

INTRODUCTION

Many workers have studied stratigra-
phy, geomorphology, tectonic history, pollu-
tion and geologic history of the El Burullus
Lagoon (Abu Al-Izz, 1971; Saad, 1976; El-
Fishawi and El-Askary, 1981; El Sabrouti,
1984; El1 Askary and Frihy; 1986; Kerambrun,
1986; El-Khidr, 1988; Amany, 1989; El Fi-
shawi and Badr, 1989; Sestini, 1989; Ar-
bouille and Stanley, 1991; Toubar, 1991; Mo-
hamed et al., 1991 & 1992; Mohamed, 1992
& 1993; Gheith et al., 1992, 1993 and 1994;
Zaghloul et al., 1999; El-Shinnawy et al.,
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2000; Appleby et al., 2001; Birks et al., 2001;
Flower & Flower et al., 2001; Diab et al., 2006
and Khalil et al. 2007). Few palentological
studies were carried out on El Burullus La-
goon as El Beialy et al., 2006 and Ayyad et
al., 2010. Nevertheless, little or no studies
have been carried out on the islands in the El
Burullus Lagoon.

Nearly twenty-three islands occupy the
central and northeastern parts of the El Bu-
rullus Lagoon and eight of them were selected
and studied in detail (Fig. 1). The biggest ones
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occupy the central part whereas the smallest
ones occur in the northeastern part of the la-
goon. These islands include Aradat Al-
Magraah, Al-Gharbiyah, Al-Dakhlah, Al Kom-
Al Akhdar, Az-Zanqah, Al-Ghariq Al-Qibli, Ib-
sak and Sinjar Islands. These islands are of

different shapes and most of them extend in
the NE and NW directions. Other islands such
as Al-Dakhlah and Sinjar islands are perpen-
dicular to the coastline. The location of the
studied eight islands have been located by
GPS as shown in Table (1).
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Fig. (1): Location of the studied islands in the El Burullus Lagoon (www.eeaa.gov.eg).

Table (1): Longitudes and latitudes of the studied islands.

Name of Island Longitude Latitude
Aradat Al-Magraah 31°28'9" E 30° 45'45" N
Al-Gharbiyah 31°26'57" E 30° 44' 44" N
Al-Dakhlah 31°26'36" E 31°48'0" N
Al-Kom Al-Akhdar 31° 26'55" E 30°50'10" N
Az-Zangah 31°28'38"E 30°48'8" N
Al-Gharig Al-Qibli 31°29'45" E 30°48'16" N
lbsak 31°30'35" E 30°51'30" N
Sinjar 31°30'9"E 30°56' 16" N
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MATERIAL AND METHODS

Four bivalve and four gastropod species
represented by 1123 specimens were identi-
fied. The lithology of boreholes and trenches
from which the fauna are collected is given in
Fig (2). The lengths of both the cores and
trenches dug in the studied islands range
from 40 cm to 120 cm. All the studied islands
are nearly muddy except the Al-Kom Al-
Akhdar Island, which is sandy.

The sands of the Al-Kom Al-Akhdar Island
are yellow in color, loose, fine to medium-
grained and sub-rounded to rounded. The
thickness of the sand beds is up to 80 cm.
Some halophytes are growing on the surface
of this island. No tests were encountered. The
other islands are composed mainly of mud,
clays and carbonates. The mud is calcareous
or sandy. These sediments are grey, yellowish
grey and black. Some shell fragments and
whole tests of bivalves and gastropods were
recorded as shell banks or mixed with argilla-
ceous sediments. The thickness of the shell
fragments bed ranges between 10 and 60 cm.
Some variegated colored intensive halophytes
are grown on the surface of these islands.

Great numbers of molluscs' specimens
were collected from the bottom and the shal-
low boreholes. These specimens are washed
and photographed. The attributed of the
shells are measured and graphically plotted in
scatter diagram to describe and study the on-
togeny of the identified species. Moreover,
contour maps showing the distribution of the
fauna are drawn. Six samples representing
four species of molluscs [Cerastoderma glau-
cum (Poiret, 1789), Melanoides tuberculata
(Miuller, 1774), Bittium reticulatum (Da Costa,
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1778) and Ostrea edulis Linnaeus, 1758] were
chosen for chemical analysis. Initially the
shells were crushed to powder and then the
thirteen trace elements (Cr, Ni, Cu, Zn, Zr,
Rb, Y, Ba, Pb, Sr, Ga, V and Nb) were deter-
mined by using the X-ray fluorescence spec-
trometer (Model X-Unique spectrometer) (XRF)
technique. The analyses were made in the la-
boratory of the Egyptian Nuclear Material Au-
thority. The systematic taxonomy is adopted
after More, R.c. in Treatise of invertebrate pa-
leontology, 1969.

RESULTS

Relative abundance :

The identified molluscs are represented by
four bivalve species and four gastropod spe-
cies. The bivalves include Ostrea edulis Lin-
naeus, 1758, Cerastoderma glaucum (Poiret,
1789), Abra ovata Philippi, 1893 and Corbicu-
la fluminalis (Miller, 1774), whereas the gas-
tropods include Theodoxus niloticus (Reeve,
1856), Melanoides tuberculata (Miuller, 1774),
Bittium reticulatum (Da Costa, 1778) and Hi-
nia reticulata (Linnaeus, 1758). The average
percentage and numbers of specimens of the
molluscs recorded in the studied islands are
given in Tables (2 and 4) and is graphically
represented in Fig. (3). it appears that Ceras-
toderma glaucum and Bittium reticulatum rep-
resent the most abundant species among the
molluscs. The two species constitute shell
banks in the islands of Sinjar, Ibsak and Al-
Ghariq Al-Qibli. None of the identified species
except Cerastoderma glaucum is found in the
Az-Zanqgah Island. In general, the Cerastoder-
ma glaucum dominates in all the studied is-
lands. Probably the reason for this abundance
of such species is due to brackish environ-
ment suitable for flourishing of it. The abun-
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dance of this species leads to poverty of the
three identified bivalves. On the other hand,
the gastropods are probably not affected by
the dominance of Cerastoderma glaucum.
Among the gastropods, Bittium
dominates in islands of Sinjar, Al Dakhlah

reticulatum

and Ibsak respectively. However, the gastro-
pod species Melanoides tuberculata attained a
reasonable abundance in Al-Gharbiyah Is-

From figure (3), it can be seen that the oc-
currence and the percentage of the relative
abundance of molluscs vary from one island
to another. In some islands, only one species
is present, in others two or three species are
present. No more than five species are en-
countered together. Such occurrence of mol-
luscs together in the may be due to the simi-
larity of the environmental conditions and

land. habitat of these species.
Table (2): Average percentage of molluscan species in the studied islands.
Name of species
Bivalves Gastropods

Island

Q. aduiis . A, . T. M. B, H.
- qlaucum ovata fleminaiis | Nijotices | tabercuiata | reticuiatum | reticuiata
Left valve |Right valve

Al Dakhlah 5.3 23 245 0.8 0.8 0.3 15 439 22
Aradat Al-Maqraah a 0 90 0 0 0 a a 10
Al-Gharbhiyah 37 11 454 a7 55 1.1 253 10 32
Az Zangah a 0 100 0 0 0 a a 0
Sinjar a 0 2B.7 0 0 0 a 53.3 20
Ibsak a 0 B5.2 0 0 0 a 309 38
Al-Gharig Al-GQibli 34 1] 67 1] 2b 1] 7 17.4 26

Note: O. edulis: Ostrea edulis,

C. glaucum: Cerastoderma glaucum, A. ovata: Abra ovata, C. fluminal-

is: Corbicula fluminalis, T. niloticus: Theodoxus niloticus, M. tuberculata: Melanoides tuberculata,
B. reticulatum: Bittium reticulatum and H. reticulata: Hinia reticulata.
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Fig. (2): Lithologic logs of the studied islands showing depth of the samples (left of the log) collect-
ed for examination of their macrofaunal content. The depositional environments of the
macrofauna are also given (right of the log). (T: Trench, C: Core, M: Marine, Br: Brackish,
Fr: Fresh).
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Fig. (3): The relative average percentages of molluscan species in the studied islands.

Systematic taxonomy
Phylum: Mollusca Linnaeus, 1758
Class: Bivalvia Linnaeus, 1758
Family: Ostreidae Rafinesque, 1815
Genus: Ostrea Linnaeus, 1758
Ostrea edulis Linnaeus, 1758

(P1. 1, Figs. 8-13)

Morton et al., 2003: Ostrea edulis Lin-
naeus, 1758, figs. 1, 4 and 5.

Description: The shell is cream-colored,
with oval, slender or pear-shaped and is dis-
tinctively opisthogyrous. The shell is small,
varying in height from 1 cm to 2.5 cm. The
left valve is convex and the right one is flat,
with tough edges. O. edulis has a rough scaly
clean surface, sometimes masked with para-
sitic and some dirty organic matter, with
crenulations at the lower ventral part. The
outer shell is composed of flaky layers, which
may include laminar and hollow chambers.
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The interior of the shell is white with lightly
colored patches on the ventral side. Ligament
area is triangular in slender forms, some
forms with deep resillium. The adductor mus-
cle scar is white with lightly colored growth
lines. This scar is anterio-posteriorly elongate,
crescent and tapers posteriorly; it is centrally
positioned, slightly near the posterior.

Ontogenetic variation: As we cannot ob-
serve the growing animal directly, we use a
number of specimens to study the ontogenetic
variation of the species. The two attributes of
length and height of the shells are plotted
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against each other (Fig. 4a). In addition, the
ratio of these two attributes is plotted against
the total numbers of the specimens (Fig. 4b).
The left valves are found separately, the right
valves are not frequently encountered. All the
samples are related to the same species but
within two varieties.

The graph in Fig. 4a is based on measure-
ments of approximately 40 specimens of Os-
trea edulis. The scatter of points forms some-
what length-shape pattern. This may be
interpreted as the rate of width growth is
high when the test becomes larger. This can
be confirmed in Fig. 4b, as both of the two
rates of growth run harmonious in some way.
A line drawn at 459 is included in the plots in
Fig. 4a. All points above this line represent in-
dividuals whose length exceeds their height,
while points below the line represent individu-
als whose height exceeds their length. Such
tendency towards the length may be used as
an indicator for the separation of the species
into two varieties: Variety (a): includes forms
with convex shell and strongly ornamented
surface (Pl.1 figs. 11 & 13), although the pres-
ervation is not so good, and Variety (b): which
includes more or less flattened individuals
with cavity under resillium (P1.1 figs.8,9&11).

Since both length and height grow precise-
ly at the same rate, the growth relationship is
isometric. The isometric growth means that
the plotted line is straight passing through
the origin (Raup and Stanley, 1978).

Habitat: The European flat oyster Ostrea
edulis Linnaeus, 1758 is native to Europe and
the Mediterranean. It has long been harvested
for food. It prefers the firm bottoms of mud,
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muddy sand, muddy gravel with shells and
hard silt. Ostrea edulis Linnaeus, 1758 can be
found on estuaries, and it tolerates salinities
up to 23%. In the area under study, the spe-
cies is encountered in the islands of Al -
Dakhlah, Al-Gharbiyah and Al-Ghariq Al-Qibli
where the mud is dominant and the sand is
negligible. The favorable conditions and nutri-
ent make the species outnumbers all mol-
luscs of the El Burullus Lagoon.

All the encountered individuals of Ostrea
edulis in the studied islands have small shell
size, no more than 25 mm, although the Os-
trea edulis can grow up to 20 cm or more.
Such diminution probably reflects extensive
mortality due to diseases (Mirella da Silva et
al. 2005). The disease Bonamia Ostrae (bona-
miosis) was contracted by O. edulis shortly af-
ter its introduction to the northwest Atlantic
coast. For the last 25 years, O. edulis has
caused extensive mortalities among popula-
tions of the European flat oyster. O. edulis
was eventually re-introduced to Europe where
the disease was transferred to other estab-
lished populations. The disease may be re-
sponsible for the mortality of the individuals
of such species, preventing them to reach the
maximum Ssize.

Occurrence: The species is abundant in
the west of the area studied (fig. 5).

Geographic distribution: The species is
found naturally from the Norwegian Sea
south (Hayward and Ryland, 1990) through
the North Sea down to the Iberian Peninsula
and the Atlantic coast of Morocco. It has also
been found in the Mediterranean Sea and ex-
tends into the Black Sea (Mirella da Silva et
al. 2005). Age: Holocene.
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Fig. (4): A- Ontogenetic change in shape (height and length) in specimens of Ostrea edulis.
B- Length / height ratio against total numbers of specimens. Measurements are
taken for the left valve of Ostrea edulis encountered in the studied islands.
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Fig. (5): Spatial distribution of O. edulis in the El Burullus Lagoon islands.
Order : Veneroida H. Adams and A. Adams, 1856
Family: Cardiidae Lamarck, 1809
Genus: Cerastoderma Poli, 1795
Cerastoderma glaucum (Poiret, 1789)
(Pl. 1, Figs. 1-2)
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Barens, 1980 Cerastoderma glaucum
(Poiret, 1789), fig. (5.1 a).

Description : The shell is small, thin, oval,
fan - shaped and convex. Umbo is prosog-
yral. The surface is sculptured with 20-22 ra-
diating ribs decorated with scale like spines.
The growth lines become distinct at the mar-
gin. The lateral teeth are distinct.

Ontogenetic variation : Cerastoderma
glaucum specimens were counted in the stud-
ied samples. The relationship between the
length of Cerastoderma glaucum against its
height is given in (Fig. 6).The plotted dimen-
sions are linear. The scatter of points in the
new plot falls quite rigorously on the straight
line with slope angle of 45 degree. Such rela-
tion indicates that the shape remains con-

stant throughout ontogeny. The growth is iso-
metric i.e. the rate of increase of the length
equals the rate of increase of the height.

Habitat & ecology: The cockle, Cerasto-
derma glaucum is a filter-feeding bivalve,
which burrows shallow in soft sediments. The
species exists in a typical thin-shelled variety,
which is found in brackish lagoon habitats.
The El- Burullus lagoon is one of the saline
marshlands that form an interface between
the marine, freshwater and terrestrial envi-
ronments. Saline marshlands support highly
specialized biota that are only present in this
habitat. Adults usually burrow shallow in
muddy soft substratum. Although several
species are common in all local marshlands,
yet each site has its own peculiar habitat
characteristics and suite of species.
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Fig. (6): A plot showing the relationship between height and length in samples of

Cerastoderma glaucum recorded in the studied islands.
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Occurrence: The species is found in Al
Dakhlah Island (98 specimens), Aradat Al-
Magqraah Island (9 specimens), Al-Gharbiyah
Island (176 specimens), Az-Zangah Island
(1 specimen), Sinjar Island (4 specimens),
Ibsak (133 specimens) and Al-
Ghariq Al-Qibli Island (77 specimens). It is
noticed that this species has a wide distri-

Island

bution in the studied islands (Fig. 7).

Geographic distribution: It is widely dis-
tributed in north-west Europe and found nat-
urally from Norway and the Baltic to the Med-
iterranean and Black Seas (Hayward and
Ryland, 1990).

Age: Holocene.
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Fig. (7): Spatial distribution of the Cerastoderma glaucum recorded in the

El Burullus Lagoon.

Order : Veneroida H. & A. Adams, 1856
Family: Semelidae Stoliczka, 1870

Genus: Abra Lamarck, 1818

Abra (Syndesmya) ovata Philippi, 1893

(P1.5, Figs. 5-7)
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Zhadin, 1952: Abra (Syndesmya) ovata
Philippi, fig. 2.

Description: The shell is thin, small,
dwarf, fragile, translucent, and equivalved,
rounded-triangular, and more or less flat. The
anterior margin is rounded, the posterior one
is tapering than the anterior. The umbo is
very narrow, less pronounced. The surface is
covered with thin lines of accretion. The cardi-
nal area of the right valve consists of two
small cardinal and two lateral teeth. In the

left valve, there is a small cardinal tooth.

Habitat: The thin wall of the species re-
flects quite calm conditions prevailing during
the deposition of mud. Abra ovata occurs in
almost all bottoms but typically inhabits

sandy mud and is characteristic of areas fea-
turing strong salinity changes such as semi-
enclosed areas such as coastal lagoons (Gre-
mare et al., 2004). It is found in brackish la-
goon habitats dominated by calcareous mud
facies and high salinity.

Occurrence: It is found in Al Dakhlah Is-
land (3 specimens) and Al-Gharbiyah Island
(14 specimens), western area of the lagoon
(Fig. 8).

Geographic distribution: The horizontal
distribution of Abra ovata goes from northern
France to the Atlantic Coast of Morocco and
to the Mediterranean Sea (Gremare et al.,
2004).

Age: Holocene.
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Fig. (8): Spatial distribution of Abra ovata recorded in the El Burullus Lagoon
showing a pocket in the west.
Order : Veneroida H. Adams and A. Adams, 1856
Family: Corbicula Mergele von Muhlfeld, 1811
Corbicula fluminalis (Miller, 1774)

(PL. 1, Figs. 3-4)

Ciutti and Cappelletti, 2009: Corbicula
Sfluminalis (Miler, 1774), fig.1 (a).

Description: Shell is small, triangular,
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with rounded margins, reddish brown, and
umbo orthogyrate. The surface is covered with
concentric weak and very regularly spaced
ribs. It has highly convex, smooth umbonal
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area with indistinct growth lines. Lateral teeth
elongated, three short and thicker cardinal
teeth in each valve. Pallial line is integrepalli-
ate and adductor muscles are heteromayri-
an.

Habitat: Corbicula fluminalis is found in
lakes and streams of all sizes with silt, mud,
sand, and gravel substrates. It prefers fine,
clean sand, clay, and coarse sand substrates
(Aguirre and Poss 1999). The bivalve Corbicula
fluminalis is perhaps the most famous inter-
glacial mollusc known from north-west Eu-
rope, found in freshwater habitats.

The occurrence of the species in the area of
study refers to coastal wetlands, transitional
between freshwater wetlands and saline
marshlands in the sense that the biotic as-
semblages they support consist of species typ-
ical of both freshwater and saline habitats.

Such wetlands have been termed 'transitional
coastal wetlands'. Such wetlands arise when
rainwater collects in depressions close to the
sea. Under appropriate conditions, these
pools become colonized by species typical of
freshwater and which have some degree of tol-
erance to maritime influence. During the dry
period, the only water arriving in these de-
pressions is seawater carried by wind and
wave action; conditions therefore favor brack-
ish water species.

Occurrence: It is found in Al Dakhlah Is-
land (3 specimens), Al-Gharbiyah Island (21
specimens), (Fig. 9).

Geographic distribution: It is found in At-
lantic Europe, North Sea (Streftaris et al.
2005) and Germany (Gollash and Nehring,
20086).

Age: Holocene.

31554

31.6
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Fig. (9): The spatial distribution of Corbicula fluminalis in the studied islands

showing a spot in the west side of the lagoon.
Class: Gastropoda Cuvier, 1797

Order: Neritopsina Cox & Knight, 1960
Family: Neritidae Rafinesque, 1815

Genus: Theodoxus Montfort, 1810
Theodoxus niloticus (Reeve, 1856)

(P1. 2, Figs 11-13)
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Brown, 1994: Theodoxus niloticus (Reeve,
1856): fig. 16 (b, c).

Description: The shell is small, obliquely
ovate, and more or less turbinate. The color of
the whorls of the spire is yellow, whereas the
body whorl has alternatively patches of brown
and pale yellow. Last whorl elongates with
rounded and oblique dextral base. Spire is
very short and the apical angle obtuse. The
shell has three spirally coiled whorls, which
are more rounded at the periphery and separ-
ated by a flush suture. The aperture is semi-
circular in outline. It takes exactly the shape
of letter D. The aperture is limited by an outer
delicate lip sloping down at a very acute angle
to the columella. The shell is without umbili-
cus, so the inner lip or columellar margin is
twisted. The sculpture includes more or less

faint wavy oblique axial narrow stripes.

Habitat: live in fresh water and slowly
flowing water in Northern Egypt, tolerant of
some salinity and abundant in the extinct
fauna of aquatic molluscs in the Fayum De-
pression (Gardner, 1932).

Occurrence: It is found in Al Dakhlah Is-
land (1 specimen), Al-Gharbiyah Island (4
specimens), (Fig. 10).

Geographic distribution: Theodoxus niloti-
cus inhabits along the River Nile and its tribu-
taries from Lake Nasser (Southern Egypt) to
Rosetta and Damietta branches (Northern
Egypt). It is recorded In Ethiopia, The Blue
Nile below Lake Tana and near Massawa
(Brown, 1994). Age: Holocene.
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Fig. (10): The spatial distribution of Theodoxus niloticus recorded in the stud-
ied islands showing a spot in the west.
Order: Sorbeoconcha Ponder & Lindberg, 1997
Family: Thiaridae Troschel, 1857
Genus: Melanoides Olivier, 1804
Melanoides tuberculata (Muller, 1774)
(Pl. 2, Figs. 6-10)
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Paz, et al.,, 1995 & Duggan, 2002: Mela-
noides tuberculata (Muller, 1774), fig. (2).

Description: The shell is small; ranging
from 0.46 cm to 1.81 cm, thin, transparent.
The shell is elongate and conical with regular-
ly increasing whorl, typically seven in num-
ber, with Light brown color. The body whorl
occupies one third of the shell. Aperture is
oval with the nucleus near to the base. The
sculpture is evenly distributed all over the
whorl, being composed of weakly curved ribs
and much finer spiral striations The surface
is frequently mottled with rust colored spots.

Ontogenetic variations: Melanoides tuber-
culata specimens were counted in all the sam-
ples. The relationship between the heights of
Melanoides tuberculata against its height of
aperture is given in (Fig. 11). It is noticed that
the growth relationship is isometric i.e. as the
height increases the height of the aperture in-
creases (proportional relationship). The rate of
variation of the diameter of the aperture is
proportionate with the rate of the shell height.
However, the shell has a tendency to be high
in the expense, of whorl width. Such perfect
growth relation between the spire and the
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aperture is expressed in the line sloping by 45
degree (Fig. 11).

Habitat description: Melanoides tubercu-
lata is typically found in freshwater, shallow
slow running water (0.6-1.2m in depth), on a
substrate consisting of soft mud, or soft mud
and sand (Neck, 1985). Dundee and Paine
(1999) reported areas rich in detritus and silt
behind overhanging stems and protruding
roots of bank vegetation.

Occurrence: Melanoides tuberculata is
found in Al Dakhlah Island (60 specimens),
Al-Gharbiyah Island (96 specimens), Al-
Ghariq Al-Qibli Island (8 specimens), Fig. (12).

Geographic distribution: This species is
native to a large part of Africa , the Mediterra-
nean region (Schutt, 1983), and throughout
India (Dutt & Bali 1980). It is also found in
Southeast Asia (Brandt 1974), Malaysia, Ara-
bian Peninsula (Brown and Wright 1980),
southern China north to the Ryukyu Islands
of Japan and south and east through the Pa-
cific Islands to northern Australia and the
New Hebrides (Pace 1973).

Age: Holocene.
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Fig. (11): Plots showing the relationship between height and aperture height
of Melanoides tuberculata recorded in the studied islands.
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Fig. (12): The spatial distribution of Melanoides tuberculata in the studied islands.
Order: Caenogastropoda Ponder & Lindberg, 1997
Family: Cerithiidae Fleming, 1828
Genus: Bittium Gray, 1847
Bittium reticulatum (Da Costa, 1778)
(P1. 2, Figs 1- 3)
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Fish & Fish, 1996: Bittium reticulatum (Da
Costa, 1778), fig. 136 (b).

Description: The shell is small, varying in
size from 0.5 to up to 2 cm, turreted in shape
with acute apical angle and rounded whorls
.The body chamber occupies 25% of the spire.
The aperture is siphostomatus. The sutures
are depressed. The ornamentation is reticu-
late with slightly raised axial nodes.

Remarks: The described specimens have a
rounded aperture related to slightly oval ones

described by Da Costa (1778).

Ontogenetic variations: Bittium reticula-
tum specimens were counted in all the sam-
ples. The relationship between the height of
Bittium reticulatum against its height of aper-
ture is given in Fig. 13. It is noticed that the
growth relationship is isometric i.e. as the
height increases the height of the aperture in-
creases (proportional relationship). Again, the
growth is isometric. However, the rate of vari-
ation of the two-plotted attributes shows
slight difference.
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Fig. (13): Plots showing the relationship between the height of Bittium reticulatum
and height of its aperture recorded in the studied islands.

Habitat: Bittium reticulatum was the most
abundant species, being especially abundant
in the sea grass habitat (Almeida et al. 2008).
It
shores, and on rocks and stones.

is associated with sandy and muddy

Occurrence: Bittium reticulatum is found
in Al Dakhlah Island (195 specimens), Al-
Gharbiyah Island (38 specimens), Sinjar Is-
land (8 specimens), Ibsak Island (63 speci-
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mens), Al-Ghariq Al-Qibli Island (20 speci-
mens). It is noticed that this species has a
wide distribution in the studied islands, (Fig.
14).

Geographic distribution: This species in-
habits Atlantic coast of Europe (north of Eng-
land) Mediterranean, Aegean, Marmara, Black
and Azov Seas (Hayward, and Ryland, 1990).
Age: Holocene
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Fig. (14): The spatial distribution of Bittium reticulatum recorded in the studied islands

showing a spot in the southwest.
Order: Sorbeoconcha Ponder & Lindberg, 1997
Family: Nassariidae Iredale, 1916

Genus: Hinia Leach, 1847

Hinia reticulata (Linnaeus, 1758)

(Pl. 2, Figs. 4- 5)

Fish, & Fish, 1996: Hinia reticulata (Lin-
naeus, 1758), fig. 153 (a).

Description: Creamy whelk, small size,
trochoid with straight sided spine, body whorl
half of the spire, apical angle acute, about 5
whorls, ornamentation reticulate with a raised
axial one, become very feeble around the
aperture with clear axial ornamentation, aper-
ture oval with outer lip, inner lip extending
over the body-whorl, siphon canal deep and at
an oblique angle.

Habitat: Hinia reticulata is found in sedi-
mentary areas of the lower rocky shore and
on soft sediments, where it often buries itself
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and lives in brackish water.

Occurrence: It is found in Al Dakhlah Is-
land (9 specimens), Aradat Al-Maqraah Island
(1 specimen), Al-Gharbiyah Island (12 speci-
mens), Sinjar Island (3 specimens), Ibsak Is-
land (3 specimens), Al-Ghariq Al-Qibli Island
(3 specimens).

Geographic distribution: Inhabits Azores,
British Isles, Canaries, North East Atlantic,
Norwegian Exclusive Economic Zone (Hay-
ward, and Ryland, 1990),
Economic Zone (Eneman, 1984), Grevelingen,
Wadden Sea (Leewis, 2002) and Sas van Goes
(Annys, 1984). Age: Holocene.

Belgian Exclusive
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DISCUSSION AND CONCLUSIONS

I- Environmental impact

a- Mixed environments:

This study shows the occurrence of ma-
rine, brackish and fresh molluscan species.
The brackish species are dominant in most of
the studied islands (Fig. 3). Moreover, the ma-
rine molluscan species are dominant in Al
Dakhlah and Ibsak islands, whereas the fresh
molluscan species occur in Al- Gharbiyah Is-
land. It is worthy to mention that in the litho-
logic log of Al- Gharbiyah Island, the brackish
Molluscan fauna occupy its lower part, where-
as its upper part is occupied by the fresh spe-

cies (Fig. 2). Bernasconi and Stanley, 1994
used the Molluscan fauna to deduce the pale-
oenvironmental and paleobathymetrical inter-
pretations of the Nile Delta during the past
7500 years. They found that there is a varia-
tion in the molluscan fauna content in the
Nile Delta Holocene coarsening upward se-
quence i.e., from lower prodelta and delta
front lithofacies to upper coastal and lagoon
lithofacies.

A summary of distribution, habitat and en-
vironment of the identified species are given
in table (3)

Table (3): Summary of the distribution and habitat of the mollusks.

Macrofauna Habitat & ecology Islands
Ostrea edulis Muddy areas — marine water Al-Dakhlah, Al-Gharbiyah & Al-
Cerastoderma glaucum Soft sediments — brackish water All

Abra ovata

Soft grounds cover with silt and

sand — brackish lagoons

Al-Dakhlah & Al-Gharbiyah

Corbicula fluminalis

Fresh water

Al-Dakhlah & Al-Gharbiyah

Theodoxus niloticus

Fresh water (River Nile)

Al-Dakhlah & Al-Gharbiyah

Melanoides tuberculata

Soft mud and sand — fresh water

Al-Dakhlah, Al-Gharbiyah & Al-
Ghariq Al-Qibli

Bittium reticulatum

Sandy & muddy shores — marine

water

All except Az-Zangah & Aradat
Al-Magraah

Hinia reticulata

Soft sediments — brackish water

All except Az-Zangah
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b- Facies control and faunal distribution
The distribution of the fossils
water body depends on its salinity,

in any
tem-
perature, water depth, chemical composi-
tion and nutrients. To some extent, the fa-

cies, the chemistry of the water body and the

sediments affect the distribution of the mol-
luscan species encountered in the studied

islands. The sediment components of the
studied islands play an important role
in distribution of the Molluscan species
(Table 6).

Table (4): List of eight of Molluscan species retrieved from the studied islands. Numbers

of specimens recorded for each species in the 33 samples refers to actual

specimen counts.

Name of Island [ Name of Sample
Name of Al A":;(III‘“ Al- Az- Siniar Ibsak Al-Ghariq
Species Dakhlah M Gharbiyah Zanqah 2 AlQibli
Magraah
03|04 D5 |W|V|T| m2 | m3 |GH2|GH3 |GH4 | GH5 | GHG |GHT |B|GH 9 J S6 | 12(13]19 (110 Al3
Oswea | \qslqs| ||| | |8 || -|s]2|3]| -] - S I I 4
edulis
0 Cerastoderma
@ — 40|56 [1]|-[1] 2 T |27 (100 — - 6 [ 19 (6| 18 1 4 |11(34(26|62 77
- glaucum
<
= Abra
@ ovata N e - Tl T T T -
l[ch'l).lclll.a a2 -l 2 _ 2 _ _ |13 3 3 || = _ _ == = 3
fluminalis
Th?od.oxus el oo 2 _ _ _ 1 3 _ N _ _ REREE _
0 niloticus
S | Melanoid
g Melanoldes | 4 o199 7 (1) | _ 130 7| - 137! 4 | 18] _ _ - === 8
a tuberculata
o —
g Bithum 1y legltalof1]1] _ | _ |18 10| | - | 4| af2| - | - 8 |3|3012{18] 20
o reticulatum
L] Hini.
o U Y T -2 S O O O A ' I B 3 50 |3 3
reticulata

389



H. H. Hamama and M. A. El Soholy

Table (5): Vertical distribution of Molluscan species retrieved from the T2 of
Al-Gharbiyah Island and C1 in the Al-Dakhlah Island.

Bivalves Gastropods
Island Ostrea |Cerastoderma |Abra |Corbicula | Theodoxus |Melanoides | Bittium Hinia
edulis glaucum ovata | fluminalis | niloticus | tuberculata | reticulatum |reticulata
= o GH4 - - - - 1 - - 1
[l
> 7
2 G5 5 - - 13 3 37 - 1
£ | 0]
£ GHs Ol 2 6 - 3 - 4 4
Q (30 5
< G”T"gg 3 19 1 3 - 18 4 1
40 ==
&
10 ?&ﬂ;&
W % _ 1 1 _ _ 7 9 -
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&
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o |® EX
™
70 ¥
Liv:y 1 1
off Y - ol B - -
90

Al Kom-Al Akhdar Island is barren in fau-
na, as it is composed mainly of sand. In addi-
tion, the other islands such as Aradat Al-
Maqraah and Az -Zanqah islands contain a
little amount of mollusc due to the dominance
of the sands. Scarcity of fauna could also be
due to the low percentage of the carbonates,
mud and total dissolved salts as reported
from the (Hayward, and Ryland, 1990), Aradat
Al-Maqraah, Az-Zanqah, Sinjar and Ibsak is-
lands. Macrofossils are only found in the
muddy facies for which three varieties could
be differentiated in the studied islands. They
are:

B1l- Mud facies: These include sediments
with high percentages of mud over than 69%
are reported in Az-Zangah and Sinjar islands.
They contain a relatively low percentage of to-
tal dissolved salts and fresh water Molluscan
species dominate this facies.

B2- Salty mud facies: This mud facies con-
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tains a high percentage of total dissolved salts
up to an average of 25% associated with high
amounts of carbonates, dominated by marine
Molluscan fauna tolerant of high salinity as
reported in the Al Dakhlah Island.

B3- Calcareous mud and carbonate facies:
This is a high diversity facies,(Table 5) mainly
composed of a large amount of carbonates re-
sulting from a large accumulation of shells
adapted to live in salt-water as reported in the
Al-Gharbiyah, Al Dakhlah, Ibsak and Al-
Ghariq Al-Qibli Islands.

II- Chemistry of molluscan shells :

Nine trace elements are determined for six
samples representing the shells of four Mol-
luscan species (Table 7). The concentration of
Ni (range; 4-8 ppm), Rb (range; 3-10 ppm), V
(range; 2-9 ppm), Cu (range; 15-20 ppm), Zn
10-28
ppm) is low. The concentration of Zr (range;

(range; 12-25 ppm) and Cr (range;
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28-52 ppm) and Ba (range; 23-98 ppm) are
moderate. The concentration of Sr is high and
ranges between 1181 ppm (shells of Bittium
reticulatum) and 2183 ppm (shells of Cerasto-
derma glaucum). Such high variation in Sr
values may reflect the different salinity regime
in the El Burullus Lagoon (Nossier, 1986). A
combined strontium isotopic (87sr/868r) and
paleontological method is applied to a modern
lagoon in Egypt's Nile River delta to test its

applicability as a paleosalinity proxy (Rein-

hardt et al., 1998).
that the contents of most trace elements are
lower in the shells (Table 6) than those re-
corded in the sediments of the studied is-

It is worthy to mention

lands. However, the Sr content in the Mollus-
can fauna is higher than that reported in the
sediments. A comparison between the most
abundant elements in the shells and those of
the sediments of the islands is given in Fig.
(15). Such comparison reveals a proportional
relationship.

Table (6): The relationship between the facies and distribution of the molluscan species in the

studied islands.

Carbonate (Sand (Mud [TDS |OM

Bivalves Gastropods

Island " o o w | % | o.

Aradat Al-Maqraah 37.5 39.80 | 9.20 |10.00|3.50

Az-Zanqah 5.75 9.84 |69.95|8.83 563
Sinjar 6.19 3.33 (70.41|15.84|4.23
Ibsak 30.40 7.41 |51.76 | 4.37 |6.06

Al-Ghariq Al-Qibli

edulis |glaucum | ovata |fluminalis|niloticus |tuberculata | reticulatum reticulata

Al Dakhlah 1367 | 282 [5435(2550(367 77 7 7 |
m - | 7

_
Al-Gharbiyah 37.83 0.41 (42.0113.83 ////%////////////////////////////%%/////////////////

7437 | 154 |1475|6.24 %////%%////%-7//////%-%//////////%%////////////////

E——
.

TDS: Total Dissolved Salts, OM: Organic Matter, O. edulis: Ostrea edulis, C. glaucum: Cerastoderma glaucum, A. ova-
ta: Abra ovata, C. fluminalis: Corbicula fluminalis, T. niloticus: Theodoxus niloticus, M. tuberculata: Melanoides
tuberculata, B. reticulatum: Bittium reticulatum and H. reticulata: Hinia reticulata

Table (7): Trace elements in shells of some molluscan species found in the sediments of the

studied islands.

Island Satlil;}le Spedes Trace elements {ppm)
) Cr Hi Cu | Zn | Zr | R | Ba sSr v
) Bittitnm
D4 reticulatum 20 7 17 (1937 | 7 47 1414 5
Al Cerastoderma
Dakhlah D5 glaucim T 5 To | 121 4 7 43 1924 u.d
MMelanoides
tubercuiata 28 3 125|526 93 1639 9
Cerastoderma
Al oHa glaucum 14 5 191246 | 3 B3 | 2183 w.d
Gharbiyah - Ostrea
edulis 12 5 161632 8 a7 1133 5
Cerastoderma
Ho glatcum M0 (ud | 161339 B 23 1823 2
Ihsak Bittitnm
13 reticulatum 16 o 19 ( 17 | 37 | 10 | &0 1181 7

(u.d): means under detection limit which is 2 ppm
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Fig. (15): (A): The spatial distribution of Sr content in sediments and (B): The spatial
distribution of Sr content in shells in the studied islands.

Explanation of Plate 1 (Bivalves)

Figs. (1 - 2) : Cerastoderma glaucum (Poiret,
1789).

Fig. 1 : Al-Ghariq Al-Qibli Island, trench 1,
Al3, brackish, Holocene, 0.78 X.

Fig. 2: Al-Ghariq Al-Qibli Island, trench 1,
Al3, brackish, Holocene, 0.79 X.

Figs. (3 - 4) : Corbicula fluminalis (Miuller,

1774).

Fig. 3 : Al-Gharbiyah Island, trench 2, GH5,
freshwater, Holocene, 0.78 X.
Fig. 4 : Al-Gharbiyah Island, trench 2, GH5,

freshwater, Holocene, 0.78 X.
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Figs. (b - 7) : Abra ovata Philippi, 1893.

Fig. 5: Al-Gharbiyah Island, trench 1, GH3,
brackish, Holocene, 0.78 X.

Fig. 6: Al-Gharbiyah Island, trench 1, GH3,
brackish, Holocene, 0.78 X.

Fig. 7: Al-Gharbiyah Island, trench 1, GH3,
brackish, Holocene, 0.78 X.

Figs. (10-16) : Ostrea edulis Linnaeus, 1758.

Fig. 8: Al-Gharbiyah Island, trench 2, GH5,
marine, Holocene, 1.4 X.

Fig. 9: Al-Gharbiyah Island, trench 2, GH5,
marine, Holocene, 1.04 X.

Fig. 10: Al Dakhlah Island, trench 2, D5, ma-
rine, Holocene, 1 X.
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Fig. 11: Al-Gharbiyah Island, trench 2, GH5,
marine, Holocene, 1.07 X.

Fig. 12: Al Dakhlah Island, trench 2, D4, ma-
rine, Holocene, 1.4 X.

Fig. 13: Al Dakhlah Island, trench 2, D5, ma-
rine, Holocene, 1.14 X.

Explanation of Plate 2 (Gastropods)

Figs. (1-3) : Bittium reticulatum (Da Costa,
1778).

Fig. 1: Al Dakhlah Island, trench 2, D5, ma-
rine, Holocene, 1.6 X.

Fig. 2: Al Dakhlah Island, trench 2, D5, ma-
rine, Holocene, 1.6 X.

Fig. 3: Al Dakhlah Island, trench 2, D5, ma-
rine, Holocene, 1.5 X.

Figs. (4-5) : Hinia reticulata (Linnaeus, 1758).

Fig. 4: Sinjar Island, core 1, S6, brackish,
Holocene, 1.7 X.

Fig. 5: Al Dakhlah Island, trench 2, D5,
brackish, Holocene, 1.9 X.
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Figs. (6-10): Melanoides tuberculata (Miiller,
1774).

Fig. 6: Al-Gharbiyah Island, trench 1, GHZ2,
freshwater, Holocene, 1.8 X.

Fig. 7: Al-Gharbiyah Island, trench 1, GH2,
freshwater, Holocene, 1.9 X.

Fig. 8: Al-Gharbiyah Island, trench 1, GHZ2,
freshwater, Holocene, 1.9 X.

Fig. 9: Al-Gharbiyah Island, trench 1, GH2,
freshwater, Holocene, 1.7 X.

Fig. 10: Al-Gharbiyah Island, trench 1, GHZ2,
freshwater, Holocene, 1.6 X.

Figs. (11-13): Theodoxus (Neritaea) niloticus
(Reeve, 1856).

Fig. 11: Al-Gharbiyah Island, trench 2, GH5,
freshwater, Holocene, 2.3 X.

Fig. 12: Al-Gharbiyah Island, trench 2, GH5,
freshwater, Holocene, 2.1 X.

Fig. 13: Al-Gharbiyah Island, trench 2, GH5,
freshwater, Holocene, 2.1 X.
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Magnification Scale

1-2: Cerastoderma glaucum, 3-4: Corbicula fluminalis, 5-7: Abra ovata and
8-13: Ostrea edulis] [1X = normal size].
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Magnification Scale

1-3: Bittium reticulatum, 4-5: Hinia reticulata, 6-10: Melanoides tuberculata and
11-13: Theodoxus (Neritaea) niloticus] [1X = normal size].
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