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Abstract: This paper is designed to investigate the spatial-temporal variations of 

species composition of benthic infauna in the marine habitats of the Kingdom of 

Bahrain during 2007-2008. The samples were collected from six stations each at 

northern and southern areas during winter and summer seasons. The biodiversity 

indices for each station were obtained using univariate analysis routines by 

applying PRIMER V6 program. A total of 5075 individuals belong to 186 taxa 

were encountered during the study period representing mainly the infaunal 

groups of annelids, crustaceans, molluscs, nematodes, echinoderms and 

sipunculans. The molluscs, annelids and relatively crustaceans in the northern 

area comprised 84% of the benthic assemblage represented by 40%, 25% and 

19% of the species composition, respectively. However, in the southern area, the 

annelids predominated the species composition by 60% followed by crustaceans 

(24%) and with lesser extent molluscans (9%). Station N1 in the northern area 

and station S6 in the southern area were characterized by highest diversity. The 

results on spatial basis indicated noticeable variations for number of species (S), 

number of individuals (N) and species richness (D) in both areas. On temporal 

basis, each of S, N and D in the northern area are apparently higher in summer, 

whilst marginal seasonal function observed for the evenness index (J) and 

diversity index (H). In the southern area, with the exception of N, no real 

seasonal variations have been observed. The northern area is characterized by 

diverse marine habitats. As a result, the benthic faunal assemblage in the north 

was found to be more abundant and characterized by larger broad-scale of 

species in comparison with the assemblage in the south. 
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Introduction 

Biodiversity as an ecosystem functioning in the marine environment has 

been considerably focused on during the last few decades. Benthic infauna 

represents organisms that live inside the top layers of the sediment, which can 

be used as a biological indicator to evaluate environmental stresses. Any 

Vol. 2 (2): 111-129, 2018 



112                                                           Ali et al. 

physical impacts due to an alteration of the bottom topography and sediment 

composition may directly or indirectly reflect on infauna species 

composition. 

The first attempt on relation of recurring groups of soft-bottom animals 

and certain sediment types and depth zone was carried out by Petersen 

(1914). The distribution of benthic communities is highly correlated with the 

type of sediment, which is related to a wider set of environmental conditions, 

such as current speed and organic content of the sediment (Gray, 1974; 

Buchanan, 1984; Creutzberg et al., 1984; Snelgrove & Butman, 1994). 

The benthic communities constitute an important component that support 

productivity of the habitat to a greater extent. Therefore, the species 

composition more or less may negatively affect the resident community and 

consequently impact trophic relationships within these communities as a 

result of any activity exerted causing an alteration for sediment features. 

Moreover, benthos substantially regulates ecosystem processes representing 

by nutrient cycling, pollutant metabolism, dispersion and burial and in 

secondary production (Snelgrove, 1998), which in turn promotes primary 

productivity. 

Studies undertaken on benthic fauna in Bahrain are mostly restricted to 

macrobenthic assemblage. Zainal et al. (2007) pointed out that the 

macrobenthic faunal diversity around Huwar islands was moderate to low as 

far as typical of the Arabian Gulf’s naturally stressed environment, however 

it was healthier than many other parts around the coastline of the main Island 

of Bahrain. The macrobenthic invertebrates in the protected marine mudflat 

has been described by Al-Sayed et al. (2008) indicating that molluscs 

accounted for 88% of the total macro-invertebrates community, reflecting a 

dominance of gastropod grazers. The benthic biodiversity has been 

investigated in relation to dredging-reclamation impacts (Naser, 2010a, b, 

2011) and desalination impacts (Naser, 2013) emphasizing that macrobenthic 

assemblages accompanied by measuring environmental factors and 

contaminants could be effectively utilized in ecological assessment and 

monitoring programs. The species composition of macrobenthic fauna 

associated with seagrass beds in relation to environmental variables have 

been analysed by Al-Wedaei et al. (2011) indicating that salinity and 

sediment particle size were the main environmental factors responsible for 

explaining the benthic community patterns between east and west coasts. Ali 

(2014) confirmed that salinity is the influential factor affecting the majority 

of spatial variation between northern and southern infaunal species 

composition. 

The approach of the present study is to identify spatial and temporal 

variations of benthic infaunal assemblage associated with different marine 

habitats in Bahrain marine environment based on number of diversity indices. 
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Materials and Methods 

Study Area 

The Kingdom of Bahrain is an archipelago located in the Arabian Gulf 

between latitudes 25
○
 32' and 26

○
 20' north and longitudes between 50

○
 20' 

and 50
○
 50' east composed of 36 islands. The most important marine habitats 

within Bahraini territorial waters are characterized by seagrass, coral reefs 

and mangrove in addition of sandy, muddy and with lesser extent rocky 

bottoms. 

Due to land limitation in Bahrain, reclamation activities are heavily 

exerted as a prior option to meet the demand for rapid coastal developments 

approved by Bahrain National Land Use Strategy 2030. Naser et al. (2008) 

reported that Bahraini coastal and marine environments are the prime target 

for most of the major housing, recreational and economic projects, which 

typically associated with intensive dredging and reclamation activities as 

presented in Figure (1). The reclamation activities have resulted in adding 91 

km
2
 representing an increase of 11% of the total land area, indicating that 

coastal environment will continue to be the major focus for developmental 

projects in the coming future (Naser, 2011). 

 

 
Figure 1: New lands created by reclamation processes in the Kingdom of Bahrain (Zainal et 

al., 2012). 
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The present study was designed to characterize the infauna community in 

the northern and southern areas of the Kingdom of Bahrain. The former is 

situated north to the Al-Muharraq island and the second is associated with the 

area south to Durrat Al-Bahrain resort (Figure 2). Twelve monitoring stations 

have been selected; six at northern area (N1-N6), located at depths of 7.3, 5.2, 

6.5, 6.1, 9.1 and 3.4 m, respectively. Another six stations have been selected 

in the south located at depths of 5.0, 2.9, 6.4, 0.8, 2.0 and 3.4 m, respectively. 

These stations are associated with different marine habitats. The samples 

were collected during summer (July 2007 in the north and August 2008 in the 

south) and winter (January 2007 in the north and December 2007 in the 

south). 

 

 
           Figure 2: Location map showing sampling stations. 
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Infauna Samples 

The benthic fauna are categorized into epifauna and infauna. The epifauna 

are representing the benthic organisms living on the surface of the bottom of 

the water body, while the infauna is represented with the benthic organisms 

living few centimeters beyond the bottom, mostly in subtidal zone. Triplicate 

samples at each location were collected using a Van Veen grab of size 2500 

cm², (0.25 m²) and taken back to the laboratory for analysis. As soon as the 

samples were received from the field, they were preserved in a solution of 

dilute formalin (5%) with Rose Bengal prior to the normal sorting process 

which separates specimens from the sediment with the help of a hand 

magnifier when it is needed. 

The specimens of each sample were then kept in a small container to be 

examined under the microscope. The identification setup is made of 10 x 4.5 

Stereo Zoom Microscope (Radical) fitted with digital Camera (Cartoon) and 

connected to a desktop computer. 

 

Data Analyses 

To calculate the biodiversity indices of the infaunal community, a 

univariate analysis was applied using PRIMER V6 package (Plymouth 

Routines in Multivariate Ecological Research) developed by Plymouth 

Marine Laboratory (Clarke & Gorley, 2006). Using the ‘DIVERSE’ routine, a 

number of diversity indices were calculated from the abundance infauna raw 

data represented by a sum of triplicates for each species at each station 

imported from Microsoft Excel into the PRIMER work sheet and the 

following univariate diversity indices were calculated: 
 

• Number species/taxa (S): Total number of species [or taxa] in each replicate 

sample. Simply the number of species present in an ecosystem. This index 

makes no use of relative abundances. 
 

• Number of individuals (N): Total number of individuals in each replicate 

sample. 
 

• Richness index (D): Margalef’s index (Margalef, 1958). 
 

D = (S – 1) / In N 
 

• Diversity index (H): Shannon-Weaver formula (Shannon & Weaver, 1949). 
 

H= − [∑ (ρi In ρi)] 
 

Where ρi is the proportion of individuals found in the each species, takes 

into account number of species/taxa (S) and number of individuals (N). 
 

• Evenness index (J): Pielou index (Pielou, 1966). 
 

J = H/ Hmax
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Where H max is the maximum possible diversity = In S. A measure of 

equitability, how evenly the individuals are distributed amongst species [or 

taxa]; values range from 0 where few species predominated in the sample to 1 

where all species are represented by same number of individuals. 

The dominance routine is also provided by PRIMER package, representing 

“ranked species abundance plot”, which can be computed for abundance (as 

in the present study), biomass, percentage cover or other biotic measures 

representing a quantity of each taxon. In this routine, species are ranked in a 

decreasing order of abundance. The relative abundances are plotted against 

the increasing rank (log scale on the X axis). The Y axis represents the 

cumulative abundance and the X axis represents the number of species. This 

cumulative plot is often known as k-dominance plot. 

 

Results 

Species Composition in Northern Area 

The infaunal benthic species composition by phylum and subphylum 

levels in the north area was predominated by molluscs contributing 41% in 

summer, 38% in winter and 40% as overall (Figure 3). The annelids formed 

the second important group represented by 22%, 33% and 25% in summer, 

winter and an overall, respectively. The crustaceans constituted 19% as an 

overall with 20% in summer and 16% in winter. The fourth important group 

was the nematodes, which comprised 16% in summer, 11% in winter and 

15% as an overall. The other two groups; echinoderms and sipunculans were 

marginally represented by < 1%. 

The most abundant taxa, those contributing ~ 50% of the species 

composition, in the north area are represented by 4-9 taxa (Table 1). 

Polychaetes (undefined specimens) and Tellina sp. were the most frequent 

taxa occurred by relatively high abundance in both seasons particularly in 

winter. Some of the abundant taxa exhibited apparent seasonal variations 

such as Bellucina semperiana, nematodes (undefined specimens), Nucula 

rugulosa and ostracodes, whereas the former was mostly abundant in winter 

and the others in summer. However, the rest of taxa showed an occurrence 

with noticeable abundance restricted to one or two stations either in winter or 

summer. 

 

Species Composition in Southern Area 

In the south area, annelids comprised the majority of the infaunal species 

composition by 62% in summer, 54% in winter and 60% as an overall (Figure 

3). The crustaceans formed 24% with higher contribution in summer (29%) in 

comparison with winter (14%). The molluscs occurred considerably in winter 

by 23% with minor contribution in summer (2%) and 9% as an overall. The
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nematodes and the other two groups (echinoderms and sipunculans) were 

represented by < 3%. 

The most abundant taxa were represented by 1-7 taxa (Table 2). 

Polychaetes (undefined specimens), Spionidae and Syllis sp. were the 

abundant taxa in summer. The former occurred in all the six stations, 

however the second group frequented in four stations and the latter group in 

three stations. On the other hand, Pinctada radiata was the abundant taxon in 

winter as it occurred in three stations with relatively high abundance. The 

abundant taxon of station S4 and in winter was predominated by single 

family (Ophelidae) indicating a clear dominance case. Samples of common 

abundant taxa are presented in Figure (4). 

 

 
 

Figure 3: Infauna species composition by phylum level in the northern and southern areas 

during winter and summer. 
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Table 1: Most abundant infauna taxa (values between brackets represent %) in the north area. 
 

Taxa 

Winter Summer 

N1 N2 N3 N4 N5 N6 N1 N2 N3 N4 N5 N6 

Ampelisca sp. 
 

10 

(12.5)       

40 

(20.2)    

Atys cylindrica 
          

40 

(6.6)  

Bellucina semperiana 
  

28 

(12.1)  

8 

(7.5) 

37 

(12.2) 

18 

(6.5) 

13 

(4.7)     

Calyptraea pellucida 
 

4 

(5.0)           

Ceratoneries sp. 
 

4 

(5.0)           

Cerithidium sp. 
   

8 

(9.2) 

8 

(7.5)        

Chiton sp. 
         

53 
(10.6)   

Dentalium sp. 
      

12 

(4.3)      

Ervilia scaliola 
       

19 
(6.8)     

Ervilia sp. 
  

26 

(11.2)          

Gammaridae  
  

15 
(6.5) 

9 
(10.3)     

14 
(7.1)    

Glycera sp. 
7 

(4.7) 

7 

(8.8)      

12 

(4.3)     

Hydroides sp. 
 

5 
(6.3)           

Lumbrineris sp. 
 

6 

(7.5)           

Mellina sp. 
 

5 
(6.3)           

Nematode (undefined) 
8 

(5.4)     

32 

(10.5)   

30 

(15.2) 

77 

(15.4) 

110 

(18.3) 

104 

(27.4) 

Nucula rugulosa  
7 

(4.7)      
30 

(10.8) 
20 

(7.2)  
20 

(4.0)   

Ostracoda  
9 

(6.1)      

15 

(5.4) 

35 

(12.5) 

16 

(8.1) 

99 

(19.8)  

26 

(6.9) 

Phascolion sp. 
      

15 
(5.4)      

Pillucina fischeriana 
     

56 

(18.4)     

44 

(7.3) 

18 

(4.7) 

Pista sp. 
6 

(4.1)            

Polychaete (undefined) 
  

15 

(6.5) 

13 

(14.9) 

12 

(11.3) 

44 

(14.5) 

12 

(4.3) 

14 

(5.0)  

30 

(6.0) 

70 

(11.6) 

39 

(10.3) 

Pterelectroma sp.  
      

34 
(12.2)      

Syllis sp. 
7 

(4.7)      

12 

(4.3)      

Tellina sp. 
28 

(18.9) 
4 

(5.0) 
29 

(12.5) 
12 

(13.8) 
26 

(24.5)  
11 

(4.0) 
29 

(10.4)   
54 

(9.0) 
18 

(4.7) 

Total No. Individuals 148 80 232 87 106 304 278 279 198 501 602 379 
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Table 2: Most abundant infauna taxa (values between brackets represent %) in the south area. 
 

Taxa 

Winter Summer 

S1 S2 S3 S4 S5 S6 S1 S2 S3 S4 S5 S6 

Accalathura borradailei 
  

7 

(8.0)       
 

  

Ampelisca sp. 
        

11 

(19.0) 
 

  

Aoridae 
         

 
16 

(6.2) 

8 

(5.2) 

Branchiomma sp. 
         

 
13 

(5.1)  

Carpellidae 
        

5 

(8.6) 
 

  

Ceratoneries sp. 
         

 
 

8 

(5.2) 

Chama reflexa 
11 

(10.3)         
 

  

Cirratulidae 
     

20 

(13.6)    
 

  

Cirriformia sp. 
      

20 

(6.8)  

4 

(6.9) 
 

  

Gammaridae 
        

4 

(6.9) 
 

23 

(8.9)  

Jasmineira sp. 
         

 
12 

(4.7)  

Lumbrineris sp. 
      

15 

(5.1)   
 

  

Lysianassidae 
  

14 

(16.1)   

14 

(9.5)    
 

  

Maldanidae 
         

13 

(10.5)   

Nematode (undefined) 
         

20 

(16.1)   

Nereididae 
 

7 

(12.3)        
 

  

Oligochaeta 
      

14 

(4.7)   
 

  

Ophelidae 
 

23 

(40.4)  

82 

(57.3)      
 

  

Ophionereis dubia 
9 

(8.4)  

11 

(12.6)       
 

  

Orbiniidae 
    

15 

(37.5)     
 

  

Phascolion sp. 
     

11 

(7.5)    
 

  

Phyllodocidae 
         

 
 

10 

(6.5) 

Pinctada radiata 
36 

(33.6)  

10 

(11.5)   

30 

(20.4)    
 

  

Polychaete (undefined) 
      

45 

(15.3) 

43 

(10.5) 

6 

(10.3) 

14 

(11.3) 

26 

(10.1) 

15 

(9.7) 

Polynoidae 
         

 
 

8 

(5.2) 

Prionospio sp. 
         

12 

(9.7)   

Spionidae 
      

26 

(8.8) 

53 

(13.0)  

14 

(11.3)  

22 

(14.2) 

Syllis sp. 
      

30 

(10.2)   
 

27 

(10.5) 

19 

(12.3) 

Tanaidacea 
      

17 

(5.8) 

115 

(28.1)  
 

  

Terebellidae 
         

 
18 

(7.0)  

Total No. Individuals 107 57 87 143 40 147 295 409 58 124 257 155 
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Figure 4: Samples of most abundant infaunal benthic taxa in Bahrain. 

 

Dominance 

Figure (5) presents the k-dominance curves for each station at each area. 

These plots illustrate the cumulative ranked abundances of infauna plotted 

against the species rank. The curves are formulated from both a richness 

measure (species rank) and an evenness measure (% cumulative dominance), 
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the least elevated curve having the highest evenness and the longest reaching 

curve having the highest number of species. The plots apparantly indicated 

that the species composition in both areas either in summer or winter is more 

or less characterized by marginal dominance. The plot of station N5 in winter 

is relatively exhibited slight dominance where the sample was predominated 

by Tellina sp. (24.5%). In southern area, a dominance could be observed at 

stations S2 and S4 in winter where Ophelidae predominated the samples by 

40.4% and 57.3%, respectively. However, no real domionance was observed 

during summer in both northern and southern areas throughout the sampling 

locations, where the curves are overlapped indicating less variations among 

each other. 

 

 

Figure 5: Dominance plots of benthic infaunal taxa in the northern and southern areas. 

 

Biodiversity Indices in Northern Area 

The spatial and temporal variations of the biodiversity indices are 

displayed in Figure (6). The highest number of species “S” was collected 

from stations N1 in winter and N4 in summer and the lowest from stations N5 

in winter and N3 in summer. Similar trend could be noticed for richness 

index “D”. The number of individuals “N” also showed obvious spatial 

variation, where the highest “N” was collected from N6 in winter and N5 in 

summer, however the lowest was collected from N2 in winter and N3 in 

summer. The evenness index “J” indicated a less dominance case as the 

values were mostly higher than 0.75 particularly at station N2 in winter and
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N1 in summer. The diversity index “H” generally indicates well proportion of 

species abundance (“H” > 3.0) at the investigated stations notably at stations 

N1 in winter and N1 and N2 in summer. Temporal variations could be 

noticed for “S”, “N” and relatively “D” indicating an increasing pattern in 

summer, however slight seasonal variations were characterized both “J” and 

“H” indices. 

 

 
 

Figure 6:  Biodiversity indices of infaunal benthic community in North Bahrain during winter 

(blue) and summer (red). 

 

Biodiversity Indices in Southern Area 
Figure (7) presents the spatial and temporal variations for stations associated 

with southern area. Stations S6 and S2 represent the highest “S” in winter and 

summer, respectively. The lowest “S” was found at stations S2 
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and S4 in winter and S4 in summer. The number of individuals at station S2 

during summer was the highest, however the sample of S5 during winter was 

the lowest “N”. The richness index “D” was more or less of similar trend to 

that of “S”. The “J” index was found to be of marginal spatial variation for 

which the higest value was obtained at station S3 in winter and the lowest at 

station S4 in winter. With the exception of station S2, all stations were 

characterized by high “J” in summer. 

Similarly, the “H” index was spatially varied from 2.82 at station S6 to 

1.75 at station S4 in summer and from 3.06 at station S5 to 2.55 at station S4 

in summer. Variations based on temporal basis indicated that the biodiversity 

indices were mostly showed apparent increase toward summer period. 

 

 
 

Figure 7:  Biodiversity indices of infaunal benthic community in south Bahrain during winter 

(blue) and summer (red). 
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Spatial Variations Between Northern and Southern Areas 

The biodiversity indices as an overall resulted by combining the six 

stations at each area showed that “S”, “N” and “D” are higher in the northern 

area with clear seasonality, however with no seasonal variations for S and D 

at the southern area (Figure 8). The J and H indices indicated lower spatial 

variations, where the former was of a bit higher in the southern area, however 

the latter was slightly higher in the northern area during winter and summer 

with no difference as an overall. 

 

 
 

Figure 8:  Biodiversity indices “combined stations” in the northern (blue) and southern 

(brown) areas.
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Discussion 

The spatial and temporal variations of benthic community largely 

determined by physico-chemical and hydrobiological characteristics of the 

habitats. The present study revealed distinct spatial and temporal variations 

characterized the benthic infaunal species composition in Bahraini waters. 

Although benthic communities in the Arabian Gulf are characterized by high 

levels of biodiversity, the species richness is distinguished by low level due to 

harsh environmental conditions such as high levels of salinity and 

temperature (Sheppard et al., 2010). The biodiversity of benthic communities 

provides an indication to support the vulnerability assessment of the 

ecosystem toward anthropogenic activities particularly dredging process. On 

the other hand, it is important to improve the understanding of both 

biodiversity in marine sediments and anthropogenic impacts affecting these 

habitats in order to effectively incorporate conservation measures (Naser, 

2011). 

Recently, several developmental projects with noticeable acceleration 

rate have been implemented in Bahrain, mostly constructed in the coastal 

area. Therefore, the benthic community within and nearby these sites are 

subjected to impacts resulted by dredging and reclamation activities. The 

monitoring locations of the present study in both north and south are mostly 

located in or adjacent to borrow areas permitted for dredging process to 

extract sand for relatively big coastal projects. 

The link between biotic and abiotic variables is an essential step for 

extrapolating information from benthic samples to the larger scale of acoustic 

surveys (de Juan et al., 2013). However, this implies a good integration 

between the physical habitat distribution and the ecological knowledge of 

communities. If the distribution of marine habitats and human pressures is 

known, then the spatial distribution of the potential risk of impact can be 

estimated, thereby helping to identify the most efficient management solution 

(Stelzenmüller et al., 2010). Dredging and reclamation involve the direct 

removal of benthos and results in physically smothering the intertidal and 

subtidal habitats and deoxygenating the underlying sediments (Allan et al., 

2008). The alteration in sediment texture of the marine habitat may 

substantially affect both epifaunal and infaunal species composition, where 

the habitat recover may take a long time due to slow-growing rate as on more 

locality scale, the benthic assemblage is linked to sediment grain size. For 

instance, Palmer et al. (2008) found that macrofauna off the western coast of 

Louisiana were not fully recovered three years after dredging a sand 

excavation pit. However, this is not a universal phenomenon as there may be 

multiple factors involved in complex species-environment relationships 

(Freeman & Rogers, 2003). The industrial and domestic discharges are 

further sources affecting the benthic biodiversity. Naser (2010b) investigated
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the effects of sewage discharge on macrobenthic assemblages inhabiting 

subtidal areas surrounding the major treatment plant in Bahrain. The study 

revealed a reduction in biodiversity, richness and evenness of macrobenthos 

due to an increase in organic enrichment mainly ammonia and phosphates. 

The seasonality and the population dynamics of benthic community is 

based on both recruitment pattern and subsequent survival of these recruits. 

The benthic infaunal species composition in the present study indicated a 

dominance of polychaetes followed by molluscs and crustaceans. Polychaetes 

are the most successful benthic group due to the recruitment strategies and 

the survival patterns, therefore constituting a dominant functional component 

in most benthic communities. Moreover, this group is distinguished by a wide 

range of adaptability to different marine and coastal habitats. The dominance 

of polychaetes might be attributed to opportunistic bearing potential ability to 

colonize in stressed environments due to adaptable nature as pointed out by 

Raveenthiranath (1990). The polychaetes predominated the infauna 

assemblage in the south area as this group prefer soft bottom habitat, which 

characterized the seagrass beds. However, the molluscs comprised a 

considerable part of the assemblage in the north area due to the existence of 

sand habitat covering most of the bottoms in which the molluscs are widely 

distributed. There is no attempt made to define the limiting factors controlling 

the distribution of benthic fauna. Consequently, it would be of great 

importance to conduct a further survey to determine the relationships between 

the benthic community and potential influential abiotic factors including the 

sediment grain size to find out the species variability extent. 

A common concept of relationship between benthic infauna and sediment 

texture is mostly attributed to biological aspects, e.g. the feeding habit 

controls the foraging for food availability. Moreover, highest diversity and 

richness observed during summer at most stations investigated in the present 

paper could be a seasonal function of reproductive cycle that may take place 

in such period. Biologically, the community characterized by high 

biodiversity level represents complex trophic level interactions, which 

support the stability of the food web and at the same time reduce the effect of 

bottom down food web. However, communities exemplified by low 

biodiversity level are more vulnerable to external perturbations due to weak 

inter and intra-trophic levels with relatively short feeding relationship 

connections. 

On spatial basis, the diverse topography in the coastal zone creates a 

wealth in habitats, explaining the high benthic variability (Ruddick et al., 

1998). The marine habitats in the north of Bahrain are more diverse than 

those in the south (Ali, 2014), therefore the opportunity provided for infauna 

species diversity is higher in the north in comparison with the southern area. 

Although the number of species and individuals showed obvious spatial and 
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temporal variations, no real variation was observed for the evenness, which 

more or less indicating homogeneous distribution throughout the year. The 

utilization of the niche for different successive biological purposes by broad-

scale species enhances the occurrence of the species composition with less 

proportional variation and high evenness level. 

The present study provides a baseline to assess the status of the 

investigated areas post completion of dredging in the offshore and the 

reclamation in the inshore areas to determine the extent of the change resulted 

in relation to these activities and their impacts on marine biodiversity in 

Bahrain. 
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