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ABSTRACT  
 

The spatial distribution of soft-bottom macrofaunal assemblages in relation sediment characteristics 
were examined in Bardawil Lagoon. Sand fraction was the dominant fraction; it increased northwards and 
eastwards specially at Eastern Boughaz reaching to 99.1 %. Its mean size was medium sand to very fine sand. 
Sorting was moderately well sorted to very poorly sorted. The higher organic matter and higher absolute water 
content was recorded at areas of high accumulation of mud fractions. The highest average number of 
macrobenthic invertebrates was observed during winter (2201 organisms/m²) while the lowest one was recorded 
during Summer (1115 organisms/m²). 24 species was observed during summer while 21 species was recorded 
during winter. A total of 28 species were identified during the study belonging to; 9 arthropods, 7 molluscs and 
12 annelids. Annelida occupied the highest population density of macrobenthic fauna (74 %) followed by 
Mollusca (17%) and then Arthropoda (9%). One species of Mollusca (Macoma Cumana) was recorded for the 
first time in the Lagoon. 

The relationship between sediment parameters and macrobenthic invertebrates was conducted using 
principal component analysis showed that although, silt not formed the highest percentage, it considered the 
most effective parameter of Macrobenthic invertebrates. The highest positive correlation was observed between 
Silt and Tubificid species (0.995). Also, Clay showed a positive correlation with Tubificid species and Dosina 
lupines. However, sand considered the dominant fraction; Sand and gravels recorded a weak correlation with all 
the macrobenthic invertebrates. The similarity between the studied stations was conducted depending on 
sediment characteristic and macrobenthic invertebrates and showed high similarity between the studied stations.  
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Introduction 
 

Macrobenthic invertebrates in Lagoons are frequently used to evaluate the overall ecosystem “health” 
(Flint 1979, Reynoldson & Zarull 1989, Rosenberg & Resh 1993, Reynoldson et al. 1995) because these 
communities are important to material cycling and secondary production, and are sensitive to environmental 
contaminants. The macroinvertebrates of coastal wetlands are important food resources and contribute to 
widespread use of wetlands as fish spawning (Jude & Pappas 1992) and waterfowl breeding areas (Prince & 
Flegel 1995). Despite the apparent importance of macroinvertebrates, comparatively little is known of their 
distribution and ecology in coastal wetlands in general (Krieger, 1992). The macrobenthic community of 
Bardawil Lagoon belongs to five phyla; Coelenterata, Annelida, Arthropoda, Mollusca and Echinodermata. Its 
abundance of species was closely correlated with nature of bottom sediments and organic matter (Fishar, 2005 
a&b). 

Richness, composition and abundance of bottom fauna in relation to sediment food indicators were 
studied by many authors to investigate animal-sediment relationships. Primarily deposit-feeding spionid and 
capitellid polychaetes as well as venerid clams were the numerically dominant taxa in most areas of marine 
sediments. Quadratic regression analyses identified several significant relationships between food indicators, 
primarily organic carbon, carbon and nitrogen contents and several faunistic variables.  In general, increases in 
sediment food supply were correlated with an increase and a subsequent decrease in richness and overall 
abundance, as well as the abundance of polychaetes and deposit feeders. Food indicators clearly contributed to, 
but were not the only factors driving spatial variation in community structure (Lutz-Collins & Quijo´n, 2014). 
Water depth was the single largest influence on benthic community composition of the Lagoon, as expected. 
The second most important variable was sediment total organic carbon content. Higher organic carbon tended to 
coincide with lower relative abundances of Arthropoda in the littoral environment, implying a negative 
association with the benthos (Annon, 2006).  
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Sedimentlogical characteristics and macrobenthos in Lagoon Bardawil were studied before by  Levy 
(1974), Fouda et al. (1985), Aboul-Ezz (1988), El-Shabrawy & Khalil (2003), Lotfy (2003a and b), Barbary & 
El-Shabrawy (2004), El-Shabrawy & Rizk (2005), Fishar (2005b), Farhat (2006) and Khalil et al. (2013). 
Nowadays, it is needed to carry out a recent study on the macrobenthos to monitor and investigate the changes 
of sediment characteristic and community structure. So that, the aim of the present work to study the 
relationship between sediment characteristic and macrobenthic invertebrates and its effect on biodiversity and 
abundance of macrobenthos in Bardawil Lagoon                                                          
          
Materials and Methods 
 
Study area: 

Bardawil Lagoon (Figure, 1) is a shallow hypersaline water body separated from the sea by a long and 
narrow sand barrier, which varies in width from 100m to1000m. The Bardawil lagoon is one of the largest 
lagoon in Egypt, situated in the north of Sinai Peninsula between longitudes 320 40\ and 330 30\ E and latitudes 
310 03\ and 310 14\ N. It covers an area of 1600 Km2.The southern side of the lagoon is a desert surface covered 
by sand dunes with low shores and interdunel sabkhas  The length of the lagoon is about 90 km along the 
northern coast of Sinai Peninsula between El-Qantara and El-Arish. The maximum width is about 20 km. The 
water depth in the lagoon ranges from a few centimeters in the near-shore area to about 2.5 m in the central part, 
and the mean depth is about 1.45m. The lagoon is connected to the sea by one natural opining named “Zaranik” 
at its eastern part and two artificial sea inlets named ”Boughaz I” at the west and ”Boughaz II” at the east. The 
two inlets are opened by periodical dredging. (Yitzhak, 1971; Levy, 1974; Lotfy, 2003 and 2006; Farhat, 2006). 
Ten sites were selected to cover whole of Lagoon areas (1: Tlol; 2: West of eastern basin; 3: east of eastern 
basin; 4: eastern Boughaz; 5: center of eastern basin; 6: El-Gals; 7: El-Rwak; 8: Weaern Boughaz; 9: Start of 
western arm and 10: End of western arm).  

 
Fig. 1: A map showing sampling sites of Bardawil Lagoon. 

 
Collection and analysis of samples: 

On the bases of quantitative and qualitative analysis, the sediment and macrbenthic fauna were 
collected during winter (Febrauary, 2012) and summer (July, 2012) from ten stations. Sediments were collected 
with Ekman dredge sampler and the samples were preserved in plastic bags. In the laboratory, sediment samples 
were prepared by using decantation method (Folk, 1980), grain size analysis was done by dry sieving technique 
(Folk, 1980). Samples containing more than 5% fine fraction (finer than 4Ø) were analyzed using the pipette 
method described by Krumbein & Pettijohn (1938), Griffiths (1967) and Carver (1971). Sediment textural 
classes were deduced according to Folk (1980). The sedimentological parameters were derived according to 
Folk and ward (1957). Determination of organic matter in sediment was carried out according to Nelson and 
Sommers (1996) by titrimetric method.  Determination of absolute water content of sediment was carried out 
according to Kralik, (1999). 

The bottom fauna was collected by the Ekman dredge bottom sampler, covering an area of about 0.03 
m2. After collection the bottom fauna was washed thoroughly in a small hand net of bolting silk (0.5 mm mesh 
size), it was picked in and preserved immediately in 10 % neutral formalin solution in polyethylene jars.  In the 
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laboratory, samples were washed again. The bottom fauna was sorted into groups. However, each species was 
counted separately. The numbers of organisms were calculated for each square meter by multiplying the 
measured finding by 33. Identification of samples was conducted depending on  Campbell (1982), Ruffo (1982) 
and Belal (2001). 
 
Statistical analysis  

Principal component analysis (PCA) was conducted to correlate Sediment characteristic and 
Macrobenthic invertebrates by XL STAT program, 2015. Dendograms produced by Cluster analysis (Bray-
Curtis similarity index) between sampling sites were conducted with PRIMER 5 (version 5.2.0) software. 

Results 

Sedimentlogical Characteristics of Sediments 
Grain size distributions 

The grain size distribution in Bardawil Lagoon sediments are given in Tables (1&2) and Figures (2&3). 
Gravel fraction was occurred in eastern basin (station 2) at which it reached to 18.0 and 26.74% during summer 
and winter, respectively. Sand fraction was the dominant fraction reaching to 99.1% at El-Gals area (station 6) 
during summer, while during winter, the highest value occurred at eastern Boughaz (station 4). Mud fraction 
increased at stations 4, and 8 (Boughazes areas) reached to 27.4 and 46.3%, respectively in summer which 
indicates high siltation processes was occurred, while during winter mud fraction increases with increasing of 
depth at central part of eastern basin (station 5) reaching 24.47%. Sediment types during summer were muddy 
gravelly sand at eastern basin, while it was muddy sand at two Boughazes (stations 4, and 8) and Rewak area 
(station 7) due to high accumulation of mud fractions, while during winter sediment types were muddy gravelly 
sand at eastern basin and Boughazes areas, while it was muddy sand at central part of eastern basin (station 5) 
and Rewak area (station 7) due to accumulation of mud fractions which increases with depth.  

 
Sedimentlogical Parameters 

The grain size parameters of Bardawil Lagoon sediments were calculated from cumulative curves and 
given in Tables (3&4). Mean size was medium sand to very fine sand during both of summer and winter. 
Sorting ranged between moderately well sorted to very poorly sorted during summer, while during winter it was 
very poorly sorted. The skewness was strongly coarse-skewed to strongly fine-skewed during summer and 
winter. Kurtosis varied between meso-kurtic to very lepto-kurtic, platy-kurtic and very platy-kurtic to very 
lepto-kurtic during summer and winter, respectively.  

 
Table 1: Sediment fractions percent and sediment textural classes of Bardawil Lagoon during summer 2012. 

Station 
Gravel 

 
V.C. Sand C. Sand M. Sand 

F. 

Sand 
V.F. Sand 

C. 

Silt 

M. 

Silt 

F. 

Silt 
V.F. Silt Clay Gravel% Sand% Mud% Sediment type 

1 2.9 2.5 6.0 20.4 42.8 13.7 7.0 2.2 1.3 0.5 0.8 2.9 85.3 11.8 Gravely Muddy sand 

2 18.0 4.5 3.9 8.7 53.5 8.0 **** **** **** **** **** 18.0 78.6 3.4 Muddy gravelly sand 

3 12.1 5.8 5.5 17.5 48.5 7.7 **** **** **** **** **** 12.1 85.1 2.8 Muddy gravelly sand 

4 0.0 0.0 0.0 4.2 21.0 47.3 19.1 5.2 1.8 0.8 0.6 0.0 72.6 27.4 Muddy sand 

5 1.9 0.0 0.0 15.6 48.0 20.4 3.5 3.2 2.0 1.6 3.9 1.9 84.0 14.1 Gravely Muddy sand 

6 0.0 0.0 0.0 46.8 46.8 5.4 **** **** **** **** **** 0.0 99.1 0.9 Sand 

7 0.6 2.1 11.8 15.8 44.5 15.1 8.2 0.7 0.2 0.1 0.8 0.6 89.3 10.0 Muddy sand 

8 0.0 0.0 0.0 11.4 17.3 24.9 38.1 5.1 1.1 0.6 1.5 0.0 53.7 46.3 Muddy sand 

9 17.4 4.3 5.1 19.0 29.9 15.2 6.4 1.2 0.5 0.3 0.9 17.4 73.4 9.2 Muddy gravelly sand 

10 7.1 5.9 6.6 8.7 42.9 21.3 5.6 1.0 0.3 0.2 0.5 7.1 85.3 7.6 Gravely Muddy sand 

Note: F: Fine,  C: Coarse, VF.: Very fine,  VC.: Very coarse,  M.: Medium  ,****: Samples contain less than 5% Mud. 

 

Table 2: Sediment fractions percent and sediment textural classes of Bardawil Lagoon during winter 2012. 
Statio

n 

Grave

l 

V.C. 

Sand 

C. 

Sand 

M. 

Sand 

F. 

Sand 

V.F. 

Sand 

C. 

Silt 

M. 

Silt 

F. 

Silt 

V.F. 

Silt 
Clay 

Gravel

% 

Sand

% 

Mud

% 
Sediment type 

1 15.69 5.90 9.61 26.34 26.50 12.95 **** **** **** **** **** 15.69 81.30 3.01 
Muddy gravelly 

sand 

2 26.74 5.38 5.20 11.40 43.89 5.19 **** **** **** **** **** 26.74 71.06 2.20 
Muddy gravelly 

sand 

3 4.78 1.46 2.62 45.35 36.00 8.14 **** **** **** **** **** 4.78 93.57 1.65 
Muddy gravelly 

sand 

4 15.90 0.00 0.00 0.00 42.02 17.61 8.05 6.04 5.54 1.17 3.68 15.90 59.63 24.47 
Gravelly muddy 

sand 

5 0.00 0.00 0.00 0.00 45.35 39.41 10.06 1.51 1.07 0.61 2.00 0.00 84.77 15.23 Muddy sand 

6 4.43 1.35 1.21 26.83 60.90 4.99 **** **** **** **** **** 4.43 95.28 0.29 Gravelly sand 

7 14.36 4.34 6.29 19.32 36.77 12.55 3.08 1.24 0.40 0.14 1.51 14.36 79.26 6.38 
Muddy gravelly 

sand 

8 0.00 0.00 0.00 1.42 8.39 64.01 18.31 3.71 1.50 0.38 2.28 0.00 73.82 26.18 Muddy sand 

9 10.62 5.02 8.06 19.54 26.19 15.88 8.69 1.90 0.85 0.85 2.40 10.62 74.69 14.69 
Gravelly muddy 

sand 

10 0.00 0.00 0.00 14.10 40.90 21.51 12.36 5.19 2.34 0.43 3.18 0.00 76.50 23.50 Muddy sand 

Note: F: Fine,  C: Coarse, VF.: Very fine,  VC.: Very coarse,  M.: Medium  ,****: Samples contain less than 5% Mud. 
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Fig. 2: Sediment fractions percent of Bardawil Lagoon during summer 2012. 

 

 
Fig. 3: Sediment fractions percent of Bardawil Lagoon during winter 2012. 

 
Table 3: Sedimentlogical parameters of Bardawil Lagoon bottom sediment during summer 2012 according to Folk & Ward, 

1957. 

Station 
Mean size (Mz) Sorting (σI ) Skewness (SKI) Kurtosis (KG) 

Value(Ø) Name Value(Ø) Name Value(Ø) Name Value(Ø) Name 

1 2.5 Fine sand 1.3 Poorly sorted 0.0 Symmetrical 1.7 
Very lepto-

kurtic 

2 1.4 
Medium 

sand 
1.7 Poorly sorted -0.5 

Strongly coerse-

skewed 
1.1 Meso-kurtic 

3 1.6 
Medium 

sand 
1.5 Poorly sorted -0.5 

Strongly coerse-

skewed 
1.3 Lepto-kurtic 

4 3.5 
Very fine 

sand 
0.9 

Moderatly 

sorted 
0.0 Near symmetrical 1.2 Lepto-kurtic 

5 2.8 Fine sand 1.3 Poorly sorted 0.5 
Strongly fine-

skewed 
1.9 

Very lepto-

kurtic 

6 2.2 Fine sand 0.5 Well sorted 0.4 
Strongly fine-

skewed 
0.9 Meso-kurtic 

7 2.3 Fine sand 1.2 Poorly sorted 0.0 Near symmetrical 1.3 Lepto-kurtic 

8 3.7 
Very fine 

sand 
1.1 Poorly sorted -0.2 Coarse-skewed 1.0 Meso-kurtic 

9 1.6 
Medium 

sand 
2.0 Poorly sorted -0.3 

Strongly coerse-

skewed 
1.2 Lepto-kurtic 

10 2.2 Fine sand 1.6 Poorly sorted -0.4 
Strongly coerse-

skewed 
1.5 Lepto-kurtic 
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Table 4: Sedimentlogical parameters of Bardawil Lagoon bottom sediment during winter 2012 according to Folk & Ward, 

1957. 

Station 
Mean size (Mz) Sorting (σI ) Skewness (SKI) Kurtosis (KG) 

Value(Ø) Name Value(Ø) Name Value(Ø) Name Value(Ø) Name 

1 1.3 Fine sand 1.7 Poorly sorted -0.24 Coarse-skewed 0.92 Meso-kurtic 

2 1.22 
Medium 

sand 
1.7 Poorly sorted -0.57 

Strongly coarse-

skewed 
0.63 Very platy-kurtic 

3 1.95 
Medium 

sand 
0.98 Moderatly sorted -0.19 Coarse-skewed 1.49 Lepto-kurtic 

4 2.23 Fine sand 2.7 Very poorly sorted -0.14 Coarse-skewed 1.9 Very lepto-kurtic 

5 3.3 
Very fine 

sand 
0.68 

Moderatly well 

sorted 
0.55 

Strongly fine-

skewed 
1.28 Lepto-kurtic 

6 2.10 Fine sand 0.87 Moderatly sorted -0.37 
Strongly coerse-

skewed 
2.11 Very lepto-kurtic 

7 1.6 
Medium 

sand 
1.73 Poorly sorted -0.37 

Strongly coarse-

skewed 
1.25 Lepto-kurtic 

8 3.75 
Very fine 

sand 
0.76 Moderatly sorted 0.3 Fine-skewed 1.67 Very lepto-kurtic 

9 2.03 Fine sand 1.93 Poorly sorted -0.1 Coarse-skewed 1.17 Lepto-kurtic 

10 3.17 
Very fine 

sand 
1.28 Poorly sorted 0.42 

Strongly fine-

skewed 
1.19 Lepto-kurtic 

 
Geochemical Parameters 
Organic matter % 

The organic matter content in the bottom sediment of Bardawil Lagoon was fluctuated between 0.40 – 
2.2%, and 0.43 – 3.9% during summer and winter, respectively. The higher organic matter content was recorded 
at eastern Boughaz (station 4) and central part of eastern basin (station 5) during summer and winter, 
respectively at which high accumulation of mud fractions, while it was low at El- Gals (station 6) during both of 
two seasons at which high accumulation of sand fractions (Figure, 4).  
 

 
 
Fig.4: Organic matter percent of Bardawil Lagoon bottom sediment during 2012. 

 
Absolute Water Content 

The absolute water content in sediments of Bardawil Lagoon is represented in Figure 5. Absolute water 
content in sediments of Bardawil Lagoon was found to range from 19.1 – 50.6% and 18.74 – 61.11% during 
summer and winter, respectively. The higher values of absolute water content was recorded at start of western 
arm (station 9) and central part of eastern basin (station 5) during summer and winter, respectively at which high 
accumulation of mud fractions, while it was low at El- Gals (station 6) during both of two seasons at which high 
accumulation of sand fractions. 
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Fig. 5: Absolute water content of Bardawil Lagoon bottom sediment during 2012. 

 
Macrobenthic invertebrates 
Community Composition  

The highest average number of total macrobenthic invertebrates was observed during winter (2201 
organisms/m²) whiles the lowest one was recorded during summer (1115 organisms/m²). The annual average 
density of macrobenthic community recorded in Bardawil Lagoon during the study was 553 organisms/m². A 
total of 29 species of living bottom invertebrates were identified in the collected benthic samples during the 
study. Of these, 9 arthropods, 7 molluscs, 12 annelids and one species of Coelenterata were recorded. The 
species are listed in Table 5. 24 species was observed during summer while 21 species was recorded during 
winter. Annelida occupied the highest population density (P.D.) of total macrobenthic fauna as represented by 
74 % followed by Mollusca (17%) and then Arthropoda (9%) of the total number of macrofauna in the (Figure 
6).  

 

 
Fig.6: Percentage composition of macrofaunal community in Bardawil Lagoon during the study. 

 
Spatial and Temporal Distribution of Macrofauna 

Distribution of macrobenthos in different sampling sites in Lagoon Bardawil showed remarkable 
changes from one site to another. During winter, the highest population density (P. D.) was recorded at stations 
10 and 4, being 5907and 5742 organisms/m2, respectively. This is mainly due to increase number of Annelids, 
especially Tubificids species. On the other hand, the lowest population density (99 organisms/m2) was recorded 
in stations 8. During summer, the highest population density was recorded at stations 7, (2079 organisms/m2) 
while the lowest one (231 organisms/m2) were recorded in stations 4 (Figure 7). 

The most populated stations in the Lagoon with annelids were recorded at station 10 and station 4 
being 5808  and 5445 organisms/m2 respectively but the lowest one were recorded in stations 8  being 66 
organisms/ m2. The polychaete species Nereis diversicolor, Nereis pelagica and Syllis variegata are the most 
dominant annelid species in the Lagoon after Tubificide species. A remarkable decrease of Arthropoda was 
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observed during winter while it recorded the highest average density during summer at station 7 (1254 
organisms/m2). Although arthropods considered the lowest dominant group of bottom fauna, it was increased 
than the previous study during 2004 (Fishar 2005b).  

Table 5: Cheklist of the macrozoobenthic species in Lagoon Bardawil during the study. 

Group / species Winter Summer Group / species Winter Summer 

Phylum: Annelida   Mysidacea   

Oligochaeta   Mysis relicta + - 

Tubificidae spp. + + Cirripedia   

Polychaeta   Balanus sp. - + 

Nereis pelagica + + Decapoda   

Nereis diversicolor + + Geryon longipes - + 

Lumbriconereis funchalenais - + Penaeus monoceros + - 

Cirratulus cirratus   + Penaeus japonicus + + 

Syllis variegata + + Penaeus semisulcatus + + 

Polydora ciliate + + Metapenaeus stebbingi + - 

Polydora sp. + + Phylum: Mollusca   

Polychaet spp. + - Bivalvia   

Hydroides sp.   Arca lacteal - + 

Capetella capitata + + Dosinia lupinus + + 

Eupolymnia nebulosa - + Macoma cumana 

 
- + 

Dolichoglossus sp. + + Mytilus sp. 

 
+ + 

Phylum: Arthropoda 

 
  Gastropoda   

Amphipoda   Bulla sp. + + 

Gammarus locusta - + Cerithium vulgatum + + 

Corophium sp. + + Pirenella conica + + 

 

 
 

Fig. 7: Spatial and temporal distribution of macrobenthic groups (organisms/m²) in Lagoon Bardawil during winter and 
summer, 2012. 

 
Mollusca was the most common group in the previous studies. It was represented by four bivalves and 

three gastropods forming 17 % of the total macrobenthos. It was common in all stations but with different 
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densities. The highest number was recorded at stations 3 (1254 organisms/m2) during winter. On the other hand, 
the lowest values were recorded during summer with an average value of 182 organisms/m2 respectively. The 
species Dosinia lupinus, Pirenella conica, Mytilus galloprovinclalls are the most dominant molluscan species in 
the Lagoon. 

Tubificid species, Nereis diversicolor, Dosina lupines and Mytilus galloprovinclalls (Table, 6) were the 
most dominant species of Macrobenthic fauna in the Lagoon. Whereas Tubificid species and Nereis diversicolor 
were belonging to Phylum Annelida while Dosina lupines and Mytilus galloprovinclalls were belonging to 
Phylum Mollusca. Phylum Arthropoda species showed a rare and random distribution during the study. 
Tubificid species considered the most dominant species of annelids and the most dominant species all over the 
Lagoon which belonging to group oligochaeta. It is recorded its highest average number (1406 organisms/m2) 
during winter while the lowest average number (508 organisms/m2) was recorded during summer. Station 10 
recorded the highest peak for Tubificid species being 5775 organisms/m2. Nereis diversicolor considered the 
second dominant species of Annelids and recorded a regular distribution all over the Lagoon and belonging to 
Polychaeta. It is recorded its highest average number (46 organisms/m2) during winter while the lowest average 
number (36 organisms/m2) was recorded during summer. Nereis diversicolor recorded the highest peak at 
Station 6 being 297 organisms/m2 during winter. Dosina lupines and Mytilus galloprovinclalls considered the 
most dominant species of phylum Mollusca which belonging to the same group of Bivalves. Dosina lupines 
recorded the highest average number (66 organisms/m2) during summer while the lowest average number (62 
organisms/m2) was recorded during winter. The highest peak of Dosina lupines species was recorded at station 5 
being 231organisms/m2. Mytilus galloprovinclalls considered the most dominant and the most common species 
of phylum Mollusca. It recorded its highest average number (508 organisms/m2) during winter while the lowest 
average number (56 organisms/m2) was recorded during summer. The highest Number of Mytilus 
galloprovinclalls species was recorded at stations 6 and 7 being 693and 660 organisms/m2 during winter, 
respectively.  

 

 
 

Fig. 8: Spatial and temporal distribution of the dominant species (organisms/m²) in Lagoon Bardawil during 
winter and summer, 2012. 

 

Table 6: The dominant species of bottom fauna (organisms/m2) in Lagoon Bardawil during the study. 

Season Species 1 2 3 4 5 6 7 8 9 10 Av. 

Winter 

Tubificid species 66 1155 33 4950 165 924 594 66 329 5775 1406 

Nereis diversicolor 0 66 0 66 0 297 0 0 33 0 46 

Dosina lupinus 0  33 33 132 33 0 0 231 99 62 

Mytilus galloprovinclalls 0 198 0 0 0 693 660 0 396 0 195 

Summer 

Tubificid species 198 594 726 33 726 759 726 462 264 594 508 

Nereis diversicolor 33 99 0 0 66 0 33 33 66 33 36 

Dosina lupinus 0 66 0 99 231 33 0 33 99 99 66 

Mytilus galloprovinclalls 0 99 33 0 33 0 0 99 264 33 56 
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Statistical analysis: 
Principal component analysis (PCA) 

The correlation between sedimentolgical and biological parameters showed that silt and clay were the 
most effective parameters on Macrobenthic invertebrates (All the values mentioned are significant at the level p 
value =0.05). The highest positive correlation was observed between silt and Tubificid species (0.995). Also, 
clay showed a positive correlation with Tubificid species and Dosina lupines being 0.54 and 0.53 respectively. 
Sand and gravels recorded a weak correlation with all the macrobenthic invertebrates (Figure 9). Also, Principal 
component analysis was conducted between the most dominant group and species and the fractions of sand and 
silt (Figure 10). It showed that, coarse sand recorded a positive correlation with Arthropoda (0.52). Medium 
sand and fine sand recorded the same positive correlation (0.51) with Mollusca and the polychetes Nereis 
diversicolor. The total annelid especially, Tubificid species showed a positive correlation with fine silt and 
medium silt being 0.68 and 0.52 respectively, also the mollusks Dosina lupines recorded a positive correlation 
with very fine silt (0.67). Kurtosis recorded a positive correlation with Nereis diversicolor (0.46). PCA, showed 
that the negative correlations between sedimentological characteristics and Macrobenthic invertebrates not 
significant at the level p value=0.05.   

 

Fig. 9: Principal component analysis (PCA) between Sediment parameters and Macrobenthic invertebrates. 

  

Fig. 10: Principal component analysis (PCA) between Sediment fractions and Macrobenthic invertebrates. 
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Bray-Curtis similarity index  
Cluster analysis (Bray-Curtis similarity index) between sampling sites depending on macrobenthos and 

sediment parameters in the Lagoon (Figure 12) showed a high similarity between the studied stations. The 
highest similarities were observed between station 4 and 10 (90.39%). It showed high values between station 5& 
9 (87.86 %) and station 2 & 6 (83.72%). The lowest one was observed between station 1 and 10 (48.88%).  

 

 
Fig.11: Dendogram produced by Cluster analysis (Bray-Curtis similarity index) between sampling sites 

depending on Sediment characteristics and macrobenthos in Bardawil Lagoon. 

Discussion 
The abundance of macrobenthic species was closely correlated with nature of bottom sediments, 

especially, the presence of seaweeds. The organic matter content in the bottom sediment of Bardawil Lagoon 
fluctuated between 0.40 – 2.2% and 0.43 – 3.9 during summer and winter, respectively. The higher organic 
matter content was recorded at eastern Boughaz (station 4) and central part of eastern basin (station 5) during 
summer and winter, respectively at which high accumulation of mud fractions, while it was low at El- Gals 
(station 6) during both of two seasons at which high accumulation of sand fractions. This is related to organic 
matter content and grain size distribution and it agree with Farhat and Ali (2012) and Farhat (2006). Sediments 
characteristics remarkably affect the distribution of benthos, the highest values of organic matter were explained 
by high production of bottom fauna. Besides, the organic matter is used as an indicator for the amount and type 
of food settling to the sediment from the water column. These observations agreed with Jordana et al., (2015), 
Lutz-Collins & Quijo´n (2014), Farhat and Ali (2012) and Fishar (2005b). This confirmed by the data of PCA 
which recorded the high positive correlation between organic matter with fine fractions. A positive correlation 
was observed between silt and Tubificid species (0.995). However, clay showed a positive correlation with The 
dominant annelids (Tubificid species) and the dominant mollusks (Dosina lupines) being 0.54 and 0.53 
respectively. Sand and gravels recorded a weak correlation with all the macrobenthic invertebrates. results 
agreed with Jordana et al., (2015) Welch, 1952 and Brinkhurst & Jamieson, 1971 in the nature of the bottom 
sediments has a selective influence on quality and quantity of benthos and it is considered the most significant 
factor determining their distribution. 

The highest average number of total macrobenthic invertebrates was observed during winter (2201 
organisms/m²), whiles the lowest one was recorded in summer (1115 organisms/m²). The highest abundance 
during cold months attributed to the abundance of food supply (benthic primary productivity) rather than high 
reproductive and development rates (Fishar and Abdel Gawad, 2004). The lowest population density was 
recorded at station 4 (Front of the eastern Boughaz) during summer. Tidal movement of water may scour 
sediments, removing fine material from inlets and establishing a gradient of decreasing particle-size with 
increasing distance from the sea. Such movements of water may also be important in dispersal of meiobenthos 
(Armonies 1994). Fishar, (2005a) Benthos was less diverse in inlets of the Lagoon which might be attributed to 
the disturbance caused by artificial opening. 

The annual average density of macrobenthic community recorded during the study was higher than that 
recorded previously by Fishar (2005b). A total of 29 species of living bottom invertebrates were identified in the 
collected benthic samples during the study. Of these, 9 arthropods, 7 molluscs, 12 annelids and one species of 
Coelenterata were recorded. 24 species was observed during summer while 21 species was recorded during 
winter. Annelida occupied the highest population density (P.D.) of total macrobenthic fauna as represented by 
74 % followed by Mollusc a (17%) and then Arthropoda (9%) of the total number of macrofauna. The obtained 
percentages not coincided with Fishar (2005b) who mentioned that Mollusca recorded the highest population 
density of total macrobenthic fauna as represented by 60.79% followed by Annelida (24.05%) and then 
Arthropoda (14%). Arthropoda still the lowest dominant group and it is showed a remarkable decrease during 
the present study. This coincided with Aboul-Ezz (1988), El-Shabrawy & Khalil (2003), Barbary & El-
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Shabrawy (2004), El-Shabrawy & Rizk (2005) and Fishar (2005b) while it not coincided with Fouda et al. 
(1985). Comparing to the study during 2004 by Fishar (2005b), it is comprised of 52 species belonging to five 
phyla; Coelenterata, Annelida, Arthropoda, Mollusca and Echinodermata. The present study showed decreasing 
of species diversity and an increase in population density. Tubificid species, Nereis diversicolor, Dosina lupines, 
Mytilus galloprovinclalls were the most dominant species of bottom fauna during the study.  

In conclusion, the abundance of macrobenthic species was closely correlated with nature of bottom 
sediments. Annelida the most dominant group was recorded its highest density in front of the eastern boughaz 
(Muddy sand sediment). The highest occurrence of Mollusca was observed at the east of the eastern basin 
(Muddy gravelly) while the highest occurrence of Arthropoda was observed at El-Rwak (Muddy sediment). 
Organic matter and carbonate play an effective role in macrobenthic distribution and can be indirectly helpful in 
increasing the productivity of the Lagoon. Although, Sand considered the dominant fraction, it recorded a weak 
correlation with the macrobenthic invertebrates. However, silt not formed the main fraction, it considered the 
most effective parameter of Macrobenthic invertebrates. 
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