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The in-fauna community inhabiting the surface sediments in the Bahrain
waters during 2007-2008 was investigated to describe the spatial and
temporal variations between and within Northern and Southern areas.
Usinga 0.05 m2 van veen grab, samples were collected from 12 sampling
stations: 6 stations at each Northern and Southern waters. The samples
were collected during Summer and Winter to compare the in-fauna
species composition on seasonal basis at each area. In situ water analysis
(temperature, salinity, turbidity, pH, dissolved oxygen and depth) and
the sediment grain size analysis were carried out at same stations of in-
faunal samples in order to identify potential environmental key factors
causing temporal and spatial variations of in-fauna assemblage. Based
on species composition, in-fauna community patterns were identified
and evaluated by multivariate analysis Multidimensional Scaling
(MDS) using PRIMER V6. A total of 5075 specimens represented by
186 taxon were collected during the study period. Generally, the in-
fauna abundance and number of species in the Northern area was higher
than the Southern area and seasonally the samples collected in Summer
were relatively more abundant than those collected in Winter. The BIO-
ENV results revealed that the water depth and turbidity are the most
influential parameters causing spatial variations of in-fauna community
within Northern and Southern areas. On temporal basis, temperature
found to be the factor determining major part of the temporal variations
within stations associated with Southern area, however turbidity was
the influential parameter of temporal variations for stations within the
Northern area. On the other hand, the salinity found to be the influential
factor affecting the majority of spatial variation between Northern and
Southern in-fauna species composition. The present study provides a
database on part of marine biodiversity representing a background on
benthic community in Bahrain that can be used as a biological indicator
to evaluate potential environmental impacts pertaining to developmental
projects particularly dredging and reclamation works in coastal and
offshore regions.
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Introduction

Marine benthic ecosystems comprise a mosaic of
biological assemblages existing under differing
environmental conditions, and it is conceptually difficult
to address the functional role of all biotic components of
benthic systems simultaneously (Bremner et al., 2006).
From a monitoring perspective, benthos offers three
positive attributes: a) relatively sedentary and long-lived,
b) occupy an important intermediate trophic position
and c) respond differentially to varying environmental
conditions (Reish, 1972).

In-fauna represents organisms that live inside
the top layers of the sediment, which can be used
as a biological indicator to evaluate environmental
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stresses. Any physical impacts due to an alteration
of the bottom topography and sediment composition
may directly or indirectly reflect on in-fauna species
composition. In benthic systems, invertebrate
species distributions and assemblage composition
are strongly influenced by the physico-chemical
environment over a range of scales (Hall et al., 1994).

The in-fauna species composition is linked to
different factors structuring the assemblage; e.g.,
temperature, water movement, depth and seabed as
found by (Rees et al., 1999); (Thrush et al., 2001);
(Sanvicente-Anorve et al., 2002) and (Barros et al.,
2004). The situation will be more complex under
potential impacts of anthropogenic disturbances
resulted from coastal and/or offshore development
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activities, whichmay interact with natural seasonality
modifying assemblage composition. Consequently,
the assessment of the structure and dynamics
of biotic / environmental interactions is of great
importance to provide a background on biological
and ecological processes, on which explanations
could be sorted for any possible man-made
contributions. Due to its geographical location, the
Summer temperatures in Bahrain regularly exceed
50°C and drop to 14°C-18°C in Winter (Price and
Vousden, 1985). Water temperatures and salinities
are found to be closely related as a direct result of
the climate and the shallowness and partially land-
locked nature of this region (Vousden et al., 1985).

The marine environment in Bahrain was
ecologically surveyed twice; the first was carried out
by the Environmental Protection Committee during
the period 1985-1988 (Vousden, 1988). The second
was conducted by Bahrain Centre for Studies and
Researches during 1998-1999 (Sims & Zainal, 2000).
Recently, under marine GIS, projects (MARGIS I &
MARGIS 1) initiated by Bahrain Centre for Studies
and Research, concerned with extensive survey on
marine habitat, substrates and marine animals was
carried out (Geomatec, 2006). Many key species,
which are very important for global, regional
and local environment, are present in the Bahrain
marine benthic environment (Al-Zayani, 2003).
Some of these species have been first recorded in
the Arabian Gulf as reported by (Basson ef al., 1989
and (Monniot & Monniot, 1997). Several studies
discussed the environmental impacts of dredging
/ infilling activities, which have been going on for
a long time in Bahrain (Al-Alawi, 1982); (UNEP,
1985); (Madany et al., 1988); (Vousden, 1988) );
(Madany et al., 1991); and (Vousden, 1995). The
study undertaken by (Al-Wedaei, 2007) seems to be
the only work concerning with in-fauna associated
with Bahrain waters in relation to environmental
variables. That study focused on macrobenthic
fauna associated with seagrass beds in the Western
and Eastern areas of the Kingdom of Bahrain.

The objectives of the present study are to identify
the spatial and temporal variations of in-fauna
species composition and to find out the influential
abiotic factors regulating the in-fauna community in
the Bahrain waters using multivariate analyses.
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Materials and Methods

(1) Study Area

The Kingdom of Bahrain is composed of 36
islands. The main island is known Bahrain and the
other major islands are Muharraq (at North), Sitra
(at North East), Um Nasan (at West) and Hawar
(at South East) in addition to many small islands
scattered within the territorial Bahraini waters.
This archipelago is lying at latitudes between 25°
32 and 26° 20" North and longitude between 50°
20 and 50° 50 East.

The present study was designed to characterize
the in-fauna community in the Northern and
Southern waters of Kingdom of Bahrain. The
former situated North to the Al-Muharraq Island
and the second associated with the area South to
Durrat Al-Bahrain Resort (Figure 1). A total of
12 stations have been selected; six monitoring
locations at each Northern and Southern area. The
samples were collected during Summer and Winter
2007-2008.

(2) Environmental Data

In situ water analysis and sediment grain size analysis
were carried out at same stations of in-faunal samples
in order to determine the relationships between the
environmental factors and the in-faunal community
composition. A Laser monitoring multi-sonde water
quality meter was used to assess a number of in situ
water quality parameters at each station within the
study area. At each location, water quality was assessed
at the mid-water depth. The parameters that were
measured by the meter were temperature (C°), salinity
(ppt), turbidity (NTU), pH, dissolved oxygen (mg/l)
and depth (m).

The determination of the particle size is
essential for the assessment of the availability
of substances for the flora and fauna, which
may affect the in-fauna assemblage. Samples of
sediment were taken for particle size analysis. The
material was sieved over the range 20 millimeters
down to 0.063 millimeters. Results were expressed
using conventional Wentworth Classification to
give percentage composition of each particle size.
These data were then used as an input to similarity
analysis of sediment composition in the survey
area using multivariate techniques.
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Figure 1: Location Map of Sampling Stations

(3) In-fauna Data

Triplicate samples at each location were collected using
a Van Veen grab 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 hand magnifier when it is
needed. The specimens of each sample were kept
then in a small container to be examined under the
microscope. The identification setup is made of 10x4.5
Stereo Zoom Microscope (Radical) fitted with digital
Camera (Carton) and connected to a desktop computer.

(4) Data Analyses

Once the identification had been completed the data
were then subjected to the following data processing.
The objectives of the analysis of data arising from the
monitoring are focused on identification of spatial and
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temporal patterns of the in-faunal species abundance
under investigation and to assess their relationship to
environmental parameters.

(5) Multivariate Analysis

The software package PRIMER V6 (Plymouth Routines
In Multivariate Ecological Research) developed by
Plymouth Marine Laboratory (Clarke and Warwick, 2001;
Clarke and Gorley, 2006) was applied. This package is
widely employed as a tool for analyzing benthic datasets.
Prior to carrying out multivariate analyses, a Bray-Curtis
similarity matrix was calculated from the transformed
data matrix; the Bray-Curtis coefficient utilized in this
procedure is the most the commonly used for biological
assemblage data. The Bray-Curtis similarity matrix
displays the similarities between all possible pair wise
combinations of sample stations based on a scale of
0-100, where O represents complete dissimilarity and
100 equals complete similarity between pairs of stations.
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(5.1) Non-metric Multidimensional Scaling (MDS)
This non-parametric ordination technique represents
samples as points in a low dimensional space (usually
a 2D plot). All points are in the same rank order as the
relative dissimilarities or distances of the samples, as
derived from the similarity matrix. The 2D MDS plot
is therefore easy to interpret; the closer the points are
together, the more similar the community composition of
the samples in question and vice versa. The stress value
of the MDS plot provides an indication of the ‘goodness-
of-fit’ of the plot in relation to the similarity matrix. The
species that account for the similarity and differences
between the in-faunal groups were identified using the
SIMPER sub-routine within the PRIMER software.
(5.2) Biological and Environmental Data
Relationship (BIO-ENYV)

BIO-ENVidentifies subsets of variables from one dataset
that show the best match with patterns from a second
dataset (Clarke and Ainsworth, 1993). In present paper
this routine simply calculates a measure of agreement
between the in-fauna abundance and environmental
variables, to explore the subset of environmental
parameters, which best ‘matches’ the biological
patterns observed between the stations investigated.
For each survey area, the Bray-Curtis similarity
matrix of square root-transformed in-fauna data was
compared against the normalized Euclidean distance
(dissimilarity) matrix of untransformed environmental

data. Spearman rank correlation coefficients quantify
the match between the biotic and abiotic matrices, and
choose the subset of environmental variables which
maximize the correlation coefficient, which elucidate
the extent to which environmental data is related to or
‘explains’ the observed biological pattern (Clarke and
Warwick, 2001).

Results

(1) Abiotic Factors

Data on in situ water analysis (temperature, salinity,
turbidity, pH, DO and depth, and sediment Median
Particle Size (MPS) for North and South stations are
summarized in Tables 1 and 2, respectively.

At North area, the temperatures were apparently
different between Winter and Summer readings.
The minimum was 16.5 °C in Winter (average 18.7
°C), however the maximum in Summer was 32.7°C
(average 31.4°C). The salinity was ranged between
39.9% to 44.1% in Winter and from 39.6% to
44.0% in Summer. The turbidity in Winter showed
a wide range varied between 0.1 NTU at N3 and
26.5 NTU at N6, however in Summer the turbidity
found at lowest level (0.1 NTU) in the studied
stations. The results revealed that pH readings in
Winter (average 8.5) were slightly higher than
Summer readings (average 8.0).

Table 1: Some Abiotic Factors at Northern Stations during Winter (W) and Summer (S)

Station | Temperature | Salinity (ppt) (Turbidity (NTU) pH DO (mg/l) Depth (m) MPS (mm)
QY

W S W S W S Y S W S w S W S
N1 18.3 | 32.2 | 413 | 408 6.2 0.1 9.0 8.0 4.1 6.4 7.3 7.0 0.31 | 041
N2 16.5 | 32.0 | 43.0 | 44.0 0.3 0.1 9.0 7.9 5.0 6.3 5.5 5.3 0.38 | 0.30
N3 172 | 292 | 44.1 | 42.0 0.1 0.1 9.0 8.0 5.3 6.3 8.8 8.5 0.35 | 042
N4 19.8 | 322 | 41.1 | 414 6.1 0.1 8.0 8.2 5.6 5.7 10.1 | 10.0 | 0.55 | 0.50
N5 20.2 | 327 | 41.1 39.6 | 26.5 0.1 8.1 8.0 5.7 5.6 9.0 9.0 0.11 0.18
N6 20.2 | 29.8 | 399 | 40.7 | 10.9 0.1 8.1 8.0 5.5 6.1 3.5 3.0 0.48 | 0.57

Table 2: Some Abiotic Factors at Southern Stations during Winter (W) and Summer (S)
Station | Temperature | Salinity (ppt) Turbidity pH DO (mg/1) Depth (m) MPS (mm)
(°C) (NTU)

A\ S Y S W S Y S A S W S W S
S1 19.5 | 34.1 | 499 | 536 | 0.1 106 | 79 8.2 5.5 5.7 7.0 7.3 0.09 | 0.06
S2 19.6 | 342 | 494 | 53.1 0.1 10.6 8.0 8.2 5.7 5.8 6.0 6.4 | 0.11 | 0.06
S3 19.5 | 34.0 | 504 | 57.2 0.1 10.1 7.9 8.1 5.4 5.5 13.2 13.4 | 0.063 | 0.06
S4 19.8 | 35.1 50.0 | 54.5 13.3 10.4 8.0 8.2 5.7 6.1 1.2 1.4 0.38 | 0.35
S5 19.7 | 340 | 49.6 | 568 | 0.2 12.6 8.0 8.1 6.0 5.6 3.6 39 | 040 | 047
S6 20.0 | 35.1 | 50.7 | 547 | 0.1 9.5 8.0 8.3 5.8 6.0 2.5 27 | 043 | 0.50
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The dissolved oxygen results showed well
oxygenated condition where the levels mostly over
4 mg/] ranging from 4.1 mg/1 to 6.4 mg/1. The depths
at all stations were over 3.0 m; the shallowest depth
(3.0 m) at station N6 and the deepest (10 m) at station
N4. For MPS, the results indicated that station N5
characterized by finer sediment gradient (0.11 — 0.18
mm). The coarser sediment gradients found at stations
N4 (0.50 — 0.55 mm) and N6 (0.48 — 0.57 mm).

At South area, the minimum water temperature
recorded in Winter was 19.5 °C (average 19.7°C)
and the maximum was 35.1°C recorded in Summer
(average 34.4 °C). In Summer, the average of salinity
(55%) ND turbidity (10.6 NTU), were higher than
averages obtained in Winter (salinity = 50%),
(turbidity = 2.3 NTU) indicating that the Southern
water mass in Summer seems to be more saline and
characterized by less transparency water column.
Generally, the pH readings tend to be more alkaline
in Summer showing slight seasonal variations where
the average in Summer was (8.2) and in Winter was
(8.0). As observed in North area, the water mass in
the South is also well oxygenated where the levels
ranging from 5.4 mg/l to 6.1 mg/l. The shallowest
depth was at station S4 ((1.2 — 1.4 m) and the deepest
at station S3 (13.2 — 13.4 m). The MPS at stations
S1, S2 and S3 indicated finer grain size of sediments
in such locations in comparison with the other 3
locations (S4, S5 and S6) where the grain size average
was ranged between 0.35 mm to 0.50 mm.

One-way factorial analysis of variance (ANOVA)
was run on the in situ water analysis parameters to
test whether there are significant differences between
the Winter and Summer sets at each area (Table 3).
The statistical analysis indicated that in situ water
analysis showed significant differences (P < 0.05)
between Summer and Winter readings except for
salinity in the Northern area and dissolved oxygen in
the Southern area.

Table 3: Significant (e) and Non Significant (o)
Differences of in situ Water Analysis between Winter-
Summer at Northern and Southern Stations

Parameters | Temperature | Salinity | Turbidity | pH | DO
North ° o ° o | o
South ° ) ) e | O
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(2) In-fauna

A shown in Figures (2 and 3), a total of 186 taxon
represented by 5075 specimens were collected during
the study period. The number of species and individuals
collected at Northern area were higher than those
collected at Southern area. The number of species
collected in Summer (105) was higher than those
collected in Winter (85) at Northern area; however no
difference found in number of species between Winter
(59) and Summer (58) at Southern area. The number
of individuals collected in Summer (2237) was largely
higher than Winter (959) for North area. Similarly, in
the Southern area, the number of individuals collected
in Summer (1298) considerably higher than those
collected in Winter (581).

Total

5075 ’

Winter / .

959

Summer

2237 ‘

Figure 2: Number of In-fauna Species in the Northern
and Southern Stations during Winter and Summer.

Winter
581

Summer

129

Total
186

Summer  Winter . \
85

105

Summer  Winter
59

i

Figure 3: Number of In-fauna Individuals in the
Northern and Southern Stations during Winter and
Summer

The highest number of species in the Northern
area was 55 collected from station N4 and the
lowest was 24 at station N5 (Table 4). However, the
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highest number of species in the Southern area was
34 collected from station S6 and the lowest was
17 at stations S2 and S4 (Table 4). The maximum
number of individuals collected from the Northern
area was 602 at station N4 and the lowest was 80
at station N2. In the Southern area, the highest
number of individuals was 396 collected from
station S2 and the lowest was 55 from station S5.
The number of taxon and individuals at all stations
(except S4 and S5 for number of species) showed
increasing pattern toward warm season.

Table 4. Number of Species and Number of Individuals
of In-fauna in The Northern and Southern Stations
During Winter (W) and Summer (S)

Northern No: N(?. Indi- Southern No: Nq. Indi-
Stations Species | viduals Stations Species| viduals
WI|S|W|[S WI|[S| W | S
N1 43 | 44 | 148|278 S1 29 (30| 110 | 299
N2 27 | 48 | 80 (279 S2 17 {30| 62 |396
N3 28 | 34 | 160 232 S3 21 (22| 60 | 85
N4 28 | 55| 88 [602 S4 18 [17| 124|166
N5 24 |49 | 107|379 S5 29 22| 55 |256
N6 30 | 47 | 304 501 S6 28 (34| 149 | 160
(3) MDS Analysis

The stations located within one contour in the MDS
ordination at 50% similarity level represent no real
difference between species composition.

(3.1) Northern Area

The MDS plot for Winter samples presented in the
first plot in figure (4) showed four groups; three are
represented by single station (N1, N2 and N6) and the
fourth includes the other three stations (N3, N4 and
N5). In Summer, the MDS ordination showed some
differences in stations scattering in comparison with
Winter plot. The results illustrate that the stations are
categorized into three groups as shown in the second
MDS plot in figure (4). The first represented by single
location (N3), the second includes two locations (N1
and N2). However, the three other locations (N4, N5
and N6) are gathered into one contour. The third MDS
plot in figure (4) represents the stations as overall for
Winter and Summer sampling stations. No overlap
noticed between Winter and Summer. The stations
scattered with similar contours as in first and second
MDS plots; i.e. seven groups can be identified.
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Figure 4: MDS of In-fauna Species Composition
at Northern Stations
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Figure 5: MDS of In-fauna Species Composition
at Southern Stations

(3.2) Southern Area
The Winter samples as presented in the first MDS plot
in (see fig, 5) can be divided into four groups. Two of
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them are represented by single station (S4 and S5);
however each of the other two group comprised of two
locations; the first represents S1 and S6 and the second
represents S2 and S3. The MDS ordination for Summer
sampling stations mostly differ from the Winter plot
showing three groups. Two of them are represented
by single location (S3 and S4), however the other four
locations are clumped into one contour as shown in
the second plot in figure (5). The combination of both
Winter and Summer sampling locations has been
analyzed in overall. The MDS analysis as illustrated in
the third plot in figure (5) revealed that the Winter and
Summer stations are clearly separated indicating that
the in-fauna community in these two periods seem to
characterized by different species composition.

(3.3) Northern and Southern Waters

The MDS analyses run on the four in-fauna datasets;
Winter and Summer for both Northern and Southern
areas. The results illustrated in figure 6 showed three
main groups. The first group on the left, represents
the Northern stations sampled in Winter and Summer
with marginal separation. The second group on the
right represents the Southern stations sampled in
Winter. The third group at the mid lower part of the
plot represents Northern stations sampled in Summer.
The SW4 contour in the upper right corner and SS3
contour separated from the third group represent in-
fauna sample collected at high turbid water in these
stations. Such results indicate that the in-fauna species
composition spatially categorized into two main
groups; Northern and Southern areas. On temporal
variations, the species composition can be seasonally
separated into Winter and Summer only in Southern
area; however in Northern area marginal variations
observed between Winter and Summer samples.

SW42D Stress: 0.11 Stations
(m) ANWT X NST O SW1 + SS1
v NW2 % NS2 A SW2 X SS2
PR NW3 A NS3 v SW3 # 883
/nwr W _sw2 & NW4 v NS4 M SW4 A §54
NS28 ) e SSwsA O\ |le Nw5 O NS5 @ SW5 v S5
\ WW’}_:‘_/ (*) + NW6 © NS6 @ Swe O $S6
SANYETR S — = "
NS‘NS%3 / SW6 | Similarity
) 50
&7 ss3 swaS?!
&) /)
856
/ 884 4
[sg52

| Vss2
_ox

Figure 6: MDS of In-fauna Species Composition at
Northern and Southern Stations during Winter and
Summer
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(3.4) BIO-ENYV Analysis

The relationships between in-fauna species composition
and the environmental variables were investigated. The
correlations calculated by BIO-ENV are given in figure
7. In the BIO-ENV analysis of the transformed matrix
of 7 environmental parameters, the single abiotic factor
which is highly associated with the in-fauna species
distribution was the water depth in the Northern area
for both Winter and Summer and in the South area for
Summer period as well. Turbidity found as an influential
factor regulating the in-fauna species composition for
the overall data (combination of Winter and Summer)
in the Northern area and also for Winter period of
Southern area. The results indicated that temperature
was the influential factor determine the in-fauna species
abundance of the overall data (combination of Winter
and Summer) in the Southern area, however salinity
was the main limiting factor determine the spatial
variations between the Northern and Southern in-fauna
species composition.

The best correlations between the abiotic and
biotic matrices are presented in Table 5. Following to
the contribution of factors have highest correlation;
depth accounted 76.1%, 61.6% and 100% of
the best correlations for North Winter, North
Summer and South Summer datasets, respectively.
Turbidity accounted 88.9% of the best correlation
for North (combination Winter and Summer) and
100% for South Winter. Temperature contributed
to 89.3% of the best correlation for the overall data
(combination Winter and Summer) of South area.
Finally, salinity gradient controlled 98.8% of the
best correlation for the spatial variation between
North and South in-fauna species composition.
Basing on 5% significance level, the temporal
variations between Winter and Summer in-fauna
species composition in both North and South areas
showed significant correlation (P<0.05). Moreover,
the spatial variation between North and South in-
fauna datasets also showed significant correlation
(P<0.05). However, for other cases within each area
(North Winter, North Summer, South Winter and
South Summer) have no significant correlations
with the seven a biotic factors investigated.
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Figure 7: Correlations between Environmental Variables and In-fauna Species Composition Based on BIO-ENV

Routine

Table 5: Influential A biotic Factors Determine In-fauna Species Abundance in the Northern and Southern Station

Area and Periods Influential Parameters r Value |Influential Parameters (Best r Value
(Highest r with single pa- correlations)
rameter)
North (Winter) Depth 0.424 Temperature, DO & Depth 0.557
North (Summer) Depth 0.165 Temperature& Depth 0.268
North (Winter & Summer) | Turbidity 0.434 Ezl;?gleztﬁ;’smrbld“y’ Do, 10488
South (Winter) Turbidity 0.677 Turbidity 0.677
South (Summer) Depth 0.715 Depth 0.715
South (Winter & Summer) Temperature 0.684 Temperature & Turbidity. 0.766
North & South Salinity 0.479 Salinity & Depth 0.485

The best correlations between the abiotic and
biotic matrices are presented in Table 5. Following to
the contribution of factors have highest correlation;
depth accounted 76.1%, 61.6% and 100% of
the best correlations for North Winter, North
Summer and South Summer datasets, respectively.
Turbidity accounted 88.9% of the best correlation
for North (combination Winter and Summer) and
100% for South Winter. Temperature contributed
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to 89.3% of the best correlation for the overall data
(combination Winter and Summer) of South area.
Finally, salinity gradient controlled 98.8% of the
best correlation for the spatial variation between
North and South in-fauna species composition.
Basing on 5% significance level, the temporal
variations between Winter and Summer in-fauna
species composition in both North and South areas
showed significant correlation (P<0.05). Moreover,
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the spatial variation between North and South in-
fauna datasets also showed significant correlation
(P<0.05). However, for other cases within each area
(North Winter, North Summer, South Winter and
South Summer) have no significant correlations
with the seven a biotic factors investigated.

Discussion

Benthic fauna provide an ideal measure of the
community’s response to environmental impacts;
therefore these organisms represent an effective
biological indicator of the extent and magnitude of
environmental stress in the marine environment. The
present study investigated the in-fauna community
—a biotic interaction in the Northern and Southern
waters of Bahrain prior to commencement of coastal
developmental projects located at within the study
area. Consequently, this allows sorting out how and
to which extent natural and/or anthropogenic impacts
affect benthic fauna community. Moreover, sampling
sites and the relative long period of sampling duration
which has been carried out in different seasons give the
advantage to cover most of the marine habitats in the
Bahrain waters and at the same time to investigate the
seasonal function role.

Basing on in situ water analysis results, it
could be concluded that the Southern waters
seem to be warmer, more saline, less turbid, less
alkaline and more oxygenated than the Northern
waters. Generally, the sediment particle size in
the Southern area is finer than the Northern area.
Salinity found to be one of the most influential
parameter significantly affecting the spatial
variations of in-fauna species composition. The
salinity gradient in the South is noticeably higher
than the level in North area. Sheppard et al., (2010)
referred to exceptionally high salinity phenomenon
in the Arabian Gulf particularly South of Bahrain
in the Gulf of Salwah. In such extremes of these
gradients, fauna become very limited though a
very few species may remain abundant.

On local scale benthic assemblage could be
related to sediment grain size as demonstrated by
Brown et al., 2002. However, Newell et al. (2001)
found that this relationship is not a universal
phenomenon. In the present study there is, however,
no evidence of a close correspondence between the
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distribution of different sediment types and benthic
communities in the survey area: comparison of the
similarity matrices yields correlation of less than
0.20. This suggests that the influence of sediment
characteristics on in-fauna species composition
was less pronounced in comparison with other
factors.

The present study revealed that the most
influential environmental factors affecting the
in-fauna community structure were water depth
and turbidity on spatial basis (within habitat),
temperature on temporal basis between Winter
and Summer and salinity on spatial basis between
North and South. These factors showed highest
correlations as indicated by the results of the BIO-
ENV analysis.

The BIO-ENV results revealed that the benthic
colonization of the in-fauna species regarded in
this analysis is associated with depth. The water
depth could be described as the master factor due
to its impact on other abiotic factors; it is likely
to be mainly responsible for the in-fauna zonation
in the study area. Such depth-dependency of
environmental factors and benthos zonation has
already been pointed out in other marine habitats
by (O’Brien et al., 2003); (Perus and Bonsdorff
2004); (Kroncke et al., 2004); (Zettler et al.,
2006); (Bonsdorff, 2006); and (Reiss et al., 2010).

As the environmental factors often are
highly inter-correlated, most of the water quality
parameters e.g., salinity, Do and pH, are controlled
primarily by temperature. The marine habitats
in Bahrain are already stressed by changes in
temperatures. Natural adaptation will probably be
too slow to avert a decline in the water quality and
would negatively affect associated fauna. Salinity
seems to be a major environmental problem in
Bahrain. Indirect impacts may resulted from
Climate Change, which directly affect the water
temperature and then lead to higher levels of salinity
as a result of higher evaporation synchronized with
very low precipitation, therefore, climate change is
a key factor in determining the rate of salinization
and the complexity of the impacts. Similar finding
has been observed by (Al-Wedaei, 2007) on
benthic fauna associated with seagrass beds in
Western and Eastern coasts of Bahrain. This means
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that the abundant in-fauna species can be classified
as stenohaline species, which make the apparent
influence of salinity as a main predictor on the
benthic assemblage becomes significant.

The present study provides a background on
in-faunal community in the Northern and Southern
waters of Bahrain that can be used to evaluate
potential environmental impacts which could be
resulted due to coastal and offshore developmental
constructions. As a result of several coastal and
offshore projects either constructed or under
construction/ planning phase, further investigations
are required on in-fauna assemblages as a biological
indicator to evaluate the impacts of dredging and
infilling works on benthic community.
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