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Abstract: Macrobenthic community of Bardestan creek was investigated during four seasons from September
2008 to April 2009. The studied area was muddy flat and a narrow mangrove forest consisting of patches of
mature Avicenia marina fringes each side of the creek (about 1 hectare m mangrove trees). Macrofauna and
sediment were sampled in four distinct transect lines and five station along each transect line. Three replicates
of samples were taken at each station. Some envirommental parameters also were measured near each sampling
place, from gathered water in a handy excavated hole through sediments. The number of 44 macrobenthic
species belongs to four taxonomic classes of gastropoda (20 species) malacostraca (12 species), polychaeta (6
species) and bivalvia (6 species) were identified. Paphia galus, Cerithidea cingulata, Hydrobia sp., Capitella
capitata and Ceratonereis sp. were dominant species. Density and species number of macrofauna increased
mn colder seasons. Diversity and density of macrofauna mncreased from landward margin toward the seaward
border of the habitat. Environmental parameters played important role in spatial and temporal variation of
macrofauna structure. For mstance, temperature and TOC content of sediment showed considerable correlation
to species richness during different seasons. Spatial alteration in density of gastropoda and bivalvia were
correlated to the percentage of mud. Polychaeta density was correlated to Eh, salimty, mud, TOC and DO.
Density of malacostraca was correlated to TOC content.
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INTRODUCTION

Mangrove forests are one of the most productive
ecosystems worldwide [1] which is distributed circum-
tropically, occurring i 112 countries and territories [2].
These ecosystems protect shoreline against soil erosion
[3] and reduce transportation of pollutants like heavy
metals to estuarine and marine ecosystems [4]. The
presence of considerable amounts of organic compounds
and diverse benthic commumties attract many other
organisms to this ecosystem for various propose such as
feeding and breeding. Mangroves provide a nursery
ground for many valuable species like shrimps and fishes.
Muddy or sandy sediments of mangrove swamps may
serve as habitat for a variety of macrofauna and
Brachyuran crabs,

meiofauna. gastropods, bivalves,

hermit crabs, barnacles, sponges, tumcates, polychaetes
and sipunculids make the main groups of mangrove’s
macrofauna communities [5]. Composition of macrofauna
structure changes through varied tidal levels and different
parts of an ecosystem [6]. Distribution of macrofauna 1s
affected by enwvironmental properties [7]. The main factors
including structure of mangrove trees [8], hydrological
changes [9], sediment type [10], temperature, salnity [11],
organic matter, mud content and dissolved oxygen [7]
have been reported as effective factors which influence
distribution and density of macrofauna.

The burrowing certain  benthic
invertebrates have an important effect on sediment. They
assist flushing toxic substances by increasing water

activities of

movement through sediment particles. In addition, their

deposits and detritivory feeding enhance nutrient
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recycling [12, 13]. They also are important source of food
for vertebrate predators including shallow-water fishes
that enter mangrove habitats by incoming tides [14].
Sensitivity of these organisms to increased levels of
pollution [15] has caused to be frequently used as
important indices to evaluate ecological health and
environmental status [16]. Having sedentary life style and
being in touch with sediment make these communities
suitable to estimate the environmental impacts of
pollutants which have accumulated in the sediments [17].
Mentioned characteristics of macrofauna suggest that
these organisms are important part of mangrove
ecosystems, but lack of research about these communities
restricted our knowledge about them in Iranian coasts of
the Persian Gulf. Unfortunately, no study has been
performed to investigate benthic communities of
Bardestan mangrove swamp. This habitat and its live
parts are faced to some impacts. It is predicted that some
global threats like climate changes and global warming will
impact mangrove ecosystems. Based this theory, sea level
rising can be the greatest threats for mangrove habitats
[18]. Besides, industrial development, residential and
tourism activities in the Persian Gulf have impacted this
unique ecosystem during past years [19]. Bardestan
mangrove swamp as a coastal habitat of the Persian Gulf
also may be affected by mentioned anthropogenic effects.
Short distance of the habitat to the urban and industrial
places of Bardestan town has affected live part of this
habitat too. Present study was carried out to compensate
lack of information about current status of macrofauna
community of this habitat and to improve our knowledge
about its ecology and biota. This information could be
useful in comprehensive and sustainable management and
protection of it against anthropogenic impacts.
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MATERIALS AND METHODS

Study Area: The present study was carried out in
Bardestan mangrove swamp close to Bardestan town in
Bushehr province, Iran (51° 57' 28" E and 27° 50' 27" N),
(Fig. 1), consisting of narrow mangrove forests,
approximately 50-60m up shore patches of mature
Avicennia marina fringes. The area of mangrove forest is
about 1 hectare in mangrove trees [20, 21]. The main
central canal of this mangrove forest which is lined across
the Persian Gulf, is the only place covered with water in
low tide. Distribution of mangrove trees is not the same in
two sides of the central canal. Most trees are located in
the western side and have expanded from north to south
along the canal. There are only a small patch of trees in
eastern side of the habitat. The ecosystem lacks any
constant waterway from land and just seasonal runoffs
affect this habitat. Industrial and wurban regions
surrounded the habitat and have made it so susceptible to
anthropogenic effects.

Sampling Design: Sampling was carried out during four
seasons. It was performed in September and November
2008 as well as February and April 2009. According to
distribution of mangrove trees and for covering the whole
habitat, four transect lines were selected which transects
1, 2 and 3 were situated in western side and transect 4 was
located in the eastern mangrove patch (Fig. 1). With
regard to apparent horizontal zonation, each transect line
was divided into five distinct stations from high tide to
low tide. These stations were named: High tide zone (Ht),
Upper mid tide zone (Up), Mid mid tide zone (Mm), Lower
mid tide zone (Lm) and Low Tide zone (Lt), from high to
low tide, respectively (Fig. 2).
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Fig. 1: Sampling site, Bardestan mangrove estuary, Persian Gulf
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Fig. 2: A schematic view of tidal levels in each transect
line

Three replicates of macrofauna were taken randomly
using a 0.25 m* quadrate framework to the depth of 10 cm
of sediment. For Grain Size (G.S) and Total Organic
Carbon (TOC) analysis, three samples of sediment were
taken close to sampling stations, using core sampler.
Samples were put into plastic bags and were carried to the
ecology laboratory of the Persian Gulf Research and
Study Centre (PGRSC), for further laboratory processes.

Some physiochemical factors (including salinity, pH,
temperature, dissolve oxygen and redox potential) were
determined using portable instruments. These factors
were measured through gathered water in artificially
excavated holes in sediment.

Laboratory Processes: Isolated macrofauna were
identified until possible taxonomic levels, often to species
level using available identification key books [e.g 22, 23].

Grain (particle) size of sampled sediment was determined
by applying sieve series of 4 mm to 63 pm [24].
Colorimetric method was used to determine TOC of
sediment [25].

Data Analysis: Pearson correlation test was used in order
to test correlation between  Dbiological and
physicochemical parameters as well as correlation among
value of various indices. Biological parameters (i.e.
density and species number) among different stations and
different tidal levels were compared using One-Way
ANOVA analysis. K-Related test (Chi-Square, Friedman
Test) was used to compare biological and physiochemical
parameters among different seasons or different transect
lines. These analyses were performed using SPSS

statistical software (Ver. 14.0 for Windows) and
“STATISTICA” programs.
RESULTS

Abiotic Parameters: Environmental factors measured in
Bardestan mangrove swamp are summarized in table (1).
There was no significant difference among different
transect lines in various parameters (P>0.05). Hence, data
belong to the same stations of different transects were
pooled together to summarize them. Mud was the major
portion of sediment. Its percentage varied from 15% to
92% among different stations. Amount of mud increased

Table 1: Summary results of some abiotic measured parameters (Mean+SD) at different tidal levels of Bardestan creek

Station Mud (%) TOC (%) T (°C) DO(ppm) Salinity (psu) pH Eh (mv)
Summer Ht 46.7+22 1.6+£0.6 33.740.2 4.3+0.27 47.2+0.95 7.9+0.1 66.2+6
Up 56.2+18.9 1.6+0.5 33+0.1 2.3+0.13 42+0.81 8.1+0.15 66.5+4.7
Mm 73.5+15 3.7+1.2 32.8+0.15 2.1+0.06 41.24+0.50 7.8+0.3 43.742.5
Lm 88+4.8 5.9+1.6 32.540.4 1.940.18 40.2+0.50 7.7+0.24 30+4.7
Lt 39.7+6.3 1.4+0.2 31+0.05 2.6+0.34 44.5+0.57 7.9+0.1 53.542.51
Autumn Ht 40 =17 4.2+0.6 25+0.15 6.6+0.50 50.2+0.96 7.7+0.3 577537
Up 50.5+12 2.5¢1.2 25.240.9 6.2+0.30 43.5+0.57 8+0.3 73.543.69
Mm 74+8.3 4.2+0.5 23.240.1 3.7+0.40 41.240.50 7.8+0.24 67+3.46
Lm 88.5+3.4 5.4+0.9 23.2+0.2 2.6+0.50 42.5+1.73 7.9+0.2 54.7+5.9
Lt 50.2431 2.8+0.8 23+0.26 5.8+0.20 45.24+0.50 8+0.18 43.7+10.7
Winter Ht 54,7426 14.5+0.4 18.8+0.25 6.2+0.23 51.242.88 8+0.38 70.240.5
Up 64:+22 13.6+0.5 20.8+0.5 5.6+0.43 43.7+1.25 8+0.33 72.2+4.9
Mm 74.7+15 14.9+0.5 22.5+0.13 3.9+0.55 41.7+1.25 7.9+0.16 46.5+12.3
Lm 82.7+10 15.840.9 24.440.6 2.9+£0.57 42+0.81 7.9+0.14 3574123
Lt 45428 13.240.9 24.4+0.38 5.1+0.60 45.5+0.57 8+0.12 63.2+7.3
Spring Ht 48.2+22 10.8+2.1 26.5+0.64 4.7+0.34 59+1.15 7.8+0.08 55.2+14.7
Up 62.7+20 10.1+0.7 26.5+0.4 4.4+0.78 47.5+0.57 7.8+0.17 46.7+11.9
Mm 68+15 11£2 24.9+0.15 3+1.30 46.5+1 7.9+0.21 382+10.9
Lm 77+7.4 16.1+1.2 25.2+0.5 2.1+0.74 44.5+0.57 7.7+0.35 26.7+7.9
Lt 75+14 13.242.1 24.5+0.17 2.8+1.61 44.7+0.96 8+0.05 40.2+14.2

325



World J. Fish & Marine Sci., 3 (4): 323-331, 2011

Table 2: Density of macrofauna (inds. M~2) during sampling seasons in Bardestan creek

Species Summer Autumn Winter Spring
Acteocina involuta 2.2 0.8 5.6 3
Alpheus sp. - - 0.53 -
Barbatic sp. - - 0.13 0.07
Capitelia capitata 16 48.66 329 190.4
Ceralonereis 5p. 36 64 98.3 28.53
Cerithicea cingulata 494.7 601.1 478.5 106.7
Cyclaspis picta 0.07 - 0.2 -
Cyclostrema sp. - - 2.2 0.7
Chypeomerous bifasciatus - - 0.93 0.5
Clypeomerous sp. 2 - - 1.3 -
Dardanuis tinctor - 2.26 4.2 -
Epitonium sp. - - - 0.07
Epixanthus frontalis - - 0.33 0.26
Finella sp. - 0.07 - 10.3
Glycera sp. - 0.2 - -
Gonodactyvius demani - 0.07 - -
Hydrobia sp. 195.1 109 100.6 20.5
Leucosiidae sp. - - 0.53 0.07
Meacrophthalnus pectinipes 2.3 5.33 28.3 11.4
Melanella cumingi - 0.2 1.86 0.4
AMitrella misera - - 0.2 -
Neticer vitefius - - 7.46 -
Nereis sp. - - - 0.6
Ocypode sp. 1 - 0.46 2.2 4.1
Ocypode sp. 2 - - 4.4 -
Onchidium peroni 0.26 1.13 0.73 4.2
Paphia galus 823.5 460.7 1085.3 217.8
Tellina walace - 15 18.6 2.3
Phasionelia solida - 1.6 20.2 0.4
Paraclistostoma arabicum - - 2 -
Pencaeus sp. - - 0.07 0.2
Perinereis cultrifera 0.7 - 17.13 40.7
Perinereis sp. 2 - - - 0.8
Plemcis sulcatus - - - 0.8
Spetifer bilicularis - - 0.07 -
Soletellina diphos - - - 4.26
Tellina capsoides - 0.4 5.9 0.66
Trochus sp. - 1.73 0.86 0.73
Truncatella subcyvlindrica - - 0.07 -
Turbo sp. - - 0.2 -

Uca sindensis 8.7 31 0.46 0.26
Umbonitm vesticrium 0.33 0.73 3z 4
Umborium sp. 2 0.6 0.6 1.9 18.7

from station Ht to Lm and then decreased from station Lm
toward Lt, along each transect line. The highest value of
TOC was detected m the winter and spring; i contrast
the lowest values were measured in the summer and
autumn. In almost all seasons, sampled sediment from
station Lm contained the highest value of TOC. The
average temperature ranged between 32.72+1.01 and

2242.27 in the summer and winter respectively. The
amount of DO increased in cold seasons. Generally, the
lowest levels of DO were observed in station L and the
highest occurred in station Ht. High salinity was
measured in Bardestan mangrove swamp (between
40 to 60 psu). The value of pH did not change
significantly among different stations or seasons (P=>0.05).
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Redox potential (Eh) was positive in all stations and
seasons. The maximum and the minimum levels of Eh were
recorded in the winter (76 mv) and spring (19 mv),
respectively. This factor changed among different
stations and the lowest levels was observed in stations
Mm and Lm (Table 1).

Macrofauna: Species of Four taxonomic classes including
gastropoda (45.5 %), malacostraca (25.5 %), polychaeta
(14%) and bivalvia (14%) made the macrozoobenthic
community of Bardestan creek. During sampling seasons,
the total numbers of 44 macrobenthic species were
identified. The maximum and minimum number of
macrobenthic species was observed in the winter (35
species) and summer (13 species), respectively. In the
spring and autumn 30 and 21 macrobenthic species were
identified, respectively. The gastropod Cerithidea
cingulata was dominant species of macrofauna, in the
autumn and bivalve Paphia galus was dominated in other
seasons. Capitella capitata and Hydrobia sp. were the
other abundant species throughout the year. Density of
each identified species is listed in table 2.

Compare to other taxonomic classes, bivalve was
more abundant taxa with 47.9 % of total abundance.
Paphia galus was dominant species of this order. Tellina
Walace and Tellina capsoides were other common
species of this taxonomic class. Gastropoda was the
second dominant taxa with total abundance of 38.4 %.
Cerithidea cingulata and Hydrobia sp. were the most
abundant species of gastropoda. Umbonium vestiarium,
Onchidium peroni, Acteocina involuta and Umbonium
sp.2 were other important gastropod species. Polychaeta
formed the third dominant group (12.1% of total
abundance) which was represented by Capitella
capitata, Ceratonereis sp. and Perinereis cultrifera. The
species of Ceratonereis sp. was dominant polychaeta in
the summer and autumn, while Capitella capitata was
dominant polychaeta in the winter and spring. Within
malacostraca species (with 1.6% of total abundance),
Macrophthalmus pectinipes and Uca sindensi were
abundant species. Uca sindensis, in the summer and
Macrophthalmus pectinipes, in other seasons were
dominant species of malacostraca.

Gastropoda in the autumn and bivalvia in the other
seasons were dominant taxonomic classes. The highest
density of bivalvia (1110 inds.m™), malacostraca (43.3
inds.m™?) and polychaeta (444.7 inds.m™*) was observed
in the winter and the lowest density of all taxonomic
classes, except for malacostraca, was observed in the
spring. The highest density of gastropoda (717 inds.m™?)
was measured in the autumn (Fig. 3).
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different stations.

The density of various taxonomic classes also
changed among different tidal Gastropoda
and bivalvia dominated in station Lt, while polychaeta
and malacostraca dominated in station Lm. Generally,
there was increasing trend in individual number of each
taxa from high tide (Ht and Up) toward low tide (Lm and
Lt) that is illustrated in figure 4.

levels.

The results of accounted
ecological indices including species richness,
Shannon-Wiener diversity and Simpson dominance
are shown in table 3. Generally, higher tidal stations
included low number of macrofauna species, low
diversity and high dominance. In contrast, lower tidal
stations contained more individuals and showed more
diversity as well as low dominance. Therefore, in almost
all seasons and all transect lines species richness
increased from landward (Ht and Up) toward canal-ward
stations (Lm and Lt). This trend was also detectable about
Shannon-Wiener diversity index. There were no
significant  difference among indices value of
corresponding stations of different transect lines or
seasons (P>0.05).

Ecological Indices:
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Table 3: Values of different indices at 20 sampling stations in the summer 8: species richness (ind.), H': 8hannon-Wiener diversity, D: Simpson dominance

Summer Auturmn Winter Spring
Transect  Station 3 " D S " D K} " D 3 " D
Transect 1 It 4 1.92 0.1 1 0 1 1 0 1 1 0.65 0.66
Up 3 1.57 0.28 2 0 1 1 0 1 1 0 1
Mm 5 2.21 0.22 2 0.81 0.5 7 1.76 0.50 5 177 0.34
Lm 8 2.22 0.25 10 1.23 0.59 17 1.35 0.78 11 115 0.66
Lt 7 1.44 0.40 11 1.84 0.30 15 1.62 0.62 11 172 0.40
Transect 2 It 2 1 0.42 1 0 1 1 0 1 1 0 1
Up 4 1.35 0.46 2 0.72 0.6 2 0.72 0.8 5 178 0.35
Mm 4 0.88 0.67 2 0.99 0.45 7 1.9 0.53 5 1.33 0.54
Lm 9 1.79 0.43 10 1.57 0.55 14 2.72 0.36 9 2.4 0.21
Lt 7 1.54 0.36 11 145 0.44 17 1.5 0.0 14 176 042
Transect 3 It 0 0 1 1 0 1 1 0 - 4 1.74 0.28
Up 7 2.13 0.26 2 0.98 0.42 3 1.35 0.55 4] 1.99 0.27
Mm 7 1.48 0.41 6 1.24 0.57 6 1.93 0.51 4] 15 0.47
Lm 7 1.35 0.52 10 1.92 0.39 13 0.95 0.84 12 14 0.60
Lt 7 1.52 042 8 1.31 0.46 23 1.7 0.53 16 1.55 0.40
Transect 4 It 2 0.65 0.66 2 0.72 0.6 0 1 2 0 1
Up 5 2.1 0.23 7 216 0.28 7 245 0.31 3 0.99 0.59
Mm 4] 2.14 0.24 4 037 0.89 10 1.75 0.59 5 1.81 0.31
Lm 5 1.14 0.56 6 1.54 0.46 14 2.37 0.56 13 247 0.29
Lt 10 0.75 0.69 10 1.77 0.38 15 1.08 0.76 14 23 0.25
DISCUSSION increase of their abundance [10]. Dominance of

The results obtained in this study reflect high
variability and complexity of macrobenthic commumty in
Bardestan mangrove swamp. The number of identified
macrobenthic species in the present study (44 species)
was more than what identified by Vazirizadeh [26] in the
same habitat (22 species). Less number of identified
species 1n that study could be mostly due to restricted
sampling in his study (limited to winter). The number of
1dentified macrobenthic species reported by Sarvankumar
et al. [11] in mangrove forest of Gulf of Kachchh-Gujarat
[60] is more than identified species by present study.
Generally, difference of various mangrove habitats in
macrobenthic composition could be due to specific
ecological and environmental features of each habitat [2].

Bivalvia with 47.9 % of total abundance were
dominant taxon in Bardestan mangrove swamp.
Polychaeta 13 dominant macrobenthic taxa of most
mangrove forests [6]. In the mentioned studies, sampling
has been limited through mangrove trees, while m the
present study sampling was performed also in mud flats
surrounded mangrove trees. Hence, more diverse
environmental conditions and wider range of habitats
might provide niches for different species. Nevertheless,
i the mangrove stations (Lm), polychaets were abundant
and dominant taxon. Soft substrate of mangrove generally
favors tube dwellers such as polychaets and results
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polychaets under mangrove trees 1s also due to stable
substrate provided by roots and dense canopy of the
mangroves which provide protection against desiccation
[27, 10]. Therefore, high density of mangrove trees in
station L.m could provides suitable condition for
colonization of polychaeta in this station. Similarly, tidal
current and waves provide food for suspension feeders
{Gastropoda and bivalvia) in mud flats [9] and lead to
increase of their abundance in station Lt where is more
affected with tidal currents.

Totally, the results indicated spatial and temporal
variation in distribution, density, abundance, species
number and composition of macrofauna in Bardestan
mangrove swamp. This variation is not unusual in
intertidal zones [6]. For temporal variation of density and
diversity of macrofauna, Sarvankumar et al. [11] reported
that lower temperature and stability of environmental
factors such as salimty leads to increase of density and
diversity of macrofauna in mangrove forests of Kachchh-
Guarat, India. They also concluded that low species
diversity in the summer could be attributed to decrease of
gametogenesis and reproduction, decrease of dissolved
oxygen and mcrease of H,S in sediment. Kumar et al. [28]
also reported that increase of temperature and TOC have
lead to decrease and increase of density or diversity of
macrofauna in the gulf of Mannar, respectively Similarly,
the same results were attained for Bardestan mangrove
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Fig. 5: The number of species as a function of average temperature and TOC among different seasons.

Table 4: Pearson correlation analysis between abundance of polychaeta and environmental parameters. ** correlation is significant at the level of 0.01 (2-

tailed), * correlation is significant at the 0.05 level (2-tailed)

pH Eh Salinity Mud TOC T DO
Gastropoda Pearson Correlation -.045 013 -.074 -393" -.170 .018 161
Sig. (2-tailed) .690 911 512 .000 131 .874 154
N 80 80 80 80 80 80 80
Bivalvia Pearson Correlation .060 .030 -.023 -343" -.032 .021 154
Sig. (2-tailed) .595 792 .838 .002 778 .855 172
N 80 80 80 80 80 80 80
Polychaeta Pearson Correlation -.105 -368" -384™ 553" 343" -170 -326™
Sig. (2-tailed) 354 .001 .000 .000 .002 131 .003
N 80 80 80 80 80 80 80
Malacostarca Pearson Correlation .049 -.100 -213 .054 336" -128 .004
Sig. (2-tailed) .669 379 .058 631 .002 259 975
N 80 80 80 80 80 80 80
Species number Pearson Correlation .037 -.429" -362" 208 342" -.082 -271°
Sig. (2-tailed) 746 .000 .001 .064 .002 471 .015
N 80 80 80 80 80 80 80
Statistically significant correlations in bold.
swamp. Figure [5] shows negative relationship between be affective on macrofauna composition of this

species number and temperature (R’=0.72, P<0.05) or
positive relationship between TOC and species number
(R*=0.89, P<0.05). Therefore, it is suggested that
temperature and TOC percentage are important factors
that influence number of macrobenthic species within
different seasons, in Bardestan mangrove swamp.

There was also special variation among various tidal
levels. In each transect line, higher tidal levels consisted
of less density and diversity of macrofauna compare to
lower tidal levels. Vazirizadeh [26] reported the same
pattern in distribution of macrofauna along tidal levels of
this habitat. Little [9] reported hydrological differences as
effective factor on spatial variation of macrobenthic
density. Edgar [8] reported that structure and distribution
of mangrove trees influence distribution of macrobenthic
species. With regard to increase of mangrove density
from higher to the lower tidal levels, this parameter could
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ecosystem. Lee [7] found close relationship between
structure of benthos and environmental characteristics
such organic matter, mud content and dissolved oxygen
as important and effective factors on distribution of
macrofauna. Statistical analysis showed that some abiotic
parameters affect spatial distribution of macrofauna in
Bardestan mangrove swamp too (Table 4). The table
shows that abundance of gastropoda and bivalvia is
correlated to mud content. Polychaeta abundance is
correlated to Eh, salinity, mud, TOC and DO. Abundance
of malacostraca is also correlated to TOC percentage.
Pearson correlation also revealed significant correlation
between species number and environmental parameters
such as Eh, salinity, TOC and Do (Table 4). Some
biological factors such as food source, competition,
behavior also may affect composition of macrobenthic
communities [9, 29-31].
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The

tolerant species such as Capitella capitata (329 ind.m ™)

environmental indices, presence of high
and absence of sensitive taxa like amphlipods [32, 33]
that

fairly polluted. This environmental status of Bardestan

demonstrate Bardestan mangrove swamp 18

mangrove swamp can be attributed to proximity of
this
Discharge of sewage and industrial

habitat to the urban and mdustrial regions.
wastes can
degrade this habitat. Proximity of Bardestan mangrove
swamp to the urban (Bardestan town) and industrial
regions located along the coastline may have led to
discharge of sewage and industrial wastes into the
estuary. Vazirizadeh [26] attained moderate or poor
status this  habitat based on

and Margalef indices.

environmental for
Sharmmon-Wiener

it seems that environmental condition of Bardestan

Therefore,
creek has gotten worse during last decade. It is

necessary to investigate integrated environmental
status of this creek and to find stress and pollution
sources that impact live part of present ecosystem for

future management.
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