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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.’”






 


How to use this section and PART 4


As explained in 1.5 of PART 1, instead of giving a list of individual fish species with detailed production methods for each (which would be very extensive and very repetitious), this book gives 7 basic production styles by means of which the different families, groups, or individual species can be produced commercially.


To further reduce the need for repetition, a section on one major production style is used as a reference section for all groups. (See THE REFERENCE GROUP below.) The group chosen for this is the ‘egg-scatterers’ because it contains the widest range of general practices and techniques most frequently used in, and thus common to, all styles of production. This reference section, called BATCH-SPAWNING THE EGG-SCATTERERS, is presented first. In it, detailed information on all stages of production, from HOLDING AND CONDITIONING BROODSTOCK through to HARVESTING, PACKING AND SHIPPING is given. These stages and their various aspects are covered in numbers 3.1 to 3.79 as follows:






	•  

	Holding and conditioning broodstock: 3.1 to 3.16







	•  

	Setting up for spawning: 3.17 to 3.27







	•  

	Introducing the breeders: 3.28 to 3.35







	•  

	Spawning: 3.36 to 3.39







	•  

	Care of eggs: 3.40 to 3.41







	•  

	Care of pre-feeding larvae: 3.42 to 3.46







	•  

	Rearing fry – from first feed to about two months of age: 3.47 to 3.66







	•  

	Grow-out to sellable size: 3.67 to 3.76







	•  

	Harvesting, packing and shipping: 3.77 to 3.79








(Note that not all of the above stages are practised in every style.)


Then in PART 4: PRODUCTION STYLES WITH REPRESENTATIVE FAMILIES AND SPECIES, all 7 styles of production are presented, with the families or groups of fish with which they can be used. Some individual species are given with each of these groups as representative examples of the group. NOTE: wherever the techniques for these styles are the same as techniques already described in the reference group, instead of repeating the information, the reader is referred back to numbers 3.1 to 3.79.


(Towards the end of the book, a more extensive list of individual species is given with a concise description of production methods for each. See PART 10: INDIVIDUAL SPECIES.)


The production styles in groups are:


EGG-LAYERS






	(A)

	BATCH-SPAWNING THE EGG-LAYERS






	Group 1:

	Batch-spawning the egg-scatterers – the REFERENCE GROUP containing numbers 3.1 to 3.79.







Examples include: tetras and other characins, barbs, danios, white clouds, rasboras, goldfish and koi.






	Group 2:

	Batch-spawning the bubble-nesters and other brood-carers







Examples include: gouramis and other labyrinth fish, some cichlids






	(B)

	CONTINUOUS – SPAWNING THE EGG-LAYERS






	Group 3:

	Continuous-spawning the egg-scatterers







Examples include: rainbowfish, corydoras catfish






	Group 4:

	Continuous-spawning the bubble-nesting brood-carers







Examples include: hoplo cats, some gouramis






	Group 5:

	Continuous-spawning the substrate-, cave- and tunnel-spawning brood-carers







Examples include: cichlids and suckermouthed catfish






	Group 6:

	Continuous-spawning the mouthbrooding cichlids







Examples include: African and American mouthbrooders


LIVEBEARERS






	(C)

	CONTINUOUS – AND BATCH–SPAWNING THE LIVEBEARERS






	Group 7:

	Continuous- and batch-spawning: livebearers







Examples include: guppies, platies, mollies and swordtails
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BATCH-SPAWNING THE EGG-SCATTERERS



GROUP 1: HOLDING AND CONDITIONING BROODSTOCK


Batch-spawning is the term used for the style of breeding in which breeders are conditioned for spawning in a dedicated holding facility, moved to specially prepared spawning tanks to spawn, then returned to their holding facility after spawning. See 1.5 in PART 1 for details and definitions of the other spawning styles.


The maintenance of broodstock has two extremely important facets: firstly, conditioning the working breeders to spawning ripeness, and secondly, to provide ‘back-up’ fish for the replacement of ageing or unproductive broodstock, incidental losses, or total loss of a group of working breeders.


Aspects of holding and conditioning broodstock:






	
3.1  

	Holding facilities and stocking densities







	
3.2  

	Water chemistry and maintaining water quality







	
3.3  

	Broodstock holding temperature







	
3.4  

	Light







	
3.5  

	Broodstock: numbers, turnover and replacement







	
3.6  

	Mixing species







	
3.7  

	Ratios of males to females







	
3.8  

	Separation of the sexes







	
3.9  

	Selecting broodstock: purity of strains and other considerations







	3.10

	Genetic diversity







	3.11

	Conditioning: diets







	3.12

	Feeding







	3.13

	Breeding age







	3.14

	Recognizing spawning ripeness







	3.15

	Time needed for breeders to reach spawning ripeness and their recovery time between spawns







	3.16

	The reproductive lifespan of broodstock in commercial production



















	3.1


	Holding facilities and stocking densities








While it may be necessary to keep all broodstock indoors in some circumstances, there can be advantages to keeping broodstock outdoors if practicable. This may only be possible over the warmer months. Holding broodstock in suitably sized outdoor ponds which generate natural live foods such as mosquito larvae, chironomids (bloodworm), daphnia or bosmina – and many other seemingly ubiquitous small aquatic organisms – can produce better results than indoor systems when working with some difficult-to-condition species. ‘Suitably sized’ outdoor ponds here means ponds which are large enough for natural foods to grow in useful quantities, but small enough to access broodstock easily when needed. Low stocking densities will improve food availability. Even the opportunity to graze on algae is beneficial. This activity is clearly evidenced by the green faecal material of species such as gouramis held in outdoor ponds.


Indoors, there are no hard and fast rules relating to actual size and type of holding facilities provided the fish are comfortable and perform well, but wherever possible, good visibility for monitoring health and spawning ripeness is desirable. For this reason, glass tanks may be preferable for delicate or troublesome species. For most of the remainder, especially in large-scale production, glass is neither necessary nor practical. However, in the case of solid-walled holding facilities, good overhead visibility is highly desirable.


The ability to view fish from overhead in any facility is useful because it makes assessment of their condition easier. For example, emaciation – a common problem, with several possible causes – is far more noticeable from above than from the side. In times of disease or other health issues with broodstock, observation using a torch at night when fish are moving slowly can be extremely helpful. Spawning-ripeness of females is also more easily assessable from above.


To ensure the well-being of broodstock, holding tanks should be comfortably large and fairly lightly stocked. As a guideline, preferably not more than about 30 fish of 30 to 35 mm (1.2 to 1.4 in) in length should be held in a 50 litre (13.2 gal) tank, though this is also very much dependent on the species. Some need more, others accept less space, and some aggressive species need their own space, possibly with refuges such as flower pots, plastic pipes or homemade plastic plants. A 200 litre (53 gal) tank can comfortably house at least 200 to 250 small tetra breeders; 100 to 150 full-grown tiger barbs; or 30 to 40 blue, pearl, or other similar sized gouramis. Larger facilities will be needed for bigger groups, or larger species such as goldfish and koi, for which 5000 to 20 000 litres (1320 to 5300 gal) or larger, respectively, would be more appropriate, though this would ultimately depend on the number of broodstock being held. Long term good health and willingness to condition readily to spawning ripeness are dependable indicators that a holding system is large enough.


It is safer always to hold at least two groups of each species or variety (more if they are problematic) to reduce the chance of a total loss of breeders. For this reason it is more practical to hold two or three smaller groups of different species together in each broodstock holding system – see 3.6 below. In large-scale production facilities it is advantageous to allocate a section exclusively to holding and conditioning broodstock. This makes for easier operating, as broodstock are then all together for the feeding of specialized diets, monitoring health and catching for spawning.


It is most practical and quite acceptable in almost all cases to keep broodstock tanks of the egg-scatterers bare, except for a biofilter if this is being used. If necessary some artificial plants or similar refuge can be added for very timid species, but the need for this should be rare. If the fish are prone to jumping, facilities must either be covered or water levels maintained low enough to prevent jump-outs.









	3.2


	Water chemistry, maintaining water quality








As a guideline, if a range of fish species can be maintained in good health using the main water supply, then this is likely also to be fine for holding and conditioning broodstock of the vast majority of species – as well as for grow-out. Even tetras, renowned for their soft-watered natural habitats, can be expected to live and condition very satisfactorily in water of relatively high levels of hardness. On the other hand, if the water is very soft, with a tendency for the pH to drop over time, it may need to be hardened and buffered for species preferring alkaline water. Fish behaviour and performance are the best indicators of whether there is a need for adjustment or not. See PART 6: WATER CHEMISTRY for more information.


Good water quality needs to be carefully maintained. Broodstock are generally kept on high feeding rates to condition them, necessitating close monitoring of water quality and good water quality management. Individual movable biofilters utilizing scoria (light, porous volcanic rock), gravel, aquarium filter sponge (foam rubber), or other suitable material, are very practical, being easy to remove and clean. See 5.14 ‘Biological filtration’ in PART 5. Even with biofiltration, a 50% water change every week or two is recommended – more if there are signs of deteriorating water quality. In bad cases this is evidenced by a slight increase in cloudiness or turbidity of the water, followed by a bad odour, reduced oxygen levels and the possible presence of ammonia. (Ideally, broodstock holding systems should always be stocked at comfortable levels, their water quality maintained and the fish fed at rates such that the water never shows any signs of deterioration.)


In the absence of a biological filtration system, more frequent water changes will be necessary. The required frequency and volume will depend on stocking density and feeding levels. A water change of 50% to 75% once or possibly twice per week should be adequate if fish are not overstocked. Fish health and performance along with visual observation and chemical testing of water quality will determine water exchange needs.


Having a clean substrate (no sand or gravel on the floor) simplifies cleaning by siphoning, and also facilitates the catching of broodstock. Mystery snails are highly efficient in helping to keep tanks clean of uneaten food. (Their faeces are far less fouling than uneaten food.) Glyptoperichthys gibbiceps (spotted sailfin plecos) are also excellent for keeping tanks or ponds clean of excess food, but are only likely to be available in the numbers required if they are a production species. (The bristlenosed catfish remove algae effectively but do not clean up uneaten food as efficiently as mystery snails and gibbiceps.)









	3.3


	Broodstock holding temperature








Most of the egg-scattering species perform well at a temperature range of 24° to 26°C (75° to 79°F). Seasonal influences may cause temperatures to move well out of this range at times but this is generally well tolerated, with most species continuing to reproduce unaffected provided fluctuations are temporary and not too great. Some exceptions are referred to separately, an interesting case being neon tetras, which, although they will live and spawn readily at the above temperatures, require a lower temperature for eggs to hatch well. For this reason the breeders are also better kept in somewhat cooler water, around 23° to 24°C (73° to 75°F). On the other side of the scale, many gouramis, cichlids and some other species from different groups perform better at higher temperatures. (Specific information is given with individual groups and species.)


Maintaining sufficiently warm temperatures through winter may present some difficulties if the whole facility (room/building) is heated rather than the water in individual systems. To successfully condition warmth-loving species such as gouramis in these circumstances, special arrangements may be necessary, such as providing portable submersible heaters to boost temperatures in individual broodstock tanks. As with water quality, long term fish health and performance will indicate acceptability of temperatures.









	3.4


	Lighting








Generally this is not critical for broodstock, though the author’s preference is almost always for slightly subdued rather than very bright light. If glass tanks are used it may help to paint or cover three sides for very nervous or timid species, though this need should be rare.


If plastic containers or tank or pond liners are used it is generally better to avoid pure white for holding broodstock. Beige or other lightish or even darker colours are preferable. Natural light, with its slow changes, is also preferable to harsh electric lighting. Electric lighting alone is however also used very successfully, with time switches used to control the time when lights are switched on and off. One can also be used to supplement the other.


Note however that setting timers to switch lights on suddenly, early in the morning (when it is still dark), can be stressful and may interfere with spawning, so a gradual change from dark to full volume is preferable if this can be arranged. Time switches which gradually increase light intensity eliminate the problem of sudden change. The switch-off at night is not a problem from the shock perspective, but late-afternoon spawning may be affected if lights switch off too early.


Another option which works well if there is no natural light source at all and a gradual increase in light can’t be provided in the morning, is to provide a very low light intensity which remains switched on through the night. This reduces the impact of the main light source when it switches on suddenly in the morning. A single 25 watt incandescent globe is sufficient for a fairly large area – 100 square metres (1080 square feet), possibly more. Facing the light source upwards spreads the light.


As spawning fish are likely to attempt to follow natural light cycles in their spawning routine (rather than artificial ones), it makes more sense – though is apparently not critical – to commence early morning artificial light to coincide with the dawn, and switch off well after dark when late afternoon spawning should be finished. This also enables a longer-than-natural photoperiod (hours of light) to be maintained through winter, as described below.


The great majority of ornamental fish species will spawn year-round, unaffected by the seasons. However for those that do exhibit seasonal tendencies, such as goldfish, willingness to spawn year-round can be encouraged by increasing the daily photoperiod (length of daylight hours) through winter to equal or even exceed summer daylight time. This can be done using timers which switch lights on in the late afternoon before dark in naturally lit facilities – so that no gradual increase is necessary – and off again later in the evening, with morning light being allowed to arise naturally. For example, a total of twelve hours or more of light can be provided daily in this way.









	3.5


	Broodstock: numbers, turnover and replacement








The aim when managing broodstock numbers is to ensure that sufficient breeders are always available (year round) to produce an uninterrupted, controlled flow of the required numbers of offspring. The level of difficulty in achieving this is very much dependent upon the idiosyncrasies of the species. It is by far safer to keep more than one group of breeders of each species so as to minimize the chances of total loss of mature broodstock of any species. In this book, broodstock groups are differentiated into working breeders (currently in use for production) and back-up groups which are kept on stand-by, though any mature groups can be used for production if required.


There are several factors which dictate the number of fish needed in each group and how many groups of each species should be kept.


Factors which dictate the numbers of fish required per group:






	•  

	
Overall fecundity of the species. This is the main deciding factor for the number of working breeders that will be needed to produce big enough groups of offspring to fill rearing tanks to the required stocking levels, as needed. Fecundity is rated using attributes which affect output, such as ease and speed of conditioning to spawning ripeness, willingness to spawn, numbers of eggs produced, and their hatch and survival rate.







	•  

	
Predisposition of individuals to become unproductive, for example females becoming egg-bound if unspawned for long periods, or females which become difficult to condition or spawn for temporary periods.







	•  

	
The ease or difficulty in maintaining the health of broodstock. Breeders of many species are prone to losses when under continuous production pressure.







	•  

	
Spawning ratio of males to females. If more of one gender than the other is used during spawning, this must be accounted for in the numbers of working and back-up breeders.







	•  

	
The extent to which regular incidental losses of breeders occur during spawning, for example jump-outs, accidental crushing when catching breeders, or males killing females. Some species are very prone to such losses. If these occur, extra numbers of breeders will be needed to accommodate this.







	•  

	

The selection of broodstock before sexes are identifiable. If breeder groups are established using immature fish, bigger numbers are advisable to ensure that sufficient fish of each sex are available.


The combined effect of the above factors dictates the numbers of breeders needed in each group. It is always safer to have a slight excess of breeders. Note that in practice the numbers needed for each group are established by estimation; this is not something that needs to be done – or can be done – by accurate calculation. Furthermore, needs can differ from one hatchery to another.









The following factors determine the numbers of groups required for each species:






	•  

	
The ease (or otherwise) with which an entire group might be lost to disease or other causes. This is probably the most important consideration. If the species is delicate, sensitive to handling, or susceptible to a particular disease or diseases, more groups must be kept.







	•  

	
The need for unbroken continuity of production. If an unbroken supply is essential, it is safer to have more groups.







	•  

	
The age at which breeders mature. If breeders are slow to reach maturity more groups may be needed, especially if incidental losses are high.








Examples


For blue, opaline, golden, platinum and pearl gouramis (members of the Trichogaster group) which are very prolific, relatively tough, and are spawned 1 male to 1 female, two groups of 6 pairs each should easily be sufficient to reliably produce two thousand or more offspring per month. (A single group would be able to produce this number – a lot more in fact – but having two groups ensures against total loss, and a new, younger group of fish can be introduced periodically to replace ageing groups as needed.) To produce the same number of a delicate and far less prolific species such as emperor tetras which are spawned using more females than males, 3 groups of approximately 25 males and 50 females each might be needed.


Very significantly, the fecundity of a particular species may vary greatly from site to site – what performs well on one site may perform very poorly on another. Furthermore, in practice, broodstock groups will very often be underutilized – that is, they will be capable of producing far more than needed – but must be maintained at this level as a hedge against losses and periods of low productivity.


Broodstock replacement routine


To accommodate losses and ageing breeders, broodstock must be replaced from time to time. Actual requirements in this respect are very much circumstance and species-dependent. Every time breeders are caught for spawning, the status of broodstock numbers and health should automatically be noted.


If fish which are being grown out for sale routinely approach or reach sexual maturity before being sold, this provides an excellent, constant source of ready or near-ready broodstock. However, many species are sold well before reaching maturity. It is then essential to grow out young fish separately. The age at which broodstock become sexually mature and the age at which they stop reproducing varies considerably from species to species, though as a general rule small fish mature younger (and are shorter lived) than larger ones. Most smaller species can be expected to mature within 5 to 8 months; larger species can take a year or more. In the commercial environment, for small fish such as tetras, danios and some barbs, a commercial reproductive lifespan of just a year or two – sometimes even less – can be expected, while several years to a decade or more is possible for bigger species.


Breeders need only be retired if their productivity declines – there is no reason to do so on the basis of age if acceptable numbers of offspring of satisfactory health and vigour are being produced. Significantly, in practice the most common reason for needing to replace broodstock is an almost inevitable slow decline in the numbers of breeders in each group, particularly with the smaller, delicate species. This occurs due to ongoing individual losses from a variety of causes such as: jump-outs or other mortalities during spawning, exceptional susceptibility to stress or specific diseases, crushing during capture, etc. Hence the rate of loss varies from species to species.


On occasion, back-up breeders of some species may be held for so long without use that they become old without this being noticed. It is possible then to inadvertently end up with old back-up as well as old working breeders. In practice, however, this is rare as it is more common for breeders in all mature groups of each species to be spawned fairly routinely, in which case this eventuality is avoided. Regular spawning also prevents some species from becoming egg-bound or their egg quality from deteriorating.


Some species which are bred using the continuous-spawning method, such as the cichlids, will take natural rest periods. Valuable resting breeders should not be disposed of if they stop spawning – especially species which take a long time to reach maturity. If the fish stop spawning, they can be rested for a month or two and then trialled again to see if they recommence spawning. (If the fish are getting old then they may not spawn again anyway.) Experience teaches trends.


In the case of slow-to-mature species, for instance large cichlids, koi, and some catfish, the status of broodstock must be closely monitored and the broodstock replacement routine undertaken carefully to avoid breaks in production. In large hatcheries, especially where more than one person works with the same breeders, it is helpful if not essential to keep written records of breeders’ performance, for example where many pairs of angelfish are kept in production. Unproductive fish must be routinely detected and replaced.


NOTE: In the case of those strains and varieties which have been developed by selective breeding, for example livebearers and long-finned fish, it is by far preferable to maintain good quality broodstock by ongoing selective breeding than to bring new broodstock on site with the inherent risk of introducing new diseases.









	3.6


	Mixing species








Keeping groups of different species of breeders together very usefully reduces the number of individual facilities needed, especially if only small numbers of each species are needed.


There is generally no problem in holding different species of broodstock of the egg-scatterers together for conditioning, provided they are compatible in dietary and other needs and in behaviour. Generally it makes sense to group similar sized fish together, but there are many mild-natured large fish which can be kept very successfully together with smaller ones.


Three or even four species can be kept together, though this does complicate sorting and increase handling if the various species are spawned at different times. If spawning can be arranged so that several or even all of the species being held together can be spawned at the same time, this will reduce the number of times overall that they all have to be caught and sorted.









	3.7


	Ratios of males to females








In most cases the ratio of males to females can be approximately equal. However, for a variety of reasons, it is sometimes useful to have more of one sex than the other. For example when group-spawned, some species perform better with more males than females or vice versa. Either one or the other sex may be prone to losses in the spawning environment, and accommodating these losses by holding more of the vulnerable sex (or more fish in total) is then necessary.









	3.8


	Separation of the sexes








With a few notable exceptions, little if any advantage is gained by separating males and females of the egg-scatterers while holding and conditioning them for spawning. The fish-breeding pioneers used to speak of separating the sexes to ‘make the heart grow fonder’, but good diets, well conditioned broodstock, and a move to fresh spawning water seem to encourage spawning activity even more effectively.


When male and female broodstock of egg-scatterers are kept together in large groups, precocious spawning under these conditions – especially in a bare tank – is rare but can occur. Danios may do so, and the author has observed groups of 100 to 200 harlequin rasbora breeders spawning on filter pipes or similar structures in otherwise bare holding facilities, even in very hard water. Nevertheless, with the majority of species this will not be a problem. If it is suspected that it is happening then it is a good idea to watch the breeders, especially early in the morning, and separate the sexes if such precocious spawning is observed. If females in groups of breeders consistently refuse to reach good spawning condition or seem to lose bodyweight suddenly and inexplicably, then this may be the cause.


A few groups other than egg-scatterers are exceptions to this rule. Many cichlids will spawn if males and females are held together with numbers of the same or different species – sometimes to the detriment of the other residents. Males of some cichlid and other species become territorial and aggressive when they mature fully, so special holding arrangements are needed in their case. Groups of young mature fish can usually be held together with reasonable success until problems are observed.









	3.9


	Selecting broodstock: purity of strains and other considerations








Many tropical aquarium varieties remain totally or virtually unchanged from the way they appear in the wild. In such cases selection for particular attributes is not as critical as it is for strains (fish purposely modified from their natural appearance), because the former are naturally genetically ‘fixed’. Nevertheless, selection of the most robust, colourful, and well formed individuals is always preferable, because a decline in body shape can occur over generations of captive-breeding, even in the wild forms. (Because body shape is such an important aspect of quality, it is essential for the producer to be familiar with requirements and standards in body shape so as to uphold the standard of cultured aquarium fish. It is not always easy to access photographs or illustrations specifically showing correct body shape, but photographs from reference books are a good start, and aquarium societies or clubs may be able to help.)


When working with genetic variations such as special colour strains or long-finned and hi-finned varieties, it is imperative, whether procuring new broodstock or drawing from one’s own production, to select individuals showing the very best of the required characteristics. Many of the commercially available strains are quite well fixed, but the exercise is nevertheless necessary as there is a strong tendency to revert to their original wild colour or form. The more critical the specific characteristics are to a particular strain, or the greater the need to improve or maintain them, the more attention that must be paid to careful selection of breeders.


Whenever fish are harvested, the opportunity arises to select new broodstock, and the status of the broodstock of the harvested species should always be borne in mind. If needed, the best quality breeders must be selected without compromise before batches of fish are sold.


Shooters. The matter of genetic influence on growth rates is often debated. Individuals that very rapidly outgrow the rest of a group (referred to as ‘shooters’) are a common occurrence. Some fish breeders automatically select these to use as broodstock, assuming them to have fast-growing characteristics – which they do of course, relative to the rest of the group. However if there is a considerable size-variation within a group of young captive-bred fish, this is often the result of some negative environmental, dietary or health influence which has caused some fish to grow more slowly than others, rather than automatically being a positive genetic influence which has produced the faster growers. (There is of course the possibility that shooters have a genetic ability to resist the cause of the slow growth of the rest of the population, but to establish the validity of this would require proper scientific determination.)


On the other hand, one of the indisputable indicators of a history of good health in groups of fish is in fact uniformity in size, at least until sexual maturity is reached (when one gender may naturally outgrow the other), and it is most important to select breeders from groups which are known to have had a healthy life.


On this basis it is better to take breeders randomly in respect of size, from as uniformly sized groups as possible which have shown consistently good health and growth. In addition to this, the best specimens in other respects, such as shape and colour – if there is any discernible difference within the group – should be chosen.


As mentioned above, size-variation may also arise in fish in which one sex is naturally larger than the other, as they reach maturity, and this must be taken into account when selecting new breeders which are approaching maturity but are still not clearly identifiable as male or female. If only the largest specimens are taken, there may be more of one sex than the other. In this case it is safer to take a range of sizes (excluding obviously undersized fish), if there is a noticeable size difference in the group. If sexes are already identifiable, ratios of sexes can be selected as needed, which eliminates the problem completely.









	3.10


	Genetic diversity








Considering the very considerable degree to which captive-bred fish have been subjected to inbreeding, often with little or no new genetic introduction from cultured or wild stock, generation after generation, it is remarkable that there are not more problems. This is probably due, at least in part, to the fact that commercial breeders tend to keep large groups of broodstock of each species, maintaining a closed but usually fairly large gene pool. Cichlids, including angelfish, are a notable exception. Other than in cichlids, the author has rarely conclusively found inbreeding to be a cause of deformities or other problems, though this is sometimes reported.


Working with large groups of breeders and consistently selecting the best characteristics for the variety seems to assist greatly in avoiding genetic deterioration, even over many generations.


If the introduction of new fish is considered for the purpose of genetic improvement, the disease risks associated with this must be weighed against potential benefits, and the new fish must be subjected to strict quarantine procedures before being allowed in.









	3.11


	Conditioning: diets








The term ‘conditioning’ here refers to the development of females and males to spawning readiness or ‘ripeness’.


Conditioning is primarily achieved by feeding generously with good diets, but the environment must also be conducive – sufficient space and acceptable stocking densities (tending towards low), good water quality, conducive temperature etc. The author regards working with healthy and well conditioned (fully spawning ripe) fish to be the two most important factors in achieving success in breeding.


Some suggestions for conditioning foods, from most to least desirable, are given below:






	(1)

	Living foods







	    

	Living foods are the best overall nutritionally, and are also irresistible to most fish – likely to tempt even the most reluctant feeders. They are indispensable for the conditioning of some species, and are very important for breeders being held in a continuous-spawning situation where they also contribute usefully to the maintenance of good water quality. This is due to the fact that most live foods very advantageously remain alive and active until eaten, thereby minimizing any impact on the water. Live foods also produce a far smaller volume of solid waste (faeces) than dry diets. A downside (unless one has a good local wild supply or they can be readily cultured) lies in their often limited availability and high cost.







	    

	A further consideration is the risk of introducing pathogens or other unwanted organisms with living aquatic foods. They must be thoroughly washed to ensure, as far as practicable, that undesirable organisms do not accompany them into the tanks. This can never be guaranteed, but obtaining cultured live foods from fish-free environments will help. See PART 5 for culture techniques for some live foods.







	    

	Common live foods include:







	    

	(a) Artemia (brine shrimp)








	    

	This is a convenient and nutritionally excellent food for conditioning smaller fish, and their eggs (cysts) are easily available and hatched, but they are expensive to purchase. Unfortunately they are especially costly when purchased in small quantities, and these often do not yield good hatch rates. Good quality vacuum-packed product can yield close to 100% hatch, and can last for years while still sealed and preferably refrigerated.







	    

	Grown-out brine shrimp are an exceptionally good live food, and may be available from aquariums and pet stores but are expensive to feed in big quantities. It is possible to grow brine shrimp out on commercial brine shrimp (artemia) diets, yeast products or unicellular algae (dried, or in wet concentrates), but this is not always easy and is likely to require some trial and error before reliable success is achieved. Brine shrimp grow particularly well on some dried spirulina (algae) product, which is fairly cheaply available. A source of well filtered natural sea water makes their culture a lot easier. See hatching and harvesting techniques in 5.2 in PART 5.







	    

	(b) Microworms








	    

	These are very small live-bearing nematode worms with an average length of around 1.0 to 1.5 mm (0.04 to 0.06 in). They are quite easily cultured in reasonable quantities but are too small for all except for the smallest breeders. They are particularly useful as a supplement for some small species but are not recommended as a conditioning diet on their own.







	    

	(c) Tubifex and black worms








	    

	Tubifex are thin red worms averaging about 3 to 4 centimetres in length which live in dense colonies in nutrient rich but oxygen-deficient water, commonly in wastewater outflows from dairies, sugar mills and sewerage works. Black worms are similar to tubifex in shape, but are larger and less suitable for small fish. They require a colder environment than tubifex, for both culture and holding. Both may be available from producers, aquariums, and pet stores in some areas. They can be cultured, but their culture would be impractical for the average fish farmer. Tubifex can occasionally be located and collected in the wild, though suitable places are increasingly difficult to find in some countries and there are health risks associated with this.







	    

	Tubifex has been accused of introducing diseases though this has not been the author’s own experience. The use of tubifex – and its (clearly recalled) collection from sources such as sewerage works – had no noticeable ill effect on the fish, and perhaps even more surprisingly, nor on the author himself. Nevertheless, cultured product is preferable by far and is one of the finest conditioning foods, though there are a few species such as the algae-grazing African Rift Lake cichlids to which they can only be fed infrequently and in very small amounts or they cause digestive problems.







	    

	(d) Bloodworm (chironomid larvae)








	    

	This excellent food and seemingly ubiquitous insect larva is a remarkably common presence in outdoor water bodies – far more common than mosquito larvae. Unlike mosquitoes, the adults do not bite. They can be encouraged to lay eggs in ponds by fertilizing these with organic fertilizers such as poultry manure or fishmeal, and the resultant bloodworms harvested, but a relatively large suitable area of water is needed to yield useful quantities. NOTE: bloodworms have been found to be capable of causing blockages in the digestive tract of small fish when fed live or frozen, due to compacting of the indigestible head section, but this has not been observed by the author.







	    

	(e) White worms








	    

	These 10 to 15 mm (0.4 to 0.6 in) long white nematodes are not as easily cultured in useful quantities as some other foods, nor do they appear to be as good a conditioning diet and are not always enthusiastically received by fish, but can be useful as a supplement.







	    

	(f) Daphnia, moina and bosmina








	    

	Daphnia, often called water fleas, are probably the most common of the three in cooler climates, while the second two are smaller and seem to prefer warmer water. Moina are commonly used in South East Asia and are the major food source for the millions of neons produced in southern China. Occasionally these can be purchased, or wild sources can be found though populations tend to fluctuate. (With wild-caught food there is a risk of introducing pest organisms.)







	    

	Although very healthy, very practical to use and able to be cultured, they are perhaps not quite as productive in conditioning broodstock as are some of the other more protein-rich live foods.







	    

	(g) Mosquito larvae








	    

	These are very nutritious, a good size, irresistible to most fish and excellent for conditioning breeders. Usefully, if fed in large numbers to broodstock, they don’t compete for oxygen as they breathe air from the surface. They are difficult to find naturally in large numbers but there are ways to culture them. (Note that their culture may be illegal in some areas due to the risk of their carrying human diseases, notably malaria.) Like tubifex, they have also been reported to be potential carriers of fish disease, but this has not been the experience of the author. Cultured mosquito larvae should be safer to use than wild ones.







	    

	(h) Live freshwater shrimp








	    

	Excellent for species big enough to swallow them, but they do present the risk of introduction of pests if wild shrimp are used.







	    

	(i) Small fish








	    

	Small live fish are very good food for many species big enough to swallow them. Again, a source of cultured fish should reduce the risk of pests accompanying them – though the source of any cultured fish should also be investigated from a potential disease perspective.







	    

	(j) Earthworms








	    

	Exceptionally good food – highly nutritious, very good for conditioning, quite easily cultured, commonly available for purchase and they also stay alive for quite a long time in water. Unfortunately they are too large to be fed whole and alive to most species.







	(2)

	Frozen ‘live’ foods







	    

	These are quite readily available from aquariums and pet stores, two of the most common being bloodworm and grown-out brine shrimp. Though rather expensive to use in large quantities, they are excellent food – convenient and very well accepted by most fish. Well prepared and stored bloodworm is clean and bright red, while poorly prepared or stored (or aged) product is darker and more brown or black in colour. The latter should be avoided.







	    

	If large supplies of daphnia are available periodically, this can be successfully frozen and stored but is not as good a food as the other two. Earthworm and tubifex cannot be acceptably frozen as they deteriorate and become watery when defrosted.







	(3)

	Fresh but non-living foods (wet diets)







	    

	These include such items as finely chopped or ground lean meat, beef heart, liver, fish, prawn and especially earthworm – if one is prepared to do the chopping. Chilling earthworms in water to just above freezing first should help. When preparing these foods, care is needed to produce a uniform and acceptable particle size. Uneaten, all will foul the water rapidly. Liver is particularly bad due to its soft texture, but is an excellent conditioning food. Use with care – avoid over-feeding.








	(4)

	Frozen fresh foods







	    

	Raw lean beef, beef heart, beef liver, fish and prawn can be frozen and grated into particles of acceptable size. The frozen product can be grated directly into breeders’ tanks, or the very finest, uneatable fraction can be removed first by washing it in a fine net. Some of these foods are difficult to grate when they are frozen very hard. Allowing them to soften very slightly out of the freezer makes this easier.







	    

	
NOTE. Moderately finely grated beef liver is inexpensive, well accepted and an excellent conditioning food for many species. Even small fish find it easy to swallow due to its soft texture. It is best to wash the grated liver in a fine net to remove fluids and very fine particles as these easily foul the water. Use all with care – avoid over-feeding.








	(5)

	Cooked liver







	    

	Raw liver, which is very soft-textured, can be rendered firmer and relatively water-insoluble by heating which is most effectively done in a microwave oven. It can then be frozen and grated into discrete particles. With some effort, it can also be processed into small particles when cooked but unfrozen, by pressing and scraping it through a suitable screen such as a wire rice colander or similar mesh, using a spoon. The white waste liquid and very fine particles can be removed by washing in a fine net, or by placing the food into a tall, narrow container of water. This is stirred, and the solids then allowed to settle. The now whitened water can be decanted, leaving solids behind. Because the larger particles settle out faster, shortening or lengthening the settling time enables larger or smaller particles to be discarded or kept as required. Use with care – avoid over-feeding.








	(6)

	Homemade broodstock diet







	    

	This is a gelatine-bound frozen diet, made out of several different ingredients, and is particularly useful for enriching diets with vitamins and minerals. When frozen, it can be fed by grating directly into tanks. See 5.1 in PART 5 for the recipe.







	(7)

	‘Artificial’, ‘prepared’ or ‘dry’ diets







	    

	Flakes, crumbles, granules and floating or sinking pellets are generally readily available commercial diets. They have improved steadily in quality over the decades and today many are nutritionally excellent, well balanced, and enthusiastically accepted by most fish, but must be checked for freshness. Old product loses nutritional value, and product that smells stale or rancid, is lumpy or moist, or shows signs of mould, must be totally avoided. Diets containing growth- or colour-enhancing hormones can severely affect the fertility of broodstock and must be studiously avoided.








	    

	Micro-particulated diets (see GLOSSARY OF TERMS) are sophisticated dry diets whose development was largely motivated by the need to supplement or even replace live brine shrimp. They are available in a wide range of particle sizes, the larger sizes being more suitable for breeders and fortunately also cheaper than small sizes. They are a relatively costly but excellent food.
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