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Introduction
The raising and breeding of ornamental fish in Israel is a relatively young agricultural industry, having started approximately 40-years ago. This agricultural industry includes both cold-water ornamental-fish farms and tropical ornamental-fish farms. This review will focus on the breeding and growing of tropical ornamental-fish in Israel and it will describe the development of fish-growing systems and techniques that on one hand can handle the characteristically Israeli climatic and economic conditions, and on the other hand support the production of high-quality fish that meet high standard requirements.
According to the Israeli veterinary services data, there are approximately 28 tropical ornamental-fish farms operating in Israel, the majority of which send their produce to the local and international markets.
The creation of unique solutions is necessary in order to resolve several factors and challenges facing the ornamental-fish industry in Israel. The industry faces constraints as a result of the special climate in Israel, which is vastly different than the climate conditions in the tropical regions where the tropical ornamental-fish grow in the wild. Additional significant constraints are imposed by the characteristics of the Israeli economy, as will be described below.
Constraints and challenges compel human society to search for creative and unique solutions which result in the development of advanced technologies and inventions, that allow for a quantum leap in the development of agricultural industries, which as a result become technologically-rich.
Here is a short description of the constraints that have shaped the tropical ornamental-fish breeding and growing industry in Israel:
Climate 
Israel is a small country located in the Middle East, on the shores of the Mediterranean, with a Mediterranean climate, a climate that is different from the prevailing climate in the tropical countries, which are the source of most of the tropical ornamental-fish. 
Despite Israel's small size, it has a wide range of extremely different climate sub-zones. The south of Israel is characterized by a very dry desert climate, with rare rainfalls, but with an abundance of high levels of solar radiation while the central and northern regions are relatively wet and have relatively higher amounts of precipitation.
The prevailing Israeli Mediterranean-climate is characterized by cold and rainy winters and hot and dry summers. These climate-based constraints make it impossible in Israel, in contrast with the situation in tropic regions around the globe, to grow tropical ornamental-fish in the open. Therefore, the vast majority of the raising and breeding of tropical ornamental-fish in Israel takes place in hothouse structures covered with shade netting and/or with various types of plastic, depending on the zone and the specific farm's growing methods.
Water 
Israel has limited water resources and they are quite expensive. Agricultural water consumption is limited by quotas allocated to farmers every year, depending on the state of the national water economy. The result is that fish farms growing tropical ornamental-fish are forced to show discernment in their management of this basic resource.
The fish farming systems circulate and filter the water for reuse, thus saving water and ensuring that the water meets the quality requirements necessary for growing fish.
Wages 
Israel has relatively high wages (minimum wage is 1300$ per month). This constraint forces the farm's facilities and work processes to be conducted at maximum efficiency, so that the fish can be sold at a competitive price.
Currency Rates
Farms that focus on marketing their produce abroad are significantly affected by the fluctuation in coin exchange rates, which in turns impacts the profitability of this industry. Unfortunately, this parameter is not under the grower's control. 
Energy
[bookmark: _GoBack]Energy is necessary to maintain the water circulation and the appropriate range of temperatures. This issue also significantly raises the production costs and therefore it is necessary to plan for efficient heating systems that will maintain the farm's profitability.
In this review we will present the fish-growing facilities located at the PHOENIX FARM - ORNAMENTAL FISH FARMING, which specializes in raising tropical ornamental-fish and which has implemented the principles listed above, based on 20 years of experience in the industry.
Production Facilities
 The farm is situated on sand dunes in a secluded desert region located in the southern part of Israel. The fish is raised in a conservatory that covers approximately 2500   square meters. The conservatory's floor is cast concrete while the structural supports are made of galvanized iron. The roof and walls are covered with shading mesh to prevent animals and birds from entering and to protect the contents from the sun's rays. In preparation for winter the structure is covered with plastic sheeting which is spread over the mesh to prevent heat from "escaping" and to prevent cold air or rain from entering the structure. 
The structure's walls are covered with nylon curtains that are spread out over the mesh and can be opened or closed as necessary in order to maintain ventilation or to keep the heat in, depending on the time of year and the temperature. An isolation mesh made of aluminum is spread out over the growth tanks, at about a third of the way down from the structure's ceiling, this mesh acts as a thermal screen that protects the water in the growth tanks by preventing heat loss in the winter, or overheating in the summer, when temperatures are at their highest. The screen is controlled by an automated system that folds or spreads the screen out based on the system's definitions. In addition to performing temperature management tasks, it also enables the exposure of the fish to direct sunlight and supports the release of excess heat on warm summer nights.
Water and Climate Quality Assurance
The water used for raising fish on the farm comes from three different sources and their quality substantially differs
 The main water source is desalinated water from a desalination facility located on the shores of the Mediterranean Sea. This is soft water with an acidity level of pH 8   and a conductivity measured at 400 micro siemens.
A well located near the farm, drilled to the depth of 1000 meters provides water of a different quality, that is brackish water with a conductivity measured at 4500 micro siemens and a pH of 8.
An additional water source is an osmosis plant located on the farm, which is used to remove most of the soluble salts from the water that passes through a set of membranes.
The use of three different water sources supports the generation of water with the different qualities necessary to match the breeding requirements of the different fish on the farm, and later on the water quality is tailored to the fishes' needs during the first stages of growth.
The PHOENIX FARM systems for growing fish which are being described in this review are intensive systems with high density loads, which require continuous and accurate control of all the parameters that determine water quality on a chemical level, and on the basis of sanitation and climate related factors. The control system, that is installed in the farm's fish-growing infrastructure continuously measures pH, salinity, temperature, and light levels and makes the automatic adjustments required to maintain stability of the parameters under its control.
Running lights, spreading of the thermal screen, opening the curtains and amendments of the water quality indicators, are managed by dedicated computer software, and can be altered when necessary.
The system is controlled from a master control board installed in the fish-growing structure and also by using a cell phone app. When an error occurs, a warning is sent to the cell phone and in addition a vocal alert is sounded in the facility.
The desert region where the facility is located is characterized by extreme temperature fluctuations between day and night (differences of up to 15° degrees Celsius) all year round.
The outdoors temperature can reach 43° degrees Celsius in the summer while in the winter the temperature can drop at night as low as 0°C.
A heating system stabilizes the temperatures inside the growth tanks during the winter months using heat energy supplied by a rape-fed oven boiler. The heated water is circulated using a pump while stainless steel heat exchangers heat the water tanks that store the heated water. This water is fed into the fish-growing system as indicated by specific parameters defined within the computerized control system.
Description of the Fish-Growing Facility Sections
The facility has four sections:
The Breeding Section
The breeding tanks for lifebearing fish are located in this section, and the fish are fed here from day one and until they are 3-4 weeks old. The tanks of the parents of lifebearing fish species are round and have a conic bottom that supports the efficient exclusion of solid contaminants, the tanks each have a capacity of 300 liters. They are connected to the filter via circulatory piping.
The male and female guppy fish used for breeding move freely in the breeding tank, while a mesh collection basket is located in the center of each tank attached to a wreath of threads. The females ready to spawn hide among the threads attached to the mesh basket and give birth to the fry that intuitively pass into the protective environment of the collection basket.
The fry are collected from the baskets twice a day, the first collection take place in the morning right after sunrise and the second one takes place in the evening right after sunset.
The collection of the spawn of Platy, Molly and Swordtail is carried out in a different manner: The parental pack is held in a mesh basket located in the center of the tank, the breeding females go to the bottom of the basket and the fry are released through the holes in the basket into the bottom of the tank. The fry of these species of fish are collected once a day during the afternoon hours.
The lifebearing fishes' fry and the fish-laying larvae are raised in dedicated containers and during the first month of their life their diet consists of a wide range of quality food that includes both quality dry food and live food.
The live food is an important component of their diet and it is necessary to ensure their survival, their rate of development and the fry's quality and it also improves the quality of the breeding performance of the breeding (parental) school of fish. 

Filter Section
This section includes the filter units necessary to maintain water quality and to allow for water recycling. The water flows to the filters from the growth and breeding tanks using gravitation, and the clean and oxygenated water is returned to the growth tanks using pumps. The water shortage and high cost of water requires the existence of an efficient filtering system that can maintain the water quality and thus reduce the daily water exchange to a minimal level of 5% of the system's total water volume.
The filtering system includes a hydro cyclone and a biological filter with a large surface area which acts as a bedding for nitrifying bacteria that can oxidize ammonia and nitrite. Each single filtering unit is capable of handling volumes of up to 40-60 cubic meters of water that flows into it from the growth and breeding systems.
The system is designed to so that the full volume of water in the growth and breeding tanks is replaced every hour, in order to ensure the highest water quality continuously throughout the day.

Growing Section
When the fish reach the age of 3-4 weeks they are transferred to this section where they continue to grow until they are sent to market. The section comprises separate growth systems, each one having their own filtering system set up in the Filtering Section of the facility.
Each system includes 20 round polypropylene tanks, placed on the concrete floor. Each tank has a volume of 2 cubic meters. The tanks are connected via a water delivery pipe line that arrives from the filter system and a separate line of pipes that conducts the water to the filters.
Each fish species is held in a separate tank. Genetic lines of livebearing fish are kept separately or mixed together as necessary. 
In order to facilitate and improve the acclimatization of the various types of fish (both livebearing and egg layers) to the conditions at the marketing locations, they are grown in this section under conditions set with quality parameters that are identical to those found at the wholesalers. This makes it easier for the wholesalers' facilities to maintain the fish sent to them and drastically lowers the depreciation percentage during acclimatization.
. 
Processing Plant
The fish are sorted according to the customers' orders prior to being shipped out to the various destinations.
The sorted fish are transferred into tanks that are 12 meters long, where they stay for 2-3 days in plastic baskets, until they are shipped out. To allow for quality control and orderly packaging the orders are sorted so that each shipment intended for a specific client is stored in a separate tank.
Each sorted basket is checked by highly trained staff members and packaged in a separate plastic bag.
The shipments are transported to the local market or to the airport for export.
Fish Nutrition
Due to the importance of the live feed, a special effort is invested in the farm facilities, in the self-growing of the elements of live feed. The types of live feed produced on the farm include sweet-water Rotifers intended for young larvae with a small mouth opening, Artemia crabs raised from eggs from a commercial source, Daphnias which are used to feed fry and earthworms used to feed adult breeding fish {schools of parent fish?}.

Sanitation and Disease and Parasite Prevention
New species of fish are quarantined in a separate structure. The fish are transferred to an intensive facility only after they have completed 3 growth cycles at the isolated facility. During this period, the fish are examined for the presence of diseases in the progeny, the tests are conducted at authorized labs that are are experts in pisciculture. Only after the lack of pathogens that can endanger the fish-growing process has been firmly established beyond any doubt, only then are the third-generation progeny transferred to the main facility.

Summary
It is extremely important to reduce stress factors that can harm fish, to the absolute minimum, in both intensive and extensive fish-growing systems. This concept is implemented by the reduction and interfering elements {Heb not clear: reduction of interfering elements} in handling during all stages of growth, starting with the larvae and ending with the fish reaching the target markets. We believe that strict observance of these rules contributes greatly to the fishes' health and quality.
A physical and technological infrastructure is necessary in order to support a high-quality interface that will support a good living environment for the fishes. The implementation of this concept is expressed in the high quality of the water used in raising the fishes, in maintaining appropriate temperature levels and in the use of high quality, diverse feed that is served to the fish at the various stages of growth.
Growing ornamental-fish in closed facilities over many years requires efficiency and a high professional standard of the interface, and that is the challenge we face here in Israel.
The ambition and need to constantly improve the biological, technological and engineering aspects of the breeding systems, turns the tropical ornamental-fish breeding and growth industry into a challenging, fascinating and heartwarming tale.
