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ABSTRACT 
Marine fish cage culture (aquaculture/mariculture) is a rapidly 

growing food production method globally and in the Persian Gulf, yet 

it is highly sensitive to site selection. A sustainable approach to site 

selection can result in nutrient-rich, healthy, and continuous food 

production yields. Conversely, poor site selection can lead to 

excessive pollution, low yields, and operational failures, which can 

severely degrade the coastal/marine environment. Although the 

Persian Gulf has a history of aquaculture, suitable site identification 

and capacity assessment remain underexplored. Targeted research is 

crucial to optimize sustainable aquaculture, supporting both 

economic and ecological goals. This research presents a 

comprehensive sustainable method for probing and selecting 

appropriate sites for mariculture along the northern Persian Gulf 

coastlines. The selection process considers various factors, including 

hydrodynamic and meteorological parameters that impose restriction 

on mariculture practice as well as environmental parameters that 

affect fish production, potential environmental impacts, 

infrastructure availability, and the interests of other coastal users. 

Considerations also include the impact on coastal security, 

environmentally protected areas, recreational activities, tourism, 

navigation, and other fishery interests. By integrating all geographic 

data layers into GIS, suitable areas and potential capacity for the 

practical implementation of sustainable fish cage culture along the 

northern Persian Gulf coastlines were revealed. The analysis reveals 

the identification of six distinct regions along the northern shoreline 

of the Persian Gulf, encompassing a total area of one million square 

kilometers. These delineated areas currently are able to facilitate a 

cage culture production capacity estimated at approximately 200 

kilotons per annum. 
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1. Introduction  
Marine aquaculture is recognized as one of the fastest-growing 

and most vital industries globally [1], [2], [3], [4], offering a means 

to alleviate pressures on marine and coastal ecosystems while 

meeting essential food demands [5]. Furthermore, marine 

aquaculture plays a significant role in enhancing food security [6], 

[7]. According to the United Nations Food and Agriculture 

Organization, "Food fish has a nutrient profile superior to all 

terrestrial meats, serving as an excellent source of high-quality 

animal protein and highly digestible energy”. It also provides 

abundant omega-3 polyunsaturated fatty acids (PUFAs), fat-soluble 

vitamins (A, D, and E), water-soluble vitamins (B complex), and 

essential minerals (calcium, phosphorus, iron, iodine, and selenium).  
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Fish is considered a staple animal protein 

source with the potential to address various 

aspects of global malnutrition. When 

mariculture operations are both sustainable 

and profitable, they enhance food 

availability and access, essential for 

alleviating poverty and bolstering economic 

resilience. Additionally, mariculture can 

reduce the pressure on wild fish populations, 

allowing these stocks to stabilize if properly 

managed, thereby supporting the traditional 

fishing industry. Success in the practice of 

mariculture of various animal and plant 

species in terms of both quantity and value 

and maintaining a diverse production 

portfolio ensures a stable food supply amidst 

fluctuating prices and the availability of wild 

fish [8]. Moreover, a profitable commercial 

aquaculture industry generates employment, 

supports ancillary businesses, contributes to 

tax revenues, and fosters further investment 

in the science and technology of sustainable 

aquaculture. 

Commercial mariculture can have 

devastating impacts on coastal 

environments, particularly coral reefs. 

Eutrophic pollution from mariculture 

operations has been documented to affect 

coral reefs up to 80 kilometers away [9]. 

Several commercial mariculture operations 

worldwide have caused significant 

environmental degradation and destruction 

to coral reefs [10], [11], [12], [13], [14]. In 

response, regional and national governments 

have had to permanently shut down these 

operations. These failures resulted from 

exceeding the environmental carrying 

capacity of their locations, leading to 

eutrophic “Dead Zones” characterized by 

decreased dissolved oxygen levels and the 

accumulation of inhospitable hydrogen 

sulfide in both the benthic environment and 

water column. However, some commercial 

mariculture operations near coral reefs have 

demonstrated minimal environmental 

impacts. These successful operations 

typically ensure that mariculture activities do 

not exceed the environmental carrying 

capacity of the location and actively reduce 

the enrichment load of the operation to 

maintain this balance. Determining the 

environmental carrying capacity of a 

proposed mariculture site is crucial for 

designing sustainable operations. Despite 

this, environmentally sustainable 

mariculture density levels are often not 

optimal for profitability or product yields. As 

a result, many operations increase fish 

density and growth rates to enhance 

profitability, which can gradually lead to 

environmental degradation. Gao and Dong 

[15] reviewed the technical, environmental, 

spatial, and governance challenges 

associated with expanding mariculture 

offshore. Their findings suggest that site 

selection must integrate ecological 

sustainability with socio-economic factors. 

Their study underscores the importance of 

robust regulatory frameworks and 

stakeholder engagement in ensuring the 

long-term viability of offshore fish cage 

culture. 

wave and current dynamics play a crucial 

role in site selection. Properly understanding 

and modeling these forces can prevent 

structural failures and optimize fish cage 

placement for better stability and 

productivity. The environmental carrying 

capacity for sea cage culture in the Persian 

Gulf, emphasizes the importance of current 

velocity and other hydrodynamical 

characteristics and their effect on rate of 

deposition of organic matter onto sediment, 

in site selection. Therefore, careful 

consideration of such parameters can 

significantly enhance fish production while 

minimizing ecological impacts. This 

approach ensures sustainable development in 

aquaculture by balancing productivity with 

environmental protection. Lapenkov et al. 

[16] investigated the seasonal dynamics of 

geochemical characteristics in sediments 

around fish farms in Lake Ladoga, Russia. 

Their findings reveal that seasonal variations 

in organic pollution can influence site 

suitability. The study advocates for current 

speed being an important parameter in site 

selection, as it plays the most significant role 

in transporting out the pollutants. Jiang et al. 

[17] modeled the impact of aquaculture 
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facilities on hydrodynamics and solute 

transport in the North Yellow Sea. Their 

research highlights the importance of 

understanding the interactions between 

culture systems and the marine environment. 

Proper site selection considering 

hydrodynamic characteristics such as 

minimum and maximum current speed in the 

region should account for these interactions 

to prevent adverse effects on water quality 

and marine ecosystems. Liu et al. [18] 

utilized numerical simulation and similarity 

theory to model the settling flux of 

biodeposition in cage culture environments. 

Their research, conducted in a bay setting, 

provides insights into managing nutrient 

loads and maintaining water quality. This 

methodology is pivotal for sustainable cage 

culture practices, emphasizing the need for 

detailed hydrodynamic studies in site 

selection processes. 

The importance of effects of extreme sea 

conditions on cage structure, mooring loads, 

carrying capacity and fish yields have been 

probed by many researchers [19], [20], [21], 

[22], [23]. Lee et al. [21] examined the 

dynamic responses of floating fish cages to 

waves and currents, crucial for structural 

integrity and fish health. Their simulation 

studies indicate that careful consideration of 

hydrodynamic forces is essential in site 

selection to prevent structural failures and 

ensure the safety and productivity of the 

aquaculture operations. Lader et al. [22] 

conducted an experimental investigation on 

the wave response of closed flexible fish 

cages. Their findings are crucial for selecting 

sites that minimize wave-induced stress on 

cage structures. By understanding the 

interactions between waves and cage 

systems, aquaculture operators can choose 

locations that enhance the structural stability 

and safety of their operations. Swift et al. 

[23] focused on the effects of biofouling on 

the carrying capacity of marine fish cages. 

Their experimental work suggests that 

biofouling can significantly increase drag 

forces, leading to structural stress and 

reduced water flow. This study emphasizes 

the need for considering both minimum and 

maximum current speeds in site selection in 

areas with substantial biofouling risks to 

ensure the longevity and efficiency of fish 

cages. 

Inland facilities and supporting 

infrastructure are crucial for the successful 

operation of aquaculture facilities. Despite 

being theoretically perfect for aquaculture, 

the majority of coastal areas require 

extensive infrastructure development before 

they can realize their full production 

potential [24]. Key infrastructure 

components include access to all-weather 

roads to facilitate efficient transportation of 

operational supplies, personnel, and 

harvested fish. Additionally, proximity to an 

electrical supply is essential for powering 

water pumps, office air-conditioning, and 

ice-making facilities, especially at nurseries 

and fish landing sites. Furthermore, cage 

culture sites should be equipped with a jetty 

featuring sufficient water depth to safely 

accommodate boats carrying feed and 

harvested fish, even under adverse weather 

conditions. The effects on recreation and 

tourism, as well as the impact on navigation 

and other fishery interests, must be carefully 

considered to ensure that the selected site is 

suitable for cage aquaculture and does not 

adversely affect other important coastal 

activities and interests.  

Geographic Information Systems (GIS) 

can significantly aid in solving site selection 

problems by analyzing spatial data to 

identify optimal locations based on various 

criteria such as proximity to resources, 

geophysical constraints, environmental 

conditions, and infrastructure availability. 

Micael et al. [25] utilized Geographic 

Information Systems (GIS) in a multi-

criteria decision-making tool for mariculture 

site selection. Their approach integrates 

physical, chemical, and socio-economic 

factors, providing a holistic framework for 

identifying optimal sites. This study 

underscores the value of advanced spatial 

analysis techniques in making informed site 

selection decisions. A study by Salama et al. 

[26] identified suitable sites for finfish cage 

farming along the eastern Red Sea coast of 

Saudi Arabia. The research utilized GIS-

based models to analyze water quality, 
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temperature, and current patterns. Their 

approach highlights the importance of site-

specific environmental assessments to 

optimize fish growth and minimize 

ecological disturbances. Jayanthi et al. [27] 

employed a spatial analysis method to map 

coastal lagoon characteristics, crucial for 

determining suitable sites for aquaculture. 

Their study on the southeast coast of India 

highlights the importance of environmental 

parameters such as salinity, water depth, and 

substrate type. This comprehensive approach 

ensures optimal site selection that minimizes 

ecological impact while maximizing 

aquaculture productivity. 

The study area of this study encompasses 

the northern shoreline of the Persian Gulf 

(Figure 1). The Persian Gulf is a shallow, 

semi-enclosed water body with a total 

surface area of 251,000 km². It is situated 

between the Arabian Peninsula and Iran, 

extending 1,259 km from the Arvand River 

delta to the Strait of Hormuz. The deepest 

point of the basin reaches 120 meters near 

Small Tunb Island, with potentially greater 

depths in the Strait of Hormuz. The 

shallowest points range from 0 to 30 meters. 

Despite the longstanding utilization of the 

Persian Gulf for aquaculture, a 

comprehensive understanding of the most 

suitable locations and the actual capacity for 

such practices remains inadequately 

explored. This oversight hinders the 

optimization of aquaculture potential in the 

region, underscoring the necessity for 

targeted research and assessment. 

Identifying ideal sites and quantifying their 

capacities are essential steps toward 

enhancing sustainable aquaculture practices 

in the Persian Gulf, thereby fostering both 

economic growth and ecological balance. 

 In the Persian Gulf, local resistant fish 

species include Gilthead Seabream (Sparus 

aurata), European Seabass (Dicentrarchus 

labrax), and Sobaity Seabream (Sparidentex 

hasta) [28]. Additionally, several candidate 

species have been identified for potential 

cage culture development, such as Silver 

Pomfret (Pampus argenteus), Milkfish 

(Chanos chanos), Cobia (Rachycentron 

canadum), Asian Seabass (Lates calcarifer), 

Rabbitfish (Siganus canaliculatus), and other 

Seabream species (Sparidentex hasta ‘sheim’ 

and Acanthopagrus latus ‘sobiaty’) [29]. At 

present, no comprehensive site selection 

study or authoritative reference exists 

specifically addressing the details of cage 

culture of any above-mentioned species 

within the Persian Gulf. The data and results 

presented in this study aim to provide a 

preliminary framework for investors, 

planners, and policymakers to support the 

strategic development of the marine 

aquaculture sector. The threshold values for 

environmental and technical parameters used 

in this assessment were derived from widely 

accepted scientific and official sources and 

relevant literature. 

 

 
Figure 1: Study Area, the Persian Gulf 
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Jahani et al. [30] explored the impacts of 

cage aquaculture on the benthic environment 

in the Persian Gulf. Their research 

demonstrated that organic enrichment from 

fish farming significantly affects sediment 

quality. The study highlights the need for site 

selection criteria that consider sediment 

health to mitigate negative environmental 

impacts, advocating for more stringent 

regulatory measures in the site selection 

process. Risk et al. [28] developed a 

hydrodynamic circulation model for the 

Persian Gulf, allowing the tracking of 

dissolved material paths. In a model run 

simulating one year of full operation for the 

proposed number of fish farms, it is 

estimated that most reefs on the Iranian side 

will be exposed to nutrient levels too high for 

reef survival. Significant trans-border 

movement of nutrients is expected, affecting 

the waters of neighboring countries. In fact, 

within a few years, the entire Gulf will be 

impacted. These planned aquaculture 

projects have the potential to damage 

mangroves and destroy all reefs in the 

Persian Gulf in a very short period of time. 

Abbasian et al. [14] conducted a numerical 

experiment, along with data gathering from 

sediment samples, showing that the farms’ 

“footprint” of anoxic bottom conditions 

extends much beyond the actual size of the 

farms (exceeding 2 km) in the Persian Gulf, 

due to dominant tidal currents. These studies 

indicate that it is essential to consider the 

hydrodynamic characteristics of the study 

area, including currents, waves, winds, and 

surges, as the primary limiting factors for 

selecting sites for fish cage culture. 

Despite the valuable efforts made to 

identify various aspects of cage aquaculture 

in the Persian Gulf, a comprehensive site 

selection study that considers all effective 

parameters is still unavailable. This study 

developed a comprehensive and sustainable 

methodology for selecting appropriate sites 

along the northern Persian Gulf coastlines, 

aiming to identify optimal locations for 

mariculture activities. The process requires 

evaluating multiple parameters, including 

environmental factors influencing fish 

production, potential ecological impacts, 

infrastructure availability, and the interests 

of other coastal stakeholders. By integrating 

and visualizing data layers using GIS, it 

became possible to evaluate multiple factors 

simultaneously, streamline the selection 

process, and make informed, data-driven 

choices aligned with the scope of this study. 

Specific considerations, such as 

hydrodynamic and meteorological 

restrictions, proximity to conservation areas, 

operational techniques, local planning 

context, landscape impacts, and access to 

essential infrastructure, were implemented 

as the main criteria. This inclusive approach 

ensures that the proposed mariculture sites 

are environmentally sustainable while 

addressing the needs and concerns of all 

parties involved in the management of 

coastal resources. 

 

2. Materials and methods 
It is necessary to determine the most 

effective criteria in site selection for cage 

aquaculture. Based on reviews in the 

literature, the selection of suitable sites for 

mariculture is influenced by several factors. 

Environmental (chemo-physical) parameters 

are crucial in determining a site's suitability 

for fish production. Additionally, potential 

environmental impacts must be considered, 

along with the infrastructure needed to 

service aquaculture operations. Safeguarding 

the interests of other users of coastal waters 

is also essential. Proximity to existing fish 

farms, which may influence the viability and 

sustainability of the proposed site, must be 

thoroughly evaluated. Proximity to nature 

conservation interests, including coral reefs 

and environmentally protected areas, is 

another critical consideration. The planning 

context, including local plans or coastal zone 

designations and existing aquaculture zones 

or plans, plays a significant role in 

determining the feasibility of a new site. 

Potential impacts on the landscape and visual 

seascape must be evaluated, along with the 

availability of land access and necessary 

infrastructure. Additionally, the impact and 

proximity to areas of coastal security and 

other activities or restrictions, such as 
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environmental protected areas or military 

zones, are important factors. 

The capacity for fish production by cage 

culture depends on several parameters, and 

fish farms cannot be placed very close 

together. The primary reason for this spacing 

is to allow sufficient water current to pass 

along the cages, flushing out bio-deposits. 

Another major concern is to maintain a 

contingency plan for epidemic diseases, 

preventing widespread infections among 

adjacent farms. Laws and regulations vary 

significantly worldwide. In this study, a 

minimum distance of 3 km between 

medium-sized farms with a capacity of 1500 

tons per year is assumed to be sufficient, 

according to FAO/World Bank [31]. Such a 

farm would comprise 12 floating cages, each 

with a capacity of 125 tons per year, 

featuring a high-density polyethylene 

(HDPE) collar diameter of 28 meters and a 

net depth of 10 meters. This cage size is 

commonly used by local fish industries. This 

estimation approach yields a nominal 

production capacity based on the suitable sea 

surface area. However, many of these sea 

areas are adjacent to undeveloped lands that 

lack the infrastructure necessary to support a 

viable mariculture industry. Accordingly, a 

practical capacity should also be estimated, 

as it is substantially lower than the nominal 

figures. Finally—and importantly—this 

study does not address the total carrying 

capacity of the Persian Gulf. As a semi-

enclosed water body, it has a finite ability to 

absorb biomass discharges without 

compromising its ecological integrity. 

Accurately estimating this overall carrying 

capacity would require extensive 

environmental monitoring and detailed 

biogeochemical analyses, which lie beyond 

the scope of this study. 

A good data collection method for the 

Persian Gulf’s metocean in relation to 

aquaculture should combine direct 

measurements, satellite observations, and 

numerical model outputs. Instruments like 

ADCPs, buoys, tide gauges, and CTDs help 

measure currents, waves, sea level, and water 

quality. Satellite data (e.g., from MODIS 

[32]) provide useful large-area information 

like sea surface temperature and chlorophyll. 

Additionally, local and global ocean models 

(such as HYCOM [33]) can supply 

continuous and historical datasets needed for 

planning and monitoring aquaculture 

operations. Satellites such as MODIS help 

monitor sea surface temperature and algae. 

Weather stations add wind and air data. 

Aquaculture sites should be checked often 

for temperature, oxygen, pH, and ammonia. 

GIS can help choose safe and useful 

locations. All data should be stored in one 

system, checked for accuracy, and used to 

make models and simple reports. This helps 

farmers and planners protect the sea and 

grow healthy fish. 

Site selection in this study is based on a 

set of geophysical, environmental, and 

logistical criteria aimed at identifying areas 

suitable for fish cage culture. These include 

water depth and distance from the shoreline. 

Sea surface temperature, wind and wave 

conditions, and current speed limits are 

dynamic variables that can exhibit 

significant seasonal and interannual 

variability, potentially influencing 

operational feasibility and productivity. In 

this study, a general approach has been 

adopted to avoid the complexities associated 

with accounting for interannual variations. 

For example, a conservative temperature 

range was defined to ensure that 

environmental conditions remain broadly 

suitable for the cultivation of conventional 

aquaculture fish species throughout the year, 

thereby minimizing the risk of temperature-

related production limitations. Additionally, 

the analysis excludes areas that would 

interfere with coastal and navigational 

activities or overlap with designated 

environmental protected areas, which are 

typically fixed but may be subject to future 

regulatory changes. Acknowledging the 

temporal nature of some criteria is essential 

for understanding the robustness and 

adaptability of proposed sites. It should be 

noted that this study aims to estimate the 

aggregative total capacity for mariculture 

along the northern shoreline of the Persian 

Gulf, rather than to prescribe specific site-

level recommendations. While the applied 
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criteria help identify broadly suitable areas, 

a detailed investigation and feasibility study 

would be essential for each prospective sub-

area to account for localized environmental, 

technical, and regulatory conditions. 

The primary approach adopted in this 

study for identifying suitable zones for fish 

cage culture assumes that all areas along the 

coastline are initially considered appropriate. 

However, any area that fails to meet the 

acceptable range for any of the specified 

criteria is excluded from consideration. In 

other words, all criteria are treated equally, 

and failure to satisfy even one constraint 

results in the disqualification of that region 

as a potential site. 

A comprehensive economic feasibility 

assessment of all potential cage culture 

projects was beyond the scope of this study. 

It is important to note that the economic 

viability of aquaculture initiatives is 

influenced not only by site-specific physical, 

socio-political and socio-economic 

conditions but also by investor-specific 

factors such as financial capacity, 

operational background, and strategic goals. 

Such variables that are not accessible to the 

authors at this stage. Therefore, the focus of 

the present study is limited to identifying 

coastal areas that are biophysically and 

hydrodynamically suitable for fish cage 

culture, providing a foundational framework 

for further, more detailed investigations. 

The identification and selection of sites 

for coastal and marine aquaculture 

(mariculture) involved integrating satellite 

imagery with various mapped datasets, 

including environmentally protected areas, 

navigation routes, infrastructure (e.g., ports 

and offshore facilities), and coastal features 

such as bathymetry and topography, wind 

and wave and current characteristics. 

Geographic Information Systems (GIS) were 

employed to conduct spatial analysis on the 

collected datasets, enabling the identification 

of suitable aquaculture sites through a 

stepwise process. This process included data 

collection and compilation, database 

integration and preparation, initial mapping 

via database analysis, conversion and 

transfer of information layers to ILWIS 

software, elimination of unsuitable areas 

based on predefined criteria, and finally, the 

export of areas meeting the acceptable site 

characteristics. The essential criteria that 

were considered on a broad scale for the 

selection of potentially appropriate sites for 

cage aquaculture include the following 

items: 

 

2.1. Water Depth and Distance from 

Shoreline 
Water depth is likely the most critical 

criterion for the siting of cages, as it 

facilitates the dispersion of particulate matter 

and enhances water exchange. Additionally, 

deeper nets can maintain more stable water 

quality and temperature while reducing 

water movement during storms [7]. 

Bathymetric data were collected from 

various sources, including the National 

Cartographic Center (INCC), ETOPO, and 

the General Bathymetric Chart of the Oceans 

(GEBCO). Based on our field investigations 

and interviews with industry professionals 

actively engaged in fish cage culture, it is 

evident that the most prevalent type of cages 

used in the Persian Gulf region are HDPE 

floating cages with nets extending to a depth 

of 10 meters. Consequently, we recommend 

a depth range of 20 to 60 meters for 

identifying optimal aquaculture sites for 

these fish species. 

The location of fish breeding sites should 

be in proximity to a port with a pier, allowing 

boats from the farm to berth in a sheltered 

area. This proximity ensures efficient access 

for distributing farm products, transporting 

food, juvenile fish, fuel, equipment, and 

other necessary materials [24]. It also 

facilitates increased site inspections by farm 

managers and experts. To ensure timely 

transportation, the travel duration from the 

port to the farm should not exceed 2 hours, 

corresponding to a maximum distance of 20 

kilometers assuming a typical boat speed of 

7 knots. Practically, suitable harbors for 

berthing farm boats should accommodate 

vessels of at least 15 meters in length. This 

approach accounts for the currently available 

production capacity. However, to estimate 
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the ultimate (nominal) aquaculture potential 

of the northern Persian Gulf coastline, 

proximity to existing ports and harbors must 

be excluded from consideration, and only the 

distance to the nearest shoreline should be 

applied. Consequently, fish production 

capacity is calculated for both scenarios: the 

ultimate capacity based on geographic 

potential alone, and the current capacity 

constrained by existing infrastructure. 

 

2.2. Sea Surface Temperature 
The temperature range of the water must 

be appropriate for the species being cultured. 

Consequently, seawater temperature data 

should be collected and analyzed to inform 

species selection. Temperature directly 

influences fish metabolism and, 

subsequently, their oxygen consumption, 

activity levels, and the production of 

ammonia and carbon dioxide. In general, sea 

surface temperatures in the Persian Gulf 

have shown significant variability, ranging 

from about 22°C to 35°C, influenced by 

seasonal and climate-related factors [34], 

[14]. Recent studies suggest that the optimal 

water temperature for marine fish cage 

culture in the Persian Gulf ranges from 

approximately 20°C to 32°C.A research 

conducted in northwestern parts of the 

Persian Gulf indicates that water 

temperatures varied from 11.8°C to 32.5°C, 

with significant environmental and 

ecological impacts observed within this 

range [30]. These temperature ranges are 

consistent with general recommendations for 

marine aquaculture, emphasizing the 

importance of monitoring and managing 

water temperatures to ensure the 

sustainability of fish stocks in the region. In 

this study, although resilient fish species are 

considered, regions with a temperature range 

of 13-30°C are presumed suitable for 

aquaculture. In this study, oceanographic 

data were obtained from HYCOM [35]. 

 

2.3. Wind and Wave Conditions 
Strong winds, such as typhoons and 

cyclones can destroy all structures above the 

water and may damage in-water structures. 

The optimal wind speed range for cage 

aquaculture in the Persian Gulf has been 

identified to ensure effective water 

circulation, minimize structural stress on 

cages, and maintain water quality. Wind 

speeds between 3 to 6 m/s are ideal for these 

conditions. Recent studies suggest that for 

floating cages, the maximum permissible 

wind and wave limits are 40 km/hr (11.11 

m/s) and 1 m respectively [36]. Another 

implication of high wind speeds is the 

consequent wave induced turbulence which 

drastically degrade the fish production 

quality and quantity. For instance, research 

by Barbier et al. [37] highlights that high 

wind speeds can lead to significant 

turbulence, which may cause increased stress 

on cage structures and potentially disrupt the 

growing environment for aquatic species. 

Similarly, a study by UNDP/FAO [38] 

emphasizes that maintaining wind speeds 

below 10 knots (5.14 m/s) for floating cages 

helps in balancing water circulation and 

minimizing the risk of damage to the cages. 

Accordingly, the wave heights should not 

exceed 1.0 m. The wind field dataset (ERA5) 

was collected from the European Centre for 

Medium-Range Weather Forecasts 

(ECMWF) and the National Centers for 

Environmental Prediction (NCEP) data 

center [39]. In the current study, weather 

condition surveys were conducted, and areas 

with wind speeds below 15 nautical miles per 

hour (7.7 m/s) were identified as suitable for 

the construction of cage aquaculture sites.  

Besides the cage structure stability, there 

is a more restricting criterion imposed by 

waves. Based on interviews with farmers and 

experts, it was determined that delaying fish 

feeding for three to five days annually poses 

no issues in the breeding process. In 

rudimentary feeding methods, boat activity 

is restricted to maximum wave heights of 

less than one meter. Jedari Attari et al. [40] 

developed a comprehensive wave 

hindcasting/forecasting system for the 

Persian Gulf. Analysis on the 25-year long 

wave climate data reveals that some areas in 

the study area experience severe wave 

heights repeatedly, making them 

inappropriate for cage culture practice. 
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Therefore, locations in the Persian Gulf 

experiencing storm events with waves 

exceeding 1 meter and lasting longer than 

three days are deemed unsuitable. This 

determination ensures additional security by 

excluding areas where such events occur 

more than six times in 25 years 

(approximately every four years on average). 

 

2.4. Current Speed limits 

Adequate water exchange in cage culture 

systems is vital for oxygen supply and waste 

removal, but strong currents can deform 

cages and reduce their volume. Maintaining 

optimal current speeds ensures water quality, 

effective waste dispersion, and reduced 

stress on both cages and cultured species. 

The currents within the Persian Gulf are 

primarily tide-dominated, meaning tidal 

forces largely govern their movement and 

circulation patterns. [41], [42], [43]. López et 

al. [44] conducted a study to on structural 

stress imposed on the collar HDPE pipe of 

the fish nets and suggested that while 

existence of minimum currents maintain the 

quality of surrounding water, current speeds 

beyond 1 m/s exert excessive stresses on the 

structure of the nets. Huang et al., [45] also 

suggested that farming sites should be 

positioned in zones where the current 

velocities are below 1 m/s. Prema [36] 

suggests a range between 0.05 m/s to a 

maximum of 1 m/s would be satisfying 

current velocity for cage culture. Analysis on 

hydrodynamic current data [46] reveals that 

the Persian Gulf experiences tide-dominated 

currents, with typical velocities in coastal 

areas ranging from 0 to 0.8 m/s. In certain 

locations, such as areas characterized by 

funneling and shallowness, current velocities 

can reach up to 1.2 m/s. In this study, a flow 

current range of 0.3 (a minimum to ensure 

adequate carrying capacity of the site) to 0.8 

m/s (a maximum to avoid imposing stress 

both on structures and fish) has been 

identified as suitable for the construction of 

cage aquaculture sites. Maintaining current 

speeds within this range ensures efficient 

waste removal and optimal oxygen levels, 

which are critical for the health of the 

cultured species. 

2.5. Avoiding interference with Coastal 

and Navigational Activities 

Mariculture site selection must consider 

several exclusion zones to ensure operational 

safety and environmental protection [47]. 

Sites should be located at least 1 km away 

from waste dumping points and coastal 

underwater pipe outlets to prevent 

contamination. Additionally, areas with 

underwater cables or conduits should 

maintain a minimum distance of 200 m to 

avoid interference with moorings or cages. 

Due to potential military activities, such as 

navigation routes or firing ranges, a buffer 

zone of 5 km is recommended around areas 

of military importance. Furthermore, 

aquaculture cages should be kept at least 500 

m away from vessel anchorage areas, 

typically found near harbors or industrial 

zones, where marine traffic standby 

anchorage is managed. For optimal fish 

production and safety considerations, fish 

cage licenses should be situated at least 1 km 

away from designated navigation routes to 

mitigate disturbances caused by large 

vessels, including waves and underwater 

engine noise. Additionally, to minimize 

potential conflicts with tourism activities, 

mariculture sites should be located at least 3 

km away from tourist hotels and beaches, 

particularly in areas where tourism is 

integrated with residential districts near 

major urban centers. Furthermore, due to 

security sensitivities, aquaculture facilities 

should avoid placement near national border 

areas. 

 

2.6. Avoiding Environmental Protected 

Areas 

The Persian Gulf coast supports coral 

reefs extending from Khark Island in the 

northwest to Qeshm and beyond in the 

southeast [48]. Recent field observations 

indicate that the northern coastline of the 

Persian Gulf harbors more coral than 

previously reported [28]. These reefs are 

critically important for fisheries, serving as 

nurseries for juvenile fish and refugia for 

adults. Fisheries yields from reef areas are 

significantly higher than those from adjacent 

sediment plains. The major threats to the 
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reefs of the Persian Gulf include 

sedimentation, pollution, nutrient 

enrichment, and overfishing [49]. These 

threats are well-documented globally [50]. 

Overfishing is considered a significant factor 

in the global decline of coral reefs [51], while 

others argue that nutrient increases are a 

major driver of this decline [52]. Harmful 

algal blooms, such as red and brown tides 

driven by nutrient influx, pose a threat to the 

Persian Gulf reefs and those in other regions. 

For example, Namin et al. [53] reported 

widespread coral mortality near the Strait of 

Hormuz following a red tide event in 2008-

2009. 

The development of aquaculture in 

environmentally sensitive areas necessitates 

a meticulous approach to minimize potential 

risks to these ecosystems [54] [55]. It is 

imperative to recognize that the restoration 

of natural habitats can be a protracted 

process, often demanding significant time 

and resources [56]. Stakeholders must 

prioritize sustainable practices that not only 

enhance aquaculture productivity but also 

preserve the ecological integrity of affected 

regions. Through careful planning and 

responsible management, we can ensure that 

the benefits of aquaculture do not come at the 

expense of our vital natural resources. To 

safeguard protected areas, a minimum 

distance of 5 km from these sites has been 

adhered to. The dataset identifying marine 

protected areas was compiled through 

collaboration between consulting teams and 

the Department of Environment, likely based 

on GPS positions and distributed in GIS 

format. It is crucial to prioritize the 

protection of sites of particular ecological 

significance, including marine protected 

areas, conservation areas, habitats crucial for 

bird populations, wetlands supporting 

waterfowl, coral reefs, tidal flats and 

mangrove forests. 

 

3. Result and Discussion 
In this study, we employed a Geographic 

Information System (GIS) platform to 

identify suitable areas for cage aquaculture 

in the Persian Gulf. Various constraining 

parameters were collectively considered, 

including navigational corridors, oil and gas 

pipelines, protected areas, unsuitable current 

speeds and wave heights, inconvenient water 

depths, and distance from the shoreline. 

Figure 2 maps the spatial distribution of 

these restricting criteria. 

 

 
Figure 2: Mapping restricting criteria. 

 

Unfortunately, there is a lack of scientific 

evidence or official documentation to 

ascertain the extent of capacity utilization 

within the fish cage culture sector in the 

Persian Gulf. According to a report from a 

reputable news agency, the current 

production from fish cage culture in this 

region amounts to approximately 40 kilotons 

[56]. Despite this production figure, an 

evaluation of the existing roadways and land 
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infrastructure indicates that there remains 

substantial potential for further investment in 

the industry, suggesting an opportunity for 

growth and enhancement of production 

capabilities. Figure 3 depicts the areas 

identified as suitable for cage culture based 

on GIS layer analysis. After excluding non-

favorable regions, six distinct areas (A to F) 

have been identified as potentially suitable 

for profitable and sustainable fish cage 

culture practices, ensuring the protection of 

environmentally valuable areas. Table 1 lists 

the geographical characteristics and 

hydrodynamical properties of the proposed 

selected sites, along with current and future 

nominal potential fish cage culture capacity. 

Based on calculations, it is estimated that the 

northern shoreline of the Persian Gulf 

currently possesses the capacity to support 

up to 200 kilotons of fish production through 

cage culture. This estimation takes into 

account the accessibility of inland facilities 

and transportation routes essential for the 

efficient utilization of these areas. 

However, should the entirety of the 

coastline be developed and suitable 

infrastructure (powerline, roads, harbors, …) 

be established along the shoreline, the 

nominal potential capacity for fish 

aquaculture yields could reach nearly one 

million tons annually. This ambitious 

projection underscores the significant 

opportunities available within the sector, 

contingent upon strategic planning and 

investment in sustainable practices. Such 

developments would not only enhance food 

security but also contribute to the economic 

vitality of coastal communities. It should be 

carefully noted that the estimated value 

presented herein serves as a highly 

hypothetical approximation, derived 

primarily from the geometric assessments 

and spatial evaluations of identified 

desirable regions. This estimate does not 

take into account the ecological constraints 

that inherently influence biological systems. 

A comprehensive investigation into nutrient 

cycling and the intricate biogeochemical 

processes at play would be essential to 

elucidate the practical maximum capacity for 

aquaculture within the specified area. 

Understanding these dynamics is critical for 

informed decision-making regarding 

sustainable practices in aquaculture 

development [57]. 

 

 
Figure 3: Suitable Areas (A~F) for fish cage culture along the northern coastlines of the Persian 

Gulf. 

 

The main scope of this study was to spot 

suitable sites for conducting cage culture 

practice. We have not considered the 

biogeochemical processes involved in 

aquaculture. Consequently, rough estimation 

of aquaculture production capacity just 

based on geometry, physical and general 

environmental restrictions may result in 

extraordinary huge numbers which does not 

match with biogeochemical carrying 
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capacity of the study area. For future 

research, it is recommended to focus on 

enhancing the sustainability and resilience of 

mariculture operations through a robust 

monitoring framework. A comprehensive 

approach should involve assessing current 

fish farm monitoring initiatives, designing a 

tailored program suitable for the Persian 

Gulf environment, establishing standardized 

data collection protocols, leveraging 

collected data for impact evaluations, and 

crafting a specialized monitoring guide that 

addresses the region's distinct geographic 

characteristics. These efforts are pivotal for 

maintaining operational viability and 

environmental harmony amidst dynamic 

challenges and changing circumstances. 

Additionally, integrating principles from 

Integrated Multi-Trophic Mariculture 

(IMTM) could optimize environmental 

conservation efforts which involves 

cultivating multiple species across different 

trophic levels to utilize eutrophic waste, 

particularly from finfish. This approach 

mimics natural nutrient cycling, reducing 

eutrophic input and maintaining 

environmental capacity [58], [59]. By 

implementing IMTM strategies, future 

studies can effectively mitigate 

environmental impacts, sustain operational 

viability, and preserve biodiversity in coral 

reefs and seagrass beds amid evolving 

challenges [60], [61].

 
Table 1. Geographical, hydrodynamical, and fish production characteristics of selected proposed 

sites. 

Areas A B C D E F Total 

Total Area (km2) 758.01 2591.4 183.55 3561.66 405.61 2440.49 9940.72 

Average Depth (m) 14 28 32 38.1 45 34.2 - 

Average Distance to Shoreline 

(km) 
17.5 12.7 14.3 7.7 7.6 8.6 - 

Average No. of Excess Wave 

Events in 25 years 
1 1.3 1.4 1.5 3 1 - 

25-Year Significant Wave Height 3.53 3.18 3.91 4.42 4.87 3.33 - 

Averaged Maximum Current 

Speed (m/s) 
0.53 0.5 0.41 0.6 0.62 0.53 - 

Averaged Distance to 

Environmentally Protected Areas 

(km) 

269.5 202.7 64.7 183.9 271 184 - 

Averaged Distance to Wild-Life 

Habitat Areas (km) 
67.8 52.2 178.7 112.3 197 175 - 

Current Fish Yield (kt/year) a       40 a 

Current Fish Production 

Capacity (kt/year) b 6.8 66 7.4 65 6.4 48.4 200 b 

Nominal Ultimate Fish 

Production Capacity (kt/year) c 45 355 17 380 39 160 d 996 c 

 

a) This value was obtained based on 

estimates reported by news agencies [56]. To 

date, no official reports from authorized 

institutions or peer-reviewed scientific 

references have been published to verify this 

figure. 

b) It is important to note that the current 

potential capacity is contingent upon the 

availability of essential inland infrastructure, 

including transportation routes, power lines, 

harbors, utilities, and industrial support 

services. 

c) This estimation is derived from 

geometric analysis and a limited set of 

criteria considered in this study. Three key 

assumptions underpin these projections: (1) 

that all prerequisite infrastructure along the 

coastline is fully developed, and (2) that the 

overall carrying capacity of the Persian Gulf 

(being a semi-enclosed water body) has not 
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been accounted for. A thorough ecological 

and biophysical assessment is needed to 

understand the cumulative impact of organic 

loading in an environment with limited self-

purification capacity. Additional factors, 

such as the emergence of contagious diseases 

that can significantly reduce yields, must 

also be considered. Furthermore (3), socio-

economic conditions will inevitably 

influence the extent to which this industry 

can sustainably expand. 

d) Regarding Site F, despite its 

considerable spatial extent, it has been 

assigned a lower future nominal capacity. 

This assessment is primarily due to its 

dependence on a few remote and relatively 

small islands for land-based infrastructure 

support. Even under the assumption that 

these islands are fully developed and 

populated, they are unlikely to offer the level 

of logistical and industrial support required 

for the intensive demands of cage culture 

operations. 

 

4. Conclusions 

In this study, a set of scientifically 

grounded criteria was applied to identify 

suitable sites along the northern coastline of 

the Persian Gulf. These criteria included 

water depths ranging from 20 to 60 meters, 

proximity to ports within 20 kilometers, and 

sea surface temperatures between 13°C and 

30°C. Sites were limited to areas with 

maximum wind speeds of 7.7 m/s and 

excluded zones frequently affected by waves 

during storm conditions (defined as wave 

heights exceeding 1 meter for more than 

three consecutive days occurring more than 

once every four years). Additionally, 

acceptable current speeds ranged from 0.3 to 

0.8 m/s, and a 5-kilometer buffer zone was 

maintained to avoid interference with both 

navigation/coastal activity areas and 

environmentally protected zones. Using 

these criteria, GIS layers were generated 

wherein areas not meeting all criteria were 

excluded. The resulting GIS layers identified 

several suitable spots for establishing cage 

aquaculture farms, extending from the 

northwest coastal areas in front of Mahshahr 

(Khozestan Province) to the southeast, strait 

of Hormuz (Hormozgan Province). The 

developed approach not only enhances the 

potential for sustainable aquaculture 

development but also serves as a model for 

integrating spatial analysis with 

environmental management in coastal and 

marine ecosystems. Implementing the cage 

culture practice in the sites proposed by this 

study ensures a profitable and sustainable 

mariculture business and moreover mitigates 

the potential environmental hazards 

threatening the precious coral reefs and 

coastal habitats in the region. The findings of 

this study indicate that the northern coast of 

the Persian Gulf possesses the capacity to 

sustain approximately 200,000 tons of fish 

production annually through cage culture, 

given the constraints of existing 

infrastructure. Notably, the region's 

theoretical maximum potential could reach 

nearly one million tons per year, provided 

that spatial suitability is fully realized 

without logistical restrictions. However, it is 

imperative to acknowledge that this 

projection is based on a spatial analysis 

utilizing a limited array of physical and 

operational criteria and does not account for 

critical ecological factors, including the 

overall carrying capacity of the Persian Gulf 

as a semi-enclosed water body. Therefore, a 

comprehensive investigation into the 

biogeochemical processes and total carrying 

capacity of the region is essential prior to the 

implementation of aquaculture in all 

identified suitable areas proposed by this 

study. Nevertheless, integrating future 

ecological monitoring and feedback systems, 

such as Integrated Multi-Trophic 

Aquaculture (IMTA) and Life Cycle 

Assessment (LCA), is essential for 

promoting sustainable resource use and 

minimizing environmental impact [62], [63]. 

These systems enable real-time data 

collection, adaptive management, and 

informed decision-making to enhance 

ecosystem health, resilience, and long-term 

productivity. 
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