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This book would be as unfinished without a special thanks to Rick Datodi as it would be incomplete without his remarkable contribution. Finding things to thank Rick for is easy, thanking him adequately for all of them is impossible.


Rick’s first contribution to me personally was to write a letter to the immigration authorities saying that he believed the fish-breeding technology I had to offer would be beneficial to the Australian industry. (Fortunately AQIS wasn’t so strict in those days and let me in!) Thereafter, his company, then called Pet and Aquarium Industries, strongly supported my fish farming businesses in Australia, notably Kilcoy Ornamental Fish, for many years. Broodstock, including newly discovered species for trialling (every breeder’s pleasure), worth many thousands of dollars, was supplied free of charge by Aquarium Industries over this entire time.


Rick’s first contribution to this book was to present me with a manual called ‘Self-editing for Novice Writers and Demystifying Grammar’! He then supported, very substantially and valuably contributed to, and finally read through the entire book, advising and suggesting changes and additions. This took a great many hours of extremely dedicated and demanding work, not to mention countless hours of SKYPING with me to discuss his thoughts.


Quite simply, without this amazing generosity with his time and vast knowledge, I am convinced the book would never have seen the light of day.


I would also like to take the opportunity here to thank Rick for the huge amount he has contributed generally to the Ornamental Fish Industry in Australia. Firstly, Rick has always been well known for supporting local fish producers, not only by purchasing their product but by assisting them in many other ways, notably in fish health matters. (Rick has a scientific interest in, and very substanatial knowledge of, fish diseases.) Very notably, in the years when cheap imports were starting to impact severely on Australian producers, Aquarium Industries went as far as subsidizing some of the species supplied by Kilcoy Ornamental Fish by paying a higher price than they could be imported for.


Rick was a foundation member and remained a director of the Pet Industry Joint Advisory Council (PIJAC Australia) for over 20 years, where he represented the industry in consultations with the government over live fish quarantine and permissible import matters. He was a member of the National Taskforce on Imported Fish and Fish Products (Report Dec. 1996) and was also a member of the working party to the National Task Force. Rick was on the board of Ornamental Fish International (OFI) between 1995 and 2005, and is currently patron of the Australia New Guinea Fishes Association (ANGFA), a position he shares with Dr Gerald Allen.
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Watching fish silently glide about in crystal clear water in a beautifully planted aquarium provides us with an ever-changing, serene spectacle of shapes, movement and colours. Maybe it is our primordial link to water, but for whatever reason, the underwater world holds a fascination and an allure for most people. Today as much as ever, the keeping of ornamental fish in aquaria and outdoor ponds is an extremely popular hobby. To supply fish for this huge worldwide hobby, millions of fish need to be bred, reared and distributed. This book is a complete manual dealing with the commercial production of freshwater ornamental fish that fill this need.


The size of the ornamental fish trade is enormous, and demand is filled through a complex worldwide supply chain of producers, shippers and distributors. The vast majority of ornamental fish sold through the industry are bred in captivity. This has been a boon for many developing countries, particularly those in tropical South East Asia. Breeding ornamental fish is a great poverty eliminator and continues to be an important income source for thousands of poor farmers in these areas. There are also many large-scale, well-established breeding operations in South East Asia and in other parts of the world. Worldwide, it is estimated that 1.5 billion ornamental fish are exported annually at a retail value of US$2.2 billion. (OFI education publication 2 – International Transport of Live Fish in the Ornamental Aquatic Industry)


Numerous species of freshwater fishes are extinct or on the brink of extinction in the wild, due to many causes including habitat destruction, pollution and climate change. The very survival of many of these threatened species becomes dependent on captive-breeding programmes. Apart from stopping the destruction of their natural environment, there is hardly a better way to ensure the long term survival of endangered species than through their commercial production.


Moving fish from country to country is becoming more difficult. As freight costs increase, importing becomes less attractive. Quarantine, health certification and government regulations generally are becoming more stringent. Domestically bred fishes avoid the red tape and costs associated with imports, thereby creating opportunities for local production. This is another reason why the publication of this book now, is unquestionably timely.


Hundreds of books and magazines are available that discuss various aspects of breeding aquarium fish, but unfortunately, in my more than forty years of professional involvement in this industry, I have seen untold numbers of people struggle to establish viable fish breeding farms. It is therefore tremendously reassuring to see the first book written that thoroughly covers the commercial production of ornamental fish. Maybe one reason this information has not previously been available, is competition between producers, and a perceived need to keep hard-earned secrets as a competitive edge. In addition, few people have the required in-depth knowledge and proven record of accomplishment in this field of aquaculture. Nor would many have the capacity and skill to put this huge amount of detailed information in writing. Brian Andrews has a lifetime’s international experience of these subjects, including commercial production, farm management and marketing. He also has a complete willingness to share his direct, actual experiences and transmit this knowledge, in detail, to the reader. Brian brings to the book an enthusiasm and love for the subject that takes the book from a ‘how to’ manual to a dynamic document that guides the reader with palpable passion through every aspect of commercial ornamental fish breeding.


Commercial aquaculture is rightfully considered a complex and difficult undertaking. There is a relatively high risk of failure, and this book greatly demystifies the subject. By detailing procedures, highlighting pitfalls and recommending practical solutions, the author helps you avoid costly and potentially catastrophic mistakes, which can ultimately make the difference between success and failure. This book is an invaluable tool for anyone either commercially breeding ornamental fish or contemplating doing so in the future. It is also packed full of invaluable information for general aquaculturists, serious aquarists, educators and students alike.


Rick Datodi


Former owner and Managing Director


Aquarium Industries Pty Ltd


Melbourne Australia


August 2010
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Rick Datodi’s company, Aquarium Industries Pty Ltd, in Australia, which Rick owned and directed for 40 years. A staff of about 60 people managed an average of 700 live stock products totalling around 1 million fish. These were housed in 3000 x 200 litre tanks; 100 x 1000 litre ponds on a recirculation system; totalling 700 000 litres of holding capacity.
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DISCLAIMER


While considerable effort has been made to ensure that the information in this eBook is correct, and to provide health and other warnings (for fish and personnel) when using chemicals, medications, and fish farming methods and techniques, this eBook is offered for use only on condition that the purchaser or any other user understands and accepts the following:


The author and any other contributors to this eBook cannot be held liable in any way for any consequences resulting from the use of the eBook, including any form of financial loss, injury or damage to, or loss of, livestock, or injury to persons.


Mention is made of some statutory regulations which do or may exist in relation to various practices described in this eBook, but these references are not claimed to be complete or definitive. For this reason, the author and any other contributors to this eBook cannot be held liable in any way for any infringement of any such laws by the reader.
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The Small, Medium and Large Scale Breeding and Marketing of Freshwater Tropical Fish and Goldfish


Many books and articles have been published on techniques for breeding ornamental (aquarium and pond) fish, but the vast majority of these have been written for the hobbyist. Hobbyist breeding can be defined as persuading fish to reproduce in captivity and rearing at least some of the progeny. The commercial production of ornamental fish is far more complex and demanding. It can briefly be defined as the profitable breeding and marketing of selected species and varieties to reliably meet market requirements in number, price, size, health and quality.


There can be little doubt that the vast majority of commercial producers start off as hobbyists – at least in the western world. The first purpose of this manual is to provide guidance for anyone starting out on the commercial path. The second is to offer possible alternative techniques to already established producers. A further hope is that it might serve as a producer’s travelling companion, as in: “At least I’m not the only one who has had that problem ...!” In addition to these there is much information that could be useful to hobbyist breeders. It is, most particularly, a practical, hands-on book on ornamental fish farming written by an ornamental fish farmer.


There are often many different ways of doing the same thing, or breeding the same fish. This is very much a manual of ‘what has worked for me’ rather than an attempt to be definitive. While many facts are given, it would not be possible to give every detail for every species – even if these were all known. Instead, the focus is on assisting the reader to develop an understanding and philosophy with which to work, rather than just acquiring book knowledge.


A lot of detail is given in places and the same topic is often discussed in different contexts. Furthermore, due to the overlap and inter- relationship of many topics, some repetition has been unavoidable, or considered helpful to readers with limited or no prior knowledge of the subject. More experienced readers are asked to bear with this. In addition to this, sometimes the same method is used in several different situations, or a concept or term needing an explanation is used on different occasions. Instead of constantly referring the reader to some other part of the book for a small piece of information or explanation (although this is also done on occasion where necessary) wherever it seemed expedient, the information has been repeated. To anyone reading the book from cover to cover this might well be considered over-repetitive, even irritating. However, it is expected that most readers will refer to specific topics, rather than reading the book through, in which case this will hopefully not be an issue.


Some readers may feel that the sometimes considerable attention to detail in some production methods is not essential. This is true – it is not always essential, but the philosophy behind this extra effort is that small things add up. Even a one percent improvement in results for a particular activity can be economically significant. Of course the rewards of attention to detail must be greater than the cost – the efforts must bear economically viable fruit. On the other hand, some large hatcheries use the force of numbers to achieve their required production, and this is another option. With awareness, a good balance is achievable.


While complexity and attention to detail are appropriate in some situations, conversely, simplification and standardization are desirable in others – to reduce production costs. In some cases extra effort may be helpful in achieving initial success faster in a particular activity, but once this is achieved, it may be possible to progressively simplify the activity while still achieving success. A typical example would be providing a new fish species with an optimum, close-to-natural spawning environment. Once success is achieved, the environment is progressively simplified as far as possible while still maintaining satisfactory results.


On the matter of achieving success, ornamental fish production has its fair share – perhaps even more than its fair share – of quirks. It is remarkable how a producer on one site will discover a technique that works – and will swear by it – while another producer trying exactly the same technique on a different site will have no success at all. It is a simple truth of fish farming that what works here may not always work there. A special kind of wisdom is required to know just when to stop banging one’s head on the proverbial brick wall when a fish stubbornly refuses to oblige.


Most of the production and marketing information presented here is based on the author’s personal experience on his own farms. However, it is acknowledged with gratitude that this has also been richly enhanced over the years from outside sources. Much has come from books on hobbyist breeding, food fish production, and a range of related topics such as fish diseases and treatments. A few visits were made to see overseas operations, particularly in the USA, where farmers were enormously generous with their knowledge.


Fish farming is not glamorous – it just looks as though it should be! In the early 1980s, on the author’s first farm in South Africa, there were virtually no commercial ornamental fish farming accessories available in the country. Necessity produced much invention. Cheap poultry starter mash supplemented expensive trout granules – with excellent results. Liquidized chicken livers were combined with PRONUTRO (a well known South African breakfast cereal, which then fed fish instead of people). Hand and drag-nets were home-designed and manufactured from whatever raw materials could be found. Breakdowns in the supply of electricity could be depended upon – continuity of supply could not. A large but ageing diesel generator helped, but operating it, barefoot, in 300 millimetres of flood water at 2 o’clock in the morning, made one’s own survival as much of a challenge as saving the fish!


In January of 1984 a cyclone (called Demoina) – an almost unheard of event in the area – struck and flooded the farm. The insurance company objected to a payout on the grounds that the agent should not have insured the farm in the first place. In July of 1984 the decision was made to discontinue the project if the financial tide had not turned by December of the same year – another way of saying “we’ll pack it in and count our losses”.


The tide did turn, and by 1990 the farm, Amatikulu Hatchery Pty Ltd, was the largest of its kind in the southern hemisphere, marketing well in excess of 200 000 fish of over 100 species and varieties monthly, in South Africa and overseas.


At the end of that year the author emigrated to Australia and in 1992 launched Kilcoy Ornamental Fish in south east Queensland. Within 10 years this operation was marketing around 65 000 fish per month, of some 50 species and varieties.


These farms differed substantially from each other due to local circumstances – more on this later. In both countries a very significant prevailing factor was the relatively small local market. This necessitated the production of comparatively small numbers of each of a large range of species and varieties – interesting, but complicated and demanding. At Amatikulu Hatchery in particular, the production of a large range of egg-laying and live-bearing tropical fish as well as goldfish and koi all on one site, in a sub-tropical climate, demonstrates just how accommodating fish can be.


Occasionally the liberty has been taken to inject a little humour into the text, perhaps somewhat unusual for a manual of this kind, but no apology is made – fish farmers know how much-needed a little humour can be at times.


The layout of the book presented some unusual difficulties. Much detail is given in some parts, and numerous species had to be covered. A lot of the information is common to many species and to repeat the same information for every species would have been far too voluminous. As a means of limiting this, the book is, for the most part, laid out on a basis of production techniques rather than fish species. Each species can be matched to a spawning/rearing technique and grow-out system according to its needs and the prevailing circumstances. Explanations on how to use the book appear at the beginning of the appropriate chapters.


The main focus is on the semi-intensive production of predominantly mainstream species. A few less common production species are included for interest. This has meant that a few of the less easily viable groups (for example the Killifish), are barely mentioned – and then only to point out their difficulties. Nevertheless a very considerable part of the book’s contents can still be usefully applied to them and other ornamental fish species which are not included herein.


Finally, some sound advice is quoted from a section on commercial fish breeding in William T. Innes’ wonderful book EXOTIC AQUARIUM FISHES, written a long time ago. Its wisdom remains undiminished by the passage of time:


“Our opinion is sometimes asked as to the advisability of going into the commercial raising of fishes. With money-making the sole objective, it is pretty sure to prove a disappointment. A natural love of the hobby, plus successful experience, plus business sense, are all needed. The transition from amateur to professional status had best be gradual, remembering the shrewd couplet of Benjamin Franklin:


‘Little boats should keep to shore,


Larger craft may venture more.’”






 









	5.1


	Homemade broodstock diet








If live food or frozen live foods are not available, for those who are prepared to go to the trouble, good broodstock diets can be created with ‘wet’ ingredients using gelatine as a binding agent. These diets are frozen and fed by grating them directly into tanks or ponds. The following recipe was used very successfully by the author for many years on a wide range of species, particularly for conditioning broodstock, but it is time-consuming to make. The main purpose was to provide fresh protein and some plant material and vitamins to the broodstock.


NOTE: It must be pointed out that this diet was not scientifically formulated. It was designed for a situation in which suitable commercial diets were simply not readily available, and is given here as an example of what can be done if needed.


Protein sources other than chicken liver, such as fresh fish, could be trialled, but if possible it is beneficial still to include some liver as it is excellent food. (Fresh fish should be very lightly microwaved or cooked before further processing to minimize the introduction of diseases or parasites.) Chicken liver in particular is soft and easy to liquidize in a food blender (liquidizer or vitamizer), but any animal liver prepared for human consumption – and therefore usually easily available – should be suitable. If available, a litre or so of fish meal can be added to the recipe to increase the protein content and improve palatability.


For ease, many ingredients are measured by volume rather than weight. Note that the ingredients given in the recipe will produce over 13 kg of food. The recipe can be decreased or increased proportionately if smaller or larger quantities are needed. Because the setting of the gelatine is affected by some ingredients, making a smaller initial trial batch to test the texture is recommended anyway. For this reason also, a smaller trial batch would be recommended if ingredients are changed. The quantity of gelatine – which itself is protein – can be increased to make a firmer texture if necessary.


Ingredients:






	Chicken or other livers


	 

	7 kg (or 7 litres)







	Fish meal


	 

	1 litre (if available)







	Duckweed* (dry weight)


	 

	1 to 2 litres in volume







	Sunflower oil


	 

	50 ml







	Cod liver or other suitable fish oil


	 

	50 ml







	Torula yeast


	 

	300 ml







	Fish vitamin premix


	 

	200 ml







	Vitamin C**


	 

	100 ml







	Di-calcium phosphate


	 

	300ml







	Gelatine


	 

	1 kg (or more if needed)







	Water


	 

	2.5 litres in ingredients
 1.5 litres (boiling) to dissolve gelatine







	PRONUTRO or similar product***


	 

	as needed to attain the right consistency








* Duckweed: Wolffia, Lemna, and Spirodela sp. Lettuce, spinach or zucchini can replace duckweed if necessary.


** If available, the stable form of vitamin C (commonly used in aquaculture diets) should be used.


*** PRONUTRO is a South African breakfast cereal similar in texture to some flaked baby cereals, which can be used instead. (If a bulk source of acceptable factory reject product can be found this will reduce the cost.) A major benefit of these flakes is their capacity to soak up fluids containing vitamins and minerals, thereby reducing their loss into the water. Apart from this, it also enables the right texture to be attained after other ingredients are mixed in, before freezing. Fish food flakes or granules could also be trialled for the same purpose. Granules must soak up the liquid strongly to be used successfully.


Method:






	(a) 

	Mix the vitamins and di-calcium phosphate into the 2.5 litres of water.







	(b) 

	Liquidize the chicken livers in batches, using an industrial blender if possible as this is a large volume. Liquidizing is easier if some of the water containing the vitamins and calcium phosphate is slowly added to the liver to thin its consistency.







	(c) 

	Progressively add sunflower oil, cod liver oil and yeast (a little with each batch) to the liver while liquidizing it. Oils need to be mixed in very thoroughly.








	(d) 

	Pour each batch of liquidized liver into a single large container into which all of the other ingredients can be added later.







	(e) 

	Heat the fresh duckweed or other fresh vegetable material briefly by covering it with boiling water. Leave for about three minutes and then remove the water using a strainer. Cool quickly by covering with cold water and straining this off again. (Alternatively, duckweed or vegetable substitutes can be microwaved briefly before liquidizing if preferred.) NOTE: Fresh raw vegetable matter and oil reduce the setting capacity of gelatine. Briefly heating the vegetable ingredients in boiling water helps. If problems are still experienced with the gelatine setting, reducing the oil levels can also help.







	(f) 

	Liquidize the duckweed or other vegetable ingredients, again adding a little of the 2.5 litres of water containing vitamins to make the process easier.







	(g) 

	Add the liquidized vegetable to the liver and other ingredients.







	(h) 

	Add the remainder (if any) of the 2.5 litres of water containing vitamins to the mixture, and stir very well.








	(i) 

	Dissolve 1 kg of dry gelatine in the 1.5 litres of boiling water. This is a high concentration of gelatine to water, and it does not easily dissolve without creating lumps. Sprinkling the gelatine powder slowly over the 1.5 litres of simmering water while stirring it in constantly will help.







	(j) 

	Once the gelatine is fully dissolved, allow it to cool to about 60°C (140°F), making sure that it doesn’t begin to set, then add it to the other ingredients.







	(k) 

	Stir the gelatine into the ingredients very thoroughly.








	(l) 

	Immediately add and thoroughly stir in fish meal (if used), then add and thoroughly mix in enough dry ingredients (PRONUTRO, baby cereal, flake food or granules) to achieve the texture of a very thick paste.







	(m)

	Spread this paste into shallow containers in layers about 30 mm (1.2 in) thick, and freeze. Once the food is frozen, a little hot water run over the bottom of the trays will help to release it from them. For storage, and for grating, the diet is broken into suitably sized pieces using a hammer. It can then be placed in a plastic bag and stored frozen. It is fed to fish while still frozen, by grating it directly over the water. It should be fed carefully while watching fishes’ response as uneaten food will rapidly foul the water.

















	5.2


	Hatching, harvesting and growing out Artemia salina (brine shrimp)








Artemia salina is a small aquatic crustacean which lives in hypersaline inland waters. (Hypersaline means saltier than seawater.) Its small size when newly hatched, nutritional value and the way in which its eggs can be stored and hatched make it extremely valuable as a living food for young fish. It is used extensively in many branches of aquaculture.


Brine shrimp cysts (eggs)


Approximately 250 000 to 300 000 dry brine shrimp cysts are contained in one gram and these can be stored for years if vacuum-packed. The life-span of the cysts is further prolonged if it is kept refrigerated. Most brine shrimp cysts currently come from the Great Salt Lake in Utah, USA, but can occasionally also be sourced from other locations. Brine shrimp from other sources may have different salinity preferences, or take longer to hatch. (Follow supplier’s instructions.) Brine shrimp needs a warm, alkaline, saline environment in which to hatch, along with very vigorous aeration to keep the cysts in suspension and provide sufficient oxygen for the high hatching densities normally required. In addition to this, a period of exposure to bright light triggers hatching.
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FIG 5.1. Hatching brine shrimp in cone-bottomed containers, using incandescent light. Note vigorous aeration.
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FIG 5.2. Adult artemia (brine shrimp), about 10 mm in length. (Photo courtesy of Neil Armstrong.)


NOTE: If brine shrimp cysts are not vacuum-packed, they deteriorate faster. Small quantities are sometimes repacked and sold improperly sealed, and these usually yield poor hatch rates. Brine shrimp is also far more expensive (per gram) to purchase in small quantities. If at all possible, it is much better to buy it vacuum-packed in cans, usually weighing 450 grams or 1 pound each, although this will mean buying bigger quantities. Cysts in unopened cans last better if stored in a refrigerator, or frozen for long term storage, but this is not essential. Once opened, cysts are best kept refrigerated with the plastic lid in place.


Hatching equipment and procedure


Hatching facility. A cone-shaped container is most practical. This is not essential, but an aeration outlet placed at the bottom of a cone most effectively keeps cysts constantly in suspension. If they settle out on the bottom they will not hatch as well, and some may die off. Even something as simple as an inverted Coca Cola bottle or similar container with a narrow neck can be used for small quantities, but a manufactured fibreglass cone of 10 to 20 litres (2.6 to 5.2 gal), or more, depending on the volume to be hatched, is ideal. A tap built into the outlet simplifies harvesting considerably, but again, this is not essential. (See FIGs 5.1 and 5.3.)


Hatching water. Sea water produces the best results, but freshwater with coarse salt added to give a concentration of 30 to 35 ppth (30 to 35 grams per litre) works satisfactorily, provided the pH is maintained at between 8.0 and 9.0. (At a pH of below 8.0, brine shrimp will hatch but will die soon after hatching.) The required pH can be maintained easily and cheaply by adding sodium bicarbonate at a rate of one slightly heaped teaspoon to 10 litres (2.6 gal) of hatch water; more if necessary if the water is very soft, or if the pH drops too low during hatching. (In very soft water/very low TDS, maintaining a high pH is more difficult and pH levels must be monitored.)
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FIG 5.3. A 20 litre (5.2 gal) fibreglass brine shrimp hatching cone with tap and harvesting pipe.


The use of artificial sea salt instead of normal coarse salt, though very costly by comparison, is another option, though this should not be necessary. Once the weight of salt required for each batch of brine shrimp is established, the volume of this salt can be measured. The salt needed can then be measured by volume instead of weighing it each time. (A high degree of accuracy is unnecessary.)


Note that brine shrimp will hatch in freshwater, but will die during or shortly after hatch. Problems of this nature which cause brine shrimp to die off during the hatching process (like forgetting to add the salt) can quickly be identified by a build-up of orange-coloured matter on the sides of the cone just above the water level, often in conjunction with a slimy froth in the water, as the brine shrimp start to hatch and die. Within hours a characteristic bad odour becomes noticeable. By the time even early symptoms are detected it may be too late for corrective action.


It is not uncommon for occasional inexplicable hatching problems to occur when using brine shrimp on a daily basis, and for this reason, if possible, it is safer to have two or even three separate, smaller hatch systems rather than placing total trust in one large one. Using two hatch systems, one timed for a morning feed and the other for an afternoon feed, works well.


Aeration. This needs to be vigorous and air lines must preferably reach to the very bottom of the cone or any other hatching facility. Cysts and nauplii will die and decay if they settle out. This happens very easily if the cone has an outlet pipe, and cysts are able to fall past the airline’s outlet into the outlet pipe. The problem can be avoided by using a rubber bung or similar device to block the top of the outlet pipe. A monofilament (nylon line) or stainless steel wire attached to the bung enables it to be pulled out just when the air supply is stopped before harvesting.


Temperature. 27° to 30°C (81° to 86°F) is about optimum. The cysts will take longer to hatch at lower temperatures. Higher temperatures produce faster hatch time but more easily result in failure due to die-offs, bacterial blooms, and deterioration in water quality, which can easily cause total loss of the batch.


CAUTION! If submersible glass heaters are used for heating, this must be done with great care as breakage occurs very easily, and salt water is a strong conductor of electricity. Stainless steel submersible heaters are preferable if available. Heaters must be switched off before harvesting.


Light. Light is one of the essential triggers for hatching the cysts. Natural light is probably best, but strong incandescent or fluorescent light works very successfully. Eight or so hours of bright light is sufficient, but the light can be kept on permanently if preferred.


Cyst density during hatching. About 5 ml (2.5 grams) of dry brine shrimp cysts per litre (quart) of hatch water is a safe maximum hatching density if sea water is not in use. Higher hatching density is achievable if conditions are optimal. If persistent problems occur despite acceptable pH, salinity, temperature and aeration, it may help to reduce the quantity (density) of cysts being hatched in that volume of water. Note, for practical purposes, that dry cysts weigh approximately half as much as an equivalent volume of water, for example 100 ml of cysts will weigh approximately 50 g. If a high degree of accuracy is not needed, the cysts can be measured by volume rather than weighing them each time.


Hatch time. Great Salt Lake brine shrimp usually hatches within about 24 hours at 27° to 30°C (81° to 86°F). However, occasionally, and especially with brine shrimp from other locations, hatch may take longer, so timing of the start of the hatch and harvesting may need to be adjusted to accommodate this. Normally cysts introduced to the hatching cones in the early morning will be ready for harvesting the following morning at about the same time.


Hygiene. If not well washed after each harvest, the hatching cones develop a bacterial slime coating within a day or two. The presence of excessive bacteria can impact on hatch rate and survival of the brine shrimp, and on fish larvae. Sponge scourers clean very well. In addition to this, a weekly cleaning with a solution of 15 ml of 12.5% chlorine to 1 litre of water followed by a thorough rinse should also be given. (Some operators wash with chlorine after every hatch.)


Hatching procedure






	(a) 

	Commence at a time which is a minimum of 24 hours before the brine shrimp needs to be harvested, usually early in the morning. Switch on the light source. Fill the hatching facility to the required level with water and apply vigorous aeration and heating. Add coarse salt, and bicarbonate of soda to freshwater, unless the cysts are to be hydrated first – see (b).















	(b) 

	Add brine shrimp cysts at about 2.5 grams (5 ml by volume) per litre of water, or as required. (NOTE: Many producers hydrate the cysts in freshwater before hatching to improve hatch rates. To do this, add the cysts to the aerated freshwater before adding salt and bicarbonate of soda and leave them to hydrate for 1 hour. After an hour add coarse salt and bicarbonate of soda.)







	(c) 

	Leave to hatch until the following morning, or switch off the hatching light after 8 to 10 hours if preferred.








Harvesting


The harvesting process involves separating the brine shrimp from both hatched and any unhatched cysts. The following quick and easy two-part harvesting method exploits the fact that hatched cysts float and unhatched cysts sink. Therefore it can be used with cysts which have low or high hatch rates.


Part 1






	(a) 

	When the brine shrimp is ready for harvesting, switch off heaters if in use and remove them once they have cooled.








	(b) 

	Remove airlines from the hatching cone and cover the cone to keep out light completely.








	(c) 

	Leave for 15 to 20 minutes. During this time, the hatched, empty, brown-coloured cysts float to the surface, while any unhatched cysts sink to the bottom. As oxygen levels decline, the swimming brine shrimp nauplii slow down and eventually concentrate near the bottom.







	 

	Drain off the brine shrimp and any unhatched cysts from the bottom of the cone into a bucket. If there are any unhatched cysts, which would have settled out first, these are first to appear in the flow, evidenced by an initial brown colour. These are followed by a bright orange-coloured flow of concentrated brine shrimp. Stop the flow when the water becomes clear, indicating that there is no more brine shrimp. This would normally take about 25% of the total hatch volume; sometimes more, sometimes less, depending on how well the hatched brine shrimp has settled out. Always stop the flow in time to leave all floating (hatched) cysts behind in the hatching cone. These are discarded. (If there is no built-in drainage system the brine shrimp can be siphoned out using a siphon pipe with a rigid section which can be pushed easily to the bottom of the cone. Make sure all floating cysts are left behind.)








	(d) 

	If the hatch rate is high there will be very little or no brown colour of unhatched cysts preceding the orange flow of pure brine shrimp, and the harvested brine shrimp will be bright orange in the bucket. If it is clean enough, the brine shrimp can now be fed without further removal of cysts. Go to (f). 







	 

	If there is brown colour, go to Part 2.
















	(f) 

	Now pour the water containing the harvested brine shrimp through a 150 to 180 micron screen or net, which will retain the brine shrimp. While it is contained in the screen or net, gently rinse the brine shrimp with freshwater. This removes any residual hatch water and free-swimming bacteria in the water. (Provided hatching equipment is kept well cleaned, it is not absolutely necessary to wash the brine shrimp in freshwater but it is preferable to remove bacterial and any other contamination.)







	(g) 

	Once it is washed, return the concentrated brine shrimp to a suitable volume of freshwater (no salt) and provide aeration. It must now be fed to the fry immediately as it will die fairly soon in freshwater.








If it is to be held for feeding later in the day then salt must be added to keep it alive. This will require about 10 grams of coarse salt per litre of holding water, to give about 10 ppth of salt. (Because a high degree of accuracy is not necessary, a volume of 10 ml of salt can be used to give 10 grams instead of weighing it.) The pH must be kept above 8 using sodium bicarbonate.


Part 2






	(h) 

	If the hatch rate is low, the sinking, unhatched brown cysts will precede the bright orange flow of hatched brine shrimp. These cysts must be removed. Top up the bucket of harvested brine shrimp with freshwater and aerate it vigorously for 5 minutes to revitalize (re-oxygenate) the brine shrimp. (The reduced salinity decreases the buoyancy of the cysts, causing them to sink faster, which helps.)







	(i) 

	After revitalizing the brine shrimp, lift the outlet of the airline and peg it at 30 to 40 mm (1.2 to 1.6 in) below the surface of the water, where it must continue to aerate vigorously. This keeps water oxygenated and brine shrimp active, but does not agitate the water sufficiently to keep unhatched cysts suspended. These cysts then settle out onto the bottom after 10 to 15 minutes, and the original brown/orange colour becomes progressively brighter orange, as shown in FIGs 5.4 and 5.5.











[image: img7.jpg]


FIG 5.4. The harvested brine shrimp after being revitalized by vigorous aeration with the outlet of the airline at the bottom. The many unhatched cysts are still suspended in the water and colour it brown. The outlet of the airline is now lifted and pegged just below the surface.





[image: img7a.jpg]


FIG 5.5. The same brine shrimp after about 10 minutes, after unhatched cysts have settled out. The water is now coloured bright orange by the pure brine shrimp.






	(j) 

	When this process is complete, slowly and carefully pour off the clean brine shrimp, leaving the brown unhatched dregs behind. Now go back to (f) in Part 1.









NOTE that in some cases the unhatched cysts may be slower hatching rather than totally unviable. It can be worthwhile to test them by hatching them for a further 24 hours to see if a second harvest can be obtained.


Alternative method for separating brine shrimp from cysts


It is also possible to harvest brine shrimp very cleanly, albeit laboriously, by exploiting their strong phototropism (attraction to light) to separate them from both hatched and unhatched cysts. This is done using a purpose-designed rectangular waterproof receptacle with a total capacity of at least twice the brine shrimp hatch volume. (See FIG 5.6.) Fibreglass is the most suitable material for the purpose. The receptacle is divided in half with a built-in vertical wall. A hole of about 35 mm (1.4 in) diameter, which can be closed with a screw-on cap, is built into the centre of the dividing wall. This creates a passageway between the two sections. One entire compartment is painted black inside and has a cover, also painted black, to completely darken it. The second compartment is painted white. Non-toxic water-resistant epoxy-type paints are most suitable. (Check suitability of paint with the supplier.)


Method:






	(a) 

	With the separator empty, close the hole in the dividing wall with its cap. Pour the hatched brine shrimp from the hatching cone into the dark side of the separator. Once the brine shrimp is added, the water level must be well above the hole. (If necessary add more salt water to do this.)







	(b) 

	Cover this side with the hinged lid to totally darken it.







	(c) 

	Now fill the white compartment to a level slightly above the water level in the dark side, with water of the same salinity as the hatch water. No aeration must be used.
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