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ABSTRACT. There are three abandoned sewer outlets around Abu-Dhabi Island 
which were forrnely used for sewage disposal and are now used for water 
disposal. During November 1990 a total of 140 core samples (0.0 I m' to a depth 
of 10-15 cm) were collected from the low tide line at the three sewer outlets and 
two control stations away from the outlets. Results show that there is a slight 
accumulation of organic carbon in sediments at two of the sewer outlets. 
However, the faunal analysis revealed that this accumulation has no measurable 
effects on the community structure of macrobenthic invertebrates at these 
outlets. The faunal composition at one of these stations is similar to that at one 
of the control stations. The other station has a faunal composition similar to that 
reported from non-polluted sandy beaches with similar sedimentary 
composition along the Arabian Gulf. 
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The rapid oil development in the United Arab Emirates within the last two decades has 
been accompanied by rapid urban and commercial development, part icularly in coastal 
cities. Abu-Dhabi city, the capital of U.A.E. , occupies an island of about 94 km 2 and is 
inhabited by some 400,000 people . It is surrounded by the Arabian Gulf water from three 
directions and separated from land by a narrow canal. The coastal areas of Abu-Dhabi 
consist mainly of sandy beaches and intertidal flats that are covered by mangrove. 
Abu-Dhabi used to dump its treated municipal and industrial wastes into the sea. This was 
completely stopped five years ago and all wastes are now collected into a major treatment 
plant outside the city, which extracts water to re-use it for irrigation. However, sewer­
outlets which were formerly used to release sewage are now used for rain water, any 
excess water from irrigation, and ground water which may appear during the construction 
of buildings. The aim of the present study is to assess some of the ecological parameters 
and if there is any effect of using these sewer outlets on macrobenthic invertebrates. 

229 



230 Nairn S.Isrnail 

Materials and Methods 

Study Area: 

There are three sewer outlets that were used to release sewage effluent around 
Abu-Dhabi Island. The effluents were released at the low tide line of the intertidal zone. 
Two outlets are located on the western side of the island and one on the southern side 
(Fig. I ). These are referred to here as S I, S2, and S3. Furthermore, two control stations 
were sampled one at Mussaffah and the other at AI-Ain Bridge. These are referred to here 
as CI and C2. 

Tides around Abu-Dhabi Island are of the diurnal type and range from 1 to 2.S m. 
Sea water temperature ranges from 20.2 to 24.SoC during winter and from 32.S to 37.SoC 
during summer months (Evans et al. 1973). Salinity is high and ranges from 43.S-48.7% 
(Desert and Marine Research Center, unpublished report). 

Sampling and Analysis: 

The composition and density of macrobenthic invertebrates were examined at the 
sewer outlets and control stations during November 1990. Sediment samples were 
collected, using a core (0.01 m2 to a depth of I S-20 cm), at the mean low tide of each 
station. Five O.OS m2 samples per station, each composed of S cores, were taken. The 
samples were carefully sieved on a 1.0 mm screen. The fraction retained was fixed in 10% 
formalin, diluted with sea water and stained with Rose Bengal. Sorted animals were 
identified to lowest possible taxon and counted using a binocular microscope. Three 
additional core samples per station were taken for sediment grain size, organic carbon, 
and calcium carbonate analyses. 

Percentages of organic carbon in sediments were determined using the potassium 
dichromate technique (Holme and Mcintyre J97 J) . The calcium carbonate in sediment 
was determined by treatment with IN HCI and the excess acid was determined by titration 
with IN NaOH (Anwar and Mohamed 1970). 

The grain size distributions of sediment samples were analyzed using the standard 
methods (ASTM Standards 1973). Median diameters (MJ were derived from the 
cumulative curves of total grain size distributions. The degree of sorting (So) was 
calculated as of Trask (1932) sorting coefficient. 

Species diversity was measured using the shannon-Wiener index (Shannon and 
Weaver 1963). Two additional measures, the evenness and species richness were also 
calculated (Krebs 1978). Faunal similarities among stations were calculated using the 
«Faunal Similarity Index» of Sanders (1960). The dominance of each taxon encountered 
was measured using the «Biological Index Value (BIV») of McCloskey (1970). Analysis 
of variance was calculated for the major macrofaunal groups (polychaeta and mollusca) 
and for total macrofauna (Zar 1984). Similarly differences in mean levels of organic 
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Fig. l. Location map of sewer outlets S I , S2 and S3, 

and control stations CI and C2 around Abu-Dhabi Island in the Arabian Gulf. 
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carbon and calcium carbonate were compared using the analysis of variance (ANOVAR). 
The statistical significance was tested by F-test and multiple range test at the 95% 
co~fidence level. 

Results 

Sediments: 

The sedimentary composition at the control stations, C I and C2 , and at the sewer 
outlet S3 is similar. The sediments at these stations are made mainly (84.3-96.0%) of fine 
sand (Table I) . consequently the median grain sizes of these sediments range from 115 to 
155 J,lm. Sediments at the other two sewer outlets, S I and S2, are coarse (25.7-47.6%) 
and fine (46.1-68.0%) sands. The median grain sizes range from 395-540 J,lm . The 
sediments at all stations are well sorted (less than 2.5). 

Table I. Sedimetary composition at the sewer outlets (S I. S2 and S3) and control (C I and C2) stations 

during November 1990 


Station Sample % Coarse 
sand' 

% Fine 
sand" 

Median 
diam. (11m) 

Sorting 
coefficient 

% Organic 
carbon 

% Calcium 
carbonate 

Cl I 3.5 91.5 145 1.67 0.139 70.6 

2 6.5 88. 1 140 1.60 0. 133 643 

3 5.2 92.3 120 1.59 0.160 65.1 

C2 I 3.2 96.0 120 1.45 0.210 57 .3 

2 15.2 84.3 125 1.78 0.299 68.2 

3 3.8 95.4 115 1.46 0.186 58.9 

SI I 41.5 54.6 460 1.53 0.280 96.2 

2 35.6 64 .3 450 1.40 0.217 94.4 

3 42.4 50.6 500 1.61 0.339 93.6 

S2 I 35 .2 583 430 1.57 0. 172 96. 1 

2 47.6 46. 1 540 1.55 0. 194 97.9 

3 25 .7 68.0 395 1.41 0. 199 95.8 

S3 I 9.0 88.4 155 1. 74 0.200 77.1 

2 8.7 86.5 140 1.72 0.260 71. 7 

3 6.7 89.2 138 1.60 0330 69.6 

• > 500-< 2000 J,Jrn . 

•• < 500-> 63 J,Jrn . 

In general, a relatively high organic content was found in sediments of all stations 
(Table I). The ANOV AR showed a significant difference in mean levels of organic 
carbon among stations. The lowest mean level was found at C I (0.144%) and S2 
(0.188%). Significantly higher means of organic carbon were found at S I (0.279%) and 
S3 (0.263%) (95% confidence level). High levels of calcium carbonate were found in 
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sediments of all stations. However, ANOV AR showed a significant difference in mean 
levels of calcium carbonate among stations. Significantly higher means were found in 
sediments of S I (94 .7% ) and S2 (96.9%) than those in sediments of C I (66 .7%), C2 

(61 .5%), and S3 (72 .8%). 

Fauna: 

A total of 2434 animals belonging t045 taxa were collected during this study (Table 

2) . These include 24 species of polychaetes and II species of molluscs comprising 34.1 % 
and 60.6% of the total number of animals, respectively . The analysis of variance showed 
a significant difference (99% confidence limits) in mean numbers of animals among 
stations.The highest mean was found at C2 (5992/m2), followed by 2740/m2 at S3 (Table 
3). Significantly lower means were found at S I (441m2) and S2 (681m2). There was no 
significant difference in mean numbers of polychaetes among stations. However, mean 
numbers of polychaetes at S I and S2 (32 and 361m2 respectively) were significantly 
lower than C I (832/m2), C2 (760/m2), and S3 (1704/m2

). Similarly, mean numbers of 
molluscs were significantly higher at C2 (5220/m2) and S3 (640/m2) than those at C I and 

S2 (201m2each). No molluscs were found at S 1. 

The highest number of taxa (25) was found at CI (Table 3), followed by 16 and 14 at 
C2 and S3 respectively. Lower numbers of taxa were found at S I and S2 (4 and 5 
respectively) . Similarly, the highest number of polychaete species was found at C I (16). 
Lower numbers were found at other stations (2-7 taxa) . Number of molluscan taxa were 
low at all stations, except at C2 where 7 taxa were found . Species richness was higher at 
C I (4.44) and C2 (2 .05) than sewer outlets stations (1 .25-1.99). Species evenness, 
however, was relatively low at C2 (0.45) and S3 (0.50). Higher values were found at S2 
(0 .93) and S I (0 .74). The highest species diversity was, thus, calculated for C I (3 . 15). 
Lower values were obtained for other stations. (1.49-2.16). 

Table 2. Distribution of macro benthic invenebrates at sewer outlets (S 1. S2 and S3) and control (C I and C2) 
stations during November 1990. Numbers of animals are per O.25m2 

Taxon 
Stalions 

CI ·C2 SI S2 S3 

Turbellaria (indetermined) 0 0 0 3 0 

Nemenea (indetermined) 2 I 1 0 0 

Nematoda (indetermined) 0 0 0 0 

Oligochaeta (indetermined sp. l ) 0 0 2 0 0 

Oligochaeta (indetermined sp.2) 0 0 0 0 81 

Polychaela: 

Aricia exarmala 0 7 0 0 0 

Armandia lanceolala 4 9 0 0 0 

Axiolhella australis 2 0 0 0 0 

Bookhoutia oligognalha 0 0 7 5 0 

http:1.49-2.16
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Taxon 
Stations 

Cl C2 Sl S2 S3 

Capitellidae 3 0 0 0 0 

Capitellidae 2 0 0 0 0 

Celalonereis eoslae 78 125 I J 346 

Cirralulus sp. 2 0 0 0 0 

Glyeera laneadivae 0 J 0 0 0 

Heleromaslus similis 6 0 0 0 0 

Lumbrieonereis sp. 5 0 0 0 0 

Nainereis sp. 23 0 0 0 0 

Nereidae (indetermined) 0 5 0 3 0 

N%maslus lalerieeus 13 0 0 0 0 

Perinereis eullrifera 0 0 0 0 6 

Polydora anlennala 0 0 0 0 3 

Polydora kempi 19 3 0 0 I 

Prionospio eirifera I 0 0 0 0 

Seoloplos ehevaliese 31 0 0 0 0 

Tharyx sp.l 3 0 0 0 0 

Tharyx sp.2 4 0 0 0 0 

Tylonereis bogoyawlenskyi 0 40 0 0 71 

Unidentified sp.1 I 0 0 0 0 

Unidentified sp.2 I 0 0 0 0 

Mollusca: Gastropoda 

Cerithidae (indetermined) 0 I 0 0 0 

Cerilhium seabridum 0 0 0 0 4 

Milrella blanda 3 20 0 0 0 

Nassarius areularis 0 I 0 0 0 

Rhinoclavis kochi I 0 0 0 6 

Mollusca: Bivalvia 

Callisla mulliradiala I 0 0 0 0 

Codakia ligerina I 97 0 0 6 

Dosinia alia 0 974 0 0 122 

Lucinidae (indertemined) 0 8 0 0 0 

Tellina versicolor 0 205 0 0 29 

Tellinidae (indetermined) 0 0 0 5 0 

Crustacea: Amphipoda 

Sebidae (indetermined) 0 0 0 0 I 

unidentified sp. 3 0 0 0 0 

Crustacea: Decapoda 

Diogenes avarus 0 0 0 0 3 

Seopimera crabricauda 0 I 0 0 7 

Sipuncula: Unidentified sp. I 0 0 0 0 
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Table 3. Faunal analysis of macrobenthic invertebrates at sewer outlets (S I , S2 and S3) and control (C I and 
C2) stations around Abu-Dhabi Island during November 1990 

Stations 

CI C2 SI S2 S3 

Total no. of species 25 16 4 5 14 

No. of polychaete spec ies 16 7 2 3 5 

No. of mollusc species 4 7 0 I 5 

Species diversity (H) 3.15 1.79 1.49 2.16 1.89 

Species evenness (E) 0.68 0.45 0.74 0.93 0.50 

Species richness (SR) 4.44 205 1.25 1.41 1.99 

No. of animals collected 223 1498 11 17 685 

Mean no. of animals per m' 892 ± 160' 5992 ± 488 44 ± 14 68 ± 60 2740 ± 424 

No. of polychaetes collected 196 190 8 9 426 

Mean no. of polychaetes per m' 832 ± 192 760 ± 328 32 ± 20 36± 30 1704± 1840 

No. of molluscs collected 5 1305 0 5 160 

Mean no. of molluscs per m' 20 ± 30 5220 ± 2736 0 20± 30 640±510 

• One standard deviation. 

Table 4. Dominant species according to biological index value (SlY) of McCloskey (1970) around 
Abu-Dhabi Island during November 1990 

Taxon 

Dosinia alIa 

Ceralonereis coslae 

Tellina versicolor 

Tylonereis bogoyawlenskyi 

Codakia ligerina 

% of total 
number 

45.0 

22.6 

9.6 

4.6 

4.3 

Ranking 

points 


20 


19 


18 


17 


16 


0/0 

freq.* 


40 


68 


36 


32 


28 


Ranking 

points 


19 


20 


18 


17 


16 


BIV Rank 

39 

39 

36 

34 

32 

3 

4 

5 

• represents frequency of occurence in 25 samples. 

Using the «Faunal Similarity Index» of Sanders (1960), very low faunal similarities 
were found between each of S I and S2 and each of C I, C2 and S3 (5.9-11.0%) (Fig.2). 
Relatively higher similarities were found among C I, C2, and S3 (34.1-36.1 %). Similarly, 
the faunal similarity between S 1 and S2 was relatively high (35.3). 

Three species of bivalves, Dosinia alta, Tellina versicolor, and Codakia tigerina, and 
two species of polychaetes, Ceratonereis costae and Tylonereis bogoyawlenskyi were 
considered as the dominant species around Abu-Dhabi Island during November 1990. 
Dosinia alta, T versicolor, and T bogoyawlenskyi were particularly abundant at C2 and 
S3. Although , C. costae was found at all stations, it was abundant at C 1, C2 and S3. 
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Fig.2. Trellis diagram showing the percentages of the faunal similarities 

among sewer outlets stations (S I, S2, and S3) and control stations (C I and e2). 


Discussion 

The percentages of organic matter in a sediment has been shown to be directly related 
to percentage of calcium carbonate (Sverdrup et al. 1942, Ismail and Awad 1984), but 
inversely related to sediment texture (Bader 1954, Philips 1972, Ismail 1980). Although 
the sedimentary composition and the calcium carbonate levels are similar at C I, C2 and 
S3, higher organic content was found at S3, but this increase is not «extreme». Similar 
values have been reported from non-polluted intertidal flats in Khor Kalba on the Gulf of 
Oman (Ismail and Ahmed 1993). Elevated organic carbon values in polluted areas have 
been reported by many workers. For example, in the new York Bight, the organic carbon 
was higher at the sewage sludge dumping site (mean 1.95%) than the control station 
(mean 1.29%) (Botton 1979) . Similarly, organic carbon was higher at the sewage 
dumping site (0 .286%) than the control station (0.105%) in the Gulf of Aqaba (Ismail and 
Awad 1984). At S I and S2 the sed iments are coarser and contain more calcium 
carbonates than the other three stations. A relatively high level of organic carbon was 
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found at SI (mean 0.279%) than S2 (mean 0. 188%). Lower levels of organic carbon in 
sediments of similar texture and calcium carbonate at the low tide lines of non-polluted 
sandy beaches in Abu-Dhabi and other locations along the coastline of the United Arab 
Emirates have been reported (0 .130-0.190%) (Ismail and Ahmed 1991). 

The extent of damage caused by sewage dumping depends mainly on the volume of 
sewage effiuent discharged into the marine environment. At the point of maximum 
discharge the benthic community is generally defaunated (Pearson and Rosenberg 1978). 
In Victoria Harbour, Hong Kong, where 800 million liters of sewage are dumped daily, 
the stressed community is within 15km2 (Thompson and Shin 1983). In the Gulf of 
Aqaba, where 70-150 thousand liters of sewage are dumped daily, the total number of 
individuals, number of species, and species diversity were lower at the sewage outfall 
than at the control station (Ismail and Awad 1987). At another sewage outfall in the Gulf 
of Aqaba, where the sewage is discharged sporadically, Ismail and Awad (1987) found no 
measurable effects on the community structure of macrobenthic invertebrates. The 
slight accumulation of organic carbon at the sewer outlets around Abu-Dhabi Island, 
particularly at Sl and S3, has no measurable effects on the community structure of 
macrobenthic invertebrates at these outlets. The faunal analysis has shown that 
numbers of species, species diversity, and species richness and evenness at C2 and S3 
are similar. Differences in mean numbers of animals at C2 and S3 are due to 
differences in mean numbers of dominant species at both locations. Three of these 
species, Dosinia alta, TelJina versicolor, and TyJonereis bogoyawJenskyi, were found 
only at C2 and S3. The other two dominant species , Ceratonereis costae and Codakia 
tigerina, were also found at C2 and S3 beside the other stations. The faunal 
characteristics at Sl and S2 are similar to the faunal characteristics on non-polluted 
sandy beaches which have similar sedimentary composition. Ismail and Ahmed (1991) 
reported low numbers of species and numbers of animals in some sandy beaches along 
the coastline of the United Arab Emirates on the Arabian Gulf. 
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