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Sediment and benthos monitoring.  
Mediterranean ٩ ٥ ٥ ٥ . 

 

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 ٩ ٥ ٥ ٥ . The major findings of the ٩ ٥ ٥ ٥  monitoring was: 

• Alexandria East harbour (Me٩ ٣ ) 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 
slight risk of toxic effects.  

• Station NIOF east in Alexandria (Me ٩ ٢) was also quite polluted but to a lesser extent compared to 
Me ٩ ٣ . The sediments were quite polluted by organic matter and heavy metals, especially 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 ٤٧-Me ٧٩ a) was somewhat polluted but not to an extent that may cause alarm. 

• The coastal stretch from Nobareia to Alexandria Western Harbour (Me ²-Me ٩ ٤ and from El Shatby 
to Abu Quir (Me ٩ ²a -Me ٤٤) was insignificantly polluted and  

• The coastal stretch from Romana to Bardaweel (Me ٧٤-Me ٧٤b) was not polluted 

• Generally, impacts on fauna due to pollution could not be demonstrated. A multivariate statistical 
analysis 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 
(Me٩ ٣ ) and at NIOF east (Me ٩ ٢).  

Introduction 
The Coastal 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 ٩ ) Monitoring of water quality 
parameters (basic-, eutrophication and bacteriological parameters) ٤) Monitoring of contaminants in 
sediments, shellfish and corals and ٢) Monitoring of benthos and coral reefs. 

EIMP has previously reported the results of the monitoring of water quality parameters for ٩ ٥ ٥ ٥  
(Ref.٩ ). This report presents the results of the monitoring of sediments and benthos along the 
Mediterranean coast of Egypt in ٩ ٥ ٥ ٥ . 

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 contaminants in 
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 ٩ . The 
sampling took place in October -November٩ ٥ ٥ ٥ . 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 m٠  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 
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Figure ٩ . Sampling stations for sediment and benthos in Mediterrenean ٩ ٥ ٥ ٥ . 
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Water Quality 
The monitoring of water quality parameters along the Mediterranean coast in ٩ ٥ ٥ ٥  showed high 

levels of nutrients (NH٧, NO٤, NO٤ and PO٧) 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 Gededda to Port Said 

Very substantial discharge of domestic and industrial wastewater and agricultural 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 ٤٧), in Lake Manzala (Me ٢٥ b) at the outlet from 
lake Manzala (Me ٢٥ a, Me ٢٥  and Me ٧٦ ) and East of Port Said (Me ٧٩ ) (Figure ٤). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure ٤.  Composition of the sediment at the monitoring sites 

Pollutants in sediments 
The measured sediment parameters on individual stations are depicted in Figs ٫-٢ . 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.٤). Based on a considerable number of 
studies on the correlation between concentration and toxicity a threshold effect level (TEL) as well 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 there is 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 ٩ , 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 are indicated. From table ٩  and Figs ٫-٢  it appears that: 

• The sediments in Alexandria East Harbour (Me ٩ ٣ ) 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 ٩ ٢) 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 ٤٧-Me٧٩ a) were polluted by 
Cu to an extent that there might be slight risks of adverse biological effects on sensitive organisms. 
The copper polluted sediments were found at Maadia (Me ٤٧), off Rashid (Me ٢٩ ), Damietta (Me 
٢٣ ) and, the coastal areas along Lake Manzala (Me ٢٥ a, Me ٢٥ b), the outlet from lake Manazala 
(Me ٢٥ , Me ٧٦ ) and the area off Port Said (Me ٧٩ ,Me ٧٩ a). Concentrations of Zn that may give a 
slight risk of toxic effects were also found at Maadia (Me ٤٧). 

• The sediments from Nobareia to Alexandria Western Harbour ( Me²-Me٩ ٤), from El Shatby to Abu 
Quir (Me ٩ ²a-Me ٤٤) and from Romana to Bardaweel (Me٧٤-Me٧٤b) 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 (Me٩ ٩ ) to Sidi Gaber (Me٩ ²b) and from 
Abu Qir (Me٤٩ ) and eastward to Maadia (Me٤٣ ). 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 accumulated 
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 elevated 
silt/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 ٩ .Range of concentrations of heavy metals (Cd, Cu, Pb and Zn), Tot.N, Tot.P and loss on 
ignition (LOI) 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 effects levels (PEL) (Ref. ٤). Figures in bold indicate values violating the TEL. There 
are no TELs and PELs for Tot N, Tot.P and loss on ignition. Figures in parentheses indicate the 
percentage of total number of samples from the particular stretch of coastline that violate the 
TEL. 

 Nobareia to 
Alexan-dria 

West Harbour 

Me²- 

Me ٩ ٤ 

NIOF east 

Me ٩ ٢ 

Alexan-dria 
East Harbour 

Me ٩ ٣  

El Shatby to 
Abu Quir 

Me ٩ ²a- 

Me ٤٤ 

Maadia to 

Port Said 

Me ٤٧- 

Me٧٩ a 

Romana to 

Barda-weel 

Me ٧٤ - 

Me ٧٤b 

TEL PEL 

Cd ٦ ٨٦ ٦-٪٣ ٨٩ ٦ ٪٧ ٨٦ ٥ ٥ -٦ ٨٩ ٩ ٪ ٦ ٦-٨٤ ٨٤٩  ٦ ٨٦ ٦-٤٧ ٨٩ ٢² n.d-٦ ٨٦ ٪٧ n.d ٦ ٨٫  ٧٨٤ 

Cu ٪٨٥ -٩ ٢٦ ٣٨٢ ٨٫ -٢٤٨² ²٩ ٨٤-²٧٨٥  

(٩ ٦ ٦ ، ) 

٥ ٨٩ -٤٩ ٨٤ 

 

٢٦ -٣ ٩  

( ٫ ² % ) 

٨٣٪٤-٤٤٨٢  

 

٢٣٨² ٩ ٦ ٪ 

Pb ٩ ٢-٤٪ 

(٩ ٢ % ) 

٣٦ -²٩  

(٩ ٦ ٦ ، ) 

٩ ٫ ٩-٤ ²٢ 

(٩ ٦ ٦ ، ) 

٫ ٤٢-٧ -٩ ٪ 

 

٩ ٦ -٩ ٫  

 

٢٣  ٩ ٩ ٤ 

Zn ٩ ٦ ٨٣ -٩ ٥  ٪٨٩٪٪-٧٨٧  ٤٤٢٨٫ -٤٤٣٨٧ 

(٩ ٦ ٦ ، ) 

٥ ٨٣ -٧٣٨٫  

 

٫ ٫ ٩-٨٧ ٧٩  

( ٪ % ) 

٩ -٢٤٨٣  

 

٩ ٤ ٤٢²٩  

 

Tot P ٧٫ -٤٩ ٦  ٪٦ ٦٪-٢ ٩ ٧ ٦ ٦ ٩ -٩ ٦ ٢² ٩ ²٫ -٣ ٩ ٩  ٢٩٪-٪٪٢  ٣٥ -٢٩ ٢ - - 

Tot N ٪٫٪ ٢٧٢-٧ ٣ -٪²٥  ٩ ٦ ٪٣ -٩ ٩ ٦ ٩ ٤ ٫-٢٤ ٩ ٫ ٤ ٦ -²٫ ٤ ²٦ -٩ ٣ ٩  - - 

% LOI ٦ ٥٪٨ -٩ ٨٤٥  ٤٨٩ ٩ -٤٨٤٫  ٥٪٤٨ -٦ ٢٨٤٧ ٤٨٧-٤٪٨² ٦ ٢٨٤٣-٨٢٧  ٦ ٨٩ ٦-٧ ٨٥ ٤ - - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure ٢.  Content of organic matter in sediments (measured as loss on ignition) in October-
November ٩ ٥ ٥ ٥ . 
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Figure ٧. Concentration of Total Nitrogen and Total Phosphorous in sediments in October-
November ٩ ٥ ٥ ٥ . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure ٣ . Concentration of copper, zinc and lead in sediments in October ²  November ٩ ٥ ٥ ٥ . 
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Figure ٫ . Concentration of cadmium in sediments in October-November ٩ ٥ ٥ ٥ . 

 

Benthos 
 The abundance (number of individuals per m٠ ) and the number of species at each station are 
depicted in Fig.² and Fig ٪, respectively. High abundance was generally encountered at the stations 
from El Burg to Port Said (i.e. mainly the stations at Lake Manzala).This area was also generally 
characterised by more fine grained sediment. Generally there is a tendency for increasing number of 
species when moving from west to east along the coast (Fig. ٪) 
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Figure ². Abundance  (number of individuals per m香 seabed) of benthos on each sampling station 
in October ٩ ٥ ٥ ٥  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure ٪. Number of species of benthos on each sampling station in October ٩ ٥ ٥ ٥  
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In Table ٤, 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 along 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 ٩ . The analysis indicates that the variation in the number and types 
of benthos from station to staiton can be explained as follows:  

• ٩ ٥ ٨٥  % of the variation is due to differences in the composition of sediment (differences in the 
silt/clay content)  

• ٫ ٩ ٨٢ % of the systematic variation cannot be attributed to any of the measured environmental 
parameters and  

• ٩ ٪٨٪ % is random variation  

The analysis also showed that the fauna on stations Me ٧٩ a, Me ٢٥ b, Me ٢٥ a and Me ٢٥  in Lake 
Manzala area differed significantly from the fauna at all 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 ٩ ٢), the number of species was quite high and the abundance was also higher 
than at the neighboring stations (Fig ٣  and ٫ ). The high number of species and abundance may be an 
effect of the high content of organic matter (Fig٢). 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 is food for the benthic fauna (Ref.٢). 

• In Alex Eastern Harbour (Me ٩ ٣ ), 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. ٢). 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 slight risk of toxic effects (Cf.above). 
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Table ٤. 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. 

 Nobareia to 
Alexandria 

West Harbour 

Me²-Me ٩ ٤ 

NIOF East 

Me ٩ ٢ 

Alexandria East 
HarbourMe ٩ ٣  

El Shatby to 
Abu Quir 

Me ٩ ²a-Me ٤٤ 

Maadia to 

Port Said 

Me ٤٧-Me٧٩ a 

Romana to 

Bardaweel 

Me ٧٤ -Me ٧٤b 

Mean No of  
Species 

٩ ٢ ٣ ٢  ٫ ٨٫  ٥ ٨٣  ٤٨٢ 

Mean 
Abundance 
(indiv/m٠ ) 

٪٪٨٣  ٢٫ ٩ ٤ ٩ ٢٤ ٧٣٦ ٢٢  ²٤ 

Mean Biomass 
(g/m٠ ) 

٧²٨٥  ٧٩ ٦ ٨٤ ٨٦ ٣  ٧٥ ٨٥  ٥ ٩ ٨٫  ٧٫ ٨² 

Mean %Sand ٩ ٦ ٦  ٩ ٦ ٦  ٩ ٦ ٦  ٩ ٦ ٦  ٪٫ ٨٩ ٣  ٩ ٦ ٦  

Mean 
%Silt/clay 

٦  ٦  ٦  ٦  ٩ ٣٪٢٨  ٦  

Mean LOI (%) ٩ ٨٩  ٢٨٩ ٤٨٤  ٩ ٩ ٨٢ ٦ ٨٤ ٨٫  

Mean conc TP 
(ug/g dw) 

٩ ٩ ²٦٪ ٨٧ ٩ ٢ ٦ ٩ ٥  ٢٦ ٦ ٨٦  ٣²٩ ٨٦  ٩ ²٣٨٦  

Mean conc. TN 
(ug/g dw) 

٩ ٥ ٢٨٩  ٪²٩ ٤ ٦ ٥ ٩ ٪٤٣٢٨ ٢ ٥ ٪٨٣  ٩ ٩ ²٨٧ 

 

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 (ME٩ ٣ ) was the most polluted site  

• NIOF east (Me ٩ ٢) was also quite polluted but to a lesser extent compared to Me ٩ ٣  

• The coastal stretch from Maadia to port Said along the coast off the Nile Delta and Lake Manzala 
(Me ٤٧-Me ٧٩ a) was somewhat polluted but not to an extent that may cause alarm in any way. 

• The coastal stretch from Nobareia to Alexandria Western Harbour (Me ²-Me ٩ ٤ and from El Shatby 
to Abu Quir (Me ٩ ²a -Me ٤٤) was insignificantly polluted and  

• The coastal stretch from Romana to Bardaweel (Me ٧٤-Me ٧٤b) was not polluted 

The sediment on the monitoring site in Alexandria East Harbour (Me ٩ ٣ ) 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 slight risk of toxic 
effects. The benthic fauna in Alex Eastern Harbour was indeed adversely 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 periodically. However, toxic effects of heavy metals and perhaps other chemicals 
may also play a part.  

The sediments at NIOF east (Me ٩ ٢) were also quite polluted by organic matter and heavy metals, 
especially by lead. However, the concentrations of lead only pose a slight 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 ٩ ٢). 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 slight risks of adverse biological effects on sensitive 
organisms. The copper polluted sediments were found at Maadia (Me ٤٧), off Rashid (Me ٢٩ ), Damietta 
(Me ٢٣ ) and, the coastal areas along Lake Manzala (Me ٢٥ a, Me ٢٥ b) the outlet from lake Manazala 
(Me ٢٥ , Me ٧٦ ) and the area off Port Said (Me ٧٩ ,Me ٧٩ a). Concentrations of Zn that may give a slight 
risk of toxic effects were also found at Maadia (Me ٤٧). However, there were not indications of the 
benthos being affected by pollution along this stretch of the coast. The highest abundance and number 
of species were actually encountered in the sediment along 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. Consequently, 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 areas.  

The sediments from Romana to Bardaweel are not polluted and there were no signs of the fauna being 
affected by pollution. 

References 
٩ ) EIMP (٩ ٥ ٥ ٥ ). Annual Report of Environmental Data from Coastal waters of the Mediterranean Sea 

in ٩ ٥ ٥ ٥ .  

٤) CCME. Canadian Council of Ministers of the Environment (٩ ٥ ٥ ٥ ). Canadian sediment quality 
guidelines for the protection of aquatic life. Summary Tables. In: Canadian environmental quality 
guidelines, ٩ ٥ ٥ ٥ , Canadian Council of Ministers of the Environment, Winnipeg. 

٢) Pearson T.H & R. Rosenberg (٩ ٥ ²٪). Macrobenthic succession in relation to organic enrichment 
and pollution of the marine environment. Oceanogr. Mar. Biol. Ann. Rev. ٩ ٫ , ٤٤٥ -٢٩ ٩  

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

http://www.fineprint.com


 ٩ ٢ 

APPENDIX ٩  

Factor analysis (PCA) analysis of benthos data from ٩ ٥ ٥ ٥ . 

 
٩ . INTRODUCTION 

The benthos data from ٩ ٥ ٥ ٥  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) . 

٤. METHODS 

The data were analysed by Factor analysis using Pricipal Component Analysis (PCA) for initial 
factoring procedure (Ref ٩ ). Input data was the abundance of each species per m٠ . The factor loadings 
were rotated using the varimax orthogonal rotation. The rotated factor scores were used for the 
interpretation of the analyses. The data were ln (x +٩ ) 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 metals in sediment (Cu , Zn, Cd , Pb ) 

• Salinity of water. Annual mean for each station in ٩ ٥ ٥ ٥  

• Dissolved oxygen in water. Annual minimum ٩ ٥ ٥ ٥  

• Concentration of Chlorophyll. Annual mean for each station in ٩ ٥ ٥ ٥  

• Concentration of nutrients (NH٧-N, NO٤-N, NO٢-N, TotN (uM) and PO٧-P (uM). Annual mean for 
each station in ٩ ٥ ٥ ٥  

The Pearson correlation coefficient (r) was computed.  

٢. RESULTS  

٢٨٩ .Factors  

Ten factors accounting for ٪٩ ٨٤ % of the total variation in the data have been extracted (Cf. Fig ٩ ). 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 ٩ ٪٨٪ % of the variation can be regarded as 
random. The percentage, which each factor is accounting for, is indicated in Table ٢. 

 

Figure ٩ .  Scree plot of the eigenvalues. Any factor with an eigen value of less than ٩  cannot be 
taken seriously as a factor 
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 ٩ ٧ 

٢٨٤. Interpretation of the factors  

The factors have been identified from the factor loadings for the different species (Table ٩ ) 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 ٤). 

The interpretations of the factors are indicated in Table ٢. 

The analysis indicate that the variation in the benthos can be explained as follows (Table ٢): 

• ٩ ٥ ٨٥  % of the variation is due to differences in the composition of sediment (differences in the 
silt/clay content) (Factor ٢ and ٧) 

• ٫ ٩ ٨٢ % of the systematic variation cannot be attributed to any of the measured environmental 
parameters (Factors ٩ �٤�٣ �٫ �²�٪�٥ �٩ ٦  )and  

• ٩ ٪٨٪ % is random variation  

Table ٩ . Factor loadings. Factor loadings are correlation coefficients between the original variable 
and the factors. Factor loadings numerically larger than ٦ ٨٣  and therefore important for the 
interpretations of the factors are shown. 

Factor Species Factorloading 

٩  Orchestia sp. ٦ ٨٥ ٣ ٫ ٦  

 Mactra corralina ٦ ٫٪٨ ٦ ٦  

 Magelona sp. ٦ ٢٫٪٨ ٦  

 Onuphis eremita ٦ ٨٫ ٦ ٩ ٦  

 Macoma cumana ٦ ٨٣٤٦ ٦  

٤ Chone filicaudata ٦ ٨٥ ٫ ٦ ² 

 Paraonidae ٦ ٨٥ ٦٪٣  

٢ Apsuedes latreillei ٦ ٨٥ ²٩ ٦  

 Tellina tenuis ٦ ٥٪٨ ٥ ٦  

٧ Tanis cavolini ٦ ٨٥ ٣٤٦  

 Mediomastus cirripedes ٦ ٦٪٤٪٨  

 Macoma cumana ٦ ٨٫ ٩ ٣ ٦  

٣  Donax venustus ٦ ٨٥ ٦٪٤  

 Donax trunculus ٦ ٧٧٦٪٨  

٫  Scolelepis carunculata ٦ ٫٪٨ ٥ ٦  

 Sagitta enflata ٦ ٩٪٨ ²٦  

² Andara diluvi ٦ ٨٥ ²٣٦  

٪ Owenia fusiformis ٦ ٨٥ ٤٥ ٦  

 Glycera convoluta ٦ ٨٣٣٧٦  

٥  Stenthoe gallensis ٦ ٨٫ ٥ ٩ ٦  

 Elasmopaus pectinicus ٦ ٨٫ ٤٧٦  

٩ ٦  Nassarius gibbosulus ٦ ٨٥ ٦ ²٦  
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Table ٤. Correlation between the factors and measured environmental parameters r = Pearson 
correlation coefficient.  

  ٩  ٣ ٧ ٢ ٤  
% silt+clay in sediment r -٦ �٦ ٩ ٦- ٧ �٦ ٢٥  ,٢²٫ (*) ,٫ ٦- (**)٪٢ �٩ ٣ ٣  

 p ٦ �٥ ٦ ٧٤ �٪٦ ٢٢ �٦ ٢² ٦  ٦ �٧٦ ٫  
% sand in sediment r ٦ �٦ ٩ ٦ ٧ �٦ ٢٥  -,٢²٫ (*) -,٫ ٦ (**)٪٢ �٩ ٣ ٣  

 p ٦ �٥ ٦ ٧٤ �٪٦ ٢٢ �٦ ٢² ٦  ٦ �٧٦ ٫  
Mean size Phi. sediment r ٦ �٩ ٦- ٤٧ �٦ ٣ ٫  ٦ �٦ ٥ ² ,٣٫ ²(**) ٦ �٦ ٢٪ 

 p ٦ �٣ ٦ ² ٦ �²٫ ٣  ٦ �٫ ٦ ٦ ٢ �٦ ٦ ٩  ٦ �٪٧ 
Loss on ignition of sediment r -٦ �٦ ٦ ٦- ٢ �٩ ٣ ٩  -٦ �٩ ٦ ٩  -٦ �٦ ٣  -٦ �٩ ²٢ 

 p ٦ �٥ ٪٥  ٦ �٧٩ ٫  ٦ �٣ ٥  ٦ �²٪٪ ٦ �٢٣ ٩  
Total P(mg/g) in sediment r ٦ �٩ ٩ ٩  -٦ �٩ ٦ ٦ ٤ �٤٧٩  ٦ �٤²٫  -٦ �٦ ٪٪ 

 p ٦ ٦ �٣٣٢ ٫٪�٣  ٦ �٩ ٥ ٦ ٤ �٩ ٦ ٢٢ �٫ ٢٪ 
Total N (mg/g) in sediment r -٦ �٦ ٢² -٦ �٦ ٦- ٢٢ �٦ ²٦- ٧ �٦ ٧٥  -٦ �٤٦ ٥  

 p ٦ �٪٦ ٧٢ �٪٣ ٥  ٦ �٫ ٥ ٦ ٤ �²٥ ٦ ٢ �٤٫  
Cu (ug/g) in sediment r ٦ �٩ ٪٦- ٢ �٩ ٧٥  ٦ �٩ ٪ ,٦ (*)٤٪٢ �٦ ٧٣  

 p ٦ ٦ �٢٤٧ ٦ �٧٤٢ ٦ �٢٢٤ �٦ ٦ ٢٧ �٪٩ ٩  
Zn (ug/g) in sediment r ٦ �٩ ٦- ٤ �٦ ٦ ٣  ٦ �٩ ٤٣  ٦ �٢٢٩  -٦ �٦ ٣ ٣  

 p ٦ �٣٤٩  ٦ �٥ ٪ ٦ �٣ ٦ ٦ ٧ �٦ ٫ ٥  ٦ �²٫ ٥  
Cd (ng/g) in sediment r -٦ �٩ ٪٫  ٦ �٤²٣  -٦ �٢٣  -٦ �٢٩ ² -٦ �٦ ٥ ٩  

 p ٦ �٢٩ ² ٦ �٩ ٦ ٢٧ �٦ ٦ ٣٧ �٦ ٪٦ ٤ �٫ ٤٪ 
Pb (ug/g) in sediment r -٦ �٩ ٦- ٣٢ �٦ ٩  -٦ �٩ ٦ ٥  -٦ �٦ ٪٫  -٦ �٩ ٣٪ 

 p ٦ �٧٩ ٩  ٦ �٥ ٣ ٫  ٦ ٦ ٪�٣٣ �٫ ٧٣  ٦ �٢٥ ² 
Salinity of water  r ٦ �٦ ٢٩  -٦ �٦ ٦ ٦- ٤ �٩ ٤٩  -,٧٫ ٫ (**) ٦ �٦ ٪² 
mean ٩ ٥ ٥ ٥  p ٦ �٪٫ ٪ ٦ �٥ ٥  ٦ �٣ ٩ ² ٦ �٦ ٦ ٪ ٦ �٫ ٧٢ 
Dissolved oxygen in water  r ٦ �٩ ٥ ² -٦ �٤٫ ٩  -٦ �٩ ٫ ٦ ٤ �٦ ٤٫  ٦ �٩ ٫ ٥  
min ٩ ٥ ٥ ٥  (mg/l) p ٦ ٥٪�٤  ٦ �٩ ٣² ٦ ٦ ٢٪�٢ �٪٥ ٩  ٦ �٢٫ ٤ 
Chlorophyll-a (ug/l)  in water  r ٦ �٩ ٦- ٧٧ �٩ ٦ ٢٧ �٤٩  ٦ �٢٩ ٣  -٦ �٩ ٦ ٤ 
mean ٩ ٥ ٥ ٥  p ٦ ٦ �٧٧ �٧²٦ ٢ �٤٣ ٫  ٦ �٦ ٪٦ ٧ ٣٪�٣  
NH٧-N in water r ٦ �٦ ٥ ٣  ٦ �٤٣ ٩  -٦ �٩ ٣  -٦ �٩ ٦ ٢٤ �٦ ٫ ٣  
Mean ٩ ٥ ٥ ٥  (uM) p ٦ �٫ ٩ ٦ ٤ �٩ ²٦ ٢ �٧٤٩  ٦ �٧²² ٦ �²٤٪ 
NO٤-N in water r ٦ �٦ ٢² ٦ �٩ ٥ ٣  -٦ �٩ ٩ ٪ -٦ �٦ ٪٫  -٦ �٩ ٥ ٫  
Mean ٩ ٥ ٥ ٥  (uM) p ٦ �٪٧٣  ٦ �٤٥ ٦ ٤ �٣٤٥  ٦ �٫ ٧٣  ٦ �٤٥  
N٦ ٢-N in water r -٦ �٩ ٩ ٥  ٦ �٢٩ ² ٦ �٦ ٥ ٩  ٦ �٤²٩  -٦ �٩ ٫ ٩  
Mean ٩ ٥ ٥ ٥  (uM) p ٦ �٣٤٣  ٦ �٦ ٪٦ ٤ �٫ ٤² ٦ �٩ ٦ ٧ ٫٪�٢  
Tot. N in water r -٦ �٦ ٧² ٦ �٦ ٩ ٥  ٦ �٤٦ ² ٦ �٢٢٥  ٦ �٦ ²٩  
Mean ٩ ٥ ٥ ٥  (uM) p ٦ �٪٦ ٦ ٤ �٥ ٩ ٥  ٦ �٤٫ ٦ ٧ �٦ ٫ ٦ ٤ �²٦ ٣  
PO٧-P in water r -٦ �٩ ٣  ٦ �٦ ٫ ² ٦ �٦ ٦ ٤٢ �٤٦ ٥  -٦ �٤٦ ² 
Mean ٩ ٥ ٥ ٥  (uM) p ٦ �٧٤٩  ٦ �²٦ ٤ �٥ ٦ ٦ ٧ �٤٣ ٥  ٦ �٤٫ ٧ 

**Correlation is significant at the .٦ ٩  level 

*Correlation is significant at the .٦ ٣  level 
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Table ٤ (continued). Correlation between the factors and measured environmental parameters r = 
Pearson correlation coefficient.  

  ٫  ² ٪ ٥  ٩ ٦  
% silt+clay in sediment r ٦ �٦ ٦ ٥  -٦ �٩ ٥  -٦ �٩ ٧² -٦ �٩  -٦ �٩ ٩ ٢ 

 p ٦ �٥ ٫ ٦ ٢ �٢٦ ² ٦ �٧٤٥  ٦ �٣ ٥ ٦ ٢ �٣٧٧ 
% sand in sediment r -٦ �٦ ٦ ٥  ٦ �٩ ٥  ٦ �٩ ٧² ٦ �٩  ٦ �٩ ٩ ٢ 

 p ٦ �٥ ٫ ٦ ٢ �٢٦ ² ٦ �٧٤٥  ٦ �٣ ٥ ٦ ٢ �٣٧٧ 
Mean size Phi. sediment r ٦ �٦ ٦ ٢٢ �٦ ٪² ٦ �٦ ٫ ٫  ٦ �٤٩ ٫  ٦ �٦ ٢٩  

 p ٦ �٪٣ ٥  ٦ �٫ ٧٩  ٦ �²٦ ٤٧ ٦ �٤٧٢ �٪٫ ٪ 
Loss on ignition of sediment r -٦ �٦ ²٫  -٦ �٦ ²٣  -٦ �٤٥ ٫  -٦ ٦- �٤٢٤ �٦ ٧٪ 

 p ٦ �٫ ٪٦ ٧ �٫ ٪² ٦ �٩ ٦ ٫  ٦ �٤٦ ٪ ٦ �²٥ ² 
Total P(mg/g) in sediment r ٦ �٩ ٦ ٧ �٩ ٢٩  ٦ �٩ ٦ ٧٤ ٦ �٤٧٤ �٦ ٪٢ 

 p ٦ ٦ �٧٣٢ ٦ ٢٪�٧ �٧٧٣  ٦ �٩ ٪٥  ٦ �٫ ٣² 
Total N (mg/g) in sediment r -٦ �٦ ٧٣  -٦ �٦ ٥ ² -٦ �٤٧٫  -٦ �٦ ٦- ٢ �٩ ٣٧ 

 p ٦ �٪٦ ٪ ٦ �٫ ٦ ٦ ٢ �٩ ٪٩  ٦ �٪²٩  ٦ �٧٦ ٥  
Cu (ug/g) in sediment r ٦ �٩ ٩ ٦ ٢ �٦ ٫ ٩  ٦ �٦ ٪٥  ٦ �٦ ٩ ٣  -٦ �٦ ٧٩  

 p ٦ ٦ �٣٧٧ �²٧٣  ٦ �٫ ٦ ٢٧ �٥ ٦ ٪٢ �٪٤٪ 
Zn (ug/g) in sediment r ٦ �٩ ٦ ٤٧ �٦ ٣  ٦ �٩ ٦ ٢٤ �٩ ٦- ٣٢ �٦ ٦ ٩  

 p ٦ �٣ ٦ ٫  ٦ �²٪٥  ٦ ٦ ٪�٧ �٧٩ ٦ ٤ �٥ ٥ ٪ 
Cd (ng/g) in sediment r ٦ �٦ ²٦- ٢ �٩ ٣ ٩  ٦ �٦ ٪٩  ٦ �٩ ٦- ٤٤ �٩ ٤٣  

 p ٦ �٫ ٥ ٫  ٦ �٧٩ ٫  ٦ �٫ ٫ ٦ ٧ �٣ ٩ ٦ ٧ �٣ ٦ ٢ 
Pb (ug/g) in sediment r ٦  -٦ �٦ ٦ ٥  -٦ �٦ ²٥  ٦ �٩ ٦- ٤ �٩ ٤٤ 

 p ٩  ٦ �٥ ٫ ٦ ٢ �٫ ²٦ ٧ ٦ �٣٤٤ �٣ ٩ ٢ 
Salinity of water  r -٦ �٦ ٦ ٧٤ �٦ ٦- ٢٢ �٢٩ ٦ ٧ �٦ ٦ ٢٤ �٩ ٫  
mean ٩ ٥ ٥ ٥  p ٦ �٪٦ ٤٢ �٪٫ ٩  ٦ �٦ ٪٣  ٦ �٪٫ ٣  ٦ ٥٪�٢  
Dissolved oxygen in water  r -٦ �٦ ٫ ٩  -٦ �٩ ٦ ٤٢ �٦ ٥ ² -٦ �٩ ٤² ٦ �٩ ٩ ٤ 
min ٩ ٥ ٥ ٥  (mg/l) p ٦ �²٦ ٧٢ �٣ ٦ ٥  ٦ �٫ ٦ ٦ ٢ �٧٥ ٫  ٦ �٣٧٪ 
Chlorophyll-a (ug/l)  in water  r -٦ �٩ ٪٦ ٧ �٩ ٫ ² -٦ ٦ �٤٢٢ �٩ ²٦- ٧ �٩ ٧٪ 
mean ٩ ٥ ٥ ٥  p ٦ ٦ �٢٤٤ �٢²٩  ٦ �٤٦ ² ٦ �٢٧٥  ٦ �٧٤² 
Total suspended matter in water  r ٦ �٢٦ ٪ ٦ �٦ ٥ ٦ ٢ �٦ ٢٩  -٦ �٦ ٣  -٦ �٦ ٤ 
mean ٩ ٥ ٥  (mg/l) p ٦ �٦ ٥ ٦ ٤ �٫ ٩ ٪ ٦ �٪٫ ² ٦ �²٥  ٦ �٥ ٩ ² 
NH٧-N in water r -٦ �٦ ²٪ ٦ �٦ ٤٣  ٦ �٩ ٩ ٩  ٦ �٩ ٦- ٪٢ �٩ ٦ ٧ 
Mean ٩ ٥ ٥ ٥  (uM) p ٦ �٫ ²٣  ٦ �٪٥ ٫  ٦ ٦ �٣٣٢ ٦ ٪�٧٣ �٣²٪ 
NO٤-N in water r -٦ �٦ ٢² -٦ �٦ ٦ ٥  -٦ �٦ ٦ ٪ ٦ �٦ ٥ ٥  -٦ �٩ ٫ ٧ 
Mean ٩ ٥ ٥ ٥  (uM) p ٦ �٪٦ ٧٢ �٥ ٫ ٦ ٤ �٥ ٫ ² ٦ �٣ ٥ ² ٦ �٢²٥  
N٦ ٢-N in water r -٦ �٩ ٩ ٫  -٦ �٦ ٣ ٩  -٦ �٩ ٥  -٦ �٦ ٥  -٦ �٤٣٤ 
Mean ٩ ٥ ٥ ٥  (uM) p ٦ �٣٢٫  ٦ �²٪٣  ٦ �٢٦ ² ٦ �٫ ٤٥  ٦ �٩ ²٤ 
TotN in water r ٦ �٦ ²² ٦ �٢٦ ٥  ٦ �٩ ٪٪ ٦ �٤²٫  -٦ �٦ ٥ ٫  
Mean ٩ ٥ ٥ ٥  (uM) p ٦ �٫ ٪ ٦ �٦ ٥  ٦ �٢٩ ٩  ٦ �٩ ٦ ٢٢ �٫ ٦ ² 
PO٧-P in water r -٦ �٦ ٦ ٧ �٦ ٢٥  -٦ �٦ ٤٥  ٦ �٩ ٦ ² -٦ ٥٪�٤  
Mean ٩ ٥ ٥ ٥  (uM) p ٦ �٪٦ ٢٤ �٪٢² ٦ �٪²² ٦ �٣ ٫ ² ٦ �٩ ٩ ٧ 

**Correlation is significant at the .٦ ٩  level 

*Correlation is significant at the .٦ ٣  level 
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Table ٢. Interpretation of factors based on factorloadings (Table ٩ ) and correlations between 
factor-scores and measured enviromental parameters (Table ٤). 

Factor Percent of total 
variance 

Significant correlations Interpretation 

٩  ٩ ٫ ٨٩ ،  • Positively correlated with the abundance of 
Orchestia sp., Mactra corralina, Magelona 
sp., Onuphis eremita, Macoma cumana 

Factor ٩   represents variation in these species, 
a variation which cannot be attributed to 
measured environmental parameters 

٩ ٤ ٩ ٨٫  % • Positively correlated with the abundance of 
Chone filicaudata,Paraonidae 

Factor ٤ represents variation in these species, 
a variation which cannot be attributed to 
measured environmental parameters 

٩ ٢ ٦ ٨٧ % • Positively correlated with the abundance of 
Apsuedes latreillei,Tellina tenuis 

• Positively correlated with the silt/clay content 
of the sediment 

• Negatively correlated with the content of 
sand in the sediment  

Factor ٢ can be interpreted as a gradient of 
increasing content of silt/clay in the sediment. 

٥ ٧ ٨٣  % • Positively correlated with the abundance of 
Tanis cavolini,, Mediomastus cirripedes, 
Macoma cumana 

• Positively correlated with the content of 
silt/clay in the sediment 

• Positively correlated with Cu in sediment 

• Negatively correlated with the content of 
sand 

• Negatively correlated with salinity 

Factor ٧ can be interpreted as a gradient of 
increasing content of silt/clay in the sediment 
and a decreasing salinity of water. The 
correlation with Cu is probably due to co-
variation between Cu and silt/clay, heavy 
metals being primarily attached to the fine- 
grained material in the sediment. 

٣  ²٨٥  % • Positively correlated with the abundance of 
Donax venustus,Donax trunculus 

Factor ٣  represents variation in these species, 
a variation which cannot be attributed to 
measured environmental parameters 

٫  ²٨٢ % • Positively correlated with the abundance of 
Scolelepis carunculata,Sagitta enflata 

Factor ٫  represents variation in these species, 
a variation which cannot be attributed to 
measured environmental parameters 

² ٣٨٣ ،  • Positively correlated with the abundance of 
Andara diluvi 

Factor ² represents variation in this species, a 
variation which cannot be attributed to 
measured environmental parameters 

٪ ٧٨٫  % • Positively correlated with the abundance of 
Owenia fusiformis and  Glycera convoluta 

Factor ٪ represents variation in these species, 
a variation which cannot be attributed to 
measured environmental parameters 

٥  ٧٨٢ % • Positively correlated with the abundance of 
Stenthoe gallensis and Elasmopaus pectinicus 

Factor ٥  represents variation in these species, 
a variation which cannot be attributed to 
measured environmental parameters 

٩ ٦  ٢٨٥  % • Positively correlated with the abundance of 
Nassarius gibbosulus 

Factor ٩ ٦   represents variation in this species, 
a variation which cannot be attributed to 
measured environmental parameters 

 

٢٨٢. Factor scores 

The factor scores for each station each year in is presented in table ٧.  

The factor scores for factor ٤ and ٢ are plotted in fig ٤. 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 ٢٥ , ٢٥ a, ٢٥ b, Me٧٦ , Me ٧٩  Me ٧٩ a differ from the 
benthos on the other stations, due to higher content of silt/clay in the sediment 
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 ٩ ٪ 

Table ٧. Factor scores. 
Station Factor  

٩  
Factor 

 ٤ 
Factor 

 ٢ 
Factor 
٧ 

Factor  
٣  

Factor  
٫  

Factor  
² 

Factor 
 ٪ 

Factor  
٥  

Factor 
٩ ٦  

Me ²a -٦ ٦- ٪�٤ �٩ ٩  -٦ �²٩  -٦ �²٫  -٦ �٫ ٣  -٦ �٦ ٦- ٢ ٦- ٪�٤ ٩ �٣٢ �٧٩  -٦ �٫ ٤ 
Me ² -٦ �٤٣  -٦ �٣ ٦  -٦ �٢٥  -٦ ٦- �٢٢ �٦ ٥  -٦ �٦ ٦ ٧ �٦ ٦  ٦ �٦ ٦- ٧ �٦ ٩  -٦ �٥ ٦  
Me ٩ ٩  ٦ �٦ ٦- ٤ �٤٩  -٦ �٧² -٦ �٫ ٩  -٦ ٦- �٣٢ �٩ ² -٦ �٫ ٪ -٦ �٥ ٪ -٦ �٢٦  -٦ �٣ ٦  
Me٩ ٩ a -٦ �٩ ٥  -٦ �٩ ٦- ٤ ٦- �٤٧ �٤٥  ٦ �٦ ² -٦ �٩ ٪ -٦ �٩ ٦  -٦ ٦- �٤٤ �٩ ٦- ٤ �٤٫  
Me ٩ ٣  -٦ �٫ ٩  ٦ �٦ ٫  -٦ �٫ ² -٦ ٦- �٧٤ �٫ ٩  ٦ ٦- �٤٢ �٩ ٦- ٤ �٢٥  ٦ �٫ ٩  -٦ �٧٣  
Me ٩ ٦- ٢ ٦- �٤٤ �٦ ² -٦ �٤٫  -٦ ٦- �٤٤ �٤٫  -٦ �٦ ٦- ٧ �٦ ٫  -٦ �٩ ٪ -٦ �٦ ٦- ٤ �٩ ٥  
Me ٩ ²a ٦ �٦ ٦- ٧ �٦ ٦- ٧ ٦- �٤٤ ٦- �٤٢ �٣ ٦  ٦ �٦ ٣  ٦ ٦- �٤٤ �٧٦  -٦ �٦ ٫  -٦ �٩ ٢ 
Me ٩ ²b -٦ �٦ ٦- ٧ �٩ ٩  -٦ �٤٥  -٦ �٧٦  -٦ �٫ ٦ ٢ �٦ ² -٦ �٤٥  -٦ �٪٫  -٦ �٩ ² -٦ �٧٫  
Me ٩ ²c -٦ �٦ ٦ ٧ �٦ ٦- ٤ �٢٥  -٦ ٦- �٣٢ ٦- ٪�٢ �٤٩  -٦ �٩ ٦- ٧ �٤٫  -٦ �٤٥  -٦ �٤٤ 
Me٩ ²cc -٦ �٤٩  -٦ ٦- �٢٢ �٩ ٦ ٤ �٦ ٩  -٦ ٦- �٤٢ �٩ ٩  -٦ �٤٥  -٦ �٫ ٦ ٧ �٦ ² ٢�٫ ٩  
Me ٩ ²d -٦ �٦ ٪ -٦ ٦ �٣٧ ٦ �٣٤ �٩ ٣  ٦ �٫ ٦- ٤ �٧٩  -٦ �٢٫  ٦ �٦ ٦- ٢ �٤٫  -٦ �٤٢ 
Me ٩ ٥   -٦ ٦ �٤٤ �٦ ٦- ٤ �٢٥  -٦ �٫ ٣  -٦ �²٩  -٦ �٩ ٦- ٧ �٩ ٪ -٦ �٧٥  -٦ ٩ �٧٤ �٢٩  
Me ٩ ٪  -٦ �٩ ٩  -٦ �٩ ٥  ٦ �٪٥  -٦ �٢٩  -٦ �٩ ٪ -٦ �٩ ٥  -٦ �٦ ٩  ٦ �٦ ٦  -٦ �٥ ٣  -٦ �٩ ٧ 
Me ٤٦  -٦ �٩ ٦  -٦ ٦- �٣٧ ٦- �٧٤ �٤٥  -٦ ٦- ٪�٢ �٦ ² ٦ ٦- �٤٢ �٫ ٦ ٧ �٩ ٦  -٦ �٢٤ 
Me ٤٩   ٦ �٧٦  ٣�٤٩  -٦ �٩ ٩  -٦ �٢٣  ٦ �٫ ٦- ٧ �٤² -٦ �٦ ٩  -٦ �٦ ٣  ٦ ٦- �٤٧ �٩ ٫  
Me ٦- ٤٤ �٫ ٦- ٢ �٦ ٪ -٦ �٣ ٩  -٦ �٣² -٦ �٣٣  ٦ �٤٦  ٦ �٦ ٫  ٩ ٦ ٪�٢ �٩ ٦- ٢ �٪٢ 
Me ٦ ٤٧ �٦ ٩  -٦ �٣ ٦  -٦ �٢٣  -٦ ٦- ٪�٤ �٢٣  -٦ �٩ ٣  -٦ ٩- ٪�٣ �٩ ٦- ٢ �٦ ² -٦ �٢٫  
Me ٤٥  -٦ ٦- ٪�٧ �٤٫  -٦ �٩ ٦- ٤ ٦- �٤٤ �٩ ٦ ٢ �٤٦  -٦ �٧٣  ٢�٣² ٦ �٦ ٩  -٦ �²٪ 
Me ٢٩  -٦ �٫ ٦ ٢ �٩ ٥  -٦ �٤٦  -٦ �٫ ٦- ٢ �٣² ٦ �٦ ٦  ٦ �٩ ٦  ٦- ٢٪�٤ ٩ �٣٤ �٪٥  
Me ٦ ٢٤ ٦- �٢٤ ٦- ٪�٢ ٦- �٢٢ ٤�٤٣ �٧٢  ٧�٫ ٪ ٦ �٦ ٦- ٤ �٩ ٦ ٤ �٤² ٦ �٦ ٪ 
Me ٢² -٦ �²٦  -٦ ٦- �٢٤ �٦ ² ٦ �٩ ٤�٥ ٢ ² -٩ ٦- �٧٤ �٦ ٦- ٢ ٦- �٧٧ �٩ ٦  ٩ �٥ ٣  
Me ٢٣  ٣�٩ ٣  -٦ �٣ ٫  -٦ ٦ ٪�٧ �٦ ² ٦ �٩ ٦  -٦ �٫ ٦- ٤ �٦ ٥  ٦ �٫ ٪ ٦ �٫ ٪ ٦ �٤² 
Me٢٥ a -٦ �٩ ٦  -٦ �٤٣  -٦ �٧٫  ٩ �٤٩  -٦ ٦- �٤٢ �٣² -٦ �٢٣  -٦ �٣² -٦ �٦ ² -٦ �٢٫  
Me٢٥ b ٦ �٫ ٣  ٦ �٩ ٣  ٢�٣٣  ٦ �٩ ٫  -٦ �٣ ٫  ٦ �٣ ٥  -٦ �٤٣  -٦ ٢�٤٩- ٪�٤  -٦ �٤² 
Me ٢٥  -٦ �٤² ٦ �٣ ٥  -٦ �٧٫  ٢�٥ ٪ -٦ �٫ ² ٩ �٩ ٫  -٦ �٢٥  -٦ ٦ �٧٧ �٩ ٥  ٦ �٦ ٧ 
Me ٧٦   -٦ �٤٥  -٦ �٢٫  -٦ ٣٪�٤ �٢٢  ٦ �٩ ٦- ٢ �٪٦  -٦ �٢٫  ٦ �٥ ٫  -٦ �٦ ٦- ٢ �٢٧ 
Me٧٩  -٦ �٦ ² -٦ �٩ ٪ ٦ �٤² ٦ �٢٣  -٦ �٩ ² -٦ �٩ ٣�٤٣ ٧  -٦ �٩ ٦ ٧ ٦- �٤٤ �٩ ٧ 
Me٧٩ a -٦ ٦- �٧٤ �٤٩  ٦- ٢�٣٧ �٩ ٦  -٦ �٦ ٥  -٦ �٤٩  -٦ ٦ �٣٢ �٦ ٦  ٢�²٪ -٦ �٦ ٢ 
Me٦- ٧٤ �٩ ٣  ٦ �٦ ² -٦ �٤٫  -٦ �٢٣  -٦ �٪٫  ٦ �٤٣  -٦ �٦ ٩  -٦ ٦- �٤٢ �٦ ٩  ٦ �٪٦  
Me٧٤a -٦ �٩ ٦- ٧ �٦ ٩  -٦ ٦- �٧٧ �²² -٦ �٫ ٩  -٦ �٩ ٫  -٦ �٩ ² -٦ �٣ ٦  -٦ �٣٣  -٦ �٫ ٧ 
Me٧٤b -٦ �٢٣  -٦ ٦- �٧٧ �٦ ٪ -٦ �٩ ٫  ٢�٩ ٣  -٩ �٣ ٦  -٦ �٩ ٦ ٧ �٦ ٩  -٦ ٩- ٪�٣ �٫ ٧ 

 
٢٨٧ 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 ٤ . Factor plots ٩ ٥ ٥ ٥  data Factor analysis based on abundance of different species of 
benthos. The factor scores for each station are plotted on factor axes ٢and ٧. Stations with a high score 
on Factor ٢ or on Factor ٧ are characterised by higher content of silt/clay in the sediments than 
stations with lower scores (Table ٢). 
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