Sediment and benthos monitoring.
Mediterranean Y4414,

Summary

This report presents the results of the EIMP monitoring of contaminants in the sediment (organic
matter, nutrients and heavy metals) and the composition of benthic invertebrate fauna (benthos) carried
out along the Mediterranean coast of Egypt in Y444, The major findings of the Y444 monitoring was.

Alexandria East harbour (Me) ) was the most polluted site The sediment was markedly polluted by
copper, lead and zinc and the organic content of the sediment as well as the concentrations of total
phosphorous and total nitrogen were very high. The sediment was polluted by lead to an extent that
there is a significant risk of toxic adverse biological effects on flora and fauna according to
Canadian sediment quality standards. Copper and zinc were found in concentrations that may pose a
dight risk of toxic effects.

Station NIOF east in Alexandria (Me YY) was also quite polluted but to a lesser extent compared to
Me Yo, The sediments were quite polluted by organic matter and heavy metas, especialy lead.
However, the concentrations of lead only pose a slight risk of adverse biological effects on sensitive
organisms according to the Canadian standards.

The coastal stretch from Maadia to Port Said along the coast off the Nile Delta and Lake Manzala
(Me Y<-Me £ @) was somewhat polluted but not to an extent that may cause alarm.

The coastal stretch from Nobareia to Alexandria Western Harbour (Me Y-Me VY and from El Shatby
to Abu Quir (Me YYa-Me YY) was insignificantly polluted and

The coastal stretch from Romanato Bardaweel (Me £Y-Me ¢ Yb) was not polluted

Generdly, impacts on fauna due to pollution could not be demonstrated. A multivariate statistical
anaysis showed that differences in composition between stations were mainly due to differences in
the content of silt clay in the sediment and not to any of the measured water quality parameters or
sediment pollutants.

However, there were indications that the fauna was affected by pollution in Alex Eastern Harbour
(Me'®) and a NIOF east (Me YY).

Introduction

The Coasta Water Monitoring Programme (CWMP) aims 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 ¥) 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 aong the
Mediterranean coast of Egypt 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
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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 Mediterranean are presented in Figure ). The
sampling took place in October -November)444, Three samples for benthos and two samples for
chemical analysis 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 elucidate any causal relationships between pollution and adverse impacts on benthos

Y
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Figure Y. Sampling stations for sediment and benthosin Mediterrenean Y4414,
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Water Quality

The monitoring of water quality parameters along the Mediterranean coast in Y444 showed high
levels of nutrients (NH:, NOy, NOv and PO:) and a high biomass of phytoplankton (measured as
chlorophyll-a) in three distinct areas:

The Alexandria area between El-Mex and Sidi Gaber
The coastal stretch between Abou quir and Maadia and
The area from Damieatta El Gededdato Port Said

Very substantia discharge of domestic and industrial wastewater and agricultura run-off take place in
these areas

Nutrient levels and phytoplankton biomass were significantly lower west of Alexandria and east of Port
Said

Sediment

Composition of sediment

The seabed at most of the monitoring sites consisted of pure sand. However, the sediments had a
considerable content of silt/clay at El Maadia (Me Y¢), in Lake Manzala (Me Y4b) at the outlet from
lake Manzdla (Me Y4a, Me Y4 and Me ¢ +) and East of Port Said (Me ¢VY) (Figure Y).

Composition 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 biological 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
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probable effects level (PEL) were established for a wide number of pollutants in sediments. The
guideline values TEL and PEL delineate three concentration ranges for a particular chemical:

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 adight 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 Cu, Zn, Cd and Pb encountered along different stretches
of the Mediterranean cost are compared to the Canadian TELs and PELs. In addition the range of
concentrations of Tot N and Tot P areindicated. Fromtable Y and Figs Y-1 it appears that:

The sediments in Alexandria East Harbour (Me Y¢) were markedly polluted by Cu, Pb and Zn and
the organic content of the sediment as well as the concentrations of Tot P and Tot N were very high.
This area was the most polluted of the sampling sites along the Egyptian Mediterranean coast. The
sediment was polluted by Pb to an extent that there is a significant risk of toxic adverse biological
effects on flora and fauna. Cu and Zn were found in concentrations that may pose a slight risk of
toxic effects

The sediments at NIOF east (Me YY) were also quite polluted especially by lead. However, the
concentrations of lead only pose a slight risk of adverse biological effects on sensitive organisms.

The sediments along the coast of the Nile Delta and Lake Manzala (Me Y ¢-Met Ya) were polluted by
Cu to an extent that there might be dlight risks of adverse biological effects on sensitive organisms.
The copper polluted sediments were found at Maadia (Me Y ¢), off Rashid (Me YY), Damietta (Me
Ye) and, the coastd areas along Lake Manzala (Me Y4a, Me Y4b), the outlet from lake Manazala
(Me ¥4, Me ¢+) and the area off Port Said (Me ¢),Me £1a). Concentrations of Zn that may give a
dight risk of toxic effects were also found at Maadia (Me Y £).

The sediments from Nobareia to Alexandria Western Harbour ( MeV-Me' Y), from El Shatby to Abu
Quir (Me YYa-Me YY) and from Romana to Bardaweel (MetY-Met Yh) were insignificantly polluted
Toxic concentrations of heavy metals was generally not found in these areas. However, in one
sample from Alex Western Harbour concentrations of Cd which may pose a slight risk of adverse
biological effects on sensitive organisms was encountered.

The monitoring of water samples revealed a significant pollution (eutrophication) by organic
material, nutrients and bacteria in the area from El-Mex outlet (Me) V) to Sidi Gaber (Me'Yh) and from
Abu Qir (MeY)) and eastward to Maadia (MeY?). The present monitoring indicate, that with the
exception of NIOF East and Alex east harbour the sediments were not polluted along this stretch of the
coast. Pollution from the very many sources in this area was thus not found in the sediment along the
coast. The sediments were sandy indicating that erosion takes place. Consequently, pollutants are not
accumulating in the sediments but are dispersed with the currents elsewhere, may be further offshore.
For instance in Abou Quir Bay there are indications from other studies, that finer grained sediments are
encountered in the middle of the Bay, so probably much of the pollution from the outlets is accumul ated
here. In the future revision of the monitoring programme some of the benthos stations will be moved to
accretion areas.

The degree of pollution of sediments further east from Maadia to Port Said reflects the degree of
eutrophication of the water column. A significant pollution of the water by organic material, nutrients
and bacteria is found in this area and the sediments are also polluted. The silt/clay content of the
sediment is higher along this stretch of the coast compared to the areas to the west. The eevated
sit/clay content indicate an accretion area, which may be why pollutants from the outlets along this
stretch of the coast will end in the sediments close to the shore.

Table Y.Range of concentrations of heavy metals (Cd, Cu, Pb and Zn), Tot.N, Tot.P and loss on
ignition (L OI) encountered in sediments along various stretches of the Mediterranean coast (ug/g
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dry weight). The concentrations of heavy metals are compared to threshold effects levels (TEL)
and potential effectslevels (PEL) (Ref. Y). Figuresin bold indicate values violating the TEL . There
areno TELsand PELs for 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.
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Figure Y. Content of organic matter in sediments (measured as loss on ignition) in October-
November 1444,
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Total P and N in sediments
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Figure ¢. Concentration of Total Nitrogen and Total Phosphorous in sediments in October-
November Y444,
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Figure °. Concentration of copper, zinc and lead in sedimentsin October — November Y344,

Y

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



http://www.fineprint.com

Cadmium in sediment
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Figure 1. Concentration of cadmium in sediments in October-November Y444,

Benthos

The abundance (number of individuals per m?) and the number of species at each station are
depicted in Fig.Y and Fig A, respectively. High abundance was generally encountered at the stations
from El Burg to Port Said (i.e. mainly the stations at Lake Manzala).This areawas a so generaly
characterised by more fine grained sediment. Generally there is atendency for increasing number of
species when moving from west to east along the coast (Fig. A)
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FigureV. Abundance (number of individuals per m? seabed) of benthos on each sampling station
in October Y444
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Figure A Number of species of benthos on each sampling station in October Y444
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In Table Y, mean abundance, mean number of species and mean biomass is compared to the
sand, silt and clay content and eutrophication parameters measured in the sediment from different
sections along the Mediterranean coast.

There is a clear correlation between the abundance and number of species and the silt/clay
content of the sediment. The highest abundance and number of species were encountered in the
sediment along the coast from Maadia to Port Said, where the sediment is more silty/clayey compared to
all other monitored areas aong the Mediterranean Coast.

The factoranalysis of benthos data and the subsequent correlation analysis with water quality
data as well as sediment data showed that the fauna on the stations was affected by the content of
silt/clay in the sediment. There are no indications that the fauna was affected by pollution. Details of the
analysis are presented in Appendix ). The analysis indicates that the variation in the number and types
of benthos from station to staiton can be explained as follows:

V4,4 9% of the variation is due to differences in the composition of sediment (differences in the
silt/clay content)

1),Y % of the systematic variation cannot be attributed to any of the measured environmental
parameters and

YA, A 9% israndom variation

The analysis also showed that the fauna on stations Me ¢Ya, Me Y4b, Me Y4a and Me Y4 in Lake
Manzala area differed significantly from the fauna at al other sites due to a higher content of silt/clay in
the sediment.

Although the analysis failed to demonstrate any adverse effect of pollution on the benthos, there are
indications that high organic load to the sediment may have affected the fauna at two sites:

At NIOF east (Me YY), the number of species was quite high and the abundance was aso higher
than at the neighboring stations (Fig © and ). The high number of species and abundance may be an
effect of the high content of organic matter (Fig¥). A high load of organic matter that does not
induce oxygen deficiency normally result in an increase of number of species and abundance,
because the organic matter isfood for the benthic fauna (Ref.Y).

In Alex Eastern Harbour (Me Y°), which was the most polluted site, the fauna was completely
dominated by one species of Nematod, which is an opportunistic species often encountered in areas
highly polluted by organic material and where there might be oxygen depletion (Ref. ). Signs of
poor oxygen conditions in the sediments were observed during the sampling (the sediment was
completely black, indicating reduced sediment). It would therefore seem reasonable to conclude that
the fauna in Alex Eastern Harbour was adversely affected by pollution, probably mainly by organic
pollution. However, toxic effects of heavy metals and perhaps other chemicals may also play a part.
According to Canadian sediment quality guidelines, the sediment was polluted by Pb to an extent
that there is a significant risk of toxic adverse biological effects on flora and fauna and Cu and Zn
are found in concentrations that may pose a dlight risk of toxic effects (Cf.above).
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Table Y. Mean number of species, mean total abundance, and mean biomass compared to sand,
silt and clay content and eutrophication parameters of the sediment in different sections along the
Mediterranean coast.

Nobareiato NIOF East Alexandria East El Shatby to Maadiato Romanato
. \ ;
Alexandria Me ¥ HarbourMe Y Abu Quir Port Said Bardawed
West Harbour Me \YaMe Y
MeV-Me ) Y MeYi-Met'a | MetY -MetYb

Mean No of ) 'Y ° A 9,0 Y,Y
Species

Mean AA,0 Y YYY YYY £0. VY
Abundance

(indiv/m?)

Mean Biomass iv,q £),Y ', 0 9,4 ),1 £,V
(gn)

Mean %Sand Yoo Yoo Yoo Yoo AV 0 Yoo
Mean . . . . YY,Ae

%Silt/clay

Mean LOI (%) V) Y, Y A ), ¥ ), Y o
Mean conc TP VY, € AvY ARRR Yoo, ovy,. Yvo,.
(ug/g dw)

Mean conc. TN Y4y, AYY Y e9qy YoY,A Y4A,0 VY, ¢
(ug/g dw)
Conclusion

The sediments at the monitoring stations along the Mediterranean Coast can be ranked with respect
to degree of pollution as follows:

Alexandria East harbour (ME) ©) was the most polluted site
NIOF east (Me ' Y) was also quite polluted but to a lesser extent compared to Me Ve

The coastal stretch from Maadia to port Said along the coast off the Nile Delta and Lake Manzala
(Me Y¢-Me £ a) was somewhat polluted but not to an extent that may cause alarm in any way.

The coastal stretch from Nobareiato Alexandria Western Harbour (Me Y-Me VY and from El Shatby
to Abu Quir (Me YYa-Me YY) was insignificantly polluted and

The coastal stretch from Romanato Bardaweel (Me £Y-Me ¢ Yb) was not polluted

The sediment on the monitoring site in Alexandria East Harbour (Me Y ¢) was the most polluted of the
sampling sites along the Egyptian Mediterranean Coast. The sediment was markedly polluted by copper,
lead and zinc and the organic content of the sediment as well as the concentrations of total phosphorous
and total nitrogen were very high. The sediment was polluted by lead to an extent that there is a
significant risk of toxic adverse biological effects on flora and fauna according to Canadian sediment
quality standards. Copper and zinc were found in concentrations that may pose a dlight risk of toxic
effects. The benthic fauna in Alex Eastern Harbour was indeed adversdly affected by pollution probably
mainly by the organic pollution. The organic load seems to be so high, that poor oxygen conditions in
the sediment occur periodicaly. However, toxic effects of heavy metals and perhaps other chemicals
may also play a part.

The sediments at NIOF east (Me YY) were also quite polluted by organic matter and heavy metals,
especialy by lead. However, the concentrations of lead only pose a dight risk of adverse biological
effects on sensitive organisms according to the Canadian standards. Abundance and number of benthic
species were quite high at NIOF east (Me YY). This is probably a result of a stimulating effect of high
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organic content in the sediment, which constitute a food source for the benthos. Based on the
composition of the fauna the sediment does not seem to be subject to equally poor oxygen conditions as
in the East Harbour. This may be due to better renewal of water at NIOF east compared to the enclosed
basin of East harbour. However, the organic load at NIOF East seems to be sufficiently high for oxygen
depletion to take place in the future.

The sediments along the coast of the Nile Delta and Lake Manzala from Maadia to Port Said were
polluted by Cu to an extent that there may be dight risks of adverse biological effects on sensitive
organisms. The copper polluted sediments were found at Maadia (Me Y £), off Rashid (Me ¥)), Damietta
(Me Y°) and, the coastal areas along Lake Manzala (Me Y4a, Me Yih) the outlet from lake Manazala
(Me Y4, Me ¢+) and the area off Port Said (Me ¢),Me £)a). Concentrations of Zn that may give a slight
risk of toxic effects were aso found at Maadia (Me Y¢). However, there were not indications of the
benthos being affected by pollution aong this stretch of the coast. The highest abundance and number
of species were actually encountered in the sediment aong the coast from Maadia to Port Said. This
probably due to the fact that the sediment here is more silty/clayey compared to all other monitored
areas along the Mediterranean Coast.

The sediments from Nobareia to Alexandria Western Harbour and from El Shatby to Abu Quir were
insignificantly polluted. Toxic concentrations of heavy metals were generally not found in these areas
and there were no signs of the fauna being affected by pollution.

The EIMP monitoring of water quality parameters revealed significant pollution (eutrophication) by
organic material, nutrients and bacteria at very many sites along the coast from Nobareia to Alexandria
Western Harbour and from El Shatby to Abu Quir. Pollution from the many sources in these areas was
not found in the sediment at the EIMP monitoring stations. The sediments are sandy indicating that
erosion takes place. Conseguently, pollutants are not accumulating in the sediments but are dispersed
with the currents elsewhere. In the future revision of the monitoring programme it should be considered
to move some of the sediment/benthos stations to accumulation aress.

The sediments from Romana to Bardawed! are not polluted and there were no signs of the fauna being
affected by pollution.
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APPENDIX
Factor analysis (PCA) analysis of benthosdata from Y244,

V. INTRODUCTION

The benthos data from Y444 were analysed by Factoranalysis and subsequent correlation analysis in
order to assess the communtity 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 Pricipd Component Analysis (PCA) for initia
factoring procedure (Ref V). Input data was the abundance of each species per m?. 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 Tota 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 minimum Y444
Concentration of Chlorophyll. Annua mean for each stationin Y444

Concentration of nutrients (NH:-N, NOy-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
w
I

0 T T T T T T T * - >~ g g g

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Componentnumber

Y,\.Factors

Ten factors accounting for AY,Y % of the total variation in the data have been extracted (Cf. Fig Y). 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,A % of the variation can be regarded as
random. The percentage, which each factor is accounting for, isindicated in Table Y.

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

V4,4 9% of the variation is due to differences in the composition of sediment (differences in the

silt/clay content) (Factor ¥ and ¢)

1,Y % of the systematic variation cannot be attributed to any of the measured environmental

parameters (Factors Y« YeoeTeVeAcd) + Yand

YA, A 9% israndom variation

Table ). 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 factors are shown.

Factor

Species

Factorloading

\

Orchestia sp.
Mactra corralina
Magelona sp.
Onuphis eremita

Macoma cumana

<401,
AT

LAY

oY e

Chone filicaudata

Paraonidae

R

AoA.

Apsuedes latreillel

Tellina tenuis

LAV,

,A%4,

Tanis cavolini
Mediomastus cirripedes

Macoma cumana

GAYAL

NERT-

Donax venustus

Donax trunculus

AL

Scolelepis carunculata

Sagitta enflata

ATA.

LAY

Andara diluvi

vavoe.

Owenia fusiformis

Glycera convoluta

BTN

Senthoe gallensis

Elasmopaus pectinicus

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

) Y ¥ ¢ °
% silt+clay in sediment r vV —vee ¥l VA JIYA(R*) oo
p LT CATY Ty . RN
% sand in sediment r (EERR RN - YVA*) - AYA(R*) «Yoo
p LA AT oty . TR
Mean size Phi. sediment r cYE SRR vy 0TV (**) YA
p oy Ve Y o) CAg
Losson ignition of sediment r EETEER) -e)e) EERARR SRR SeVY
p LR eV w09 CYAA c¥o)
Total P(mg/g) in sediment r IOARR EETARA) AR £ YV S AA
p «ooY oA cNay CAYTY YA
Total N (mg/g) in sediment r TR S Yy EETEAR SRR EETARR
p CAEY NL cay CVay A
Cu (ug/g) in sediment r VOAY BOYARA) A JYAY(F) vrgo
p CTYE CEYY COTYY v A
Zn (ug/g) in sediment r cY SR AR (OAR -vee00
p oY) A ot cetd vy
Cd(ng/g)inwjiment r YA wYVo -+Yo - YYY TR A
p Y CYE veof N YA
Pb (ug/g) in sediment r -rey S EERARR - Al -VoA
p g LI (OO cge cray
Sdlinity of water r (EEAR ERERA SRR -, £ () CoAY
mean Y444 p CATA <24 oY A ey
Dissolved oxygen in water r AR AR - )Y vee ¥R AR
min Y444 (mg/l) p CYAQ “yoy CTAY AR cory
Chlorophyll-a (ug/l) inwater r [AR2- EETARRA + ¥ Yo EETARA)
mean Y444 p et CEVY Yol PN NS
NH:-N in water r verdo weYol -edle STy ceelo
Mean Y444 (UM) p Y vy CEYY CEVY CYYA
NOy-N in water r FEARY vVdo AR v AT AR N
Mean Y444 (UM) p Ao ceYay «oY4q ‘o Y4
NN in water r EEEY Y RN YY) R
Mean Y444 (UM) p «ove CrAY Y AT AT
Tot. N in water r BYTEAY ooV ARRY as ooV
Mean Y444 (UM) p ALY LR Y cety Yo
PO;-Pin water r -v\e ey oYY Yol ARG
Mean Y444 (UM) p CEYY vy LR Yol Y

**Correlation is significant at the .+ level

*Correlation is significant at the .- © level
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Table Y (continued). Correlation between the factors and measured environmental parametersr =
Pear son correlation coefficient.

1 v A q Ve
% silt+clay in sediment r vl SR EETAR -0 S VY

p Ay A % CEYA coqy ot
% sand in sediment r EEREER +)4 vV EY v ARAS

p cdny ey AL <04y “oft
Mean size Phi. sediment r v VY v AY RN RN TR

p «Aed A VY Y EY CATA
Losson ignition of sediment r TR -raaVo EEARN SelYYY S A

p A CTAY AT YA cvay
Total P(mg/g) in sediment r ve) g AR AR ARl e AY

p wegoy CCEAY g0 CYAS Y
Total N (mg/g) in sediment r -heto -y EERAR A Sy BT

p CACA Y AN AV veteq
Cu (ug/g) in sediment r cANY vy corA] venlo —ven )

p ot “veo Cave CATA CAYA
Zn (ug/g) in sediment r IAAE L cAYY vVey Svees)

p 0 “YAS CEA EVY LV
Cd (ng/g) in sediment r v VY VAL e AN AYY -v\Yo

p AR gV e o oY
Pb (ug/g) in sediment r . EEREER - VA cY SeYY

p ) cany v A oy
Salinity of water r EETEEA v ¥y EERARE v Y'Y R
mean Y444 p CAYY AT PN Ao CYAR
Dissolved oxygen in water r S SeYY ey EXTARAY AR
min Y444 (mg/l) p Ve 0.9 Y LR COEA
Chlorophyll-a (ug/l) inwater r S AE AR Sl YYY cVe -V EA
mean Y444 p TYY Y Y red CEYY
Total suspended matter in water r ceTA v Ay EEAR -reo EETEA
mean )44 (mg/l) p cedy DA CATY VA LENY
NH¢-N in water r v VA v Yo IARR VO TA EYARE
Mean Y444 (UM) p “ve AT ooy CCEOA CCOYA
NOY-N in water r YA YRR e A w49 Vg
Mean Y444 (UM) p CAEY Ay LENY 04y Crva
N+ Y-N in water r EYAR RS YEY-A TR} YRR -~ Yov
Mean Y444 (UM) p o “YAo Y va CvY
TotN in water r veeVY AR O AA YV e
Mean Y444 (UM) p A vl AN CAYTY A
PO¢-Pin water r v FEAR -0 Y4 ARAY -+ YAAQ
Mean Y444 (UM) p CATY CAYTY CAYY oty ART

**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).

Factor Percent of total Significant correlations Interpretation
variance
) VUV Positively correlated with the abundance of Factor Y represents variation in these species,
Orchestia sp., Mactra corralina, Magelona avariation which cannot be attributed to
sp., Onuphis eremita, Macoma cumana measured environmental parameters
\ ), % Positively correlated with the abundance of Factor ¥ represents variation in these species,
Chone filicaudata,Paraonidae avariation which cannot be attributed to
measured environmental parameters
Al Vo, 8 % Positively correlated with the abundance of Factor ¥ can be interpreted as a gradient of
Apsuedes latreillei, Tellina tenuis increasing content of silt/clay in the sediment.
Positively correlated with the silt/clay content
of the sediment
Negatively correlated with the content of
sand in the sediment
¢ 1,0 % Positively correlated with the abundance of Factor ¢ can be interpreted as a gradient of
Tanis cavolini,, Mediomastus cirripedes, increasing content of silt/clay in the sediment
Macoma cumana and adecreasing salinity of water. The
o ) correlation with Cu is probably due to co-
P_ostlvel_y correlat_ed with the content of variation between Cu and silt/clay, heavy
sift/clay in the sediment metals being primarily attached to the fine-
Positively correlated with Cu in sediment grained material in the sediment.
Negatively correlated with the content of
sand
Negatively correlated with salinity
° Y,4 % Positively correlated with the abundance of Factor ° represents variation in these species,
Donax venustus,Donax trunculus avariation which cannot be attributed to
measured environmental parameters
1 Y,Y % Positively correlated with the abundance of Factor 1 represents variation in these species,
Scolelepis carunculata, Sagitta enflata avariation which cannot be attributed to
measured environmental parameters
v 0,07 Positively correlated with the abundance of Factor ¥ represents variation in this species, a
Andara diluvi variation which cannot be attributed to
measured environmental parameters
A £,1 0% Positively correlated with the abundance of Factor A represents variation in these species,
Owenia fusiformisand Glycera convoluta avariation which cannot be attributed to
measured environmental parameters
q £,Y % Positively correlated with the abundance of Factor 4 represents variation in these species,
Senthoe gallensis and Elasmopaus pectinicus | avariation which cannot be attributed to
measured environmental parameters
\K v, % Positively correlated with the abundance of | Factor )+ represents variation in this species,
Nassarius gibbosulus avariation which cannot be attributed to
measured environmental parameters

¥,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 Y4, Y4a, Yib, Met+, Me £ Me ¢Va differ from the
benthos on the other stations, due to higher content of silt/clay in the sediment

ARY%
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Table ¢. Factor scores.

Station Factor Factor Factor Factor Factor Factor Factor Factor Factor Factor
) Y ¥ H ° 1 v A q Vo

MeVa S YA YY) SV SVt _vlo N S YA —voY Yeg Sy
MeV _viYo N AL Selry S —ved o oot S LN
Me ) oY ST Sty S -vov ANY S A SdA AN N
Me)Ya AK SvVY A K AL Y SvOA A SelYY SvVY A
Me e Sy v Sy A Sy oYY Y St N -0
Me Y SeeYY PN S SelYY S St S A S AL
Me \Va ot St oYY oYY —vcon o oYY Sk S ALY
Me Vb Seand AR AL Sk Sy Y AL SvA ALY T
Me Ve Seand Y L) —voY A N ST Ve See¥t AL oYY
Me'Yee ST SurY SV Y ven) SelYY AR S YA Y Y A
Me ‘\vd PRV Y oY e Y S g vy SeeY LYY
Me 4 SeeYY oY AL I SV AT A L Al Vv
Me YA AR EAK Al A SvOA EAK e e -4 AT
MeY. ) Ty Al AL A N PN oYY Y e SeYY
Me ¥ vk oY AR ) g Y e S0 Y AR
MeYY _eay PRV -0 Y _v00 Y. v VYA Y ST
MeVY: ven) -0 A S YA _uYo LY SV OA Ny PN Seev
Me ¥4 PPN —eY SV Y SelYY Y Y —wto Yoy ven) AN
Me ¥ Sy AL AN .ty -vov oo AN Y(AY -vcov VeAd
Me¥Y Y S FA LYY Sty Y(Yo £0CTA oY Y Y A
Me Ty AN SelvY Y Y Yy SNy N Skt YL Vqo
MeYe oo St S EA Y e Seaty - A A Yy
Me¥ia ) _wYo A VoY) LYY Y ) Y PN Seev
Me¥ip e o Y00 T _vot w09 _uYo S YA AR A Y
Me T4 SelYY w09 A YdA Y Vel St Skt AL et
Me ¢+ AL A A SeYY Y(Ao Y —vihs S <At PN A
Met) INY SvOA Yy Yo LY AT ocyo Ve Yy AT
Meéda SveEY ST Yot A —ved ST _voY RPN YYA Sy
MetY _vYe Y S ) SvAT Yo e SelYY S A
MetYa ) PN St Sy AR R RN N -1 (00 S
MetYbh -w(Yo 33 PRUN AR Yo SVeon Ve ven) I g

Y,¢ Conclusion

From the analysis it can be concluded, that the fauna on the stations is affected by the content of silt/clay
in the sediment. There are no indications that the fauna is affected by pollution.
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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 Yand ¢. Stations with a high score
on Factor Y or on Factor ¢ are characterised by higher content of silt/clay in the sediments than
gtations with lower scores (Table ¥).
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