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	Introduction

	The Kingdom of Bahrain consists of an archipelago of 36 islands, lying centrally on the southern shores of the Arabian Gulf between latitudes 25° 32' and 26° 20' north and longitudes 50° 20' and 50° 50' east. The nearest country is the Kingdom of Saudi Arabia, which is about 22 km away from the western coast of the main Bahrain Island, while Qatar is also adjacent to the Hawar Islands.

The total marine territorial area is approximately 7510 km², which is about 91% of the total Bahrain area. The coastline of Bahrain consists of about 570 km of varied and rich environment, including coral reefs, seagrass beds, mangroves, salt marshes, rocky shores, algae, sandy shores, mudflats and mixed shores (Price et al.,1984; Vousden,1988 & 1995; Sims and Zainal, 2000; Al Zayani, 2003). The main objective of this chapter is to show the geographical distribution of these“critical marine habitats“ as they exist in our marine environment, either as pure or mixed stands.  
The information presented in thi schapter is based on th eoutcome of the MARGIS-II project which was completed by GEOMATEC in 2006. A lot of time and efforts went into the implementaion of this of this 2-year project, combining extensive offshore field surveys with satellite-based classification techniques.  Only a brief summary of the scintific techniques used is presented in this chapter along with the summary of the main results obtained. More technical details on the technques used, the input data and the results can be found in the original MARGIS-II finla report from GEOMATEC. Semilary, this chapter presents only a brief description of the marine habitas as they relate to the calssified habitas.  More scientific details on the individual habiats and their importance can be found in the following chapters (4 and 5). 
Field Survey Methodology 
Some 441 intertidal sites were selected, in addition to 345 sites selected from previous surveys conducted as a part of earlier EIA studies. These additional locations were used in this project as reference stations only, and for the purpose of assessing changes. The same approach applied to subtidal areas where some 121 additional sites were selected from previous surveys. 
In total, 735 intertidal and subtidal sampling stations were selected (294 of these were for subtidal stations and 441 for intertidal stations) pre-selected and plotted on large-scale survey maps. A total of 15 scientists and divers took part in the surveys, which mainly took place between May to July 2005.  A second survey dedicated to marine photograpy (both above and underwater) took place in the month of Febrauary 2006. In each location the habitats were photographed (both still and video) and the data recorded using field data collection procedures described in detail in the original MARGIS-II report.  The collected data were processed and anlysed using GIS. 

There are many approaches used worldwide to categorize and “label” the specific type of marine habitats in the field. Moreover, there are some habitats that occur in the intertidal areas only, while other habitats are found only in the subtidal zone. The following protocol was used to identify habitat classes in the subtidal and intertidal zones: a pure habitat class should cover 75% or more of the same habitat in the sampled location. If the habitat percentage converage is observed to be well below 75% cover, then the two most dominant habitats determine the class identity (e.g. seagrass and sand, sand and mud, coral and rock etc). 
A habitat class is labeled as “mixed habitat” in the field, if it was found to meet one of the following conditions; a) a small patch that contains a pure stand of one habitat adjacent to another patch of different type of habitats (e.g. seagrass next to sand, sand to mud, algae next to rock and sand …etc), or b) an area that contains various types of habitats in different proportions, or mixed together.  For the present project, the entire study area was categorized into 16 habitat classes. This was done based on knowledge of the area and its dominant habitats (from earlier MARGIS I experience).  The 16 identified classes which were used in the classification are the following; 1-Algae, 2-Corals, 3-Sea-grass, 4-Sand, 5- Mud, 6-Rock, 7-Mangrove, 8-Salt marsh, 9-Sabkha, 10-Rock-Sand, 11-Coral-Rock-Sand, 12-Algae-Rock-Sand, 13-Mud-Sand, 14- Mixed Habitats, 15- Deep water mud, Deep water mixed habitats.  
Remote Sensing Satellite Data Used
The choice of remote sensing imagery is an important consideration which depends on the desired application, as different sensors have different spatial and radiometric specifications which suites certain applications more than others.  The remote sensing satellite data used in this project is from ASTER acquired in August 2005 to cover the entire territorial waters of Bahrain (Figure 3.1). ASTER (Advanced Space Borne Thermal Emission & Reflection Radiometer) is an imaging sensor instrument onboard NASA's Terra satellite. It has 14 spectral bands, three of them being in the visible-near infrared (VNIR) region. This satellite was used because of its bandwidth and spatial resolution which are optimized for coastal applications. The visible bands of ASTER are somewhat similar to those of Landsat TM, which were found to be very useful for shallow water coastal studies. For this study, only the VNIR bands were used because of light atenuation beyond the NIR region. The 3 bands in the VNIR region have a spatial resolution of 15 m.

The capability of satellite sensors to see through the water column, up to a certain depth below the sea level, has enabled the detection and mapping of submerged habitats. This is particularly applicable in Bahrain teritorial waters, where the waters are generally very shallow (see the batymetry section in chapter 1 under introduction). 
Habitats' Classification from Satellite Data
Digital image classification is the process of grouping image pixels based on their spectral properties; in this case according to the properties of the different habitats. There is no standard classification scheme for defining habitats. It varies from area to area depending on the nature and characteristics of the area.  Supervised classification based on Maximum Likelihood classifier was used in this project as it was proved to produce better accuracy results in this kind of complex environments (Zainal et, el, 1993). 

	
	Figure 3.1 ASTER image scenes for the study area.

	For the present study, image classification was restricted to 8m depth only. The justification for this was derived from the work of Zainal et. al. (1993) who found that masking of deep areas (>7m) improves the accuracy of classification significantly (due to signal attenuation in deep waters).  The results of the supervised classification are presented by figures 3.2.1, 3.2.2 and 3.2.3. 
The accuracy was computed for two depth zones separately; 0-3 meter, and >3 - 8 meters. The overall accuracy was calculated by dividing the total number of pixels assigned by the classifier to the correct class, by the total number of sampling points/pixels used for accuracy assessment. The overall accuracy obtained (based on random sampling) was 81 % for the shallow water zone, and 75 % for the deeper zone.  These are considered “high” accuracies given the complex nature of submerged marine environments.  For more detailed information on the accuracies obtained refer to the original MARGIS-II report. 

	
	
	
	
	
	Figure  3.2.1  Marine habitat classification map, Kingdom of Bahrain. 


		
	Figure 3.2.2 Marine habitat classification map of the northern part of the study area. 

	Figure 3.2.3 Marine habitat classification map of the southern part of the study area. 


	The following paragraphs give brief information on the 16 habitat classes identified from the image classification of the study area (Figure 3.2.1).  For more details on the individual habitats refer to chpaters 4 and 5. 

	Algae 

Algae dominated habitats occur in the eastern intertidal and subtidal areas of the Bahrain main island and around Hawar islands (Figure 3.3). The survey classified four main types of algae during the fieldwork, which were; Green algae, Red algae, Brown algae and coralline algae. It is very difficult to categorize these types to sub-classes using the remote sensing techniques. This class represents one or more type of algae as the dominant habitat associated with hard substrate or soft substrate.

	MISSING

	Figure 3.3 Algae habitats in the eastern intertidal and subtidal areas of Bahrain's main island and around the Hawar islands. Source: Geomatec

	Coral 

Corals were found in Bahrain waters covering less than 5% of the reef areas in Fasht Al Adham, Fasht Al Jarim and Khor Fasht (Figure 3.4). The most healthy and diverse coral reefs in Bahrain waters are located in Fasht Abu-thama, which is about 75 km north of the mainland. Live corals are therefore not abundant in the off-shore areas of Bahrain, and most of the existing stands are under threat. 


	MISSING


	Figure 3.4 Coral reef areas in Fasht Al Adham, Fasht Al Jarim and Khor Fasht.

Source: Geomatec

	Seagrass 

Dense seagrass beds (75-100% coverage) occur mostly on sandy substrates. There are three species of seagrass, which are well known in Bahrain. These species are Halodule uninervis (Forsskal) Ascherson, Halophila ovalis (R. Brown) Hooker, Halophila stipulacea (Forsskal) Ascherson. 

Bahrain seagrass beds cover a large area of the sea bottom and provide a good habitat for many important marine species. The majority of the seagrass habitats in Bahrain territorial waters are located in the eastern subtidal waters, mainly from south of Fasht Al-Adham to the Hawar Islands (Figure 3.5). The second largest seagrass beds are found in the western subtidal areas. In addition, most of the mixed habitat occurs in the 3-8 meter depth zone and consists mainly of seagrass mixed with sand, rock and algae.

	MISSING


	Figure 3.5 Seagrass habitats in Bahrain territorial waters.

Source: Geomatec

	Sand

This class represents all grain sizes of sand such as fine, medium, coarse, gravel and mixed grain sand. This habitat exists in the intertidal zone, and shallow and deep subtidal zone (Figure 3.6). 


	MISSING


	Figure 3.6 Marine sand areas in Bahrain.

Source: Geomatec

	Mud 

Mud is a fine sedimentary material (silt and clay), usually comprising both organic and inorganic material, and water. In this class mud usually occur as mudflat in the intertidal zone. Mudflat is a habitat of accumulated sediment, dominanted by clay or silt grains exposed at low tide. 

The mud habitats are rare in the coastal environments of Bahrain. It is concentrated along the eastern coast of the main island of Bahrain and in the internal parts of the Hawar Islands and at some internal areas on Muharraq Island (Figure 3.7).


	MISSING


	Figure 3.7 Mud habitats on main island of Bahrain, Hawar Islands and Muharraq Island. Source: Geomatec

	Rocks

This habitat represents exposed rocks, occurring in the intertidal areas, and rock reef exposed to wave energy in the subtidal areas. This habitat is important for rocky shore species such as crabs. Pure rocky shores in Bahrain's marine environment are rare, usually mixed with sand and mud in the intertidal zone (Figure 3.8). 


	MISSING


	Figure 3.8  Rocky shores in Bahrain. Source: Geomatec

	Mangrove 

Mangrove plants which are represented by a single species Avicennia marina can be found only in Tubli Bay. The other mangrove plants occur in Dohat Arad as an artificial habitat after transplantings in the mid 1990's by the Fisheries Department in Bahrain (Figure 3.9). 
This habitat class represents mangrove trees as a dominant species, occurring in the coastal areas. Usually the substrate associated with mangrove is mud, or mud and sand. Salt marsh is usually also associated with mangrove particularly within the supratidal zone.

	MISSING


	Figure 3.9  Mangrove habitats in Bahrain. Source: Geomatec

	Salt Marsh 

This class is represented by salt marsh vegetation, occurring in the coastal areas mostly in the supratidal zone. The substrate associated with salt mash is sand, or mud and sand. Salt marsh are rare in Bahrain's coastal areas and are mostly found on the eastern shores and also on the Hawar Islands (Figure 3.10). 


	MISSING


	Figure 3.10  Salt marsh habitats in Bahrain. Source: Geomatec

	Sabkha 

Sabkha is a flat coastal landform with distinctive soil structure including salt crust, which is often broken and forced up into ridges. Sabkha usually occurs in low land, adjacent coastal areas mostly within the supratidal zone.

In Bahrain  many sabkha occur in the southern areas of the country, near Ras Al Bur and also on the Hawar Islands (Figure 3.11).


	MISSING


	Figure 3.11  Sabhka in Bahrain. Source: Geomatec

	Rock & sand 

This class is one of the dominant classes that occur in coastal and subtidal areas (Figure 3.12). It is characterized by a flat hard bottom, covered by a layer of sand. The thickness of the top sand varies from one area to another.

	MISSING


	Figure 3.12 Rock and sandy areas in Bahrain. Source: Geomatec

	Coral-rock-sand 

This class represents live corals with cover less than 75% of the habitat. The live coral is usually associated with rock pavement as a substrate and mixed with sand (Figure 3.13). 

	MISSING


	Figure 3.13  Coral-rock-sandy areas in Bahrain. Source: Geomatec

	Algae-rock-sand 

This class generally represents algae (less than 75% cover) associated with sand, or a rock pavement covered by sand (green algae found with sand & red and brown algae found with hard rock substrate, Figure 3.14). 


	MISSING


	Figure 3.14 Algae-rock-sandy areas in Bahrain. Source: Geomatec

	Mud & sand 

This class is representative of areas covered by a mixture of fine soil, sand and silt 

	MISSING


	Figure 3.15  Mud and sand areas in Bahrain. Source: Geomatec

	Mixed habitats 

This class contains a mixture of many types of habitats such as seagrass, algae, rock, sand and mud, occurring in varying proportions and within a depth of 0 to 8 meters. Many Large patches within the study area fall into this category (due to the natural mixed occurrence of marine habitats) in addition to the cut-off limits used to accept pure habitat stands (i.e. 75 %, Figure 3.16). 

	MISSING


	Figure 3.16 Mixed habitats in Bahrain. Source: Geomatec

	Deep water mud 

This class represents the areas that are covered by mud (fine sediments in the form of clay or silt) which are found in more than 8 meters depth (Figure 3.17). 

	MISSING


	Figure 3.17  Deep water mud habitats in Bahrain. Source: Geomatec

	Deep water mixed habitats 

This class is represented by areas deeper than 8 meters, and is covered by one or more of all the habitats, mixed in varying proportions (Figure 3.18). 

	MISSING


	Figure 3.18  Deep water mixed habitats in Bahrain. Source: Geomatec

	Ecological Value Index Mapping (EVI)
The habitats classification output from figure 3.2.1 was used as input along with three more data layers to generate the Ecological Value Index (EVI) map.  EVI provides an effective decision support tool for assessing and reporting the 'relative' ecological significance of environmental areas in geographical space.  The three other data layers used for this study area are the following;
· Fish-catch map data

· Distribution of endangered species

· Distribution of seabirds on Bahrain shores

A multi-criteria approach was used for the derivation of the EVI map.  Four different criteria were used for the analysis of the marine habitat attribute layer, namely biodiversity, rarity, vulnerability and recoverability; two criteria for the fishing grounds, and one each for the quality of the sea-bird areas, and the areas of endangered species.  The result of the final 
Figure 3.19 EVI map generated for the territorial waters of Bahrain 

(Source: MARGIS-II report from GEOMATEC)

EVI analysis is shown in figure 3.19.  Based on this output the EVI identified the following off-shore areas as being ecologicaly most important. 

· Fasht Bulthama

· Hayr Shtaya

· Fasht Al Jarim

· Fasht Al Adham

· Areas south of Fasht Al Adham to Hawar island. 

The importance of these areas is associated with the diversity of their habitats, the fisheries production and their significance as feeding areas for endangered species and sea birds.  Chapter 12 provides more environmental details on the importance of these areas. 
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