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Benthic ostracods (crustacean) as a nearshore pollution bio-monitor:
examples from the Red Sea Coast of Egypt
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Abstract
Benthic ostracods are deemed as one of the most useful micro-fauna for biomonitoring in shallow marine ecosystem, which are
sensitive to environmental changes that can be reflected by their diversity and abundances. The pollution leads to high dominance
index and low abundance ostracod communities. Therefore, eighteen sediment samples were collected from Ras Gharib and
Quseir sites, along the Red Sea coast, to assess the ostracods response toward the anthropogenic environmental disturbances.
Jugosocythereis borchersi, Alocopocythere reticulata, and Loxocorniculum ghardaqensis are the most abundant ostracods in the
study localities. To evaluate the linkage between ostracods and contaminated sediments, metal concentrations in the sediments
were measured using inductively coupled plasma optical-emission spectrometry (ICP-OES). We observed a significant spatial
difference in elemental distribution in sediment samples, and some elements are of higher contributions than the average marine
sediment composition. The quantitative analysis of benthic ostracod associations was processed statistically with geochemical
data and differentiated the study area into two environments, based on the degrees of contamination. Quseir is encompassing the
most contaminated stations. It is characterized by sediments richer in heavy metals, higher silt, and higher organic matter
contents. Contaminated environments favor the presence of pollution-tolerant species (e.g., J. borchersi, C. torosa,
L. ghardaqensis, G. triebeli, M. striata, A. reticulata, and partly, C. dimorpha). Conversely, Ras Gharib is less polluted with
metals and organic matter, and is characterized by pollution-sensitive species (X. rhomboidea). Noteworthy, a low density of
ostracods was observed at the expense of the diversity around contaminated stations of the Quseir site.
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Abbreviations
J. borchersi Jugosocythereis borchersi
H. rubrimaris Hiltermannicythere rubrimaris
L .ghard Loxocorniculum ghardaqensis
M. striata Moosella striata
G. triebeli Ghardaglaia triebeli

X. rhomboidea Xestolebris rhomboidea
X. ghardaqae Xestoleberis ghardaqae
C. dimorpha Cytheroma dimorpha
C. torosa Cyprideis torosa
A. reticulata Alocopocythere reticulata.

Introduction

Worldwide seas are suffering from several anthropogenic in-
fluences such as organic pollution, heavy metals contamina-
tion, eutrophication, and oxygen consumption (Irizuki et al.
2015). The most impacted areas are usually coastal areas, and
it is vital to determine the timing and reasons lead to such
environmental deterioration. Several studies effectively used
the paleontological approaches to infer environmental chang-
es that occurred during the past hundreds of years (e.g.,
Frenzel and Boomer 2005; Yasuhara et al. 2012; Irizuki
et al. 2015). The nearshore Red Sea area is frequently affected
by human actions, such as industrial and recreation activities,
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mining, tourism, and oil industry that could have initiated
several contaminants into the marine ecosystem, which can
produce severe effects on different trophic levels. Several re-
searchers have focused on organisms that are useful for bio-
monitoring of anthropogenic disturbances (e.g., El-Sorogy
et al. 2006; Youssef et al. 2017; El-Kahawy et al. 2018). For
example, some general models were suggested concerning the
status of the faunas relative to the degree of eutrophication and
heavy metals (e.g., Orive et al. 2002; Youssef et al. 2017).
Other specific studies have assessed the impact of attributes
of eutrophication on ecosystem functioning (e.g., hypoxia;
Diaz and Rosenberg 1995).

Ostracods are a well-documented group of crustaceans that
are worth studying due to their wealth of characteristic fea-
tures with a strongly calcified and tiny carapace, and their easy
fossilization (e.g., Mohammed et al. 2012). They dwell in
marine, brackish, and fresh aquatic environments. Ostracods
are a group of meiofauna, which can be used as bio-indicators
for stressed settings in a variety of environments (e.g., Anadon
et al. 2002; Boomer and Eisenhauer 2002). They have long
been used as bio-indicators for salinity, pH, and temperature
(e.g., Chivas et al. 1986; Kemp et al. 2012). Recent studies
have drawn the attention to environmental threats (e.g., influ-
ence of sewage discharge, agricultural waste, industrial waste-
water, heavy metals enrichment, etc.) by analyzing ostracods
shells (e.g. Ruiz et al. 1997; Eager 1999). Yasuhara et al.
(2003) described ostracods as a sensitive group to anthropo-
genic effects. Hence, living ostracods may respond by migra-
tion to the unpolluted areas (Samir 2000). In chiefly unpollut-
ed stations, ostracods respond as lowering faunal diversity and
density of population (Ruiz et al. 2004) and may disappear
from the heavily polluted stations (Bergin et al. 2006). A neg-
ative correlation was noticed for the ostracod density and di-
versity due to oil seepage (e.g., Steichen et al. 1996). On the
other hand, no significant change in the ostracod community
at heavily oiled sites (e.g., Moore et al. 1997). It is noteworthy
that the environmental stress may not be only owing to an-
thropogenic impacts, but also due to natural stressful condi-
tions such as very high salinity (e.g., Pint and Frenzel 2017).
Some taxonomic studies on recent ostracods have been fo-
cused on the Red Sea, relating species to their environment
(e.g., Hartmann 1964; Bonaduce et al. 1983; Helal and Abd
El-Wahab 2012; Mohammed et al. 2012). However, they lack
the usage of ostracods to monitor the Red Sea coastal pollu-
tion. Therefore, this is the first study that focusing on
ostracoda as a bio-indicator for different kinds of contamina-
tions in the Egyptian Red Sea coast.

Several alarming spots along the Red Sea coast of Egypt
delineate the importance to execute shortly spaced biomoni-
toring studies to convoy the changes in the marine environ-
ment. Hazards can be noticed nowadays due to elevated pol-
lutants such as phosphates mining (Quseir city), oil industry
(Ras Gharib city), sewages, and landfill leachates during the

past decades (e.g., El-Taher and Madkour 2014; El-Kahawy
et al. 2018).

In this regard, the main objectives of the present study are
to:

1. study the taxonomy of modern benthic ostracods and their
distribution in the Red Sea coast.

2. investigate the effects of anthropogenic activities on os-
tracods species, their abundances, and diversity.

3. build statistical processing to distinguish the elemental
geochemical anomalies and highlight the alarming spots
within the study area.

Study area

The study area encompasses two sites (Ras Gharib and
Quseir) along the Red Sea coast (Fig. 1). The Ras Gharib site
is affected by onshore and offshore hydrocarbon exploration
activities, which are distributed nearby the port (Fig. 1). This
area includes two jetties: one stands for prohibiting the pollu-
tion and another old one stands for fishing. A few boats were
observed around the latter jetty during the field survey.
Moreover, the effect of clastic terrigenous input caused by
flash floods is not uncommon (e.g., Hegazy and Effat 2010).
The beach is wide (~ 8 m), gravelly to sandy, and has some
wood remains and solid wastes. The beach is followed by a
narrow tidal flat zone composed of coarse sandwith a gradient
slope toward the east direction. The tidal zone is followed by a
large back reef zone (~ 1-km width) to the reef edge. The
bottom floor is inhabited with some spots of algae and coral
reefs. Mollusca dominated the bottommacro fauna communi-
ties both in their species compositions and their intensities that
were represented with 87.6% (El-Komi et al. 2002).

The Quseir site is bounded by the Red Sea Phosphate
Company northward, and the Quseir old buildings southward.
It includes two marinas: one stands for tourist boats and an-
other stands for fishing boats. The beach is sandy, has a width
of ~ 5 m, and inclined by an angle of ~ 4°. The tidal flat zone
has a gentle slope to a maximum depth of 2 m and inhabited
by some green algae and seagrasses spots. The tidal flat zone
is followed by a wide back reef zone with an average depth of
5 m including coral colonies in good conditions, especially
near the bottom of the fishermen Marina. Macroalgae and
seagrasses are widely distributed. Macroalgae is found in
scattered patterns at a depth of 50–60 cm. Creeping green
algae such as Caulerpa racemosa is found in small aggre-
gates, covering vast areas of the sandy substrate. Small quan-
tities of the green algae Halimeda tuna were found within the
branches of corals. Seagrass was found as spots-forming large
meadows, growing in the sandy mud substrate. The seagrass
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Halophila stipulacea is the dominant species besideHalodule
uninervi.

The climate of the Red Sea is mainly controlled by the NW
to NE wind, which creates NE-SW oriented water waves
(Mansour 1995). The tide is semidiurnal, maximum peak ev-
ery 12 h with a mean tidal range of about 0.5 m. The water
depth during the high tide is ~ 0.9 m and during the low tide is
~ 0.3 m. The rainfall over the Red Sea area is negligible. It is
mostly in the form of short duration winter showers (10–
15 mm/year; Morcos 1970). A complete mixing of the water
column occurs, which causes higher waves and drives along-
shore current in the summer southward (Mansour 1995). The
currents redistribute terrigenous deposits derived into the sea

with no density stratification in the water column. This can be
mirrored from the temperature and salinity measurements,
which demonstrate a non-significant difference between sur-
face and bottom waters (e.g., Piller and Pervesler 1989).

Material and methods

Sampling

Eighteen sediment samples were collected using a plastic cor-
ing tube (10 cm long and 10-cm diameter). Nine samples were
collected from each site along three transects from the beach

Fig. 1 A regional Google Earth map for the Red Sea coast of Egypt, and images show samples location in study areas: a Ras Gharib site and b Quseir
site. For the collected samples; G: refers to Ras Gharib samples and Q: refers to Quseir samples
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toward the open sea (Fig. 1). Few milliliters of 70% ethanol
were added in the field to preserve the sediment samples from
microbial activities, which would increase the organic carbon
content as an artifact. Some samples were collected using
SCUBA (Self Contained Underwater Breathing Apparatus)
diving in the offshore waters of the study sites. The uppermost
centimeters of the samples were assumed to be impacted by
industrial and municipal activities (Fig. 2); therefore, we fo-
cused on this horizon. Salinity, pH, and water temperature of
the seawater were measured for each sampling station using a
Hydrolab Surveyor-4 Instrument in July 2014 (Table 1).
Water depth at each station was determined using an echo-
sounder instrument except the shallowest stations (< 1 m)
were measured using the water depth meter. The water depth
in the two sites ranged from 0.1 to 7.0 m.

Geochemical analyses of sediments

Chemical analysis was carried out on sediment samples in
Acme Labs, Bureau, Canada. Aliquots of 0.5 g of fine sedi-
ments (63 μm) were analyzed using Inductively coupled
plasma-emission spectrometry (ICP-OES) (Table 2). The
samples were digested with a modified aqua regia solution
(0.5 ml H2O, 0.6 ml concentrated HNO3, and 1.8 ml concen-
trated HCl) for 2 h at 95 °C. Samples were cooled down,
diluted to 10 ml with de-ionized water. 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 con-
trol 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).

The total carbonate content was measured by an acid treat-
ment weight loss technique (Gross 1971). Dried sediment was
treated with a 2.5 N hydrochloric acid solution and the residue
was collected on a 0.45-μm filter. After drying the filter, the
measured weight loss was transformed into the percent of
carbonate (Table 1). The determination of organic matter
was made by the sequential weight loss at 550 °C (Dean
1974).

About 20 g were used for grain size analysis using standard
sieves sedimentation technique after Folk and Ward (1957).
The finest fractions were analyzed using the Pipette method
(Suguio 1973).

Ostracod analysis

A constant weight (200 g) was taken from the top of undis-
turbed sediment. In the laboratory, the samples were washed
with distilled water and sieved through 63 μm to remove salts.
The samples were treated with hydrogen peroxide (H2O2),
dried at 60 °C, and kept in small bottles before the analysis.
The samples were washed and dried, then split into aliquots

Table 1 Water depth (m), salinity (‰), pH, organic matter content (TOC%), carbonate content (CaCO3%), and station description of the study sites

Station Depth (m) Salinity % pH TOC% CaCO3% Location and description

G.1 0.4 41.3 7.7 2.0 59.2 To the south of Ras Gharib, sandy

G.2 3 41.5 8.2 1.6 40.2 Down to the tidal flat, silty sand

G.3 6 41.5 8.2 2.6 59.3 Offshore to the open sea, silty sand

G.4 0.6 40.9 7.7 2.5 62.1 In front of the harbor, Biogenic sand

G.5 4 41.4 8.1 2.1 37.6 Down to the tidal flat, silty sand

G.6 7 41.5 8.1 2.7 64.5 Offshore to the open sea, silty sand

G.7 0.3 41.1 7.4 2.1 37.6 To the north of the harbor, sandy

G.8 3 41.6 8.3 2.7 38.1 Down to the tidal flat, silty sand

G.9 7 41.3 8.2 0.7 39.2 Offshore to the open sea, silty sand

Q.1 0.1 40.4 7.4 10.2 17.5 To the south of Quseir, silty sand

Q.2 1 40.9 8.2 12.1 26.9 Down to the tidal flat, muddy sand

Q.3 3 40.9 8.2 2.9 59.0 Offshore to the open sea, muddy sand

Q.4 0.2 40.5 7.5 3.0 76.3 In front of the harbor, biogenic sand

Q.5 1.5 41.0 8.1 3.9 83.3 Close to shipping jetty, silty sand

Q.6 4 40.9 7.9 2.9 56.8 Offshore to the open sea, muddy sand

Q.7 0.2 40.6 7.6 3.0 75.2 To the north of the harbor, silty sand

Q.8 1.78 41.0 8.0 4.1 80.3 Down to the tidal flat, muddy sand

Q.9 3 40.9 7.8 2.9 59.0 Offshore to the open sea, muddy sand
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using a micro-splitter. The picking of ostracods was done on >
125-μm fractions. The picked specimens (disconnected
valves and the articulated carapaces) were counted; a single
valve was regarded as 0.5 specimen and the carapace as one
specimen. This method of counting was used by several au-
thors (e.g., Maddocks 1985; Mette and Roozbahani 2012;
Helal and Abd El-Wahab 2012).

The ostracod assemblages were identified according to
Moore (1961) and Hartmann (1964). The identified ostracod
taxa were photographed by scanning electron microscope at
the Egyptian Mineral Resources Authority (EMRA) using the
machine JSM 6063LA.

Statistical analysis

The cluster analysis was accomplished using the SPSS
Program (V. 20). A sample-by-sample (Q-mode) cluster anal-
ysis was applied here to a dendrogram classification of the
studied samples. R-mode cluster analysis was conducted as
well to construct a dendrogram classification of the dominant
species and their species associations. Due to the scarcity of
the living ostracod individuals, we used the dead individuals
only in the statistical analysis. About 300 adult individuals
were recovered from each sample, which was considered as
a representative number of statistical treatments. In the studied

Fig. 2 Field photos captured
close to the sampling stations,
arrows refer to a shipyard for
ships with rusts due to corrosion
from the old boats at the Ras
Gharib harbor, and b lubricant oil
from the ships and boats at the
Quseir site

Table 2 Geochemical analysis data for the studied samples of each site. Metal concentrations are in ppm

Sample P Fe Pb Zn Cu Cd Ni Mn As B Cr Co

G.1 490 3700 3 7 186 0.6 1 75 2 43 7 1

G.2 510 3800 4 11 39 0.4 1 78 2 41 7 1

G.3 490 3700 3 7 1 0.3 1 75 2 43 7 1

G.4 230 1500 8 4 36 0.8 1 54 3 34 2 1

G.5 630 5800 15 15 81 0.4 2 89 2 44 8 1

G.6 340 2100 6 10 2 0.1 1 56 2 47 4 1

G.7 310 19,900 4 15 21 0.7 3 101 3 31 18 2

G.8 420 2800 3 6 1 0.5 1 77 3 40 6 1

G.9 1600 8400 3 21 6 0.6 22 150 3 22 27 3

Q.1 2240 10,300 14 49 17 1.9 25 150 7 21 28 4

Q.2 3710 12,500 16 54 16 1.6 32 180 6 22 36 5

Q.3 790 5800 3 19 3 0.6 4 116 2 20 7 2

Q.4 53,000 6400 29 59 14 2.9 10 317 15 244 30 1

Q.5 51,000 5500 19 54 6 3.8 9 320 12 253 32 1

Q.6 4120 11,300 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 0.9 22 149 4 25 25 3

Q.9 1600 8400 3 21 6 0.5 22 150 3 22 27 3

Minimum 230 1500 3 4 1 0.1 1 54 2 20 2 1

Maximum 53,000 19,900 29 59 186 3.8 32 320 15 253 36 5

Average 6911.7 7094.4 8.55 24 25.4 1.05 11.5 136.3 4.5 55.6 18.3 2.1

Mansour et al. 2000 116.68 6643.35 19.8 17.6 14 0.96 23.5 205.1 1800 – – –

El-Sorogy et al. 2006 1104 527.75 3.13 5.32 0.65 0.5 1.88 91.7 – – – –
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samples, a species with occurrence of more than 2% relative
abundance of the ostracod assemblages in at least one sample
were involved in the data matrix in the cluster analysis. The
counted data of the dominant species were standardized using
z score transformation and with absolute values before
performing the cluster analysis. The hierarchical cluster anal-
ysis was performed with squared Euclidean distances for the
variables by using Ward’s method on the standardized data
matrix.

Detrended correspondence analysis (DCA) was performed
on the dominant taxa of more than 2% relative abundance of
the total samples, to choose either applying unimodal method
(canonical correspondences analysis, CCA) or linear method
(redundancy analysis, RDA). The length of the gradient is 0.9
SD units (lower than 4), which means that we can apply the
linear mode. Thus, linear analysis (RDA) will be more desir-
able and recommended than unimodal analysis (Leps and
Smilauer 2003). Redundancy analysis (RDA) was conducted
here using CANOCO software (version 5.12) to investigate
the community’s relation to abiotic parameters at the studied
stations (e.g., Elshanawany 2010). To classify and identify the
environmental variables, the Monte Carlo permutation test
(500 permutation, P < 0.05) is used in RDA analysis. The
arrows radiating from the center of the RDA chart indicate
the direction of maximum variation. The arrows’ length re-
veals the relative significance of each environmental variable.
The angle between the environmental arrows is inversely pro-
portional to the strength of their relationship.

A multivariate analysis (factor analysis) was performed
using SPSS software via the dimension reduction category
to decipher inter-elemental relationships. The factor analysis
(FA) permits the projection of a large set of variables (samples
and variables) into a reduced form (Gabrié and Montaggioni
1982). This analysis was done by the Varimax method and z
standardization. The data matrix comprises 18 samples and 19
variables (Fig. 6). Several spatial bubble plot maps were con-
structed based on the graduated symbolmethod usingArc GIS
software (v. 10.3.3).

Diversity indices

The computational program utilized in the present study is the
Paleontological Statistics Program (PAST), version 3.20 (e.g.,
Hammer et al. 2009). The following concepts and formulas
are used.

1. Density describes how many individuals occur per unit
area.

2. Abundance is the number of individuals per sample.
3. Dominance index:

D =∑ (ni/n)
2, where ni is the number of individuals of

taxon i and n the total number of individuals of all species.

Its significance varies from 0 (all taxa are equally present) to 1
(only one taxon dominates the community).

1. Diversity index (Shannon index) considers the num-
ber of individuals as well as the number of taxa. It
varies from 0 (single taxon communities) to high
values for several taxa communities (Shannon and
Weaver 1948).

H ¼ −Σ ni=nð Þ Ln ni=nð Þ:

Results

Environmental variables

Substrate

Grain size data of the studied sites (Fig. 3) indicated a seabed
sediment type with a high sand fraction (over 90% medium to
fine sand grains) of sub-rounded morphologies. The samples
from the deepest water showed the highest value of very fine
sands with silt and/or clay fractions (Fig. 3). This is a common
feature mirroring the hydrodynamic condition. The silt and
clay fractions are of higher contribution in Quseir than in
Ras Gharib site (Fig. 3). Ras Gharib demonstrated a high
percentage of coarse sediments close to the beach (such as
stations G.1 and G.4, excluding G.3). These stations revealed
< 95% of coarse sand (Fig. 3). Nevertheless, the highest per-
centage of the fine particles was observed around stations G.5
and G.7 with values of 7.4% and 6.2% for silt plus clays,
respectively (Fig. 3). The fine sediment-enriched stations are
Q.2, Q.4, Q.5, and Q.6 (5%, 9.3%, 8.1%, and 5.1%, respec-
tively; Fig. 3), which are located in central and southern part of
the Quseir area (Fig. 3). Conversely, the coarse sand-enriched
stations are Q.1, Q.3, Q.7, and Q.9 (98.8%, 98.3%, 99.5%,
and 99.1%, respectively; Fig. 3).

Hydrological parameters (salinity, pH, and temperature)

Ras Gharib stations showed a higher salinity range of
40.91–41.61 PSU, whereas Quseir stations showed a low-
er range of 40.3–40.9 PSU (Table 1 and Fig. 4). During
the field survey, the water temperature was ranged from
20 to 26.6 °C, whereas the pH was slightly alkaline (7.4–
8.3; Fig. 4). Detailed current information is lacking in the
Red Sea area. This is because they are weak and variable
(spatially and temporally) and are mainly governed by
wind action (Rasul et al. 2015).
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Total organic carbon content (TOC %)

The Ras Gharib site exhibited lower organic matter content
than the Quseir site (Fig. 5). The TOC% increases toward the
southern transect of the Quseir site; however, its values varied
among all stations (Fig. 5). In the Ras Gharib area, the lowest
TOC% value was measured in G.9 (~ 0.7%) and the highest
value was noted in G.8 (2.7%; Fig. 5), averaging 2.1%. Quseir
stations displayed high organic matter content (averaged 5%),
especially Q.1 and Q.2 (Table 1, Fig. 5). Overall, station Q.2
showed the highest TOC value (12.1%) of the study two sites
(Fig. 5), followed by Q.1 (10% TOC; Fig. 5).

Heavy metals in sediments

The geochemical analysis data for the analyzed heavy metals
in the two sites are shown in Table 2.

Ras Gharib site

The Fe content revealed its lowest content around a shallow
station G.4 (1500 ppm), whereas the highest content was mea-
sured around station G.7 (19,900 ppm). The Fe content in-
creased, to some extent, away from the coastline in two

stations (e.g., G.9; Table 2). The indicated contributions were
much lower than that of the average marine sediment
(32,000 ppm; Li 2000). On the other hand, the P concentration
was valued higher than the average marine sediment
(600 ppm; Li 2000) with a maximum content was observed
in station G.9 (1600 ppm) and a minimum was observed in
station G.4 (230 ppm), averaging 558 ppm (Table 2). The B
concentration showed low values in the overall stations; how-
ever, the maximum concentration was found around station
G.6 (47 ppm) and the minimum was found around station G.9
(22 ppm).

In the study of shallow sediment, Cu concentration was of a
maximum contribution in station G.1 (186 ppm) and its min-
imum contribution was observed in station G.3 (3 ppm), av-
eraging 41 ppm. Nonetheless, Cu has a content of 43 ppm in
the average shallow marine sediment (Callender 2005).
Moreover, the average Cu content is slightly above the effect
range-low (ERL, 34 ppm), but less than the effect range-
median (ERM, 270 ppm) indicated by Long et al. (1995).
This indicates that Cu has a slightly higher contribution than
normal shallow marine sediments as well as the biological
guideline value for this metal, particularly in sandy and silty
stations (e.g., G.1 and G.5; Table 2). The Ni concentration in
the study bottom sediments reached its maximum at station

Fig. 3 Distribution bubble plot maps for the grain sizes (sand, silt, and clay %) distribution pattern in Ras Gharib (above) and Quseir (below) sites,
respectively
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G.9 (22 ppm), while the whole remaining concentrations have
1–3 ppm (Table 2). These values are, generally, lower than the
average shallow marine sediment composition (44 ppm).
Generally, Cr increased in the north direction and was of a
maximum concentration at station G.9 (27 ppm), whereas the
minimum concentration was measured around station G.4
(2 ppm; Table 2), which are negligible values compared to
the average shallow marine sediment composition (79 ppm)

and the ERL and ERM values as well (81 and 370 ppm, re-
spectively). The Pb concentration in the study sediments
ranged 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 increased in the shallow area around
Ras Gharib harbor (0.8 ppm at G.4; Table 2) and decreased
toward the deeper water to 0.1 ppm (G.6; Table 2), averaging

Fig. 4 Distribution bubble plot maps for the hydrological characters (Salinity, pH, and Temperature) in Ras Gharib (above) and Quseir (below) sites

Fig. 5 Distribution bubble plot maps for the TOC% in Ras Gharib (left) and Quseir (right) sites
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0.4 ppm. It is generally higher than the Cd content in the
average shallow marine sediment (0.2 ppm), but still less than
the ERL and ERM values (1.2 and 9.6 ppm, respectively). It is
noteworthy that stations G.9 and, to some extent, G.6
contained high concentration of several elements, which could
be revealed to their high clay content (Table 2).

Quseir site

The Fe content in the Quseir marine sediment ranged from
5500 ppm in station Q.5 to 12,500 ppm in station Q.2, aver-
aging 8444.4 ppm (Table 2). Alike the Ras Gharib, these
values are noticeably lower than the average marine sedi-
ments. Nevertheless, the P concentration was valued as the
highest in station Q.5 (53,000 ppm), while the lowest concen-
tration was recorded in station Q.3 (790 ppm), with an average
of 13,265.5 ppm (Table 2). These contents are significantly of
higher contribution compared to the average marine sediment
value as well as the Ras Gharib P contents, which is, most
likely, linked to phosphorite mining and exporting activities.

Cu showed 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, averaging 9.5 ppm. Unlike the
Ras Gharib site, the Cu content is of lower contribution than
the average shallow marine sediment as well as the ERL and
ERM values of Cu (Table 2). The highest measured value of
Pb was recorded in station Q.4 (29 ppm), averaging 12 ppm.
Its content was, partly, higher than the average shallowmarine
sediment (e.g., Callender 2005; Table 2), but still lower than
the ERL and ERM values (46.7 and 218 ppm, respectively) of
Long et al. (1995). Furthermore, Cd exhibited expressively
higher contributions than the average shallow marine sedi-
ment (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, with an average of 1.6 ppm. The content
is, in average, higher than the ERL value (1.2 ppm), but lower
than the ERM value (9.6 ppm). Remarkably, stations Q.4 and
Q.5 displayed a high, or may be the highest, concentration of
several elements (As, Cd, Pb, Zn, P, and Mn), which could be
revealed to their proximity to phosphate works (Table 2).

Correlation matrices were conducted for the study two
sites, which showed various correlations among elements in
the two sites (Table 3). This revealed different sources, migra-
tion, and behaviors from one another. The Ras Gharib site
showed a few P-associating elements (Ni, Mn, and Cr),
whereas the rest of elements were mostly related to anthropo-
genic sources (Table 3). On the other hand, the Quseir site
showed a group of P-related elements (Pb, Cd, Mn, As, Zn,
and B), which revealed that the phosphorite mining and ex-
portation are the most effective anthropogenic source in the
area (Table 3).

At the Ras Gharib, the first and second FA accounted for
41.99% and 19.4% of the total variance, respectively (Fig. 6a).

Correlation and correspondence analyses of results from the
Ras Gharib site indicate that Cr showed an intimate correlation
with Mn (r = 0.97, p < 0.05) and forming a cluster, which
supports the terrigenous input along with the low concentra-
tions and their distribution pattern. At Quseir site, the first and
second FA accounted for 48.08%, and 28.11% of the total
variance, respectively (Fig. 6b). Phosphorus exhibited the
strongest significant positive correlation with B (r = 0.99,
p < 0.05). P also was found to be positively related to Mn
(r = 0.98, p < 0.05), As (r = 0.93, p < 0.05), Cd (r = 0.86,
p < 0.05), and Pb (r = 0.81, p < 0.05).

Benthic Ostracods
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Both Quseir and Ras Gharib ostracod associations are reason-
ably similar in terms of the high abundance of the adult valves.
Mostly, the recovered ostracods from the two sites were found
dead; however, very few were perceived living. Moreover, the
disarticulation, fragmentation, and abrasion processes were
the most observed taphonomic features in the studied two
sites. Aside, the most abundant taxa, in descending order,
were the following: Jugosocythereis borchersi, Ghardaglaia
triebeli, Loxocorniculum ghardaqensis, and Cyprideis torosa
(respectively, Appendix 1).

In the studied shallow-water areas (0.1–7m depth), twenty-
three benthic ostracod species were identified, belonging to 20
genera and 13 families (Figs. 7 and 8, and Appendix 2–4). The
family Trachylebrididae constituted the highest percentages
among the ostracod fauna, representing 28.8% of the total
ostracod associations in the study area (Appendix 2). The
most abundant species was Jugosocythereis borchersi, consti-
tuting 18.5% of the total ostracod association. The family
Cytheridea (Loxocorniculum ghardaqensis) was the second
significant constituent and comprised 14% of the total assem-
blage in the study area. The third most abundant family was
the Paracyprididae (Ghardaglaia triebeli) and comprised
13.7% of the total assemblage in the area of study
(Appendix 2). The fourth dominant family was the
Cytherideidae (12.6% of the total families) that is represented
by the highest constituting species Cyprideis torosa.

The most abundant species (Jugosocythereis borchersi)
exhibited a low number of abundances in coastal stations
(G.4, G.5, G.7, Q.4, Q.5, and Q.7), which are closer to the
pollution sources. This species was observed mostly in the
silty and muddy sand facies, where sometimes the TOC%
was the highest (e.g., Q.2; Fig. 7). Loxocorniculum
ghardaqensis was the second dominant taxon in both sites.
Its relative abundance varied allover stations. It had low
values in Ras Gharib stations, whereas a high occurrence
was observed in Quseir stations. This could be attributed to
its preference to fine-grained substrate (e.g., G.8, Q.1, and
Q.2; Fig. 7). A very high relative abundance of this species
was recorded in the offshore and organic matter–enriched



station (Q.2), and its abundance decreased in the polluted
stations (e.g., Q.4 and Q.7; Fig. 9). Ghardaglaia triebeli was
the third dominant taxon in the studied samples. The TOC-
enriched stations were typified by its relative abundance on
muddy substrate (e.g., G.8, Q.1, and Q.2; Fig. 9). The fourth
most abundant species was Cyprideis torosa, which showed
its highest abundance in sand-rich stations (e.g., Q.9, Q.8, and
Q.1; Fig. 9).

The total standing yield abundance of benthic ostracods at
the Quseir site was generally high and ranges from 1705

individuals/50 g (Q.2) to 629 individuals/50 g (Q.4). On the
other hand, the abundances at the Ras Gharib site were mod-
erate, ranging from 583 individual/50 g (G.8) to 304
individual/50 g (G.5).

The interrelationship between density and diversity was
displayed by the diversity indices. Firstly, the Ras Gharib site
displayed high diversity indices, especially the dominance
index in comparison to the Quseir site. On the other hand,
the Shannon index was high at Quseir rather than Ras
Gharib. The highest values of the Shannon index were

Table 3 Correlation matrices for the heavy metals and other elements for the study Ras Gharib (A) and Quseir (B) sites

P Fe Pb Zn Cu Cd Ni Mn As B Cr Co

P 1.00

Fe 0.12 1.00

Pb −0.13 −0.11 1.00 A

Zn 0.75 0.59 0.12 1.00

Cu −0.10 −0.11 0.16 −0.16 1.00

Cd 0.07 0.38 −0.08 0.01 0.25 1.00

Ni 0.95 0.27 −0.20 0.76 −0.22 0.22 1.00

Mn 0.89 0.55 −0.18 0.87 −0.13 0.27 0.90 1.00

As 0.19 0.40 −0.23 0.14 −0.40 0.71 0.42 0.38 1.00

B −0.63 −0.53 0.27 −0.56 0.27 −0.67 −0.81 −0.77 −0.79 1.00

Cr 0.80 0.68 −0.27 0.87 −0.19 0.30 0.87 0.97 0.44 −0.82 1.00

Co 0.79 0.60 −0.28 0.81 −0.27 0.36 0.92 0.92 0.56 −0.89 0.97 1.00

P Fe Pb Zn Cu Cd Ni Mn As B Cr Co

P 1.00

Fe −0.53 1.00

Pb 0.81 −0.02 1.00 B

Zn 0.66 0.21 0.93 1.00

Cu 0.10 0.66 0.65 0.75 1.00

Cd 0.86 −0.38 0.77 0.72 0.26 1.00

Ni −0.56 0.93 −0.14 0.05 0.52 −0.36 1.00

Mn 0.98 −0.39 0.85 0.74 0.20 0.88 −0.40 1.00

As 0.93 −0.25 0.95 0.84 0.44 0.86 −0.30 0.95 1.00

B 0.99 −0.57 0.78 0.63 0.05 0.87 −0.58 0.98 0.91 1.00

Cr 0.30 0.56 0.55 0.66 0.62 0.38 0.62 0.47 0.50 0.27 1.00

Co −0.76 0.95 −0.30 −0.06 0.47 −0.54 0.91 −0.63 −0.52 −0.78 0.33 1.00

Fig. 6 Correspondence (factor)
analyses of heavy metals with
environmental variables; a The
Ras Gharib site and b The Quseir
site
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observed around station G.8 (2.26) in the Ras Gharib and Q.6
(2.57) in the Quseir sites. Aside, the Shannon index showed
low values at stations G.7 (1.64) and Q.4 (2.23) of Ras Gharib
and Quseir, respectively (Fig. 8). The highest value of the
dominance index in the Ras Gharib was recorded around sta-
tion G.7 (0.23), whereas the lowest value was found around
station G.8 (0.12) (Fig. 8). On the Quseir site, the highest
dominance index was observed at station Q.4 (0.13), whereas
the lowest value was found at station Q.6 (0.09). Additionally,
the species number of ostracods in Ras Gharib stations was
low; the lowest station was noted around G.7 (7), whereas the
highest was found around stations G.8 and G.9 (14).
Accordantly, the species number of Quseir stations showed
leaped behavior compared to Ras Gharib, where Q.6 was the
highest and Q.4 was the lowest in species number of the
Quseir site (Fig. 8).

Ostracod-environmental conditions using statistical
analyses

Cluster analysis

The cluster analysis (CA) in the study area indicated in-
dividual clusters, characterizing different levels of con-
tamination. Two main clusters (A and B) characterized
the studied samples and taxa. Each cluster consisted of
two sub-clusters A1, A2 (A2.1 and A2.2), B1, and B2
(Fig. 9). Cluster A was distinguished by the presence of Ras
Gharib samples and heavymetal-enriched stations of the Quseir
site (Q.4 and Q.5) (Pb, Zn, Fe, Ni, Cr, Cd, Mn, and B; see the
“Redundancy analysis” section), fine-grained sediments, and
less saline warm water. Sub-cluster A1 comprised the deep-
water stations at the Ras Gharib (G.8, and G.9) and is charac-
terized by the dominance of X. rhomboidea, C. dimorpha, and
H. rubrimaris as evidenced in the R-mode analysis (Fig. 9).
Sub-cluster A2 of the Q-mode, which was subdivided into
two sub-clusters, comprised the rest of Ras Gharib stations as
distinguished in the A2.1 sub-cluster and evidenced in R-mode
analysis by dominance of X. ghardaqae. Two stations of the
central transect of Quseir harbor (Q.4 and Q.5) were forming
A2.2 sub-cluster and showed a sharp decrease in the abundance
of A. reticulata and M. striata (Fig. 9).

Cluster B comprised Quseir stations Q.1–Q.9 (except Q.4
and Q.5; Fig. 9). These stations are relatively less polluted
with metals and deeper (Fig. 9). The stations of sub-cluster
B1 (Q.1, Q.7, Q.8, and Q.9) were typified by high sand con-
tent, and moderate TOC% and metal contents. These stations
are fairly located away from the pollution effect and mainly
dominated by J. borchersi (Fig. 9). The stations of sub-cluster
B2 comprised stations Q.2, Q.3, and Q.6. They were of rela-
tively low concentrations of some heavy metals and TOC%
around stations Q.3 and Q.6, whereas, around station Q.2, the
TOC% and some heavymetals were of high contents (e.g., Ni,

Cr, Fe, Cu, and Zn). On the other hand, they were of high silty
sand content, pH, and low salinity. They were dominated by
Ghardaglaia triebeli, Cyprideis torosa, and Loxocorniculum
ghardaqensis (Fig. 9).

Redundancy analysis

Based on the Detrended correspondence analysis (DCA), the
data set was evaluated with RedundancyAnalysis (RDA). The
first and second RDA axes explained 52.5% and 11.92% of
the total variance in the data set, respectively (Fig. 10). Other
non-significant axes were not considered. The RDA revealed
species and stations discrimination, based on their metal con-
centrations and other environmental factors (substrate, water
depth, and TOC%). The environmental variables chosen were
for the highest significant variations, whereas the neglected
variables such as sand, clay, pH, and temperature showed less
significant variations.

Axis 1 discriminated the stations into two groups based on
the pollution level of the station (Fig. 10). On the negative side
of axis 1, the first group included the shallow stations of Ras
Gharib site (G.1–G.6 and G.8), which are less exposed to metal
pollution other than Cu (Fig. 10). Comparatively low heavy
metal concentrations, high Cu concentration, and water depth
were regarded as the main controlling factors. On the positive
side; however, the second group is located, which comprised
most of Quseir stations that are more subjected to organic mat-
ter and heavy metal sources (Q.2–Q.8), and their dominating
species (Fig. 10). This group was distinguished by high species
diversity at the expenses of species density around the Quseir
stations. Number of ostracods species are located on the right
side, being occupied by Quseir stations. These species are
J. borchersi, C. torosa, X. ghardaqae, Alocopocythere
reticulata, Moosella striata, Hiltermannicythere rubrimaris,
Cytheroma dimorpha, and L. ghardaqensis (Fig. 10).

Discussion

Almost all the ostracod specimens under investigation are
dispersed in the studied marine sediment. The observed taph-
onomic features suggested a high energy marine ecosystem
with appropriate and nearly constant pH and pCO2.

Distribution, diversity indices, and abundances of
ostracoda

The two studied sites are shallow sheltered environments domi-
nated by vital elements (Helal and Abd El-Wahab 2010). The
recorded ostracods were represented by benthic, phytal, and
shallow-water species. The families Trachylebrididae,
Paracyprididae, Cytherideidae, and Cytheridea dominated the
ostracod assemblage in the study area (Appendix 2). Species of
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these families live in association with the seagrasses, algae, and
mangrove trees, which are widely distributed on the coastal part
of the Red Sea (Helal and Abd El-Wahab 2012) and appear as
they are slightly suffering from deterioration as well. The impact
on corals and algae is dealt in a follow-up study by the co-authors
(not published). These species, for instance, are J.borchersi,
M. striata, G. triebeli, C. torosa, and L. ghardaqensis.

An important measurement for the environmental stress
consequences on benthic micro-fauna is the species diversity
(e.g., Ruiz 1994; Elshanawany 2010). Thus, the effects of
different contamination sources generated significant changes
in the density and diversity of ostracods (e.g., Ruiz et al.
2013). Nevertheless, some species such as C. torosa and
C. dimorpha are resistant to organic contamination (Lim and
Wong 1986) and consequently low species diversity typified
contaminated environments (Alin et al. 1999). Numerous au-
thors (e.g., Poquet et al. 2008; Elshanawany 2010; Ruiz et al.
2013) considered the variation in species diversity of micro-
fauna as a contamination response. They conveyed that ostra-
cods are usually very limited or absent in polluted waters close
to industrial activities. Furthermore, Van der Merwe (2003)
inferred that mining activities have similar effects on ostracod
assemblages.

The present data reveal that the type and magnitude of pol-
lution to the marine benthos are not severe to cause a complete
disappearance of ostracod, as in the case of extremely polluted
sites (e.g., Carman et al. 2000; Lenihan et al. 2003). However,
the pollution leads to ostracod communities with a high domi-
nance index and a low abundance with a limited number of
opportunistic species (e.g., Millward et al. 2004). This relation-
ship is apparent in the highest values of dominance index oc-
curring in stations Q.4 and Q.5, which have elevated concen-
trations of heavy metals (Table 2). Additional aspect is the low
to moderate diversity and high density in stations Q.1 and Q.2,
which could be revealed to the high organic content and re-
duced oxygenation. Species diversity increases in the deep-
water direction and could be related to environment stability,
along with less stress conditions for a benthic ecosystem (e.g.,
Ruiz et al. 1997). The species diversity usually increases with
water depth in a shelf environment (e.g., Bonaduce et al. 1983).
The diversity declines toward shore (Fig. 7) that could be at-
tributed to the increased salinity and pollutants as in stations
G.1, G.4, and G.7 as well as Q.4, Q.5, and Q.7. In accordance
with Samir (2000), this research shows the importance of faunal
diversity and density as bio-indicators for evaluating the pres-
ence of polluted areas. The observation of a low ostracods’
density at the expense of their diversity, especially around the
contaminated stations (Q.4, Q.5, G.5, and G.7) matches well
with Liljenstroem et al. (1987).

Ostracods as a bio-monitor of pollution

Two major distinctive environments were noted for the ostra-
cod community in this study:

Group I: This group comprises most of the dominant spe-
cies, which links all of the Quseir stations that are charac-
terized by elevated contributions of TOC, silt, and heavy
metals specially Q.4, Q.5, and Q.2 stations, respectively.
The tolerant species for the Ni, Cr, Zn, and TOC in the
upper right quarter are the following: J. borchersi,
C. torosa, L. ghardaqensis, G. triebeli, M. striata,
A. reticulata, and to some extent C. dimorpha. On the
other hand, the occurrences of X. ghardaqae and
H. rubrimaris were lessened due to the adverse effect of
Pb, P, As, and Cd enrichments, especially in Q.4, Q.5, and
Q.7 stations. Accordingly, the diversity and abundance for
these two species increased toward stations Q.2, Q.3, and
Q.6 away from the direct effect of the heavy metals. The
species A. reticulata was previously reported as dominant
onto fine-grained substrate with elevated organic matter in
the Red Sea (Helal and Abd El-Wahab 2004). Our study
verifies that A. reticulata is tolerated in the environments
of elevated contents of organic matter, Zn, and some other
metals concentration. It is worth to mention that stations
Q.4 and Q.5 are the most contaminated stations in the
study sites, which is mirrored by decreased abundances
and diversities. The sediment elemental geochemical data
of ostracod assemblages reveal that this group is of mod-
erate to high pollution level.
Group II: This group involves most of Ras Gharib sta-
tions (except, G.9) and comprises only X. rhomboidea of
the ostracod species and away from significant factor
(Cu). The deviation of such species from the positive side
on the ordination chart displayed its heavy metal vulner-
ability. Thus, the high relative abundance of this species
typifies stations with sandy sediment, low to moderate
TOC%, elevated pH, and depleted heavy metal contribu-
tion. This group is distinguished based on the low faunal
diversity and abundance of ostracods around stations
(e.g., G.1, G.5, and G.7) and the geochemistry of sedi-
ments, which reveals that this group is of a low to mod-
erate pollution level. The low diversity and abundance
can be attributed to the coarser sandy bottom facies espe-
cially at the Ras Gharib beside the general observation
that Cu, Cd, and Co attain higher concentrations in Ras
Gharib samples than that of Quseir site (Table 2).

Ostracod abundance-environmental factors relation

The amount of organic matter present in the sediment can influ-
ence the abundance of meiofauna, including that of ostracods

�Fig. 7 Distribution bubble plot maps for the four most dominant ostracod
species (in decreasing order) in Ras Gharib (above) and Quseir (below)
sites
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(Mazzola et al. 1999; Mirto et al. 2000; Lili et al. 2013; Irizuki
et al. 2015). Mirto et al. (2000) inferred that ostracod abundance
decreased after the installation of fish andmussel farms, because
of the bio-deposition farming complexes and oxygen deficien-
cy. However, they did not assess whether the response to organ-
ic matter is species-specific. Irizuki et al. (2015) used the rela-
tionship between the TOC% and the most abundant ostracod
species to explore the organic matter influences on ostracod
density. Lili et al. (2013) considers species-specific response
and examined the correlation between TOC content and abun-
dances of several ostracod species for environmental change
biomonitoring. However, their studies included surface sedi-
ments from different sites, water depth, and substrates, which
were influenced by different environmental factors and make it
difficult to identify specific causal relationships.

The present study ostracods abundance and their faunal di-
versity decreased around stations of high organic matter content.
We verified that the salinity and type of substrate are not of a
degree of variability to be considered in the correlation-relation-
ship. Besides, an environmental factor such as water tempera-
ture is likely to remain unchanged in each site throughout the
study interval. Moreover, all the dominant ostracods found in

the present study were shallow marine mud-dwellers, and all
samples were composed of silty tomuddy sand. This is apparent
by the weak negative correlation of silt through the ordination
analysis of RDA (Fig. 10). The results of ostracods identifica-
tion suggest that the association can be considered as of autoch-
thonous (the same zoogeography) species of the Red Sea do-
main; hence, they represent indigenous assemblages. Most of
the recovered species were dead, mainly because of the envi-
ronmental stress due to the aforementioned causes. Other lesser
extent causes would have also affected such as sampling.

Heavy metal clusters

Various studies have discussed the linkage between ostracod
abundance and heavymetal contamination (e.g., Bodergat and
Ikeya 1988; Watzin and Roscigno 1997; Ruiz et al. 2000,
2004; Lee and Correa 2005; Bergin et al. 2006; Irizuki et al.
2011, 2015). They inferred that an increase in some metals
(e.g., Cu and/or Zn) concentration mostly causes a decrease in
the ostracod abundance. As a result, ostracods may migrate
away or disappear in the highly contaminated sites. It is worth
to mention that elements P, Fe, Pb, Zn, and Cu have signifi-
cantly higher contents in the Quseir site than the Ras Gharib
site (Table 2). Additionally, their contributions are noticeably
higher than what was recorded by Mansour et al. (2000) and

Fig. 9 Q-and R-modes cluster analyses based on the recorded ostracod taxa in 18 variables (samples), using Ward’s method for agglomeration

�Fig. 8 Distribution bubble plot maps for the species richness dominance
index, Shannon index, and density of species for the studied samples in
Ras Gharib (above) and Quseir (below) sites
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El-Sorogy et al. (2006) in the same study area as well as by
Mansour et al. (2011) for only the Quseir site. This implies
that the content of these elements in the Red Sea 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 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 a potential toxicity in Ras Gharib and Quseir areas,
respectively. Similar trace metal contributions were delineated
in a recent study (Nour and Nouh 2020).

Iron plays an important role in trace metal scavenging and
accumulation into sediments (Badr et al. 2009). Trace metals
are absorbed or precipitated in the form of Fe oxides, forming
a thin layer at the sediment surface (Duchart et al. 1973). This
process is most probably the reason for the noticeable contri-
butions of trace metals in the sediment samples.

The field observations confirm that the main source of pollu-
tion in the Ras Gharib site is shipping activities and to a lesser
extent oil exploration around the study area. The Quseir harbor;

however, is suffering from city sewage and other anthropogenic
activities in addition to phosphate mining (Fig. 1). These several
types of pollution have a serious effect on the ostracod commu-
nity. The correspondence analysis of the present work confirms
the correlation analysis, where P forms a cluster representing all
metals of anthropogenic sources of pollution at Quseir site
(Table 2). This corresponds to stations Q.4 and Q.5, which dis-
play the lowest abundances of ostracods at the Quseir site and
might be due to the eutrophication problem. Moreover, the cor-
respondence analysis shows that all redox-sensitive metals such
as Pb, Cd, As, Mn, and Fe come in association with P, especially
at the Quseir site. No significant correlation was noticed for Cu
with othermetals, specifically at the RasGharib site. This infers a
different behavior of Cu in the study areas and its deposition is
influenced by either terrigenous supply (the Ras Gharib site) or
anthropogenic input (the Quseir site).

The cross-plot between Cr content and ostracod abundance
(Fig. 11) shows positive correlation coefficients with the highest
abundant ostracod species in the two sites (Fig. 11).Ghardaglaia
triebeli had a significant positive correlation with Cr (r= 0.74).

Fig. 10 Redundancy analysis
(RDA) tri-plot for relative
abundance of ostracod species in
surface sediment of each station
and the associated environmental
variables
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The correlation coefficients of the selected ostracod species are the
following: Alocopocythere reticulata (r= 0.67), Jugosocythereis
borchersi (r = 0.64), Moosella striata (r = 0.59),
Hiltermannicythere rubrimaris (r= 0.59), and Cyprideis torosa
(r = 0.52), which reveals a moderate to strong correlations
(Fig. 11). The limited data we have suggest that they are tolerant
species and could be used as bio-indicators for heavy metal
contamination.

Conclusions

Benthic ostracods are used here to assess the ecological settings
of themarine benthic ostracods on the coastal environment of the
Red Sea. Quantitative analysis of benthic ostracods was coupled
with geochemical data and statistical processing to discriminate
the study area into two distinctive segments accompanying their
environmental character and pollution level. The Quseir area is
characterized by sediments relatively enriched in heavy metals,
high silt content, and elevated organic matter. It encompasses the
most contaminated stations. The depleted faunal abundance pin-
points to environmental stress in this area. Pollution-tolerant spe-
cies such as J. borchersi, C. torosa, L. ghardaqensis, G. triebeli,
M. striata, A. reticulata, and to some extent, C. dimorpha are
survivors in a contaminated system. On the other hand, the Ras
Gharib site is less contaminated with metals, and the sediments
are coarse-grained with low TOC%. Pollution-sensitive species
such as X. rhomboidea are characterizing Ras Gharib area. The

species composition of the polluted areas can be considered as a
good proxy for environmental considerations.
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