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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.






 


Copyright © 2012 Brian Andrews


This eBook is copyright. Apart from any fair dealing for the purpose of private study, research, criticism or review, as permitted under the Copyright Act 1968 (Cth), no part may be reproduced by any process without written permission. Enquiries should be made to the publisher.


First published in Case Bound hardcopy 2011.
 

Available for purchase www.ornamentalfishfarming.net
 

ISBN: 978-0-9874026-3-9
 

Author and Publisher: Brian Andrews


Photographs and Illustrations: Brian Andrews unless otherwise credited


Enquiries to: ornamentalfishfarming@gmail.com
 

Website: www.ornamentalfishfarming.net








 


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.’”






 


EGG-LAYERS


(A) BATCH-SPAWNING THE EGG-LAYERS


GROUP 1


BATCH-SPAWNING THE EGG-SCATTERERS


Batch-spawning is the term used when 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 this and other spawning styles.


Representative families and species:


CHARACIDAE


Tetras and other characins


More examples of individual species of characins are given than of other families due to their wide diversity of spawning behaviour and breeding techniques.






	4.1  

	Head and tail light tetra (Hyphessobrycon ocellifer)







	4.2  

	Glowlight tetra (Hemigrammus erythrozonus)







	4.3  

	Black phantom tetra (Megalamophodus megalopterus)







	4.4  

	Emperor tetra (Nematobrycon palmeri)







	4.5  

	Blue tetra (Bhoelkia fredcochui)







	4.6  

	Congo tetra (Micralestes {Phenacogrammus} interruptus)







	4.7  

	Silver dollar (Metynnis hypsauchen)







	4.8  

	Spotted headstander (Chilodus punctatus)







	4.9  

	Neon tetra (Paracheirodon innesi)








CYPRINIDAE


Barbs






	4.10

	Tiger barb (Puntius tetrazona)







	4.11

	Golden barb (Puntius semifasciolatus ‘schuberti’)







	4.12

	Cherry barb (Puntius titteya)








Danios






	4.13

	Zebra danio (Danio rerio)







	4.14

	Kerri danio (Bracydanio kerri)







	4.15

	Barred danio (Brachydanio pathirana)








White cloud mountain minnow






	4.16

	White cloud (Tanichthys albonubes)








Rasboras






	4.17

	Harlequin rasbora (Rasbora Trigonostigma)








Goldfish and Koi






	4.18

	Goldfish (Carassius auratus)







	4.19

	Koi (Cyprinus carpio)












 


CHARACIDAE


The characin family contributes a large and diverse range of popular aquarium species including neon and cardinal tetras. Characins range from quite easily bred and raised to not yet bred in captivity, in which case they are wild-caught for the aquarium trade. Many breedable species which sell in moderate to high numbers can be produced in fairly standardized production systems. They have a reputation for requiring soft water for their breeding; which in many cases is true, but many generations of domestication have resulted in some water-sensitive species becoming progressively more willing to spawn outside of the traditional soft water requirements, though egg hatch may still be affected.


The availability of cardinal tetras to the aquarium trade has for many years been dependent on wild-caught fish. However in recent times increasing numbers of this beautiful species are being bred in captivity. Anyone wishing to breed them commercially would be well advised to get tank-bred broodstock. Even using tank-bred fish they should be regarded as likely to be challenging – not a beginner’s fish. The same is true for rummy nose tetras, though they have been bred commercially for many years. They still fetch a higher price than the cheaper, more easily bred tetras, which is always a good indicator that there are likely to be some difficulties in their production.


Spawning facility. Compared with most of the other major groups, characins’ eggs are quite delicate and sensitive to bacteria, protozoa and fungus, making glass tanks, which are easily cleaned between spawns, most suitable for spawning them in. The vast majority of popular small species can be bred in glass tanks of 600 x 300 x 300 mm (24 x 12 x 12 in) in size. For most of these, an undivided tank is appropriate, but for some the tank can be divided into 2 or even 3 sections for better space utilization and productivity. For some larger species, a tank of 900 x 300 x 300 mm (36 x 12 x 12 in) is necessary, though there are relatively few in this category. For silver dollars and large Congo tetras, an even larger tank of, for example, 900 x 400 x 400 mm is required.


Due to their willingness to spawn on demand, their egg-scattering and non-egg-caring characteristics, the delicate nature of their eggs, and their general fastidiousness, the characins are not pond-bred.


Water chemistry. As mentioned, most prefer and many require soft water. The most demanding species such as neon and cardinal tetras require water with a total hardness of below 10 ppm for optimum results. However, as some species are clearly more tolerant than others, until individual needs are known, a practical approach is to commence breeding them in soft water until success is achieved; then if soft water is in short supply, progressively harder water can be trialled until a maximum hardness is reached at which willingness to spawn and egg hatch rates are still acceptable.


Note that it is hardness rather than TDS (total dissolved solids) that seems to affect the hatch rate of characin eggs. Some reports suggest that calcium in particular is the cause of the problem. This is supported by the fact that on one of the author’s farms, the soft bore water used for breeding characins, including neon tetras, had a TDS of close to 250 ppm, but a calcium content of just 6.3 ppm. Nevertheless, the soft water used for breeding characins usually also has a low TDS.


The author’s own practice has been to commercially spawn all characins, including neon tetras, at a pH of between 7.0 and 7.5, which has either been the natural pH of the breeding water source at the production sites, or that of water softened by reverse osmosis when this process has been used. Provided other water chemistry is acceptable, and the pH is within 0.5 above or below 7.0, in large scale production it is neither practical nor should it be necessary to make individual pH adjustments for breeding the vast majority of characins. Nevertheless, if difficulties are being experienced with some of the more fastidious species, this remains one of the aspects of water chemistry that could be worth experimenting with. If adjustments to pH are trialled it must be borne in mind that very little acid is needed to change the pH of soft, unbuffered water, and that the water should therefore be tested before introducing fish.


Water temperature. This is an area in which characins differ quite significantly from many other major groups. Their eggs are generally more delicate and sensitive to high temperatures, though the degree of sensitivity does vary somewhat from species to species. Neon tetras are particularly well known for this and are best bred at a temperature not higher than 22°C (72°F). Glowlights are also sensitive, but not to quite the same degree as neons, starting to be affected at above about 25°C (77°F).


There is not an absolute cut-off point at which there is suddenly no hatch. As with water hardness, hatch rates tend to decline progressively as temperature increases. To add to this problem, because the eggs of characins are generally more susceptible to bacteria and protozoa than are the eggs of other families, high temperatures, which favour the proliferation of micro-organisms, play a greater role from this perspective as well. Although this is less noticeable, higher temperatures can also increase the problems experienced with newly hatched larvae. Therefore it is safer as a general rule with tetras, to operate at temperatures not higher than 26°C (79°F).


Water depth. This is more about conserving soft water used for breeding tetras than about actual preferences or requirements. To conserve water (and save time) most of the smaller species can be spawned in a depth of 150 to 200 mm (6 to 8 in). A few species will jump – especially around a flow of air from an airline – so a lower depth also helps to reduce losses through jump-outs, though the very worst jumpers must still be covered. Where more space is needed, for instance for groups or larger fish, the tank should be full – and covered if necessary.


Spawning medium. Either coconut fibre or mops (made of acrylic yarn) are accepted by almost all species, but acrylic yarn should not be used with species which have characin hooks. Plastic plants can be useful with larger species for providing refuge and cover, but are best used in conjunction with a good spawn-receiving medium such as acrylic yarn mops or coconut fibre.


Peat extract. This is very useful for spawning the characins. (Recommendations are given throughout.)


Hygiene. This is more important for characins than for most other species. Hygiene as described in 3.18 or similar should be practised.


Tank layout for spawning. As described in 3.26 and 3.27.


Identifying the sexes. The best means of identification will depend on the species. Males are sometimes more colourful, have longer fins or differently marked or coloured fins, or may be larger or smaller than females. Spawning-ripe females are almost always noticeably plumper than males. Males of some species of tetras have characin hooks which can be detected by running the anal fin over fine netting.


Grouping of males to females – gender ratios for spawning. They can be spawned in pairs but many species will group-spawn. Suggestions are given for the representative species below, and for others in PART 10: INDIVIDUAL SPECIES.


Aeration. With very few exceptions, gentle aeration is most appropriate.


Lighting. Generally, subdued rather than bright lighting is appropriate. The eggs of characins are often reported to be sensitive to too much light.


Health in grow-out. Perhaps most note-worthy, characins in general are very susceptible to white spot (Ichthyophthirius). This can be extremely destructive in the production of tetras due to their delicate constitution. Neons, black neons, emperor tetras, kerri tetras and red phantoms are amongst the most susceptible. Close monitoring and early detection of the disease are of paramount importance. Severe losses can be expected if treatment is not administered in the very early stages. Observation at night using a torch (flashlight) to look for the tiny white spots is very effective.


Malachite green is one of the most effective treatments, but unfortunately characins are very sensitive to it, and its use is not permitted in some areas. If it is used with them, it must only be used at 0.05 ppm which is half the normal dose rate. In hatcheries where tetras are produced, if a bad outbreak of white spot occurs, a prophylactic treatment with malachite green throughout will help to prevent the disease from spreading. (Water changes are not necessary following treatment with malachite green.) In the case of severe white spot infestations, a treatment of oxytetracycline at 20 ppm concurrently with malachite green is recommended against secondary bacterial infections.


A combination of formalin and malachite green is recognized as being more effective than malachite green alone against protozoa in general, but the formalin (at a dose rate of 25 ppm) will impact on mystery snails and may cause water quality to deteriorate, necessitating a water change. See 7.7 in PART 7.


If necessary and practicable, a low concentration of coarse salt (2 ppth) can be used on a long term basis with very susceptible species as a safe method of reducing the likelihood of an outbreak. This will not affect biofiltration or mystery snails.


The sporozoan disease Pleistophora hyphessobryconis (sometimes spelled Plistophora) is an incurable disease which affects characins and is particularly troublesome in neon tetras. In tetras the disease is characterised by areas of whitened muscle tissue. The disease develops relatively slowly and may take weeks to cause mortalities. Every possible effort should be made to ensure that all characins acquired for broodstock are free of this disease.


A second disease which affects tetras (amongst other species) which can cause heavy losses in neon tetras in particular, especially at wholesale and retail facilities, is ‘false neon disease’. See 7.3 ‘Pathogenic organisms, from smallest to largest, with some examples of common diseases and their treatment’ in PART 7.


Interestingly, characins appear to be less susceptible to deformities caused by diet than some of the other families. However, because they are delicate, more care is needed when harvesting them than most other families, making them generally less suitable for growing out in earth ponds, though this is sometimes practised.


For more comprehensive information on producing the egg-scatterers, see 3.1 to 3.79 in PART 3.









	4.1


	Head and tail light tetra (Hyphessobrycon ocellifer)









This species reaches reproductive maturity very early, as young as 5 months old in optimum conditions. They condition to spawning ripeness easily with a minimum of attention.


Spawning facility: glass tank: 600 x 300 x 300 mm, (24 x 12 x 12 in) for groups. Smaller tanks can be used for pairs. Water: reasonably soft is best; below 100 ppm total hardness for good hatch results. The pH should be around 6.5 to 7.5, but fish will spawn and eggs will hatch at a higher pH. Temperature: preferably not too high, 23° to 26°C (73° to 79°F). Hatch rate may be affected at higher temperatures. Depth: not important, and can be ⅔ of the tank (200 mm) to conserve soft water. Aeration: gentle. A little peat extract can be used but is not essential as they are very willing spawners.


They are not bad spawn robbers, if at all, but an egg-screen would be advisable if they are not going to be removed for some hours after spawning or until the following day when eggs have hatched. Spawning medium: coconut fibre (coir) is required as they have characin hooks. Tank layout: a small to medium amount of coconut fibre, spread centrally and teased well open.


Identifying the sexes: males are much smaller than females, and have very pronounced characin hooks. Grouping: 2 males to 1 female or 3 males to 2 females, best introduced by mid-morning to maximize chances of a spawn on the following morning.


Spawning: if the fish are well-conditioned, most groups can be expected to spawn on the first morning after introduction. Displaying and chasing of females by males (and sparring between males) starts very early in the morning. If two females are present, both will be pursued until one starts to spawn, at which time the males tend to pursue her far more intensely, with the result that a second female may not spawn at all. During energetic and rapid chasing, females seek a suitable place to deposit their eggs, often in upper open water and tank corners, and sometimes amongst loose, open spawning medium. They pause momentarily as males move quickly alongside. Eggs are expelled in a curved flicking movement. Spawning continues for an hour or two. Many hundreds of small, very translucent, slightly adhesive eggs are scattered about the tank, some adhering to the coconut fibre, most falling to the bottom. Both or just one female may spawn. The second female may spawn on the following morning, but most often will not, and breeders are better removed after the first spawning.


Fertility and egg care: Fertility levels and hatch rates can vary greatly from spawn to spawn, from very high to very low, especially in the commercial environment. A range of factors can influence this, such as the health and condition of broodstock, water temperature and water chemistry, and general hygiene. On average a few hundred to as many as a thousand larvae can be produced by two large females. Eggs hatch in about 24 hours, depending on temperature. Due to their short hatch time, the eggs require little or no attention. However, if there are many bad eggs in big spawns, netting these out after hatch using a net of a mesh size large enough to allow larvae through, may help to reduce the protozoan/bacterial load. Fry hang for about 3 to 4 days before becoming free-swimming.


This species, along with a number of other tetras producing small clear eggs, is occasionally prone to periods during which the larvae do not become properly free-swimming. The spawns in which this occurs usually also have a low hatch rate. The larvae are smaller than usual, and ‘hop’ below the surface, or just above the tank floor, eventually dying. This may be due to broodstock health problems or dietary shortcomings, and is often temporary. The problem frequently disappears after a few spawns following good conditioning with healthy diets.


Stress to the rather delicate eggs and larvae, caused for example by bad water chemistry, poor tank hygiene, bacterial or protozoan blooms or excessively high or low temperatures, can produce similar problems in individual spawns of these and other characins.


First food: Because of their delicate nature, the larvae are best not moved from spawning tanks to rearing tanks until they are at least a few days old. The ideal would probably be to wait until they are eyed or just free-swimming, but this would tie up spawning tanks and is not generally necessary. Larvae are able to swallow newly hatched brine shrimp and are quite easily raised. Like the larvae of most tetras, they initially position themselves against, or remain close to, a suitable substrate such as a filter, or in corners until reaching about 6 or 7 mm (0.25 to 0.3 in) in length. After this, over a few days, they move out into the column.


Selling size/grow-out time: they can reach 30 mm (1.2 in) within 4 to 5 months of hatch, sooner at very low stocking densities. The two most common selling sizes are 30 and 35 mm (1.2 and 1.4 in) though they are occasionally sold smaller or larger.









	4.2


	Glowlight tetra (Hemigrammus erythrozonus)









This is a perennial hobby favourite, which sells in high numbers at low prices. They mature very young – within about 5 to 6 months of age – and condition easily, especially on newly hatched brine shrimp or other small live foods, but are not fussy eaters.


Spawning facility: glass tank: 600 x 300 x 300 mm (24 x 12 x 12 in), divided into 3 compartments using 2 dividers. Water: Soft, preferably below 50 ppm total hardness for the best results. Temperature: 23° to 25°C (73° to 77°F). Higher temperatures can affect hatch rate. Depth: around ¾. Aeration: gentle. Peat extract: a little peat is good though not essential. Spawn robbing: very little if any. Spawn protection is not really necessary even if breeders are left in the spawning tank overnight after spawning. Spawning medium: a medium amount of coconut fibre, teased out loosely. (Males’ characin hooks will get caught in acrylic yarn so it shouldn’t be used.)


Identifying the sexes: females are much larger and plumper; males are small and slender with very noticeable characin hooks on the anal fin. Grouping: 1 male to 1 female. Glowlights can also be group-spawned in the tank size suggested (undivided), using 3 males to 3 females, or 4 to 4, but productivity is generally not as consistent or good as when they are spawned in separate pairs. Time in: if introduced before midday most pairs can be expected to spawn the following day.


Spawning: this will commence quite early in the day, usually on the first morning after introduction, after extremely energetic ‘dancing’ and displaying, and a little chasing by the male. The female actively searches for a suitable area amongst the coconut fibre. The spawning embrace includes a ‘barrel role’ for which they are well known. Hundreds of eggs are scattered about. They are moderately adhesive – some fall to the tank floor while others stick in the coconut fibre, but they are easily shaken free when the spawning medium is removed. Fertility can be variable but is often high. On average 100 to 200 viable eggs per female can be expected, with a maximum possibly as high as 300 to 400 from a large individual, though this would be unusual. Hatch time: within about 24 hours, depending on temperature. Care of eggs: no attention is needed unless water temperature is too high or spawns are very large, with low fertility causing cloudy/misty water. In this case a careful water exchange (with eggs or larvae) should help. The newly hatched larvae are best not moved until eyed though it can be done earlier. Larvae are typical of tetras before becoming free-swimming.


First food: The larvae are easily able to take newly hatched brine shrimp and are reasonably robust (for tetras) though niggling problems can arise from time to time in production.


Selling size/grow-out time: They are quick-growing and should reach a sellable size of 25 to 30 mm (1.0 to 1.2 in) within 4 months.









	4.3


	Black phantom tetra (Megalamophodus megalopterus)









Black phantoms should reach sexual maturity within about 6 months, and are quite easily conditioned to spawning ripeness.


Spawning facility: glass tank: 600 x 300 x 300 mm (24 x 12 x 12 in.) Water: soft, preferably less than 50 ppm total hardness, pH 6.5 to 7.5. Temperature: 25° to 26°C (77° to 79°F). Their eggs are not as temperature-sensitive as those of glowlights. Depth: about ¾ full. Aeration: gentle. A small amount of peat is recommended, though they will spawn without it.


They are not egg robbers, but an egg-screen would be advisable if breeders are only removed on the following day, when eggs will hatch. Spawning medium: coconut fibre or acrylic yarn mops can be used – mops may be slightly better if they are proving difficult to spawn. Tank layout: spawning medium should be about medium level in quantity and placed either centrally or towards the back of the tank. It should allow some open swimming area and be teased out to leave spaces for fish to move through when spawning.
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FIG 4.1. A mature male black phantom tetra. (Photograph courtesy of Neil Armstrong.)
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FIG 4.2. A mature female black phantom tetra. (Photograph courtesy of Neil Armstrong.)


Identifying the sexes: males are larger than females, have a bigger dorsal fin, and do not have the redness of the females – particularly noticeable in the females’ somewhat redder adipose fin and the males’ black one. Grouping: 1 or 2 males to 1 female can be used, but for optimum production 2 males to 2 females works well, improving the chances of having at least one female willing to spawn. Often enough, both females will spawn. If only one spawns on the first occasion, spawning by the second female on subsequent days is unlikely. Introduction time: not important.


Spawning: being less willing spawners than head and tail light and glowlight tetras, they may sometimes only spawn after 3 or even 4 days, though spawning on the second day is most common. Interestingly, up to the 1960s or 70s, phantom tetras were regarded as relatively difficult fish to induce to spawn. Nowadays (2011), after decades of commercial spawning, they are far easier. This is noticeable in many other species as well.


Displaying, and chasing of females by males, is initially a relatively slow, tentative affair. It usually starts sometime after sunrise, with spawning generally only taking place well after sunrise to mid-morning, and occasionally continuing to as late as midday but generally not later. Driving by males is somewhat less determined and energetic, especially initially, than with some of the more easily spawned species. For this reason it is worthwhile to use more than one male to a female. The rivalry results in more energetic pursuit of the females.


As enthusiasm and fervour increase, males attempt to entice females into the spawning medium by repeatedly swimming towards the medium with fins ‘fluttering’, then returning to the females. When females are ready to spawn, they start to seek acceptable sites for depositing eggs in the spawning medium. They appear quite particular and selective about this, evidenced by the fact that only two or three different areas receive the vast majority of eggs, which are visible in concentrations on the tank floor after spawning is completed. Males, recognizing the females’ readiness, increase their efforts at enticement. Females move into openings and hollows in the medium and males move in next to them.


With the typical tetras’ trembling and flick, perhaps a dozen eggs are expelled on each occasion, repeated over a few hours until hundreds of small, very slightly adhesive eggs with a pinkish brown yolk, are scattered about the spawning areas. Some get caught in the coconut fibre or mops but many fall to the tank floor. If only one female has spawned on the first morning, spawning on subsequent mornings is relatively rare and breeders are therefore best removed after the first spawning.


The eggs are relatively resilient for tetras’ eggs. However, if they fall very densely in some areas, they are best spread out to reduce proximity to each other, as fungus can spread very rapidly in dense groups, destroying many. As with most tetras, fertility levels can vary greatly from spawn to spawn, from very high to very low. Around 50 to 200 viable eggs can be expected per female, though this can be higher. Hatch time: eggs hatch in about 24 hours, depending on temperature. Care of eggs: due to the short time it takes for eggs to hatch, no care is normally required for the eggs, but if there are many bad eggs then netting these out with a net of suitably sized mesh (through which larvae can easily pass) after hatch may help newly hatched larvae by reducing the protozoal, bacterial or fungal load.


The larvae are not particularly delicate, and follow the common tetra pattern of hanging on the glass for about three days before becoming free-swimming. First food: despite being quite small, they are able to take newly hatched brine shrimp and are quite easily raised, though growth is somewhat slower than that of the average small tetra.


Selling size/grow-out time: they should reach a sellable size of 30 to 35 mm (1.2 to 1.4 in) within 5 to 6 months of hatch, occasionally sooner.


Note that phantom tetras are a good example of fish which must be well weaned onto dry foods before being moved from glass tanks to larger grow-out facilities. When young they are not particularly aggressive or enthusiastic feeders, especially during the change from brine shrimp to dry diets.


Close relatives of phantoms can be spawned using the same set-up, for instance rosy tetras, white finned ornatus, red phantoms etc.









	4.4


	Emperor tetra (Nematobrycon palmeri)









Popular and somewhat higher priced than the average tetras, they can be quite troublesome to produce in a constant flow of high numbers. Broodstock in particular may be prone to health problems. Furthermore, females lay relatively few eggs at each spawning, which takes place daily over several days.


They should reach maturity in 5 to 6 months, possibly earlier, and condition quite easily, though some live food is definitely advisable to maintain health and reproductive output.


Spawning facility: glass tank: 600 x 300 x 300 mm (24 x 12 x 12 in). (See FIG 4.3.) Water: soft, preferably under 50 ppm total hardness. Temperature: 24° to 26°C (75° to 79°F.) Depth: ¾ full. Aeration: gentle. The airline should be positioned away from the side of the tank to prevent jump-outs. Peat extract: light to medium. Spawn robbing: as they are left for several days, an egg-screen is advisable. There may be some predation on newly hatched larvae which move above the screen, but the thick spawning medium helps to minimize this. Spawning medium: acrylic yarn is by far preferable to coconut fibre which they do not seem to like. The entire floor can be covered, but mops should be teased well open to allow fish to move through it, leaving some overhead swimming space.


Identifying the sexes: males are clearly recognizable by their much larger size and the pointed black extension from the centre of the tail fin. Females are shorter and very plump, especially when spawning-ripe, and do not have the long extension from the tail fin. Grouping: a ratio of 3 or 4 males to 5 or even 6 females works well, but 2 males to 3 or 4 females can also be used. Time in: this is of little consequence as they are left to spawn over 4 or 5 days.
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