Sediment and benthos monitoring.
Gulf of Suez Y344,

Summary

This report presents the results of the EIMP monitoring of contaminants in the sediment and the
composition of benthic invertebrate fauna (benthos) carried out in the Gulf of Suez in Y444, The major
findings were:

At the mgjority of the investigated sites in the Gulf of Suez, the sediments were not polluted or only
insignificantly polluted by organic matter, nutrients and heavy metals and there were no indications
of impacts on benthos due to pollution at most sites.

However, organic matter and nutrients (eutrophication) significantly influenced the sediments and
benthos in the northernmost part of the Gulf of Suez (i.e. Bay of Suez). The source of the organic
matter and nutrients is domestic and industria wastewater from the city of Suez and perhaps aso the
many ships awaiting passage through the Suez Canal. Elevated levels of copper, zinc and lead were
also encountered but the concentrations measured only pose a dight risk, that toxic effect on flora
and fauna may occur. The benthos in the Bay of Suez was clearly affected by the high organic load.
Generdly the high content of plankton and organic material, which is feed for benthos, resulted in
elevated density and number of species compared to other areas in the Gulf of Suez. There were
however, indications that the benthos close to Suez was suffering from occasional oxygen depletion
in the sediment resulting in a decrease of density and number of species. The sediment and benthos
was also affected by eutrophication at Ain Sukna.

Introduction

The Coastad Water Monitoring Programme (CWMP) ams at establishing a marine monitoring
system in the Egyptian coastal waters. The CWMP is part of the EIMP, which is directed by a Steering
Committee with representatives from the EEAA and the Danish International Development Assistance
(Danida). The EIMP Coastal Water Monitoring Programme comprises ') Monitoring of water quality
parameters (basic-, eutrophication and bacteriological parameters). Y) Monitoring of contaminants in
sediments, shellfish and corals and Y) Monitoring of benthos and coral reefs.

EIMP has previously reported the results of the monitoring of water quality parameters for Y444

(Ref.Y). This report presents the results of the monitoring of sediments and benthos in the Gulf of Suez
in Y444,

Benthos is a wide variety of species of mainly polychaete worms, mussels, snails, starfish, sea
urchins and crustaceans living in burrows in the sediment or on the sediment surface. The analysis of
changes in benthic community structure is widely applied and well suited for the detection and
monitoring of impacts from sediment contamination and eutrophication of coastal waters.

The monitoring programme has been designed so that simultaneous measurement of contaminantsin
the sediment and composition of benthos is obtained from the same sites. In addition the sediment and
benthos sampling sites are situated at, or very close to the water-monitoring stations, which are visited
bimonthly, so that the water quality data can be included in the interpretation of the results.

The sampling sites for sediment and benthos in the Gulf of Suez are presented in Figure ). The
sampling took place in October Y444, Three samples for benthos and two samples for chemica anaysis
were collected at each site. In the laboratory the number of individuals of different species pr m? seabed
and the number of species was determined for each sampling site. The sediment samples were analysed
for grain size distribution, content of organic matter (measured as loss on ignition), total nitrogen (Tot.
N), total Phosphorous (Tot. P) and heavy metals (Cu, Cd, Pb and Zn). A multivariate statistical analysis
of benthos, sediment-and water quality parameters has been performed in order to eucidate any causal
rel ationships between pollution and adverse impacts on benthos

)
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Figure Y. Sampling stations for sediment and benthosin the Gulf of Suezin Y444,

Y
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Water Quality

The monitoring of water quality parameters in Y444 showed that the northernmost part of the
Gulf of Suez (Bay of Suez (Su), SuY and SuY)) was generally heavily influenced by discharge of
domestic and industrial wastewater from the city of Suez. The heavy ship traffic in the area probably
also contributed significantly to discharge of contaminants. The water quality in other parts of the Gulf
of Suez was generally good (Ref. V).

The levels of nutrients (nitrate/nitrite and ammonia) and phytoplankton biomass were
significantly higher in the Bay of Suez compared to the other parts of the Gulf of Suez. The same
pattern was found for the bacteriological parameters. However, station SuY at Ras Gharib also showed
very high levels of bacteria.

Dissolved oxygen levels indicated well-oxygenated water at all monitoring sites with a tendency
towards a dight decrease in oxygen content with increasing depth. However, the level of dissolved
oxygen was never even close to being depleted at any measured stations during Y444 (Ref.)).

Sediment

Composition of sediment

The seabed at most of the monitoring stations consisted of pure sand. However, in the Bay of
Suez (Su), SuY), at station Su © at Ain Sukhna) and at most of the stations along the coast of Sinai
(SuYY, Su Yh, Su Y and Su Ya) the sediments had a considerable content of silt/clay (Figure Y).

Compostion of sediment
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Figure.Y. Composition of the sediment at the monitoring sites.

Pollutants in sediments

The measured sediment parameters on individual stations are depicted in Figs. Y-1. In order to
assess the potential for adverse biologica effects due to heavy metals in the sediment the results have
been compared to recently developed Canadian sediment quality standards which, relates sediment
chemistry data to the potential for adverse biological effects (Ref.Y). Based on a considerable number of
studies on the correlation between concentration and toxicity a threshold effect level (TEL) aswell as a
probable effects level (PEL) were established for a wide number of pollutants in sediments. The two
guideline values TEL and PEL delineate three concentration ranges for a particular chemical:

v
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Concentrations below the TEL value represent concentrations, which are not expected to cause any
adverse biological effects.

Concentrations equal to and above TEL, but below the PEL represent a range of concentrations
within which effects may occasionally occur on sensitive organisms, but thereis only a slight risk.

Concentrations equivalent to and above the PEL value represent a probable-effects range within
which adverse biological effects would frequently occur

In Table Y, the range of concentrations of copper, zinc, cadmium and lead encountered along

different stretches of the Gulf of Suez cost are compared to the Canadian TELs and PELSs. The range of
concentrations of Tot N and Tot P and loss on ignition are aso indicated. From table Y and Figs. Y-1 it
appears that:

Table ).

Copper, lead and zinc markedly contaminated the sediments in Suez Bay close to Suez City (Su V)
However, the levels of these metals only pose a dight risk of adverse biological effects on sensitive
organisms (above TEL, but below PEL). The levels of total P, total N and organic matter measured
asloss on ignition were high. Su) was the most polluted of the sampling sites in the Gulf of Suez.

The sediments in Suez Bay further away from Suez City are polluted by lead, but to a much lesser
extent compared to Su). The concentrations of total P and total N were lower compared to Su) but
high levels of organic material (measured as LOI) were encountered.

Toxic concentrations of cadmium, copper, lead and zinc were not found on any of the remaining
sites in the Gulf of Suez. Not even on the stretch from Abu Zenima to El Tur along the East Coast,
where elevated concentrations of cadmium were found. (Cf. Fig 1)

There was a clear decreasing trend of total N, total P and organic matter when moving along the
West Coast southwards from Suez to Ras Shukeir. This trend is similar to the results of the water
quality monitoring where a similar decreasing trend of eutrophication parameters was observed.

The concentration of total P was elevated dong the Sinai coast (Su) Y-Su'Y)
Range of concentrations of Heavy metals (Cd, Cu, Pb, Zn), Tot.N, Tot.P and losson

ignition (LOI) encountered in sediments along various stretches of the Gulf of Suez coast (ug/g
dry weight). The concentrations of heavy metals are compared to threshold effects levels (TEL)
and potential effect levels (PEL) (Ref. Y). Figuresin bold indicate values violating the TEL. There
areno TELsand PELsfor Tot N, Tot P and loss on ignition. Figuresin parentheses indicate the
percentage of total number of samples from the particular stretch of coastline that violate the

TEL.
Suez Bay Su) Suez Bay SuY West Coast East Coast Ras | East Coast Abu TEL PEL
and SuY Suez/Ain Sudr Su * Zenima-El Tur
Sukhna-Ras SuV'-SuYa
Shukeir Su¥a-
Suib
Cd v,eAYo ) Ve, VAY n.d-+,V1e Vo_u, ¥ n.d-+,v4 N £,Y
Cu §1-88 (VoY) Y- Y YA ° YA Yo,V VoA
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Content of organic matter in sediments (measured as loss on ignition) in October Y4414,
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Concentrations of Total Nitrogen and Total Phosphorous in sedimentsin October Y444,

]

PDF created with FinePrint pdfFactory trial version http://www.fineprint.com



http://www.fineprint.com

Heaw metals in sediment
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Figure °. Concentration of copper, zinc and lead in sedimentsin October Y444,
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Figure 1. Concentration of cadmium in sedimentsin October Y444,
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Benthos

The abundance (number of individuals per m? seabed) and the number of species at each station
are depicted on Fig.Yand Fig.A, respectively. The highest abundance was generally encountered in the
northernmost part of the Gulf of Suez (SuY, SuY, Su¥ and Su Ya) and at Ain Sukhna (Su°). Relatively
high numbers of species number were also found here and at Ras Budran (Su‘Y), Abu Rudeis (Su ' Yb)
and inthe El Tur area (Su 'Y and Su ' Ya).

The differences in composition of benthos are due to differences in environmental parameters,
including pollution.

The benthos is affected by a wide number of environmental parameters, which can be grouped
in three: Physical parameters, hiological parameters and pollution. The composition of benthos on a site
is determined by a complex interaction of all these parameters. Pollution can affect benthos in a number
of ways:

Toxic substances may kill some animals and weakening others, which in the end will result in a
change of the benthos community. In severe cases all animals may be killed.

Increased loads of organic material can affect the fauna.

Based on a substantial amount of data Pearson & Rosenberg (Ref. ¥) found a general succession
pattern of benthic infauna in response to increased eutrophication and resulting increasing load of
organic material to the sediment:

Initially increasing load of organic matter will result in an increase of the number of species, the
biomass and the density (abundance) of organisms because the amount of food for the organisms
increases.

When the load reaches a certain level, the number of species, the biomass and the density decline.
The reason being that the oxidised layer of the sediment becomes thinner because the organic matter
consumes oxygen.

At very heavy loads, oxygen depletion in the seabed may periodically take place. Only very few
species can tolerate such conditions so the number of species decrease further as a result. Longer
periods of oxygen depletion lead to the extinction of the fauna. When oxygen conditions improve
the area is rapidly recolonised by a very few so-caled opportunistic species, which may occur in
high densities.

The benthos data from the Gulf of Suez can be interpreted in the context of the Pearson &
Rosenberg succession of benthos in relation to increasing eutrophication and organic load (and content
of silt/clay in the sediment).

In Table ¥, mean abundance, mean number of species and mean biomass is compared to
eutrophication parameters measured in the sediment from different sections of the Gulf of Suez.

The abundance of species and the number of species increased significantly when moving
northwards from Ras Shukier to Suez Bay along the West Coast of the Gulf of Suez. A parallel increase
of organic matter (LOI), silt/clay content of the sediment and total concentration of N and P in the
sediment is aso evident. The abundance and number of species, however, decreased again at the
northernmost station Su", close to the city of Suez ( Fig V).

Y
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Figure A Number of species of benthos on each sampling station in October Y344,
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TableY. Mean number of species, mean total abundance, mean abundance of Capitdllids
and mean biomass compared to sand, silt and clay content and eutrophication parameters of the
sediment in different sections of the Gulf of Suez.

West Coast West Coast West Coast West Coast East Coast East Coast
Suez Bay Suez Bay Suez/Ain Waddy El Ras Sudr Abu Zenima
. sadsyr | Sk Dom Su- Bl Tur
Su¥a-Sue -Ras Shukier SuNY-SuiTa
Sut-Su 3b
Mean No of Species 1 4,0 VY, Y ¥ 1 Ve
Mean Abundance (indiv/m?) AR £0) 144 Y1,Y Yo 30,y
Mean abundance Capitellidae 1y i YA oy
(indiv/m?)
Mean Biomass (g/n?) ), Y ALY YY,Y Y, ¢ .0 VY,
Mean %Sand .Y ay,yY AY,N Yoo Yoo 10,1
Mean %Silt/clay va,v LA 11,4 . . Y8
Mean LOI (%) £,Y ¥,0 Y,A )Y AT ),0
Mean conc TP (ug/g dw) Yve,o Yoq,0 YYY,Y YA YVA,0 Y,
Mean conc. TN (ug/g dw) YA v Tie,y Yy Y¢d £aY,0

In addition to the increase of abundance and number of species there was a parallel increase in
the occurrence of a species of Capitellid polychate worm. Capitellids are opportunistic species, which
are characteristic for sediments highly polluted by organic matter, often in areas with poor oxygen
conditions in the sediment. The density of the Capitellid species was highest at SuY and SuY and alittle
lower a Su). It was the dominating species at these sites and a one site at Ain Sukhna. During
sampling it was observed that the sediments at Su, SuY and SuY were black on the surface indicating
reduced conditions caused by oxygen deficiency. The sediments further south in the Gulf of Suez was
all well oxygenated.

Copper, lead and zinc significantly contaminated the sediment at Su). At SuY and SuY the
sediment was polluted by lead. However, when comparing the sediment results with sediment quality
standards it is obvious that these metals only pose a slight risk of adverse biologicd effects on sensitive
organisms (Cf. above), so the benthos was hardly affected by these heavy metals.

It therefore seems that the benthos was affected by organic pollution in Suez Bay and at Ain
Sukhna. Generally it seems that the organic load to the sediment had a stimulating effect on the fauna,
with elevated abundance and number of species. There were indications of the fauna being occasionally
affected by poor oxygen conditions in the sediments in Suez Bay. The decrease in abundance and
number of species on the northernmost station (Su') may be an effect of this. If the organic load
increases further there may be a risk of adverse impacts and decreasing abundance and number of
speciesin alarger area due to oxygen depletion.

The benthos in the major part of the Gulf of Suez south of Suez Bay between Suez Bay and Ain
Sukhnaand south of and Ain Sukhnadid not seem to be adversely affected by pollution.

This interpretation of the data is confirmed by the multivariate statisticd anaysis
(Factoranalysis). Details of the analysis are presented in Appendix V.

The analysis indicates that the variation in the number and types of benthos from station to station
can be explained as follows:

YV, ¢7 of the variation in the composition of benthos on the different stations may be related to
effects of eutrophication (nutrients, phytoplankton biomass)

ﬂ
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YY,¢ 9% of the variation may be a result of differences in the composition of sediment (which to a
certain extent al'so may be influenced by eutrophication)

A, A7 of the variation may be related to transparency

YA, 9% of the systematic variation cannot be attributed to any of the measured environmental
parameters and

YA, % israndom variation
The analysis also indicated that:

The fauna on the stations in Suez Bay (Su),SuY and SuY) and station Su¢ at Ain Sukhna was
affected by eutrophication

The fauna on the stations at Ras Budhran (Su)Y) and El Tur (Su Y and Su)Y¥a) was influenced by
fine grained sediment

The fauna on the other stations in the Gulf of Suez was not affected by eutrophication or influenced
by fine grained sediment.

Conclusion

The sediment and benthos monitoring in Y444 generally showed the same trends as those observed
for the water quality parameters. There were no or only slight indications of pollution of sediments or
impacts on benthos due to pollution in the major part of the Gulf of Suez. However, there were clear
indications that organic matter and nutrients (eutrophication) heavily influenced the sediments and
benthos in the northernmost part of the Gulf of Suez. The organic matter and nutrients are discharged
from domestic and industrial wastewater from the city of Suez and perhaps aso from the many ships
awaiting passage through the Suez Canal. The sediment and benthos was also affected by eutrophication
at Ain Sukna.

The monitoring of contaminantsin the sediment showed that:

The sediment at Su close to the city of Suez was heavily affected by eutrophication with high
levels of total phosphorous, total N and organic matter in the sediment. Markedly elevated
concentrations of copper, lead and zinc were aso found in the sediments. However, the levels of
these metals only pose a dlight risk that adverse biological effects may occur. The benthos was
clearly affected by high organic load and perhaps occasional oxygen depletion.

The sediments at SuY and SuY in Suez Bay further away from Suez City were aso polluted, but to a
much lesser extent compared to Su’. High concentrations of organic matter, Tot N and Tot P were
encountered, the high eutrophication level clearly affecting the benthos. The high organic load had a
stimulating effect on the fauna with elevated abundance and number of species. Significantly
elevated levels of lead was also found. However, the concentration level only poses a dlight risk that
toxic effects may occur.

Toxic concentrations of Cd, Cu, Pb and Zn were not found on any of the remaining sites in the Gulf
of Suez. Not even on the stretch from Abu Zenimato El Tur along the East Coast, where elevated
concentrations of Cd were found.

Somewhat elevated levels of organic matter were encountered on the stations from Suez Bay to Ain
Sukhna (SUYa-SU?°) but not to an extent that may cause alarm in any way.

There were no signs of contamination of the sediments on the stations at the coastal stretches from
Wadi El Dom to Ras Shukeir (Su®-Suib) aong the West Coast

The stations from Abu Zenima to El Tur (Su):«-Su'¥a) along the Sinai coast had elevated
concentrations of Tot P

The Benthos monitoring clearly showed that:

\l
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The fauna on the stations in Suez Bay (Su), SuY and SuY) and station Sue at Ain Sukhna was
affected by eutrophication.

The fauna on the stations at Ras Budhran (Su'Y) and El Tur (Su Y and Su) Y¥a) was influenced by
fine grained sediment

The fauna on the other stations in the Gulf of Suez was not affected by eutrophication or influenced
by fine grained sediment.
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APPENDIX Y

Factor analysis (PCA) analysis of benthosdata from Y244,

V. INTRODUCTION

The benthos data from Y144 were analysed by Factoranalysis and subsequent correlation analysis in
order to assess the community structure and the influence of environmental parameters on the
composition of benthos (including impacts of pollution).

Y.METHODS

The data were analysed by Factor analysis using Principal Component Analysis (PCA) for initia
factoring procedure (Ref. V). Input data was the abundance of each species per m2. The factor loadings
were rotated using the varimax orthogonal rotation. The rotated factor scores were used for the
interpretation of the analyses. The datawere In (x +') transformed in order to stabilise the variances.

Correlation analyses of the factor scores and the following parameters were carried out:
Sediment parameters (% silt+clay, % sand, mean size Phi, loss on ignition)
Concentrations of total P and total N in sediments
Concentration of heavy metalsin sediment (Cu, Zn, Cd, Pb)

Salinity of water. Annual mean for each station in Y444
Dissolved oxygen in water. Annua mean and annual minimum Y444

Concentration of Chlorophyll-a, total suspended matter and transparency (m) in water. Annual mean
for each station in Y444

Concentration of nutrients (NH:-N, NOv-N, NOx-N, TotN (uM) and PO:-P (uM). Annua mean for
each stationin Y444

The Pearson correlation coefficient (r) was computed.
Y.RESULTS

Eigenvalue
N
|

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Componentnumber

v,V.Factors

Seven factors accounting for AY,) % of the total variation in the data were extracted (Cf. Fig )). This
means that the systematic variation in the data can be described as the sum of seven factors, which may
be related to environmental parameters. The remaining YA,% % of the variation can be regarded as
random. The percentage, which each factor is accounting for, isindicated in Table Y.

Figure Y. Scree plot of the eigenvalues. Any factor with an eigen value of less than ) cannot be
taken seriously as a factor

'Y
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Y,Y. Interpretation of thefactors

The factors have been identified from the factor loadings for the different species (Table V) and the
results of the correlation analyses of the factor scores and the depth, the loss on ignition and the content

of silt/clay in the sediment (Table Y).

The interpretations of the factors are indicated in Table Y.

The analysisindicate that the variation in the benthos can be explained as follows (Table Y):

Y),¢7/ of the variation in the composition of benthos on the different stations may be related to

effects of eutrophication (Factor ¥ and Factor V).

YY,¢ % of the variation may be a result of differences in the composition of sediment (which to a

certain extent also may be influenced by eutrophication) (Factor ¥ and Factor ¢)

A, A7 of the variation may be related to transparency (Factor ©)

YA,© 9% of the systematic variation cannot be attributed to any of the measured environmental

parameters (Factor ' and Factor 1) and

YA, 4 9% israndom variation

Table Y. Factor loadings. Factor loadings are correlation coefficients between the original variable
and the factors. Factor loadings numerically larger than :,° and therefore important for the

inter pretations of the factor s ar e shown.

Factor

Species

Factorloading

\

Caullariella alatus
Notomastus sp

Tapes sulcarius
Brachiostoma lanceolatum
Prionospio cirrifera

Chonefilicauda

NEFEN
AVE.
LAYY.
.,var.
A

e

Capitellidae sp.
Onuphis eremita

Apseudes latreillel

. Ado.
VAAS

LYY

Scoloplos arimiger

Chaetozone cf. Setosa

LAYV,

LAY,

Ocypode sp.
Tellinella staurella

BEETI

GIAV

Lumbrinereislatreilli

Prionospio cirrifera

TR

g

Senothoe gallensis

AL

Bowerbanbkis imbricata
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Table Y. Correlation between the factors and measured environmental parameters r = Pearson
correlation coefficient.

Factor Factor ¥ Factor ¥ Factor ¢ Factor © Factor 1 Factor ¥
% silt+clay in sediment r -vved vVe JUA(*) L0 A(*) vered RN Yy
p N 0 N PR LEC CATY ot
% sand in sediment r «Yod —vYe STAR) |- evA(%) PN v IEERY
p CEAY w0 PN ot <44 CATY ot
Mean size Phi. sediment r AN EE LE9) (%) (%) Y ot CYYY
p ey <0419 oY et RLER «YAQ CYAA
Loss on ignition of sediment r cVoy LEAY(Y) ETAR e - —ven) oY ()
p EAA Yy e CAVY Lvay «q1e e
Total P(mg/g) in sediment r ARE ARES ,00£(**) ,E47(%) AR e e d Y
p CCOAY gy e A PRE 1o <414 CYTY
Total N (mg/g) in sediment r - A ARAS IR Y AR Sy AYT(x)
p A wyen AR VY “(YOA CAve .
Cu (ug/g) in sediment r —vaYo CYYY PNRY Vg COYYA _v90 )
p LR Ve CAve “ovY YA cve .
Zn (ug/g) in sediment r Y YV RE Y e Y v e VAT (*%)
p vy RAE! oy Y14 e Cre .
Cd (ng/g) in sediment r PR Yy CFAA YA RN T AR
p Y ‘e ot CYYY “cgVo “ovy va
Pb (ug/g) in sediment r VY LEIA() —vedn S Yy SeYy IEY Yo (x+)
p A COOA CvY CAavy AL CVYY .
Salinityof water r Yy wYAo -,iav(*) -veYVA “YAe T YA
mean Y444 p CvY vy CO Ty YA gy A CEYA
Dissolved oxygen in water r LR YARE: - Yo AR AR Y VAN ~w(Yde
mean Y434 (mg/l) p 00} ALK vy von oY ey L
Dissolved oxygen in water r YRR AR A e VA o)y ARY -0V (*¥%)
min Y443 (mg/l) p «AVA voaoY AL cart 1o wgve P
Chlorophyll-a (ug/l) in water r SvenEY ATE(R) AR S gy —veeYo BT CATY
mean Y444 p CAEA . oy AEA AR gy oEY
Total suspended matter in water r Sreen) AT -ree0 cceod St PETAR A wgye
mean\‘\‘l(mgﬂ) p v44A . AT VAYVY vAoq AR V(2100
Transparencyofwater r gy -,122(**) AR ve09 ,E‘H‘(*) vee VY vV EA
Mean Y444 (m) p et eeed gy Cvan Y «d09 R
NH:-N in water r PR VEA(R) Sro Ty v g0 SveVA AEEE YAy
Mean Y444 (UM) p CAYA . CAAY ALY CATA «COVA Cva
NO.-N in water r LY NEY(F¥) LYY P ) ) (Ye
Mean Y444 (UM) p AT . COAT <414 wAot Y vy
N .-N in water r PN AT (*) R T) PR PR R (Yeq
Mean Y444 (UM) p CAVY . cony LR <Al vy red
Tot. N in water r Y L TAO(*¥) _vaay RRT: ) a ~iid0 LYo (%)
Mean Y444 (UM) p 00 . ey VAN YA CYY L
PO.-Pin water r COYE Y PN LAY YY) _) €4 RN
Mean Y444 (UM) p COVY YA «Ado VYA CYVY oy CAary

**Correlation is significant at the .+ level

*Correlation is significant at the .- © level
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Table Y. Interpretation of factors based on factorloadings (Table V) and correlations between
factor-scores and measured enviromental parameters (Table Y).

Bowerbanbkia imbricata.

Positively correlated with loss on ignition of
sediment

Positively correlated with total N, Cu, Zn and
Pb in sediment

Negatively correlated with the minimum
concentration of dissolved oxygen on the
water

Factor Percent of total Significant correlations Interpretation
variance
\ YV,A % Positively correlated with the abundance of Factor Y represents variation in these species,
Caullariella alatus,Notomastus sp., Tapes avariation which cannot be attributed to
sulcarius, Brachiostoma lanceolatum, measured environmental parameters
Prionospio cirrifera, Chone fillicauda.
Y Yo,A O Positively correlated with the abundance of Factor ¥ can be interpreted as a gradient of
Capitellidae sp. Onuphis eremita and increasing eutrophication, which is affecting
Apseudes latrieilliei the fauna. The most eutrophicated sites also
. . . ) have the highest concentrations of lead in the
Pos_mvely correlat_ed \_N_lth organic matter in sediments.
sediment (loss on ignition)
Positively correlated with Pb in sediment
Positively correlated with concentrations of
chlorophyll-a, suspended matter and nutrients
in water
Negatively correlated with the transparency
of the water
Al YYL,Y % Positively correlated with the abundance of Factor ¥ can be interpreted as a gradient of
Scoloplos armiger and Chatetozone cf. Setosa | increasing content of silt/clay in the sediment
- . . and decreasing salinity.
Positively correlated with the silt/clay content
of the sediment
Positively correlated with the concentration
of total Pin the sediment
Negatively correlated with the content of
sand in the sediment
Negatively correlated with the salinity
¢ VY % Positively correlated with the abundance of Factor ¢ can beinterpreted as a gradient of
Ocypoda sp and Tellina staurella increasing content of silt/clay and organic
. . matter in the sediment, possibly also
F_’os tlvel_y correl at_ed with the conteqt of_ ' influenced by eutrophication.
sit/clay in the sediment, the loss on ignition
and the total P
Negatively correlated with the content of
sand
° AA % Positively correlated with the abundance of Factor © can beinterpreted as a variation of
Lumbrinereis latreilli and Prionospio these species with highest abundancein clear
cirrifera water.
Positively correlated with transparency of
water
1 LY % Positively correlated with the abundance of Factor 1 represents variation in this species, a
Senothoe gallensis variation which cannot be attributed to
measured environmental parameters
v °,7 % Positively correlated with the abundance of Factor Y may be interpreted as a gradient of

increasing eutrophication, which is affecting
the fauna. The most eutrophicated sites also
have the highest concentrations of copper,
zinc and lead in the sediments.
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v,Y. Factor scores
The factor scores for each station each year inis presented in table €.

The factor scores for factor Y and ¥ are plotted in fig Y. The relative location of the factor scores along
the axes indicates the degree of similarity in composition of the benthic fauna between stations and
years.

The plot indicates that:

The benthos on stations SuY, SuY, SuY and Sue differ from the benthos on the other stations, due to
higher level of eutrophication (higher content of organic matter in sediment and higher
concentrations of chlorophyll-a, suspended matter and nutrients in water

The benthos on SuYYa, Su'Y and Su'Y differ from the benthos on the other stations due to finer
grained sediments

Table ¢. Factor scores.

Station Factor ) Factor Y Factor ¥ Factor ¢ Factor © Factor 1 Factor v
Su ) —veo L) SelYY Y IE) AT S0t
Su Y SelYY YOy A -wYo 3% ¥ LYY
[SThS o Yo Seed 1 A A oM
SuYa LYY S A ¢ 0 % oYy et
Su ¢ Y VL YRR A YovyY o Vove
ST _von VYo AR AR 49 0 Nend
[STh —e¥q Y SecEY “¥a Sy o -YA
Suta o —voY N A S AY 89 Sl
ST -0 . Y YA R AT Ay
SuA - YA - AY AR oYY —eeefd w1 oA
Su Aa —v)e St —wYo iy AN YAE A
Su Ab Selry oYY S S 0 A4 v
ST A -w(Yo -(Yo i Y e R
Su fa A S YA AR A —vead na Ve
Su %b AT SelYY AN SeYY Selry SeYY IR
Su it SAY A N PRV _vito A Y
Su )Y SeeYt AT YEE: e Y Y —eeYn
Suy ne T3 Yara Sy Sk VY AR
SuYa A NNY SeYY PPN NNY Sl Sk
SuYb AL _von SeeEY VeAE Sl Vot AR
[STRAS Svead Ve f)o X _Yo AL e
Su‘Ya —wto Y 0 TAY A AN St

¥,¢ Conclusion
From the analysis it can be concluded that:

the fauna on the stations in Suez Bay (Su),SuY and Su¥) and station Su® at Ain Sukhna are affected
by eutrophication

the fauna on the stations at Ras Budhran (Su'Y) and El Tur (Su ‘Y and Su‘Ya) are influenced by
fine grained sediment

the fauna on the other stations in the Gulf of Suez are not affected by eutrophication or influenced
by fine grained sediment.
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Figure Y . Factor plots Y444 data Factor analysis based on abundance of different species of

benthos. The factor scores for each station are plotted on factor axes Y and Y. Sations with a high score
on factor Y are characterised by higher levels of eutrophication and stations with a high score on factor
¥ are characterised by higher content of silt/clay in the sediments and lower salinity (Table ¥)
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