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ABSTRACT

Bottom sediment samples were collected from two sites located at the Red Sea coast of Egypt namely,
Ras Gharib and Quseir. The samples were treated for their ostracods content. Identification, taxonomy,
distribution, ecology, zoogeographical, and environmental aspects were carried out on the assemblage of
the Ostracoda. Twenty-three ostracod species belonging to 20 genera, and 12 families were identified.
The percentages of the most common ostracods are Quadracythere (19.35% and 17.83%), Xestolebris
(10.42% and 7.4%), Loxocorniculum (17.37% and 14.42%), Ghardaglaia (4.22% and 17.91%), and
Moosella (10.17% and 9.45%) for Ras Gharib and Quseir sites, respectively. Most of the observed fauna
are Indo-Pacific.

From the environmental geochemical point of view, the Quseir area is characterized by sediments that
are more enriched in some heavy metals, compared to the average shallow marine sediment contents. Ras
Gharib site has, relatively, less heavy metal contents with coarser-grained sediments. Based on the
Canonical Correspondences Analysis (CCA), pollution-tolerant species were observed in the contaminated
stations such as Ghardaglaia triebeli, Alocopocythere reticulata, Moosella striata, and Hiltermannicythere
rubrimaris, which can act as survivors. On the other hand, pollution-sensitive taxa such as Jugosocythereis
borchersi, Loxocorniculum ghardagensis, and Xestolebris ghardagae, are characterizing the Ras Gharib
area. Careful consideration should be maintained before long to conserve the Red Sea eco- and geo-
systems.
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INTRODUCTION

Ostracods are a well-documented group within the crustaceans, due to its wealth of characteristic
features, strong calcification, and tiny a carapace that fossilizes easily. The latter is characterized by the
presence of a bivalve shell, hinged along the dorsal margin. Ostracods are known to inhabit a wide variety
of aquatic environments (marine, brackish, and freshwaters). Their ecological attributes are very useful for
recent and past environmental reconstructions (e.g., El Hmaidi et al., 2010; Nachite et al., 2010).

Along the Red Sea coast of Egypt, the marine eco- and geo- systems are dynamic, which have variable
bottom sediment types, different habitats, and localized deposition and transportation processes (e.g.,
Mansour et al., 2000). These systems are affected by several anthropogenic activities such as phosphorite
mining, oil exploration, fishing, urbanization, tourism, sewage, waste disposal, and shipping. Despite this,
the study of modern ostracods has been relatively neglected along the Egyptian Red Sea coast (Helal and
Abd El-Wahab, 2012). Instead, some taxonomic studies on recent ostracods (e.g. Hartmann, 1964; Helal
and Abd El-Wahab, 2012; Mohammed et al., 2012) were conducted on the Red Sea area, relating species
to their environment. According to Yasuhara et al. (2003), ostracods are a sensitive group to anthropogenic
influences. As the bottom sediments can reflect the past and present environmental conditions of a water
body, the objectives of the present work are the detailed investigations of the taxonomy, ecology,
zoogeography, and heavy metal bio-monitoring of the Ostracoda assemblages collected from Ras
Gharib and Quseir sites along the Red Sea Coast of Egypt. The present study seeks to improve the
conservation and management of the Red Sea eco- and geo- systems in the future.
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The study area encompasses two main sites along the Red Sea coast (Fig. 1). The Ras Gharib harbor
(Lat. 28° 21' 27.79"-28° 20' 36.32"N and Long. 33° 7' 4.65"-33° 6' 37.80E), which suffers from
hydrocarbon exploration activities in addition to clastic terrigenous influx from the surrounding volcanics
and granitoids that resulted usually due to the flash flooding. Its bottom sediment facies are mainly sandy
with a high percentage of CaCO3 content. The Quseir harbor (Lat. 26° 6' 19.07"-26° 6' 7.47"N and Long.
34° 17'25.05"-34° 16' 59.76" E) is suffering from several phosphorite mining activities, also alluvial fan
deposits transporting sediments from the surrounding Precambrian complexes seaward, and enormous
fuel wastes due to shipping activities. The Quseir site includes two Jetties: one is for tourist boats and
another is for fishing boats. The bottom sediment facies are mainly muddy sand. In general, the
biogenic constituents of the sediments are produced mainly in reefs, carried along the shore and deposited
in the shelter of a large reef-spur (e.g., Reiss and Hottinger, 1984).
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MATERIAL AND METHODS
Sampling and Ostracods analysis

Surface marine sediment samples were collected in summer 2014 from Ras Gharib and Quseir
sites. The water depth of the sampled sites ranges from a few centimeters to 7 m (Table 1 and
Fig. 1). Samples were collected either by grab sampler (in deep water) or using hand sampling (around
the beach), with different distances from and along the shoreline. The obtained samples are investigated
for their ostracods content. The sediments were treated using normal washing techniques for the
extraction of ostracods. 100 grams of the washed residue are inspected, and the obtained taxa were
investigated and scanned using the Electron Microscope in the central laboratories of the Egyptian Mineral
Resources Authority using the machine JSM 6063LA. The picking of ostracods was done on >125 um
fractions. Most of the picked specimens were disconnected valves and the carapaces were few. The
ostracod assemblages were identified according to Moore (1961) and Hartmann (1964). The investigated
species were counted, and the results are shown in Tables 2 and 3.
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Salinity and pH of the seawater were measured for each sampling station using a Hydrolab Surveyor-4.
Water depth was measured either by an echo-sounder instrument in deep stations, or by a water depth

meter in shallow stations (<1 m). The water depth in the two sites ranged from 0.1 to 7 m.

Table 1: The measured ecological parameters in the two sites.

Station | Latitude (N) | Longitude (E) | Depth (m) | Salinity %| pH Samples description

Gl 28°20'36.32" 33° 6'37.80" 04 41.31 7.7 Coarse sand

G2 28°20'37.50" 33°6'56.82 3 41.54 8.19 | Silty sand

G3 28°20'38.09" 33°79.71" 6 4145 8.21 | Silty sand

G4 28°20'54.28" 33°6'39.41" 0.6 4091 7.71 | Biogenic sand

GS 28°20'56.16" 33°6'54.23" 4 4142 8.12 | Silty sand

G6 28°20'57.11" 33°7'7.57" 7 41.53 8.08 | Silty sand

G7 28°21'21.44" 33°6'33.79" 0.3 41.12 74 Gravely sand

G8 28°21'24.56" 33° 6'47.64" 3 41.61 8.33 Silty and

G9 28°21'27.79" 33°7'4.65" 7 41.34 8.21 | Silty sand

Q1 26° 6'7.47" 34°16'59.76" 0.1 40.39 7.41 | Biogenic silty sand

Q2 26°6'541" 34°17'4.17" 40.93 8.21 | Muddy sand

Q3 26°62.41" 34°17'11.37" 3 40.89 8.24 | Muddy sand

Q4 26° 6'14.69" 34°17'11.94" 0.2 40.52 7.45 Biogenic muddy sand

QS 26° 6'10.74" 34°17'15.72" 1.5 40.96 8.13 | Muddy sand

Q6 26° 6'8.11" 34°17'18.49" 4 40.93 7.86 | Muddy sand

Q7 26° 6'22.30" 34°17'11.08" 0.2 40.62 7.62 | Biogenic silty sand

Q8 26° 6'20.87" 34°17'18.58" 1.78 40.99 797 | Muddysand

Q9 26° 6'19.07" 34°17'25.05" 3 40.88 7.84 | Muddy sand

Table 2: List of the identified Ostracoda species in the Ras Gharib site.

Species Gl G2 | G3 | G4 G5 | G6 | G7 | G8 | G9 [Total |Species%
Hiltermaooicytbere rubrimaris 0 0 0 0 010 5 5 11 2.73
Caudites laevis 0 |3 0 0 0 |0 15 | 4 23 5.71
Ghardaglaiatriebeli 0 0 0 0 |0 6 9 17 4.22
Quadracythere borcbersi 5 6 0 516 32 |22 78 19.35
Neonesidea schulzi 0 |2 0 0 2 310 4 2 13 3.23
Triebelina sertata 0 3 0 0 010 20 | 4 28 6.95
Paranesidean.sp 0 |0 0 0 0 |0 2 4 0.99
Mossella striata 0|0 0 0 0 0 |0 27 |14 |41 10.17
Loxocuroiculum gbardaqgeosis 0 [13] 6 4 010 29 17 | 70 17.37
Paraoesidea fracticorallicola 0 0 0 0 0 |0 2 4 0.99
Cypridies torosa 0 |0 0 0 0 0 |0 7 0 7 1.74
Loxocoocha sp 0 0 0 0 0 0 |0 2 2 4 0.99
Paradoxostomabreve 0|0 0 0 0 0 |0 6 3 9 2.23
Xestolebris rbomboidea 0 |4 2 010 11 | 4 23 5.71
Cytheroma dimorpba 0 |0 0 0 0 0 |3 5 2 10 2.48
Sclerochilus rectomarginatus 0 |2 0 0 0 0 |0 0 0 2 0.50
Xestolebris ghardagae 0 |4 2 0 0 310 7 3 19 4.71
Cytherelloidea sp 0 |0 3 0 0 0 |0 8 7 18 4.47
Paradoxostoma parabreve 0 |0 0 0 2 10 0 0 3 0.74
Miocyprideis cf.spinolusa 0 0 0 0 0 |0 0 0 0.25
Leptocytbere arenicola 0 |0 3 0 0 0 |0 12 | 3 18 4.47

Geochemical analysis of sediments

Chemical analysis was carried out on the sediment samples in Acme Labs, Bureau, Canada. Aliquots of
0.5 g of fine sediments (63 um) were analyzed using Inductively Coupled Plasma-Emission Spectrometry
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(ICP-ES). The samples were digested with a modified aqua regia solution (0.5 ml H,O, 0.6 ml
concentrated HNO;, and 1.8 ml concentrated HCI) for 2 hours at 95°C. Samples were cooled down, diluted
to 10 ml with de-ionized water. The samples were then analyzed using a Perkin-Elmer OPTIMA 3000
Radial ICP for the element suite. For quality control (QC), replicates (~ 25% of the total number of
samples) were analyzed under the same procedures. A series of geochemical reference standards (USGS,
1995) were used as controls to ensure the quality control and accuracy of the analysis. A standard matrix
and a blank were running every 13 samples. The detection limits of the measured metals are; Cu (1 ppm),
Zn (1 ppm), Mn (2 ppm), Cd (0.5 ppm), As (2 ppm), Pb (3 ppm), Cr (1 ppm), Ni (1 ppm). Mo (1 ppm), P
(0.001 ppm), Fe (0.01 ppm), and Co (1 ppm).

Table 3: List of the identified Ostracoda species in the Quseir site.

Species Q1| Q2 Q3 Q4| Q5 Q6| Q7] QS| Q9| Total | Species%
Hiltermannicytbere rubrimaris 33 | 5313116182734 27 [19] 258 2.39
Caudites Jaevis 14 [ 18] 14|11 |21 18] 9 | 15|21 141 1.31
Ghardaglaia triebeli 2201345(267|116|192|234|214]| 166 |178| 1932 17.91
Quadracythere borcbersi 256 (286|203 177189201 | 271 | 187|154 1924 17.83
Neonesidea scbulzi 0 |59 17|11 |31]33]|11] 18|16 196 1.82
Triebelina sertata 0]0]O0[3[]9]9]7]61]09 43 0.40
Paranesidea n.sp 0 |O0O|] 0| 6 |24]15| 8] 12| 9 74 0.69
Mossella striata 134 179|129 31 | 45| 123|157| 121 |101]| 1020 9.45
Loxocurniculum gbardagensis 198 [295[204] 105] 80 | 233|207 111 [166] 1599 14.82
Paranesidea fracticorallicola 21 |44 11| 7 [ 12|27 |21 ] 23 |17| 183 1.70
Cypridies torosa 15142133 2 | 12|27 |31 41 |37]| 240 2.22
Loxoconchasp 3 4 4 0 0 0 0 0 12 0.11
Paradoxostomabreve 0 916 0] 9|14] 0] 8|6 52 0.48
Xestolebris rbomboidea 21 | 531471731 |46 |36| 42 |31 | 324 3.00
Cytheroma dimorpha 21 |41 46| 11| 17| 36| 57| 27 | 33| 289 2.68
Sclerochilus rectomarginatus 45176 |54 7 | 16| 74| 61 | 53 | 49| 435 4.03
Xestolebris gbardagae 23 |93 | 86| 14| 28| 65|54 | 51 | 61| 475 4.40
Cytherelloidea sp 21 |41 34| 4| 8 |31 |21] 21 |19] 200 1.85
Paradoxostomaparabreve 0 |9]12,0]9] 8] 5 9 | 12 64 0.59
Miocyprideis cf.spinolusa 9 [ 31|34 0| 9 | 12| 0| 21 |27]| 143 1.33
Leptocythere arenicola 7 |11} 9|3 |71]9]13] 9|6 74 0.69
Hemicytherura videns 0]2]0[]O0O|5]0]0]O0]4 11 0.10
Alocopocytherereticulata 144 1193|136| 46 | 73 | 143 |151| 112102 1100 10.20

Statistical analysis

Canonical Correspondences Analysis (CCA) was conducted using PAST (Paleontological Statistical)
software (version 3.20) to investigate the community's relation to abiotic parameters at the studied stations
(e.g., Elshanawany, 2010). The arrows radiating from the center of the CCA chart indicate the direction of
maximum variation. The arrows’ length reveals the relative significance of each environmental variable.
The angle between the environmental arrows is inversely proportional to the strength of their relationship.
The environmental variables chosen are for the highest significant variations, whereas the neglected
variables such as sand, pH, and temperature show less significant variations.

RESULTS AND DISCUSSION
Zoogeography

As the Red Sea is the northerly directed arm of the Indian Ocean, the ostracods show a clear Indo-
Pacific affinity (e.g., Bonaduce et al., 1983) and many genera are in common such as Alocopocythere,
Bishopina, and Moosella. Bate (1971) collected common species from the Red Sea and the Persian
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Gulf from shallow marine sediments off Bagamoyo, Tanzania (East Africa). He noted ten species that
are in common with the Red Sea as well as the Persian Gulf (Abu Dhabi lagoon). These species are
Xestoleberis rhomboidea Hartmann, X. rotunda Hartmann, X. multiporosa Hartmann, Neonesidea
schulzi (Hartmann), Loxoconcha ornatovalvae Hartmann, Ghardaglaia triebeli (Hartmann),
Hemicytherura videns aegyptiaca Hartmann, Paradoxostoma longum Hartmann, Cytheroma dimorpha
Hartmann and Alocopocythere reticulate (Hartmann). Most of these species were recorded in the
present study samples, except Loxoconcha ornatovalvae Hartmann, Paradoxostoma longum Hartmann,
X. multiporosa Hartmann, and X. rotunda Hartmann that were not observed.

Helal and Abd El-Wahab (2004) recoded 14 species out of 23 species present in both the Red Sea
(Safaga Bay) and the Persian Gulf (Abu Dhabi lagoon), which are belonging to the Indo-Pacific realm
affinity. They recorded also 3 species that are belonging to cosmopolitan, and 1 species, which is
Mediterranean.

Distribution of Ostracods

The two sites (Ras Gharib and Quseir) are shallow sheltered environments that are dominated by
phytal elements. The recorded ostracods are in the benthic, phytal, and shallow-water forms. The
percentages of the most common ostracods are Quadracythere (19.35% and 17.83%), Xestolebris
(10.42% and 7.4%), Loxocorniculum (17.37% and 14.42%), Ghardaglaia (4.22% and 17.91%), and
Moosella (10.17% and 9.45%) for Ras Gharib and Quseir sites, respectively.

The present association is mainly of Indo-Pacific faunal elements with some endemic species. Very
rare Mediterranean and cosmopolitan species were recorded. These taxa, mostly, were transported to
the study area by birds. Ships, floating woods, derived algae, and other plants are other possible
sources. The migration from the Red Sea to the Mediterranean is a common unidirectional migration
via the Suez Canal (Lessepsian migration; Por, 2012). Anti-Lessepsian migration is rarely cited (Fouda
and Abou-Zeid, 1990; Kandeel, 2002). More investigations are needed along the migration route (i.e.
along with the northern parts of the Red Sea, the Gulf of Suez, and the Suez Canal) to decide whether the
Mediterranean species were introduced to the study area via anti-Lessepsian migration or passive
migration.

Systematic classification

The present study followed the classification given in the “Treatise on Invertebrate Paleontology, Part
Q, Ostracoda” (Benson, 1961; Moore, 1961; Morkhoven, 1962; Hartmann and Puri, 1974) (Tables 2 & 3).
The present taxonomic work leads to the identification of twenty-three species belonging to twenty-one
genera and fourteen families. Occurrence, ecology, and Zoogeography are given for each individual
species. Tables 2 and 3 show the taxonomic list, the total numbers of the studied species, percentage,
and their occurrence.

Order: Podocopida Muller, 1894
Family: Bairdiidae Sars, 1888
Genus: Paranesidea Maddocks, 1969
Paranesidea n. sp. BCMMP, 1983
(PI. 1, Fig. 1)
1983 Paranesidea n. sp. Bonaduce, Ciliberto, Minichelli, Masoli& Pugliese, p.477, fig. 3: 10-13.

2012 Paranesidea sp Bonaduce, Ciliberto, Minichelli, Masoli& Pugliese; Helal & Abd El-Wahab, p. 66,
pl.1, fig. 1.
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Occurrence: The largest population of this species was observed in samples no. Q5, Q6, and Q8. It
constitutes 0.7% of the total studied ostracods taxa.

Ecology: It is distributed in bottom sediments from sand to sandy silt at depths (0.2-6 m). The
oceanographic parameters are as follows: salinity ranges from 40.52 to 41.61%o, and pH ranges from 7.4-
8.33.

Zoogeography: Indian Ocean and Persian Gulf (Bonaduce et al., 1983).

Paranesidea fracticorallicola Maddocks, 1969 (PI. 1, Figs. 2-4)
1983 Paranesidea fracticorallicola Maddocks; Bonaduce et al, p.477, fig. 3, 7-9.
2010. Paranesidea cf. P. fracticorallicola Maddocks; Mostafawi et al, p. 248, pl. 1, fig. 7.

Occurrence: This species attains its highest occurrence in samples no. Q2 and Q6. It represents 1.67%
of the total Ostracoda taxa.

Ecology: It is distributed in bottom sediments from sand to muddy sand at depths between the beach and 7
m. The oceanographic parameters are as follows: salinity ranges from 40.52 to 41.61%o, and pH range 7.4-
8.33.

Zoogeography: Indo-Pacific, Persian Gulf, Red Sea (Maddocks, 1969, Bonaduce et al., 1983).
Genus: Neonesidea Maddocks, 1969
Neonesidea schulzi (Hartmann), 1964 (PI. 1, Fig. 5)
1964 Triebelina schulzi n.sp. Hartmann, p.44, pl.4, 5, figs.14-22.
1970 Neonesidea schulzi (Hartmann); Bate, P. 246, PL. 1, Fig. 1i.
2004 Neonesidea schulzi (Hartmann); Helal & Abd El-Wahab, p.83, pl.1, fig. 2.
2012 Neonesidea schulzi (Hartmann); Mohammed and Keyser, p. 251, pl. 2, fig. 9.

Occurrence: This species attains its highest occurrence in samples no. Q2 and Q6. It represents 1.87%
of the total Ostracoda taxa.

Ecology: This species occurs in the northern sandy silt sediments at depths (0.2-7 m). The average values
of ecological conditions ranges are salinity (40.52-41.61%o), and pH (7.45-8.33). Zoogeography: Indian
Ocean and Persian Gulf (Bate, 1970).

Genus: Triebelina Van den Bold, 1946
Triebelina sertata Triebel, 1975 (Pl.1, Fig. 6)
1975 Triebelina sertata Triebel; Teeter, p. 422, Text-fig. 31.
2012 Triebelina sertata Triebel; Helal & Abd El-Wahab, p.64, pl.1, fig. g.
2012 Triebelina sertata Triebel;Mohammed et al. p. 151, pl. 1, fig. 17.

Occurrence: It gets its highest occurrence in samples no. G8, Q5, Q6, and Q9, respectively in
ascending order. This species represents about 0.63% of the total Ostracoda taxa in the study area.

Ecology: This species distributed in silty sand bottom sediments and it is more dominated in the Ras
Gharib than Quseir sites. The oceanographic parameters are as follows: salinity range 40.52- 41.61%o, and
pH range 7.45-8.33.

Zoogeography: Cosmopolitan (Teeter, 1975; Malz and Lord, 1988).
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Family: Trachyleberididae Sylvester-Bradley, 1948
Genus: Quadracythere Hornibrook, 1952
Quadracythere borchersi (Hartmann, 1964)

(PL. 1, Figs. 7-9)

1964 Hemicythere borchersi Hartmann; p. 119, pl. 56, figs. 318-221; pl.57, figs. 322- 323; pl.58, figs.
324-330.

1983 Quadracythere borchersi (Hartmann); Bonaduce et al, p. 478.
2012 Quadracythere borchersi (Hartmann); Helal & Abd El-Wahab, p. 63, pl. 1, fig. K.

Occurrence: This species exhibits a very wide distribution in the two sites. The samples that include high
numbers of this species are Q1, Q2, and Q7. It constitutes 17.89% of the total Ostracoda in the studied
area.

Ecology: It occurs in very shallow water at depth range (0.1-7 m) and dominant more in the muddy sand
sediments. Ecological values: salinity ranges from 40.41 to 41.61%., and pH varies between 7.45 and
8.33.

Zoogeography: Red Sea, Mozambique (Hartmann, 1964; Hartmann & Puri 1974; Bonaduce et al., 1983).
Genus: Hiltermannicythere Bassiouni, 1970
Hiltermannicythere rubrimaris (Hartmann, 1964). (PI. 1, Fig. 10)
1964 Cythereis rubrimaris Hartmann, p. 115, pl. 54, figs. 306-310; pl. 56, fig. 317.
1983 Hiltermannicythere rubrimaris (Hartmann); Bonaduce et al, p.481.
2011 Hiltermannicythere rubrimaris (Hartmann); Mohammed et al, pl. 11, fig. 172-173.
2012 Hiltermannicythere rubrimaris (Hartmann); Helal & Abd El-Wahab p. 61, pl. 2, fig. m.

Occurrence: This species attains a very wide distribution in the Quseir site, whereas a limited distribution
characterizing the Ras Gharib site. The samples that include high numbers of this species are Q2, Q7, and
QL. It constitutes 2.4% of the total Ostracoda in the studied area.

Ecology: It occurs in very shallow water depths and dominant more in the muddy sand. Ecological values:
salinity ranges from 40.41 to 41.61%o, and pH varies between 7.45 and 8.33.

Zoogeography: Red Sea (Hartmann, 1964; Bonaduce et al., 1983; Helal and Abd El-Wahab, 2004)
Genus: Moosella Hartmann, 1964
Moosella striata Hartmann, 1964 (PI. 1, Fig. 11)
1964 Moosella striata Hartmann, pl. 46, figs. 270-273; pl. 50-51, figs. 289-297.
2010 Moosella striata Hartmann; Helal and Abd El-Wahab, P. 62, pl. 2, fig. N.

Occurrence: This species attains a very wide distribution in the Quseir site, while it was not observed in
most of Ras Gharib samples (excluding G8 and G9). The samples that include high numbers of this
species are Q2, Q7, and Q1. It constitutes 9.48% of the total Ostracoda in the studied area.

Ecology: It occurs in very shallow water depths and dominant more in the muddy sand. Ecological
values: salinity ranges from 40.41 to 41.61 %o, and pH varies between 7.45 and 8.33.

Zoogeography: Red Sea (Hartmann, 1964).
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Family: Cytherellidae Sars, 1866
Genus: Cytherelloidea Alexander, 1929
Cytherelloidea sp. A Bate, 1971 (PI. 1, Fig. 12)
1971 Cytherelloidea sp. A Bate, P. 246, PI. 1, Fig. 1s.

Occurrence: This species was observed in both sites. It is found mostly in muddy sand facies at varied
depth. It represents 1.88% of the total Ostracoda taxa.

Ecology: Tt is found in muddy sand facies. The ecological parameters are salinity (40.39— 41.61%o), and pH
(7.45-8.33).

Zoogeography: The Red Sea and the Persian Gulf (Bate, 1971).
Family: Hemicytheridae Puri, 1953
Genus: Caudites Coryell & Fields, 1937
Caudites levis Hartmann, 1964 (PI. 1, Fig. 13)
1964 Caudites levis sp Hartmann, P. 117, P1. 55, Fig. 311-316.

Occurrence: This species was recorded in all Quseir samples; however, it was observed in only four
samples from Ras Gharib site. It represents 1.47% of the total ostracods' species.

Ecology: It is observed in the beach sediments and muddy silt bottom sediments. The highest population
was recorded in samples no. Q2, Q5, Q6, Q9, and G8 in mostly muddy sand sediments. The ecological
parameters are as follows: variable water depth, salinity 40.39-41.61 %o, and pH 7.41-8.33.

Zoogeography: Red Sea (Hartmann, 1964).
Family: Campylocytheridae Puri, 1953
Genus: Alocopocythere Siddiqui, 1971
Alocopocythere reticulata (Hartmann), 1964 (PI. 1, Fig. 14)
1964 Bradleya reticulata sp Hartmann; p. 108, pl. 46, fig. 269; pl. 47-49, figs. 274-288.
1971 Alocopocythere reticulata (Hartmann); Bate, P. 246, P1. 1, Fig. 2PP.
2012 Alocopocythere reticulata (Hartmann); Mohammed and Keyser, p. 274, pl. 12, fig. 194.

Occurrence: This species was not observed in the Ras Gharib site, but it is widely distributed in the
Quseir site. Its dense population was recorded in samples no. Q2, Q1, Q6, Q7, and Q3. It constitutes
9.83% of the studied ostracods' species.

Ecology: The densest population of this species was recorded in sample no. Q2 in muddy sand sediment at
water depths (0.1-4 m), with an average salinity of (40.79 %o), and pH (~ 7.86).

Zoogeography: Red Sea, Indian Ocean, and Persian Gulf (Bate, 1971; Helal and Abd E1-Wahab, 2012).
Family: Cytherideidae Sars, 1925
Genus: Cyprideis Jones, 1857
Cyprideis torosa, Jones, 1850 (PI. 1, Fig. 15)
2004 Cyprideis torosa, Jones; Helal & Abd El —Wahab, P. 60, pl. 2, fig. A-C.
2011 Cyprideis torosa, Jones; Mohammed & Keyser, pl. 3, figs. 33-36.
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Occurrence: This cosmopolitan species was found in only one sample from the Ras Gharib site (G8), but
it occurs in most of the Quseir samples. The samples no. Q2, QS8, and Q9 (42, 41, & 37 carapaces,
respectively) show the highest ostracods content among all samples. It represents 2.21% of the total
ostracods' species.

Ecology: This species was recorded in muddy sand facies at water depth ranges from 0.1 to 4 m. The
oceanographic parameters are salinity with a range from 40.39 to 41.61%o, and pH that ranges from 7.84 to
8.33.

Zoogeography: Cosmopolitan (Guillaume et al., 1985).
Genus: Miocyprideis Kollmann, 1960
Miocyprideis cf. spinulosa (G. S. Brady), 1971 (PI. 2, Fig. 1)
1868 Cytheridea spinulosa n. sp. G. S. Brady, P. 182-183, Pl. 8, Fig. 1-6.
1880 Cytheridea spinulosa G. S. Brady, P. 112, P1. 33, Fig. 6a-d.
1960 Miocyprideis spinulosa (Brady); Kollmann, P. 178, P1. 18, Figs. 12-13, PL. 19, Fig. 16.
1971 Miocyprideis cf. spinulosa (G. S. Brady); Gramann; P.124, P1.15, Figs. 8-10.

Occurrence: This cosmopolitan species was found in only one sample from the Ras Gharib site (G2),
but it was observed in most of the Quseir samples. The samples no. Q3, Q2, and Q9 (34, 31 &
27 carapaces, respectively) exhibit the highest ostracods content among all samples. It represents 1.29% of
the total ostracod species.

Ecology: This species is recorded in muddy sand facies at depth ranges from 0.1 to 4 m. The
oceanographic parameters: salinity ranges from 40.39 to 41.54%o, and pH ranges from 7.84 to 8.19.

Zoogeography: Cosmopolitan (Kollmann, 1960; Gramann, 1971).
Family: Cytheridea Baird, 1850
Genus: Loxoconcha Sars, 1866
Loxoconcha sp. Bate, 1970
(PI. 2, Fig. 2)
1970 Loxoconcha sp.A Bate; P. 246, PI. 1, Fig. 1, 1.
2004 Loxoconcha sp. A Bate; Helal & Abd El-Wahab, P. 12, pl. 1, fig. 11.

Occurrence: This species is of a rare distribution in the studied area. The highest population was recorded
in samples no. Q1, Q3, and Q2 (4, 4, and 3 carapaces, respectively). It represents 0.14% of the total
Ostracoda taxa.

Ecology: This species occurs commonly at depths ranges from 0.1 to 7 m in bottom facies varying
from sandy silt to muddy sand. Oceanographic parameters: salinity between 40.39 and 41.61%o, and
pH from 7.41 to 8.33.

Zoogeography: Indian Ocean and Persian Gulf (Bate, 1970).
Genus: Loxocorniculum Benson and Coleman, 1963
Loxocorniculum ghardaquensis (Hartmann), 1964 (PI. 2, Fig. 3)
1964 Loxoconcha ghardaquensis sp.Hartmann; p. 52, pl. 15, figs. 67-72; pl. 16, figs. 73-76; pl. 17, figs.
77-79; pl. 18, figs. 80-82.
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1971 Loxocorniculum ghardaquensis (Hartmann); Bate, P. 254.
2012 Loxocurniculum ghardaquensis, (Hartmann); Helal & Abd El-Wahab. P.62, pl.2, fig. I.

Occurrence: High numbers of this widely distributed species were observed in the two sites. The highest
population of this species was recorded in samples no. Q2, Q3, Q7, and Q6. It constitutes 14.91%
of the studied ostracods' species.

Ecology: It occurs in very shallow water depths and increases in the very fine sand. Oceanographic
parameters: salinity ranges from 40.41 to 41.61 %o, and pH varies between 7.45 and 8.33.

Zoogeography: Red Sea (Hartmann, 1964).
Genus: Sclerochilus. Sars, 1866
Sclerochilus rectomarginatus Hartmann, 1964
(Pl. 2, Fig. 4)
1964 Sclerochilus rectomarginatus n. sp. Hartmann, p. 93, pl. 41, figs. 242-243; pl. 42, figs. 224-250.
2012 Sclerochilus rectomarginatus Hartmann; Helal & Abd El-Wahab, p. 63, pl. 3, fig. L.

Occurrence: This species common in the Red Sea realm. Nonetheless, it was recorded in only one
sample from the Ras Gharib site (G2) and the majority of Quseir samples. The highest populations were
recorded in Q2, Q6, and Q7. It represents 3.9% of the total Ostracoda taxa

Ecology: It is found in muddy sand and silty sand facies. The ecological parameters are salinity (40.39-
41.54%o), and pH (7.41-8.19).

Zoogeography: Red Sea (Hartmann, 1964).
Family: Cytheruridae G.W.Mililler 1894. Genus: Hemicytherura Elofson, 1941.
Hemicytherura videns Hartmann 1964. (PI. 3, Fig. 5)
1964 Hemicytherura videns aegyptica Hartmann, p. 20, 50, pl. 13, figs. 61, 62
2012 Hemicytherura aegyptica Hartmann; Mohammed et al., pl. 4, fig. 44

Occurrence: This species exhibits a very rare distribution in the study area and is found only in Quseir
samples. The highest contribution of this species was observed in samples no. Q5, Q9, and Q2, and its
percentage is 0.1% out of the total ostracods in the study area.

Ecology: This species is recorded from muddy sand facies at depth range 0.1-3 m. The oceanographic
parameters: salinity ranges from 40.88 to 40.96%o, and pH ranges from 7.84 to 8.21.

Zoogeography: Red Sea, Persian Gulf, and Indian Ocean (Hartmann, 1964; Bate, 1971).
Family: Leptocytheridae Hanai, 1957
Genus: Leptocythere Sars, 1925
Leptocythere arenicola (Hartmann, 1964)
(PI. 2, Fig. 6)
1964 Leptocythere (Callistocythere) arenicola n.sp. Hartmann, pl. 12, figs. 52-57, pl. 13, figs. 58-59.
1983 Leptocythere arenicola Hartmann; Bonaduce, Ciliberto, Minichelli, Masoli and Pugliese, p. 478.
2012 Leptocythere arenicola Hartmann; Helal & Abd El Wahab, p. 60, pl. 1, fig. L.
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2012 Leptocythere arenicola Hartmann; Mohammed et al., p. 158, pl. 3, figs. 53, 54.

Occurrence: It was recorded in the two sites scarcely. The highest populations recorded are in Q2, GS,
and Q7. This species represents 0.82% of the total Ostracoda taxa.

Ecology: It was observed in muddy sand and silty sand facies at a variant depth. The oceanographic
parameters are salinity that ranges from 40.39 to 41.5361%., and pH with range from 7.41 to 8.33.

Zoogeography: Red Sea (Hartmann, 1964; Bonaduce et al., 1983).
Family: Paracyprididae Sars, 1923
Genus: Ghardaglaia Hartmann, 1964
Ghardaglaia triebeli Hartmann, 1964 (PI. 2, Fig. 7)
1964 Ghardaglaia triebeli n. sp. Hartmann, p. 41, pl. 6-9, figs. 23-40.
2012 Ghardaglaia triebeli n. sp. Hartmann; Helal and Abd El-Wahab, p.60, pl. 1, fig. f.

Occurrence: This species is widely distributed in the study area. The highest population was recorded in
samples no. Q2, Q3, Q1, and Q6. It constitutes 17.41% of the studied ostracods' species.

Ecology: It was recorded at depths (0.1-7 m) in sand to mud bottom sediments. Oceanographic
parameters: salinity ranges from 40.39 to 41.61 %o, and pH values range 7.41-8.33.

Zoogeography: Indian Ocean and Persian Gulf (Bate, 1970).
Family: Cytheromatidae Elofson, 1939
Genus: Cytheroma. Mueller, 1894
Cytheroma dimorpha Hartmann, 1964 (PI. 2, Fig. 8)
1964 Cytheroma dimorpha n. sp. Hartmann, p. 96, pl. 43, figs. 251- 255; pl. 44, figs. 226-259.
2012 Cytheroma dimorpha Hartmann; Helal & Abd El-Wahab, p. 63, pl. 3, fig. j.

Occurrence: This species was observed in the two sites. It was found mostly in the Quseir site in samples
no. Q2, Q3, and Q7 at a variant depth. It represents 2.67% of the total Ostracoda taxa.

Ecology: This species was recorded in muddy sand and silty sand facies. The oceanographic parameters:
salinity ranges from 40.39 to 41.61%o., and pH ranges from 7.45 to 8.33.

Zoogeography: Red Sea, Persian Gulf and Indian Ocean (Hartmann, 1964; Bate, 1971).
Family: Paradoxostomidae
Genus: Paradoxostoma Fischer, 1885
Paradoxostoma breve Mueller, 1894. (PI. 2, Fig. 9)
1964 Paradoxostoma breve Mueller; Hartmann, p. 83, pl. 36, figs. 204-209.
2004 Paradoxostoma breve Mueller; Helal & Abd El-Wahab, p. 62, pl. 3, fig. D.

Occurrence: This species was observed in the two sites barely. It was found, mostly, in muddy sand facies
at variant depth. It represents 0.55% of the total Ostracoda taxa.

Ecology: The ecological parameters are salinity (40.39-41.61%o), and pH (7.45-8.33).
Zoogeography: The Mediterranean Sea and the Red Sea (Hartmann, 1964; Bonaduce, 1983).
Paradoxostoma parabreve Hartmann, 1964. (PI. 2, Fig. 10)
443



El-Kahawy, et al
1964 Paradoxostoma parabreve n. sp. Hartmann, p. 84, pl. 38, figs. 222-225; pl. 39, figs. 231-233.
2012 Paradoxostoma parabreve Hartmann; Helal & Abd El-Wahab, p. 62, pl. 3, fig. F.

Occurrence: This species is of very rare distribution in the study sites. The highest number of this
species was observed in samples no. Q3, Q2, QS5, and QS, and its percentage is 0.6% of the total
Ostracoda in the study samples.

Ecology: This species is recorded in muddy sand facies at depths from 0.1 to 3 m. The oceanographic
parameters: salinity ranges from 40.52 to 41.53%o, and pH ranges from 7.62 to 8.12.

Zoogeography: Red Sea (Hartmann, 1964).
Family: Xestoleberididae Sars, 1928
Genus: Xestoleberis G. O. Sars, 1866
Xestoleberis ghardagae. Hartmann, 1964 (PI. 2, Fig. 11)
1964 Xestoleberis ghardagae n. sp. Hartmann, p. 71, pl. 27, figs. 142-148; pl. 28, figs. 149-153.
2012 Xestoleberis ghardagae Hartmann; Helal & Abd El-Wahab, p. 63, pl. 3, fig. m.

Occurrence: This is a widely distributed species, and its dense populations were recorded in samples no.
Q2, Q3, and Q6 (93, 86, & 65 carapaces, respectively), which represents 4.41% of the total Ostracoda taxa.

Ecology: This species represents the most abundant species of genus Xestoleberis. It occurs commonly in
fine sand to muddy sand facies at variant water depth. Oceanographic parameters are valued; salinity from
40.39 to 41.61%o, and pH from 7.45 to 8.33.

Zoogeography: Red Sea (Hartmann, 1964).

Xestoleberis rhomboidea Hartmann, 1964 (PI. 2, Fig. 12)
1964 Xestoleberis rhomboidea sp Hartmann, p. 75, pl. 32, 33, figs. 177-186.
1970 Xestoleberis rhomboidea Hartmann; Bate, p. 246, pl. 1, fig. 1, b; pl. 2, fig. 1, 2b.

Occurrence: This species can be considered as one of the most common species and was observed in
most samples. The highest populations were found in samples no. Q2, Q6, Q3, and Q8 (53, 47, 46, &
42 carapaces, respectively). It constitutes 3.1% of the studied ostracods' species.

Ecology: This species occurs commonly in sandy gravel to mud bottom facies at variant water depth. The
ecological parameters are salinity with range 40.39-41.61%o, and pH with range 7.45-8.33.

Zoogeography: Indian Ocean, Red Sea, and Persian Gulf (Hartmann, 1964; Bate, 1970).
Geochemistry of Sediments

The geochemical analysis data are shown in table (4). Elemental geochemical maps were constructed to
exhibit their spatial distribution in each site (Figs. 2-5).

Ras Gharib Site

The Fe content reveals its lowest content around a shallow station G.4 (1500 ppm), whereas the highest
content was measured around station G.7 (19900 ppm). The Fe content increases, to some extent, away
from the coastline in two stations: G.5 and G.9 (Fig. 2). The indicated contributions are much lower than
that of the average marine sediment (32000 ppm; Li, 2000). On the other hand, the P concentration is
valued higher than the average marine sediment (600 ppm; Li, 2000) with a maximum content observed in
station G.9 (1600 ppm) and a minimum in station G.4 (230 ppm), averaging 558 ppm. The B concentration
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shows low values in the total stations; however, the maximum concentration was found around station G.6
(47 ppm) and the minimum was found around station G.9 (22 ppm).

Table 4: Geochemical analysis data for the studied samples of each site.

Sample P Fe Pb Zn Cu Cd | Ni Mn As | B Cr Co
G.1 490 3700 3 7 186 06 |1 75 2 43 7 1
G.2 510 3800 4 11 39 04 |1 78 2 41 7 1
G3 490 3700 3 7 1 03 |1 75 2 43 7 1
G4 230 1500 8 4 36 08 |1 54 3 34 2 1
G.5 630 5800 15 15 81 04 |2 89 2 44 8 1
G.6 340 2100 6 10 2 0.1 |1 56 2 47 4 1
G.7 310 19900 | 4 15 21 0.7 |3 101 3 31 18 2
G.8 420 2800 3 6 1 05 |1 77 3 40 6 1
G.9 1600 8400 3 21 6 0.6 |22 150 3 22 27 3
Q.1 2240 10300 14 49 17 1.9 |25 150 7 21 28 4
Q.2 3710 12500 16 54 16 1.6 |32 180 6 22 36 5
Q.3 790 5800 3 19 3 06 |4 116 2 20 7 2
Q4 53000 | 6400 29 59 14 29 110 317 15 244 30 1
Q.5 51000 | 5500 19 54 6 38 |9 320 12 253 32 1
Q.6 4120 11300 12 40 11 0.6 |28 168 6 26 34 4
Q.7 1410 7900 6 20 7 1.7 |22 148 4 23 25 3
Q.8 1520 7900 3 20 5 09 |22 149 4 25 25 3
Q.9 1600 8400 3 21 6 05 |22 150 3 22 27 3
Minimum | 230 1500 3 4 1 0.1 |1 54 2 20 2 1
Maximum | 53000 19900 | 29 59 186 3.8 |32 320 15 253 36 5
Average 6911.7 | 7094.4 | 8.6 240 254 1.1 | 115 136.3 45 | 55.6 18.3 | 2.1
Mansour et | 116.7 6643.4 | 19.8 17.6 14 1 23.5 205.1 HiH# | - e
al., 2000

El-Sorogy | 1104 527.75 | 3.13 5.32 0.65 0.5 | 1.88 91.7 e e
et al., 2006

In the study shallow sediment, Cu concentration is of a maximum contribution in station G.1 (186 ppm)
and its minimum contribution was observed in station G.3 (3 ppm), averaging 41 ppm. Nonetheless, Cu
has a content of 43 ppm in the average shallow marine sediment (Callender, 2005). This indicates that Cu
has a higher contribution than normal shallow marine sediments. Mn is leaped in station G.9 (150 ppm)
and declined toward station G.4 (54 ppm), which is much lower than the average marine sediment (2700
ppm) (e.g., Li, 2000). The Zn concentration in the study bottom sediments reaches its maximum in station
G.9 (21 ppm), while the minimum concentration was found in G.4 (4 ppm; Fig. 3), which is much less
than its content in average shallow marine sediments (111 ppm; Callender, 2005). The Pb concentration in
the study sediments ranges from 3 ppm in most of Ras Gharib stations to 15 ppm in station G.5 that is
lower than its content in the average shallow marine sediment (23 ppm; Callender, 2005). The Cd
concentration increases in the shallow area around Ras Gharib harbor (0.8 ppm at G.4; Fig. 3) and
decreases toward the deeper water to 0.1 ppm (G.6; Fig. 3), averaging 0.4 ppm. It is generally, higher than
the Cd content in the average shallow marine sediment (0.2 ppm). The Ni concentration in the study
bottom sediments reaches its maximum at station G.9 (22 ppm), while the whole remaining concentrations
have 1-3 ppm (Fig. 2). These values are, generally, lower than the average shallow marine sediment
composition (44 ppm). Mostly, the Cr increases in the north direction and is of a maximum concentration
at station G.9 (27 ppm), whereas the minimum concentration was measured around station G.4 (2 ppm),
which are negligible values compared to the average shallow marine sediment composition (79 ppm). The
Co and As concentrations in the overall stations are of low values and consequently no significant
influence could be revealed (Fig. 3).
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The Fe content in the study of marine sediment ranges from 5500 ppm in station Q.5 to 12500 ppm in
station Q.2, averaging 8444.4 ppm (Fig. 5). Alike the Ras Gharib, these values are significantly lower than
the average marine sediments. Nevertheless, the P concentration is valued as the highest in station Q.5
(53000 ppm), while the lowest concentration was recorded in station Q.3 (790 ppm), with an average of
13265.5 ppm. These contents are significant and of higher contribution compared to the average marine
sediment value as well as higher than that of the Ras Gharib P contents, which is, most likely, linked to
phosphorite mining activities.

The Mn concentration is generally lower than the Mn content in the average marine sediment with its
highest value in station Q.5 (320 ppm), while the lowest concentration was found in station Q.3 (116 ppm),
averaging 188.6 ppm. Zn concentration in the study sediment has generally lower contents than the
average shallow marine sediment with a maximum content at station Q.4 (59 ppm) and a minimum at
station Q.3 (6 ppm), averaging 37.3 ppm (Fig. 4). The highest measured value of Pb was recorded in
station Q.4 (29 ppm), averaging 12 ppm. Its content is, partly, higher than the average shallow marine
sediment (e.g., Callender, 2005; Fig. 4). Cu has a maximum observed content of 17 ppm in stations Q.1
and Q.2, whereas its lowest content (3 ppm) was observed in station Q.3. Unlike the Ras Gharib site, the
Cu content is of lower contribution than the average shallow marine sediment. On the other hand, Cd has
expressively higher contributions than the average shallow marine sediment (0.2 ppm) with a highest
measured value of 3.8 ppm (Q.5) and a lowermost contribution of 0.5 ppm in stations Q.3, Q.6, and Q.9.

It is worth to mention that elements P, Fe, Pb, Zn, and Cu have significantly higher contents in the
Quseir site than the Ras Gharib site (Figs. 2-5). Additionally, their contributions are noticeably higher than
what was recorded by Mansour et al. (2000) as well as El-Sorogy et al (2006) in the same study area. This
implies that the content of these elements in shallow marine sediment increases on a short-term scale. Cd
is of a remarkable high contribution in the two studied sites, which is higher than that of the average
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shallow marine sediment and it could be of a hazardous effect. Furthermore, the Cu and Pb content of the
study sites can be considered as a whistling alarm for potential toxicity in Ras Gharib and Quseir areas,

respectively.
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Ostracods as pollution indicators

All the ostracods found in the present study were shallow marine mud dwellers, and all samples are
composed of silty to muddy sand. To obtain information on the behavior of the ostracods toward the
pollution in the coastal areas of the Red Sea, it is important to highlight the effect of the ecological
parameters of ostracods distribution. This is to determine which of the ecological factors have the most
impact on ostracods' distribution, especially around the polluted stations. Fig. 6 reveals the species and
stations discrimination of Axis 1 based on their metal concentrations and other environmental factors. The
first CCA axis explains 58.2% of the variation in the data set, whereas the second axis counts for 20.3%.

Axis 1 separates the stations based on pollution level into two groups. A number of ostracods species
are located on the right (positive) side of Axis 1, being occupied by Ras Gharib stations, where depleted
heavy metal concentrations, high Cu concentrations, and water depth are regarded as main controlling
factors. These species include J. borchersi, C. torosa, X. rhomboidea, X. ghardagae, and L. ghardagensis
(Fig. 6). The species positioned on the left (negative) side of Axis 1 are accompanied by high heavy metals
concentrations. They include all Quseir stations and taxa; Alocopocythere reticulata, Moosella striata,
Ghardaglaia triebeli, Hiltermannicythere rubrimaris, and to some extent Cytheroma dimorpha (Fig. 6).
Consequently, Ghardaglaia triebeli, Alocopocythere reticulata, Hiltermannicythere rubrimaris, and
Moosella striata can be considered as pollution bio-indicators due to their abundance even in stations that
are enriched with heavy metals. On the other hand, Xestolebris ghardaqgae, Xestolebris rhomboidea,
Cyprideis torosa, Jugosocythereis borchersi, and Cytheroma dimorpha are pollution-sensitive species and
their richness is declined noticeably at highly polluted stations (Fig. 6). The present study confirms the
inference of own work using another bio-monitoring group of fauna (El-Kahawy et al., 2018), where the
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Quseir site displayed a higher pollution load index than the Ras Gharib site. It is noteworthy that some
localities along the Red Sea coast are starting to face hazardous heavy metal contamination, which is
reasoned by the growing rate of external sources like industrial activities and other anthropogenic inputs
discharging into it. Careful treatment of the afore-mentioned contamination sources should be considered
in the near future to mitigate metals pollution hazard.
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Eighteen sediment samples were collected from the Red Sea coast in two localities namely: Ras Gharib
and Quseir sites. A systematic study of the Ostracoda took place in this study. A total of 12 families,
20 genera, and 23 species were identified. These species represented by benthic, phytal, and shallow-
water forms. The percentages of the most common ostracods are Quadracythere (19.35% and 17.83%),
Xestolebris (10.42% and 7.4%), Loxocorniculum (17.37% and 14.42%), Ghardaglaia (4.22% and
17.91%) and Moosella (10.17% and 9.45%) for Ras Gharib and Quseir sites, respectively.
Zoogeographically, most of the identified fauna showed an Indo-Pacific affinity. Geochemically, the
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Quseir area is characterized by sediments that are enriched in potentially hazardous metals and high silt
content, compared to Ras Gharib. The Quseir encompasses the most contaminated stations. The Ras
Gharib site is less contaminated, and the sediments are coarse-grained. We observed pollution-tolerant
species such as Ghardaglaia triebeli, Alocopocythere reticulata, Moosella striata, and Hiltermannicythere
rubrimaris, which are survivors in a contaminated system. Pollution-sensitive taxa such as Jugosocythereis
borchersi, Loxocorniculum ghardagensis, and Xestolebris ghardagae, are characterizing Ras Gharib area.
The species composition of the polluted areas can be considered as a good proxy for environmental
assessment.
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Plate 1:1 Paranesidea n.sp. BCMMP, 1983; LVC., 2-4: Paranesidea fracticorallicola Maddocks, 1969; 5,
7 LVC; 6 RVC., 5: Neonesidea schulzi (Hartmann, 1964); RVC.,6: Triebelina sertata Triebel, 1948;
LVC., 7-9: Quadracythere borchersi (Hartmann, 1964); 1, 3 LVC; 2, DVC., 10: Hiltermannicythere
rubrimaris (Hartmann, 1964); LVC., 11: Moosella striata Hartmann, 1964; RVC., 12: Cytherelloidea n.
sp. BCMMP, 1983; LVC., 13: Caudites levis Hartmann, 1964; LVC, 14: Alocopocythere reticulata
(Hartmann, 1964), RVC., 15: Cyprideis torosa (Jones, 1850); LVC.
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Plate 2: 1: Miocyprideis cf spinolusa (Brady, 1868); RVC., 2: Loxoconcha sp.A Bate, 1970; LVC., 3:
Loxocorniculum ghardaquensis (Hartmann, 1964); RVC., 4: Sclerochilus rectomarginatus Hartmann,
1964; LVC., 5: Hemicytherura videns Hartmann 1964; RVC., 6: Leptocythere arenicola Hartmann, 1964;
LVC., 7: Ghardaglaia triebeli Hartmann, 1964; RVC, 8: Cytheroma dimorpha Hartmann, 1964; LVC.,
9: Paradoxostoma breve G. W. Mueller, 1894; RVC.,10: Paradoxostoma parabreve Hartmann,1964;
RVC.,, 11: Xestoleberis ghardagae Hartmann,1964 ; LVC., 12: Xestoleberis rhomboidea Hartmann,1964;
LVC.
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