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1. Introduction 

The Persian Gulf is a strategic region and contains huge reservoirs of gas and petroleum. It supports nearly one-fourth 

of the world's energy demands (Sheppard et al., 2010). The extensive oil and gas related activities have turned the 

Persian Gulf to a well-known oil receiving area. The oil and oil related activities introduce a vast variety of eco-

pollutants to the Persian Gulf. The oil pollution in the Persian Gulf is about 3% of the global total or nearly 50 times 

the average of a similar-sized marine environment (Khan and Al-Ajmi, 1998). Mixtures of parent and substituted oil 

related eco-pollutants mainly Polycyclic Aromatic Hydrocarbons (PAHs) and n-alkanes are of particular importance 

(de Mora et al., 2010). PAHs are widespread and bio-resistant chemicals. They can produce and release into the marine 

environments by natural and anthropogenic activities (Neşer et al., 2012). The seas are assumed to be the final receptors 

of PAHs and the other eco-pollutants. The hydrophobic nature of PAHs connects PAHs to the particulate matters. It 

facilitates gravimetrical deposition of PAHs in sedimentary substrates. The bottom sediments, which are below the 

aerobic surface layer, can store the PAHs relatively unchanged long after their initial release. Postponed toxic effects 

subsequently can take place and influence the structure of benthic communities (Charles et al., 2012). 

2. Materials and methods 

The sampling region is located between Northern latitude 27°54'57.76"–27°24'50.52"N and Eastern longitude 

51°23'49.97"–52°40'13.02"E which nearly covers 815.31 square nautical miles (~2800 km2). In a systematic sampling 

methodology, the region was divided to 24 transects which were separated by nearly 2.7 nautical miles distances. The 

mailto:nature11.ngo@gmail.com
mailto:mehdinia@inio.ac.ir
mailto:riahi@modares.ac.ir
mailto:smolaei@gmail.com
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first sampling stations of all transects were selected as nearshore stations (~0.27–0.8 nautical miles off the shoreline) 

and the successive stations were sampled at distances including 1.62, 3.24, 5.4, 8.1, and 10.8 nautical miles off the shore 

in average. In summary, a matrix was formed by sampling from 6 horizontal legs in about 24 vertical transects. However, 

the plan was not practical for both national Parks, and the Parks were sampled separately. Therefore, the surface 

sediments (0–5 cm) from 134 stations were gathered using a Van Veen sampler. 

Taking the granulometric dilution effect into account, bulk sediments were sieved (mesh number 60) in laboratory and 

< 250 µm. The dried and size normalized sediments were homogenized prior to extraction. Then, the sediment samples 

(4 g) were spiked with 100 ng g−1 surrogate standards of naphthalene-d8, antherancene-d10, chrysene-d12 and 

perylene-d12. The sediments were extracted by a microwave sample extraction system (Ethos 1, Milestone, Italy). 

Microwave extraction was established at 150 °C for 20 min, using 30 mL of solvent mixture of n-hexane-acetone (1:1, 

v/v). After the extraction, the supernatant organic extract was carefully decanted from the extraction vessels and the 

samples were re-extracted by 10 mL of dichloromethane (DCM) for 7 min at 100 °C. Then, two extracts of each sample 

were combined together and the activated copper wires were added to remove the sulfur content from the extracts 

overnight. After these steps, all following procedures were carried out according to guidelines of MOOPAM (2000), 

recommended for the analysis of marine sediments. The analysis was performed with a Gas chromatography-mass 

spectrometry (GC–MS) model 6890N GC system equipped with a 5973 mass detector. 

3. Results and discussion 

Surface sediments (n =121) were gathered from nearly 1% of the Persian Gulf's basin to evaluate spatial pattern and 

source apportionment of ∑24n-alkanes and ∑16parent-PAHs. Levels of ∑24n-alkanes and ∑16parent-PAHs were in the 

range of 1.98-814 ng g-1 dw (mean= 174.31) and 2.29 to 206.59 µg g-1 dw (mean= 11.22), respectively. Therefore, the 

region was low to moderate polluted in general. To reveal spatial patterns of the deposited eco-pollutants, a combined 

GIS, geo-statistics and autocorrelation analyses were employed. In the case of PAHs, Global Moran’s I index outlined 

the presence of significant ∑16PAHs clusters in the region (Moran’s I index =0.62, Z-score =25.6). Anselin Moran’s I 

index specified locations of the significant low or high spatial clusters where offshore of the Pars South Special 

Economic Energy Zone (PSEEZ) recognized as a High-High clustered area. The levels of random and structural 

variance of ∑16PAHs were about 0.083 and 0.154 ng, respectively. Nugget to sill ratio confirmed that ∑16PAHs have 

got a moderate level of spatial structure. Prediction and standard error maps of ∑16PAHs, produced by ordinary kriging, 

suggested that more samples should be taken from the high clustered region for upcoming studies. Fuzzy logic functions 

(OR and AND) were used to develop eco-risk maps. It made obvious that the potential hazards of PAHs were 

considerable at the vicinity of petrochemical facilities, i.e, the Nayband Marine National Park.  

 Moran’s I indices suggested that ∑24n-alkanes were randomly distributed in sampling space in general. One noticeable 

exception was a significant spatial High-High cluster (Z-score =8.6). Profile of n-alkanes observed for this cluster 

maximized at n-C20, n-C18, n-C16 and n-C22. Detection of very low Carbon Preference Indices and strong even Carbon-

numbered predominance suggested that bacterial inputs were the process making this cluster. The data relevant to the 
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diagnostic ratios of deposited n-alkanes were used to make GIS-based layers. With combination of the mentioned layers 

in GIS environment, Source Apportionment Maps were produced for individual sources, including; Petrogenic Source 

Apportionment Map, Allochthonous Source Apportionment Map and, Autochthonous Source Apportionment Map. 

With reference to the maps, in-situ production of organic materials was widespread in the studied space and 

allochthonous and petroleum-based inputs were not traceable for 73.8% and 24.7% of the area, respectively. In addition, 

Petrogenic Source Apportionment Map proposed that petroleum-originated contaminants were probably limited to 6.32 

km2 of the sampling matrix. The biogenic inputs (autochthonous and allochthonous inputs) and not the petroleum 

contaminants were the main source of n-alkanes deposited in the studied zones.  

References: 
1. Sheppard, C.R.C., Al-Husiani, M., Al-Jamali, F., Al-Yamani, F., Baldwin, R., Bishop, J,. et al., 2010. Persian 
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3. de Mora, S., Tolosa, I., Fowler, S.W., Villeneuve, J.-P., Cassi, R., Cattini, C., 2010 . Distribution of petroleum 

hydrocarbons and organochlorinated contaminants in marine biota and coastal sediments from the ROPME 

Sea Area during 2005. Mar. Pollut. Bull. 60 (12), 2323–2349. 

4. Neşer, G., Kontas, A., Ünsalan, D., et al., 2012. Polycyclic aromatic and aliphatic hydrocarbons pollution at 

the coast of Aliag ˘a (Turkey) ship recycling zone. Mar. Pollut. Bull. 64, 1055–1059. 

5. Charles, F., Nozais, C., Pruski, A.M., Bourgeois, S., Méjanelle, L., Vétion, G., et al., 2012. Ecodynamics of 
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1. Introduction  

Fish and fishery products are important sources of protein and essential micronutrients for balanced nutrition 

and good health. In per capita terms, fishery product consumption has grown from 9.0 kg in 1961 to 20.3 kg in 

2016. Global production of fish, crustaceans, mollusks and other aquatic animals increased from 39.2 million tons 

in 1961 to 170.9 million tons in 2016. Of these totals, capture production has increased from 37.1 million tons in 

1961 to 90.9 million tons in 2016. Aquaculture production has increased from 1.5 million tons in 1961 to 13.1 

and 80 million tons in 1990 and 2016 respectively (FAO, 2018).  

The fishery organization has been growing in many countries to manage and control capture production and 

aquaculture of high-value aquatic animals. In aquaculture, scientific research dealing with commercially 

important species is essential to establish broodstock population and to develop methods for artificial reproduction 

and rearing in captivity with critical consideration to environmental sustainability, economy sustainability, and 

social sustainability (Alavi et al., 2008). In male broodstock management, studying endocrine regulation of 

spermatogenesis, hormonal stimulation of sperm maturation, and sperm biology are critical to develop the 

methods for artificial reproduction by optimizing insemination protocol, to develop aquaculture by generating 

polyploid populations, and to preserve endangered species from extinction by cryopreservation of sperm (Alavi 

et al., 2008; Mylonas et al., 2010).   

The present study is a comprehensive review on our current understanding and a state-of-the-art in sperm motility 

signaling in marine fishes. Followed by a brief introduction to motility apparatus of sperm and kinetics of sperm 

motility, sperm motility signaling is discussed with emphasis on physiological roles of plasma membrane of 

spermatozoa, water and ion channels, and intracellular messengers.  
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2. Sperm morphology and the motility apparatus in marine fishes 

A spermatozoon in marine fish is differentiated into a head, a midpiece and a flagellum (Figure 1) (Jamieson 

1991). The head does not have the acrosome and contains nucleus which transferring haploid set of the 

chromosome into the next generation. Mitochondria, proximal centriole and distal centriole are located in the 

midpiece. Mitochondria supply energy for the flagellar beating. Both proximal and distal centrioles consist of nine 

peripheral triplets of microtubules. The distal centriole organizes formation of the flagellum. Sperm motility is 

generated by a typical scaffold of “9+2” microtubules called the “axoneme”.  

 
Figure 1. Spermatozoa of Atlantic halibut (Hippoglossus hippoglossus). (Left) Scanning electron microscopy shows head, midpiece and 
flagellum of sperm. (Left, insert) Symmetrical pattern position of sperm. (Right, Top) Longitudinal section of head region, midpiece and 

flagellum. (Right, Bottom) A cross section of the flagellum showing the axonome with 9+2 microtubule structure. Head (N), midpiece (M), 
flagellum (F), nuclear notch (nn), distal centriole (DC), proximal centriole (PC), and mitochondria (Mt). Reference: Alavi et al., 2010  

3. Kinetics of sperm motility in marine fishes 

Sperm is immotile in the seminal plasma or the sperm duct, and their motility is triggered right after discharge 

into the aquatic environment. Duration of spermatozoa motility highly varies among fishes, however it is generally 

limited to a short period (Alavi et al., 2019). The physiological reason(s) for inter-species variations of sperm 

motility duration is not fully understood. It has been hypothesized that there is a correlation between initial 

adenosine triphosphate (ATP) content and duration of spermatozoa motility (Cosson 2010). After initiation of 

motility, percentage of motile spermatozoa, spermatozoa velocity, beating frequency of the flagellum, flagellar 

wave length and amplitude decrease, while both the number of waves and their degree of curvatures increase. 

Decreases in percentage of spermatozoa motility and spermatozoa velocity are mainly due to depletion of 

intracellular ATP stores required for axonemal beating (Alavi et al., 2019). 

4. Sperm motility in marine fishes 

Sperm is quiescent and motile in electrolyte and nonelectrolyte solutions iso-osmotic and hyper-osmotic to the 

seminal plasma, respectively (Figure 2). Changing extracellular osmolality from hyper-osmotic to hypo-osmotic 

electrolyte or nonelectrolyte solutions reversibly suppresses sperm motility, indicating that a hyper-osmolality 
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signal triggers initiation of sperm motility in marine fishes. A hyper-osmotic signal triggers sperm motility in 

marine fishes (Figure 3). In a hyper-osmotic medium, increases in [K+]i and [Ca2+]i concentrations occur due to 

decrease in the volume of spermatozoon. Various types of water channels (aquaporins) are involved in the 

regulation of the sperm volume as well as stretch-activated channels. Aquaporins are involved in the regulation 

of [Ca2+]i. [Ca2+]i rise is mainly supplied by [Ca2+]i stores rather than Ca2+ influx. Moreover, [Ca2+]i is regulated 

by NCX. Increase in [Ca2+]i regulate Ca2+/CaM-dependent protein kinase that are involved in the initiation of 

axonemal beating in pufferfish and sea bream. Phosphorylation of these proteins is cAMP-dependent, and thus 

inhibited by inhibition of PKA. In some marine fishes including the Atlantic croaker, the spotted seatrout, red 

drum, and southern flounder sperm, 20β-S stimulates hypermotility via mPRα expressed in the midpiece or the 

flagellum. The 20β-S-induced sperm hypermotility is associated with an increase in [Ca2+]i , which in turn 

activates adenylyl cyclase to produce cAMP (Morisawa 2008; Alavi et al., 2019) 

 
Figure 2. The effects of osmolality on initial percentage of motile spermatozoa in marine fishes. Species: Atlantic halibut (Hippoglossus 

hippoglossus) (Billard et al., 1993), mackerel (Trachurus mediterraneus), pufferfish (Takifugu niphobles) (Oda and Morisawa 1993). 

 
Figure 3. Sperm motility signaling in marine fishes. Reference: Alavi et al., 2019 
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1. Introduction  

The importance of sediment geochemistry is well known in understanding clastic sedimentary basin evolutions 

and identification of the sediment sources (McLennan et al., 1983). As well as, geochemistry studies has great 

potential to the regional tectonic setting in each sedimentary facies cycles (Bhatia, 1983; Bhatia and Crook, 1986; 

Roser and Korseh, 1986). Therefore, rare earth elements (REE) and trace elements because of their chemical 

resistance in the natural environments are the good indicators to identification of source rock geochemistry, 

sedimentary processes and probably low grade metamorphism (Taylor and McLennan, 1985). 

Geochemical parameters, also, have used in many studies in order to defining palaeobasin oxidation and reduction 

conditions (Cullers, 2002; Armstrong-Altrin et al., 2003; Dobrzinski et al., 2004). Meanwhile, Cerium (Ce3+) and 

Europium (Eu2+) because of their different behaviors in oxidation and reduction environments are broadly used 

for palaeo-environmental analysis (Wilde et al, 1996).  

The Makran accretionary prism was formed due to the subduction of the Arabian plate under the Eurasian plate 

since Cenozoic (Harms et al., 1984). The sediments within the accretionary complex are largely recycled from the 

material eroded from the Iran, Pakistan and India collision belt (Fruehn et al., 1997). , The aim of this study is 

identify the source rock characteristics and reconstruct paleo-oxygen conditions by using trace, and rare earth 

elements. 
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2. Materials and methods  

Oman Sea monitoring cruise was undertaken by Iranian national institute of oceanography and atmospheric 

science (INIO-AS). During this cruise five gravity cores were obtained from the Oman sea continental shelf. The 

location of the studies cores depicted in figure 1. The granulometric parameters were analyzed in INIO-AS 

laboratory. Fifteen sub-samples were taken from five core sediments and have been treated for elemental analysis 

using inductively coupled plasma-mass spectrometry (ICP-MS) in ALS Chemex Laboratory. REE elements are 

normalized by chondrite values (Taylor and McLennan, 1985).  

3. Results  

The result of this study reveals that PAAS normalized patterns of trace elements are represented a moderate 

depletion of Co, Ni, V,Ba, Sr, Rb, Zr, U, whereas, Nb contents are enriched with respect to those of PAAS.  

The results of elements ration such as La/Th and Th/Sc and Th/Co vs. La/Sc plot is suggested a felsic source rock 

for the imported sediment. In the case of Eu/Eu* vs (Gd/Yb)N, all samples were felt below the Eu/Eu*=0.85 line 

it suggested the probably source of the sediments are from post-Archean and near to Granitoids hinterland rocks. 

The HREE depletion [(Gd/Yb)N<2] is common in the Archean rocks and is essentially absent in the Post-Archean 

rocks (Taylor and McLennan, 1985). The positive anomaly of Ce/Ce* is ranged between 1.01 to 1.08 that is 

addressed an oxidizing conditional in environment 

 
Figure 1) the location of the study area and coring site 

4. Discussion and conclusion 

The REE patterns and La/Sc, Th/Sc, Th/Co, Cr/Th ratios of cores sediment samples were comparable with those 

of sediments derived from felsic and basic rocks, upper continental crust (UCC) and post-Archean Australian 

average shale (PAAS) ratios, which reveal that these ratios are within the range of felsic rocks composition. The 

La/Sc vs. Th/Co plot also suggests the felsic nature of the source rocks. In terms of the (Gd/Yb)n and Eu/Eu*, 

most of the studied core sediment samples are comparable with the Post-Archean craton complexes, some of 

which resemble the average composition of the (PAAS) pattern along with (La/Yb)n ratio suggest enrichment of 

the light REE (LREE) relative to heavy REE (HREE) with the weak negative Eu/Eu* anomaly implying that the 

dominant source may have been from felsic and intermediate rocks. The geochemical parameters such as U, U/Th, 
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V/Cr, and Cu/Zn ratios and positive anomaly of Ce/Ce* indicate that the study core sediments were deposited in 

an oxic environment. 
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1.Introduction  

Due to increasing the earth's temperature, the conditions and the frequency of tropical cyclones in the oceans have 

been increased [1]. Based on the statistics, there are over 80 tropical cyclones worldwide annually [2]. The tropical 

cyclones in the Atlantic and Eastern Pacific Oceans are known as Hurricane, the Western Pacific Ocean as 

Typhoon and the Indian Ocean and the Arabian Sea as Cyclone [3]. After forming the cyclones in the Arabian 

Sea, they mostly move towards the south and southeast Oman, west India and south Pakistan and rarely enter the 

Oman Sea [4]. However, these cyclones can move different paths, affecting the coasts of countries such as Iran 

and even the United Arab Emirates. The Gonu cyclone has been the strongest cyclone ever formed in the Arabian 

Sea, influencing the Arabian Peninsula and parts of southern Iran from the 2007/06/02 to 2007/06/07 (Figure 1-

a). It killed 49 people of the coast of Oman and 23 people on the southern coast of Iran. In addition, the financial 

damage by this storm estimated as $ 4 billion in Oman and about $ 215 million in Iran [5]. Therefore, investigating 

the consequences of cyclones and their modeling to determine the most hazardous zone on the coasts for future 

management and planning is an issue. In addition, evaluating the impact of the storms occurred in neighboring 

countries of Iran greatly helps manage the future storm crisis due to the random nature of the storm tracks and the 

lack of measured data. Regarding the vulnerability of sandy beaches against flooding, overwash and erosion, the 

present study aims to evaluate the impact of inland flooding by Gonu cyclone on the coastline of Sur.  
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The previous studies and modeling were concentrated more on evaluation and predicting the effects of offshore 

storms, however increasing the wave height may affect coasts and land areas as well as offshore areas. The Gonu 

cyclone caused some flooding by the storm surge in some parts of Oman coast including the port of Muscat, Qirat, 

Sur, and Ras al-Hadd. The flood damage in Sur Port was significant in which approximately 4294 residential 

homes were damaged during the storm [6]. The flooding hazard assessment for Sur port and understanding how 

Gonu cyclone occurred such a destructive event is the purpose of this study. This information could be useful for 

disaster risk reduction. In this study, the flood caused by Gonu cyclone in the coastal part of Sur Port was modeled 

by MIKE 21 modeling software. Further, the results of a bigger model related to the Monitoring and modeling of 

Makran Coastline project [7] were used to define the boundary conditions of the present smaller model. The 

considered area is shown in Figure 1-b and the dominant direction of the waves in this area during the cyclone is 

from the East and South-West, and the wave height in the offshore could reach up to 9 meters. 

 
 

Figure 1) a. Gonu cyclone track, b. Wave rose for Sur port during the Gonu cyclone extracted from Makran model [7]. 

2.Materials and methods  

In this study, the MIKE 21 Cyclone Wind Generation tool was utilized to generate the wind and pressure field of 

the cyclone. The Young and Sobey [8], Holland [9], and Rankine [10] vortex models were used to generate the 

wind and pressure ifelds during the . assage of the Gonu cyclone. Cyclone position, central pressure, maximum 

sustained wind speed, and radius to the maximum wind (RVmax) are the model's requirement input data [11]. 

International BT Archive for Climate Stewardship (IBTrACS) global tropical cyclone database has been used to 

obtain these data. The results were compared with observed wind and pressure data obtained from 3 hourly Jask 

meteorology synoptic station and the European Centre for Medium-Range Weather Forecasts (ECMWF) 

reanalysis ERA5 data. ERA5 has a special resolution of 0.25 and temporal resolution of an hour. Due to the 

proximity of the Gonu cyclone track to the Jask station (about 16 km), the ECMWF ERA5 could not capture the 

cyclone wind and pressure fields, however, ERA5 is accurate enough in non-cyclonic weather conditions. The 

analytical vortex models well captured the wind and pressure field during cyclone passage from the study area 

(Figure 2). 

(a) (b) 
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The topographic data (bathymetry and hypsometry), has been generated by merging two different datasets. The 

Digital Elevation Model (DEM), which could be interpolated onto the model, was created for the shore zone as 

hypsometry data. The bathymetry dataset was complemented by the General Bathymetric Chart of the Ocean 

(GEBCO). However, due to the importance of sea depth data near the shore, the shore profile of the study area 

was modified according to McLachlan et al [12].  

The Gonu tropical cyclone has formed from 2007/06/02 to 2007/06/07. The coupled MIKE 21 HD/SW 

(hydrodynamic/spectral wave) model was used to simulate the inundation depth and the flow velocity. The MIKE 

21 simulation was performed for a period of approximately seven days from 2007/05/31 to 2007/07/07 on the 

coast of Sur and a time interval of 300 seconds. The model extends 14 km offshore from the case study site, over 

an area of 110 km2. The unstructured mesh includes 34515 elements with 17606 nodes (Figure 3-a). The largest 

elements have a resolution of 0.5 km, but the grid resolution becomes finer towards the coast with the smallest 

resolutions in the Sur coastal zone of approximately 15 m.  

In this study, the surface elevation was applied at the northern open boundary, while the current speed was applied 

at eastern and western open boundaries. The boundary conditions were extracted from Makran MIKE 21/3 

coupled model [7] which covered the Arabian sea and Persian Gulf. Young and Sobey vortex model were used to 

generate the wind and pressure ifeld.  in Makran model. ECMWF ERA-Interim wave dataset with resolution of 

0.75 degree were used as wave parametric boundary condition at the open boundary located on 10° N latitude in 

Makran model.  

HYCOM GOFS 3.1 database with spatial  resolution of 0.08° and temporal resolution  of 3-hour were used to 

compare with the simulated surface elevation at the point with coordinates of 22°38'24.00" N 59°36'0.00" E. The 

calibration parameters of the MIKE 21 model were chosen based on the minimization of the error in the water 

level simulation. Figure 3-b shows a comparison between the HYCOM GOFS 3.1 data and the simulated water 

level. It can be seen that the numerical result reasonably matches the HYCOM GOFS 3.1 data. Note that the 

HYCOM GOFS 3.1 water level data does not exist between the 2007/06/04 12:00 AM and 2007/06/06 12:00 PM.   
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Figure 2) Comparison of the (a) wind and (b) pressure data from the analytical vortex models and ECMWF ERA5 at Jask synoptic station 

during Gonu cyclone. 

  
Figure 3) a. Computational domain and mesh used in this study, b. Comparison between the HYCOM GOFS 3.1 data and the simulated 

water level during the Gonu cyclone 

3.Results and Discussion  

Gonu cyclone generated storm surge which was destructive at Sur port. Figure 4 shows the Storm Surge in the 

Sur port during the Gonu cyclone event. As shown in Figure 4, when the cyclone passed by the considering area, 

storm surge near the Sur shore achieved its peak value. Meanwhile, it seems that, there are no significant 

differences among the results of storm surge from different analytical vortex models. 

Figure 5 shows the spatial map of flood characteristic for inundation depth and flow velocity. Maximum 

inundation depth occurs along the shoreline over the central part of the study area (Figure 5-a) with the values 

~1.3 m. Furthermore, for most of the western part of the model, inundation depth increases up to ~1.1 m, while 

maximum inundation depth in the eastern part of the model is approximately less than 1 m.  The flow velocity 

pattern for the storm event is presented in Figure 5-b. The maximum flow velocity is varying all over the study 

area with its maximum magnitude more than 0.9 m/s. 
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Figure 4) a. Comparison of Storm surge generated by the Young and Sobey, Holland, and Rankine vortex models near the Sur shore during 

Gonu cyclone, b. Gonu cyclone track passing by the coastline of Sur port 
 

 

 
Figure 5) a. maximum inundation depth b. maximum flow velocity in the study area. Values represent the maximum value recorded over 

the duration of the simulation 

 In this study, the flood hazard is calculated through a matrix (Table 1), which is based on the inundation depth, 

flow velocity and the vulnerability of the area. Vulnerability or in the other hand nature of area is based on the 

type of buildings, the construction methods and land-use at three levels: Low (Multi-story apartments), Medium 

(Typical residential area (2-storey); commercial and industrial properties), and High (Bungalows, mobile homes, 

busy roads, parks, single story schools, campsites, etc.) vulnerabilities [13]. 

Table 1) Flood hazard matrix thresholds as a function of inundation depth and flow velocity and nature of area 

 Nature of Area 
Inundation depth × Flow velocity (m2/s) Low Vulnerability Medium Vulnerability High Vulnerability 

<0.25 Low Risk Low Risk Low Risk 
0.25-0.50 Low Risk Medium Risk Medium Risk 
0.50-1.10 Medium Risk Medium Risk High Risk 
1.10-7.00 Medium Risk High Risk Extreme Risk 

>7.00 Extreme Risk Extreme Risk Extreme Risk 

The flood hazard map based on the literature discussed above and according to the Table 1, are reported in Figure 

6. As shown in Figure 6, approximately 5% of the coast is assigned to the High risk class, 49% is of Medium, and 

46% of Low risk. The area with a low risk to life is located mostly in the central and eastern parts of the model in 
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which the breakwater located. While the area with high risk to life shown in the western part of Sur coast. The 

medium risk to life zone exists in both the east and western parts of the coast.  

 
Figure 6) Flood hazard map in the study area 

4.Conclusion 
this study, the Gonu cyclone inland flood hazard was investigated using numerical simulation. A coupled 
MIKE 21 HD/SW (hydrodynamic/spectral wave) model was utilized for this purpose. Furthermore, the 
Young and Sobey, Holland, and Rankine analytical vortex models were used to generate the wind and 
pressure ifelds during the passage of Gonu cyclone� The results indicate that: 
 

✓ The analytical vortex models well captured the wind and pressure field during the storm event, however, 

the ECMWF ERA5 data did not capture wind and pressure field accurately, due to the proximity of the 

Gonu cyclone track to study area. However, the ECMWF ERA5 data is accurate enough in non-cyclonic 

weather conditions.   

✓ The numerical results of water level reasonably matches the reanalysis HYCOM GOFS 3.1 data. 

✓ The storm surge near the Sur shore achieved its peak value of 0.44 meter  (by the Rankine vortex model). 

Meanwhile, it seems that, there are no significant differences among the results of storm surge from 

different analytical vortex models.  

✓ Maximum inundation depth occurs along the shoreline over the central part of the study area with the 

values ~1.3 m. For the most of the western part of the model, inundation depth increases up to ~1.1 m, 

while maximum inundation depth in the eastern part of the model is approximately less than 1 m.  

Meanwhile, the maximum flow velocity is varying all over the study area with its maximum magnitude 

more than 0.9 m/s. 

✓ The flood hazard map shows that 5% of the coast is at High risk, 49% is at Medium risk, and 46% is at 

Low risk class. 

References  
1. Emanuel, K. 2005. Increasing destructiveness of tropical cyclones over the past 30 years. Nature, 

436(7051), 686.  



 2nd International Conference on Oceanography for West Asia 

 

17 

2. Henderson-Sellers, A., Zhang, H., Berz, G., Emanuel, K., Gray, W., Landsea, C., ... and McGuffie, K. 

1998. Tropical cyclones and global climate change: A post-IPCC assessment. Bulletin of the American 

Meteorological Society, 79(1), 19-38. 

3. Golshani, A., & Taebi, S. 2008. Numerical modeling and warning procedure for Gonu super cyclone 

along Iranian Coastlines. In Solutions to Coastal Disasters 2008 (pp. 268-275). 

4. Dibajnia, M., Soltanpour, M., Nairn, R., and Allahyar, M. 2010. Cyclone Gonu: the most intense tropical 

cyclone on record in the Arabian Sea. In Indian Ocean Tropical Cyclones and Climate Change. Springer, 

Dordrecht. 149-157. 

5. Fritz, H.M., Blount, C.D., Albusaidi, F.B., and Al-Harthy, A.H.M. 2010. Cyclone Gonu storm surge in 

Oman. Estuarine, Coastal and Shelf Science, 86(1), 102-106. 

6. Al-Awadhi, T. 2010. The Use of RS and GIS to Evaluate the Effects of Tropical Cyclones: a Case Study 

from A'Seeb, Muscat after GONU Cyclone. In 1st WMO International Conference on Indian Ocean 

Tropical Cyclones and Climate Change, Muscat, Sultanate of Oman, 8-11 March 2009 (p. 95). 

7. Study  reports  of  Monitoring  and  Modelling  Studies  of  Markan Coastlines, 2017, Ports  and Maritime 

Organization (PMO).  

8. Young, I. R., and Sobey, R. J. 1981. The numerical prediction of tropical cyclone wind-waves. 

Department of Civil & Systems Engineering, James Cook University of North Queensland. 

9. Holland, G. J. 1980. An Analytic Model of the Wind and Pressure Profiles in Hurricanes. Monthly 

Weather Review, 108, 1212-1218. 

10. Rankine, W. J. M. 1872. A manual of applied mechanics, Charles Griffin and Company. 

11. DHI, 2014. Mike 21 Cyclone wind Generation Tool Scientific Documentation.  

12. McLachlan, A., Fisher, M., Al-Habsi, H. N., Al-Shukairi, S. S., Al-Habsi, A. M. 1998. Ecology of sandy 

beaches in Oman. Journal of Coastal Conservation, 4(2), 181-190. 

13. Priest, S.J., Wilson, T., Tapsell, S.M., Penning-Rowsell, E.C., Viavattene, C., Fernandez Bilbao, A. 2007. 

Building a Model to Estimate Risk to Life for European Flood Events. Project Report. 

 

 
 



 

18 

2nd International Conference on Oceanography for West Asia 

16 , 17 Sept. 2020 Iran. Tehran 

 

Geochemical and Environmental Survey of Elements in the Superficial 
deposits of Caspian Sea sediments: Application of Geoaccumulation Index, 

Enrichment, and Contamination Factors for Assessing Elemental 
Contaminations 

Besharati, Pouya 1; Parsinezhad, Shahrzad 2; Zamani Pedram, Masoud 3; Sajjad Azizi, Amir 4 

1. Msc. In Geochemistry, Faculty of Earthscience, Kharazmi University, Tehran 

2. Msc. In Economical Geology, Faculty of Earthscience, Azad University, Lahijan 

3. Phd. In Sedimentology  ,Wurzburg,   Germany 

4. Msc. In Organic Chemistry, Payam e Nour University, Tehran 

1. Introduction 

The studied area is located in southern part of Caspian Sea, at Langaroud geological map ( scale: 1: 100000) of 

Guilan province. The geographic coordinates are 50֯, 00′, 00″ - 50 ֯, 30′, 00″ E and 37֯, 00′, 00″ - 37 ֯, 30′, 00″ N. 

Elements specially heavy metals are toxic and causes serious problems to environmens as they are long persistent 

and not easily oxidized, degraded, removed, or converted to less harmful components through biological or 

chemical processes (Sharifuzzaman and et al., 2016). Sediments served as excellent indicator of metal pollution 

in coastal environments as larg inputs (>90 %) of heavy metals ultimately find their way to the estuarine zone and 

on the continental shelf ( Yeasts and Wewers, 1983; Satpathy and et al., 2012).Twenty one samples of superficial 

deposits were collected from the 3- 47 meter depths during the summer of 2019 using a grab sampler. The samples 

were oven- dried at 80 ( ֯c) for 1 day and sieved through a 2-mm sieve to remove large materials and stored in 

closed plastic bags and send to lab. All samples were analysed via ICP- MS and XRF in laboratory of the 

Geological Survey of Iran. All statistical methods were applied to process the analytical data in terms of its 

distribution and correlation among the studied parameters. To calculate the statistical parameters and identify the 

relationship among elements in sediments and assessment of the their possible sources, Pearson �s correlation 

coefficient analysis and dendrogram of cluster analysis for elements were perfomed via SPSS and Excell software 

in present study. 

The assessment of elements contamination is usually done by calculating Enrichment Factor (EF), Contamination 

Factor (CF), and Geo- accumulation Index (Igeo). Iron (Fe) is commonly selected as normalizing element because 

it is a Quasi- Conservative Tracer of the natural metal- bearing phases in fluvial and coastal sediments (Schiff and 

Weisberg 1999; Turner and Millward, 2000). The average crustal abundance data used to background elements 
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values because regional values havn′t been suggested.The results of comparisons between bulk element�s 

concentrations and their mean elemental abundences of Earth�s crust indicate the elements arranged according to 

their abundences in superficial deposits of Caspian Sea as follows : Al> Ca> Fe> Mg> Ti> Na> K> S> Mn. 

Calculations of the Enrichment Factor (EF) according to the degree of Taylor (1964) classification, shows most 

of elements studied have minor enrichments, Ca, Cd, Mo, and S have moderate enrichments, and S has moderately 

severe enrichment just in one sampling station. In the present investigation, the degree of sediment�s contamination 

was evaluated using a Contamination Factor (CF), according to the degree of Hakanson ( 1980) and Pazi(2011) 

classifications. The values of CF identify most of elements studied have low and moderate contaminations. Also 

Pb, Cr, Cd, As, Zn, Ti, Ca, Fe, S, and Mo are considerable, and Ca, Cd, As, and S have high contamination in 

several sampling stations. Müller (1979), as well as others have used the concentration of elements in shale and 

the average crustal abundences data as a substitute for select background elemental values, while regional 

background haven’t been suggested ( Christophoridis, 2009; Rubio, 2000; Hu, 2013). The Geo-accumulation 

Index (Igeo) indicates all elements studied are unpolluted and unpolluted to moderately polluted for 1 and 2 classes 

according to the Müller (1979) classification. Bivariate correlation (Pearson, two- tailed) matrices between the 

studied elements were conducted to investigate potential sources of them and are shown in. Various degree of 

correlations were found some significant correlations, both positive and negative in study area showed. According 

to correlation coefficients indicate and interpretation of relationship intensity of Pearson correlation (adapted of 

Morton and et al., 1996; Zou and et al., 2003): 

A: Al- K, Rb- K, and Rb- Al show strongly positive correlation and identify same sources for them. 

B: Mn- K show strongly negative correlation and its indicate different sources for them. 

C: there are moderately positive correlation between Ca- Na, Pb- Fe, Ni- Al, Ni- Mg, Mn- Fe, Cu-Ni, Co- Cu, Cd-

Fe, Cd-Cu, Cd-Co, Ba- Na, and As- S. therefore we can propose same sources for them. According to the 

dendrogram of elements, they contents in two major clusters, “A” and “B” Ca and Al were clustered in “A” . Na, 

K, and Mg formed clustered and Fe joins to them as “B1”. Finally, As, Mo, Cd, Co, Pb, Cu, Ni, Rb, Zn, Ba, Mn, 

S, and Ti formed “B2”  that grouped to “B1” and make major cluster “B”. 

 Pay attention to geochemical affinity, behavior of each clusters and geological setting specially distribution of 

suitable lithogeochemical media for their elements, we propose several sources for clusters. Its clear that both 

types of geogenic and anthropogenic origins exist, but what is very important in transporting elements to 

continental shelf and superficial deposits of Capian Sea, seems to be the specific role of streams and rivers. They 

will obviously transmit elements from humanity, industrial, and agricultural activities. Howevere strongly seems 

to be a hybrid geogenic sources as elemental origin in studied area, or there are probably both acidic and basic 

rocks. Gabbroes and basalts as the sources of the Cu, Cr, Ni, Fe, Mg, Co, and rhyolites, ignembrites, acidic tuffs 

also metamorphosed sediments (slates and phyllites) as the origins of the As, Cd, Mo, Pb.  It should be considered 
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that the function of streams causes dissolution and leaching the elements due to weathering of rocks, specially 

hidden ophiolites units, metal- bearing clay minerals, organic matter containing metals, sulfide compounds of 

elements that left over from lagoons dried and oxidize in oxidative conditions. 
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Abstract: 
The studied area is located in southern part of Caspian Sea, at Langaroud geological 
map ( scale: 1: 100000) of Guilan province. 21 samples of superficial deposits were 
analysed via ICP- MS and XRF in laboratory of the Geological Survey of Iran. 
Element�s concentrations  arranged according to their abundences as follows : Al> 
Ca> Fe> Mg> Ti> Na> K> S> Mn. Most of elements studied have minor 
enrichments, Ca, Cd, Mo, and S have moderate, and S has moderately severe 
enrichment. Most of elements studied have low and moderate contaminations. Also 
Pb, Cr, Cd, As, Zn, Ti, Ca, Fe, S, and Mo are considerable, and Ca, Cd, As, and S 
have high contamination in several sampling stations. The Geo-accumulation Index 
(Igeo) indicates all elements studied are unpolluted and unpolluted to moderately 
polluted for 1 and 2 classes according to the Müller (1979) classification. Pay 
attention to geochemical affinity, behavior of each clusters and geological setting 
specially distribution of suitable lithogeochemical media for their elements, we 
propose both types of geogenic and anthropogenic origins  for them. 

Keywords: Geochemistry, Enrichment factor, Contamination factor, Geo- accumulation 
index, Caspian Sea 

1.Introduction 

The studied area is located in southern part of Caspian Sea, at Langaroud geological map ( scale: 1: 100000) of 

Guilan province. The geographic coordinates are 50֯, 00′, 00″ - 50֯, 30′, 00″ E and 37֯, 00′, 00″ - 37֯, 30′, 00″ N (fig. 

1). Elements specially heavy metals are toxic and causes serious problems to environmens as they are long 

persistent and not easily oxidized, degraded, removed, or converted to less harmful components through biological 

or chemical processes (Sharifuzzaman and et al., 2016). Sediments served as excellent indicator of metal pollution 

in coastal environments as larg inputs (>90 %) of heavy metals ultimately find their way to the estuarine zone and 

on the continental shelf ( Yeasts and Wewers, 1983; Satpathy and et al., 2012). 
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2. Materials and Methods 

Twenty one samples of superficial deposits were collected from the 3- 47 meter depths during the summer of 2019 

using a grab sampler. The samples were oven- dried at 80 (֯c) for 1 day and sieved through a 2-mm sieve to remove 

large materials and stored in closed plastic bags and send to lab. All samples were analysed via ICP- MS and XRF 

in laboratory of the Geological Survey of Iran. All statistical methods were applied to process the analytical data 

in terms of its distribution and correlation among the studied parameters. To calculate the statistical parameters 

and identify the relationship among elements in sediments and assessment of the their possible sources, Pearson �s 

correlation coefficient analysis and dendrogram of cluster analysis for elements were perfomed via SPSS and 

Excell software in present study.The assessment of elements contamination is usually done by calculating 

Enrichment Factor (EF), Contamination Factor (CF), and Geo- accumulation Index (Igeo). Iron (Fe) is commonly 

selected as normalizing element because it is a Quasi- Conservative Tracer of the natural metal- bearing phases 

in fluvial and coastal sediments (Schiff and Weisberg 1999; Turner and Millward, 2000). The average crustal 

abundance data used to background elements values because regional values havn′t been suggested. 

3.Results 

The results of comparisons between bulk element�s concentrations and their mean elemental abundences of Earth�s 

crust indicate the elements arranged according to their abundences in superficial deposits of Caspian Sea as 

follows : Al> Ca> Fe> Mg> Ti> Na> K> S> Mn. Calculations of the Enrichment Factor (EF) according to the 

degree of Taylor (1964) classification, shows most of elements studied have minor enrichments, Ca, Cd, Mo, and 

S have moderate enrichments, and S has moderately severe enrichment just in one sampling station. In the present 

investigation, the degree of sediment�s contamination was evaluated using a Contamination Factor (CF), according 

to the degree of Hakanson ( 1980) and Pazi(2011) classifications. The values of CF identify most of elements 

studied have low and moderate contaminations. Also Pb, Cr, Cd, As, Zn, Ti, Ca, Fe, S, and Mo are considerable, 

and Ca, Cd, As, and S have high contamination in several sampling stations. Müller (1979), as well as others have 

used the concentration of elements in shale and the average crustal abundences data as a substitute for select 

background elemental values, while regional background haven’t been suggested ( Christophoridis, 2009; Rubio, 

2000; Hu, 2013). The Geo-accumulation Index (Igeo) indicates all elements studied are unpolluted and unpolluted 

to moderately polluted for 1 and 2 classes according to the Müller (1979) classification.  

Bivariate correlation (Pearson, two- tailed) matrices between the studied elements were conducted to investigate 

potential sources of them and are shown in figure 2. Various degree of correlations were found some significant 

correlations, both positive and negative in study area showed. According to correlation coefficients indicate and 

interpretation of relationship intensity of Pearson correlation (adapted of Morton and et al., 1996; Zou and et al., 

2003): 

A: Al- K, Rb- K, and Rb- Al show strongly positive correlation and identify same sources for them. 
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B: Mn- K show strongly negative correlation and its indicate different sources for them. 

C: there are moderately positive correlation between Ca- Na, Pb- Fe, Ni- Al, Ni- Mg, Mn- Fe, Cu-Ni, Co- Cu, Cd-

Fe, Cd-Cu, Cd-Co, Ba- Na, and As- S. therefore we can propose same sources for them. According to the 

dendrogram of elements, they contents in two major clusters, “A” and “B” (Fig 3). Ca and Al were clustered in 

“A” . Na, K, and Mg formed clustered and Fe joins to them as “B1”. Finally, As, Mo, Cd, Co, Pb, Cu, Ni, Rb, Zn, 

Ba, Mn, S, and Ti formed “B2”  that grouped to “B1” and make major cluster “B”. 

 Pay attention to geochemical affinity, behavior of each clusters and geological setting specially distribution of 

suitable lithogeochemical media for their elements, we propose several sources for clusters. Its clear that both 

types of geogenic and anthropogenic origins exist, but what is very important in transporting elements to 

continental shelf and superficial deposits of Capian Sea, seems to be the specific role of streams and rivers. They 

will obviously transmit elements from humanity, industrial, and agricultural activities. Howevere strongly seems 

to be a hybrid geogenic sources as elemental origin in studied area, or there are probably both acidic and basic 

rocks. Gabbroes and basalts as the sources of the Cu, Cr, Ni, Fe, Mg, Co, and rhyolites, ignembrites, acidic tuffs 

also metamorphosed sediments (slates and phyllites) as the origins of the As, Cd, Mo, Pb.  It should be considered 

that the function of streams causes dissolution and leaching the elements due to weathering of rocks, specially 

hidden ophiolites units, metal- bearing clay minerals, organic matter containing metals, sulfide compounds of 

elements that left over from lagoons dried and oxidize in oxidative conditions. 

 
  Fig 1. Modified map of the study area showing sampling sites on the type of sediments distributions map in superficial deposits of Caspian 

Sea (Karimkhani and et al., 2016) 

 
Fig 2. Correlation coefficients between the elements of superficial deposits in Caspian Sea sediments 
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*correlation is significant at the 0.05 level (p=0.05)(2-tailed) 

**correlation is significant at the 0.01 level (p=0.01)(2-tailed) 

 
Fig 3. Denrogram of cluster analysis for elements of superficial deposits in Caspian Sea sediments 
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1. Introduction 

Aquatic oligochaetes is one of the main groups of macroinvertebrates and include about 1100 species of 13 

families (Martin et al., 2008) and have a worldwide distribution. They commonly inhabit sediments of rivers, 

streams, lakes, marshes, ponds, springs and  ground-waters (Collado and Schmelz, 2001) showing that this species 

has been adapted to a very wide variety of habitats and environments, such as freshwater, brackish or sea water. 

Naididae is a large group of freshwater oligochaete (Smutna et al., 2008), while 238 Naididae species are known 

worldwide (Martin et al., 2008) of which approximately 26 species belong to the genus Nais.  

Among studies which have been done on aquatic macroinvertebrates fauna in Iran, oligochaetes have been 

identified at the family level, and a few studies have been carried out at the species level. Besides, some work has 

been done regarding the Oligochaeta in Iran such as Stephenson (1920), Egglishaw (1980), Pourang  (1996),  

Aliyev and Ahmadi (2010), Ahmadi et al. (2011, 2012), Ardalan et al. (2011), Basim et al. (2012), Jablonska and 

Pesic, (2014) and Nazarhaghighi et al. (2014). Upon these findings, 23 species of aquatic oligochaetes have been 

reported from inland waters of Iran so far, 11 species from Naididae and only 2 species from genus Nais: N. 

Communis (Stephenson, 1920) and N. Pardalis (Nazarhaghighi et al., 2014).  

The aim of this study is to introduce Nais elinguis and N. variabilis from Iran for the first time and their distribution 

pattern along Cheshmehkileh and Sardabrood estuaries in South Caspian Sea basin.   

2. Materials and methods 

The Cheshmehkileh is a mountainous and permanent water river in North of Iran (Mazandaran province), 

originates in the Alamot region (Northen of Central Alborz mountains) with total length approximately 80 km, 
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average annual discharge 55 million m3, average slop 6.5 % and basin area 1200 km2 grafts to Caspian Sea on 

Tonekabon city. The Sardabrood is another mountainous and permanent water river in North of Iran (Mazandaran 

province), originates in the Kelardasht region (Northen of Central Alborz mountains) with  total length 

approximately 67 km, average annual discharge 100 million m3, average slop 6.4 % and basin area 450 km2 grafts 

to Caspian Sea on Chalus city. 

This study was carried out between November 2014 and September 2015 and random sampling was done at six 

stations with three replicates for each sampling along each river bimonthly (Fig. 1 and Table 1). Sampling was 

done using 0.03 m2 Van Veen grab for soft sediments at estuary area  and 0.1 m2, 0.2 mm-mesh size Surber for 

inner parts of the river with pebbles. 

In total, 72 sediment samples were collected. The Samples were fixed in situ using a 5% formalin solution. In the 

laboratory, sediments were sieved through mesh sizes of 1, 0.5 and 0.25 mm and specimens were preserved in 

70% ethanol and then sorted and counted under a stereomicroscope (Nikon SMZ800, Japan) and eventually wet 

weight of worms were measured by digital balance (0.0001 gr, Mettler Toledo, AB204-N). For identification at 

species level, worm specimens were mounted on slide glasses in Amman’s lactophenol clearing agent (Smith, 

2001) and covered by a coverslip and left for several hours to a day or two, and then for observation of setae and 

other details using microscope (Nikon E200 & Nikon DIGTAL SIGHT DS Camera, Japan). The main 

identification keys used were Pinder (2010), Krieger and Stearns (2010), Smith (2001),  Pinder and Brinkhurst 

(1994), Brinkhurst and Wetzel (1984), Brinkhurst (1986, 1971a,b). The statistical analysis was performed by 

SPSS 22. Previous to the analysis, data were tested for the normality using Kolmogorov-Smirnov test. In case if 

the data were normal, one - way analysis of variance (ANOVA) test was used to determine the relationship 

between the biological variables among the stations and months of sampling. 

 
Figure 1) Study areas and location of sampling stations in Cheshmehkileh and Sardabrood estuaries. 
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Table 1) Sampling stations characteristics 

 

 
3. Results 

The systematic account and description for the described species is as follows: 

Kingdom: Animalia  Phylum: Annelida  Linnaeus, 1758   Class: Clitellata  Linnaeus, 1740   Subclass: 

Oligochaeta  Order: Haplotaxida  Grube, 1850  Family: Naididae  Ehrenberg, 1828 Subfamily: Naidinae  

Ehrenberg, 1828  Genus: Nais  Müller, 1773        1- Species: Nais elinguis Müller, 1773         2- Species: Nais 

variabilis Piguet, 1906 

Morphological descriptions: 

- Nais elinguis Müller, 1773 

Prostomium is without proboscis and most specimens have no eyes. Worms are olive gray or dark yellow with 

brown spots (Fig. 2A). Worms body were 1.4 to 2.9 mm in length, 0.1 to 0.3 mm in diameter and number of 

segments 12–28. Dorsal chaetae beginning in segment VI (Fig. 2B), hairs 1–3 per dorsal bundle (most worms 

have 2-3 hairs per bundle), 140–290 μm long, needles 1–3 per dorsal bundle (most worms have 2-3 needles per 

bundle) (Fig. 2E, F). The needles with two long parallel teeth, distal (upper) tooth slightly longer than proximal 

(lower) tooth, 35-70 µm long, with a distal nodulus (Fig. 2G). Ventral chaetae 2-5 per bundle, bifid crotchets, 40–

105 μm long, with a median or slightly distal nodulus, those of II-V 4–5 per bundle and slightly longer, straighter 

and thinner than the rest, with upper tooth 1.5–2 longer and thinner than lower (Fig. 2D), Posterior Ventral chaetae 

2-3 per bundle (Fig. 2C). No sexual individuals were detected during study period. 

- Nais variabilis Piguet, 1906 

Prostomium is without proboscis and most specimens have no eyes. Worms are olive gray or dark yellow with 

brown spots (Fig. 3A). Worms body were 0.9 to 2.6 mm in length, 0.1 to 0.3 mm in diameter and number of 

segments 10–35. Dorsal chaetae beginning in segment VI (Fig. 3B), hairs 1–2 per dorsal bundle (most worms 

have 1 hairs per bundle), 110–250 μm long, needles 1–2 per dorsal bundle (most worms have 1 needles per bundle) 

(Fig. 3E, F and G). The needles with two short parallel teeth, 32-70 µm long, with a distal nodulus (Fig. 3G). 

Ventral chaetae 2-5 per bundle, bifid crotchets, 40–95 μm long, with a median or slightly distal nodulus, upper 

 

Station Latitude Longitude Sampling location Water type Substratum nature 
S1 N 36˚ 49' 6.3" E 50˚ 52' 52.3" Cheshmehkileh river Freshwater Gravel, Sand, Silt, Clay, Vegetation 

S2 N 36˚ 49' 
۲۰�۰" E 50˚ 53' 9.3" Cheshmehkileh river mouth Semibrackish Gravel, Sand, Silt 

S3 N 36˚ 49' 
۳۵�۹" E 50˚ 53' 24.6" Cheshmehkileh estuary Brackish Sand, Silt, Clay 

S1 N 36˚ 41' 
۱۱�۹" E 51˚ 23' 55.4" Sardabrood river Freshwater Gravel, Sand, Silt, Clay, Vegetation 

S2 N 36˚ 41' 
۲۲�۲" E 51˚ 24' 8.7" Sardabrood river mouth Semibrackish Gravel, Sand, Silt 

S3 N 36˚ 41' 
۳۹�۹" E  51˚ 24' 26.3" Sardabrood estuary Brackish Sand, Silt, Clay 
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tooth 1.5–2 longer and thinner than lower (Fig. 3C and D), Posterior Ventral chaetae 2-3 per bundle (Fig. 3D). No 

sexual individuals were detected during study period. 

 

4. Discussion and conclusion 

During one year sampling in Cheshmehkileh and Sardabrood estuary, 526 individuals of Nais elinguis and 396 

individuals of Nais variabilis were examined. These species were recorded for the first time from Iran. This paper 

updated a short checklist of Iranian aquatic oligochaetes to 25 species (for Naididae to 13 species and for Nais 

genus to 4 species). In Table 2, the identified species of Naididae from Iran until now are listed and these species 

(N. elinguis and N. variabilis) were not in the list. In this study, N. elinguis and N. variabilis were permanent 

inhabitant during all period of sampling. 

Table 2) List of identified Naididae species from Iran 

 
 

 

 

 

 

                  Species                  Reference 
1 Aulophorus furcatus Oken, 1815 Ahmadi et al., 2012 
2 Chaetogaster diastrophus Gruithuisen,1828 Stephenson, 1920 
3 Chaetogaster limnaei Baer,1827 Stephenson, 1920; Jablonska and Pesic, 2014 
4 Dero dorsalis Ferroniere, 1899 Jablonska and Pesic, 2014 
5 Dero digitata Müller, 1773 Nazarhaghighi et al., 2014 
6 Nais communis Piguet, 1906 Stephenson, 1920 
7 Nais pardalis Piguet, 1906 Nazarhaghighi et al., 2014 
8 Ophidonais serpentina Müller, 1774 Ardalan et al., 2011; Nazarhaghighi et al., 2014  
9 Pristina breviseta Bourne, 1891 Jablonska and Pesic, 2014 

10 Stylaria lacustris Linnaeus, 1767 Stephenson, 1920; Aliyev and Ahmadi, 2010; Ahmadi et al., 
2012; Nazarhaghighi et al., 2014  

11 Slavina appendiculata dUdekem, 1855 Nazarhaghighi et al., 2014 
12 Nais elinguis Müller, 1773 Present study 
13 Nais variabilis Piguet, 1906 Present study 
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According to the results of this study, N. elinguis and N. variabilis strongly peaked at the initial cold period (from 

November to May) and falls at the time of summer solstice. The peak (higher mean numbers) appeared to link to 

the rather instable river flow regime (the first spate sampled) and the time of strong discharge fluctuations. 

The naid oligochaete N. elinguis and N. variabilis were only observed in station 1 and 2, higher in fresh water 

than brackish ecosystems, in both Cheshmehkileh and Sardabrood estuaries, while commonly found around the 

world in freshwater, tidal freshwater, and sometimes in brackish environments, it is rarely observed in higher 

salinity like marine coastal waters (Verdonschot, 1999). Density of these species in Cheshmehkileh estuary were 

higher than Sardabrood. 
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Abstract: 

Harmful algal blooms (HABs) are a natural phenomenon caused by some planktonic 
species, especially dinoflagellates. Despite the naturalness of this phenomenon, in addition 
to natural stresses, anthropogenic pollutions and the entry of municipal and industrial 
effluents and sewage into aquatic ecosystems cause the stability and intensification of this 
phenomenon. Increasing the rate of this natural phenomenon in aquatic environments leads 
to economic reduction of fishery, aquaculture. It may effect on human health and will cause 
some environmental impacts. In recent years, marine cage culture has flourished in West 
Asia include Persian Gulf and Oman Sea. A potential hazard to this industry is HAB. 
Anticipating ways to deal with this potential phenomenon will help manage cage farms in 
times of crisis. Three effective ways to control this phenomenon are mechanical controls, 
including the use of clay or ultrasonic waves, biological controls, and finally chemical 
controls. In this study, the risk of available methods is investigated and the method that has 
the least risk to the environment and farmed fish is proposed. 

Keywords: Cage culture, Red tide, Persian Gulf, Oman Sea 
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1. Introduction  

In this paper, the effect of carbonate content on geotechnical properties of subseafloor sediments of northern Persian 

Gulf, were studied. The Persian Gulf is surrounded by Arabian platform in the south and Zagros mountain range in the 

north and is structurally a part of the Zagros simply folded belt. This basin is a marginal, epicontinental sea with a length 

of about 1000 and width of 200 to 300 km, covering an area of approximately 226,000 km2. The average water depth 

is about 35 m.  The northern part of the Persian Gulf is deeper than the southern part of this basin. Iranian coastline, 

northern part, consists of the steeply dipping anticlines trending NW-SE. In the southern part, the Arabian marine shelf 

is wider and gentler, with less water depth than the Iranian shelf. This basin can be separated into two major sedimentary 

basins: a northern, Iranian part, which is strongly influenced by fluviatile sedimentation, and a southern, Arabian part, 

carbonate domain of mainly autochthonous, pure carbonates with aeolian-derived siliciclastic admixture. 

 
Figure 1) Study area: Iranian (northern) part of Persian Gulf and locations of boreholes. 
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2. Materials and methods  

Due to the lack of geotechnical databases of study area, the first and most important part of this research was thus to 

gather data and information as much as possible to develop a geotechnical database.  Many site investigations have been 

carried out within the Iranian oil and gas fields of Persian Gulf over the years for numerous projects. The majority of 

these information is unpublished and resides in the archives of offices of the many oil companies and geotechnical labs 

in Iran. The authors have tried to gather as much as possible of this unpublished data to develop a geotechnical database 

to investigate the geological engineering condition of the study are. In the next step, scatterplots of geotechnical 

parameters versus carbonate content and depth were drawn to compare the relationship between geotechnical parameters 

to different values of carbonate content.  

3. Results  

Plots of shear strength versus depth for two group of sediments (carbonate content >40% and carbonate content <40%) 

illustrated different trends (Fig. 2). Shear strength in sediments with carbonate content <40% shows lower values with 

average about 9 KPa. The shear strength in the sediments with carbonate content >40% is variable and show higher 

values with an average about 45 KPa (Table. 1). Also results showed that by increasing the carbonate content, Atterberg 

limits were decreased.  

Table 1) Average values of shear strength in two group of carbonate sediments 

Carbonate content of sediment 
Shear Strength (Su) 

Min Max Average 

Carbonate content <40% 1 40 9 

Carbonate content>40% 1 200 45 

 

 
Figure 2) a. Variation of shear strength (Su) with carbonate content. b and c. Scatterplots of shear strength versus depth for two group of sediments 

(1. carbonate content >40% and 2.carbonate content <40%). d. Variation of plasticity index with carbonate content. 
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3. Discussion and conclusion 

The effect of carbonate content on geotechnical properties of subseafloor sediments of northern Persian Gulf, was 

studied. Geotechnical data and information related marine structure in Iranian oil and gas fields were gathered and a 

geotechnical database was prepared.  Scatterplots of some geotechnical parameters (Atterberg limits, shear strength) 

versus carbonate content were drawn to study the relationship between these parameters and variable amount of 

carbonate content. The most values of shear strength were related to sediments with higher percent of carbonate content.  

Also results showed that by increasing the carbonate content, Atterberg limits were decreased. 
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1. Introduction 

Sediment history of large lakes shows chronological records in sediments and also can provide valuable information 

about environmental changes [1-4]. Sedimentation rate has been taken into consideration as one of the important 

parameters to assess the history of sedimentation process in a basin.  

In the southern Caspian Sea (CS), the western side of the basin is characterized by high sedimentation rate and some 

studies presented estimation of sedimentation rate for this area [5]. The rate of deposition has been estimated for deep 

area of the southern CS to be around 0.1–0.15 mm/yr [6-7]. According to the literature, there is not any estimation of 

sedimentation rate for the eastern side of the basin however due to low sediment supply by rivers; very low 

sedimentation rate is expected for this area.  

The eastern coast of the southern CS is characterized by relatively gentle slope in sea and land [8]. From south to north, 

water depth increases from a few meters close to southern coastline to 1025 m in the center of southern Caspian basin 

[9-10]. The source of clastic sediments in the area comes from Kope-Dagh and Alborz mountains by several inflowing 

rivers including Tajan, Babolrud, Haraz, Neka and Talar [11]. According to Lahijani et al., 2019 [12], the area is fed by 

the calcareous formations that bring carbonates into the sea. Moreover, due to arid climate and the gentle slope shelf, 

conditions are favorable for chemical and biological activities that lead to carbonate enriched sediments. Siliciclastic 

sediments dominate in the west parts of the area.  

The aim of the present study is estimating sedimentation rate in the eastern side of the southern CS analyzing four 

collected sediment cores. 

2. Materials and methods  

The four cores considered in this study (fig. 1) are located along a profile that starts from the depth of about 400 m close 

to the southern coastline (BS400) and continues NW, down to the depth of about 700 m (TS02). From the morphological 
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point of view, the study area includes a shelf area with the width of around 50 km in the south, then a relatively steep 

slope between the water depth of 100 m and 550 m where the cores BS400 and BS500 are located, and at the end, a 

wide area with gentle slope in water depth below 550 m where the cores BS600 and TS02 are situated. Using a MS2C 

Bartington Magnetic Susceptibility Meter, magnetic susceptibility (MS) of the intact sediment cores were measured at 

the INIOAS laboratory with 1 cm increment. Then the cores were split using a hand-made core splitter. XRF scanning 

were implemented on the two half cores that had already been analyzed for MS, to determine any geochemical changes 

along the cores BS400 and BS600, using an ITRAX core scanner at CEREGE laboratory, Aix-Marseille University. 

Mo tube with 30 kv, 45mA, 15s were used for scanning. Before scanning, the cores were radiographed for overall 

density and structure by 40 kv, 45mA, 400ms. Other half of the cores BS400, BS500 and BS600 were subsampled 

systematically. Totally, 201 sediment sub-samples were tested to measure Grain size, calcium carbonate, and organic 

matter (OM) contents for sedimentological analysis at the INIOAS laboratory. Prior to the sample treatments, all the 

samples were oven dried at 60°C. For each sample, dry sediments (4g) were burnt at 550°C for 4h to calculate O.M. 

contents and then the samples were burnt at 950°C for a further 2h to calculate carbonate contents. All samples were 

granulometrically characterized by a Horiba Laser Scattering Particle Size Analyzer la-950. It should be noted that the 

core ST02 had been analyzed by Lahijani et al., 2019 [12] with the same methods (except granulometrical analyses).  

Using geochemical and sedimentary parameters, different beds were detected and correlated in the cores. Then, the ages of two main sedimentary 
events were determined, correlating with previous studies, which were used to estimate the rate of sedimentation. 

 
Figure 1) The map of the study area in the southern CS and the location of cores used in this study. 

3. Results  

Based on XRF scan analysis, different patterns of wiggling of the concentration of measured elements were observed 

for every core and also for different groups of elements. In the core of BS400, the concentration of most of the elements 

is decreasing from the core top down to 40 cm, increasing between 40 to 80 cm and thereafter stable down to the core 

bottom. In the core of BS600, lithogenic elements (Si, Zr, Ti, Mn, Rb, and Fe) show low variation along the core. The 

concentration of Ca and Sr (biogenic elements) are increasing from top to bottom of the core and are highly correlated 



 2nd International Conference on Oceanography for West Asia 

 

37 

each other. In the core of ST02, the MS value shows two main peaks in the depth of 20-30 cm and 60-70 cm. Based on 

granulometrical analyses, all sediments in the BS400 fall within the range of medium to fine silts. Sand particles were 

detected just in a horizon at top of the core (4-6 cm). Coarse silts are observed in some horizons with maximum content 

less than 3% in horizon 4-6 cm from the top of the core. Clay and silt content behave in opposite trends. The MS varies 

through the core and seems to be in direct relationship with grain size. Generally, the MS value in the deeper part of the 

core is higher in compare to the upper part. The sediments of core BS500 generally are in the range of silt without any 

sand. The average and maximum amount of clay in the core are less than 18% and 25%, respectively. More than 70% 

of the sediments are composed of fine and very fine silts and coarse silt is evident just in three horizons in the upper 

and middle parts of the core. The calcium carbonate content oscillates with a trend opposite to that of O.M. content. 

Unfortunately, for this core, data of XRF scan has not been available and the photo was not taken with satisfy quality. 

Fine and very fine silts are the major sediment contributors of the core BS600. No sand particle was reported. Coarse 

silt is observed just in a horizon in depth 34 to 36 cm with content less than 1% and the average amount of medium silt 

in the core is less than 2%. The ratio of coarse and medium silts to very fine silt plus clay shows higher values for some 

horizons which seems to be in direct correlation with MS.  

4. Discussion and conclusion 

According to the different geochemical and sedimentological parameters, core loges were correlated as shown in figure 

2 and then referring to previous studies, two main events in the area were detected and their ages were estimated. For 

proper correlating, step by step from the top to the base of the cores, we detected in both cores the same horizons 

according to the variation of different parameters (especially MS, Ca and Ti/Ca). The boundary between Holocene and 

Pleistocene in core ST02 was determined refereeing to previous studies and chemical characteristics of the sediments 

by Lahijani et al. (2019)[12]. The considerable change in core ST02 was observed at the depth of ~68 cm highlighted 

by a decrease of Ti and an increase of Ca which indicates the Holocene/ Pleistocene transition in the southern and central 

basins of the CS [6, 13, 14]. In addition, the sharp increase in MS values observed in ST02 waslinked to Amudarya 

River avulsion into the CS by Lahijani et al., (2019)[12] that brought detrital material into the basin and occurred around 

5000 BP [15].  
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Figure 2) Correlation of the core logs.  

Considering to the conditions discussed previously, relatively low sedimentation rate is expected for the eastern side of 

the southern CS; equal to or lower than 0.1–0.15mm/yr estimated for deep basin of CS in Holocene by Chalié et al. 

(1997) [6] and Pierret et al. (2012)[7]. Here, supposing the 5000 BP for the date of Amudarya River avulsion, the 

sedimentation rates are estimated between 0.07 and 0.04 mm/yr for the historical time of the southern CS as shown in 

figure 3. Supposing 11650 years for Holocene, average sedimentation rates for whole Holocene and the time between 

beginning of Holocene and 5000 BP are estimated 0.1-0.06 mm/yr and 0.12-0.07 mm/yr, respectively. Sedimentation 

rates for Holocene show a general declining trend like the rates for historical time but the rate for BS500 is lower than 

that is expected considering to the trend. Decreasing trend of the rates respect to distance from shoreline seems 

reasonable because for areas farther from the shoreline, energy of rivers and currents and consequently the size and 

volume of detrital sediments drop further. Lower sedimentation rate for BS500 probably happened as a result of mass 

movements in sea bottom during the time between beginning of Holocene and 5000 years BP.  

The rate of sedimentation in the period before 5000 years ago is about twice that rate in the period after this time. Water level of the Caspian Sea 
increased very fast, around 18 m, during the beginning of Holocene and 7000 BP [16]. The higher rate of sedimentation in the period before 5000 
BP occurred due to the fast rise in sea level which had been associated with enhanced rainfall intensity and increased terrestrial sediment delivery.  

 
Figure 3) Estimated sedimentation rates for the cores during historical time and Holocene which show decreasing trends from shoreline to deep 

basin. 
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Abstract: 
Since the state of ice masses is known as one of the most sensitive indicators of climate 
change, studies on the Polar Regions are of particular importance. Antarctica is the 
southernmost continent on Earth in the southern hemisphere, surrounded by oceanic waters. 
Despite international administration and a relatively low human presence, Antarctica has 
been affected by human activities and various pollutions, including post-industrial 
greenhouse gases, have affected the region. Due to its small population (about 1,000 people 
in research centers) and its vast expanse of ocean, it is known as a pristine area that has 
made global climate change traceable. Adelie Penguins are one of the only five species of 
penguins living in the Antarctica. Changes in ice masses under the influence of climate 
change have had a direct impact on the quality of Adelie penguin’s habitats and life. 
Remotely sensed sea surface temperature data and primary production in surrounded waters 
combined with sea ice concentration information for last two decades in models, indicate 
changes in habitat suitability of Adelie penguins. Regional migration and decrease on 
individuals and habitats for Adelie penguins forecasted based on data analyses and models. 

Keywords: Pygoscelis adeliae, Antarctica, Global warming, Southern Ocean 

1. Introduction 

The Antarctica is the only continent to be governed by the surrounding waters under an international treaty (ATS). 

Despite international administration and a relatively low human presence, Antarctica has been affected by human 

activities and various pollutions, including post-industrial greenhouse gases, have affected the region. Due to its small 

population (about 1,000 people in research centers) and its vast expanse of ocean, it is known as a unique area that has 

made global climate change traceable. A small number of vertebrates live in the Antarctica, most of which are confined 

to the subcontinental area and Islands. Antarctic marine animals include penguins, blue whales, killer whales, colossal 

squids, and fur seals. Among the few animals living in the Antarctic, penguins, which are considered seabirds, are 

prominent species. 

Adelie penguins (Pygoscelis adeliae) are among five species of penguins living in the Antarctic (Adelie, Emperor, 

Gentoo, Chinstrap and Macaroni Penguins). Adelie penguins lay their eggs all over the Antarctic coasts and surrounding 
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islands wherever they are exposed to rocks. Among the 17 species of penguins, the most scientific studies have been 

done on Adelie species (Ainley and Pennycook, 2015). These penguins make their nests from pebbles found on land in 

the spring. They choose a sloping surface so that water can pass through the nest when the snow melts. Feeding is a 

problem in early spring; when the ice packs are not yet broken. They may have to walk more than 50 kilometers on ice 

to reach the sea before feeding. Penguins always return to the same nest and mate if they do not have a problem (Ainley, 

2002). 

Climate change means any specific change in patterns expected for the average climate situation, which occurs over a 

long period of time in a specific region or for the global climate as a whole. Climate change is due to fluctuations in the 

Earth, natural processes around it and the impact of human activity on it. External factors that can shape the climate are 

often called climatic forces and include processes such as fluctuations in solar radiation, the rotation of the Earth, and 

the amount of greenhouse gases. 

Change in ice masses is known as one of the most sensitive indicators of climate change, which increases mainly during 

the cooling period (such as the short glacial period) and begins to decline during the warming period on average time 

scales (Ainley, 2002). Changes in ice masses have a direct impact on the quality of life of dependent animal species. 

Among these animals are penguins. Studies have shown that the presence or absence of Adelie penguins is directly 

related to the amount of ice masses in the surrounding waters. Adelie penguins are dependent on sea ice (icebergs, 

glaciers, ice sheets and ice shelves are all dry). When the ice cover of the ocean reaches 70%, the work becomes difficult 

for the penguins. 20% coverage is ideal. If the sea ice is completely gone, the penguins will disappear, but more subtle 

changes will be important before that (Ainley and Pennycook, 2015). 

Penguins, can be included in the list of endangered and endangered species (in the annual observations of BirdLife 

International in 2011, the Adelie penguin was declared an endangered species, but in the past and future years it was 

considered the least concern and this indicates the borderline of this species (BirdLife International., 2011 & 2018)). In 

the present study, the habitats of Adelie penguins as a creature that is a pioneer to this variability (Ainley, 2002), using 

remote sensing technology, have been investigated. Finally, the future situation will be predicted using the habitat 

models. 

2. Material and methods 

Due to extended studied area size, environmental data was collected using satellite imagery and remote sensing 

techniques. These data include physical data such as surface water temperature (SST) and sea ice concentration (SIC), 

as well as bioavailability data such as chlorophyll a (CHL-a) changes. Due to the short food chain, high chlorophyll 

indicates the availability of penguin food sources. The SeaWiFS sensor on the SeaStar satellite with 8 bands in the 

optical range (VNIR) is primarily designed and used to measure chlorophyll (Zheng et al., 2017). MODIS sensor data 

(bands 8 to 16) are also used in chlorophyll studies in waters around the Antarctica (Zeng et al., 2016). 

On the other hand, MODIS data is used to obtain water surface temperature; Landsat thermal bands (bands 10 and 11) 

are used for higher spatial resolution (Cahyono et al., 2017). In examining the extent of sea ice concentration, most 
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research focuses on the use of microwave (both passive and active (radar)) images, although thermal and optical have 

also been used. 

3. Conclusion 

Recent two decade data analyses showed that global warming has caused increase in sea surface temperatures and 

decrease in the ice surface of the Southern Ocean and surrounding seas especially in the Antarctic Western Cape and 

more northerly latitudes. Favorite habitats for Adelie penguin breeding colonies, towards the Ross Sea have increased 

and some restriction happened to north west areas like Antarctic peninsula and higher latitude Islands. Results indicate 

that continuation of the current trend of global warming, threatens the desirability of the current habitats of Adelie 

penguins. 

Climate change affects the habitat suitability of organisms in different ways. Global warming seems to have affected 

Adelie penguins, their food resources and their environmental conditions, and it is likely that in the future years these 

valuable species will continue to drift from northern offerings to colder southern regions. Results for this study indicate 

that sea ice concentration (SIC), sea surface temperature (SST) and primary production that explained as available 

hunting rate in other studies and directly is related to CHL were among the most important environmental factors 

(Emmerson and Southwell, 2011; Ainley and Pennycook, 2015). Survey on sensitive environments and species known 

as bellwether of climate change will have significant benefits and existence of models that can predict the future will 

be of great help to international decision-makers. 
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1. Introduction  

A breakwater is a structure constructed to form a harbor with a basin so protected from the effect of waves to 

provide safe berthing for fishing vessels and other types of ships. Constructing breakwaters is the major part of 

the harbor cost construction. In some codes, the following steps are considered for breakwaters design: determine 

project requirement, technical and design consideration, cost aspect, environmental consideration, and social 

face[1].  

In project definition and initial design, cost analysis played a vital role in selecting the type of breakwater. In this 

study, cost analysis and volume material examination for fishing port have done.  

Multipurpose Breakwaters 

In the present study, some ports on the Iranian coasts of Persian Gulf and Oman Sea like Mollou, Berkeh Soflein, 

Suza, Surgalm, Jod, Goordim, and Guater have examined. The location and layout of these harbors respectively 

display in Figure 1 and Figure 2. Also, port characteristics, hydraulic situations, and transport distance for different 

ports exhibited in table 1. 

mailto:ahmadrezaee2010@gmail.com
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Figure1) Location of ports in coast line 

Table 1) Breakwaters characteristics 

Transport 
distance 

(km) 

Max. 
design 
wave 
height 

(m) 

Depth of 
entrance 
(m C.D) 

B.W 
Length 

(m) 
B.W name 

12 1.71 -3.6 1025 Berkeh 
Soflein 

15 3.01 -3.6 1110 Mollou 
8 2.84 -5.0 1124 Suza 

30 2.96 -2.5 1687 Surgalm 
15 3.1 -3.5 1705 Jod 
3 3.28 -3.5 1100 Goordim 

25 3.35 -3.6 860 Guater 
 

 
Figure2) Layout of Harbours  
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Guater, Goordim, Jod, and Surgalm are ports which on the northern coast of Oman Sea. So, they are facing waves 

coming from oceans. On the other hand, Berkeh Soflein, Mollou, and Suza are on the Persian Gulf.  

2. Results  

In the following, the materials used for each layer and cost of different layers compared for mentioned harbors. 

For example result for Guatr harbor demonstrated in figure 2-A ,and figure 2-B. By checking these diagrams for 

all mentioned harbors, it turns out that while the most considerable part of the material volume ratio belongs to 

the core layer, the amour layer plays a vital role in coast ratio. 

 

 

  
A B 

Figure3) A: Material volume ratio for each layer B: Cost ratio for each layer 

Evaluation of the results of the present study shows that the average consumption of filter and armor layers were 

8% and 10% more than Rock Manual results, respectively. This difference is due to the project implementation 

conditions and quality of materials in our country. 

A comparison of used materials shows the material volume is proportional to (Depth) 2 in armor core layer. 

According to this study, the results of comparing the volume of used materials  for different layers with the entrance 

depth and the wave height are presented in Table 2[2]. 

Table 2) Material volume proportion and calibration to parameters  

Layer 

Volume 
proportion 
According 

to  Rock 
Manual 

(%) 

Volume 
proportion 
According 

to this 
study (%) 

Proportionality 
to Depth 

Proportionality 
to Wave 
Height 

Core 40-70 45-55 ∝ Depth2 - 

Filter 5 – 20 15-25 ∝ Depth - 
Armor 10 - 30 25-35 ∝ Depth ∝ HS

3.73 

In consideration of the study area, the material volume per meter, and the cost per meter for each breakwater are 

displayed in Table 3. In this cost analysis, the effect of transport distance is considered. 
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Table 3. Used material and cost per meter 

Cost per meter 
(million rial) 

Used material 
Volume (per 

meter) 
Breakwater 

75 119 Berkeh Soflein 
170 188 Mollou 
324 259 Suza 
305 173 Surgalm  
484 278.9 Jod 
278 247 Goordim 
478 281 Guatr 

 

3. Conclusion  

In this study, cost analysis and material volume study analysis have done by using collected data from different 

projects on the southern coast of the Persian Gulf and Oman Sea. By consideration of the location of the project, 

this study can help engineers to estimate the cost and volume of material for different layers of the breakwater. 
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1. Introduction  

Corals have become increasingly afflicted with diseases caused by both external factors and internal malfunctions 

(Rosenberg and Loya, 2013). The common signs of a coral disease include bleaching, tissue loss, abnormal 

growth, and/or mortality. Growth anomalies (GAs) are more prevalent in Indo-pacific corals than Caribbean or 

Atlantic communities (Aeby et al., 2011). Hypertrophy, hyperplasia, and/or neoplasia may cause GAs (Kathryn 

et al., 2004). Hyperplastic masses are associated with the proliferation of all types of cells (with some levels of 

atrophy) and with the retention of pigmentation (Loya et al., 1984). In contrast, calicoblastic epitheliomas (CEs) 

are easily identified by their bleached appearance, indicating the loss of zooxanthellae from gastrodermal cells 

(Peters et al., 1986). The soft tissue of the CEs consists of proliferated gastrovascular canals and associated 

calicoblastic epidermis (with no mucosal cells), leading to degenerated polyp structure (Peters et al., 1986). CEs 

have been reported from Acropora populations in the southern Gulf of Oman (Coles and Seapy, 1998). The tumors 

appeared as dense masses 2 mm to 5 cm in diameter on Acropora valenciennesi corals. The severity of CEs can 

be high, with up to 43 tumors per colony in 1993. The growth rates of single masses were >10 mm/y.  

A CE outbreak was observed during winter 2020 on Acropora corals in Chabahar Bay in the northern Gulf of 

Oman. The aim of this study was to determine the prevalence of CEs in Acropora valida populations in Chabahar 

Bay and to characterize the texture and main chemical composition of the skeletons in the CEs.      

2. Materials and methods  

Study area 

Coral reefs in Chabahar Bay are mainly within its eastern border (25.319160°N, 60.614798°E). The hard-coral 

fauna of the bay consists of 17 species in seven families distributed as both natural and transplanted patches 
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(Ajdari et al., 2013; Aminrad and Azini, 2013). A. valida and Pocillopora damicornis corals are abundant in the 

area (Ghazilou et al., 2019) . 

Sampling and analytical procedure 

A primary field survey of CE prevalence and virulence was performed along a 100-m transect in January 2020. A 

100-m tape measure was laid parallel to the shoreline at a depth of ~5 m, and all hard-coral colonies were 

photographed along four intermittent segments 20 m in length and 5 m in width (Hill and Loder, 2013). The results 

of our survey indicated that only Acropora corals were afflicted. Approximately 10 A. valida colonies with tumors 

were sampled and transferred to the laboratory. Each sample consisted of a region of tumor and adjacent normal 

branches. The samples were sonicated for 30 min in distilled water, and the tumor areas and a 1-m fragment of 

normal branches (approximately 0.5 cm below the branch tips) were carefully cut using stainless-steel scissors. A 

total of five sample sets were used for determining the organic-matter (OM) content using the loss-on-ignition 

method (Hoogsteen et al., 2018) and the total carbonate content using a Bernard calcimeter. The other sample sets 

were used for studying skeletal structure and composition. The soft tissues of these samples were removed by 

immersion in a commercial hypochlorite (~2.5% active chlorine) solution for 24 h (Altvater et al., 2017). The 

treated samples were cleaned in distilled water and used for further analyses . 

The crystalline structures of powdered tissue samples were analyzed using a Philips PW1730 X-ray diffractometer 

(Cu-Ka beam, λ=1.540498 Å, 40 kV, 30 mA, step size=0.05 deg, 2Ɵ range=10-80), and the carbonate properties 

of both the normal branches and the tumors were investigated by Raman spectroscopy (Teksan®, Iran), with the 

laser line operating at 532 nm. The microstructure and texture of gold-coated samples were examined using 

scanning electron microscopy (SEM FEI Quanta 200) at 2 kV. 

Selected elemental compositions of both types of tissue were analyzed by ICP-MS. (Loya et al., 1984) reported 

that CE formation in Acropora was induced by increased water temperature and the resultant exposure to 

ultraviolet  

radiation. Only concentrations of temperature-tracer elements (Ca, Li, Sr, and Mg) were thus measured by ICP-

MS (Hathorne et al., 2013). Half a gram of each sample (N=4 for normal tissue and N=4 for tumors, powdered) 

was dissolved in 25 ml of 0.3M HNO3 and diluted to 2% of the original concentration (modified from (Hathorne 

et al., 2013)) . 

Statistical analysis     

An independent t-test was used to compare total OM and carbonate contents and elemental ratios between normal 

tissue and tumors. The data were assessed for assumptions of normality and homoscedasticity using Shapiro-Wilk 

and Levene's tests, respectively. 
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3. Results  

The tumors were assigned to type-A growth anomalies (nodular masses with a few large polyps fused together 

(Fig. 1a) and exhibiting a lower degenerative status compared to type-B growth anomalies (Burns et al., 2011)) 

based on gross morphology. Tumor prevalence was 7.7± 0.6% (mean± SD) at the study site, and mean severity 

(expressed as the percentage of the total planar area affected per colony) was 17.5 ±2.5%. The number of masses 

per colony varied from 1 to 6 (2.5±1.69 masses per colony).   

OM and carbonate contents were ~50% lower in the tumors (Table 1). X-ray diffraction indicated that both tumors 

and tumor-tissue skeletons contained single-phase aragonite (Fig. 1b). The Raman spectra confirmed the aragonite 

nature of the skeletons (peaks at positions ~150, 203, 705, and 1085 cm−1). A weak peak was also detected in the 

tumor spectra at the 270 cm−1 position (Fig 1c). 

The Sr/Ca and Na/Ca ratios were the lowest and highest element/Ca ratios in the tumor skeletons, respectively, 

and Mg/Ca was the highest ratio in normal tissue. Comparisons between tissues indicated higher Na/Ca and 

Mg/Ca ratios in the tumor-tissue skeletons (Table 1). 

Shingles (i.e. skeletal fibers) were present on the skeletal surfaces of both normal tissues and tumors (Fig. 1d, e). 

Shingles were present throughout the tumor area, but no shingle-like structures were detected in some parts of the 

coenosteal spinulae of normal tissue (Fig. 1d). The growing fronts of the shingles were more extended, and the 

inter-shingle distances were smaller, in the tumors (Fig. 1e).  

4. Discussion and conclusion 

Only a few studies have reported neoplasms (tumors) in hard corals, but they may be common. Neoplasms have 

been recorded from 10 genera of hard corals, with Acropora the most susceptible genus (Longin, 2006). We only 

observed CEs on Acropora. Acropora corals are generally very susceptible to bleaching, and successive bleaching 

events may hinder the resistance of these corals to disease (Muller et al., 2018; Pratchett et al., 2013).     

The results of our XRD and Raman analyses agreed well with those of previous studies, which concluded that 

neoplastic skeletons of hard coral were composed of aragonite (Akiva et al., 2018; Bak, 1983). Not all of the 

aragonite content of tumor skeletons, however, may be crystalline, supported by the detection of some peaks at 

the 270 cm−1 position of the tumor Raman spectra (Akiva et al., 2018) and by the relatively higher Mg/Ca ratios 

in these tissues (Meibom et al., 2008). These findings may indicate the presence of highly active and 

uncompartmentalized zones of growth in the tumor tissues (Von Euw et al., 2017). Skeletal formation in corals is 

a two-step process, the initial establishment of centers of calcification (COCs) and the subsequent replacement of 

the COCs by aragonite fibers (AFs) (Meibom et al., 2008). The architecture of the skeleton is structured by the 

pattern of COC distribution, and the AFs strengthen the tissue. COCs and AFs are produced by various cell types 

in the calicoblastic epidermis (Meibom et al., 2008). The malfunction of COC-producing cells may thus lead to 

https://www.google.com/search?sxsrf=ALeKk03aO7LsACsEdY68kSbVFzGJZnoogg:1584524494984&q=neoplastic&spell=1&sa=X&ved=2ahUKEwjS9KTd3aPoAhWykFwKHSEyCGkQBSgAegQIDRAk
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the formation of globular masses in the CEs. The exact cause of CEs is not fully understood, (Coles and Seapy, 

1998) proposed that these neoplasms may be caused by ultraviolet damage.    

Tumors may currently be less prevalent and severe in our study area, but the progression of disease may be highly 

energetically exhausting and lethal to smaller colonies (Bak, 1983). Further research is thus needed to monitor the 

rate of growth of tumors. 
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Table 1. Organic matter (OM), carbonate contents and skeletal elemental ratios of normal Acropora Valida and the tumorous tissue. 
Dissimilar superscript letter indicate significant difference at p< 0.05 level.   

 Normal Tumor 
OM (%) 37.86±6.46b 15.89±1.94a 

Carbonate content (%) 13.125±0.250a 30.25±2.33b 
Sr/Ca (mmol mol-1) 0.8817±0.0239a 0.8775±0.0438a 

Mg/Ca (mmol mol-1) 4.2348±0.0667a 4.4152±0.0271b 
Li/Ca (mmol mol-1) 0.0720±0.0311a 0.1737±0.0627a 
Na/Ca (mmol mol-1) 3.084±0.113a 5.046±0.951a 
Mg/Li (mmol mol-1) 6.81±2.35a 2.72±1.19a 
Li/Mg (mmol mol-1) 1.631±0.704b 4.09±1.43a 
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Fig 1. (a) a photograph of an Acopora valida colony afflicted by tumors (arrows); (b) XRD spectra of the normal A. valida skeleton 

(orange), the tumorous tissue (orange) and the reference spectrum of aragonite, R080142 (blue); (c) Raman spectra of the normal (black) 
and the tumorous (red) skeleton of A. valida; (d) SEM photograph of the skeleton in A. valida; (e) SEM photograph of skeletal surface of 

tumorous tissue. Circles indicate aragonite fibers. 
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Abstract 
Marine debris is a globally known environmental problem of increasing concern 
among experts in this field. Marine ecosystems worldwide are influenced by human-
made waste. marine debris produces a large-scale kind of unfavorable ocean health, 
safety, environmental, economic, and cultural impacts. Most marine litter has a 
meager decomposition rate, leading to a continuous, but significant increase in the 
coastal and marine environment. marine debris is a vital source of chemical 
contaminants to the marine environment. The present review addresses the 
environmental and biological impacts on coastal and ocean biodiversity and provides 
practical solutions to tackle the marine debris to decreasing destructive effects on 
ocean health. 

Keywords: Ocean health, marine debris, marine pollution, marine litter. 

1. Introduction 

Marine debris is one of the significant challenges for humankind and one of the greatest menaces to the 

sustainability of marine ecosystems. The main reasons for increasing marine debris are a loss of adequate regular 

waste management and inadequate wastewater processing, ineffectual corporate social responsibility, natural 

hazards, illegal dumping, and littering (The important role of marine debris networks to prevent and reduce ocean 

plastic pollution, 2019). Studies show that within 4.8 and 12.7 million metric tons of plastic enter the oceans every 

year (Plastic waste inputs from land into the ocean, 2015). The National Oceanic and Atmospheric Administration 

(NOAA) defines marine debris as “any persistent solid material that is manufactured or processed and directly or 

indirectly, intentionally or unintentionally disposed of or abandoned into the marine environment…” 

(http://marinedebris.noaa.gov/) (Plastic marine debris: Sources, distribution and impacts on coastal and ocean 

biodiversity, 2016), (The Ecotoxicology of Plastic Marine Debris, 2011). Marine debris includes consumer things 

such as metal, cans, fiberglass, rubber, cigarettes, glass or plastic bottles, balloons, bags, and other manufactured 

and produced substances that end up in the ocean and along the shore. It additionally includes fishing gear such 

as line, ropes, hooks, buoys, and other materials lost on or near shore, or deliberately or accidentally discarded at 

ocean or sea. Marine debris in oceans is an aesthetic problem; it provokes considerable costs and can severely 
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impact marine organisms and habitats. (Plastic marine debris: Sources, distribution and impacts on coastal and 

ocean biodiversity, 2016). The most significant percentage of the part of marine debris consists of small sachets, 

paste tube, the cap, plastic bits, spoon, syringe, straw, pen assorted, bead, hair clips, the plastic and sponge 

(Influence of river discharge on deposition of marine litter, 2013).  

2. Discussion 

Worldwide, marine debris, specifically plastic debris, acts the potential to display an increasing menace to the 

ocean and human health, aquatic and wildlife, economies, and a variety of saltwater and freshwater ecosystems 

(The important role of marine debris networks to prevent and reduce ocean plastic pollution, 2019). Amongst the 

first 20 ocean polluters are Sri Lanka, Philippines, Indonesia and countries with long coastlines, such as China 

and Vietnam (Plastic waste inputs from land into the ocean, 2015). In the following, we refer to the environmental 

and biological impacts of marine debris on the health of the oceans: 

A. Environmental impacts of marine debris  

Numerous marine organisms and animals have been killed or injured by marine debris mainly because they 

become entangled in it or mistake marine debris for food and ingest it. Marine debris originates from both sea-

based sources and land and can travel infinite distances. It also injures and kills wildlife, has the potential to 

transport chemical contaminants, and may pose a menace to the ocean and human health (Plastic marine debris: 

Sources, distribution and impacts on coastal and ocean biodiversity, 2016). In following, a summary of the impacts 

of marine debris on benthic ecology and in mangrove and coral reef ecosystems is provided:  

Impacts of marine debris on benthic ecology 

Usually, good human population density leads to an increase in the amount of debris entering the estuaries that 

begin to dump waste in the open areas and directly into the estuaries. In some open areas, the basement becomes 

dead zones and has layers of marine debris, and there was no benthic fauna. The plastics, when got trapped in the 

benthic ecosystem, develop a micro-community on them. Several studies have indicated that microplastics are 

mostly from the fishery. Fishing related activities have been found to increase the quantity of plastic in the marine 

substrate (Impacts of marine litter on coastal and marine benthic ecosystems, 2019). 

Impacts of marine debris in mangrove and coral reef ecosystems 

The impact of marine debris on mangrove physiology has not been studied intensively, but obviously, we know 

that Mangroves have been found to act as traps for marine debris. Nowadays, direct dumping of domestic waste 

obstructs the mangrove's tidal flow and decreases the healthy environment and habitat of several juvenile fishes 

and shrimps. The result of marine debris on coral reefs has been observed in many areas (Impacts of marine litter 

on coastal and marine benthic ecosystems, 2019). In some Islands, most of the debris was recognized, ultimately 

leading to the mortality of corals (A quantification of the standing stock of macro-debris in Majuro, 2019); 



 2nd International Conference on Oceanography for West Asia 

 

57 

furthermore, marine debris prevented the penetration of light in some areas (Effect of marine litter on Palk bay 

corals in India, 2018), ( Marine debris impedes coral reef endurance- a situational remark from the Rameswaram 

Island, 2018). 

 

B. Biological impacts of marine debris 

Globally, at least 86 % of sea turtle species, 36 % of seabird species, and 23% of marine mammal species are 

known to be influenced by marine debris, especially from plastic (Morbidity in a juvenile green sea turtle 

(Chelonia mydas) due to ocean-borne plastic, 2009). Ingested marine debris has been found to decrease stomach 

capacity, limit growth, lead to internal distress, Moreover, create an intestinal blockage; further, it can occur in 

strangulation, reduction of feeding capability, and in some cases drowning (Plastic Debris in a Nesting 

Leatherback Turtle in French Guiana, 2010), (Entanglement of grey seals Halichoerus grypus at a haul out site in 

Cornwall, UK, 2012). A significant concern about the toxic aggregates associated with plastics is that they can 

interrupt hormone management in the cells of organisms, it can change reproductive capacity and mating habits, 

and negatively influence offspring (Definition, classification and mechanism of action of endocrine disrupting 

chemicals. , 2010). Over 80% of recorded events between organisms and marine debris were associated with 

plastic, while 11% of all reported encounters are with microplastics (Secretariat of the Convention on Biological 

Diversity and Scientific and Technical Advisory Panel GEF, Impacts of Marine Debris on Biodiversity: , 

(2012a).). In following, a summary of the impacts of marine debris in the food chain and on human health is 

provided: 

 Impacts of marine debris in the food chain 

Marine debris such as Microplastics has been seen even in the Arctic and Sub-Arctic Sea with a potential transfer 

in the benthic trophic food chain (Impacts of marine litter on coastal and marine benthic ecosystems, 2019). in 

coastal China, microplastics were observed in the muscle, gut, and gills, meaning the warning to human beings 

via the food chain (The occurrence of microplastic in specific organs in commercially caught fishes from coast 

and estuary, 2019). Throughout feeding experiments using crabs and mussels, it has been shown that microspheres 

are carried through the food chain and that these small particles enter the stomach, ovary, and gills of crabs ( 

Trophic level transfer of microplastic: Mytilus edulis (L.) to Carcinus maenas, 2013). These investigations 

indicate that ocean health, benthic ecosystems, and fauna, which depend on this, face a severe problem. 

Impacts of marine debris on human health 

Degradation of the ecosystem and habitats services is one of the significant consequences of marine debris on 

human health, fishing by lost nets and pots can remove invertebrates and fish targeted by regional commercial 

fisheries. marine debris decreases the aesthetic and recreational values of shores and marine resources and leads 
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to reduce tourism. Further, fishing gear that is lost or discarded at sea may have the most significant result on 

humans due to impediments to commercial fishing. After that, marine debris can block ship propellers or steering 

systems and direct damage to vessels and Interfere with navigation. Furthermore, medical wastes, such as 

punctures syringes, glass and other sharp, dangerous items that are washed up on beaches, transfer of infections 

and disease, result in direct risks to beachgoers and may present a health risk, on the other hand, while human 

swimming may be injured by sharp debris accumulating on beaches. On the other hand, fish and crustaceans 

meant for human consumption may include (micro) plastics and act as a human health risk, and also, marine litter 

poses a safety risk for crews of sea vessels (Plastic marine debris: Sources, distribution and impacts on coastal 

and ocean biodiversity, 2016). 

3. Conclusions 

Based on our findings, Marine debris is a problem along oceans, coastal waters, estuaries, and shorelines 

everywhere in the world. It is any human-made, solid material that gains entrance into waterways either directly 

or indirectly and transboundary, as they were found in the marine environment and moved by currents to different 

direction; thus, we suggest more comprehensive future study about the result of marine debris on ecosystem 

especially on organisms in the water or ecological alteration in distribution pattern, human health, and economic 

loss (Plastic marine debris: Sources, distribution and impacts on coastal and ocean biodiversity, 2016).  (Marine 

debris in Indonesia: A review of research and status, 2019). Studies show that marine debris in the benthic habitat 

affects the biota and decreases the primary productivity of the ecosystem micro-algal biomass reduced drastically, 

clearly indicating the impact on benthic ecosystems. It has been observed that an essential need to have a mass 

coastal benthic cleansing program is followed by proper solid waste collection and segregation mechanisms all 

over the world. Also, there are still many information gaps correlating to sources, transport patterns, distribution 

marine debris impacts (The important role of marine debris networks to prevent and reduce ocean plastic pollution, 

2019). Furthermore, the numbers of marine animals affected by negative interactions with marine debris, 

definitely show, that actual amounts of marine debris necessitate being decreased (Harm caused by marine litter, 

2016). Recycling is the prevalent solution to the overuse of any marine debris, such as plastics. Thermal 

degradation may  

be the latest solution to repurposing and recycling plastics without creating further environmental degradation. 

marine debris is one of the significant problems identified by fishermen, and they have demanded a solution for 

this. It is recommended that there be a National marine debris management Strategy with particular aims for the 

prevention and control of debris accumulating, spreading, and coastal and marine ecosystems affecting the fish 

production to increasing menace to resource sustainability. A mixture of law and the improvement of ecological 

awareness through training are expected to be the best way to solve such environmental problems, As a 

consequence, fines for those who litter in the oceans or coasts and incentives for prevention and waste reduction 
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(Marine debris occurrence and treatment: A review, 2016). It is vital to increase consciousness among people 

about the significance of this issue and remind them what is thrown into the sea does not disappear. However, 

notwithstanding global efforts, remind them that those abandoned items do not deteriorate and are very harmful 

to marine environments. The final solution to marine debris prevention is to perform a reliable marine debris 

strategy, namely the idea of “Zero debris.” 

Practical solutions to tackle marine debris 

✓ The most practical method to overcome and decrease the damaging consequences of marine debris in the 

ocean is to prevent it from entering the marine ecosystem in the first place. This process needs to organize 

an improved understanding of debris at the regional, local, and national levels; improved waste control 

efforts; education; anti-dumping campaigns; development of technology solutions;  decreasing 

disadvantages of fishing gear at sea; and incentives to decrease debris  . 

✓ Education is additionally essential in order to promote the actual condition of health in the oceans and 

could effectively change the manners of people, particularly starting during childhood, and schools 

should organize activities every year to clean nearby shores (Marine debris occurrence and treatment: A 

review, 2016). 

✓ The conversion of marine debris to adhesive is a cost-effective, eco-friendly, practical, and economical 

method. 

✓ An essential part of marine debris is connected to the fishing industry. It has been recommended that 

fishers follow some guidelines for waste disposal at ports, use bait boxes and complete programs for 

fishing nets recycling (Marine debris occurrence and treatment: A review, 2016). 

✓ Plastic is now an essential part of the everyday activity of human life, and one cannot control out the 

problems of plastic, but its disadvantages can be decreased to some extent; accordingly, it has to be 

controlled by human administration. 

✓ Recycling is one of the most recognized methods possible to decrease the result of waste in landfills and 

the ecosystem through the reuse of materials. 
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1. Introduction 

High economic value of hydrocarbon reservoirs result in recent worldwide industrialization of the sallow and deep seas. 

Growing global demand for energy result in increasing offshore oil and gas projects which made environmental 

management challenging. There is also growing concern about the impact that offshore activities through the supply 

chain have on the environment, and efforts are underway to develop appropriate policies that would reduce adverse 

environmental impacts (Salem Y. Lakhal, 2007). Along the exploration and production of oil and gas, different 

environmental impacts may occur including indirect & direct physical disturbances. indirect disturbances like sound 

and traffic  and direct disturbances like disposal of drilling cutting & drilling mud into sea, toxic material emission to 

sea water and air and harm impact on sea bed due to pipeline installation and decommissioning. Therefore, the green 

supply chain management in fossil energy development sector was one of the main issues in supply chain management. 

(ErikE.Corde, 2016) 

Beside the environmental issues, due to heavy investment on marine oil and gas projects, risk assessment is an inherent 

part of supply chain management. To mitigate the risk and overcome successfully with disturbances the term of 

“resiliency“ has recently attracted much attention among supply chain researchers. In the field of supply chain 

management, resiliency may be explicated as the ability of supply chains to return to normal conditions after a 

disruption. Therefore, a resilient supply chain can react to a disturbance, regardless if this is emerged due to a natural 

disaster or a terror attack (Urciuoli et al., 2014).  

In recent years by development of south pars gas field in Persian gulf of IRAN , a vast network of gas pipeline distributed 

over the country for gas transmission for both residential and commercial subscribers. The focus of this study is to 

enhance the level of greenness and resiliency of natural gas supply chain in IRAN. For this purpose, a fuzzy MCDM 
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method is used to indicate the level of resiliency and greenness of each entity in natural gas supply chain and finally the 

facilities with higher GRI (Green-Resilient Index) is proposed to remain in chain. 

In this study, through vast literature review and field observations, reduction in direct sea contamination and reduction 

in indirect sea contamination regarded as greenness elements and robustness, agility, leanness and flexibility considered 

as resiliency pillars. The concept of these elements in present study are defined as follow: 

Reduction in direct sea contamination including all efforts to: 

✓ increase the level of waste management (reduce sea contamination by managing disposals in different stage of 

natural gas exploration production) 

✓ minimize the emissions of toxic gas (by-product of burning gas) to the air in refineries 

✓ minimize disposal of different toxic materials like sulfur to seawater 

✓ minimize the sea bed damages in exploration and drilling phase  

Reduction in indirect sea contamination represents the activities to minimize indirect impacts like sound pollution 

and traffic 

Robustness indicate the ability to resist disturbance along the supply network through existence of alternative suppliers 

or rapidly incorporate to new suppliers. 

Agility investigate the level of adaption of supply chain to changes in competitive environment or customer preference 

through establish a good communications with partners to capture and adsorb unpredicted demand.  

Leanness represent the efficiency of supply chain to minimize the excess / waste and operate in an efficient manner 

and quick delivery products to end customers. 

Flexibility assess how fast is supply chain network to react easily to changes, whilst controlling of costs and lead-times.  

2. Materials and methods  

In natural gas supply chain, natural gas is transmitted to reifneries from.platform (gas wells) through sea lines. After 

processing the natural gas in refineries, it transported to compressor stations. In these stations, gas pressure increase by 

reducing its volume. Pressurized gas is then transmitted to the city gates through pipeline for delivery to commercial 

and residential subscribers as the end consumer of this chain. As our focus in this study is the offshore part of natural 

gas supply chain, the supply chain of case study involves three sets of facilities: platforms, refineries and compressor 

stations. 

The method represented in this study helps decision makers to enhance a green-resilient supply chain performance. A 

fuzzy MCDM method is used to obtain the green-resilient index for each facility. First, fuzzy AHP is used to obtain 

importance weights for each resiliency and greenness element individually and in each set of supply chain facilities. 

Then, weight of each facilities, calculated with respect to each element. At the final step, the result of fuzzy AHP and 

the fuzzy method are combined to indicate each facility green-resilient index.        
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 To conduct fuzzy method pairwise comparison between elements should be done. To this purpose, five point scale 

linguistic terms and the corresponding triangular fuzzy numbers are used to evaluate green-resilient elements. A group 

of experts among managers of natural gas supply chain scores each element using the given linguistic term. Linguistic 

term also used for investigation of each facility regarding each green-resilient element. In next step, fuzzy technique is 

conducted to calculate the final green-resilient index (Mohammed et al., 2018). 

3. Results  

In this section, a  real case study of a natural gas supply chain, which consist of 3 platforms (contain more than 50 gas 

wells), 5 refineries and 6 compressor stations are tested to evaluate the ability of the proposed fuzzy multi criteria 

decision making technique. Five experts were asked to evaluate and compare green-resilient elements and base of these 

results the importance weight for each element obtained using fuzzy AHP. 

Table1) Weight for each green-resilient elements 

 resilient elements weight Green elements weight 
 Robustness Agility Leanness Flexibility Sea contamination Toxic material 

Expert1 0.327 0.286 0.144 0.243 0.663 0.337 
Experts 2&3 0.237 0.251 0.243 0.269 0.49 0.51 
Experts 4&5 0.231 0.258 0.261 0.250 0.39 0.61 

 

In next step, the developed fuzzy technique used to combine importance weights and each facility evaluation regarding 

the green-resilient elements, to obtain final GRI (Green-Resilient Index) for each facility in supply chain.  As table 2 

shows, platform1 has the highest GRI and platform3 has the weakest condition. For refineries, the second & sixth facility 

has the maximum resiliency index, refinery3 has the minimum value, and for compressor stations, compressor stations 

4 has the maximum value while compressor stations 3 has the lowest GRI. 

Table 2) Weight of facilities regarding each resiliency elements and final green-resilient index 

  Facility weight regarding resilient elements Facility weight regarding green elements Green-Resilient Index 
Facility Robustness Agility Leanness Flexibility Di-Contamination Indi-Contamination RI GI GRI 

Platform1 0.401 0.352 0.400 0.519 0.361 0.425 0.416 0.383 0.80 
Platform2 0.293 0.273 0.201 0.364 0.329 0.373 0.291 0.344 0.63 
Platform3 0.376 0.374 0.400 0.117 0.311 0.202 0.316 0.274 0.59 
Refinery 1 0.187 0.185 0.172 0.183 0.200 0.211 0.182 0.206 0.39 
Refinery 2 0.221 0.205 0.219 0.216 0.223 0.165 0.215 0.193 0.41 
Refinery 3 0.201 0.205 0.195 0.216 0.178 0.198 0.205 0.188 0.39 
Refinery 4 0.189 0.201 0.219 0.179 0.192 0.231 0.197 0.212 0.41 
Refinery 5 0.203 0.203 0.195 0.205 0.207 0.195 0.202 0.201 0.40 
C-Station 1 0.166 0.163 0.146 0.153 0.143 0.175 0.157 0.163 0.32 
C-Station 2 0.152 0.186 0.178 0.186 0.187 0.134 0.176 0.155 0.33 
C-Station 3 0.168 0.132 0.156 0.126 0.150 0.165 0.145 0.159 0.30 
C-Station 4 0.173 0.173 0.178 0.164 0.183 0.185 0.172 0.184 0.36 
C-Station 5 0.169 0.161 0.165 0.186 0.175 0.165 0.170 0.169 0.34 
C-Station 6 0.172 0.186 0.178 0.186 0.162 0.176 0.181 0.171 0.35 
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4. Discussion and conclusion 

IRAN is  a country  with  a huge offshore gas reservoir in PERSIAN GULF. Heavy investment made to develop this huge 

gas reservoir in recent years. PERSIAN GULF environmental considerations is the biggest challenges in development 

of this reservoir. At the same time, because of especial political and strategically situation, it is important to build a 

resilience supply chain which have enough strength to survive from different incident and return to its original or better 

condition. In addition, growing demand for energy and high dependence on export again highlighted the necessity of 

resiliency in energy supply chain. 

The  focus  of  this  research  is  on  accurate  evaluation and  enhancement  of green-resilient  level  of  natural gas supply 

chain. To this aim, a local natural gas supply chain, which encompasses 3 gas well platforms, 5 refineries and 6 

compressor stations is considered. This study proposed an approach for the organizations to find their status of greenness 

& resilience by calculating an index through determining and ranking the green-resilient  elements. The results show 

that the proposed technique can be used as a tool for organizations to evaluate a supply chain network structure regarding 

the greenness & resilience aspects. 
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Abstract 
Climate change is one of the major threatens that coastal areas facing, and these coastal 
areas already stressed by human activity and large populations. East coast experiencing 
rapid urbanization in recent decades, there are two megacities viz; Calcutta and Chennai 
are frequently affected by cyclonic surges. Due to regional climate change, the rate of sea-
level rise is gradually increasing. These changes in the coastal regions will result in 
permanent inundation in the low laying areas. Coastlines are sensitive to sea-level rise, 
increasing trend of cyclones and associated storms, increases in precipitation, and changes 
in the ocean temperatures, thus the impact will be much higher in the coastal regions.   
Conflict of large scale anthropogenic activities and bio rich marine ecosystem are already 
a concern in the eastern coast. Addressing the additional stress of climate change may 
require new approaches to managing land, water, waste, and ecosystems. Therefore, the 
study conducted on the eastern coast and identified the locations under vulnerability using 
a digital elevation model with extreme surge height, sea level rise rate, historical cyclone 
events, and intensity. The study conducted on the east coast of India, consisting of four 
states and one union territory. Hence, the study observed that West Bengal, Odisha, and 
Andhra Pradesh are the most vulnerable states, whereas Tamil Nadu and Puducherry least 
sensitive regions on the eastern coast. Around 8000Km2 areas observed under susceptible 
to storm surges. This study revealed that the use of the geospatial application is the most 
reliable and coast effective approach for disaster preparedness and management. The result 
obtained from the present study may serve the baseline information for disaster 
management planning in the area. 

Keywords Climate Change; Tropical Cyclone; Storm Surge; SLR; GIS 

1.Introductions 

The coastal environment is dynamic; this dynamism the result of ‘constantly changing types of interactions among the 

ocean, atmosphere, land, and people’(Elnabwy et al., 2020; A. A. Kumar & Kunte, 2012). Coastlines are not static 

entities but fluctuate at a short-term seasonal level as well as a longer-term climatic-change level (T. S. Kumar et al., 

2010). However, much development in the littoral zone occurs with the intention of ‘stabilizing the shoreline,’ creating 

a conflict between human use and the coastline’s natural processes (Ford et al., 2019). The dynamic systems found on 

the coast are under increasing pressure by anthropogenic development (Nicholls, 1995; United Nations Environment 

Programme, (UNEP), 2007). Developmental pressures within the coastal zone are set to increase as its population rises. 

It is estimating that by 2050, 91% of the world’s coast will be impacted by development (Chandrasekar, 2013; Kannan 
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et al., 2016; Pickard & Emery, 2016; United Nations Environment Programme, (UNEP), 2007). The pressure is not 

only exerted from within the coastal zone but increasingly on a broader, more global scale (Ranasinghe, 2016).   

Ultimately, with population and development growing at a rapid rate, the world’s coastal environments are under 

increasing stress. This pressure is exuberated by the growing threat of climate change and the significant impact the 

consequences of such a climatic shift will have on the world’s coastal regions. Relative sea-levels are predicted to rise, 

increasing the risk of erosion and inundation, coupled with an increased likelihood of extreme weather events and storm 

surges (Carter, 1988; Kilibarda et al., 2014; Micallef et al., 2018). In this context, the need for effective coastal 

management is paramount and therefore, it is not surprising that ideas such as Integrated Coastal Zone Management 

have risen in prominence over the last few decades (Carter & Woodroffe, 1997). One tool used to help facilitate coastal 

management has been coastal vulnerability assessments; such assessments involve mapping certain areas of coastline 

that are particularly vulnerable to the impacts of erosion, sea-level rise, flooding, and extreme weather events(Bird, 

2011; Pavlopoulos et al., 2009; Ramesh et al., 2017). Using a selection of parameters that indicate vulnerability (such 

as beach width and coastal slope), such assessments are useful in offering a quick and cost-effective means for those 

involved with coastal zone management, providing a general overview of where current or future areas of risk might 

lay(Carter & Woodroffe, 1997; Khamis et al., 2017). The exact methodology of these coastal vulnerability assessments 

varies greatly worldwide. Some make use of dozens of parameters and others only a handful, with some parameters 

being conceived as more critical in one study, less so in another (Camilleri et al., 2017). 

2.Materials and methods 

 In this section, discussing various data and methods adopted for vulnerability studies. There are varieties of tools and 

techniques are available to study climate vulnerability (Cutter et al., 2003). The study carried out along the eastern coast 

of India using geospatial tools and techniques (Figure 1). The study addressed the significant climate change impact on 

the coastlines. Extreme surge height, Historical cyclone tracks, and sea-level rise are used as primary parameters to 

estimate the climate change vulnerability.  
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Figure 1 ) Study Area 

The present study utilised tide gauge data and satellite altimetry data to estimate the sea level trend of the study area. 

Tide gauge data for sea level trend analysis was acquired from Global Sea-level Observing System (GLOSS) for the 

stations Chennai, Vishakhapatnam, Paradip, Gandra, Diamond Harbour, Haldia, and Port Blair, whereas, satellite 

altimetry data acquired from AVISO+ for the Bay of Bengal. Sea level data available from 1916 to 2008 and altimetry 

data collected for the period 1993-2018 was used to estimate the sea level change rate. 

The winds drive large waves and storm surge onshore, and heavy rains raise rivers. Coastal inundation may get by 

various climatic variations and extreme weather conditions like wave setup, high tide, and storm surge, inland flood, 

and sea-level rise, etc. Earlier studies evidence that maximum relative water level rise of five meters or more are found 

along the east coast of India (Mohapatra, 2015; Rao et al., 2007). To identify the potential surge affected area, the study 

area further analyzed with 5-meter contour lines along the eastern coastlines and calculated area within the elevation 

and identified flood-prone areas. Cyclone intensity for the study area observed using historical cyclone events occurred 

in the past decades. Historical cyclone data were collected from the Global Risk Data Platform (GRDP) and IMD 

Cyclone atlas for the period 1975 to 2014. Further, these data used to locate cyclone-prone areas. Further various spatial 

analysis and Geostatistical tools are used to analyze and map preparation. Population growth and density are calculated 

using the Census of India population database. Data were collected from the year 2001 and 2011 year report, and the 

data further classified into five different risk classes based on vulnerability. 
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The present study analyzed the exposure index and sensitivity index to calculate the integrated coastal vulnerability 

index. Exposure index calculated by using the three variables viz, Cyclone, Storm surge, and sea level, and the 

sensitivity is calculated using the population growth and density. Further, the integrated coastal vulnerability is 

calculated using the equation given below (Equation 1). 

ICVI= ei +si/2      (Equation 1) 

Where 

ICVI represents the Integrated Coastal Vulnerability Index 

ei stand for the Exposure index 

si stands for the Sensitivity index 

ei/si can be calculated using the equation given below 

ei/si =  (ax+bx+cx+dx)/n      (Equation 2) 

Where, 

a, b, c,  represents the variables (i.e. Cyclone intensity, extreme surge height, sea level rise ), x represent the ranking 

value of the particular variable (value between 1and 5) the n represents the number of the variables. 

Further, the values are analyzed and mapped using the geospatial application 

3.Results  

Relative Sea level rise  

Sea level rise is the most coastal hazard that exacerbates the problems posed by storm surges, tsunami, shoreline 

changes, and saltwater intrusion (Mimura, 2013). It is crucial to study the coastal regional elevation to identifying and 

estimate the vulnerability of coastal regions to these impacts. During the last decades, there are many studies carried 

out on sea-level rise vulnerability assessment focused mainly on identifying areas located low elevation. One meter sea 

level rise in the coast may shift shoreline position around 2.5 Km (Figure 2) (Shetye et al., 1990). Both tide gauge and 

satellite altimetry data depict that the rate of sea level in the northern Bay of Bengal experiencing a higher rate but the 

lesser rate in the southern. High and low sea level rise observed in the station Haldia and Chennai, respectively. Based 

on the satellite altimetry, the rate of sea level is perceived as 3.94 mm/year between 1993 and 2018, whereas, from 2004 

to 2014, the rate of sea-level rise was 4.45 mm/year. This report shows that the sea level rise is gradually increasing, 

and the rate of sea-level growth may be higher in the coming decades. The study observed that the West Bengal is the 

most vulnerable region and Tamil Nadu is the least vulnerable state to sea-level rise. 
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Figure 2)  Estimate of distance by which coastline will recode if sea level rises by 1 m, shown as a function of latitude of the east and the west 

coastline 

Tropical Cyclone and Storm Surges 

The Indian subcontinent is one of the worst affected regions in the world and is exposed to nearly ten %of the world’s 

tropical cyclones. The majorities of them have their initial genesis over the Bay of Bengal and strike the east coast of 

India(Das, 2009).In recent years, there has been considerable concern regarding the vulnerability of coasts due to 

cyclones and associated surges because of projected global warming and sea-level rise (Dube et al., 2009). The 

frequency of the hurricane was 2/yr from 1970 to 1989, whereas between 1990 and 2010, it increased to 3/yr in each 

state, and it is also estimated that the frequency will increase up to 6/yr in the coming decade. The present study observed 

that the Odisha state is the most cyclone-affected the state in India. However, 24 Paragana and Midnapur districts in the 

West Bengal are the most vulnerable districts in the country, which are affected around 35 cyclones since 1891. 

According to the historical track record, the entire eastern coast except for the southern tip of Tamil Nadu is vulnerable 

to cyclone (Figure 3). West Bengal experienced around 69 cyclones since 1891, whereas Andhra Pradesh experienced 

79 Cyclones, and Tamil Nadu experienced 54 cyclones since 1981. Puducherry is the least affected area on the eastern 

coast; only eight cyclones are affected since 1981. Increasing the intensity and frequency of the cyclone dismantled the 

coastline as well as economic stability.  
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Figure 3) Exposure Index and variables used for the exposure index analysis 

Based on the historical storm surge events, surge height observed 5 meters as an average, and the study found around 

22176 Km2 areas under vulnerability to storm surges on the eastern coast of India. It shares about 30% of the total 

coastal taluk. Based on 5-meter surge height, the West Bengal coast will be the most affected state. About 75% (8113 

Km2) (Figure 4, 5) of the total coastal taluk will be inundated due to the storm surge. Following Odisha shares the 

second position with 35 % (5995 Km2) and Andhra Pradesh shares 18% (4511 Km2), Tamilnadu 16% (3350 Km2), and 

Puducherry 1% (4Km2).  In the state of West Bengal, five out of the six coastal taluks are under very high vulnerability 

(Figure 3, 4), I.e., above 70% of the area coming beneath 5 meters. However, two out of eight coastal taluks are under 

high vulnerability in the Odisha state.  There no taluks are coming under the very high vulnerability in the state of 

Andhra Pradesh, Puducherry, and Tamil Nadu. However, the coastal villages lying below 5 meters will be inundated.  
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Figure 4) Potential storm surge impact area for east coast India 

Vulnerability of the coastal population 

Coastal zones are exposed to a range of coastal hazards, including sea-level rise with their associated impacts. At the 

same time, they are more densely populated than the inland (Nicholls et al., 2014). On the eastern coast of India, ten 

among the 34 coastal districts are had a very high population density. Among them, five out of five areas laying in the 

West Bengal namely, Nadia, North 24 Parganas, South 24 Parganas, Houra and  Purba Medinipur. The remaining five 

districts are shares by three districts in Tamil Nadu and two districts in Puducherry viz, Thiruvallur, Chennai, 

Kanyakumari, Puducherry and Karaikal (Figure 5, 6).  Population growth is considerably higher in the coastal regions 

than in inland areas, and there is an ongoing trend of coastal migration, which is associated with global demographic 

changes (McGranahan et al., 2007; Small et al., 2000; Small & Nicholls, 2003). Coastal population growth and 

urbanization rates are outstripping the demographic development of the hinterland, driven by rapid economic growth 

and coastward migration (Neumann et al., 2015). However, on the eastern coast is observed in a different scenario. 
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Thiruvallur, Kanchipuram, and Puducherry districts were found very high population growth. Among them, two of them 

contributed by Tamil Nadu and remaining districts shares by Puduchery (Figure 5, 6).   

 
Figure 6) Population distribution along the east coast of India a) District wise Population density b) District wise population growth 

 
Figure 7) Sensitivity Index and variables used for the sensitivity index analysis 
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Exposure Index 

The present study examined the exposure index and revealed that the most of the districts observed high exposure index. 

Around 71 % (22 Districts) of the districts are observed in the high exposure zone (Table.). However, nine percentages 

(3 districts) of the districts was recorded very high exposure index. Among them two districts are contributed by the W. 

Bengal and one by Odisha. Moderate and low exposure observed with 13% (4 distrcits) and 6 % (2 districts) districts 

respectively (Figure 3). Whereas, there is no districts found under very low exposure. The highest exposure index value 

is recorded in the district of South 24 Paragnas (WB) with the value 4.9, whereas, the lowest value is observed in the 

district of Thirunelveli and Kanyakumari (TN) with the value 2. Low and moderate exposed districts are recorded in 

the Tamilnadu state, whereas the highest values are mainly observed in the northern states such as Andhra Pradesh, 

Odisha and West Bengal.  

Sensitivity Index 

The present study revealed that the east coast of India is very high sensitivity to coastal hazards. Sensitivity index 

calculated using the variables population growth and density and observed around 20% (7 districts) of the districts very 

high sensitivity, following that, 35% (12 districts) of the districts observed with high sensitivity. However, around 32% 

(11 districts) of the districts observed with moderate sensitivity. Four districts (11%) also observed in low sensitivity. 

Whereas, no districts observed with very low sensitivity. Districts such as Thiruvallur, North 24 Parganas, 

Kanniyakumari are recorded highest sensitivity index with the value 5, whereas, the lowest value is observed in Ganjam 

and Pudukkottai district with the value 1.5. based on the sensitivity index, highest values mainly contributed by Tamil 

Nadu and West Bengal, Whereas, the same time, lowest value also contributed by Tamil Nadu shared with Odisha state 

(Figure 7).  

Integrated Coastal Vulnerability Analysis 

Vulnerability analysis has been calculated using the exposure and sensitivity variables. The results depict that the half 

(19 districts) of the districts exhibit high vulnerable, whereas 18% (6 districts) of the districts exhibit very high 

vulnerable. However, 27% (9 Districts) of the district observed moderate vulnerability (Figure 8).  The study also 

investigated the state distribution of vulnerable districts and very high vulnerability is more exhibits in West Bengal 

state, 3 out of 6 districts is shared by west Bengal, Tamil Nadu shares two districts, and Odisha contributed one districts.  

Eight out of the nine districts of the Andhra Pradesh are observed high vulnerability, whereas the southern district 

Nellore is found the moderate vulnerability. Following that, Tamil Nadu and Odisha contributed six and three districts 

in high vulnerability, respectively, whereas, only one district is found in the West Bengal. Moderate vulnerability is 

mainly dominated in the Tamil Nadu coastline. The Tamil Nadu state contributes five out of the nine districts. However, 

Odisha added two districts, and the Puducherry added one district in moderate vulnerability. There are no districts found 

in the low and very low vulnerability class. Most of the high vulnerable districts are observed in the west Bengal and 

Tamil Nadu states, however, the lowest value also observed in the Tamil Nadu state with Odisha and West Bengal. The 
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present study is an emphasis on the requirement of the adaptation and disaster management policy to minimize the 

impact of the climate change impact.  

 
Figure ) Spatial distribution of the integrated coastal vulnerability index 

4. Discussion and conclusion 

The global coastline around the world is facing crucial climate change and associated extreme events, which 

unbalancing the global economy as well as resources. The present study envisages the horrible impact which will 

undergo along the east coast of India. Tropical cyclone and storm surges are the major threat on the east coast. The 

present study observed the two-third of the east coast is laying the high vulnerability zone. Mohanty et al., 2015 analyzed 

the historical storm surge, and he reported in his paper that Balasore, Medinipur, and 24 North Paragana are recorded 

the highest surge level with a 30-meter height. The present study also justified his analysis based on historical surge 

events; West Bengal is one of the most affected states on the east coast of India. Additionally, west Bengal is the most 

densely populated state in the republic of India; also, one of the oldest and biggest metropolitan city in the world is 

situated in the West Bengal state. The highest rate of sea-level rise is also observed in the Haldia station which is also 

located on the West Bengal coast. Hence, the study is signifying the importance of the monitoring and management of 

the coastal resource and habitant. 
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Similarly, Odisha and Andhra Pradesh are also vulnerable to climate change impact. Recently cyclone Fani is 

dismantled the Odisha coastline, and which resulted in the state economy and livelihood (Abhilash, 2019; Pattnaik, 

2019). This proves the failure of the existing disaster management policy and mitigation strategies. In this contest, a 

systematic approach is to be developed and implemented in the vulnerability coast. Increasing the adaptive capacity 

measures and essential infrastructure development such as coastal roadways, cyclone shelter houses, and primary health 

facilities will reduce the human causalities and post disaster impact. In the Andra Pradesh coast, Krishna Godavari 

deltaic plain is the most vulnerable region, low elevated, and the deltaic nature of the topography is increasing the 

impact. Krishna and Godavari deltaic plain also have large areas of mangroves, which will reduce the effect of extreme 

events. However, anthropogenic activities in the region resulted in the degradation of the mangroves. 

In the last four decades, tremendous wetlands transformed into aquaculture activities(Basheer Ahammed & Pandey, 

2019), whereas the Tamilnadu coast is the least vulnerable to extreme events in comparison to the other states.  In the 

2004 tsunami, in among the other region, Chidambaram City has survived the tsunami impact by the Pichavaram 

mangrove forest, which is largest artificial mangrove in the country (T. S. Kumar et al., 2012). Therefore, this is 

reminding the importance of coastal resources and natural barriers. The present study canvassed the vulnerability of the 

coast and the potential impact of climate change, and the effect will be much higher in the coming decades.  Climate 

Central reported that the Significant part of the West Bengal, Odisha and Andhra Pradesh will be inundated by 

2050(Kulp & Strauss, 2019). The study also reported that half of the Calcutta city will be flooded by the sea level rise 

(Reference). Therefore, a meaningful consideration is required for the monitoring and management of coastal resources 

and habitats.   

The impacts of climate change are likely to worsen problems that coastal areas already face. The existing challenges 

that affect coastal ecosystems, such as shoreline erosion, coastal flooding, and water pollution, are already a concern in 

many areas. Addressing the additional stress of climate change may require new approaches to managing land, water, 

waste, and ecosystems. In this contest, understanding the vulnerability and risk to the coastal population is needed to be 

analyzed. The variabilities used in the present study are not exhaustive, but the result of the present study will give a 

piece of baseline information for the comprehensive analysis and decision making. The coastal land is gradually sinking 

where the rate of relative sea-level rise is larger than the global rate. Some of the fastest rates of relative sea-level rise 

in India are occurring in areas where the land is sinking, including parts of the Sundarbans deltas. Global warming and 

unexpected climate changes expand the ocean and make storm patterns more energetic and dangerous. 

Consequently it will affect most of the world’s coastlines through inundation and increased erosion. On the eastern 

coast, it is observed that the intensity and the frequency of cyclonic surges are raised in the last decades. Understanding 

of coastal morphological response to climate change and sea-level rise is quite underdeveloped. Therefore, this study 

gives a regional level study to understand the climate change impacts on the coastlines. This study revealed that the use 

of the geospatial applications is the most reliable and coast effective approach for disaster preparedness and 
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management. The result obtained from the present study may serve the baseline information for disaster management 

planning in the area. 
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Abstract: 
In this study diversity and abundance of zooplankton in south Caspian Sea offshore waters 
were investigated. During the first season of oceanographic cruise in winter 2014 at 
southern part of Caspian Sea, 8 stations at offshore waters of south Caspian Sea were 
selected. Totally, 4 Holopelankton and 6 meroplankton were identified. Among the 
identified zooplanktonic groups, Copepods were the main zooplanktonic group that 
constituted about 53% of total abundance and 65% of total biomass.They were dominant 
in all stations. Predominant species of copepods was Acartia tonsa. Its abundance was 
between (106±42 ind.m-3) and (1545±181 ind.m-3). After A. tonsa, lamellibranch larvae had 
the highest abundance in all stations (18%) and fish larvae was at second place in terms of 
biomass (27%). Results showed after invasion of M. leidyi, composition and abundance of 
zooplankton in south Caspian Sea waters greatly changed. 

Keywords: Plankton, Cladocera, Copepod, Diversity, Abundance 

1. Introduction 

The southern Caspian is the deepest with oceanic depths of over 1000 m and accounts 66% of the total water volume. 

Environmental conditions in the Caspian Sea significantly changed under the impact of human activities. Caspian Sea 

has significantly altered during the past 30 years, apart from natural changes attributable largely to sea level variability 

(Rodionov, 1994). Anthropogenic pollution is a significant threat on the biodiversity of the Caspian Sea (Salmanov, 

1999; Aladin and Plotnikov, 2004). Impacts on the ecosystem notably are from domestic pollutants including various 

detergents, industrial pollutants, especially heavy metals and agricultural pollutants, in particular nutrients owing to 

over fertilization and pesticides. The faunal composition of Caspian Sea has changed totally during last decades (since 

1970) because of its water level fluctuations, human manipulation and the entrance of an alien invasive species of a 

Ctenophore jellyfish. During 80s Mnemiopsis leidyi (originated from the north Atlantic waters) transferred to the Black 

Sea, Azof, Marmara and east Mediterranean Seas and then to Caspian Sea (Shiganova, 1993; Dumont, 1995; Shiganova 

et al., 2001; Fuentes et al., 2010). Zooplanktons are recognized among the best indicators to be particularly useful to 

investigate and document environmental changes (Sipkay et al., 2009). Major zooplankton taxa have short life cycle 

and the community structure is able to reflect real-time scenario as it is less enforced by the stability of individuals from 

previous years (Richardson, 2008). Through the direct ingestion of phytoplankton, zooplankton influence population 
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and species dynamics; through excretion and secretion, they contribute to the decomposition and circulation of organic 

matter in aquatic ecosystems and stimulate algae growth. Zooplanktons are the prey for fish and other aquatic animals; 

they play an important role in aquatic ecosystems (Guangjun, 2013). There are no documents on diversity and abundance 

of zooplanktons in south Caspian Sea’s offshore waters. Most of the studies focus on investigating the composition and 

abundance of zooplankton in near shore waters. Most of the studies on zooplankton in south Caspian Sea water were 

carried out by Iranian Fisheries Research Organization (IFRO). Several studies have been undertaken regarding the 

zooplankton communities and their structures alongside Iranian coasts in the southern parts of the Caspian Sea in recent 

years such as: (Rowshantabari, 2000; Laloei et al., 2004; Hashemian et al., 2006; Hosseini et al., 2011 and etc…).No 

study has been done on the community of zooplankton in the offshore water of south Caspian Sea. Furthermore, 

regarding to the effects of alien species invasion (M. leidyi) in Caspian Sea, studying the structure and biomass of 

zooplankton in the offshore water of south Caspian Sea has high importance. 

2. Material and Methods 

One transect with 8 stations were selected (Table 1). The distance among sampling stations was 30 km. sampling was 

conducted in winter season (April 2014 

Samples were collected by zooplankton net (100 μm mesh with a 0.36 m mouth diameter) by vertical hauling from10m 

depth. After collecting, specimens were preserved in a 4% formaldehyde seawater solution. In the laboratory samples 

were studied in a Bogarov tray contained 0.5 ml of each sample (Postel et al., 2000). Biomass of zooplankton was 

estimated from the shape of each species (Petipa, 1957) and an invert microscope was used for identifying them. 

Zooplankton taxonomic classification was performed based on (Birshtein et al., 1968; Kusmorskaya, 1964; Kuticova, 

1970). Biomass and abundance data were calculated as per cubic meter. 

 3. Results 

Physico-chemical parameters of sea water are shown in (Fig2). The range of salinity was from (12.52 g.Kg-1) at station 

1 to (12.87 g.Kg-1) at station 3. Maximum temperature was (13.800C) at station 4 and minimum was (11.700C) at station 

3. Station 7 had the highest value of pH (8.67) and the lowest was found at station 4 (8.60).  DO values were found 

maximum and minimum (10.54 and 9.97 mg.L-1) at stations 7 and 4 respectively. Figure 3 shows nutrients concentration 

in all stations. Nitrite concentration only measured at station 1 (2.13 µg.L-1) and it was not detectable in the other 

stations. The highest concentration of nitrate was found at station 3 (42.05 µg.L-1) and the lowest was at station 1 (4.28 

µg.L-1). Also the range of silicate concentration was between (12 µg.L-1) at station 1 and (156 µg.L-1) at station 4. In all 

stations concentration of Phosphate was not detectable. Based on the cluster analysis, all stations were divided in two 

main groups; group A contained the station with the lowest concentrations of all abiotic parameters measured. On the 

other hand, group B contained two subgroups: B1contained three stations with high concentration of silicate. B2 

contained four stations with medium concentration of silicate (Fig 4). Both axes from the Principal Components 

Analysis (PCA) explained 66% of the total variance. In component 1, most positive correlation was found among 

salinity, silicate and nitrate, being negatively correlated to the nitrite. In component 2, most positive correlation was 
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found between DO and pH (Fig 5), having negative correlation with temperature. Dispersal of stations may be explained 

by nitrate and silicate concentrations. In this study a total number 4 Holopelankton and 6 meroplankton were identified, 

including: (Acartia tonsa and Nauplius of A. tonsa; Copepoda – Asplanchna priodonta; Rotifera – Podon 

polyphemoides; Cladocera - Larvae of Nereis diversicolor; Nereididae - Cypris, nauplius and cirrus stages of Balanus 

improvises; Cirripedia - Lamellibranch larvae;bivalvia and Fish larvae). 

Table 2 shows the average abundance of the identified zooplanktons in each of the 8 stations. As shown, Acartia tonsa 

has the highest abundance at station 5 (1545±181 ind.m-3) followed by Nauplis of A. tonsa (1168±232 ind.m-3) at the 

same station. The lowest abundance belongs to Cypris of Balanus improvisus (64±22 ind.m-3) at station 4. Among all 

stations, S5/N has the highest abundance of total zooplanktons (426±524 ind.m-3) and S8 has the lowest abundance of 

total zooplanktons (43±48 ind.m-3). 

Also there was significant correlation between abundance of some of the zooplanktons and environmental parameters. 

Nauplius of B. improvisus had significant correlation with temperature (P<0.01). Cirrus stage of B. improvisus showed 

significant correlation with DO (P<0.05). Significant correlation was also found between A. priodonta and Silicate 

(P<0.05). Nereis diversicolor had significant correlation with silicate, nitrate (P<0.05) and nitrite, salinity (P<0.01). P. 

polyphemoides significantly correlated to DO (P<0.01) and salinity (P<0.05). Fish larvae and Lamellibranch larvae 

showed significant correlation with DO (P<0.05 and P<0.01 respectively) (Table 3). 

Acartia tonsa has the highest total abundance (509±472 ind.m-3) of all zooplanktons, followed by Nauplius of A. tonsa 

(389±362 ind.m-3) and Lamellibranch larvae (294±200 ind.m-3). Fish larvae have the lowest total abundance (13±37 

ind.m-3). Abundance percentages of zooplanktonic groupd are shown in Figure 6. So, Copepoda has the highest 

percentage of abundance (53%) followed by Lamellibranch larvae and Cirripedia (18 and 15% respectively). The lowest 

percentages belong to Polychaeta (Nereididae) and Fish larvae (1%). Distribution types of zooplanktons are shown in 

(Table 4). Half of zooplanktons had uniform and other had spotty distribution in stations. 

Acartia tonsa has the highest amount of biomass (80 mg.m-3) followed by Fish larvae (37 mg.m-3). The lowest amount 

of biomass belong to Nauplius of B. improvises and N. diversicolor (0.41 and 0.44 mg.m-3 respectively). The highest 

percentage of biomass among all zooplanktonic groups belongs to Copepoda (63%) and followed by Fish larvae (27%). 

Also, Polychaeta (N. diversicolor) has the lowest percentage of biomass among all groups (0.3%) (Fig 7). 

 

References: 
1. Aladin, N.V.,& Plotnikov, I.S. (2004). The Caspian Sea. Lake Basin management initiative. Thematic Paper. 

Moscow, Russia. 

2. APHA, (1985). Standard Methods for the Examination of Water and Wastewater. (16th ed). Washington, USA.



 

82 

2nd International Conference on Oceanography for West Asia 

16 , 17 Sept. 2020 Iran. Tehran 

 

Lead Bioaccumulation and Its Effect on Condition Indices in Zebra Mussel 
(Dreissena polymorpha) From Anzali Wetland – Caspian Sea: Laboratory 

Experiment 

Rahnama, Reza 1*; Javanshir, Arash 2 ; Hamzehpour, Ali 1; Darvish Bastami, Kazem 1 

1. Iranian National Institute for Oceanography and Atmospheric Science (INIOAS).  

2.University of Tehran, Department of Fisheries and Environment, Faculty of Natural Resources, Iran  

* Corresponding author, email: reza.rah@inio.ac.ir   

Abstract 
In this study the bioaccumulation of lead by zebra mussel and its effect on mussel's 
condition indices in the laboratory condition were investigated. The mussels were exposed 
to the four lead concentrations (2, 48, 93 and 455 µg.L-1), that they were relevant with 
natural lead levels in four sites of the Anzali wetland. The lead concentration was only 
observed in the soft tissue of the zebra mussels when compared to its valves. Our results 
suggest that the accumulation of lead in the soft tissue of the mussels was affected by two 
factors: (1) exposure time (2) lead concentration in the ambient water. In this study all 
mussels in all treatments had equal exposure time, so the significant differences in lead 
concentrations in the soft tissue of mussels are due to the differences in lead concentrations 
between treatments. In the treatment with highest concentration of lead (455 µg.L-1), the 
most accumulation of lead in the soft tissue of mussels was observed while in the treatment 
with lowest concentration of lead (2 µg.L-1), the lowest accumulation of lead in the soft 
tissue of mussels was observed. Despite differences in metal accumulation, no significant 
differences (p>0.005) in condition indices TCI (tissue dry wt. / shell weight) and SCI (tissue 
dry wt.*100/shell length) were observed among the mussels in control and lead treatments. 
Besides the metal pollution, other environmental factors, such as food availability, could 
affect the mussel's condition. But in our experiment we removed the effect of food by not 
feeding; therefore lead is the main effective factor on mussel's condition. 

Keywords: Condition index, Dreissena polymorpha, Bivalve Bioaccumulation, Lead contamination, 
heavy metals 

1. Introduction 

Dreissena polymorpha is a sessile suspension-feeder, attached with byssal threads to firm substrate near to the water 

surface (Gundacker et al. 1998). D .polymorpha plays an important role in eutrophication control by grazing 

phytoplankton, bacteria and other inert detritic materials from water body (Noordhuis et al., 1992; Reeders et al. 1992). 

Filtration activity leads to high retention of water, particles and pollutants. Zebra mussel accumulates high amounts of 

potentially toxic heavy metals and is therefore widely considered as a bio-monitoring organism (Neumann et al. 1992; 

Secor et al. 1993; Camusso et al. 1994). Zebra mussels remove metals from the water column, incorporate metals in 

their tissues, and deposit metals on the bottom of the sediments in the form of pseudofeces (Klerks et al. 1997). In 
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aquatic ecosystem metals are present in physicochemical forms ranging from simple ions to colloids to metals sorbed 

on or incorporated in suspended particles. Dissolved metals are generally an important source of metals to suspension-

feeding bivalves (Klerks et al., 1997). Lead is one of the important heavy metals in aquatic ecosystems which can be 

accumulated by zebra mussel in high amounts. D. polymorpha cannot regulate the concentration of Lead in its body 

(Amiard et al., 1987). Environmental Lead contamination arises from various sources including mining, smelting, 

refining, manufacturing processes (battery plants), paints and pigments, also atmospheric emissions from motor 

vehicles, combustion of coal, recycling of batteries, incineration of municipal solid wastes and hazardous wastes (FDA, 

1993). Lead particles emitted during the past use of leaded gasoline are also in the soil, especially near major highways 

(FDA, 1998). In this study we wanted to elucidate the potential of lead bioaccumulation in the laboratory condition.  

2. Materials and Methods 

Zebra mussels were taken from relatively unpolluted area in Anzali wetland. They were picked up from the stems of 

aquatic plant (Fragmites sp). After collecting, mussels were carried to the laboratory staying the adaptation period being 

in a plastic aquarium, containing 10 liters of fresh filtered water (0.45 µm) from the sampling site. During this period 

(15 days), mussels fed with the chlorella spp that cultivated used of Guillard cultivation environment (Guillard et al., 

1962) and the water was continuously aerated. After adaptation period, mussels were selected by length range (12-25 

mm), and exposed to four Lead treatments (2, 48, 93 and 455 µg.L-1) that made up using stock solution 1000 mg.L-

1Pb(NO3)2 (Bleeker et al., 1992). Each Lead treatment consisted of 15 individuals. During the experiment period mussels 

were not fed and the experimental temperature was kept constant at 25oC.  

Metal analysis 

Five mussels collected from each treatment every five days, and analyzed for their lead content in soft tissue. Soft tissues 

of the mussels were removed from the shell, byssus threads were also removed. Soft tissue dry weight was determined 

with oven at 60oC for 24 h (Klerks et al., 1997, Pessatti et al., 2002). The soft tissues were digested in 5 mL concentrated 

HNO3 with 2 mL distilled water added. After refluxing for 4 h at 120oC, 2 mL of H2O2 (30%, Fisher certified grade) 

was added and heating was continued for an additional 2 h. after cooling, the tissue digest was filtered using glass-fiber 

filters and brought up to volume (25 mL) using 0.4 M HNO3. The samples were analyzed for lead by FAAS (furnace 

atomic adsorption spectrometer, Perkin Elmer 5100PC). Quality control of metal analysis was performed, using 

destruction blanks and reference materials (IAEA shrimp MA-A-3/TM and NIST water SRM 1643c). The measured 

values were in good agreement with the certified values (< 10% deviation). 

Condition indices 

 Two different indices were used to assess the effect of stress on the physiological integrity of the mussels. 15 mussels 

were placed in aquarium containing 10 L water without lead for 15 days. These mussels played control role for 

experiment. For accurate comparison of condition indices, during this period mussels not fed. Mussels were dissected 

and the shell length (up to 0.1 mm) and wet soft tissue weight (ww) (up to 0.01 mg) were measured. After drying at 60 

°C for 24 hours, dry soft tissue weight (dw) and dry shell weight (sw) were determined on a Mettler H54 balance to the 
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nearest 0.1 mg. The same measurements were taken on the mussels from the lead treatments. These measurements were 

used to calculate two condition indices: Tissue Condition Index (TCI = tissue dry wt. /shell wt.) (Mersch et al., 1996; 

Soto et al., 2000) and the Shell Condition Index (SCI = tissue dry wt.*100/shell length) (Payne et al., 1999). 

3. Results 

Results suggest that parts of dissolved concentration in the water are able to be accumulated in the soft tissue of mussels. 

This concentration as shown in Figure 1 is related to initial concentration of Lead components in the water body. 

Regressions in all 4 treatments indicate also more metal found in the water, more is accumulated in soft tissue. With 

consideration of results of 4 treatments as differences in initial concentration one can note that the reduction rates 

remained constant during 15 days of experiments. But the ability of reduction of metal by animal decreased during the 

period of experiments or with exposure time ad libitum (Figure 2). But it is clear that at the beginning of exposure 

maximum rate of reduction was observed while after 15 days of exposure only a few part of lead was taken up from the 

water body. This suggests that mussels have a limit in their absorption activity.  

When the averages of accumulation by zebra mussels soft tissue is considered (Figure 3), it is suggested that, despite of 

the same compartment of absorption in four treatments, the absorption at minimum concentration of 2 µg.L -1 remains 

the lowest value obtained in our experiments. The average concentrations in soft tissue in two treatments of 48 and 93 

µg.L-1 showed no significant differences (Table 1) and suggest that the absorption in certain ranges to be independent 

of ambient concentration of heavy metal. But it is possible that this limit can break when the ambient concentration 

increased. In the case of high concentration of 455 µg.L-1 the concentration in soft tissue arrived to its high value 

compared to other treatments and differences were significant (P<0.05) (Table 1).  

Net accumulation rates of lead by mussels also varied between treatments. As it is showed in table 2, the least 

accumulation rate (0.0019 µgPb.gDW-1.day-1) of lead was measured at the lowest concentration of 2 µg.L-1 while, the 

highest accumulation rate was observed in 455 µg.L-1 (0.593 µgPb.gDW-1.day-1). These results still suggest that the lead 

specific accumulation (i.e. divided to its weight) to be dependent to ambient water concentration. It is possible that lead 

or another heavy metal accumulation to be a non selective activity only related to respiration activity not measured in 

this study.  

The lead concentrations in the soft tissue of the exposed mussels to lead treatments increased with the exposure time. 

Linear regression analysis revealed net accumulation rates for lead between 0.0019 and 0.593 µg.gDW-1.day-1 (table 2). 

For lead the highest accumulation rate was found for the treatment that had highest lead concentration (455 µg.L -1), 

followed by 93, 48 and 2 µg.L-1. The lead concentration in each of the treatments had substantial effects on the lead 

accumulation rate. The mean value of tissue condition index (TCI) of zebra mussels at the control and lead treatments 

are showed in figure 4. No significant differences for this index were found among the treatments (table 3). Likewise, 

when only the pollution gradient was considered no significant differences were found among the treatments and the 

TCI did not follow the pollution gradient. Within the individual treatment however, the TCI changed in function of time 

with the lowest condition at the longest period of exposure (figure 5). The mean value of shell condition index (SCI) of 
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zebra mussels at the control and lead treatments are showed in (figure 6). No significant differences for this index were 

found among the treatments (table 4). Within the individual treatment the SCI changed in function of time with the 

lowest condition at the longest period of exposure (figure 
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1. Introduction 

Due to the climate changes and global warming, the occurrence rate of tropical cyclones has been increased. The 

southeastern and southern coasts of Iran have also been affected by such climatic and environmental hazards. Gonu 

(2007), Phet (2010) and Kyarr (2019) tropical cyclones are samples of tropical cyclones that have affected the northern 

coasts of the Oman Sea. Many studies have been conducted on the modeling of the tropical cyclones effects. Some 

researches have reviewed the wind field characteristics of tropical cyclones [1-3]. In some other researches, the wave 

characteristics and related issues to the tropical cyclones oceanography have been investigated [4-7].  

 A review of previous studies shows that the wind field is of high importance for investigating the tropical cyclones’ 

wave field. Therefore, the effect of wind field accuracy on the wave field intensity and pattern during the tropical 

cyclone Phet has been investigated in the present study. For this purpose, the wind fields obtained via the Holland 

parametric model and reanalysis data (CFSR and ERA-Interim) have been examined during the tropical cyclone Phet. 

2. Material and Methods 

Phet is one of the most severe tropical cyclone occurred in the Arabian Sea in June 2010. Figure 1 shows the position 

of the center, track, and severity and weakness of the tropical cyclone Phet.  

  
(a) (b) 

Figure 1) The track of cyclone Gonu and its development process 

https://www.modares.ac.ir/en-civil/departments/marine-structures
https://www.modares.ac.ir/en-civil/departments/marine-structures
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The data used in the present study include measurement, Best Track (BT), and reanalysis data. In order to evaluate the 

wave field, the measurement data of the Chabahar Buoy have been used. Wave characteristics such as Significant wave 

height, peak period and mean wave direction were compared with the measurement data. Figure 1 shows the the 

Chabahar buoy positions relative to the cyclone track. Also, the best track data of joint typhoon warning center (JTWC), 

ECMWF (ERA-Interim) and Climate Forecast System Reanalysis (CFSR) wind field and wave data of the Wavewatch 

III data for open boundary is used. In addition, based on the findings of the literature, the Holland parametric model has 

been used to hindcast the wind field [8].   

Numerous third-generation wave propagation models can be used in order to model the waves from deep water to the 

coastlines. SWAN, Wavewatch III, MIKE21-SW, and TOMAWAC are examples of these models. Due to the 

capabilities of the MIKE21-SW model and its successful usage in previous studies, this model has been chosen for the 

present simulation. 

3. Results and discussion 

Figure 2 compare the time history and scatter plot diagrams of the significant wave height, peak period, and mean wave 

direction of waves due to different wind fields at the Chabahar buoy. Investigation of the results according to different 

wind field illustrated that the Holland parametric model is suitable for estimating the wave characteristics. The results 

of the pattern of changes and maximum value of significant wave height, peak wave period due to seas and swell and 

mean wave direction from Holland wind field have the highest correlation with measurement data.  

 

   

   
(c) (b) (a) 

Figure 2) Time history of the (a) significant wave height, (b) peak period and (c) mean wave direction according to different wind fields 

Due to distant of measurement station from the track of cyclone Phet, a general examination of the wave field may 

provid suitable information. Hence, in the present study, the wave field has been investigated as a whole from the 

maximum wave height point of view. This approach can further demonstrate the overall accuracy of the employed wind 



 2nd International Conference on Oceanography for West Asia 

88 

field. The maximum wave height values for different wind fields are exhibited in Figures 3. Figure 8 shows the 

maximum significant wave height which are estimated as about 15 and 13 m based on the Holland parametric model 

and CFSR wind fields, respectively. Also, the maximum wave height obtained from the ERA-Interim model is about 6 

m. 

 

   
(c) (b) (a) 

Figure 3) Maximum wave height based on the wind fields of (a) CFSR, (b) ERA-Interim and (c) Holland parametric model 

4. Conclusion 

In the present study, the wave field results obtained via three different wind fields during the tropical cyclone Phet have 

been investigated. The results of the investigations are summarized as below: 

✓ Comparison of the wave field results obtained from the wind fields of ERA-Interim and CFSR reanalysis data 

with the measurements indicated an appropriate agreement. Examination of the significant wave height shows 

that the results based on the ERA-Interim and CFSR are underestimate and overestimate, respectively. 

However, the investigation of the maximum wave height values in the computational domains shows that the 

maximum observed values based on the ERA-Interim do not adapt well to the track and development direction 

of the cyclone. 

✓ Investigation of the wave field resulting from the Holland parametric model illustrated the sufficient accuracy 

of this model in estimating the wave height. The result obtained via the Holland parametric model estimated 

the maximum wave height caused by cyclone Phet in deep water to be about 15 m. 
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1. Introduction  

The outfall system is a medium to discharge the liquid waste generated by desalination plants, refineries and power 

plants to the marine environment. Optimal design and operation of an outfall system reduces the concentration of 

pollutants returned to the marine environment. To design an efficient brine discharge system, some major issues must 

be thoroughly investigated including near-field considerations, marine environment, far-field considerations, water 

recirculation and desired dilution . 

Numerous researches have been carried out to study the different elements of outfall systems and related design basics. 

Comparing experimental data and results of Cormix software, Bleninger and Jirka (2008) determined the optimal angle 

of discharge ports on the basis of sea bottom slope to achieve the maximum dilution [1]. Jiang et al. (2012) measured 

the minimum surface dilution for various water depths [2]. Roberts and Abbessi (2014) investigated the effects of 

multiport configurations, i.e. port distance, angle of ports and environmental conditions such as current speed and 

direction on obtained dilution [3] . 

In this paper, the outfall system of Bandar Abbas desalination plant is designed and optimized in accordance with an 

optimization algorithm. For this purpose, the requirements and design criteria of outfall systems are presented and the 

hydraulic design and salinity distribution are discussed, using CorHyd and VISJET models. 

2. Materials and methods  

An outfall system consists of three key components, which are weir box, outfall pipeline and diffuser, from onshore to 

offshore, respectively (Figure 1-a). Any mistake in design of these components would lead to decrease in dilution and 

arising economic and environmental issues.  

The weir box provides the sufficient head for brine discharge and maintain the pressure at a constant level. The height 

of weir box is related to tidal levels and head loss in pipeline and diffuser and is obtained by the sum of total head loss 
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with the highest astronomical tide level (HAT). In order to prevent air entrainment, it is recommended that the top of 

outfall pipeline in the point where it leaves the weir box be in the range 0.5-1.5 m below LLW [5].  

The seawater discharge pipeline is also considered as one of the most significant constituent of outfall system. The 

amount of linear head loss depends on the pipeline material. According to Michael Peleg research, GRP pipelines are 

exposed to biofouling and marine growth about 10 times more than HDPE pipes [6]. Therefore, HDPE pipe can be a 

more careful choice. The roughness of HDPE pipes varies between 0.05 mm and 2 mm for new pipe [5].  

To design diffuser and ports, there are four major factors to consider including 1- dilution requirements, 2- configuration 

of ports and risers, 3- the angle and direction of diffuser and 4- hydraulics requirements. Since the discharged brine 

obtains a denser fluid in comparison with sea water, a negatively buoyant jet is formed. In order to ensure the sufficient 

dilution and prevent air inclusion in diffuser, densimetric Froude number (Fr) of the jet must be greater than 1 [7]. 

Studies on Fr show if Fr is greater than 10, the dilution is independent of it [7] and for sufficient dilution, Fr is assumed 

between 20 and 25 [1].  

Generally, the design of outfall systems depends on several interacting parameters. Figure 1-b shows the design 

flowchart, which leads to an optimized outfall system. 

  
Figure 1) a. Components of outfall system [4], b. Schematization of general diffuser design algorithm [4] 

Study area 

Bandar Abbas desalination system is located in the northern coasts of Persian Gulf in Hormozgan province This plant 

has a capacity of 1,000,000 m3 desalinated water per day, with a RO recovery rate varying from 33% to 41% (Table 1). 

The length of discharge pipeline is about 1200 m, which is considered from weir box to diffuser. The local depth in 

diffuser position is 10 m. Two seawater HDPE pipelines with an inner diameter of 2500 mm transit the brine to the sea. 

The increase of roughness due to long term operation of the pipe is considered in design procedure. To enhance the 

dilution rate, 7 ports are located on each pipeline with inner diameter of 0.6m, angle of 30 degrees (relative to the 

horizontal axis) and 5.25 m distance between ports. 

Table 1) Minimum and maximum flow rate of Bandar Abbas desalination plant 

 

 

 

Qmax (m3/day) 
(Recovery rate = 41%) 

Qmin (m3/day) 
(Recovery rate = 33%)  

2439024 3030303 Intake 

1439024 2030303 Outfall 
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3. Results and discussion 

 
Figure 2) Location of study area   

CorHyd is applied to assess the densimetric Froud number and flow distribution in the diffuser section and the ports. 

According to Figure 2-a, the Fr is greater than 10 in all ports with an average value of 16.5, which ensures the desirable 

dilution. Figure 2-b also shows the flow distribution in ports. The discharge flow difference in all ports is less than 10%, 

which means the flow distributes uniformly among the ports, and the dilution requirements are met in diffuser section. 

VISJET model is applied to check the efficiency of diffusers [8]. The experimental results of Bashitialshaaer et al are 

used to validate the model [9] (Figure 3). Comparing the results of model and experimental data shows the model results 

are reliable. The effluent discharge pattern for the three diffusers is shown in (Figure 4) with and without presence of 

marine currents. In Addition, no plumes interference is observed in model results, which admits the adequate distance 

between ports. The maximum trajectory of the jet is about 8 meter, meaning the jets do not interact with water surface. 

Moreover, at the distance of 15 m from discharge point, the brine concentration reduces about 90%, which admits the 

sufficient dilution. 

 4. Conclusion 

In this paper, the hydraulic design criteria and requirements for design of outfall systems are discussed. Determining 

the height of the weir box depends on the amount of head drop in the offshore pipeline and diffuser. Therefore, as a 

general rule the head loss should be minimized. The comparing HDPE and GRP pipe material shows that efficiency of 

the system is improved when HDPE material is installed, due to the less rate of biofouling. Diffuser system is designed 

considering four aspects: the dilution requirements, the geometry and arrangement of the risers and ports, the direction 

of the diffuser and the hydraulic considerations.  

The results of numerical modeling of salinity distribution with CorHyd and VISJET models in Bandar Abbas 

desalination plant show that the brine concentration reduces about 90% at the distance of 15 m from discharge point. 

Also, there is no interference between the plums, which indicates the proper functioning of the system. 
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a. b. 
Figure 2) CorHyd results: a. Comparison of densimetric Froude number and velocity in each port for recovery rate of 33%, b. Flow distribution in 

diffuser section 

 

 .   

c. b. a. 
Figure 3) Comparison of VISJET results with experimental data: a. The parameters of experimental model, b. Comparison of vertical trajectory, c. 

Comparison of impact point)    

  

b. a. 
Figure 4) The results of VISJET model for Bandar Abbas desalination plant (a. VISJET results in the absence of marine currents, b. VISJET results 

with presence of marine currents) 
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Abstract 
The environmental impact of 17 km long subsea cables between Kish Island and Gorzeh in 
the northern Persian Gulf before the construction phase on benthos and in particular coral 
reefs was studied. Underwater photography and video inspection of the bottom, 
observations of the bottom habitats by scuba-divers, sampling and laboratory analysis of 
macrozoobenthos were conducted. In zoobenthos group composition and abundance which 
could have been clearly related to cable installation were analyzed. The construction will 
not have any serious effect on benthos, however corals in the vicinity of Kish Island will 
be damaged slightly. Most organisms have their own ability to recover and resettle after the 
construction.  

Keywords: Marine environment, subsea cables, zoobenthos, Baltic Sea, Persian Gulf 

1. Introduction 

In addition to pressure from traditional activities such as fishery, shipping and oil pollution, the Persian Gulf ecosystem 

is being subjected to Increasing pressure from various technical constructions. These installations include fixed links, 

barrages, oil and gas terminals, oil rigs, pipelines, telec-communication cables and high voltage installations for 

electrical energy transfer. Energy transfer via underwater power cables is done to improve the exploitation of the various 

power systems in countries located on the Persian Gulf (PreussenElectra, 1994; So¨derberg and Johnson, 1997). In 

contrast to land grid systems, which generally use alternating current, this type of installation uses high voltage direct 

current.  

The transmission of electrical energy through underwater high voltage direct current (XPLE) lines has been the subject 

of public concern due to the possible ecological effects of cable installation and operation. These include 

mechanical damage to marine life on the bottom, the chemical effects related to the release of toxic chlorine from anodes 

and the influence of physical fields on macrofauna and migrating fish. 

mailto:rezaihamid1@hotmail.com
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Almost no studies on the interaction between various Persian Gulf cables can be found in the open literature. However, 

some information regarding the assessment of anticipated environmental effects is available in Rezai et al. (2010, 2011). 

The information included in these reports comes from the results of field studies.   

The objectives of the present study were: i) to monitor the environmental impact before the cable operations, and ii) to 

determine the impact of the Kish-Gorzeh subsea power cables before the cable operations on benthos. Due to a lack of 

bottom macrophytes along the cable route, macrozoobenthos was an obvious indicator of physical disturbances on the 

bottom. Macrozoobenthos communities are relatively stable and they are dominated by long-lived, sedentary species 

with limited seasonal variability (Bonsdorff, 1983; Sousa, 1984; Bonsdorff et al., 1995).  

2. Materials and methods 

Field measurements along the selected route (Fig. 2) included visual observations by divers, documentation by divers 

using a video camera 

(Sony T-100) and macrozoobenthos sampling (ven veen Grab). Seventeen stations were designated based on different 

sediment types and at different depths along the cable route (Fig. 3). Of these, 16 stations were located along the cable 

route (cable stations) and another 1 station (reference station) was located approximately 1 nautical mile west of the 

planned cable route. Samples were collected during fair weather, and location of the sampling sites was determined to 

within a few meters using a GPS positioning system.  

The environmental impact monitoring aimed to track the change of water quality and biological resources before the 

subsea cable construction. Parameters included temperature, salinity, DO, turbidity and suspended solids.  

The data of biological resources which have been divided into 2 groups included coral reefs and macrobenthos. Benthos 

samples were taken in triplicate at every sampling location using a van veen grab with a 250 cm2 catching surface and 

a maximum penetration depth of 25 cm. Every benthos sample was sieved separately through a 1 mm sieve, which 

selects the benthos fraction defined as macrozoobenthos. The sieved samples were then preserved with 4% buffered 

formaldehyde. In the laboratory, macrozoobenthos were identified to groups.  

3. Results 
• A total of 18 taxa of macrozoobenthos were identified—15 species and 3 undetermined taxa (Oligochaeta, 

Hydrobiidae and Gammaridae). Crustacea 

• was the most diverse group, followed by Polychaeta and Bivalvia. (Andrulewicz et al., 1999, 2000). The 

comparisons of species abundance and biomass between 1999 and 2000 are presented in Figs. 5 and 6. The 

lowest mean values among the stations along the cable route were observed in 2000 in study area 1, while in 

study areas 2, 3 and 4 the mean values were very similar in 1999 and 2000. The data were subjected to variance 

analysis 

• (ANOVA test) to determine the significance of differences of various parameters between cable and reference 

stations. It was noted that the differences in the mean values of abundance and biomass in study area 



 2nd International Conference on Oceanography for West Asia 

 

97 

• 1 (Figs. 5 and 6) were relatively high; simultaneously variability was also high. Therefore, it is impossible to 

determine whether these differences are related to cable installation. The impact of the construction phase on 

the macrozoobenthos is apparent at the deepest station, study area 4, where the mean size of individuals 

changed as abundance increased and biomass decreased. This may indicate that, following bottom 

disturbances, the macrozoobenthos recovered and resettled the impacted area around the cable. 

4. Conclusion 

The studies conducted prior to cable installation (2011).The cable itself was buried in the hard and soft bottom, and 

only on the hard stone and boulder bottom in the north eastern part of the Island did the cable appear in some places on 

the surface of the bottom. Studies of macrozoobenthos indicated that there were no obvious changes in macrozoobenthos 

abundance which could be related to bottom disturbance caused by cable construction. In study area 4, which is the 

deepest station with a significantly less dynamic bottom than those of other study areas, some indications that the 

construction phase could have had an impact were noted in that the mean size of individuals was smaller one year after 

cable installation. The construction of subsea power cables from Kish Island to mainland Gorzeh improves the living 

quality of residents and reduce fossil fuel.   
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Abstract: 
 The coastal plain of the Hormoz Strait and Oman Sea in southeastern Iran have huge 
watershed, dry climate and annual precipitation of less than 98 mm/yr. To study 
sedimentology and sediment geochemistry of the Oman Sea, 46 samples of surficial 
sediments were collected from Minab, near the Hormoz Strait, to the Guater Gulf 
near the Pakistan border. Granulometry, calcimetry, elemental analysis (ICP), 
mineralogy and clay determination by XRD were carried out at the Geological Survey 
of Iran.The analyses show that sediments are mostly very poorly to moderately sorted 
sandy mud, mud, muddy sand and sand. They statistically classify as coarse-skewed, 
fine-skewed, and near symmetrical with very leptokurtic to leptokurtic, platykurtic to 
very platykurtic and mesokurtic distributions. Calcite, quartz and feldspar are the 
three dominant minerals in variable proportions. Halite is the fourth important 
constituent. Chlorite, illite, kaolinite and poligorskite are frequent clay minerals. 
Montmorillonite is found in the eastern part of the Oman coastal plain, from Chabahar 
to the Pakistan border. Conversely, poligorskite is found only in the coastal plain of 
the Hormoz Strait. Cluster and factor analyses of elements reveal lead and cadmium 
of likely anthropogenic origin, yet at concentrations lower than authorized levels in 
sediments. Accordingly, they present no risk to the local population. Geochemical 
and mineralogical evidence shows that parts of sodium, calcium, strontium, barium, 
and phosphorus are chemically and biochemically produced in the region, as 
supported by their inverse relationship to the earth elements. Shell fragments and 
corals contribute Ca and Sr. Other elements (Al, Fe, Cr, Co, Zn, Zr, Mn, Ti, Mg, U, 
Ti, Th) have also a clastic origin, denoting erosion of ophiolite, mélange zones and 
turbidites of Makran. They entered the basin as clastic carbonates and aeolian 
sediments. Poligorskite, in particular, reached the Makran coast through the winds 
coming from the western part of the Persian Gulf. 

This work shows that the clastic, chemical-biochemical and anthropogenic processes 
influence the elements distribution of Makran coastal sediments. The local rivers and 
winds are the important processes controlling present-day sedimentation there. 

Keywords (Makran coastal plain, Aeolian dust, Sedimentology, Sediment Geochemistry) 
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1. Introduction 

Low topography, strong wind systems and availability of fine and loose grains made coastal plains as an important 

sources for aeolian sediment studies (Das et al., 2008). The Makran coast of Iran and Pakistan is one of the plains 

with few dry playas, which produces 12 percent of dust storm of the world (Prins et al., 2000). The coastal plain 

of the Hormoz Strait and Oman Sea in southeastern Iran have huge watershed, dry climate and annual precipitation 

of less than 98 mm/yr. The mentioned characteristics of Makran coast provide opportunity to study aeolian 

sediments. Accordingly, the main aim of this research is to find out the main controlling processes for sediment 

deposition and element distribution in the Makran coast. 

2. Material and methods 

To study sedimentology and sedimentary geochemistry of the Oman Sea, 64 samples of surficial sediments were 

taken from Minab near the Hormoz Strait as far as the Guater Gulf near Pakistan border. Sediment samples 

prepared from a mixture of samples as a regular graded. In fact, each sample is mixed with 64 samples of surface 

sediment (Fig. 1), which covers 1600 m2. Granulometry, calcimetry, elemental analysis (ICP), mineralogy and 

clay determination by XRD were carried out at the Geological Survey of Iran. 

3. Results and discussion 

- Sedimentology 

Based on granulometric study sediments are classified (according to Folk, 1974) into four main type: Mud, Sandy 

Mud, Muddy Sand and Sand. The analyses show that sediments are mostly very poorly to moderately sorted. 

Statistically they are classified as coarse-skewed, fine-skewed, and near symmetrical with very leptokurtic to 

leptokurtic, platykurtic to very platykurtic and mesokurtic distributions.     

Calcite, quartz and feldspar are the three dominant minerals in variable proportions. Halite is the fourth important 

constituent. Chlorite, illite, kaolinite and poligorskite are frequent clay minerals. Montmorillonite is found in the 

eastern part of the Oman coastal plain, from Chabahar to the Pakistan border. Conversely, poligorskite is found 

only in the coastal plain of the Hormoz Strait. 

One of importance source of the Gulf of Oman recent sediment is aeolian sediments, which mostly transport from 

north (Makran coast and some dray Playa in Iran and Pakistan) and west (Arabia Desert). A part of fine grain 

sediments (30%) of Gulf of Oman have aeolian source.  

- Sediment Geochemistry 

Cluster and factor analyses of elements reveal lead and cadmium of likely anthropogenic origin, yet at 

concentrations lower than authorized levels in sediments. Accordingly, they present no risk to the local population. 

Geochemical and mineralogical evidence shows that parts of sodium, calcium, strontium, barium, and phosphorus 
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are chemically and biochemically produced in the region, as supported by their inverse relationship to the earth 

elements. Shell fragments and corals contribute Ca and Sr. Other elements (Al, Fe, Cr, Co, Zn, Zr, Mn, Ti, Mg, 

U, Ti, Th) have also a clastic origin, denoting erosion of ophiolite, mélange zones and turbidites of Makran. They 

entered the basin as clastic carbonates and aeolian sediments.  

Four main processes (clastic, chemical, biochemical and Anthropogenic) contoroled the element distribution in 

Makran coast sediment. 

 
Fig. 1) a: Sampling points along the Iranian Makran Coast. b: Satellite image from Dust storm in the Gulf of Oman over the Makran Coast 

(MODIS June 16, 2004). c: Movement of sand dune on the roads and residential areas. . 

4. Conclusions 

- The major contributors in sediments are mud, sandy mud, muddy sand and sand. 

- Mineralogy of sediment contains calcite, quartz, feldspar and halite.  

- Major clay minerals are chlorite, illite, kaolinite and poligorskite, respectively. 

- Four main processes (clastic, chemical, biochemical and anthropogenic) controlled the element distribution in    

Makran coast sediment. 

- Arsenic and cadmium are anthropogenic elements in Makran coast. 

- The main source of heavy element such as Cr, Ni, and Zn is Makran ophiolite mélange. 
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- Due to morphology, climatology and sedimentological parameters, Makran coast is a great and important source 

of aeolian sediments and dust storm in SE of Iran and even in south Asia. 
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1. Introduction  

The Persian Gulf (PG) as a shallow semi enclosed basin and Gulf of Oman (GO) a deep basin remnant of Neothetis 

located in arid climate. The bottom morphology of two basins inherited from long geological history of 

compression processes between Arabian and Eurasian plates as well as paleoclimate events. In the PG, fluvial 

systems mainly from the northern part supply terrigenous sediment originating from Zagros and Taurus 

mountains. The southern part with limited drainage is dominated by carbonate and evaporates. Bottom sediment 

of the PG were investigated to uncover role of marine organisms in carbonate and organic matter content of 

modern sediments (Houbolt, 1957; Sugden, 1963; Evans, 1966). A comprehensive study about modern and 

Holocene sedimentation in the PG is introduced by Purser (1973). Distribution pattern shows increasing grain size 

from north to south with domination of carbonate (Baltzer and Purser, 1990). Proximity of northern part to the 

Zagros along with other influencing factors including relatively deeper sub basin, more fluvial supply and lesser 

carbonate sedimentation contributed to the mixed sedimentation. 

Magnetic susceptibility widely has been applied for marine sediment cores as an inexpensive and nondestructive 

method (Hounslow and Maher,1999; Hoogakker et al., 2004; Larrasoaña et al, 2008). Signature of depositional 

environment and sediment sources are reflected in the MS signals of the marine achieves (Bloemendal and de 

Menocal, 1989; Hoogakker et al., 2004). Climatic events and their consequences in changing sediment sources 

could be untraveled as susceptibility values. Dust and terrigenous inputs display higher MS values (Hounslow and 

Maher, 1999). Post-depositional processes could influence on the MS signals, however using young short cores 

with taking into account the specification of the environment, MS values could unearth paleoclimate events 

(Hatfield and Stoner 2013). Using short cores of the northern PG and GO we aim to decipher past drives on the 

sedimentation in these areas. 
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2. Materials and methods  

30 legs with 120 stations were selected for sampling in the Persian Gulf and Gulf of Oman. 27 cores were obtained 

via gravity corer during Persian Gulf and Gulf of Oman Oceanographic Studies (PG-GOOS) cruises (Fig 1). The 

cores were transferred to the Iranian National Institute for Oceanography and Atmospheric Science (INIOAS) 

coastal affiliations laboratories in order to measuring nondestructive Magnetic Susceptibility (MS) analysis. MS 

was measured using a Bartington MS2C 100-mm diameter loop sensor with an MS2 meter. Data acquisition 

performed on 1 cm interval and high variability of data normalized regarding the mean value of each core. 

3. Results  

The MS results demonstrate that within the interval of 20–60 cm of northwestern PG cores, minimums of MS 

occur, however the base and top parts have higher values in MS. The cores of south eastern PG display frequent 

fluctuations in MS. Five cores have much higher MS values compared to the other PG cores.  MS signal value in 

the cores of SH are up to three times higher than those in the PG. The core close to the PG have two picks in base 

and top while two other cores close to the GO have picks in top and middle parts. In the GO the MS value along 

the cores display different variations and range between 2.5 x 10-5 to 5.5 x 10-5 SI. Most cores in the PG and SH 

have thickness up to 140 cm and GO cores up to 160 cm. The overall picture is that in the PG the cores close to 

the northern mainland demonstrate higher MS value and their MS increase drastically in the SH and again decrease 

in the GO, however the MS value in the GO cores is higher than of the PG cores.   

 
Figure 1) The location of sampling sites and sedimentation rate in the northern site of The Persian Gulf and straite of Hormuz 

4. Discussion and conclusion 

The magnetic susceptibility in the Holocene sediments of the Persian Gulf, Strait of Hormoz and Gulf of Oman 

display considerable variations spatially and temporally. The highest  value observed in the Strait of Hormoz that 

reflect this area as accommodation space of terrigenous sediments through the Persian Gulf both during the 

highstand and lowstand. The Persian Gulf sediment with high biological and chemical carbonate reflect lowest 
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MS values, however the GO with frequent ephemeral flooding and mass wasting has higher MS value. Higher 

MS value in the most cores indicates overall wetter climate during the late Holocene, while lower MS could be 

attributed to the lesser detrital inputs during dry periods. 
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Abstract 
Unlike other marine teleosts, the Plotosidae catfish reportedly have an extra-branchial 
salt secreting dendritic organ (DO). Three salinity acclimation for 10 days 
[brackishwater (BW) 3‰, seawater (SWcontrol) 34‰ and hypersaline water (HSW) 
60‰] was used to investigate the osmoregulatory abilities of Plotosus lineatus 
through measurements of blood chemistry, muscle water content (MWC), Na+/K+-
ATPase (NKA) activity and ion transporter expression in gills and DO using 
immunoblotting (IB), immunohistochemistry. HSW represented a significant 
osmoregulatory challenge with elevated mortality (36%), plasma osmolality and ions, 
and hematocrit, and decreased MWC. DO NKA activity and protein were 
significantly higher than other organs at all salinities. DO mass thus total DO NKA 
activity was higher, indicating higher overall capacity at HSW although elevated 
Hsp70 levels indicate a cellular stress and possible pathological condition. BW 
acclimation resulted in lower NKA activity in both gill and DO. Cl- levels were better 
regulated and the resulting strong ion ratio in BW suggests a metabolic acidosis. 
Strong NKA and NKCC1 co-localization was observed in DO parenchymal cells, 
which was rare in gills ionocytes. NKCC1 expression was only detected (IB) in DO 
which was highest at HSW. CFTR localize apically to DO NKA-IR cells. Taken 
together, the demonstration of high NKA activity in DO coexpressed with NKCC1 
and apical CFTR indicates the presence of the conserved secondary active Cl- 
secretion mechanism found in other ion transporting epithelia suggesting a 
convergent evolution with other vertebrate salt secreting organs.  

ATPase-+/K+: Plotosus lineatus, osmoregulation, gill, dendritic organ, NaKeywords 
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1. Introduction  

Osmoregulatory organs in teleost fishes including the gills, kidney and digestive tract are involved in maintenance 

of body fluid balance (Marshall and Grosell, 2006; Takei and Hwang, 2016). Gills are the first organ to directly 

sense external osmotic changes that also facilitate either compensatory active uptake (in freshwater) or excretion 

(in saltwater) of monovalent ions (Na+, K+, and Cl-) to maintain plasma osmolality within a narrow range 

depending on the environmental salinity (Evans, 2008; Takei and Hwang, 2016). Marine teleosts are hypoosmotic 

to their environment, which leads to osmotic water loss. They compensate by drinking seawater and absorbing 

the ingested water by solute (Na+ and Cl-)-linked water transport in the intestine (see review by Grosell, 2010). In 

contrast, in freshwater fishes the role of the intestine is minor in osmoregulation, which are hyperosmotic to the 

environment (Takei and Hwang, 2016). However, ion uptake by the intestine can be substantial in feeding fishes 

(Wood and Bucking, 2011).  

In freshwater or seawater, the regulation of the osmolality and ion levels of body fluids of fishes is done actively 

(Edwards and Marshall, 2012). The plasma osmolalities of euryhaline teleost species of freshwater and marine 

origin vary, however, in seawater they are maintained at less than 480 mOsm/kg H2O (Varsamos et al., 2005). 

The effects of changing salinity on plasma osmolality and circulating electrolytes has been reported in a number 

of euryhaline teleosts (e.g. Christensen et al., 2012; Sardella et al., 2008; Kang et al., 2008; Tait et al., 2017). The 

Plotosidae catfish Plotosus lineatus is native to Indo-Pacific coastal waters from Japan to the Red Sea and East 

Africa and have recently invaded the Mediterranean (Lanzing, 1967; Froese and Pauly, 2018) and Persian Gulf 

(https://www.oceandocs.org/handle/1834/9339). They are amphidromous and are found in marine and 

brackishwater, and have also been reported in freshwater (Froese and Pauly, 2018).   

The DO is a small fleshy external organ situated on the ventral caudal surface of Plotosidae catfishes, in both 

sexes from early life stages, that is very close to the urogenital papilla (Hirota, 1895; Lanzing, 1967; Laurenson 

et al., 1993). The parenchymal cells of the DO form glandular acini that are covered by a stratified squamous 

epithelium (Van Lennep and Lanzing, 1967; Van Lennep, 1968). Descriptive morphological studies in the gills 

and DO of Plotosus lineatus suggested cellular similarity to fish gill ionocytes and elasmobranch rectal gland cells 

(Pucke and Umminger, 1979; Van Lennep and Lanzing, 1967; and Van Lennep, 1968). The rectal glands from 

elasmobranchs and specialized salt glands from marine tetrapods (e.g., the nasal salt gland of marine birds, 

lachrymal gland of marine turtles, and lingual glands in sea snakes, saltwater crocodiles; Shuttleworth and 

Hildebrandt, 1999; Kirschner 1980) have similar parenchymal cell characteristics and the mechanism of NaCl 

excretion is also similar to the teleost gill chloride cells (secondary activity Cl- secretion) (da Silva et al., 1977; 

Singer et al., 1998; Marshall and Grosell, 2006). The numerous independent origins of these salt glands leads to 

the hypothesis of a convergent evolution of salt glands across taxa (Babonis and Evans, 2011).  

https://www.oceandocs.org/handle/1834/9339
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Since the molecular machinery of the osmoregulatory organs (gill and DO) in P. lineatus are unknown, for the 

first time in the present study we addressed their molecular mechanisms using a combination of enzymatic 

analysis, immunohistochemistry, immunoblotting and PCR together with key osmoregulatory indicators (plasma 

ion levels and osmolality, and muscle water and ion levels) in fish acclimated to different salinities. Salinities 

covered the natural range of Plotosidae catfishes and a more challenging hypersaline condition that can be present 

in hypersaline estuaries (Lanzing, 1967; Young and Potter, 2002) were used. In doing so we also addressed the 

possibly of a conservation of mechanisms for ion transport in salt secretory cell similar to other vertebrate salt 

glands with respect to co-option events where the original function of the organ is displaced (e.g. lachrymal glands 

of marine turtles have tear production co-opted for the secretion of concentrated salt solution). 

2. Material and Methods  

2.1. Animals  

Striped eel catfish Plotosus lineatus (~8-13 g; 12.3- 14.0 cm; n=54) were obtained from the Tropical Marine 

Centre (TMC) Portugal and transported to the Laboratory of Molecular Physiology CIIMAR (Porto). Fish were 

originally collected from the wild in Australian waters for TMC. All fish were acclimatized to laboratory 

conditions in a 100 L tank of seawater (SW) 34‰, with mechanical and biological filtration, UV sterilization, 

aeration, and temperature control (26-28°C)  under a natural photoperiod for three weeks prior to the start of the 

experiment to avoid any confounding effects of handling stress on osmoregulation (Biswas et al., 2006). The water 

salinity, pH, temperature and dissolved oxygen were monitored daily with a multimetric probe (WTW 340i, WTW 

Measurement Systems Inc. Weilheim, Germany). 

2.2. Salinity acclimation 

Three salinity levels were investigated following at least two weeks experimental acclimation to brackishwater 

(BW) 3‰, seawater (SW-control) 34‰, or hypersaline water (HSW) 60‰ under uniform holding conditions. The 

salinity extremes were based on preliminary studies. Initially, groups of 5-6 fish were transferred to 30 L tanks, 

in which salinity was changed in a stepwise fashion, from 34‰ (main tank) to 3‰ or 60‰ (smaller 30L tanks), 

by 5‰ per day. Instant Ocean® sea salts were used to prepare a stock solution of 100‰ and diluted to the 

appropriate salinities. Aquaria were provided with mechanical and biological filtration, UV sterilization and 

weekly 20% water changes. The fish were used according to the Portuguese Animal Welfare Law (Decreto-Lei 

no.197/96) and animal protocols were approved by CIIMAR/UP.  

2.3. Sampling 

Individual marine catfish were netted then euthanized in a separate smaller tank (1L) with an overdose of ethyl-

m-amino benzoate-MS-222 (1:5000, pH 7.5 adjusted with NaHCO3; Pharmaq UK), weighed (±0.01 g) and total 

length (mm) measured. Blood was collected using heparinized capillary tubes following caudal transection then 
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centrifuged at 13000xg for 5min at room temperature (Heraeus Pico 17 Centrifuge, Thermo Scientific). 

Hematocrit (Hct) was measured. The isolated plasma was then frozen in liquid nitrogen and kept at −80°C. The 

following organs were collected: gill and dendritic organ (DO) were snap frozen in liquid nitrogen and were then 

immediately stored at -80°C. The gastrointestinal tract of P. lineatus is relatively short and without a stomach. 

The anterior intestine was heavily pigmented and easily distinguished from the unpigmented posterior intestine. 

Gill filaments samples from the second arch on the left side, DO, kidney, and intestine were also excised, 

immersed in 100μl of ice-cold SEI (150 mM sucrose, 10mM EDTA,50mM imidazole, pH 7.3) buffer and frozen 

at −80°C. An additional piece of deskinned epaxial muscle (~1 g) was collected into a pre-weighed tube for water 

and ion analysis. In additional sets of six individuals, the body cavities were opened and then immersion fixed in 

10% neutral buffered formalin (NBF 10%) for 24 h and then stored in 70% ethanol at 4°C. 

2.4. Ion quantification  

The ~1 gram of muscle was dried at 60°C to constant mass for the determination of muscle water content (MWC). 

The dried muscle samples were digested in 65% nitric acid for 3 days at room temperature. The Na+ and K+ 

concentrations were quantified by flame photometry (model PFP7; Jenway, Felsted, UK) and expressed as µmol 

· g-1 wet mass. Plasma samples were also analyzed by flame photometry (PinAAcle 900T Atomic Absorption 

Spectrophotometer; Perkin Elmer Waltham MA). Chloride concentration was measured in plasma samples 

colormetrically (Küffer et al., 1975). Plasma osmolality was determined in fresh samples using freezing-point 

depression osmometry (Micro-Osmometer, Roebling Co. Berlin Germany) and reported as mOsm kg−1 

(Malakpour Kolbadinezhad et al., 2012). 

2.5. Measurement of Na+/K+-ATPase activity  

The Na+/K+-ATPase (NKA) activity was measured according to McCormick (1993) with modifications by Wilson 

et al. (2007). After thawing samples in 300 μl SEI (250 mM sucrose, 10 mM EDTA, 50 mM imidazole pH 7.3) 

buffer, sodium deoxycholate was added to a final concentration of 1%. Tissue was homogenized using a Precellys 

24 bead homogenizer (Bertin Technologies, Montigny-le-Bretonneux, France) at 5800 RPM for 2x15s and then 

immediately centrifuged at 15,000 x g for 5 min at 4°C. Ten μl of supernatant were run in two duplicate sets for 

the ATPase assay at 340nm with a temperature controlled microplate reader (Powerwave 340; Biotek, Winooski, 

VT) and Gen5™ reader control and data analysis software for 10-20 min at 25°C. One set of wells contained the 

assay mixture and the other set assay mixture plus ouabain (1 mM, Sigma– Aldrich Chemical Co.;St. Louis MO) 

to specifically inhibit NKA activity. Total protein was determined in the remaining supernatant using the Bradford 

(1976) at 600nm and the results are expressed as μmol ADP mg−1 protein h−1. In the case of the DO, the NKA 

activity is also expressed per DO correcting for body mass, since DO mass increase under HSW conditions. 
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2.6. Immunoblotting 

The unused homogenate from the ATPase assay was mixed with an equal volume of 2x Laemmli’s buffer 

(Laemmli, 1970), heated for 10 min at 70°C and then stored at 4°C. Protein concentration was adjusted to 1 μg 

μl-1 using 1x Laemmli’s buffer. Immunoblotting was performed as described in Reis-Santos et al. (2008). Ponceau-

S staining of membranes was performed to assess transfer and sample loading consistency. Blots were probed 

with heterologous rabbit polyclonal antibodies against the α-subunit of NKA (1:500; αR1 antibody; Wilson et al., 

2007), bovine cytosolic CA (1:2000, Abcam Cambridge UK; Randall et al., 2014), and V-ATPase B subunit 

(1:200, B2; Wilson et al., 2007) or mouse monoclonal antibodies against NKCC/NCC (1:200, T4 clone; 

Developmental Studies Hybridoma Bank (DSHB), U.Iowa USA; Tipsmark et al., 2002, Wilson et al., 2007), heat 

shock protein (Hsp70) (1:10000, BRM-22 clone; Sigma-Aldrich), and α-tubulin (1:500 12G10 clone, DSHB). 

The later antibody was used as a loading control for samples. The membranes were rinsed with TTBS (0.05% 

Tween-20 in Tris Buffered Saline) and then incubated for 1 hour with a goat anti-rabbit or anti-mouse IgG 

secondary antibodies conjugated to horseradish peroxidase (HRP) and the signal were detected by enhanced 

chemiluminescence (ECL) using Immobilon Western chemiluminescent HRP substrate (Millipore Corporation, 

Billerica, MA, USA). Images were acquired using a luminescent image analyzer Fujifilm LAS-4000 mini and 

image reader software LAS-4000 version.2.0. The area intensity of bands were quantified using the image analysis 

software program Multi Gauge v3.1 (FUJIFILM, Tokyo Japan) and expressed as a ratio with α-tubulin.  

2.7  Immunohistochemistry (IHC)  

Immunofluorescence localization was performed according to Reis-Santos et al. (2008). In short, paraffin serial 

sections were cut and dewaxed followed by a series of xylene baths and rehydrated through a descending ethanol 

series to water. Antigen retrieval was performed on some sections (Shi et al., 2011) by pretreatment with 0.05% 

citraconic anhydride (pH 7.3) for 30min at 98°C (Namimatsu et al., 2005) and then with 1% sodium dodecyl 

sulfate (SDS) in PBS for 5 min (Brown et al., 1996). All sections were then blocked with 5% normal goat serum 

(NGS) and then incubated with primary rabbit or mouse antibodies to the α-subunit of NKA (αR1), NKCC/NCC 

(T4), CFTR (R&D systems), and V-ATPase B-subunit (B2) overnight at 4°C, rinsed in TPBS (0.05% tween-20 

phosphate buffered saline, pH 7.4), followed by incubation with secondary goat anti-mouse Alexa Fluor 568 

and/or goat anti-rabbit Alexa Fluor 488-conjugated antibodies for 1h at 37°C. Sections were stained with DAPI 

(4',6-diamidino-2phenylindole) and viewed on a Leica DM6000B wide field epifluorescence microscope and 

micrographs taken with a digital camera (DFC340FX, Leica Microsystems, Wetzlar, Germany) using Leica LAS 

AF acquisition software. Figures were assembled in Photoshop CS3. 

2.8 Statistics  

Data are presented as means ± standard error of the mean(SEM). Statistical differences of protein, mRNA 

expression between groups were determined using one-way analysis of variance (ANOVA) followed by the post 
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hoc Student-Newman-Keuls (SNK) test (SigmaPlot 11.0 Systat Software, Inc.) in juveniles exposed to different 

salinities. Data were square root or log transformed in the case of a failed normality test. The fiducial limit was 

set at 0.05. 

3.Results 

3.1Osmoregulatory indicators  

Plasma and muscle osmoregulatory indicators are presented in Table 1. Plasma Na+ concentrations correlated 

positively across the range of acclimation salinity while plasma Cl- and Ca2+ concentrations and osmolality were 

significantly higher in HSW compared with SW and BW acclimated animals. Plasma osmolality was more than 

50% higher in HSW acclimated fish. The resulting plasma strong ion ratio (SIR) was significantly lower in BW 

fish compared to SW and HSW acclimation. Hematocrit showed a positive correlation with salinity  where BW 

values were half of HSW. Acclimation salinity had no effect on plasma K+ concentration. 

Muscle water content was significantly lower in HSW acclimated fish indicating dehydration but was unaffected 

by BW acclimation. In contrast, fish condition factor showed a negative correlation with salinity from BW to 

HSW. Muscle K+ concentration followed the opposite trend being significantly higher in HSW fish. Muscle Na+ 

content did not differ with salinity, which is reflected in a lower Na+: K+ ratio in HSW fish. There was mortality 

(36%) only with HSW acclimation but not in other salinity groups. 

3.2NKA activity 

In SW P. lineatus, the specific NKA activity is lowest in the gill and twenty times higher in the DO (Fig. 1A). In 

response to salinity acclimation, similar patterns of NKA specific activity were detected in the gill and DO with 

significantly higher activity in SW acclimated fish compare to both BW and HSW salinities (Fig. 1B, F). 

The mass of the DO in SW-control salinity acclimated fish expressed as a percentage of fish body mass was 

significantly lower compared to BW and HSW salinity groups (Table 1). However, in HSW salinity acclimated 

fish DO mass was greatest at 213% and 243 % of BW and SW fish, respectively. Since DO mass changed with 

salinity, we also expressed NKA activity on a whole organ basis corrected for fish mass. The expression of the 

total DO NKA activity relative to fish body mass shows that in HSW fish DO NKA activity was 1.6 and 2.1 fold 

higher than in SW and BW fishes, respectively (Fig 1G).  

3.3 Immunoblotting 

We used antibodies crossreactive with NKA α-subunit, NKCC1, cytosolic carbonic anhydrase, V-ATPase B 

subunit and Hsp70 to determine how salinity affected the abundance of these important transport and stress related 

proteins in key osmoregulatory organs: gill and DO. A representative tissue distribution immunoblot is shown in 

Figure S1 of a SW control fish. 
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NKA α-subunit expression was detected in all organs of interest as a single band of approximately 100kDa. The 

relative expression of the NKA α-subunit protein was significantly higher with HSW exposure in the gill and 

kidney (Fig 2A, B) but was not salinity responsive in either the intestine or DO (Fig. 2C-E) . NKCC/NCC 

expression was detected only in DO with a pair of prominent immunoreactive bands of 140-260 kDa with some 

additional higher molecular mass bands sometimes present. Higher NKCC/NCC expression in the HSW salinity 

acclimated fish relative to BW and SW fish in DO was observed (Fig. S1, 3F). The expression intensities of these 

bands were approximately 2.7 and 2.5 time greater in HSW acclimated individuals compare to the BW and SW-

controls, respectively. Immunoreactivity with the CFTR antibody was observed in the predicted molecular mass 

range as a single band of 160 kDa in DO of a SW fish (Fig. S1); however, blots for the salinity experiment were 

not clean, and multiple smaller cross-reactive bands were detected, which made semi-quantification problematic. 

Because of these difficulties in detecting cross-reactive bands, the antibody was not use in other organs or for 

quantification. 

Ca17 was detected as an approximately 30 kDa band in all organs (Fig. S1, 2F-J). No detectable differences were 

found in the DO. The V-ATPase B subunit was expressed as a ~56 kDa band in the gill and DO (Fig. S1, 2K-N). 

The relative protein expression in the gill was highest in HSW compared to BW and SW. No detectable differences 

were found DO with salinity acclimations. 

Hsp70 protein was found in all of the organs of interest as a single 70 kDa immunoreactive band (Fig. 3A-E). 

Hsp70 showed significantly higher levels with HSW in the DO relative the BW with intermediate SW levels. No 

other differences with salinity were observed in gill.  

3.4 IHC  

3.4.1 Gill  

The gills of P. lineatus have a typical teleost gill organization of filaments with lamellae. In the branchial 

epithelium strong NKA immunoreactivity (IR) was detected with both α5 and αR1 antibodies in large isolated 

ovoid cells throughout the cytoplasm with the exception of the apical region (Fig. 4A-I). This NKA cellular 

staining pattern is typical of teleost fish chloride cell or ionocyte tubular system, which is continuous with the 

basolateral membrane. There were relatively few of these branchial NKA-IR cells which were present in a 

heterogeneous distribution limited to a few interlamellar regions over the leading edge of the filament and were 

absent from the lamella. Experimental salinities did not alter the NKA-IR cell distribution pattern. The secretory 

Na+:K+:2Cl– cotransporter (NKCC1) expression in gill was rarely detected despite the use of antigen retrieval 

techniques and positive immunoreactivity in other organs (DO, kidney and intestine) indicating that species 

specific immunoreactivity problems were not an issue. The colocalization of NKCC1 in more weakly NKA-IR 

cells in BW and SW fish are shown in Fig. 4A, and D, respectively. Ovoid cells deeper within the filament 

epithelium showing only NKCC1 staining were observed in HSW (Fig. 4G).The apical localization of CFTR was 
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detected in some NKA-IR cells with no apparent salinity dependent differences (Fig. 4B, E, H). The V-ATPase 

H+-pump was localized in a similar cytoplasmic staining pattern as NKA; however, in separate cells from NKA-

IR cells under all acclimation conditions (Fig. 4C, F, I).  

3.4.2 Dendritic Organ  

The DO of P. lineatus are external and have branching irregular lobes that are well vascularized. The large 

parenchynal cells form acini covered by a squamous stratified layer of epithelial cells. The large ovoid to pear-

shaped parenchymal cells of the DO generally showed strong NKA and NKCC1 immunoreactivity throughout 

the cell indicative of basolateral tubular system staining (Fig. 5A, D, G). However, there is a smaller subpopulation 

of parenchymal cells that are more angular in shape that have noticeably stronger NKA-IR and lack NKCC-IR. 

Salinity dependent differences in staining were not observed. The apical chloride channel CFTR was only 

observed in a SW control fish and was generally not detectable despite the use of antigen retrieval techniques and 

positive immunoreactivity in other organs (gill) indicating that species specific immunoreactivity problems were 

not an issue (Fig. 5E). V-ATPase-IR showed rather similar cytosolic localization in of parenchymal cells of the 

DO ionocytes without salinity dependent differences (Fig. 5C, F, I). 

4. Discussion  

Plotosus lineatus can osmoregulate across a wide range of salinities (3-34‰) although HSW (60‰) conditions 

presented a significant challenge. The BW-SW represents the more natural salinity range of Plotosidae catfishes 

while HSW would only be encountered in closed or inverted estuaries (Lanzing, 1967; Young and Potter, 2002). 

However, HSW acclimation has allowed us to test the osmoregulatory abilities of P. lineatus under more 

challenging conditions (Gonzalez, 2012). The DO of P. lineatus has the molecular machinery for active NaCl 

secretion using the conserved mechanism of secondary activity Cl- transport with NKA, NKCC1 and likely CFTR 

at its core. The gill clearly has a secondary role in ion regulation with few ionocytes and low overall NKA 

expression. The intestine shows typical attributes of marine teleosts. 

4.1 Osmo- and iono-regulatory responses to salinity acclimation  

The observed plasma ion concentrations were in the range of other teleost fish species (see review by Freire and 

Prodocimo, 2007; Whittamore et al., 2012). However, in comparison to other studies in Plotosidae, the plasma 

Na+, Cl- and K+ concentrations of P. lineatus in SW control in the present study were less than those of P. lineatus 

studied by Pucke and Umminger (1979), while Na+ was not very different from Cnidoglanis macrocephalus 

(Kowarsky, 1973). In both of these studies osmolality was also lower. These observed differences might be due 

to a number of differences between the studies (sampling and analytical methods, acclimation temperatures 26-

28°C versus 19-20°C, species differences). Salinity challenges typically alter plasma osmolality and electrolytes 

levels in euryhaline teleosts with an initial crisis stage followed by a regulatory stage (Madsen and Naamansen, 
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1989; Jensen et al., 1998; Wang et al., 2009). Plotosus lineatus acclimated to HSW had higher plasma osmolality 

and ions (except K+), and hematocrit, and decreased muscle water content (MWC) and condition factor. Together, 

these data indicate a systemic dehydration due to water loss by osmosis, and elevated plasma osmolality 

representing disturbances from internal fluid shift, which may be problematic resulting in a stress situation and 

mortality. Thus long-term survival in HSW is likely limited. As a corollary, the Plotosidae catfish C. 

macrocephalus in the closed hypersaline Wellstead Estuary (Australia) was not found in the most hypersaline 

areas of the estuary (55‰-112‰; Young and Potter, 2002). The increase in plasma osmolality at 60‰ cannot be 

accounted for by increases in measured inorganic osmolytes (fall 200 mOsmol/kg short of the total osmolality). 

Although not measured, organic osmolytes such as neutral free amino acids (e.g. taurine and glycine) or small 

carbohydrates (e.g. myo-inositol) (Fiess et al., 2007) could possibly be an indicator of pathological tissue damage. 

In contrast to P. lineatus, very salinity tolerant species gradual increase plasma ion levels when acclimated to 

salinities up to about 70-75‰, but thereafter then increase plasma ions in a linear fashion at higher salinities (see 

review by Gonzalez 2012). 

Plotosus lineatus challenged with BW, or hypoosmotic conditions are able to maintain plasma osmolality and Cl- 

levels but not Na+. Plotosus lineatus were better able to regulate Cl- levels than marine Ariid catfish, which do not 

have a DO and have higher serum Cl- levels (Sulya et al., 1960; Pucke and Umminger, 1979). The lower plasma 

Na+ and hematocrit suggest a hemodilution but muscle water and ions were stable. Reports regarding the effect 

of lower salinity on MWC from different species vary from showing no effect (Kang et al., 2008; Woo and Chung, 

1995) to increased MWC (Jensen et al., 1998; Kelly et al., 1999; Sinha et al., 2015).  

Due to the dominance of the strong ions Na+ and Cl- in blood, changes in the Na+/Cl- ratio (SIR) has been 

recommended for indicating acid-base imbalances (Jensen et al., 1998; Sinha et al., 2015). In the present study, 

the direct measurements of plasma acid-base balance were not done due to the small size of the fish; however, 

calculations of SIR revealed changes in the plasma levels of weak anions (e.g. HCO3
-) and thus acid-base balance. 

The BW SIR suggests a metabolic acidosis which has also been observed in European sea bass D. labrax, reared 

in lower salinity (Sinha et al., 2015). However, this contrasts with work by Jensen et al. (1998) who have reported 

a markedly increased plasma SIR following transfer to FW and slight decrease in HSW in D.  labrax. In P. 

lineatus, HSW had no effect on SIR suggesting no alteration in acid-base status.  

4.2 Evidence for a role of gills in salt secretion?  

The gill is typically linked to active ion regulation in teleost fishes (Evans, 2008). This is reflected in high levels 

of NKA, a central driver of ion transport, with dependency of the gill NKA to environmental salinity that may be 

altered by life history stage, species and experimental conditions in some cases (Evans, 2008; Varsamos et al., 

2001; Malakpour Kolbadinezhad et al., 2012). However, branchial NKA activity of P. lineatus was the lowest of 

the osmoregulatory organs tested, unresponsive to HSW acclimation, and an order of magnitude lower than levels 
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in the DO irrespective of salinity. A similar pattern has been reported in the sharks Carcharhinus leucas (Pillans 

et al., 2005) and Chiloscyllium punctatum (Cramp et al., 2015) and ray Dasyatis sabina (Piermarini and Evans, 

2000) which possess the extra-branchial salt secreting organ the rectal gland. In elasmobranchs, the gills have a 

secondary function in ion regulation (Wilson et al., 2002; Evans, 2008). Our results confirm a similarity between 

gills of P. lineatus (Pucke and Umminger, 1979) and elasmobranchs underlining the potential role of DO in salt 

excretion (Van Lennep, 1968). 

The IHC result of few branchial NKA-IR cells was consistent with NKA activity levels and in contrast to 

observations in most marine teleost fishes (e.g. alewife Alosa pseudoharengus Christensen et al., 2012; tilapia 

Sarotherodon melanotheron Ouattara et al., 2009). The few NKA-IR cells were restricted to the filament 

epithelium, leaving the lamella unimpeded for gas exchange (Evans 2008; Henriksson et al., 2008). Also, it was 

very rare to find NKA-IR cells that co-expressed NKCC1, although apical CFTR staining was observed in NKA-

IR cells. NKCC1 is a key component of the mechanism of secondary active Cl- secretion and is abundantly 

expressed in seawater type gill ionocytes in teleost fishes (see review by Hiroi and McCormick, 2012). In 

elasmobranchs, NKCC1 mRNA expression has been detected in the gills of spiny dogfish Squalus acanthias (Xu 

et al., 1994); however, in the branchial epithelium of C. punctatum NKCC1 could not be immunolocalized (Cramp 

et al., 2015). This contrasts with the freshwater stingray Himantura signifer where NKCC1 is co-expressed in gill 

NKA-IR cells following BW (20‰) acclimation (Ip et al., 2013). However, the rectal gland is absent in this 

species. The observation of ovoid cells deep within the filament epithelium which show only NKCC1-IR at HSW 

are unusual and their potential role has not been determined.  

Elasmobranch gills also possess a  V-ATPase rich cell that is involved in acid base regulation (Wilson et al., 1997; 

Piermarini and Evans, 2001; Tresguerres et al., 2006). Based on our IHC results, this cell type also appears in P. 

lineatus, and under HSW conditions immunoblotting results indicated a higher expression level. In killifish, 

basolateral V-ATPase has also been found in ionocytes (Katoh et al., 2003). Thus if the gills of P. lineatus have 

taken on the primary role in acid-base regulation, these cells maybe involved, although their basal localization in 

the epithelium makes this less certain.  

4.3 Evidence for the role of the dentritic organ in salt secretion?  

The higher DO NKA specific activity relative to the other ion regulatory organs, notably the gills, strongly 

indicates a role for this organ in NaCl secretion. This has also been seen in elasmobranchs with higher rectal gland 

NKA specific activity compared to their gills (D. sabina, Piermarini and Evans, 2000; C. leucas, Pillans et al., 

2005; C. punctatum, Cramp et al., 2015). It has been demonstrated in euryhaline elasmobranchs that rectal gland 

NKA specific activity is higher in SW compared to FW acclimated animals (Piermarini and Evans, 2000; Pillans 

et al., 2005), although not in response to a moderate HSW acclimation (40‰; Cramp et al., 2015). In P.lineatus, 

DO NKA specific activity was also higher in SW versus BW (3‰) acclimated fish, but unexpectedly was also 
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lower in HSW compared to SW fish. We predicted a similar if not higher NKA specific activity (Cramp et al., 

2015). However, when we took into consideration the DO mass which was higher in HSW so that the total DO 

NKA activity was also higher suggesting an increase in overall capacity. In contrast, C. punctatum acclimated to 

40‰ did not alter rectal gland size (Cramp et al. (2015). However, larger rectal glands of D. sabina (Piermarini 

and Evans, 1998), Pristis perotteti (Gerzeli et al., 1976) and C. leucas (Gerzeli et al., 1969; Oguri, 1976) captured 

in SW compared to FW have been reported. Moreover, rectal glands of FW stenohaline elasmobranchs are small 

to vestigial (Thorson et al., 1978).  

However, the apparent hypertrophy of the DO may not be adaptive but rather pathological (inflammation or 

similar) as supported by the dramatic Hsp70 increase. In either case, it is clear that P. lineatus are significantly 

challenged by HSW and that the DO maybe of limited use under such extreme conditions. Observation of a slightly 

albeit significantly larger DO in BW compared to the SW control fish suggests a high capacity of P. lineatus  to 

move easily between different salinities, however, this was not sufficient to increase DO total NKA activity. Since 

the tissue sampling for the NKA activity measurement had been done after 14 days of acclimation, time course 

sampling would be necessary to have a comprehensive view of NKA activity in the DO of P. lineatus. 

Strong basolateral tubular system immunoreactivity of NKA and NKCC1 in parenchymal cells of the DO indicates 

an ion secretory role in hypo-osmoregulating. The basolateral distribution of NKA and NKCC1 in other vertebrate 

salt secreting organs has also been demonstrated (Wilson et al., 2002; Lytle et al., 1995; Evans, 2008; Babonis et 

al., 2009; Babonis and Evans, 2011). Immunoblot  results for NKA α subunit and NKCC (T4) were consistent in 

molecular mass compared to other vertebrates (Blanco and Mercer, 1998; Lytle et al., 1995, respectively). Finding 

multiple bands of NKCC might be the result of higher NKCC1 expression and immunoreactivity with either 

NKCC2 or NCC, reported in different species (Hiroi et al., 2008; Inokuchi et al., 2008; Lorin-Nebel et al., 2006; 

Christensen et al., 2012; Chew et al., 2015). Alternatively, the lipophilic nature of the NKCC migration through 

SDS-PAGE gels for immunoblotting analysis, or possibly the glycosylated monomer variability and/or different 

degrees of glycosylation could explain the banding patterns observed (Pelis et al., 2001; Tipsmark et al., 2002; 

Christensen et al., 2012; Chew et al., 2015). In BW, detection of NKCC suggests that maintaining a proportion of 

active NKCC for acid-base and/or cell volume regulation is important (Gamba, 2005) or it may be present as an 

inactive non-phosphorylated pool to be quickly activated for an acute response to higher salinity (Flemmer et al., 

2010; Christensen et al., 2012). Regarding the expected increase of salt loading as a result of increased drinking 

and passive uptake under HSW conditions (see review by Grosell 2011, Gonzalez 2012), we detected significantly 

higher protein expression of DO NKCC representing an adaptation to increased salt excretion capacity. 

IHC results for CFTR may reveal the possibility of a different isoform, which cannot be consistently recognized 

by the monoclonal antibody which is raised against a specific epitope of CFTR (Li et al., 2014). Pucke and 

Umminger (1979) detected an accumulation of Cl- ions in the DO epithelium  and proposed it was functional in 
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salt secretion. The presence of CFTR in salt glands of birds, elasmobranchs and reptiles has been confirmed 

(Shuttleworth and Hildebrandt, 1999) although the antibody used in the present study does not show 

crossreactivity with elasmobranch (J.M. Wilson personal observations), sea snake (Babonis and Evans, 2011) salt 

glands or salmonid (S.D. McCormick personal observations) gill CFTRs. Although cftr transcript was detected in 

the DO, predicted salinity dependent expression differences were not observed. Obviously, identifying the 

putative apical Cl- channel in P. lineatus DO in future work would firmly establish the presence of the typical ion 

secretory cell of vertebrate salt glands. 

The inconsistent results between NKA activity, α subunit protein levels and atp1a1mRNA expression levels  may 

be related to post-transcriptional, or post-translational processing, phosphorylation state or modulation of the 

NKA kinetic properties by FXYD proteins interactions, stress or failing physiology (Garty and Karlish, 2006; 

Tipsmark, 2008; Wang et al., 2008; Tipsmark et al., 2010; Reilly et al., 2011; McDonough et al., 1990; Hauck et 

al., 2009; Christensen et al., 2012). Further investigation would be necessary to determine the effect of different 

salinities (FW to hypersaline) on various isoforms of NKA, their mRNA abundance and likely change with 

salinities that would be helpful in interpreting the osmoregulatory function of the DO. The changes in P. lineatus 

PAT1 mRNA (slc26a6a) suggest the possible contribution of the DO to acid-base regulation in P. lineatus, 

although there was a lack of changes in V-ATPase and Ca17 protein expression. 

4.4 Cellular stress and salinity  

The heat shock proteins (Hsps) are expressed in cells and are involved in maintaining a number of vital cellular 

processes as part of the cellular stress response (Hightower, 1991; Morimoto and Santoro, 1998; Iwama et al., 

2006; Basu et al., 2002). Deane and Woo (2004; 2011) have shown that salinity can induce a cellular stress 

response. In the DO and kidney Hsp70 levels are highest at HSW indicating a cellular stress requiring the 

activation of stress protein mechanisms to provide protective actions against stress situations [for more details see 

review by Deane and Woo, (2011)]. Elevated intracellular ion concentrations typically can be correlates with 

intracellular damage (Burg et al., 2007). However, given the lack of differences Hsp70 levels in the gills, or 

intestine at salinity extremes suggests less of a stress compare to the DO and kidney or a different threshold of 

salt tolerance. In juvenile sharks challenged with HSW (41‰), gill Hsp70 did not change in Mustelus antarcticus 

but did in Galeorhinus galeus (Tunnah et al., 2016) 

4.5 Summary 

In summary, the salt secreting function of the DO has been proposed based on physiological (Kowarsky, 1973), 

ecological (Lanzing, 1967) and ultrastructural (Van Lennep, 1968) evidence. Our molecular observation 

summarized in Figure 8, show a strikingly high NKA activity, and localization of NKA, NKCC1 and CFTR in 

the DO is consistent with the hypothesis suggesting a conservation of rather similar mechanism of ion transporting 

in secretory cell of vertebrate salt secreting organs (Babonis and Evans, 2011). The gills of P. lineatus are 
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unlike those of other marine teleosts and more similar to the gills of elasmobranch fishes in terms of their 

significances to ion regulation. The P. lineatus kidney is particularly responsive to salinity and requires further 

study. The unique osmoregulatory strategy of the Plotosidae catfishes amongst the teleosts can be linked to their 

independent invasion of the marine environment by a freshwater siluriform ancestor (Lanzing, 1967; de Pinna, 

2005). However, the breakdown of osmoregulatory homeostasis under HSW conditions indicated that this strategy 

is of limited use under more extreme salinity conditions.  
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Table 1. Fish morphometrics: condition factor (K) and DO mass (mg DO per g body mass); plasma Na+, Cl-, K+, and Ca2+ concentrations 
and osmolality, hematocrit, strong ion ratio (SIR; Na+:Cl-) and muscle water content (MWC%), Na+ and K+ concentrations, and Na+/K+ ratio 
of P. lineatus  acclimated to [brackish water (BW) 3‰, seawater (SW control) 34‰, and hypersaline water (HSW) 60‰]. Data are means ± 
SEM. (n=7-9). Salinity difference within a given parameter that do not share the same letter(s) are significantly different from one another.  

Morphometrics    
Condition Factor (K) 5.75 ± 0.1 a 4.60 ± 0.1 b 4.17 ± 0.1 c 
mg DO /g body mass 1.25 ± 0.06 a 0.90 ± 0.04 b 2.65 ± 0.10 c 

Plasma  BW (3‰)  SW Control (34‰)  HSW (60‰)  
Na+(mmol l-1)  119.8 ± 5.4a  152.6 ± 5.6 b  186.2 ± 16.7 c  
Cl- (mmol l-1)  125.5 ±4.2 a  127.8 ± 3.9 a  148.7 ± 8.0 b  
K+(mmol l-1)  4.6 ± 0.5  5.1 ± 0.4  5.1 ± 0.3  

Ca2+ (mmol l-1)  2.6 ± 0.2 a  3.0 ± 0.2 a  3.8 ± 0.5 b  
Osmolality(mOsm)  391.2 ± 25.1 a  374.4 ± 26.0 a  588.0 ± 48.7 b  

Hematocrit (%)  15.3 ± 1.2 a  23.3 ± 2.8 b  29.2 ± 1.7 c  
SIR (Na+:Cl- ratio)  

  
Muscle  

0.96 ± 0.04 a  
  
  

1.20 ± 0.06 b  
  
  

1.24 ± 0.0 b  
  
  

MWC (%)  86.6 ± 1.7 a  87.5 ± 1.6 a  77.4± 0.3 b  
Na+(mmol kg-1)  66.9 ± 8.9 64.2 ± 4.2 67.4± 5.0 
K+(mmol kg-1)  138.5 ± 9.6 a  138.6 ± 2.4 a  204.0 ± 8.0b  
Na+:K+ ratio 0.48 ± 0.92 a  0.46 ± 1.73 a  0.33 ± 0.63 b  
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Figure 1. Na+/K+-ATP (NKA) activity in different osmoregulatory organs of SW acclimated P.lineatus (A). Organ specific NKA activity 
[gill (B) and dendritic organ (C) in P. lineatus acclimated to brackishwater (BW) 3‰, seawater (SW control) 34‰, and hypersaline water 

(HSW) 60‰. Total DO NKA activity per g body mass (D). Values are means ± SEM. (n=5-6). Different lower case letters indicate a 
significant difference between organs (A) and with salinity within each tissue (A-D) (P < 0.05).  
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Figure 2. Immunoblotting relative expression of NKA α-subunit (αR1 antibody; A-E), cytosolic carbonic anhydrase (Ca17; F-J) and V-

ATPase B subunit (B2 antibody; K-N) in the gill (A) and DO (B) P. lineatus were acclimated to [brackishwater (BW) 3‰, seawater (SW 
control) 34‰, and hypersaline water (HSW) 60‰]. α tubulin (12G10 antibody) was used as a loading control. Values are presented as 
means ± SEM of protein abundance (n=5-6). Different letters indicate a significant difference between salinities, one-way analysis of 

variance (ANOVA) and SNK (P < 0.05).  

 
Figure 3. Immunoblotting relative expression of heat shock protein 70 (Hsp70) in the gill (A), DO (B) and NKCC in dendritic organ (F) of 

P. lineatus acclimated to [brackishwater (BW) 3‰, seawater (SW control) 34‰, hypersaline water (HSW) 60‰]. α tubulin (12G10 
antibody) was used as a loading control. Values are means ± SEM of protein abundance (n=5-6). Different letter indicates a significant 

difference between salinities, one-way ANOVA and SNK (P < 0.05).  
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Figure 4. Immunofluorescence localization of Na+/K+-ATPase (αR1, green A,B,D,E,G,H) with NKCC1 (T4, red A,D,G) and CFTR (red, 

B,E,H) or Na+/K+-ATPase (α5, red C,F,I) with V-ATPase (B2, green C,F,I) in the gills of P. lineatus. Acclimation was performed in 
brackish water (BW) 3‰ (A-C), seawater (SW control) 34‰ (D-F) and hypersaline water (HSW) 60‰ (G-I). Sections were counter stained 
with DAPI nuclear staining (blue) and overlaid with the differential interference contrast (DIC) images. Insets show the separate channels of 
the framed area in the respective panels (A-I). In A,D,G arrowheads indicate NKCC1 IR cells and arrows NKA-IR cells. In B,E,H, arrows 
indicate CFTR+NKA IR cells, astrerisks red blood cell non-specific fluorescence. In C,F,I, arrows indicate V-ATPase IR cells and arrows 

NKA IR cells. Scale bar 100 µm. 
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Figure 5. Immunofluorescence localization of Na+/K+-ATPase (αR1, green A, D, E, G, H) with NKCC1 (T4, red A, D, G) and CFTR (red, 

B, E) or Na+/K+-ATPase (α5, red C, F, I) with V-ATPase (B2, green C, F, I) in the DO of P. lineatus. The P. lineatus acclimated in brackish 
water (BW) 3‰ (a-c), seawater (SW control) 34‰ (d-f) and hypersaline water (HSW) 60‰ (g-i). In A,D,G arrows indicate NKCC1+NKA 

IR cells and arrowheads NKA only IR cells. In B,E,H, arrows indicate CFTR+NKA IR cells. Asterisks (*) indicate water. See Figure 4 
caption for additional information. Scale bar 100 µm. 
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Figure 6. Models for ion transport mechanisms in P.lineatus gill, DO and intestine. 
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1. Introduction 

Microbial agents are currently one of the most common pathogens in rainbow trout  (Oncorhynchus mykiss) farms. 

Therefore, it forces farmers to use antibiotics with different mechanisms to the control and eliminate of bacteria (Soltani 

et al. 2012). On the other hand, the resistance of pathogenic bacteria to certain antibiotics forces researchers to discover 

new antibiotics (Lee et al. 2000; Kia and Mehrabi 2013).  

In recent years, the role of natural compounds of marine origin is important (Mancini et al. 2007). The term natural 

compounds is usually used to refer to natural chemicals that have medicinal properties. This term is usually used for 

secondary metabolites produced by living organisms (Sipkema et al. 2005). Natural compounds found in the marine 

animals can be used as a rich source of compounds with food use, medicinal, medical, pigment and perfumes (Farjami 

et al. 2013). Bioactive compounds have been isolated from various animal groups, including corals, crabs, tonics, fish 

thorns, and sponges (Kijjoa and Pichan 2004).Studies on the biological properties of Echinacea show that most of the 

chemical compounds with biological properties belong to sea cucumbers (Farjami et al. 2013). The results of studies 

show that most of these compounds extracted from marine invertebrates have peptide, alkaloid, terpenoid and steroid 

structures (Datta et al. 2015). So far, numerous researches have been done on the antibacterial activity of different body 

wall extracts of parastichopus parvimensis (Villasin and Pomory 2000), Actinopyja echimites, A. miliaris, Holothuria 

arta and H.scabra (Abraham et al. 2001), Bohadschia marmorata (Mokhlesi et al. 2012), Holothuria leucospilota 

(Farjami et al. 2013). Sea cucumbers are a large group of aquatic animals and scattered all over the oceans around the 

world (Barnes 1987). They usually live near coral reefs or sea grass in warm and shallow water (Yatnita  and Syamsudin 

mailto:paria.akbary@gmail.com
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2014). Sea cucumbers have a high economic value and the most economical application in East Asia is in the traditional 

food and pharmaceutical industries (Bordbar et al. 2011). 

Due to the antibacterial properties of the secondary metabolites of sea cucumber in this study, antimicrobial effects of 

ethyl acetate, methanol and acetone extract of the muscle wall of sea cucumber, Stichopus horrens of the Chabahar 

coasts on some rainbow trout (Oncorhynchus mykiss) pathogenic bacteria using both disk diffusion and well diffusion 

methods 

2.Materials and Methods 

2.1.Sample collection 

Nine live samples of the sea cucumber; Stichopus horrens, with mean weight 1690± 12.18 g and mean length 16± 1.89 

cm were randomly caught from two locations in Chabahar Bay, southeastern of Iran (25º 16ʹ N, 60 º 40 ʹ E ) and (25º 

21ʹ N, 60 º 35 ʹ E ) in November, 2018 and transferred to the laboratory. Identification of the collected sea cucumber 

was performed with the help of FAO authentication keys. The visceral organs and Coelomic fluids were discarded. 

Then the muscle wall of body was cut into 1cm2 pieces, packed and then kept at -20ºC until extraction (Haug et al. 

2002). 

2.2. Extraction of S. horrens 

Preparation of S.horrens extracts was carried out according to maceration method (Ridzwan et al. 1995). Briefly, 75 g 

of frozen specimen was dried in an oven at 45ºC for 2 days, ground and extracted with 200 mL of each of ethyl acetate, 

methanol and acetone organic solvents for 72h. After shaking for 1 week at 150 rmp, the mixtures were passed through 

a 45 µm nylon membrane filter and evaporated under vacuum at 40ºC by a rotary evaporator (Heidolph 2002, Germany) 

and then the collected supernatant of each sample was kept at 4ºC until further analysis. 

2.3.Bacterial Strains 

The bacterial strains used in the present study were the Gram positive bacteria Lactococcus garvieae  PTCC1884 and 

Streptococcus iniae  PTCC188 and the Gram negative bacteria Aeromonas hydrophila and  Yersinia ruckeri  PTCC1887. 

All culture stocks were grown in Mueller Hinton Broth (MHB; Merck, Germany) at room temperature. 

2.4. Determination of antibacterial activity of S.horrens extracts by disk diffusion method 

The antibacterial activities of S,horrens body muscle wall extracts on the tested bacteria, were determined by the disk 

diffusion method (Villasin and Pomory 2000). For each extract, of 4,8 and 12 mg/mL concentrations were used for 

providing three disk. After preparation of the suspentions of the tested bacteria using the MCFarland 0.5 standard under 

a hood, the bacteria strains were inoculated with a swab on a MHB. Then the disks containing the different cincentrations 

were placed on bacteria culture media and kept in a 25ºC incubator for 2 days. The antibiotics Tetracycline and 

enrofloxacin (30µg/ mL) were used as a positive control. The zone of the bacterial growth inhibition was measured in 

mm with a caliper  
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2.5.Determination of antibacterial activity of S.horrens extracts by well diffusion method 

The minimum inhibition concentration (MIC) values of S. horrens extracts on the above mentioned bacteria were 

measured using well diffusion method following Thornsberry and McDougal (1983) and Tsai et al. (2007). Briefly, 

after adjusting of the overnight cultures of the tested bacteria to 1×106 colony-forming units (CFU)/Ml, 100 µL of made 

twofold serial dilutions of each S.horrens extract were added to the well of the sterile 96- well microtiter plates 

containing 100µL of  each the tested bacteria suspention in MHB, then, incubated. In this study, the serial dilutions of 

each S.horrens extract were ranged from 0.019-10 mg/mL. After incubation for 2 days at 25ºC, MIC values were 

evaluated using a microtitre plate reader (MRP4 plus, Hiperion Co. UK). The MIC value was distinguished as the lowest 

concentration of the S. horrens extract that inhibited bacterial growth. Then, for the measurement of minimum 

Bactericidal concentration (MBC), 100 µL of those wells that showed no bacterial growth were cultured on MHB and 

incubated 25ºC for 24 h. The MBC value of S.horrens was demonstrated as the lowest concentration of S. horrens that 

decreased the viability of the bacterium to ≥99.9%. (Kang et al. 2011).The tests were done in triplicate. 

Statistical analysis 

Data were analyzed with SPSS 16.0 software (Armonk, NY, USA) using parametric tests. Significant differences in 

growth inhibition zones, MIC and MBC values bacteria strains, extract type and the different concentrations of extracts 

were determined using the One-Way ANOVA at the 5% confidence level using the Duncan Multiple Range Test. 

3. Results  

3.1. Designation of antibacterial activity of S. horrens extracts by paper disc diffusion method 

The results given in Table 1 showed that only ethyl acetate extracts of S. horrens in the concentrations 8 and 12 mg/mL 

had an inhibition effect on all of the studied bacteria. This extract on Y. ruckeri and S.iniae had the most impact with 

inhibition zones with sizes 12.03 and 12mm respectively. Methanol extracts did not show inhibitory impacts on the 

tested bacteria except to Y.ruckri. Only Y. ruckeri and A. hydrophila bacteria were sensitive to acetone extracts. 

Sensitivity of A. hydrophila to AE was more than that of Y. ruckeri. The results of antibacterial activity of tetracycline 

and enrofloxacin summarized in Table 2 showed that A.hydrophila and S.iniae had the most sensitive versus tetracycline 

and enrofloxacin respectively.   

Table 1 Inhibition zones diameter (mm) in the different concentrations of three Stichopus horrens extracts, tetracycline and enrofloxacin on all the 

bacteria under test  

Bacteria  Different concentrations of three extracts (mg/mL)   

Methanol  Acetone   Ethyl acetate 
4 8 12  4 8 12  4 8 12 

Y. 
ruckeri 

- - 8.16±0.1
5a  

 - 8.10±0.1b 11.10±0.1b  - 10±0.10a 12.03±0.15a 

S. iniae - - -  - - -  - 8±0.20b 12±0.10a 
A. 

hydrophil
a 

- - -  8.03±0.15a 11.16±0.15a 13.03±0.15a  - 7.10±0.1c 8±0.10c 

L. 
garvieae 

- - -  - - -  - 5.96±0.15d 10±0.10b 
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Values given as mm for the different concentrations of three extracts (means± SD (n=3). Different letters in the same 

columns indicate significant differences between bacteria (p < 0.05). -: not determined 

Table 2 Inhibition by tetracycline and enrofloxacin on all the bacteria under test (zone size, mm)  

Antibiotic (30µg) Bacteria species under test  
Y. ruckeri S. iniae A. hydrophila L. garvieae 

Tetracycline  18.03±0.15b 7±0.2c 19.03±0.15a 6±0.2d 

Enrofloxacin 10± 0.2c 17.03±0.15a 7.03±0.15d 16.03±0.15b 

Values given as mm for all the studied bacteria (means± SD (n=3). Different letters in the same rows indicate significant 

differences between bacteria (p < 0.05) 

3.2.Designation of antibacterial activity of S. horrens extracts by microdilution method 

The results expressed in Table 3 showed that S. horrens extracts exhibited selective antibacterial properties. The best 

property was recorded with S. horrens ethyl acetate extract, with MIC value equal to 0.625 mg/ mL against S.iniae and 

L. garvieae. MIC values ranging from 0.626 to 1.25 mg/mL were displayed with acetone extracts respectively against 

Y. ruckeri and A. hydrophila. Only methanol extracts of S. horrens was effective on Y.ruckeri with MIC value equal to 

0.625 mg/mL. Ethyl acetate extract of S. horrens also illustrated the best range of bactericidal effect with a ratio 

MBC/MIC ≤ 4 gained on four studied bacteria strains.   

Table 3 Minimal inhibitory concentration (MIC), minimal bactericidal concentration (MBC) values (mg/mL) and MBC/MIC ratio of three S. 
horrens extracts on all the studied bacteria  

Bacteria 
strains 

MIC and MBC values (lg/mL) and MBC/MIC ratio 
Methanol  Acetone  Ethyl acetate 

MIC MBC MBC/MIC  MIC MBC MBC/MIC  MIC MBC MBC/MIC 

Y. ruckeri 0.625 5 8  0.625 2.5 4  1.25 1.25 1 
S. iniae - - -  - - -  0.625 1.25 2 

A. 
hydrophila 

- - -  1.25 2.5 2  2.5 2.5 1 

L. 
garvieae 

- - -  - - -  0.625 2.5 4 

not determined 

4. Discussion 

Microbial agents are one of the pathogens that have a high prevalence in the breeding farms of rainbow trout 

(Oncorhynchus mykiss). The use of natural compounds of marine origin for the prevention and treatment of disease has 

been considered for various reasons, including increased bacterial resistance to antibiotics and high cost in the breeding 

farms. The present study was investigated the antibacterial activity of methanol, acetone and ethyl acetate extracts of 

the muscle wall of S.horrens sea cucumber of the Chabahar coasts on some rainbow trout pathogenic bacteria. The 

results showed that methanol and acetone extracts had no any effective on the growth inhibition of the Gram positive 

bacteria L. garvieae and S.iniae. Also, the most susceptible for Y. ruckeri, S. iniae, A. hydrophila and L. garvieae was 

recorded with ethyl acetate, ethyl acetate, acetone and ethyl acetate extracts respectively. Numerous pharmacological 

and chemical studies on several species of sea cucumber showed these invertebrates contain triterpene tetraglycosides 

with antibacterial, antifungal and cytotoxic properties (Cuong et al. 2017; Kalinin et al. 2015). Similarity, methanol- 

acetone extract obtained off the body wall of Parastichopus  parvimensis sea cucumber of the island of Santa California 
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was effective on the Gram negative Escherichia coli and Bacillus subtilis using disk diffusion method (Hirimuthugoda 

et al. 2006). In the present study, the antibacterial effect of ethyl acetate extract was greater than that of methanol and 

acetone extracts. Also methanol extracts did not show inhibitory impacts on the tested bacteria except to Y.ruckri. This 

indicates that ethyl acetate is a good solvent for the solubility of bioactive substances in sea cucumber . Unlike ethyl 

acetate, methanol solvent is not able to isolate the bioactive compounds presented in S.horrens. These compounds can 

damage the sensitive organs of the bacterium by passing through or destroying the walls and membranes and finally 

prevent the growth of bacteria. One of the important factors caused the antibacterial properties of S. horrens extracts is 

the presence of secondary metabolites such as triterpene –glycosides(Mulyndin and Kovalev 2001). These compounds 

also increased the production of antibodies, protective effect of the vaccine and stimulated antibacterial resistance in 

mice against conditional pathogenic Gram-negative microorganisms (Sedov et al. 1990). The antimicrobial potential of 

these extracts can probably be attributed to the presence of antimicrobial agents such as steroidal saponins (Bordbar et 

al. 2011). Other metabolites, such as polyunsaturated fatty acids (PUFA) (Svetashev et al. 1991), glycolipids 

(Vaskovsky et al. 1970), , polyamines (Hamana et al. 1990), carotenoids (Bullock and Dawson 1970) or sterols 

(Makarieva et al. 1993) may act as bioactive compounds. The antibacterial effect of sea cucumber extracts may be due 

to the accumulation of several bioactive compounds. Comparing to our study, Mokhlesi et al. (2012) reported that ethyl 

acetate, aqueous methanol and methanol extracts of Bohadschia marmorata and Holothuria leucospilota species did 

not formed the growth inhibition zones on the tested bacteria (e.g. E.coli, Salmonella aureus and Pseudomonas 

aeruginosa. This seems that the sea cucumbers species, extract type and also different concentrations of extracts can be 

effective on the antibacterial properties. The reason for the difference in the effect of sea cucumbers on different strains 

of bacteria is due to the different amino acid sequences extracted from them (Shakouri et al. 2017). According to the 

study of Cimanga et al.(2002), if the diameter of the growth inhibition zone is equal to or more than 15 mm, it is very 

active, the diameter of the growth inhibition zone is between 10 and 15 mm indicates moderate activity and the diameter 

of the growth inhibition zone is less than 10 mm,  the extract is inactive. In this study, of the studied extracts against 

bacteria, ethyl acetate extract with moderate activity on Y. ruckeri, S.iniae and L.garvieae bacteria, acetone extract with 

moderate activity on A. hydrophila bactrium and methanol extract were evaluated as an inactive extract. Numerous 

studies showed that different concentrations of sea cucumbers species extract were effective on antimicrobial properties 

and by reducing the concentration of the extract, the diameter of the bacterial growth inhibition zone often reduced 

(Mokhlesi et al. 2012; Omran and Allam 2013; Shakouri et al. 2017), which is in line with the results of our study.  

Based on our results, in comparison with other extracts, only ethyl acetate extract showed bacteriostatic effect against 

S. iniae and L.garvieae at a concentration of 0.625 mg/ mL. Also, ethyl acetate extract showed bactericidal effect against 

S. iniae and L.garvieae at concentrations of 1.25 and 2.5 mg/mL respectively. The investigation of antibacterial 

properties of sea cucumbers extracts showed that they had the most effect on the Gram positive bacteria (Villasin and 

Pomory 2000; Nazemi et al. 2014). Similarity, our results showed that ethyl acetate extracts had the most antibacterial 

effect on the Gram positive bacteria L.garvieae and S.iniae, and at the lowest concentration led to the death of S. iniae. 
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It seems that different concentrations of the extract, extract  type as well as the bacteria strains are effective in forming 

the growth inhibition zone. This study reveals that ethyl acetate extracts of S. horrens displayed the best spectrum of 

bactericidal effect with a ratio MBC/MIC ≤ 4 obtained on four studied bacteria strains by both disk diffusion and well 

diffusion. Thus ethyl acetate extract of S. horrens with a concentration of 12 mg/g can be used as bioactive compounds 

to the growth inhibition and finally death of bacteria mentioned in trout farms. Also, the results of this study can provide 

the basis for further research in the future to isolate the effective ingredients of S.horrens sea cucumber and prepare the 

appropriate drug formulation of the best active ingredient. 
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Abstract 
The importance and potential of seas and water cannot be underestimated by anyone. Most 
plant and animal species, and also many fundamental sources of living (e.g. oil and gas) 
are found in the seas and oceans. Therefore, living organisms must maintain the health of 
this worthy part of the planet to ensure their survival. In general, oil slicks are prevalent 
sources of pollution in the oceans and seas. Such slicks are highly endurable with long life, 
thereby threatening the health of the marine ecosystem. A remarkable measure to diminish 
this risk is to identify it first. Today, under considerable advancements, remote sensing 
technology has multiple applications in all kinds of human research and projects. In this 
work, drawing on radar and optical images, we attempted to identify and discriminate oil 
slicks. Also, we monitored the advance of these slicks using images taken during two 
weeks. Ultimately, the results were validated and interpreted. 

keywords: Detection, oil slick motion, remote sensing, radar images 

1. Introduction 

Oil spill into the water is a harmful phenomenon and appears with devastating environmental impacts. Therefore, failure 

to remove oil slicks from the water surface promptly and clean water before reaching the coast will come with disastrous 

effects. Also, the cost of clearing coastal oil slicks is much more than removing offshore spots [1]. Amongst all the 

pollutants, oil pollutants are of great influence politically, economically, and scientifically. Oil spills in waters include 

the unallowed release of oil products into the oceans, natural release of oil wells, marine events, oil release during 

extraction, and much more [2]. Remote sensing instruments to detect oil slicks include infrared photos and videoes, 

thermal infrared imaging, aerial laser‐stimulated fluorescence (LSF), synthetic aperture radar (SAR), and optical 

sensors. 

Hayes et al. (1992) studied the impact of oil spills on the coastal environment and concluded that these consequences 

are likely to be substantial in the long term. In particular, constant pollution of the water column and the coastal 

sediments will cause some problems and irreversible damage to the biodiversity of aquatic ecosystems [3]. 
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The study carried out by Taylor (2002) on crude oil proved that remote sensing can easily detect oil from the background 

[4]. 

Alawadi et al. (2007) analyzed and processed the first-order radiometric data obtained from the MADIS sensor to detect 

and discover oil slicks using remote sensing technology. Then, they matched the results with the location of oil rigs and 

the route of offshore oil tankers, aiming to improve the accuracy with the identification of oil slicks [5]. 

Liu et al. (2011) asserted that the spectral reflectance (%) of floating crude oil and kerosene in water depends on the 

thickness and type of oil layer. Floating crude oil is a thick layer on the surface of the water, and its leading visual 

features are low reflection and brightness, high absorption capacity, low permeability, and low reflection in visible light 

[6]. 

Mityagina et al. (2016) studied look-alike phenomena to identify oil slicks in the Caspian Sea and the Black Sea using 

Sentinel-1 images. The results confirmed the capacity of this satellite in detecting this phenomenon using appropriate 

algorithms. Therefore, using images gathered by Sentinel-1 considerably decreases the rate of errors [7]. 

 

2. Materials and methods 

Many studies have been carried out to identify oil slicks using remote sensing, but there are only limited reports on the 

detection of oil slick motion (advance) using these images. This study, hence, aims to identify and discriminate the 

advance (motion) of oil slicks using satellite images. 

A distinct region should be studied to discriminate oil slicks. The study area in this study was Cilov-Neft Daşları in the 

Caspian Sea, which is an industrial village in Baku, Azerbaijan, where the Oil Rocks settlement is located. This oil 

platform is in the eastern part of the Republic of Azerbaijan, more precisely, 100 km far from Baku. 

Sentinel-1 and Sentinel-2 and SNAP software are other tools used in this study, all of which are made available to the 

public freely by the European Aviation Safety Agency (EASA). Sentinel-1 launched its mission on April 3, 2014. It is 

a polar-orbiting satellite with a radar imaging capability that can collect and capture phenomena at any time, regardless 

of weather conditions. This satellite can gather ground information even in the worst weather circumstances. The second 

series of Sentinel satellites launched their mission on June 23, 2015. Sentinel-2 is a polar-orbiting satellite, and its 

mission is to capture high-resolution images of phenomena such as water, soil, vegetation, and more. Sentinel-2 holds 

13 spectral bands in the visible, infrared, near-infrared, and short-wavelength infrared spectra. 
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Fig.1. The Oil Rock Settlement in the Republic of Azerbaijan [8] 

3. Methodology 

The images used in this study are from two optical and radar satellites. Thereby, we need to define two optical and radar 

analyses for precise examination and processing. 

For optical images, we first investigate multiple phenomena of the sea using edge detection algorithms. Oil slicks 

considerably differ from seawater in reflection and optical and radar properties. Therefore, the first step is to identify 

phenomena that differ from the sea using the edge detection algorithm. Then geometric and atmospheric corrections are 

applied if required. Since the pixel accuracy in the bands of Sentinel-2 satellite is different, resampling or aligning the 

accuracy of band pixels is necessary. For this, the accuracy of all bands is kept equal to study the composition of multiple 

bands. In the next step, the filtering is applied if required. In this step, the image clouds are filtered to avoid errors in 

the next operations. The classification of images is the final step, where the oil is separated from the background. 

In general, we can produce an image for easier identification of oil slicks, drawing on sufficient data about satellite 

bands and by designing appropriate band ratios and their combination. For optimal contrast, the use of bands 2, 3, 4, 

and 8 of the Sentinel-2 satellite gives us band ratios for oil slick recovery. The main band ratios are as follows: 

RS1 = (B4 - B3) / B2 (1) 

RS2 = B4 / (B3 * B2) (2) 

RS3 = B8 / (B3 * B2) (3) 

For radar images, the vertical-vertical (VV) band is first chosen for analysis, as the oil slick is more visible in this band. 

The images obtained are then radio calibrated. This is slightly similar to atmospheric correction in optical images. 

Images are then revised multiple times. For this, noises are extensively diminished by the combination of spectra. Also, 

the size of the pixels is reduced if necessary for a better analysis of details. Then, land and coastal images undergo 

filtering if necessary. In the next step, images undergo a geometric correction. The image is then converted to decibels 
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(dB) for a better representation of the oil and to achieve a general standard for all images. Finally, the images are 

classified into two separate categories, and oil is detected and separated from other phenomena by filtering for better 

transparency. 

To study the current motion (advance) we need a specific temporal analysis, which includes a short period where oil 

slick images are available. For this, optical and radar images were used in the late 8th and early 9th months. From 23 

August 2017 to 9 September 2017, three radar images and an optical image were available. The investigation process 

is as follows: 

In Figure 2, the upper part of the slick seems to move (advance). Another part of the slick also seems to be advancing 

towards Chilov Island. The lower part of the slick seems motionless, as it involves more areas in the more concentrated 

part. For better understanding, the upper section is separated into three parts. It is marked in the image taken by optical 

sensors the next day. We can identify the motion of these parts in a single day. Also, using these sections, we estimated 

the speed of motion, where we found a 10 km advance on average within 19 hours. We estimated this speed by 

examining several points from the start, end, and inside of these points. According to Fingas [9], the speed of oil motion 

(advance) under a turbulent current is between 0.5 to 1 m/s. This is equal to 0.5 m in a calm sea. Here, we estimated a 

speed of 15 cm/s, which is acceptable. 

 
Fig.2. Radar image obtained on 23 August 2017 

In Figure 3, the upper part of the slick advances toward the northwest of the Caspian Sea. It crosses the northern part of 

the Chilov Islands and moves toward the coastal areas of Azerbaijan. The lower part of the slick seems to be motionless 

and affected by a vortex, which may result from an extensive oil field and its platforms. But the upper part of the slick 

still advances. The intersection of the motion upstream of the platform and vortices formed around the platform seems 

to decelerate the movement. 
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Fig. 3. An optical image taken on 24 August 2017. Sections are illustrated. 

Figure 4 illustrates the advance of the northern part of the slick toward the west of the platform. This part is also 

approaching the coasts of Chiloe Island and the Cape of Azerbaijan. The lower part of the slick is also separating from 

the platform. Such a separation is in two forms, a vortex to the east and the next vortex to the west. The motion seems 

to be mainly from westward. In the lower part of the platform, motion is both westward and eastward, whilst in the 

upper part, the motion is often toward the west. This phenomenon seems to result from the Chiloe Islands, which causes 

variations in the direction of current. 

In Figure 5, like previous figures, the motion is mainly westward. In the northern part of the Chilov Islands, the motion 

of oil slicks is observed. This slick is much smaller than the previous one, and the current velocity in the north of the 

island seems to be higher. In the southern part of the island, the traces of the previous slick are observed in the form of 

a curve, like the previous figure. This indicates the low velocity of the current in the south of the island compared to the 

north. This is due to the formation of a vortex around the platform, and a cape backside of Chiloe Island. Because the 

shape of this cape diminishes the speed of current near the cape. Part of this curved slick seems to advance westward 

from the backside of the island. Another part (the end of the tail) of this slick is also advancing westward. 
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Fig. 4. A radar image taken on 28 August 2017 

 
Fig. 5. A radar image taken on 9 September 2017 

According to figures and interpretations, it is necessary to confirm the correctness and acceptability of this interpretation 

of the motion. In other words, the results should be analyzed. For this, we referred to a few months later (in January 

2018) when some oil slicks appeared. This month, we attempted to understand if the oil slicks are visible on the beach 

or not. 
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Fig. 6. A radar image of Baku (Azerbaijan) in January 2018 

As illustrated, an oil slick appears in the north and south of the cape. In the north part, a greater oil slick is seen, which 

is due to the predominant current motion westward. Most of the current passes upstream Chilov Island and the cape and 

reaches the coast of Azerbaijan. This results from the cape's shape with a downward arc and a small cape southward, 

which causes most of the current to shift toward the north. Some slicks are visible in the southern part of the cape. As 

mentioned earlier, the slick motion from the south of Chiloe Island is often directed to the south, due to the shape of the 

island and the cape. 

In the next section, the hydrodynamic results are discussed. As reported, the motion is from the northeast to the platform 

and advances to the west and southwest. Several vortices also appear in the near part of the platform. The results are 

validated according to Kitazawa and Yang [10], who proposed a numerical model of the Caspian Sea currents. From 

the results, there is a difference between the currents in the north and south of the Caspian Sea. The investigation of 

current in August shows a type of motion in the north and south. Kitazawa and Yang stated that the motion in the north 

is toward the southwest, whilst between the cape, it is almost westward, which is consistent with the results of our study. 

Also, the prevailing wind motion is from east to west. The effects of wind available in the Central European Database 

[11] were investigated during the same period, which is consistent with our results. 

4. Conclusion 

The current motion was discussed in detail in the previous section. From the results, images taken from an area within 

a short period help us to detect the motion of surface currents. In this study, the current motion was studied in August 

and September 2017, in the eastern part of Azerbaijan in the Caspian Sea. There are very complex currents in the 

Caspian Sea, as it is a closed area and various conditions are governing this area. But here, we studied the current in 

this sea using remote sensing images and with no access to field information and data, and finally reached acceptable 
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results. In general, the current in this part and these months of the year move from east to west. After hitting the oil 

platform, the currents form a vortex around the platform due to the large size of this platform and the shape of the 

platform and its bases. In the northern part, the currents move to the northwest and their speed in these areas is higher 

than the southern parts. In the southern part, a portion of the current moves from the backside of Chilov Island to the 

northwest, whilst another part moves to the south of the Cape of Azerbaijan, which is slower than the current in the 

northern part due to the shape of the cape and Chiloe Island. A summary of the motion interpretation is illustrated in 

Figure 7. The black part indicates the Oil Rock platform. 

 

Fig. 7. Surface water currents in the study area 
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1. Introduction 

Understanding the process of change and knowing the evolution of aquatic ecosystems, especially coastal areas, 

can help to protect and comprehensively manage their future status (Ozesmi and Bauer, 2002). Remote sensing 

data and satellite imagery in different periods are one of the most reliable and accurate sources for interpreting 

changes in coastal ecosystems and measuring coastlines (Simon, 2010). Miankaleh Wetland and Ashuradeh Island 

are located at the southeastern tip of the Caspian Sea and in coordinates 36° 46´ to 36° 57´N and 53° 24´ 

to 54° 2´E. Fig. (1) shows the position of both ecosystems on the map. Miankaleh Wetland is hydrologically 

affected by the Caspian Sea and upstream watersheds (Ravanab Consulting Engineers, 2002). 

 
Fig. 1) Location of the ecosystems studied on the map 
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2. Materials and methods 

In this study, using satellite images of TM-5 and OLI-8 related to 1987 and 2018, respectively, the images of 

periodic changes on the shores of the Caspian Sea in the 29-year were compared and evaluated. High-resolution 

images were extracted from the “Earthexplorer.usgs.gov” database.  After performing the required processing and 

corrections, the NDWI index was used to separate the water boundary and drought (Ji et al., 2009). G, the green 

band and the NIR, the infrared band are close. Eq 1: 

NDWI =
G − NIR

G + NIR
 

3. Results 

The dynamic changes of the coastal ecosystems (Miankaleh Wetland and Ashuradeh Island) during the study 

period (1988-2018) were shown in Fig. (2). These changes can be seen based on the coastline for review and 

comparison in Fig. (3). 

 

 
Fig. 2) Miankaleh Wetland and Ashuradeh Island Changes of map, a) 1987, b)2018 

a 

b 
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Fig. 3) Coastline changes in the period 1987-2018 

Then, to compare the results, the mean water level of the Caspian Sea satellite TOPEX / Jason was used (Fig. 4). 

 
Fig. 4) Changes in the water level of the Caspian Sea recorded by TOPEX / Jason satellite 

Quantitative changes in the area by hectare were shown in Fig. 5 during the study period. 

 
Fig. 5) Area changes per hectare 

260

270

280

290

300

310

320

330

340

19872018



 2nd International Conference on Oceanography for West Asia 

152 

4. Discussion 

The results of the discovery of the coastline generally indicate the water-rise of the arid area of the ecosystems of 

Miankaleh Wetland and Ashuradeh Island, and in some parts the coast has undergone many changes. Also, the 

study of the graph of area changes per hectare in the period 1987-2018 shows the same issue (Fig. 5). The study 

of fluctuations in the Caspian Sea level also corresponds to our results (Fig. 4). In general, the changes that have 

taken place over the last three decades have, on the one hand, aligned with the Caspian Sea of changes and climate 

change, and on the other hand, have been the result of uncontrolled human exploitation in these sensitive areas of 

the Caspian Sea. 
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Abstract 
The temporal and spatial distribution pattern of primary production is useful for 
studying global climate change. In this study, using Landsat images from 1985 to 
2017 and their initial processing, the average initial production (based on O.E.C.D) 
for Choghakhor International Wetland was determined. The results show that the 
wetland is in terms of chlorophyll-a and secchi disk depth (SDD) in the middle of 
mesotrophy and towards eutrophication.  

Keywords: primary production, O.E.C.D, Satellite Images 

1. Introduction 

Evaluating the pollution of wetlands and lakes is essential for the development and allocation of land use, 

management, quality monitoring, pollution prevention and biodiversity conservation. One of the most important 

factors that put wetlands in serious danger and has a very destructive effect on the fauna and flora of the wetland 

is their enrichment and pollution. Environmental analyzes, especially wetlands, include a wide variety of 

techniques aimed at determining pollution from land use, environmental monitoring and modeling, and the quality 

status of wetlands and lakes (Samadi, 2015). Using remote sensing techniques, it is possible to extract water data 

regionally rather than pointwise (Mueller and Morel, 2002). The aim of this study is to use Landsat images from 

1985 to 2017 and their initial processing, the average primary production (based on O.E.C.D) for Choghakhor 

International Wetland. 

2. Materials and methods 

Choghakhor International Wetland is located in the suburbs of Chaharmahal and Bakhtiari, Borujen city and 

Baladaji district, between 50° 52´ to 50° 56´E and 31° 54´ to 31° 56´N (Fig.1) (Ebrahimi and Moshari, 

2006). The wetland joined the Ramsar Convention Wetlands List in 2010 (Behrouzi-Rad, 2008). 
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Fig. 1) Map of the study area 

Due to the fact that the use of Landsat satellite images is more common in Iran and due to the good time coverage 

of these images, in this study of images belonging to Landsat 5, 7 and 8 for Choghakhor Wetland in 1985 to 2017 

was used. Then, the information layers of parameters were extracted using image processing and algorithms. 

In order to apply this indicator in Choghakhor Wetland, first the chlorophyll-a and secchi disk depth (SDD) 

data of the extraction from the satellite were checked in terms of normality and the data outside the range were 

removed as discarded data. Then, to determine the probability of different levels of nutritionism and to compare 

it with the standard curve (O.E.C.D), the normal probability distribution of data (density function of the probability 

of normal distribution) for each parameter was calculated. Table 1 presents the values of chlorophyll-a and SDD 

and nutrition levels based on O.E.C.D. All analyzes were performed in R3.4 and Excel, 2016. 

Table 1) Average amount of chlorophyll-a and SDD and nutritional levels (O.E.C.D, 1982). 

SDD (m) Chl-a (µg/l) 
Oligo Meso Eutro Oligo Meso Eutro 

9.9 4.2 2.45 1.7 4.7 14.3 
* The µg/l unit is equal to the extraction unit for chlorophyll-a in this study (mg / m3). 

3. Results 

Comparison of the normal chlorophyll-a and SDD distribution curves (according to the mean and deviation from 

the standard of these parameters are drawn in the wetland) can be seen with the standard curve of the above 
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parameters (O.E.C.D standard) in Fig.2 and 3. The results show that the wetland is in terms of chlorophyll-a and 

SDD in the middle of mesotrophy and towards eutrophication. 

 
Fig. 2) a) The normal distribution curve of SDD (meter), b) The standard curve (O.E.C.D) of SDD. 
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Fig. 3) a) The normal distribution curve of Chlorophyll-a (mg/m3), b) The Standard curve (O.E.C.D) of chlorophyll-a. 

 

4. Discussion 

Subsequent changes in chlorophyll-a and SDD levels indicate changes in the number of phytoplankton hams. 

Today, the population of phytoplankton is heavily influenced by climatic factors such as water temperature and 

wind. Changes in phytoplankton lead to changes in the life of the aquatic ecosystem that can have economic and 

food consequences. Therefore, the study of annual changes in primary production is one of the important 

parameters of fisheries. 
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1. Introduction  

During the early Holocene inundation of the Persian Gulf was happened during 10.5-9.5 kyr BP (Lambeck, 1996) 

and a Relative sea-level (RSL) highstand of +2 m occurred around 7.1 to 6.89 kyr B.P. (Lambeck, 1996; Lokier 

et al., 2015). It is possible that inundation of the Persian Gulf led to increased vertical stress of the basin floor that 

could have reactivated regional salt domes. The salt domes lie in the Hormuz formation and were active before 

the Zagros folding. The domes were reactivated by subsidence resulting from Zagros tectonic events (Jahani et 

al., 2007). The distribution of the salt domes is depicted in Figure 1. Deformation of a narrow zone along the 

Persian Gulf littoral has led to a concentration of domes along the present coast that are classified as active salt 

domes (zone II) (Jahani et al., 2007). These coastal salt domes could have been reactivated following the 

displacement of salt to the edge of the area due to basin subsidence resulting from increased vertical stress (Wood 

et al., 2012). 

The rich hydrocarbon resources in the Persian Gulf leads to rapid industry and population development along the 

coastal zones. Therefore, RSL and coastal uplift are two great risks for the coastal infrastructures. Our knowledge 

in regard to impacts of salt tectonic on coastal uplift and RSL fluctuations is just limited to handful studies on 

south of the Persian Gulf. In this study, we employed multidisciplinary geoarchaeological approaches on two 

important ancient harbours (Siraf and Bataneh) as proxy of shoreline position index during last 2 kyr B.P 
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Figure 5) General morphology of the Persian Gulf with the location of some of its ancient harbours and distribution of the salt domes in 

southern Iran 

2. Materials and methods  

Two 3-m boreholes were extracted from Siraf and Bataneh water front heritage sites. The cores were leveled using 

a theodolite in relation to present Mean Sea Level (MSL). After core collection, nondestructive magnetic 

susceptibility (MS) was measured using a Bartington MS2c 100-mm diameter loop sensor with an MS2 meter at 

2 cm resolution (Delile et al., 2014). Subsampling and samples preparation were proceeded according to the 

Marriner and Morhange (2007); Heiri et al., (2001). Wet sieving was performed using mesh sizes of 2 mm and 63 

microns. After processing and oven-drying, the ostracods were picked from 10 g of the >125 µm size fraction and 

placed on microslides in order to count and identify the species (Marriner et al., 2005). The 14C data were 

calibrated using Calib version 7.1.0 online version (http://calib.org) and a standard Persian Gulf marine reservoir 

age (Southon et al., 2002).  

The Glacial Isostatic Adjustment (GIA) simulations performed in this work are based on model ICE-6G (VM5a) 

of Peltier (2012) and Peltier et al. (2015). The Late-Pleistocene-ice-sheets chronology of model ICE-6G (VM5a) 

was been implemented in the program SELEN4 (Spada and Melini, 2019). SELEN4 solves the Sea-Level 

Equation by taking into account the horizontal migration of shorelines, for the transition from grounded to floating 

ice and for the effects of rotational feedback on sea level. The Sea-Level Equation was solved using a pseudo-

spectral approach with a spatial resolution corresponding to the maximum harmonic degree lmax=256, on a grid 

with a spacing of ~40 km. 

3. Results  

According to the core’s facies analysis in Siraf three important Upper shore facies, anthropogenic facies and 

erosion and accretion facies are recognized and Bataneh cores’ facies are classified into four important unites: 

marine facies, open lagoon with freshwater flux, anthropogenic zone and lagoon.  
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Reconstructed RSL with ICE-6G (VM5a) model in the Siraf and Bataneh represented that RSL in the Persian Gulf 

was never fell below present level during the mid to late Holocene (Fig 2).  

 
Figure 6) The ICE-6G (VM5a) RSL model graph 

4. Discussion and conclusion 

Our reconstructed RSL was not correlated with ICE—6G (VM5a) model for the studied sites. Although the model 

shows a continuous fall since 4 kyr B.P, but, the studied cores were logged three RSL oscillations. Duration 

between each oscillations was correlated with modeled sea-level position. Increase water column in central basin 

floor leads to injecting salt from Fars formation into coastal and underwater salt domes. Meanwhile, time interval 

between lowstand with next highstand were decreased. Concurrent with decreasing sea-level, the oscillation time 

intervals are changed from 50 years in 1.9 kyr B.P. to 350 year in 1.3 kyr B.P.. Coincide with the oscillations, 

Bataneh ancient site that is located at south of Darang salt dome recorded cal. 3.7 m uplift. 

Previous study on tide gauges was demonstrated that rate of mean sea level raise in the Persian Gulf is 0.7 mm/y 

more than global rate for the period between 1993 to 2018 (Siddig et al., 2019). Also, the other studies were 

attested rejuvenation of coastal salt diapirs since Holocene (Jahani et al., 2007). Therefore, according to the results, 

unique RSL changes in the Persian Gulf put the coastal infrastructures and cities at unpredictable risks of erosion 

and flooding. So, more studies are required to shed light on Holocene RSL fluctuations and coastal morphology 

changes in the Persian Gulf.  
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1. Introduction 

Natively the zebra mussel Dreissena polymorpha inhabits parts of western Russia near the Caspian Sea and the 

Ural River. Zebra mussel is highly abundant in the Anzali wetland in south Caspian Sea basin. Zebra mussel is an 

important link in the aquatic food chain: it accelerates the circulation of organic compounds by filtering large 

amounts of phytoplankton from the water (Stanczykowska, 1987). This mussel forms the main source of food for 

some benthivorous fish, such as roach Rutilus rutilus (Prejs et al., 1990; Bleeker et al., 1992). As a filter feeder, 

Dreissena filters inert particles and phytoplankton from the water column, but nearly 100% of the particles >1 

mm, cannot be filtered because those are too big for Dreissena. In freshwater ecosystems with great density of D. 

polymorpha, concentrations of phytoplankton decreased, and it is one of the main problems for planktonivorous 

fishes. Effects of pollutants on this mussel can affect on the food chain in freshwater ecosystems (Kraak et al., 

1991). One of the main pollutants of water ecosystems are metals. Metals affect freshwater and marine bivalves 

such as D. polymorpha. The filtration rate is reduced (Watling, 1981; Grace et al., 1987), the animals keep their 

shells closed for longer periods of time (Salanki et al., 1989), they produce less byssus threads (Bleeker et al., 

1992), and their heart rate is lower (Grace et al., 1987). All these cases affected the filtration rate of mussels. 

Metals can be divided into two groups: the essential (e.g., Cu, Zn) and the non-essential metals (e.g., Cd, Pb). 

Essential metals are used in small amounts by animals as components of proteins and enzymes (Simkiss, 1982). 

Most animals are able to regulate the concentration of these metals in their body up to a certain ambient water 

concentration, which above this concentration, metals accumulated and toxic effects may occur. Non-essential 

metals do not play any biological role. These metals are, therefore, potentially toxic at low concentration (Amiard 

et al., 1987). In this study the sub-lethal effect of the essential metal copper on the filtration rate of D. polymorpha 

sampled from the Anzali wetland in the south Caspian Sea region was investigated in order to better understand 
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the impact of this metal on the food chain. After the filtration experiments the copper concentrations in the mussels 

were determined, with the expectation that copper could be regulated by zebra mussel. 

2. Materials and methods 

The mussels were sampled from relatively unpolluted area in the Anzali wetland (march, 2007). They were picked 

up from the stems of aquatic plants Fragmites sp. After collection, they were carried to the laboratory and the 

acclimation period (14 days) was realized by using a plastic aquarium, containing 10 L of filtered fresh water 

(0.45 mm) from the sample site. 

After this period, mussels were sorted by length and only the ranges between 17 and 23 mm were taken. The 

average length did not differ between treatments. The exposure to copper consisted of five treatments of 5, 15, 

25, 50 and 70 µg.L-1 that were made up using a stock solution of 1000 mg.L-1 CuCl2 (Kraak et al., 1992, 1999). 

Six plastic aquariums were used to conduct the experiment. One used as control (0 µg.L-1). Volume of each 

treatment was 10 L and each of them contained a group of 25 specimens. Copper was added to the aquaria at the 

beginning of the experiments. Mussels in each treatment were exposed to copper for 48 hours, during which they 

were starved. After this period, water samples were taken from each treatment and the concentrations of Cu were 

analyzed by furnace atomic adsorption spectrometer (FAAS, Perkin Elmer 1100B), in order to determine the 

actual concentrations of copper to which the animals were exposed during the experiments. After 48 hours, algae 

Chlorella spp. (20,000 cells.mL-1) was added. Filtration rate was measured from the differences of algae 

concentration at each sampling time. For a period of 100 minutes, every 10 minutes, 2 mL of water from each 

aquarium was taken. The algal concentrations in the water samples were measured using a Coulter Counter (Model 

ZI). The filtration rate was calculated from the decrease in algal concentration, according to Jørgensen’s formula 

(Jørgensen, 1990):        

0

. t

CVFr Ln
W T C

=  

Where Fr = indicates filtration rate in mL.gdw-1.min-1, V = volume of the solution (10,000 mL), W = dry weight 

of mussels in grams, T = duration of the experiment in minutes, and C0 and Ct represent the algal concentration in 

the beginning and at the end of exposure time. 

During the experiment the mussels were continuously aerated and always saturated with oxygen. The water 

temperature was kept constant at 25oC using a water heater, the hardness was 88.96 mgCaO.L-1 and the pH was 

8.16. Filtration was measured when 90% of the mussels opened their inhalant and exhalent siphons, which usually 

happened during the first minute after algae had been added to the treatments. 

After the filtration experiments the soft tissues of five mussels from each aquarium were analyzed for their copper 

concentration. The antero–posterior lengths were measured, and also their soft tissue dry weight was determined 
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with oven temperature at 60oC for 24 hours (Klerks et al., 1997; Pessatti et al., 2002; Rahnama et al., 2010, 2001). 

The soft tissues (1 gram) were digested in 5 mL concentrated HNO3 with 2 mL distilled water added. After 

refluxing for 4 hours at 120oC, 2 mL of H2O2 (30%, Fisher certified grade) was added and heating was continued 

for an additional 2 hours after cooling. The tissue digest was filtered using glass-fiber filters and brought up to 

volume 25 mL using 0.4 M HNO3. The samples were analyzed for copper by furnace atomic adsorption 

spectrometer (FAAS, Perkin Elmer 1100B). The detection limit in the samples was 0.5 µg.L-1. The accuracy of 

analytical procedure was evaluated using standard reference material (LUTS-1 National Research Council, 

Canada). Recovery value of metal analysis was 98%. 

3. Results  

During the experiment in control and copper treatments no mussels died. (Figure 1) shows the filtration rates of 

D. polymorpha exposed to control and five Cu treatments (5, 15, 25, 50 and 70 µg.L-1). As mentioned in the figure, 

at two high concentrations of copper component (50 and 70 µg.L-1) the filtration rates decreased compared to low 

concentrations and both of them followed the same pattern. Also, filtration rates of mussels in treatments of 5, 15, 

25 µg.L-1 showed same pattern as control without pollutant. Filtration rates increased visibly 50-60 minutes after 

the beginning of the exposure. At very low densities mussels start to clear slowly compared to high densities. 

Comparison of mean values of mussel’s filtration rates in control and Cu treatments showed insignificant 

differences (p> 0.05) except for two concentrations of 50 and 70 µg.L-1 (p<0.05) (Figure 2). The mean value of 

filtration rate in control mussels is about 25 ± 2 mL.gdw-1.min-1. At a concentration of 5 µg.L-1 filtration rate is 

24 ± 2 mL.gdw-1.min-1, at 15 µg.L-1 filtration rate is 22 ± 2 mL.gdw-1.min-1, at 25 µg.L-1 filtration rate is 21 ± 1 

mL.gdw-1.min-1. While, at concentrations of 50 and 70 µg.L-1 filtration rates respectively were about 11 ± 1 

mL.gdw-1.min-1 and 9 ± 1 mL.gdw-1.min-1.  

If the mean values of mussel’s filtration rates presented as percentages compared to control mussel’s filtration 

rate, at a concentration of 5 µg.L-1, the filtration rate was closely near to control (98%). Also, in treatments of 15 

and 25 µg.L-1, filtration rates were close to control (92 and 88% of control, respectively). But, at concentration of 

50 and 70 µg.L-1, filtration rates of D. polymorpha decreased respectively about 44 and 36% of the control 

mussels. 

The low percentage of two high Cu treatments suggests that, there is a limit of filtering activity controlled by 

concentration of pollutant in its experimental environment. (Figure 3) shows the decrease in copper content of 

water in each treatment after 48 hours of mussels' exposure. Most reduction of copper in the water at concentration 

of (70 µg.L-1) and lowest reduction were observed at concentration of (5 µg.L-1). Absorbed metal in the tissue of 

mussels was also related to initial concentration in its ambient water.  As shown in (Figure 4), the copper 

concentrations in the mussel’s tissue plotted against the Cu concentrations in the water. Assimilated concentration 
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increased when Cu concentration in water increased. All assimilated copper concentrations of the exposed mussels 

differed significantly (p<0.05). 
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Abstract 
During the Persian Gulf Explorer Crouse in April-May 2019 yielded several specimens of 
ghost shrimps. They are  belong to four genera and three families including: 
Eucalliacidae(Andamancalliax sp), Eucalliacidae( Caviallianassa sp), Callianassidae  , 
Gourretia qeshmensis Sepahvand, Rastegar-Pouyani and Momtazi, 2016 , Aqaballianassa 
ehsani Sepahvand, Tudge and Momtazi, 2018).  With these new records, 27 species of these 
shrimps are now known in the Persian Gulf fauna.  

Keywords: Persian Gulf Explorer, Ghost shrimps, Macroinvertebrates, Biodiversity 

1. Introduction  

The substrate of Persian Gulf  and Gulf of Oman is composed of different habitats, such as sandy-mud, muddy, sandy, 

rocky and muddy-sand dominated by mollusk shells and fragments. These diverse habitats provide suitable environment 

for a wide variety of burrowing organisms, especially mud shrimps. 

 The Persian Gulf benthic ghost shrimps (mud shrimps) fauna is still poorly understood, but efforts to improve 

knowledge of its taxonomic composition and zoogeographic affinities have met with significant success (Sepahvand et 

al., 2013, Sepahvand & Tudge 2019).   

 The first comprehensive study on burrowing shrimps of the Persian Gulf and Gulf of Oman was carried out by 

Sepahvand et al., (2013) which documented 13 species in this group of cryptic decapods. Sakai (2002; 2005) and 

Dworschak (2009) reported species of burrowing shrimps from the Persian Gulf but recently Sepahvand et al., (2015; 

2016; 2018a, b) have identified more species, using molecular and morphological approaches.  

2. Material and methods 

The Persian Gulf Explorer (1901) was down in 45 stations in transects parallel to coastal line during April-May 2019. 

Sampling was done by box corer from soft substrate in the Persian Gulf Explorer Cruise. Three subsamples were studied. 

All biological samples were washed over a 500 μm sieve and sorted under a stereomicroscope. Extracted fauna was 

http://www.marinespecies.org/aphia.php?p=taxdetails&id=1251869
http://www.marinespecies.org/aphia.php?p=taxdetails&id=1251869
http://www.marinespecies.org/aphia.php?p=taxdetails&id=106800
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transferred to 70% ethanol and identified. Thalassinidean shrimps were subsequently accessioned at the Iranian National 

Institute for Oceanography Collection (INIOC).  

3. Results 

The species reported herein are currently classified as follows: 

Infraorder Axiidea  

Family Callianassidae Dana, 1852 

Genus Aqaballianassa  Poore, Dworschak, Robles, Mantelatto & Felder, 2019 

Aqaballianassa ehsani (Sepahvand, Tudge and Momtazi, 2018)  

Material: Gulf of Oman, Iran, Station T10S2, Latitude: 25.2237454, Longitude: 59.1107001, Depth: 150m.   

Remarks  :The material of the present study is well agree with previous description of Aqaballianassa ehsani . In the 

present study A. ehsani was found in the subtidal waters of the Gulf of Oman. However Sepahvand et al 2018,   reported 

this species from the intertidal waters. 

Genus Caviallianassa Poore, Dworschak, Robles, Mantelatto & Felder, 2019 

Caviallianassa sp Fig1. E-H 

Material: Persian Gulf, Iran, Station T5S4, Latitude: 25.5747848, Longitude: 53.7012269, Depth: 38m.   

Remarks:  The present specimens from the Persian Gulf agree well with Komai & Fujiwara 2012 description except 

for the large chelipeds and maxiliped3.  This is a first report of Caviallianassa genus from the northwestern in the Indian 

Ocean and also third species of this genus around the world. 

Family Ctenochelidae Manning & Felder, 1991 

Genus Gourretia  de Saint Laurent, 1973 

Gourretia qeshmensis Sepahvand, Rastegar-Pouyani and Momtazi, 2016  

Material:   Strait of Hormuz, Persian Gulf, Iran, Station: T7S3, Latitude: 26.8461569, Longitude: 56.4408207, Depth: 

56m.   

Remarks: 

 This species was reported by Sepahvand et al., 2016, from strait of Hurmuz , Persian Gulf  and the specimens in the 

present study agree well with Sepahvand’s et al., 2016 drawings except for the number of spines on the Ischium of large 

chelipeds. 

Family Eucalliacinae  Manning & Felder, 1991  

http://www.marinespecies.org/aphia.php?p=taxdetails&id=106800
http://www.marinespecies.org/aphia.php?p=taxdetails&id=1397742
http://www.marinespecies.org/aphia.php?p=taxdetails&id=1397742
http://www.marinespecies.org/aphia.php?p=taxdetails&id=106801
http://www.marinespecies.org/aphia.php?p=taxdetails&id=107076
http://www.marinespecies.org/aphia.php?p=taxdetails&id=477376
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Genus  Andamancalliax  Sakai, 2011 

Andamancalliax sp Fig 1. A-D  

Material: Persian Gulf, Iran, Station T5S4, Latitude: 25.5747848, Longitude: 53.7012269, Depth: 38m.   

Remarks: 

 The Andamancalliax was established by Sakai (2011) and Poore et al., (2019) recognize and confirmed it. The 

specimens of the present study with the following character states strongly assign to the Andamancalliax genus: 

maxilliped 3 ischium and merus narrow, more than twice as long as wide at their articulation; ischium with strong 

proximal lobe on lower margin, wider proximally than distally. Major cheliped broad, minor cheliped narrower, with 

long fingers.  Andamancalliax sp is the first member of Andamancalliax described from Iranian subtidal waters and can 

be differentiated by a large cheliped with a ventro-proximal spine on the merus. Also the specimens of the present study 

recorded the second species of Andamncalliax genus around the world.  

4. Discussion and conclusion 

The present study shows that ghost shrimps are associated with different habitat types and were found only in five out 

of 50 stations.  Despite several attempts, no mud shrimps were found along the entire coast and continental shelf and 

subtidal waters of the northeast Persian Gulf (including Khuzestan and the eastern part of Bushehr Provinces) possibly 

due to the degraded nature of the habitat including dominance of very soft sediments, higher salinity or pollution. For 

the pollution, several studies revealed that the heavy metal concentrations in the northern Persian Gulf including 

Bushehr and Khuzestan Provinces are higher than that of other regions of Persian Gulf (see Diagomanolin et al., 2004; 

Pourang et al., 2005; Karbasi et al., 2005; Dehghan-Madiseh et al., 2009; Kazemi et al., 2011). This is mainly due to oil 

pollution and other anthropogenic impacts. 

 
 Figure 1.  Andamancalliax, A-D, A: large cheliped inner view. B: small cheliped outer View. C: telson and uropod, dorsal view. D: 

maxiliped 3 outer view. Caviallianassa, E-H, E: large cheliped outer view. F: ischium-merus of large cheliped, G: small cheliped outer view., H: 
telson dorsal view. Scale bar: 1mm 

http://www.marinespecies.org/aphia.php?p=taxdetails&id=741363
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1. Introduction 

Identification and measurement of Polycyclic Aromatic Hydrocarbons (PAHs) which are one of the main groups 

of persistent organic pollutants (POPs) have been of great interest in the last 40 years. They can be originated 

from both anthrapogenic and natural sources. According to their high hydrophilicity, PAHs tends to be deposited 

on bottom sediments (shilla et al., 2019). The negative impact of PAHs on the health of aquatic life and humans 

and their potential carcinogenicity has been well documented (Duben 2010, Balcıoğlu, 2016). Generally, the 16 

approved EPA priority parent PAHs have been measured by now, mostly because of their easier commercial 

availibiliy, but in the recent years the topic of the correct analysis of alkyl PAHs has also received increasing 

attention for some reasons including mounting evidence that their toxic potential may easily surpass that of the 

parent compounds. Chabahar Bay with its crenulated shape is the largest bay in bordering Oman Sea and is located 

in the south east of Iran. Since Chabahar is the closest and best access point of Iran to the Indian Ocean, it is the 

focal point for development of the eastern part of the country through economical and industrial activities. All 

these activities make the Bay prone to increase of different pollution including PAH pollution. In continuation of 

our previous study (Seyed Hashtroudi & Aghadadashi, 2018), we report here the current state of the Chabahar 

Gulf in terms of pollution to16 PAH compounds and their 6 mono-methylated derivatives along with their source 

identification. 

2. Materials and methods 

A total of 21 stations were selected for our study including 16 stations in the coastal area, 3 stations in the Bay 

entrance and 3 stations in the middle portion of the Bay. Table 1. shows the geographical coordinates of sampling 

sites. 



 2nd International Conference on Oceanography for West Asia 

172 

Table 1. Coordinates of sampling sites 

Station X Y Station X Y Station X Y 
1 60.6063 25.3963 8 60.6038 25.2699 15 60.4335 25.4153 
2 60.6028 25.3566 9 60.4902 25.4377 16 60.4604 25.3987 
3 60.6105 25.3127 10 60.4909 25.4241 17 60.4047 25.3709 
4 60.5431 25.4192 11 60.5085 25.3811 18 60.437 25.3671 
5 60.5835 25.3933 12 60.523 25.3391 19 60.464 25.3311 
6 60.5859 25.342 13 60.5383 25.2975 20 60.484 25.3016 
7 60.594 25.3098 14 60.5528 25.2623 21 60.4941 25.2671 

 

The sampling was performed in triplicate using a van veen grab sampler in Nov. 2016 and the (0-5 cm) sediments 

were collected in pre-cleaned aluminum containers and kept in freezer. The deep frozen sediments were dried 

using a benchtop freezedryer (OPERON, Korea). The triplicate samples in each station were mixed, homogenized 

and sieved through 250 µm sieve and 21 subsamples were obtained. Extraction of the PAHs from sediments was 

done according to MOOPAM guidelines (MOOPAM, 1999). Briefly, 4g of the sediment was spiked with proper 

amount of surrogate standards (i.e naphthalene-d8, antherancene-d10, chrysene-d12 and perylene-d12) and the 

extractions were performed using a laboratory microwave oven (Ethos 1, Milestone, Italy) with a mixture of n-

hexane-acetone (1:1, v/v) as the extraction solvent in 150 °C for 20 min. The silica gel-alumina cleanup method 

was applied to the extracts and the final extracts were treated with acid-activated copper 

to remove elemental sulfur, avoiding sulfur interference in GC-MS.  The analysis of the samples was performed 

by an Agilent Gas chromatography-mass spectrometry system (GC–MS), model 6890N GC equipped with a 5973 

mass detector while adding p-terphenyl-d14 as the injection standard just prior to injection. 16 parent PAH from 

naphthalene to Indeno(1,2,3,cd)pyrene and 6 methyl-PAHs including 1-methyl naphthalene, 2-methyl 

naphthalene, 1-methyl phenanthrene, 2-methyl phenanthrene, 3-methyl phenanthrene and 9-methyl phenanthrene 

were measured. 

3. Results and discussion 

The stations were selected to show an estimate of the overall pollution status of the study area. Figure 1 shows the 

obtained amount of PAHs in each stations in terms of parent PAHs (16 EPA PAHs) and 6 methylated PAHs. The 

concentration of total PAHs ranges from 7.8 to 273.5 ng/g with an average of 102.9 ng/g.  The estimation shows 

that the PAHs with methyl derivatives make up about 25% of the total PAH concentrations which were frequently 

ignored by now in spite of their importance.  As it could be seen, station 21, 16, 12, 14 and 8 are the most polluted 

stations, respectively and the least polluted stations are stations 6, 10 and 18. Station 21, 14 and 8 are located in 

the entrance of the bay and station 12 in the middle portion of the Bay. Taking all the finding into consideration 

and compared to our previous report in 2006, it seems that the Chabahar Bay is still low to moderate polluted 

(Baumard et al., 1998). The Bay status is healthier than Busher which is in the pollution category 

of medium to high (Aghadadashi et al., 2016) or Jinhae Bay in Korea which is low to high polluted 

(Yim et al., 2014).  
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Fig. 1 A comparison of total parent PAHs (Σp-PAHs) and methylated PAHs (Σm-PAH)        

Fig. 2 shows the abundance of each PAH in the whole studied area. It seems that low molecular weight (LMW) 

PAHs are dominant in the whole region. Naphthalen and its methyl derivatives, phenantherene and fluoranthene 

have the highest measured values.  

  
Fig. 2 Total Concentration of each PAH in the sampling location  

The main emission sources of PAHs are combustion processes or spills of crude oil or its products. There are 

different diagnostic ratios of selected hydrocarbons which can suggest the source of PAH emission and propose 

the possible transport pathway prior to their final deposition in sediments. The origin of PAHs may also affect 

their ageing in the sediment, which in consequence may alter their mobility. So, it seems important to know the 

origin of PAH compounds. Estimation of some some ratio such as Phenanthrene/anthracene, Fluoranthene/Pyrene 

and low molecular weight/high molecular weight (LMW/HMW) shows that the PAHs in the Chabahar Bay mainly 

originate from the direct seepage of crude oil.  

In conclusion, due to approval of the strategic plan for the development of Makran region, a regular and continuous 

monitoring of pollution including PAHs in the region provides the required valid information for the policy maker 

to set guidelines to achieve a sustainable and environmentally friendly development of the region. 

 

 

https://www.sigmaaldrich.com/catalog/product/aldrich/364630?lang=en&region=US
https://www.sigmaaldrich.com/catalog/product/aldrich/364630?lang=en&region=US
https://www.sigmaaldrich.com/catalog/product/aldrich/364630?lang=en&region=US
https://www.sigmaaldrich.com/catalog/product/aldrich/364630?lang=en&region=US
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1. Introduction  

The results of global models as a source of data can be used to simulate local waves in coastal areas. Before 

applying these models, their results should be compared with the measurement data in the study area. One of the 

most important global models is the ECMWF model. Khosravi et al evaluated the quality of the results of this 

model in the Makran coast area [1]. Wave simulations have been carried out on the shores of Bushehr province 

as part of Mapna desalination plant project. In this project, the characteristics of the waves were measured in the 

study area for 2 months. In this paper, after evaluating the ECMWF model results with the measured data and 

assuring its quality, the local wave simulation is performed using the ECMWF global model results as the model 

boundary. 

Study Area 

The current study area is located in the east of Boushehr Bay which is in the northern coasts of Persian Gulf.  

 
Figure1. Study area and measurement stations 
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2. Materials and methods  

The characteristics of waves were measured in MAPNA seawater desalination project. The distance from each 

station to the coast and the measurement period are presented in Table 1. In addition, the location of the stations 

is shown in Figure 1. As seen in Figure 2, the maximum wave height at stations 1, 2 and 3 is 2, 1.3 and 1.8 m, 

respectively. Also, the average peak wave period at these stations is 3.5 seconds and the dominant direction is 

northwest (300 degrees). 

 

Table1. Characteristics of measurement stations 

Station 
No. 

Depth 
(m.CD) 

Distance from 
Coast 
(Km) 

Date 

1 10 5 03/18/2019-05/11/2019 

2 7 2 05/14/2019-06/22/2019 

3 5 0.85 03/18/2019-06/22/2019 

 

   
Hs-5m Hs-7m Hs-10m 

   
Tp-5m Tp-7m Tp-10m 

   

MWD-5m MWD-7m MWD-10m 
Figure2. Wave characteristics at measurement station 

The European Centre for Medium-Range Weather Forecasts (ECMWF) operates one of the largest supercomputer 

complexes in Europe and the world's largest archive of numerical weather prediction data. ERA-Interim is a 

reanalysis of the global atmosphere covering the data-rich period since 1979 and continuing in real time. As ERA-

Interim continues forward in time, updates of the archive will take place on a monthly basis [2]. 

Due to the lack of up-to-date data on the northern coasts of the Persian Gulf, using ECMWF results as boundary 

data in local models can be helpful. Accordingly, the quality of these data on the northern coast of the Persian 

Gulf has been evaluated with measurement data at station1.The correlation coefficient indicates that the 

oscillations of the waves are well simulated. The BIAS parameter, which is approximately 0.12 m, indicates that 

the difference between the model results and the measurement data is not high, but is overestimate. The RMSE 

parameter shows the spreading of the model result in comparison with measured data is about 30 percent.  The 

comparison between measured data and ERA-Interim results shows in Figure 3. 
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(Peak wave period) 
 

(Mean wave direction) 

 
(wave rose-ERA-Interim) 

 
(wave rose- Measure)  

(Scatter plot) 
Figure3. Evaluating of ERA-Interim model  

Model Setup 

Calculating the significant wave height with different return periods is one of the most important steps in designing 

a seawater desalination plant. Hence the simulation of the waves has been carried out in the MAPNA desalination 

project. In the first step, the results of the ERA-Interim model were used as boundaries.  Secondly, the 

computational grid and effective parameters for simulating waves such as White Capping, Bottom Friction, and 

Wave breaking were determined. Accordingly, the mesh grid was defined by 1214 nodes and 2060 elements. 

Also, the values considered for the parameters are given in Table 2. 

Table2. Calibration Parameters 

Parameter Value 

White Capping Dissipation Coefficient, Cdis = 4.5 
Dissipation Coefficient, Delta= 0.5 

Bottom Friction Nikuradse Roughness, kn= 0.002 
Wave Breaking Gamma Data= 0.8 

Comparison of model results with measurement data at stations 2 and 3 shows that the modeling performed by 

using ECMWF data as boundaries is of good quality. The results of the model are slightly overestimated; however 

the wave oscillations are well simulated. The RMSE parameter at both stations is about 0.25, indicating that the 

dispersion of the modeling results is about 25% compared to the measurement data.  Also, the difference between 

the average of the model results and the average of the measured data is approximately 0.15 m. 
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Figure4. Result of model at station 2 and 3 

3. Conclusion 

Due to the lack of up-to-date data on the Iranian coasts of the Persian Gulf, the results of the ECMWF model have 

been evaluated in this area. First of all, the measured data at a distance of 5 km from the coast are evaluated with 

the results of the model and after assuring the quality of the data the simulation is done. Based on the modeling 

results, it can be said that the ECMWF model results are of good quality for use in local modeling in the northern 

coasts of the Persian Gulf. 
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Abstract 
Coastal environments are always under the pressure of natural processes such as 
erosion, sedimentation, natural disasters as well as human projects. These threats 
have made coastal areas a priority for coastline monitoring and sustainable coastal 
management programs. In this paper, algorithms for separating water and land 
boundaries as well as new sub-pixel methods are presented with the aim of dividing 
large pixels (with low resolution and spatial accuracy) into smaller pixels and creating 
a classified map with better spatial resolution.  Different water identification indices 
and machine learning algorithms were investigated, and two models of Spatial 
Attraction Models were implemented. Results showed that the Sub-pixel / Sub-pixel 
Spatial Attraction Model had more capacity in providing higher resolution and 
precision, while provided 10% reduction in error when compared with observations. 
To skill assess these two methods, the difference in areas created by each method 
compared to the reference shoreline (high resolution aerial image) was computed. 
Also, in order to accurately evaluate and show the high accuracy of sub-pixel 
algorithms, the results of these algorithms should be examined by conventional 
classification methods. The creation of such models is proposed to support integrated 
coastal management in the Persian Gulf region for future studies.    

Keywords subpixel algorithms, shoreline, spatial attraction model, machine learning 
algorithms 

1. Introduction  

Coastal areas are critical and very complex environments; thus, various geophysical parameters must be 

continuously monitored. Nowadays, the use of spectral indices has gained more attention because they are 

considered as less restrictive and more reproducible methods, particularly for applications on a broad or global 

scales (Aires et al., 2017; Pekel, Cottam, Gorelick, & Belward, 2016). A variety of spectral indices have been 

developed recently to track surface water areas using satellite imagery (Jones, 2015; Lefebvre et al., 2019; 

McFeeters, 1996). 

mailto:Siadatmousavi@iust.ac.ir
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Due to the advances in remote sensing science and GIS, integrated techniques have been proposed to extract 

coastlines with different resolutions.   In general, super resolution methods, first introduced by Atkinson in 

1997(Atkinson, 1997), produce sub-pixel-level classification maps. Such algorithms are based on the spatial 

dependence within adjacent pixels (Sánchez-García, Balaguer-Beser, Almonacid-Caballer, & Pardo-Pascual, 

2019; Xiong et al., 2018). 

The nature of the real landscape and the process of obtaining information is complex because many mixed pixels 

exist in remote sensing images, which leads to difficulties in image inspection as well as its use (Nguyen, 

Atkinson, & Lewis, 2005). Assigning mixed pixels to a single class would result in loss of some information, 

which is not appropriate. Soft classifications estimate the proportion of each class within mixed pixels; these 

methods includes the fuzzy c-means classifier (Dewi & Bijker, 2019), decision tree (Poortinga et al., 2019), 

random forest (Zhou, Liu, & Zhang, 2019), and support vector machine (Elnabwy et al., 2020; Navale & Haldar, 

2019). However, machine learning algorithms  

fails to identify the location of these classes in each pixel. Therefore, sub-pixel mapping or sub-pixel placement 

has been proposed as a way to remedy this problem (Wang, Zhang, Hao, & Wang, 2019). 

These methods reduce the potential errors of spectral mixing. Generally Speaking, Spatial Attraction Models solve 

an inverse, illpossessed problem, because minimal image information is not sufficient to achieve the spatial 

distribution of groups on a subpixel scale (Song, Zhong, Ma, & Feng, 2019; Wang, Zhang, Zhang, et al., 2019). 

Spatial algorithms were introduced by creating functions between subpixels and pixels based on the theory of 

spatial dependence. In the SPSAM1 model, attraction occurs between sub-pixels of the central pixel and eight 

adjacent pixels, but in the SSSAM2 model, this occurs for sub-pixels and adjacent sub-pixels.(P. Wang & Wang, 

2017; Q. Wang, Wang, & Liu, 2012). In this paper, the water spectral index and soft classifier were used along 

with spatial attraction models. A detailed description of spatial attraction algorithms is provided in Section 2. 

2. Materials and methods  

The images used in this study are Landsat satellite images with a spatial resolution of 30 meters. Initially, the 

spatial resolution of images are increased to 15 meters using one of the methods of combining satellite images 

with the panchromatic band of Landsat multispectral images. Combining images at the pixel level is the most 

common level of image integration and is used to improve image quality for visual interpretation. GS3 algorithm 

has been used to increase spatial resolution.  Then, to reduce amount of the post calculations in MATLAB software 

processing, a smaller portion of the images were selected.  

 
1 Subpixel/Pixel Spatial Attraction Model 
2 Subpixel/Subpixel Spatial Attraction Model 
3 Gram-Schmidt spectral sharpening 
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The Modified Normalized Difference Water Index (MNDWI) spectral index was used to extract coastlines. Land 

cover ratios must be determined by one of the soft classification methods. The support vector machine (SVM) 

classification method was employed which is a supervised learning system based on recent advancements in 

statistical learning theory. SVM was developed for binary classification. A number of studies have focused on the 

mathematical relationships for SVMs. It requires a dataset for training phase. In this study, according to the 

purpose of extracting the coastline, the selection of two training areas (ROI) is sufficient.  Spatial attraction 

algorithms are applied to these areas. In the following, each of these two algorithms is presented briefly. 

2.1   SPSAM Classification 

In a subpixel/spatial attraction model (SPSAM), the attraction between each subpixel in pixels of coarse resolution 

and its neighboring pixels is calculated to determine the subpixel spatial distribution of each class (Q. Wang et 

al., 2012). Assumptions of this approach is as follows: the model acts on the basis of fraction values in neighboring 

pixels relative to subpixels in a central pixel. A subpixel can only be attractted by pixels around the center pixel 

(which includes the subpixel); as a result, the maximum of eight neighboring pixels can be considered for 

attraction, and the rest of pixels are too far to be attracted (Mertens, De Baets, Verbeke, & De Wulf, 2006). The 

formulas of this method are: 

            𝑆𝐷𝑐𝑓 = ∑ 𝜔𝑘𝐹𝑐(𝑃𝑘)             (1)
𝑁𝐴
𝑘=1  

𝐷𝑐.𝑖𝑗 = ∑ 𝜔𝑘𝐹𝑐(𝑃𝑘) = ∑
𝐹𝑐(𝑃𝑘)

𝑑𝑘

                 (2)

𝑁𝐴

𝑘=1

𝑁𝐴

𝑘=1

 

where  SDcf is the measure of spatial dependence of class c to subpixel pf, NA is the number of neighboring pixels, 

ωk is the weight of spatial dependence, Fc(Pk) is the proportion of the kth neighbor pixel Pk to class c, and dk is 

the Euclidean distance between geometric centers of subpixel pij  and its neighbor pixel Pk. 

2.2   SSSAM Classification 

In the SPSAM method, the subpixels of each neighbor of the central pixel were considered to be the central points 

of the neighboring pixel. Then the spatial attraction for the class c is calculated for the subpixel pij from each 

neighboring pixel as the attractor between the pij center and its neighbor center. Clearly, this description of 

attraction is not always correct because the subpixels of the internal pixel may not be entirely close to the central 

point. Instead, they may be located at a corner or near to a boundary of that pixel so that each pixel cannot be 

considered as a point (Q. Wang et al., 2012). In SSSAM method, the spatial attraction of each neighboring pixel 

is the sum of the attraction between the center pij and the center of each subpixel in the neighboring pixel. Suppose 

pm is a subpixel within Pk, and  dm   is the Euclidean distance between geometric centers of subpixels  pij and pm; 

then the SDcf can be calculated as (L. Wang, Wang, & Liu, 2011) : 

𝑆𝐷𝑐𝑓 = ∑ 𝜔𝑘𝐹𝑐(𝑃𝑘) = ∑ 𝜔𝑘

𝐹𝑐(𝑃𝑘)𝑆2

𝑆2

𝑁𝐴

𝑘=1

𝑁𝐴

𝑘=1

=
1

𝑆2
∑ 𝜔𝑘𝑥𝑐𝑚 =

1

𝑆2
∑

𝑥𝑐𝑚

𝑑𝑚

𝑁𝐴𝑆2

𝑚=1

𝑁𝐴𝑆2

𝑚=1

       (3) 
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 Mixed pixel  Pab in the coarse low resolution image (i.e. fraction image) is selected. Attractions for subpixels 

within  Pab caused by each class from neighbors are calculated according to equation (3). The subpixels with the 

highest attraction values are allocated to the corresponding class. The flowchart of the research process is given 

in Figure 1. 

 
Figure 1. Flowchart of the proposed methodology for extraction coastlines 

3. Results  

In this research, three spatial subsets have been cut from Landsat satellite imagery from rocky areas of Hormozgan 

province close to Bonod and Tobon coasts. It should be noted that the choice of rocky parts of the coastal areas 

has been made to ignore tidal changes. To evaluate the accuracy of the methods in extracting the coastline, the 

difference between the areas created between the estimated coastline from each method and the reference coastline 

should be calculated. It is important to note that the drawing lines on the raster vector are hard to classify without 

smoothing, and the reference shoreline is drawn using aerial images with a pixel accuracy of 20 cm. It is clear that 

the method, which provides a smaller total area, has better accuracy in extracting coastlines. Due to the limited 

number of pages of the article, the results of one area are displayed (area 2). Figure 2 shows the three parts of area 

2 with reference lines (aerial photographs) and the estimated coastline from each method. 
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Figure 2. There are 3 parts of area 2 with a rocky part and close to the coasts of Bonoud, The colors are green, blue, and red, 

respectively, for the shoreline, the reference extracted from the aerial image, and the output of the SPSAM and SSSAM methods. 

4. Discussion and conclusion 

According to the error index for 3 study areas, the SSSAM method outperformed SPSAM method. The SPSAM 

method makes more mistakes due to the fact that it considers only the central values of the adjacent pixels and 

ignores the values of the corners. In contrast, in SSSAM method, these values are considered. The total area 

difference of the SSSAM method is less than the SPSAM method (Table 1). From the ratio of the obtained areas, 

the reduction of the error of the second method can be estimated as ~10%. 

Table 1: Differences in areas for each method and the reference shoreline (area 2) 

Methods Total areas  (m2) 

SPSAM 5577.29 

SSSAM 5189.57 

It should be noted that better results occurred when appropriate water spectral index and better classifier were 

used.  In the latest research on the extraction of water bodies and between types of spectral indices, the combination 

of SVM classification with MNDWI index has achieved the best results among related techniques with desirable 

spatial and spectral quality. For this reason, this technique was used in this study. Table 2 shows the comparison 

between the Support Vector Machine (SVM) with the results of two sub-pixel algorithms on area 3. 

Table 2: Comparison between methods on area 3 
Methods Total areas  (m2) 
SPSAM 3386.29 
SSSAM 3593.67 

Support Vector Machine 4471.62 
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A 30-day trial was conducted to evaluate the effects of different weaning strategies on growth and survival of 

yellowfin seabream larvae (Acanthopagrus latus). Eight feeding strategies were carried out by applying 

different combinations of two sizes (75 and 150 µm) of a microdiet (MD) (Skretting® 

GemmaMicro®) and live food (LF) including super small type marine rotifer (Brachionus 

rotundiformis) and Artemia metanauplii in triplicate (Three tanks per each treatment) including 

(A): 100 LF: larvae fed only live food (100%) including rotifers and Artemia metanauplii from 

2 to 30 dph; (B): 75LF-25MD: 25% of the amount of live food in 100LF treatment was replaced 

with MD from 2 to 30 dph; (C): 50LF-50MD: 50% of the amount of live food in 100LF 

treatment was replaced with MD from 2 to 30 dph; (D): 25LF-75MD: 75% of the amount of 

live food in 100LF treatment was replaced with MD from 2 to 30 dph; (E): 100 MD: larvae fed 

only on MD (100%) from 2 to 30 dph; (F): Sudden weaning: Co-feeding of MD with rotifers 

from 2 to 5 dph followed by feeding only with MD from 6 to 30 dph; (G): Early weaning: Co-

feeding of MD with rotifers from 10 dph to 14 dph followed by feeding only with MD from 15 

to 30 dph and (H): Late weaning: Co-feeding of MD with rotifers and Artemia metanaupli from 

12 dph to 20 dph followed by feeding only with MD from 21 to 30 dph. The amount of supplied 

MD were fixed between 0.4 to 2.0 g tank-1 day-1 from 2 to 30 dph according to the larval 

developmental stage. At the end of the trial larvae in E (10.5 ± 3.5) and F (16.9 ± 4.8) groups 
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had the least survival rate, but A (51.8 ± 10.7), B (54.7 ± 4.5) and C (56.2 ± 4.0) groups showed 

the greatest survival rate and the other treatments demonstrated intermediate values (Fig. 1). 

At the end of the trial 30 days post hatch (DPH), larvae from A, B, C and H had the greatest 

total length and wet weight values. Furthermore, gradual replacement of LF with MD over 50% 

in D and E groups reduced total length and wet weight in A. latus larvae. Moreover, application 

of sudden or early weaning strategies also remarkably compromised total length and wet weight 

of larvae compared to the late weaning strategy (P < 0.05).  The results of the present study 

demonstrated that replacement of 50% of LF with MD and application of late weaning 

strategies did not compromise growth and survival in A. latus larvae.  

 

 




