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Preface

It is customary in a preface for an author to attempt a justification for the work presented
to the public. | see no reason to break with this longstanding and hallowed tradition. It has
struck me in reviewing recent literature on the goldfish that varieties can be treated in a very
cursory fashion. In the early part of the last century very much more extensive treatments
were published. Much of this information is still relevant and nearly all of it is inaccessible at
the present time, and it seemed to be both worthwhile and, I hope, useful to review critically
the literature of the goldfish over the past century and beyond with an appropriate update.

Inorder to appreciate how the present situation with regard to goldfish varieties has arisen,
itis sensible to develop the genealogical approach of Matsui and to attempt a reconstruction
of its evolutionary history. To do this requires the application of such genetical knowledge as
we have and, by dint of careful thought tempered by practical experience, produce a credible
working hypothesis of the evolutionary history of our subject. It is unfortunate that the major-
ity of successful goldfish breeders are not exactly at ease with the subject matter of genetics.
Truth to tell, this also applies to many aspiring and professional biologists. What | have at-
tempted to do is to present a highly selective summary of the relevant genetical principles.
The reader might find it convenient to see, first of all, what they make of the chapter on
goldfish variety evolution and refer back as necessary to the consideration of the relevant
principles in the previous chapter.

Atthe present time among geneticists there is virtually no interest in a systematic explora-
tion of the Mendelian genetics of the goldfish. We have to content ourselves with the substan-
tial early work of Chen and Matsui between the wars for the basic information we need, sup-
plemented by some more recent work in Japan by Kajishima published in the 1970s. We are
helped by the past publication by Matsui of data which at the time could not be interpreted
satisfactorily. This can be reviewed in the light of subsequent advances since the 1930s of our
knowledge of genetical principles, tempered with the knowledge and experience of success-
ful breeders.

I have been very materially assisted in my work by contact with amateur and professional
goldfish breeders as well as scientists over the past two decades. It is a very great pleasure to
acknowledge the interest and support of two national goldfish societies, the Goldfish Society
of Great Britain (GSGB) and the Goldfish Society of America (GFSA). I am deeply indebted
to my mentors in these societies, Mr James H. Bundell and Mr A.l. Thommu, respectively, for
their constant and sustained interest in what | attempted to do. In addition the membership
of both societies has also been very supportive. In my travels abroad | have been fortunate
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to meet a number of goldfish enthusiasts in China and Japan. It was a particular pleasure,
through the good offices of Mr Neal Teitler, to meet Kajishima Sensei and to have some
discussion with him. I am indebted to Mr Michael Stewart, formerly Curator of the Ocean
Park Aquarium in Hong Kong, for arranging a visit to the goldfish farm of the Chang brothers,
Mr Jackie Chan and Mr Louis Chan in China. There | had truly the goldfish experience of a
lifetime. The visit to the Hong Kong Goldfish Pagoda was equally memorable.

No less interesting have been visits to fish farms in the United States, most notably the
Maryland-based Hunting Creek Fisheries. As well as being a major producer of goldfish it
has been involved in developing intriguing new varieties. So far | have been unable to visit
West Coast enthusiasts on their home ground but it has been interesting to visit those on the
East Coast.

It is appropriate to acknowledge the support of the School of Biological Sciences of the
University of Southampton, which has provided hospitality for my fish stocks. | have also
appreciated the friendly interest of staff and students in the Biology Departments in my work
activities. The forbearance of the latter on hearing about goldfish in a course on evolution
was also appreciated.

The major source of illustrations for this work has been the drawings and paintings of Mr
Merlin Cunliffe, the quality of which speaks for itself. These have been supplemented by
photographs of my own goldfish taken by Mr Barry Lockyer of the School of Biological
Sciences, to whom | am indeed grateful, and from significant earlier publications. These in-
clude Wolf’s Goldfish Breeds, Smith’s Japanese Goldsfish, Hervey and Hems’ The Goldfish,
Orme’s Fancy Goldfish Culture, two drawings by Mr James Bundell, and from Chen’s 1925
paper. These are acknowledged in the appropriate places.

I am indebted to Mrs Pat Wood for efficiently producing the typed manuscript and to Mr
Tom Fryer of Sparks Computer Solutions for his patience in the course of producing the
book.



Chapter 1
Introduction

While familiarity with the goldfish has bred affection rather than contempt there is no doubt-
ing that it does rather tend to be taken for granted. Yet if one explores its antecedents it soon
becomesapparentthatitisinfactavery remarkable creature indeed. Although its first contact
with the human race was as a source of food, this contact developed into its domestication not
as a farmed animal but for ornamental and aesthetic purposes. This process of domestication
and diversification coincides broadly in its time frame with the second millennium. Perhaps
the goldfish could be proclaimed as the Millennium fish!

The initial impetus to domestication of animals and plants has been utilitarian. The first
creature to be fully domesticated was the wolf, which evolved into the enormous range of
forms which can be considered as making up Canis familiaris, the domestic dog, which has
become the best friend of the human race and also performs a vast range of useful functions
not only as a companion but as a guardian and an indispensable partner in hunting and herd-
ing. It was, however, with the domestication of plants and the evolution of agriculture and
farming systems that the human race developed civilisations. These depended on the farming
systems becoming so efficient that substantial proportions of the population did not have to
produce their own food but could become artisans and craftsmen, initially, and subsequently
artists, musicians, soldiers, priests, politicians, and so on. The more efficient agriculture be-
came, the more scope there was for other than strictly practical considerations to operate in
the diversification of plants and animals under domestication. It was only in the latter part of
the second millennium that purely aesthetic considerations came to the fore, a comparatively
early example of this being the notorious tulip mania in Holland which followed its introduc-
tion in the sixteenth century. At this time we should note that in China the development of
fancy goldfish was already well under way, but more of this later.

Human evolution has two components, the evolution of Homo sapiens as an organism
— the anthropological element — and the evolution of human culture which itself has two
aspects, the inanimate and the animate or the inorganic and organic. It is the latter which
concerns us, in which the human race has moulded the form of other organisms including our
present subject, the goldfish, which can reasonably be considered a human cultural artefact
and its producers as being in a very real sense creative artists, working not with wood, stone,
canvas or other inert materials but with the very stuff of life itself.

The goldfish is a member of the Carp family, the Cyprinidae, which in terms of evolution-
ary diversity is a very successful group. The members are characterised by an absence of
teeth in the jaw, possession of a protrusile upper jaw and development of teeth in the pharynx
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(throat). There are some 1700 recognised species and it is the most species-rich of all families
of freshwater fishes. It is to be found naturally in much of the Eurasian land mass, Japan,
most islands of the East Indies, North America and Africa. Its ecology is primarily freshwater
but some species tolerate brackish water well and can even breed in saline conditions. The
palaeontological evidence suggests that the group is ancient, traceable back to more than 40
million years before the present time. Its absence from South America and Australasia has
been related to the concept of Continental Drift in that the family evolved after the break-up
of Pangaea (the original land mass) had begun and that the South American and Australian
tectonic plates had already separated from the main land body.

The Cyprinidae can be regarded as a relatively unspecialised if not primitive group, at
least as far as basic morphology, anatomy and physiology are concerned. This is not to say
that the basic Cyprinid form has not been capable of adaptive and evolutionary change. In
fact the pattern of evolutionary change, even if it has involved minor rather than fundamental
modification, has over the ages produced a pattern of variation which has caused taxonomists
considerable difficulties in producing a scheme of classification which makes good evolu-
tionary sense and which is practically useful. The goldfish itself has not been immune to the
problems of classification and nomenclature. Linnaeus (1758) named the goldfish Cyprinus
auratus, the name by which it was known to Darwin. The genus Cyprinus as defined by Lin-
naeus was much more extensive than itis at the present time and included all the British native
cyprinids. Quite sensibly the genus has been split into several genera but it could be argued
that this process has gone too far. In some texts every native British cyprinid has been placed
in a different genus, which seems absurd. It is equally absurd that the carp is in a different
genus from the goldfish and the Crucian carp. It almost appears to some taxonomists that if
species can be distinguished they must be placed in different genera. The function of a good
taxonomy and system of nomenclature is to convey both difference and relationship. This
the classical binomial system does very well, but this purpose is defeated when every species
finds itself placed in a monotypic genus. By contrast, the large genus Barbus, which included
widely differing forms, defied division for a long time and even now opinions differ as to how
the division should be made. However, the name Carassius auratus has been hallowed by
usage of over a century and while one may protest, perforce one has to accept it. It is interest-
ing that the goldfish specimen described by Linnaeus was a fancy twin-tailed individual and
not the wild single-tailed progenitor type!

The carp family originated it is thought (Winfield & Nelson 1991) in East Asia with sub-
sequent spread to the rest of Eurasia, Africa and North America. Both Cyprinus and Caras-
sius followed this course of migration and these carps have made their way across Asia and
into Europe. The origin of the goldfish in all its diversity has been in the very heartland of the
whole family, which is in its way somehow appropriate. There has been a secondary dispersal
of these carps throughout the world through human agency which has had interesting results.
It has been questioned whether the carps are truly native to the western fringe of Eurasia. The
forms of carp found in Britain suggest that, in the case of the common carp at least, there has
been human assistance. The position is much more clear-cut in the case of North America,
Africa, Australia and New Zealand where there were attempts by settlers from Europe to
introduce and acclimatise useful species to their new homelands. (This resulted in the disas-
trous rabbit plague in Australia.) In retrospect, the successful attempt to introduce carp and
goldfish to non-native areas has been a very mixed blessing. The carps are very hardy and
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adaptable, and feral populations of carp and goldfish have been established in North America,
Africaand Australasia, where many consider they have had adverse effects on the indigenous
fauna and its environment. As a result in many countries the introduction of exotic species
capable of establishing themselves in local environments is now very strictly controlled or
forbidden. In some instances this is a case of locking the stable door after the horse has
bolted.

Feral populations of goldfish, particularly in the United States, have developed very inter-
esting features. One of these can be mentioned briefly at this point. A mutant variant, called
the “bluebelly” in America, occurs at a relatively high frequency in the vicinity of Cleveland,
Ohio, and has been studied over many years by Mr Al Thomma and collaborators. The blue-
belly appears to be identical with the ‘net-like transparent” mutant reported from the Far East
and the ‘mock-metallic’ which was identified and studied by members of the Goldfish Society
of Great Britain. Its high frequency inthe Lake Erie areais probably due to the Founder Effect,
which is often shown in large populations which have arisen from a small original parental
group. This mutant has a reduced level of deposition of reflective guanine on the scales.

The position of the goldfish in the natural order can be conveyed best by the scheme of
classification in Table 1.1.

In the nineteenth century the goldfish attracted some attention as a fitting object for sci-
entific study. Darwin mentions it in his Variation of Animals and Plants under Domestica-
tion and over a century ago William Bateson considered it to be promising material for the
scientific study of variation. His brief discussion of the goldfish and its variants has a surpris-
ingly modernringto it. It was in the Far East that the challenge was taken up most effectively
in the twentieth century by Shisan Chen in China who published seminal work in the 1920s
and 1950s and Yoshiichi Matsui in Japan whose most important work appeared in the 1930s.
This work was mainly genetical and established a Mendelian basis for the genetics of the
goldfish and the genetical control of the characters which were the distinctive features of
fancy goldfish. However, although progress was undoubtedly achieved, a fully comprehen-
sive understanding of goldfish genetics did not emerge. The reason for this was not appar-
ent until the postwar period with the discovery that the goldfish had an unusual cytogenetic
constitution. The chromosome counts of the goldfish and the common and Crucian carps
were found to be double those of most other members of the Carp family. The commonest
number of chromosomes in the Carp family (Cyprinidae) is 50, commonly presented as

Table1.1 Classification of the goldfish.

Kingdom Animalia
Phylum Chordata
Sub-phylum Vertebrata
Class Osteichthyes
Sub-class Actinopterygii
Infra-class Teleostei
Super-order Ostariophysi
Order Cypriniformes
Family Cyprinidae
Sub-family Cyprininae
Genus Carassius

Species auratus
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2n =50. This is the somatic chromosome number, i.e. that found in most cells of the body. Half
of the chromosomes are of paternal origin and half are maternal and come together when the
egg is fertilised by the sperm. In the production of eggs and sperm, the chromosome numbers
in both are reduced to the gametic number n=25. The normal chromosome constitution is
termed diploid for the body or soma and haploid for the gametes. The diploid chromosome
complement is organised as 25 pairs of chromosomes which are termed homologous, that
is they have a common ancestry and comparable genetic function. The genetic information
in each of the pairs of homologues is similar (but not necessarily identical). The situation is
greatly complicated when the chromosome number is doubled in polyploidy. Instead of each
gene being present in duplicate it can be represented four times, which may convert a simple
Mendelian monofactorial ratio 3 : 1 into the bifactorial 15 : 1. However there are added possi-
bilities for complications which will be considered in more detail later. The added complexity
of the genetic system has been a considerable constraint in achieving a broader understand-
ing of what has been happening at the genetic level in response to the selection processes to
which the goldfish has been subjected. The duplication of the chromosome complement (i.e.
polyploidy) provides the organism with enhanced evolutionary potential in that additional
genetic material can take on different genetic functions and increase the level of diversity
which can develop.

Our understanding of the way in which the genetic system operates can be improved if
we consider it in relation to the development of the goldfish as an embryo and subsequently.
Several workers including Affleck (1952) have studied the embryology of the goldfish. It is
during embryonic development that the development of the twin-tail phenotype (as seen in
the Fantail) becomes apparent. Studies of the developmental biology of other traits such as
telescope eyes, narial bouquets and hood growth have clearly demonstrated that these are
post-embryonic developments. Apart from twin-tail development all other desirable mutant
phenotypic characters develop after hatching. Mutations producing transparency of scales
are expressed quite early in the fry-phase while the telescope and the celestial eye develop-
ment takes place later. Hood development in Lionheads and Orandas occurs even later. Onset
of colour change from the wild type to the characteristic red, orange or yellow is variable; it
may be quite early at a few months or be delayed for a year and sometimes longer. In some
colour variants, particularly the black melanic or the chocolate brown, there is no colour
change as such. In the melanics there is progressive intensification of the black pigment,
while the browns are distinguishable from all other metallic colour variants in showing a
distinctive coloration right from the start, in the early development of the fry.

The reproductive biology of Carassius species is complicated by the occurrence of gyno-
genesis. This is related in some way to the occurrence of higher levels of polyploidy than
the basic tetraploidy of the goldfish and common carp. Hexaploids 2n =150 and octoploids
2n =200 have been reported and studied in which gynogenesis is apparently the standard
means of reproduction. In this process there is failure of the reduction division (meiosis) in
which normally the number of chromosomes is reduced from the somatic (2n) level to the
gametic (n). As a result, eggs are produced which contain the unreduced maternal somatic
chromosome complement. In order to develop further these eggs with unreduced chromo-
some complements require activation. This is brought about by the penetration of the egg
by a sperm, which takes no further part in the development of the egg; there is no fusion of the
sperm and egg nuclei. Since all the genetic material of progeny comes from the mother,
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gynogenetic lineages are virtual clones, with the members of such gynogenetic clones all
being females. Unfortunately complications do not end at this point: some tetraploid gyno-
genetic lines have been found and furthermore hexaploid males have also been identified.
The latter apparently undergo normal meiosis in their spermatogenesis, and so, if there were
females in which complete meiosis occurred in egg production, normal bisexual reproduc-
tion of hexaploids would become possible.

Commercially, gynogenesis has an undoubted attraction. If it were possible to induce
outstanding individual goldfish to reproduce clonally by this means, it would improve ef-
ficiency of production enormously. It would remove the necessity for the sustained heavy
culling necessary to maintain the quality of the best fancy goldfish lines. If the occurrence
of gynogenesis could be controlled (initiated and reversed) then it would be possible to pro-
duce new improved forms by normal breeding and selection procedures and reproduce these
selected individuals as clones. This is theoretically possible and could be carried out possibly
even now on asmall scale by appropriate biotechnological manipulation; whether it could be
done on a large commercial scale economically is quite another matter.

Before we can consider the whole range of variants which have arisen in the course of
domestication, we need to consider the form of the progenitor which produces this great array
of diversity. The true carps are characterised by a long dorsal fin which covers approximately
half the length of the dorsal contour from the snout to the tip of the caudal peduncle. The
common carp is characterised by the possession of two pairs of barbels, which are absentinall
members of the genus Carassius. The Crucian carp (Carassius carassius) has a characteristi-
cally deeper body than the goldfish, with 7-9 scales from the base of the dorsal spine to the
lateral line, compared with 5-6 in the case of the goldfish. The number of scales along the
length of the lateral line is greater in the Crucian carp than in the goldfish: 28-35 as against
25-30. This difference is partly related to the somewhat larger size of scales in the goldfish
vis-a-vis the Crucian carp.

The form or morphology of the goldfish can be summarised as follows. Body form is
relatively long and laterally compressed. The dorsal and ventral contours from the snout to
the caudal peduncle are smooth. The body width is approximately two-thirds of its depth.
Depth of body and length of the head are each about one-third of the body length. The lateral
line describes aslightly sigmoid curve, forming an almost horizontal straight line. The height
of the dorsal fin and the lengths of the pectoral, pelvic and anal fins are very similar and one-
sixth of the body length generally. The dorsal and ventral lobes of the caudal fin are equal in
length; the indentation of its trailing edge may be half the length of the lobes. Lobe length is
around a quarter of the body length. It is important to bear these proportions in mind as they
are very considerably changed in the varieties which have evolved under domestication and
they serve as a yardstick by which the extent of such changes can be judged (Fig. 1.1).

Hervey and Hems (1948) have published a very full account of goldfish anatomy, to which
the reader is referred. There are a number of very significant anatomical features which
have become modified in the course of variety development, of which some note should
now be taken in addition to the morphological aspects noted above. These concern the skel-
eton, which in many developed forms is shortened and the vertebral column becomes more
strongly curved. This is reflected in the exaggerated curvature of the lateral line. The increase
in depth of the body is a consequence of the decrease in length; growth in length is inhibited
while growth in depth appears not to be (Fig. 1.2). This alteration in growth pattern produces
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~Nasal septum

Nostrils (2 each side)
~Eye

Hard rays
Lateral line

Dorsal fin
Operculum or

gill cover
Gill
openings

Articulated soft rays

Caudal fin or
tail fin

Branchiostegal rays
~Sub-orbital region or cheek

ventral fins: Caudal
(paired) peduncle
. J
g V"

Head Trunk Tail

Fig. 1.1 Morphology of the Goldfish.

changes in the shape of the body cavity and the disposition of the organs it contains, princi-
pally the digestive tract and the swim bladder. The bulk of the internal organs appears to re-
main constant and in order to accommodate them in a shorter body cavity it has extended lat-
erally, producing the characteristic and prized globular body form of the more highly evolved
fancy goldfish (Fig. 1.3).

Perhaps the most remarkable feature developed in the course of goldfish evolution has
been the twin-tail characteristic. In the development of the fin there are associated bony struc-
tures which are embedded in the muscles and are attached to the fin rays. Duplication of the
caudal and anal fins is associated with the duplication of the supporting bony structures, in the
case of the caudals the hypural bones and the interhaemal bones in that of the anals. Where
development of fins is suppressed, for example the dorsal, the development of the supporting
bones is also suppressed. If duplication of the supporting caudal fin bones is incomplete then
imperfectly duplicated fins result. A similar situation applies to the dorsal fin when suppres-
sion of supporting bones is incomplete, development of dorsal spines and short fin segments
may occur. Occasionally fish are seen in which the anal fin is completely absent; presumably
during embryonic and larval development the supporting bony structure failed to develop
and growth of the fin which normally occurs later is thereby inhibited. The full range of de-
velopmental possibilities which the occurrence of the twin-tail mutation sets in train concern
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Fig. 1.2 Skeleton of the \iltail goldfish.

<5

Fig. 1.3 Relative proportions of swim-bladder lobes in: (a) Common Goldfish; (b) Comet; and (c) \eiltail (Hervey
& Hems 1948).

not only the question of whether a single fin or duplicated fin develops but whether any fin
develops at all (Figs 1.2, 1.4a—c). This question will receive more detailed attention later.

Undoubtedly the most striking difference between the ancestral wild goldfish and its do-
mesticated descendants is in colour. That of the wild fish is cryptic and in nature is clearly
advantageous, making the individual more difficult for predators to find. The domesticated
goldfish generally is anything but inconspicuous and the bright coloration makes life easy for
the heron and other predators on their visits to garden ponds. The whole population of such
ponds may be wiped out in a single visit, whereas there is a sporting chance that in a wild-
type population there might be survivors. Chances of survival in turbid waters for brightly
coloured fish are higher and in feral populations brightly coloured fish can and do survive in
such circumstances.
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Fig.1.4 (a) Embryology of the Goldfish (Hervey & Hems 1948). (b) Goldfish larva 80 hours post-hatching (Hervey
& Hems 1948). (c) Morphology of twin-tailed goldfish larvae (J.H. Bundell).
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In order to understand coloration of goldfish we need to appreciate how what we see is
actually produced. In the goldfish there are three colour components, namely melanin which
produces the darker components of colour, black, brown, blue and grey, the xanthic pigments
which produce red, orange and yellow shades, and finally guanine which in the absence of
the other two pigment types gives a white or silvery colour. Generally the effect of guanine
is, when deposited on the scales, to give them a metallic sheen. If scales are transparent,
guanine deposited in the dermis produces a mother-of-pearl or nacreous sheen. In the absence
of melanin, xanthic pigments and guanine the body shows a pink tinge which is due to blood
haemoglobin in superficial capillary blood vessels (Fig. 1.5).

Differencesin colour can be produced by mutations which may actin anumber of different
ways: production of pigment may be entirely suppressed, the amount of pigment produced
may be increased or decreased and the chemical nature of the pigment may be modified. The
disposition of the pigment, especially in the case of melanin, is important. According to Orme
(1979) there are four levels or depths at which pigment cells can occur and these can affect
the colour that we actually perceive (Fig. 1.6). Eye colour in humans is produced by melanin;
darker colours result from pigment cells located near the surface, deeper seated pigment pro-
duces hazel, green and blue eyes. In the complete absence of melanin, eyes are pink, as intrue
albinos. We see the same phenomenon in birds where coloration is strongly influenced by
the presence or absence of melanin and its distribution. Black, brown, green and blue colora-
tions are produced by melanin; the colours we perceive are produced by varied location of
pigments in the feathers and the refractive properties of the feather matrix. The similar colour
ranges we see in birds and the goldfish, as far as the melanin produced colours are concerned,
arise in basically the same way.

In this relatively brief introductory chapter, | have attempted to introduce some of the
important topics to be considered later. On the principle that we cannot understand the present
or do anything to determine the future without an appreciation of the past, an account will be
presented of the domestication and evolution of the goldfish. It is useful to understand how

Fig. 1.5 Pigment cells (chromatophores). The pigment granules in those on the left are concentrated: in those on
the right spread out (Hervey & Hems 1948).
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A Metallic Group

Normal placement of reflective tissue below scales and deep in the dermis produces the well
known metal-like shine of the common goldfish

B Nacreous Group

The upper layer of reflective tissue is missing, allowing the lower layer to show dully through the
dermis and scales. This results in the fish having areas with a mother-of-pearl shine

~Now

B i SRS

C Matt Group

A complete absence of reflective tissue gives a matt appearance to the scales of the fish

Fig.1.6 Distribution of chromatophores in metallic, nacreous and matt goldfish. 1. Epidermis. 2. Lateral line pore.
3. Lateral line canal. 4. Dermis. 5. Scale. 6. Reflective (iridoctyes) tissue. 7. Adipose tissue. 8. Myotomes — muscular

tissue. 9. Chromatophore levels. (Orme 1979.)

goldfish varieties have been viewed in the past and how they are perceived at the present
time. Relevant genetical and biological principles which have operated will be set out and a
detailed presentation of goldfish genetics will be developed. The useful application of geneti-
cal principles and development of strategies for improvement will be outlined. The subject
of goldfish appreciation and the significance of shows and show standards will be reviewed

and an appraisal of the evolutionary future of the goldfish presented.



Chapter 2
History and Development of the Goldfish

Inattempting to elucidate the history and development of the goldfish as we know it today, we
are very much following in the footsteps of Charles Darwin. As Shisan Chen (1956) observed,
‘In China we have not so many varieties of domesticated pigeon as Darwin observed by his
investigations, but we do have one animal species of which not only is the degree of variation
comparable to that of the domesticated pigeons of the world but its origin in the natural state
is far easier to determine and the historical material as regards its varietal formation is even
more complete. It is no other than the ubiquitous goldfish.’

Itis highly significant that the very first chapter of Darwin’s Origin of Species was devoted
to variation under domestication, the study of which had supplied Darwin with the idea of
selection being the driving force behind evolution. His interest in the subject resulted in a
two-volume work, The Variation of Animals and Plants under Domestication. In the latter
he specifically considers the goldfish, though only briefly. Whereas Darwin considered pri-
marily morphological evidence, there were among his contemporaries some, most notably
Alphonse de Candolle, a Swiss botanist who in his studies considered evidence from other,
nonbiological, sources in elucidating the origins of cultivated plants. What is relevant for
plantsisalso applicable to animals and this Chen has indicated in relation to the goldfish. The
most significant feature of goldfish evolution under domestication is that it has all occurred
in historical times in front of witnesses who were able to record both in writing and art works
what they currently observed. While this record in the case of the goldfish is not as complete
aswe would like, it does put us inavery good position to produce a credible reconstruction of
the series of events which produced the goldfish we know today. We are thus in some ways in
a better position than those studying the domestication of domestic and farm animals, proc-
esses which go back 10 000-15 000 years, before civilisation developed.

Much of the goldfish literature considers the history of the goldfish but in general thistends
to be anecdotal in nature. There are three noteworthy works which go back to the sources of
information, that consider this inarigorous scholarly fashionand give us areliable and secure
perspective on what has happened to the goldfish in the course of its domestication and what
has transpired subsequently. These important works were all produced within a decade of the
end of the Second World War. The first was The Goldfish produced in 1948 by Hervey and
Hems, the second by Hervey in 1950 entitled The Goldfish of China in the XVII Century, and
the third by Shisan Chen in 1956, to which reference has already been made. Hervey was
very fortunate in securing the advice of Dr A. C. Moule, the eminent Cambridge sinologist
whose contribution he gracefully acknowledges. These three works provide the substantial
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basis for our understanding of the domestication and evolution of the goldfish in the course
of the second millennium.

Domestication was probably quite a long drawn-out process and it is logical to consider
itin three stages or phases: pre-domestication, the domestication process and diversification
under domestication. One can also ask a number of questions: when were goldfish domes-
ticated, by whom, where this happened, how it came about and why. In attempting to find
answers to these questions we may not achieve final answers but we shall certainly deepen
our knowledge and understanding of the object of our interest and bring our overall perspec-
tive into sharp focus.

Pre-domestication

Successful domestication of both animals and plants occurred after the retreat of the ice sheets
at the end of the last glaciation. The first animal to be domesticated was the wolf, an event
which occurred probably within the last 15000 years. This could well have been a complex
process and initially may have been a rather casual business. Homo sapiens pre-dated the
last glaciation and there is probably no good reason why some form of domestication or
semi-domestication could not have been attempted earlier than actually transpired; if it was,
it achieved no lasting success. Civilisation for its development depends on domestication
primarily of plants and animals and was the outcome of the Neolithic Agricultural Revolu-
tion which had been successful at least 10 000 years ago in the Fertile Crescent of the Middle
East. The motivation for such domestication was utilitarian, in order that human needs could
be met more reliably in the first instance. After initial problems were overcome, agriculture
became so successful that it became unnecessary for all the able-bodied to be engaged in
subsistence food production. Labour surplus to meeting subsistence needs could be diverted
to meet other needs, permitting development of crafts and the arts which have become one of
the hallmarks of civilisation.

Domestication of any organism, plant or animal, is determined by the social environment
in which it occurs. In China in the case of the goldfish there are three historical strands which
are important: the social, the religious and the political. Once domestication is achieved
political considerations tend to become more important. Initially the first important social
consideration is the level of human cultural development which has been achieved. The full
flowering of plant and animal domestication is seen in agricultural societies. The dog was
domesticated in pre-agricultural times and was invaluable to hunter-gatherer communities.
Its domestication facilitated that of herding livestock goats, sheep, cattle and pigs and less
directly that of the horse. Initially pastoralists were also nomads and it is difficult to envisage
domestication of fish by nomads. For this to come about, settled communities were neces-
sary. Agriculture, it appears, developed independently in the Old World and the New and also
independently in different geographical areas in both hemispheres.

Agricultural development occurred inassociation withanumber of different crops, grains,
tubers and tree crops but the one of the greatest relevance to us is rice, more specifically,
paddy rice. The cultivation of rice uniquely among all crop plants lends itself to the culture of
fish —a primitive form of aquaculture. The necessity of storing and using water provides an
environment in which culture of a pond fish, such as the goldfish, becomes easy. Nutrition-
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ally any fish produced in the necessary reservoirs, ponds and irrigation ditches and even the
rice paddies themselves would be a valuable addition to the diet. The high-protein fish and
carbohydrate-rich rice would complement each other in producing an overall balance in the
diet. The wild goldfish has long been a popular food fish in China and has been taken from
the wild for this purpose for several millennia. At any given time, fish surplus to immediate
requirements could have been kept for a longer or shorter period in accessible water bodies
and taken as required. In permanent ponds and reservoirs resident populations could easily
have become established. Goldfish are very adaptable and would have been well suited by
such an environment and a basic system of aquaculture established with semi-domesticated
populations of the goldfish. It may not have been necessary to supplement all of these popula-
tions by fish caught from the wild, in which case a certain level of inbreeding could have
ensued. As a consequence of inbreeding recessive mutant genes, if they occur in the popula-
tion, tend to become homozygous and come to be expressed. Any mutant genes present af-
fecting colour could become apparent and fish showing colour variation would certainly at-
tract attention and arouse interest. This may have aided their survival and if wild-type fish
were preferentially taken for food this would confer a selective advantage on coloured vari-
ants which would tend to increase in the population. Where such populations thrived the at-
tractive coloured fish might have been sold or bartered and thus been dispersed.

On the basis of what we know and what we can surmise a plausible hypothesis such as this
can be produced. What evidence can we find to support it? Here we must turn to the writings
of Hervey and Chen, especially the latter who has studied to great effect the earliest literature
on the subject. Chen and Hervey consider literature going back to the first half of the first mil-
lennium and note reports of fish with red scales in the Qin dynasty period (AD 265-420) ina
lake near Mount Lu and in the Red River near Shensi. Chen himself in 1931 saw in the Peking
area coloured goldfish taken from the wild; it is possible that these were feral domesticates. It
isalso not absolutely certain that the “red fish’ were in fact goldfish; if they were not, however,
then what were they? There is a strong possibility that they were. Even so, red or xanthic vari-
ants have been found in many Cyprinids over time and it is safe to conclude that the capacity
to produce such variants is an inherent feature of fish not only in the Cyprinidae but in other
families also.

Assuming that colour mutant genes were present in some wild populations, then if sam-
ples from such populations were taken and these succeeded in reproducing in captivity then
it would only be a matter of time before red fish were produced as a result of inbreeding.
Depending on the strength and efficiency of selection, sooner or later true breeding colonies
of red-scaled fish could be established. This process could have been initiated as early as the
T’ang dynasty (AD 618-906). The T’ang dynasty is considered by the Chinese and many
sinologists to have been the pre-eminent Golden Age of Chinese culture and civilisation and
itisquite likely that it was in this period that the preliminary phases of goldfish domestication
took place.

Itisatthis pointthat we need to consider the religious dimension. Buddhism came to China
from India in the first century of the first millennium and one of its more important tenets is
respect for all forms of life. It was tacitly accepted by Buddhists that some sacrifice of animal
life was inescapable if human life was to be sustained, but a symbolic gesture could be made
by rescuing some potential food animals from their fate. In the case of food fish this took the
form of establishing what Chen has called ‘ponds of mercy’, which we might be inclined to
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call fish sanctuaries. In the T’ang period there is a record of an order to construct 81 such
ponds. The practice of releasing living creatures in this way began earlier but became an
institution at this time and was known as ‘fang sheng’. As Chen observed, ‘The golden and
yellow “chi” (i.e. goldfish) being rare in nature and fraught with mysterious significance
would of course be among the first of the creatures to be set free.” There would of course be
the advantage that their conspicuous coloration would make the fish highly visible and so
their movements could be followed. Itis well known that the movement of fish in calm waters
is very soothing and must have been a considerable aid to contemplation and meditation,
especially for Buddhist monks. Favoured sites for such ponds were in the grounds of temples
and monasteries where the monks would act as guardians. Ideally all fish in such ponds would
be fully protected.

The T’ang dynasty came to an end at the beginning of the tenth century, which was fol-
lowed by an unsettled period before the Song (Sung) dynasty was established in the middle
of the century in AD 960. Both Hervey and Chen cite numerous references in Chinese litera-
ture of this period to the goldfish in which it would appear that undoubted domestication
occurred. At the end of the T’ang period there was probably a situation in which captive or
semi-domesticated populations of goldfish were maintained with the beginnings perhaps of
selection in favour of colour development. There does not appear to have been any sustained
selection in favour of qualities as a food fish, as happened for example in Europe during the
second millennium, for table quality in the common carp. It is interesting to note that the
selection pressures on the goldfish were dictated by aesthetic considerations pure and simple,
a remarkable situation for the time.

Domestication

Inavery literal sense domestication took place in the period of the Song dynasty in that gold-
fish literally were brought into the home. After the fall of the T’ang dynasty there was a period
in which the Chinese Empire fragmented (AD 907-960) before the Empire was once more
consolidated by the first Song emperor. This dynasty lasted for just over 300 years before it
too fell before the onslaught of Kublai Khan and the Mongols in 1279.

The major change which came about in Song times was the keeping of goldfish in private
domestic ponds. The aquatic communities of the ponds of mercy were very mixed indeed
and included fish species other than the goldfish, amphibia and aquatic reptiles such as ter-
rapins. Chen believed that establishment of private ponds probably occurred during South-
ern Song times (when the Emperor moved south under pressure from Northern invaders),
in Hangchow, where ponds of mercy had been established for a long time previously. The
Emperor Chao Kou was apparently something of a goldfish enthusiast and in the year before
he died, 1186, he ordered the collection of gold and silver fish to restock his ponds. Imperial
favour could well have been a very potent influence in fostering and furthering the cult of the
goldfish.

Keeping goldfish in single-species communities greatly facilitated the establishment of
new variants, their maintenance and propagation. Their general welfare would also receive
closer attention and the depredations of predators limited to a degree. Pond keepers would
also become much more familiar with the reproductive processes of fish and learn how to rear
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progeny successfully. In any such venture as this some individuals through natural aptitude
may have been more successful than others in rearing fish and found it profitable to engage
in it as a hobby or even as a business operation. The ability to meet fashionable demands of
society could well have become very profitable.

In the final years of the Song dynasty, society had become decadent and effete and no
longer able to resist the pressure of the Mongol invaders from the North. The dynasty finally
collapsed totally in AD 1279 and the Mongolian Yuan dynasty succeeded. Conquering an
empire is one thing, ruling it over the long term is another; the Yuan dynasty was relatively
short-lived and in turn it was succeeded by the Ming dynasty in 1368. The Yuan dynasty had
lasted a mere 89 years, AD 1279-1368.

Of all Chinese Imperial dynasties the Ming is arguably the best known in the West. This is
due largely to the fame of the ceramics produced in the period, which are now the most highly
prized and valued of any. The question of this era being the Golden Age of Chinese ceramics
had a most important impact on the cult of the goldfish. The production of ceramics spanning
the whole range of quality from the functional to the superb and in a size range from the small
to the enormous meant that it was possible to produce vessels large enough to accommodate
goldfish indefinitely in which they could not only live but breed. The keeping of goldfish in
Song times in private ponds gave a measure of control over predation and breeding, which
was taken to the ultimate during the Ming dynasty when total control over predation and
breeding became practicable. Rearing fry in a protected environment eliminated much of the
natural selection which would have operated in an open environment such as a pond or river.
As a result, mutant forms came to light which, while uncompetitive in a natural or artificial
pond environment, were quite viable in the protected environment provided by a large bowl
or ceramic tub. Control of breeding also became easier, parents could be selected and re-
moved after spawning and the fertilised eggs hatched in an optimal environment. Rearing
of fry could be supervised closely and appropriate use made of Daphnia and other nutritious
live foods in the feeding and rearing of goldfish.

Chen makes the interesting comment that from the time of the collapse of the Song dy-
nasty in 1276 until 1546 there is little literary comment on goldfish matters. Since the Ming
dynasty itself came to an end in 1644, the important developments in goldfish culture were
concentrated in the latter half of the period. Presumably culture in ponds continued until the
watershed year of 1546 when the use of earthenware vessels came to the fore. Initially these
bowls were probably stocked with a representative sample of pond life including fish. Hous-
ing in such vessels may initially only been temporary, then becoming permanent with the
residents not only surviving but also breeding. By careful selection of parents, interesting
novel types could be fixed and propagated. With the inbreeding that fixation of novel types
implies, further novelties might arise at the same time as desirable phenotypes were exposed
to selection designed to enhance their phenotypes. The era of aquarium culture of the goldfish
can be dated from 1546 when, judging by the amount of literature, including much poetry on
the goldfish, there was a tremendous upsurge of interest.

We need now to consider what was the upshot of this final century of intense interest
in the goldfish in Ming times. An important point to note is that when goldfish culture was
centred on the pond, keeping them was the prerogative of the wealthy or of institutions such
as temples or monasteries. The situation was probably not dissimilar to that of Koi culture at
the present time, when to make a proper job of it requires the expenditure of a great deal of



16 Goldfish Varieties and Genetics

money and time and also takes up a great deal of space. When it was found that goldfish could
be kept more or less indefinitely in good health in relatively small containers then the goldfish
was poised to become the pet of the masses, which subsequently came to pass not only in
China but elsewhere in the world.

As far as new variants are concerned there were two different shades of red recognised,
the “fire-fish” and the ‘cinnabar fish” which had been established in the era of pond culture;
subsequently a profusion of colour variants were recorded, many of which were dappled.
These were often given poetic names such as ‘golden helmet’, “‘golden saddle’, ‘stork’s pearl’
and ‘brocaded back’, these are very similar to names which have been given by the Japanese
to Koi varieties. What is of more interest are reports of numerous “tails’, three-tail, four-tail,
five-tail, seven-tail and nine-tail variants, as well as bulging eyes and the short body. In ad-
dition there are reports of rather rare transparent fish in which ‘when you look at it closely
you can see both the stomach and intestine’. A range of variants of such transparent fish were
described which Chen sensibly points out can be described as ‘transparent and mottled’ or,
as we might now say, “calico’.

The group of ‘three, four, five, seven and nine tails’ is of interest and embraces what we
would now call “double-tails’ or ‘twin-tails’. In these descriptions lobes of fins are considered
as ‘tails’; it is possible that five, seven and nine lobes might arise as a result of split fins,
inclusion of anals and ventral fins, or occasionally production of aberrant lobes. The muta-
tion responsible for the duplication of the caudal (and anal) fins is arguably the most seminal
change in the production of what we now call ‘fancy’ goldfish. Taking this in conjunction
with the development of protuberant eyes and short bodies, the scene was clearly set for the
explosive development of goldfish varieties which followed. The critical date for the first
record of the double tail was 1579; Chen considered that it probably arose between 1521 and
1579. Chen also concluded that some of the fins described were long.

Diversification

Chen has called the period from the beginning of the Qing (Ch’ing) dynasty (1644-1912)
to the time he wrote his 1954 paper The Era of Conscious Artificial Selection. This is when
the variation which had been generated largely in the latter half of the Ming period became
patterned into the exotic forms we can recognise today. The results of this became apparent
especially in the eighteenth and nineteenth centuries. By 1849 it was already clear to Chen
from the sources he quoted that considerable care was taken in the selection of brood stock
and that culling rates of 90% operated, so that only the very best were retained for further
use. Chen also mentioned that towards the end of the nineteenth century two new types are
recorded, the “inky dragon-eye’ (? Moor) and the ‘lion-head’ (1893). A decade or so later ‘the
sky-gazing dragon’ (celestial), the ‘tiger-head’ (goosehead) and the “narial bouquet’ were
recorded in 1904 (see Fig. 2.1). Chen finally noted that by 1925 the pearlscale, bubble-eye,
out-turned operculum, the blue fish and the purple fish (i.e. brown or chocolate) varieties were
established.

Hervey and Hems provide evidence which is in the main consistent with Chen’s proposi-
tions, frequently from different literary sources. Among the significant dates recorded are
that by 1590 ‘we read of fish with three tails or four tails (the Chinese counted each lobe as a
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Fig.2.1 Forms of telescope eye: A, spherical; B, ovoid; C, segmented sphere; D, truncated cone (Hervey & Hems
1948).

tail)” which were recorded as being a recent development by fanciers and that they were not
in existence in the early part of the century. The origin of short-bodied fish was noted at the
same time, and an association between shortbodies and double tails. These observations were
recorded inthe K’ao P’ou Yu Shih (1590) which includes an uncertain orambiguous reference
to telescope eyes. Telescope eyes were certainly known in the mid-eighteenth century when
numerous examples are depicted in the de Sauvigny scroll of 1772. At about the same time
(1765) Baster (a Dutchman) noted fish with bulging eyes ‘unusually so in some specimens’.
The telescope fish became quite well known in Europe in the latter part of the nineteenth
century (Carbonnier 1872).

We have already noted the diversification of colour which had been established during the
Song and Ming periods. The occurrence of transparent scaled goldfish was recorded in 1688
by Ch’én Hao-tz( ‘who tells us of the many-coloured variegated fish bred in the Phoenix
Well” in Kiangsi and in two locations in the Hangchow area and one in Chekiang. It is curi-
ous that this character did not become more widespread in the eighteenth and nineteenth
centuries. It persisted in the Calico Telescope, from which it was transferred by crossing most
notably to the Shubunkin and to most twin-tailed varieties in the course of the twentieth cen-
tury. The origin of the dorsal-less character is of considerable interest (especially to Ranchu
enthusiasts!). Hervey and Hems reproduce an illustration dated 1726 showing three twin-
tailed fish, one of which has no dorsal fin. Such fish were known in Europe in 1760. Edwards
refers to fish ‘with little risings on the middle of the back in the place where the fins generally
are’; any breeder of dorsal-less varieties knows exactly what is referred to!

The origin of the Celestial appears to have been in the eighteenth century; there are one or
two dorsal-less telescope fish depicted in the 1772 scroll whose eyes seem to have adecidedly
upward cast. The authors mention that it might have had a Korean origin. It is perhaps safer
to conclude that it was of Chinese origin though favoured by Koreans. The possibility of a
Korean origin cannot be totally discounted; if it were to be substantiated it would have been
quite a unique contribution to goldfish culture.
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The Eggfish is also depicted in the 1772 scroll, but whereas currently we use the name to
refer to dorsal-less fish with a short deep rather globular body, the name is used at the time
to include those which developed a dorsal fin also. The origin of the Lionhead is perhaps the
only area of possible difference of opinion between Chen on the one hand and Hervey and
Hems onthe other. The latter are of the opinion that the Lionhead is of Japanese origin, largely
because nothing like it was depicted on the 1772 scroll. However, Matsui (1971) noted that it
was depicted in Chinese paintings dated 1429, which would place the origin of the Lionhead
as being in the early Ming period, contrary to the weight of evidence which indicates that it
was later in this era that the real development of fancy goldfish occurred. This suggests that
the paintings have not been correctly dated. A Japanese book entitled A Notebook on Rais-
ing Goldfish was produced in 1748 listing different varieties of goldfish while, in the year
following, a drawing of a Lionhead was published in the book A Record of the Mysteries of
the Goldfish. Chen only records hooded goldfish from the period 1848-1925 in which the
Lionhead, Tigerhead and Goosehead were produced. These uncertainties notwithstanding
there can be little doubt of the enormous contribution which Japanese breeders have made in
the development of the Lionhead.

Perhaps even more controversial is the origin of the Oranda. A commonly held view is
that it arose from a cross between the Ryukin and Lionhead. Hervey and Hems stated that the
Oranda was first bred at Koriyama or Osaka in 1840 from a Ryukin (Veiltail) x Lionhead
cross. Matsui disputed this claim and recorded the publication of a drawing of a Dutch Lion-
head (Oranda Shishigashira) by Hirokawa in Nagasaki in 1800. At a show in 1883 an Oranda
was exhibited with an explanation that this type had been bred for about 30 years in Japan but
that its origin was uncertain. Matsui also pointed out that whereas in the Lionhead there can be
variation in development of the dorsal fin, from complete absence to production of vestigial
and rudimentary fins, no such segregation occurs in the Oranda. It is possible that Oranda-
like fish were produced in two ways, one by the hybridisation considered, the other by the
establishment of a line of hooded Fringetail. It is a matter of fairly common observation that
with increasing age, fish of the Fringetail family can show hypertrophic skin growth on the
cranium. This can even be seen in the magnificent coloured frontispiece of Innes’ Goldfish
Varieties. Equally itis possible that the absence of the dorsal fin could have evolved independ-
ently in different goldfish lineages. If one raises large progenies without severe culling, fish
with incomplete development of the dorsal fin are encountered not infrequently. Selection of
such individuals for breeding and subsequent further selection could well ultimately result
in new dorsal-less strains. A comparison between Lionheads and Bubble-eyes shows that the
most significant features they have in common are the lack of dorsal fin and possession of
twin-tails. Body conformation and the nature of the finnage are quite different.

At about the turn of the last century, the focus of activity in goldfish variety development
shifted to a substantial degree from Chinato Japan. Basically Chinese stocks were taken from
about 1500 and through selection modified (or ‘improved’). Certainly there were features
which were favoured by selection among Japanese breeders. If one examines the fish depicted
on the de Sauvigny scroll of 1772, all are short-finned. Long fins have been favoured in many
Japanese varieties, most notably the Fringetail, and the production of varieties within this
family such as the ‘Ribbontail” has occurred; the name speaks for itself. Perhaps the distinc-
tive feature of Japanese breeding activity was the use of deliberate hybridisation to create
new varieties; the greatest success was in the production of the Shubunkin, one might almost
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say the fish which won the West! Matsui documented its origins from a complex cross car-
ried out by Kichigoro Akiyamal. A Calico Telescope was crossed with a ‘Japanese Golden’
that had a Carp tail and further with a Scarlet Crucian (Hibuna). The name Shubunkin (Red
Marked Calico) was given by Matsubara who claimed to have reproduced the same result
from the Calico Telescope x Japanese Golden cross. Matsui argued that this would have
produced a Calico Wakin, not a Shubunkin. He carried out the cross Calico Telescope x Cru-
cian (wild goldfish). He found that about half of the progeny were of the normal shape, the
proportion of transparent scales was about a quarter, while all the progeny had single tails and
normal eyes. The original cross involving three lines was a roundabout way of reaching the
objectives which Matsui achieved more effectively. Coloration was very varied; a proportion
were yellow and black while a substantial number had more complicated patterns. Presum-
ably the desirable red and blue combination required further selection and crosses between
selected parents. The length of the fins exceeded that of the standard or wild parent. The form
of the Shubunkin has remained basically similar in Japan and the East for the whole century
but has been “developed’ further in Great Britain and the United States, about which more
later.

An intriguing fish mentioned and illustrated in Matsui’s books is the Yamagata goldfish
which is essentially a twin-tailed Comet. Apparently it was developed as a hardy variety for
the Yamagata area which has a severe winter climate. Itis not widely known outside Japan but
could easily be produced from a cross between a Wakin and a Comet. It could be an interest-
ing pond fish.

Most hybridisations carried out in Japan and elsewhere have involved one of the parents
of the Shubunkin — the Calico Telescope — and most of the original metallic scaled varieties;
these have been very successful, the Calico Oranda can, for example, be a superb fish. Some
others have been notably less successful, the Kinranshi or Golden Bleary-eye (a most inauspi-
cious name!) was produced from a Wakin x Ranchu cross made by Kichigoro Akiyama in
1902, the breeder who produced the Shubunkin. It apparently had the ability to produce at-
tractive golden reflections but never achieved any great popularity although it is noted in
some quite recent works (Appendix I11, Watanabe 1988).

Finally, brief mention should be made of the Watonai, the result of the cross between the
Fringetail and the Wakin. The result is a fish which the Western enthusiast would consider to
be a Fantail. It could be regarded as a reconstruction of a stage in the evolution of the Ryukin
or Fringetail from the Wakin.

The next significant developments in goldfish culture came at around the turn of the cen-
tury in the United States. The earliest record of the introduction of the goldfish to the USA
was in 1874 and credited to Admiral Ammon. It is hard to believe that this was actually the
first introduction of this fish to North America. In any event the first significant involvement
of American goldfish fanciers with development of the goldfish varieties was in the 1880s (a
decade or so after the first recorded introduction of the goldfish to the United States). Hugo
Mullertt propagated the Comet goldfish from selections taken from the ponds of the Fish
Commission in Washington. This was followed around the turn of the century by the \iltail
which hasan interesting history. The story began in 1893 at the Chicago World’s Fair. Agroup
of Fringetail goldfish were intended exhibits but fell sick. The survivors were rescued by Wil-
liam P. Seal and subsequently came into the hands of a Mr Barrett who was the initiator of the
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PhiladelphiaVeiltail strain. This strain was founded in the main on one individual, the famous
“‘World’s Fair Fish’ which survived for 15 years.

The most interesting feature of this strain is that its characteristics were initially surpris-
ingly definitive; almost the only significant departure from the original standard is the modern
preference for a broadtail rather than the somewhat bifurcated tail of the original. The latter
is a characteristic feature of the original Fringetail stock. Philadelphia Veiltails were eagerly
taken up by European fanciers, mostly British, with whom it has remained a firm favourite.
The Veiltail in Europe which was kept in both Germany and Russia was virtually wiped out
in the course of World War Il but survived in Britain.

The Shubunkin became very popular in America and was subjected to a selection regime
designed to increase the length of finnage. This produced a form which is sometimes called
the American Shubunkin or Calico Comet. Work is continuing in the United States in an at-
tempt to produce a type of Shubunkin which breeds true. This is an interesting development
which will be discussed further in a later chapter. Further development of the Shubunkin
took place between the wars in Britain where the first introductions occurred in the early
1920s. From these L. B. Katterns and A. Derham are credited with developing the London
Shubunkin. This has the body form and fin characteristics of the common goldfish and has
often been considered as merely a Calico Common Goldfish. It is possible that, in the same
way that Calico Veiltails have been produced by crossing and backcrossing, the London
Shubunkin might have been produced in a parallel fashion. The London Shubunkin still has
its devotees and some outstanding examples have been produced in recent years by Messrs
W. Leach and A. Ratcliffe and Mrs P. Whittington. However, in popular esteem it must yield
the palm to the Bristol Shubunkin which is, by any standards, a remarkable fish. Its initial
development between the wars can be credited to members of the Bristol Aquarists Society,
which was devoted to the keeping and breeding of coldwater fish. By the beginning of World
War |1 the Bristol Shubunkin was regarded and recognised as a distinctive goldfish variety.

The development and evolution of new variants of goldfish is still continuing, mainly in
China. Many of these in essence are ringing changes on established themes, but it is hoped
that through a better understanding and application of genetic principles we can more easily
conserve and maintain the diversity of goldfish forms and also augment it.

The political dimension

The logical point in history to start the consideration of the implications of politics on domes-
tication and development of the goldfish is the time when China was first unified during the
short-lived Qin or Ch’in dynasty (221-209 BC). After a very brief interregnum this was fol-
lowed by the Han dynasty which lasted for over 400 years (206 BC— AD 220). In this period
Buddhism came to China. This was followed by a period in which China was ruled as Three
Kingdoms (AD 220-598). Then followed the short-lived Sui dynasty (AD 596-618) and the
T’ang dynasty (AD 618-906) which saw remarkable cultural developments in arts, crafts and
technology and regarded by many Chinese historians as the major peak of Chinese civilisa-
tion, truly aGolden Age. It was at thistime, as we have seen, that the scene was set for goldfish
domestication and development initially by the proliferation of ponds of mercy in proximity
to Buddhist temples and monasteries. The presence of goldfish in these ponds was a direct
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consequence of their common use as a food fish. The coloured fish whose occurrence was
reported sporadically as early as the Tsin dynasty (AD 265-419, one of the Three Kingdoms)
would have been favoured for rescue, being considered as auspicious in themselves and read-
ily visible in the ponds of mercy as an aid to reflection and meditation for the monks.

The end of the T’ang dynasty was followed by a period in which the rule of the country was
fragmented, which lasted from AD 907-960 until unification was achieved under the Song
(Sung) dynasty (AD 960-1279) when there is general agreement that full domestication of
the goldfish occurred. Unlike the common carp in which distinctive domesticated forms were
developed for food purposes, the mirror and leather carp most notably, the domesticated
forms of goldfish were developed exclusively for aesthetic and ornamental purposes. Gold-
fish used as food were essentially of the wild type; there was also a reported reluctance to use
coloured fish for this purpose. During the Song period China was attacked from the North and
the Chinese court fled south and established a capital in Hangchow. The Song dynastic period
comprises the Northern Song period 960-1127 and the Southern Song period 1128-1279.
The latter period was that in which the most rapid early development of the goldfish appar-
ently took place. Final collapse of the Song dynasty took place with the onset of the Mongo-
lian invasions of Kublai Khan. The Mongols reunified the country by overcoming both the
Chininvaders who brought about the retreat south of the Song culture and the Song rulers too.
They established the Yuan dynasty which ruled for approximately 100 years. It was the first
foreign dynasty to rule China.

The ultimate collapse of the Yuan dynasty and its succession by Ming rule brought about
another Golden Age of Chinese culture, celebrated in the West for the very highly prized
ceramics of the period. It was at this time that the foundations were laid and the first steps
taken leading to development of the goldfish as we know it today. The downfall of the Ming
dynasty was brought about by invaders from Manchuria who established the Qing, Ch’ing
or Manchu dynasty which was in power from 1644 until 1911 with the establishment of the
Republic formalised in 1912. The Republic of China itself fell in 1949 in the Communist
Revolution and the People’s Republic of China was established in that year. Several very
significant events (or series of events) took place in the nineteenth and twentieth centuries.
Western mercantile policies which had been initiated as far back as the sixteenth century
produced a crescendo of highly aggressive and intrusive efforts to “‘open up the country to
trade’. From the time of the Opium War in 1839, the attempts of the Chinese to resist these
efforts and the continuing pressures of western commercial interests resulted in the Taiping
Rebellion of 1851-64 and the Boxer Rebellion of 1899-1900. In China the effects on goldfish
development were surprisingly small, in fact, according to Chen, in the period 1848-1925 ten
new varieties were developed.

For China, politically speaking, the twentieth century has been little improvement on the
nineteenth as far as general peace and harmony are concerned. The establishment of the Re-
public was followed by the establishment of the Guomindang or Kuomintang and the Com-
munist Party factions whose struggles continued until 1931 when the Second Sino-Japanese
War started which lasted until 1945. The end of World War 11 was followed by a civil war
lasting until 1949 with the fall of the Guomindang. In such troubled times it was unlikely
that goldfish culture would burgeon, but it survived. Unfortunately worse was to follow. The
decade beginning in 1966 was the period of the Cultural Revolution in which traditional
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culture which had hitherto been respected by the Communist Party came under attack by the
Red Guards.

This movement, which can be likened to a cultural Khmer Rouge, brought about untold
destruction to Chinese art and culture before it came to an end in the mid-1970s. The harm
done to goldfish stocks is incalculable. The cult of the goldfish in the eyes of the Red Guard
movement was politically incorrect and among many other harmless and even laudable ac-
tivities were to be ruthlessly suppressed. This was arguably the worst catastrophe ever to
befall goldfish culture, largely because it came about over the whole country simultaneously.
However, itisagreat tribute to the Chinese people and the resilience of their culture in general
and that of the goldfish in particular that it survived, and we can reasonably hope for better
times ahead. Over the past two decades the Chinese goldfish breeders have shown magnifi-
cently that they have not lost the capacity to surprise and delight goldfish fanciers the world
over. The future hopes of the goldfish fancier still rest as ever in China.

Inhis general discussion of goldfish domestication, Chen noted that the appearance of new
goldfish varieties did not occur in a steady pattern from his critical date of 1163. In the years
between 1163 and 1925, a total of 762 years, there were three periods which were particularly
productive of new variations. The first of these was 113 years from 1163 to the end of the
Southern Song period (1128-1279). The second was 97 years in the late Ming period, be-
tween 1547 and 1644. The final period of 1848 until 1925 covered the concluding years of
the Qing dynasty and the early years of the Republic of China, in fact until almost the eve
of the troubles that were to beset China for much of the twentieth century at the hands of the
Japanese and internal political factions. From this Chen concludes that ‘the demand for novel
varieties of goldfish in society calls for men who breed, select, and record the fish. When such
a demand in society is absent, the discovery of new methods of culture and the selection of
new varieties are suspended.” Chen’s first two points, that it is necessary to have men who
breed and select fish, cannot be denied. Recording is quite another matter. Those who record
are not necessarily those who breed. The goldfish survived the apparently unproductive pe-
riods and as far as we can make out did not lose ground in the process. My own experience
in attempting to record the activities of breeders suggests that, in at least some and perhaps
even in the majority of cases, this may well be the last thing they want to happen. Anecdotal
evidence suggests that the great French water-lily breeder Marliac would not even tell his
own sons all the secrets of his success!

There is a significant pattern in the timing of these very productive periods which were in
the final years of the Song, Ming and Qing dynasties. Chen pointed out that in the early years
of dynasties, the population would be settling down and adjusting to the political change and
it would take time for a high level of cultural activity to be re-established. | believe that the
people most affected by dynastic changes would be emperors, courtiers and officials. Farm-
ers, artisans and craftsmen, though by no means unaffected, would have been needed by the
new regime and would be in the best position to maintain the stocks of goldfish which they had
developed and prized. It is not uncommon in the world of animal breeding to find that rather
few of the breeders of outstanding animals are suave, educated gentry with a good scientific
background, except where the animals concerned have been farm livestock and horses. While
Bakewell who established the Longhorn cattle breed is well known, who knows the initiators
of many of the breeds of the smaller domestic pet mammals and birds? Darwin is the best
known pigeon breeder but how many others are known to fame? It is reasonable to think that
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the variety of goldfish was maintained as a folk culture activity and that periodically the well-
to-do and leisured classes succumbed to fashionable crazes among which goldfish figured.
We have only to consider the present crazes for Bonsai and Koi to appreciate what can happen.
This situation creates the search for novelties, the producers of these at the present times may
be known through books and magazines but who are often rather self-effacing and not public-
ity seekers. During the twentieth century when scientists became interested in the evolution
and development of goldfish varieties, breeding experiments were described and parentage
of crosses published. When new varieties are produced commercially the modes of origin of
these are, for understandable reasons, not publicised and this equally understandably gives
rise to conjecture and speculation as to how they were produced.

We are now in a position where we can attempt to answer our initial questions, when was
the goldfish domesticated, where, by whom, how and why this came about. The goldfish was
domesticated in China towards the end of the first millennium. The scene might actually have
been set for this somewhat earlier in the Tang dynasty but it had certainly come about in the
Song period. It seems probable that the initial domestication was due to the efforts of farm-
ers who caught the goldfish initially for food but were attracted by the occasional coloured
variants which arose from time to time and which were retained and not consumed. This was
assisted by Buddhist monks who provided refuges for animals including fish spared from
slaughter, which inall probability included coloured goldfish. The reason why domestication
is followed by the establishment of the very diverse forms we see today probably stemmed
from the innate tendency for human creativity to find expression. The production of finely
worked beautiful flint tools provides an early illustration of human creativity. The amount of
effort putinto some of these artefacts was well above and beyond what was needed to produce
a serviceable tool. Aspiration towards perfection is what characterises people of an artistic
bent and has also found expression in the work of those who have produced the astonishing
array of beautiful, interesting and useful variants which we can readily see among domesti-
cated animals and plants, which make civilised life possible.

Artefacts as evidence in tracing development of goldfish varieties

The value of artefacts in tracing development of variation in domestication depends in the
first place on the accuracy with which their form is reproduced and secondly the accuracy
with which they can be dated. In the case of Chinese and Japanese works of art, the form of
goldfish has often been produced with astonishing accuracy. The features of greatest concern
to the student of goldfish evolution have been reproduced in depictions in the decoration of
ceramics, for example, from the Ming period. However, the most remarkable work of art de-
voted to the goldfish was the famous scroll of 1772 depicting 92 goldfish. This was produced
by Billardon de Sauvigny as part of his Histoire Naturelle des Dorades de la Chine published
in Paris in 1780. The scroll was painted by Chinese artists and a wide range of goldfish forms
are represented. George Hervey in 1950 published a commentary and translation of de Sau-
vigny’s manuscript which gives an unusually full perspective of the range of variability ap-
parent at the time. It is quite unique in this respect and an absolutely unrivalled source of
information. One might well conclude that it provides some insight into the kind of variants
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goldfish breeders had at their disposal in the early days of Chen’s Era of Conscious Artificial
Selection.

It is readily apparent that two distinct types of body, elongated (Fig.2.2) and short
(Fig. 2.3), canberecognised, duplication of the caudal fin is complete in some individuals and

Fig. 2.3 Short-bodied Telescope (eighteenth-century Chinese scroll).
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the telescope eye is in evidence. What is not apparent is any individual fish with long fins. This
highlights a major difficulty in reconstructing evolutionary sequences, while it is possible to
establish with a degree of certainty the presence of a character, uncertainty attaches itself to
any presumption of absence of any specific characters (Figs 2.2, 2.3).

Dissemination of the goldfish

Documentation of the dissemination of the goldfish in the Far East is not very extensive.
It seems probable that it was taken to Indo-China, Korea and other neighbouring countries
before the time of its introduction to Japan at the very beginning of the sixteenth century. It
is thought that not until the eighteenth century did serious goldfish breeding begin in Japan
(Hervey & Hems 1948). It is possible that goldfish came to Japan by way of Korea, if the
Lionhead truly deserves the name in Japanese of Korean goldfish, and via the Ryukyu Islands
if the name Ryukin has any real significance. Matsui (1934) suggests that introductions to
Japan from China occurred in 1502 or 1620. It is highly probable that after initial introduc-
tions in the sixteenth or seventeenth centuries (or both) that periods of introductions occurred
subsequently. Matsui identified four basic prototypes of Chinese origin: the Hibuna (red Cru-
cian carp) Wakin, Ranchu, Ryukin and Demekin. He suggested that Japanese varieties arose
from these prototypes by selection and hybridisation.

The first introduction of the goldfish to Europe was to Portugal. The Portuguese had es-
tablished a port in Macao in 1557 and it seems likely that the first live goldfish to be sent to
Europe came to Portugal, perhaps in the seventeenth century. There are records of goldfish
in England as early as Pepys’ diary (1665) in which he refers to foreign, finely marked fish
being keptindefinitely in glasses of water. The source of the English goldfish was Macaoinall
probability. Certainly by the middle of the century they were well established and recorded as
occurring in ponds at Vauxhall. Horace Walpole (1717-1797) seems to have been the arche-
typical goldfish enthusiast who established a thriving colony on his estate and was reported as
constantly giving them to his friends. During the course of the eighteenth century the goldfish
had been distributed generally over Europe and by 1791 was clearly established in Russia.
In was known to Linnaeus by 1740 and there are records of it during the century also from
France, Holland and Germany. It is also interesting to note that Thomas Grey wrote his ‘Ode
to a favourite cat drowned in a tub of goldfishes’ in the closing years of the eighteenth cen-
tury.

The development of novel forms of goldfish outside China did not apparently get under
way for a considerable time after the initial introduction to Japan. It is thought that in the late
seventeenth century goldfish keeping was prescribed as a degenerate pastime and only in the
eighteenth century did it begin to come into its own. In the United States by contrast, if one
accepts the 1874 date of introduction as reliable, within only two or three decades the \eiltail
was developed followed by the Comet. In Britain three centuries elapsed before the changes
were rung on the Shubunkin theme.



Chapter 3
Goldfish Varieties — a Review of Literature

During the course of the second millennium the goldfish has produced a very wide range of
variants, many of which survive to the present day. It is quite apparent from reading literature
on the subject from the past century that our present varieties do not necessarily represent
the full range of variant forms which have arisen. Our present perception of goldfish varieties
goes back essentially to the work of William T. Innes and his classic work Goldfish Varieties
and Tropical Aquarium Fishes which was first published in 1917 and ran through many edi-
tions until 1932. In 1935 an expanded version of the section on tropical fish was published as
a new work Exotic Aquarium Fishes which has been revised and reprinted many times since
and has become the classic volume on tropical fish keeping. After the end of World War 11 the
goldfish section was revised and published as Goldfish Varieties and Water Gardens.

Innes’ work did not come out of a vacuum; in the previous decade a work entitled Goldfish
Breeds and Other Aquarium Fishes was published (1908). This is a most interesting book
and can be considered as the initial trailblazer. This work by H. T. Wolf was one of the earliest
if not the earliest to attempt a comprehensive description of contemporary goldfish varieties.
Itis interesting to compare the listings given in the more important books during the course
of the twentieth century; it gives some reflection on what has been popular and available at
various times. Intriguingly over this relatively short period some varieties have made a brief
appearance then disappeared, some for a time and some apparently permanently. The names
also undergo change; varieties can disappear from view under one name and reappear under
another. Goldfish authors naturally write on the basis of their own experience and some may
well encounter variants which others never see.

While reference will be made largely to goldfish literature in English, there are references
to goldfish varieties in French and German literature, for example, Pouchet (1870). However,
as these accounts are sometimes not illustrated it may not be easy to visualise the forms
described. It seems sensible therefore to confine the discussion largely to those texts in the
English language in which every form described is also illustrated. In passing, it should be
noted that there are illustrated references to goldfish in nineteenth-century literature. A good
example is to be found in the Rev. W. Houghton’s British Freshwater Fishes (p.57) published
in 1879 which depicts two colour variants, one predominantly red with asilver belly, the other
withared back and silver flanks and belly. He also indicates briefly the range of fancy goldfish
currently available, most notably those in which the dorsal fin may be reduced or absent and
inwhichthe anal fin and caudal fin may be duplicated. He also refers to what appears to him to
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be the strangest of all, the very large and protruding eyes of the telescope fish. The only other
variety he mentions by name is the ‘Japanese fan-tail’.

Atabout this time there were a number of books published on aquarium keeping in which
goldfish are mentioned, namely by J. E. Taylor (1881) and the Rev. G. C. Bateman (1890).
The latter devotes a chapter to goldfish varieties and their breeding. His comment on the
Japanese Fan-tail is interesting; he noted that the tail was frequently double, having the ap-
pearance of an inverted Y, what we would call a “tripod tail’. When the tail is single ‘the fish
is sometimes called the Comet Fish’. In his notes on the Telescope Fish he recorded that the
eyes were forward facing. At the present time this is seen as a phase in the development of the
Celestial. There is a drawing of this fish which has a fully duplicated tail, a moderately deep
body and very definitely forward facing eyes, and the dorsal fin is present. He reserved his
greatest admiration for the Japanese Fringetail. He commented that perfect specimens had
been sold for “five guineas and even twenty times their weight in gold’. The colour range was
wide, the commonest being red body and white fins but sometimes white body with red fins. It
is difficult to be absolutely sure to what presentday varieties his ‘“Mottled Beauty’, ‘Blue’and
‘Superb’ correspond, as he only describes colour. The first could be a calico fish, the second
a blue metallic while the last, a large black and scarlet fish, may have been a fish in the course
of the colour change. However, as has been noted elsewhere, the colour change in mature fish
may be very slow and prolonged, perhaps never going to completion.

Itis not surprising that the goldfish has engaged the attention of eminent scientists. Charles
Darwinin hiswork The Variation of Animals and Plants under Domestication (1868) devoted
a page and a half to the goldfish. He was unsure whether to consider varieties such as ‘triple
tail-fins, etc.” as such or as monstrosities. He did conclude ‘that it is difficult to draw a distinct
line between avariationand amonstrosity’. The difficulty is perhaps still with us. He recorded
variants lacking adorsal fin, with double anals and triple tails. Darwin voiced the opinion that
duplication of the caudal fin might possibly be at the expense of fin development elsewhere
but cited a report from Madrid of a fish with both a dorsal fin and triple tail. A variety with
a humped-back (? Ryukin) is recorded and a remarkable fish with “the fleshy part of the tail
as if entirely cut away; the caudal fin being set on a little behind the dorsal and immediately
above the anal’. Both the caudal and anal fins were double, the body was globular in shape
and the eyes enormously large and protuberant.

William Bateson in his Materials for the Study of Variation (1894) commented on fish
obtained from Japan. Three distinct breeds he believed were maintained there, the Wakin,
the Maruko or Ranchiu and the Riukin. These are names with which we are familiar today,
allowing for some slight variation in spellings. He considered the ‘Riukin’ to have the most
beautiful tail which was very large and often longer than the body. He stated that ‘Goldfish
breeders of the present day can freely produce the “Riukin” or “Maruko” from the “Wakin”.
Various intermediate forms between the above-mentioned breeds exist.” While today we
would accept that goldfish generally do not breed true, we would find difficulty in accept-
ing the idea that a Ryukin could be selected easily from a Wakin progeny. Bateson gives a
very good and concise illustrated description of single, double and intermediate forms of the
caudal fin. He also quoted a report that twin-tailed fish had been found in running streams. It
is also important to note that the goldfish described by Linnaeus was a twin-tailed form and
that this type was well known in Europe in the eighteenth century.
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H. T. Wolf (1908) Goldfish Breeds

It was in the early twentieth century that specialised treatments of the goldfish began to ap-
pear, among which was Herman T. Wolf’s pioneer work entitled Goldfish Breeds, published
in Philadelphia in 1908. It covered not only the care and husbandry of goldfish but also se-
lected North American freshwater fish, invertebrates and plants. He also included chapters on
marine aquaria and terraria. For our purposes we need only review his coverage of goldfish
varieties (or breeds, as he termed them). These are listed in Table 3.1 with a commentary on
his treatments of individual varieties; this pattern will be repeated for those of other authors
and these views will be subsumed in subsequent sections devoted to the major contemporary
varieties.

1 The Common Goldfish (Figs 3.1a, 3.1b)

Wolf recognises two forms of Common Goldfish which he calls the American and the Euro-
pean. The latter is more slender and elongated in body form than the former. The basis of this
distinction is not clear; subsequent descriptions closely approximate to the American rather
than the European form. It is possible that the description of the latter was based on a small
and atypical sample. From the published drawing, the European variety appears to be quite
an elegant variant. Colour variants noted are white, silvery-grey, olivate, golden or orange
yellow, red and brown, singly or in combination. Some whites are reportedly albinos with red
eyes.

Size recorded is up to 16 inches in length and longevity 12-16 years commonly; excep-
tionally, however, both length and longevity may exceed these figures.

2 Japanese Comet Goldfish (Figs 3.2a, 3.2b)

The Comet, Wolf claims, was produced by crossing the Japanese Fringetail and Common
Goldfish and first reported in the United States in 1872. The body form is relatively slender
andthefinsare elongated. In his drawing the height of the dorsal exceeds the body depth while
the length of pectoral, pelvic and anal fins is approximately equal to depth of body. The dorsal
and ventral margins of the caudal fin are approximately equal in length to the body. Tail fins
noted were either strongly bifurcated or full broad tails. Scale-less (i.e. transparently scaled)
Comets are also mentioned. The example depicted hasatail-fin length (along dorsal or ventral

Table 3.1 Wolf’s Goldfish Variety Listing (1908).

1 Common Goldfish (Figs 3.1a, b) 11 Chinese Moor Telescope
2 Japanese Comet (Figs 3.2a, b) 12 Chinese Piebald or Tiger Telescope (Figs 3.6a, b)
3 Japanese Fringetail (Fig. 3.3) 13 Chinese Lettered Telescope
4 Japanese Fantail 14 Chinese Blue Telescope
5 Japanese Nymph 15 Chinese Celestial Telescope
6 Japanese Hooded or Lion-headed Goldfish (Fig.3.4) 16 Chinese Eggfish (Fig.3.7)
7 The Japanese Barnacled or Paradise Goldfish 17 Chinese Tumbler (Fig. 3.8)
8 Chinese Telescope Fish (Fig. 3.5) 18 Agard’s Wonder (Fig. 3.9)
9 Chinese Mottled or Variegated Telescope 19 Lawson’s White Rat (Figs 3.10a, b)
10 Chinese Fringetail Telescope
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Fig.3.1 (a) American Common Goldfish. (b) European Common Goldfish.

margins) appreciably shorter than the body length. The true identity of this form is probably
the Japanese Shubunkin, which Wolf does not mention by name. He does mention specifi-
cally Comets with deep ox-blood coloured bodies, white, elongated fins, widely spread full or
bifurcated tail fins carried horizontally and as long or longer than the body. Characteristically
the Comet is capable of rapid movement.

3 Japanese Fringetail Goldfish (Fig. 3.3)

To many in the West this variety is the epitome of what a fancy goldfish should be. The name
‘Fringetail’ is quite inappropriate as it would, if interpreted literally, suggest a fish in poor
condition with frayed finnage. This name has been superseded by the designation “\eiltail’
which is generally used in the English-speaking world, largely because it is so very appropri-
ate. The published drawing by the author has long been the classic depiction of the variety,
about which he is very enthusiastic, an enthusiasm which has been sustained throughout
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Fig. 3.2 (a) Metallic-scaled Comet. (b) Transparent-scaled Comet (possibly original type Shubunkin). (Wolf
1908.)

the twentieth century by those who in Wolf’s words regard it as ‘the handsomest of all gold-
fishes’. This enthusiasm is remarkable as in neither Japan nor Chinaisit very highly regarded.
The specimens sent to the Chicago World’s Fair in 1893, which were later rescued and nur-
tured, appear to have been make-weights and not specimens particularly prized by the Japa-
nese themselves.

The salient features of Wolf’s description are that it has a short body and head, an almost
egg-shaped body with all paired fins long and pendent, the dorsal he describes as long, wavy
and lace-like (at the present time it would be described as high or tall and sail-like). The
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Fig. 3.3 Japanese Fringetail or \eiltail (Wolf 1908).

caudals are described as ‘immense, delicate and drooping, divided to the base...much longer
than the body of the fish’ (in the drawing it falls only a little short of being twice the body
length). Features depicted in the drawing which are of current interest are the body propor-
tions in which body length is about one and a half times the depth. The dorsal and ventral
contours are both smooth, nearly symmetrical curves. The carriage of the caudals continues
broadly the curvature of the back with a slight change at the caudal peduncle. The height of
the dorsal is approximately equal to the depth of the body. Wolf refers to its rich, burnished
metallic lustre, which can also be developed very impressively in modern examples. The
example given by Wolf still represents the ideal Veiltail; in only one detail has there been



32 Goldfish Varieties and Genetics

a change of note. While Wolf’s fish show detectable bifurcation of the caudals the modern
preference is for a more square-cut broad tail. There can be little doubt that a reincarnation of
Wolf’s fish even today would carry all before it at a goldfish show. An important point made
is that it is only in mature fish that the full development of its characteristics occurs.

An interesting point which Wolf makes is that American breeders had crossed Chinese
fish with transparent scales with Japanese Fringetails to produce what we would recognise
as Calico Veiltails. These are stated by Wolf to be even more colourful and handsomer than
the metallics. This presumably was the beginning of the famous Philadelphia Calico Veiltails
which have made a lasting impression on British goldfish breeders.

4 The Japanese Fantail

Wolf observed that although the Fantail had points in common with the Fringetail, it neverthe-
less merited recognition as a distinct variety. He mentioned significantly that there was a
tendency for underdeveloped Fringetails to be lumped in with the true Fantail. The latter
shared a similar body shape with the Fringetail, the length of finnage was shorter; however,
the major distinguishing feature was the fact that the caudal peduncle showed no downward
curve as in the Fringetail but was horizontal. It is interesting to note that even at the present
time sub-standard Veiltails are passed off as Fantails. It is also interesting to note that Wolf
states that at the time of writing there were no transparent-scaled Fantails. A similar range of
metallic colours occurred as in the Fringetail.

5 The Japanese Nymph

The Nymph is essentially a single-tailed version of the Fringetail. Wolf considered that it
could be produced from a cross between a Comet and a Fringetail. In the first half of the past
century it was recognised as a variety but in the latter half this has not been the case. It is
now considered as a somewhat aberrant form not to be recognised as an exhibition variety.
Thisdoes not meanthat it is not an attractive fish, which it certainly can be and which goldfish
keepers might be happy to accommodate. The carriage of the tail may vary depending on its
length; it may be held more or less horizontally if not too long while long tails may be inclined
to drape like those of a \eiltail. They may be either metallic or calico.

6 The Japanese Hooded or Lion-headed Goldfish (Fig. 3.4)

The Lionhead which Wolf has described has a body and finnage not dissimilar to that of the
Fringetail except that the dorsal fin is lacking. Its major distinctive characteristic is the hood-
like excrescence enveloping much of the head. Wolf also mentioned Korean strains showing
similar features, the ‘Ranchiu’ and the ‘Maruko’. However, he does not mention that these
two types both have quite short fins and that the Maruko does not develop a hood. In fact
what he described corresponds to descriptions of the ‘Shukin’ which has been described
from Japan but is not commonly seen at the present time and is essentially a long-finned
Lionhead.
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Fig. 3.4 Lionhead - the conformation of this fish is actually that of the shukin (Wolf 1908).

7 The Japanese Barnacled Paradise Goldfish

Thiswas considered an exceedingly rare form with telescope (or globe) eyes and fin develop-
ment comparable with that of the Fantail but with a square-cut caudal. The rather tubular eyes
faced forward. The distinctive feature described by Wolf is that the skin was covered with
wart-like growths or papillae...giving the fish somewnhat the appearance of being covered
with barnacles. Colours recorded are ‘mottled red and white with black and white fins and
tail’. There is no modern fish which quite corresponds with this description but, the telescope
eyes apart, its closest modern counterpart is probably the Pearlscale.

8 The Chinese Telescope Goldfishes (Fig. 3.5)

Effectively these constitute a family of goldfish varieties characterised by the possession of
telescope or globe eyes. The basic type can be regarded as like the Fantail in body and finnage
(with a rather square-cut caudal). A range of colours is reported, bodies may be red, black or
white. Coloration may be very striking indeed with some mottling but Wolf did not consider
the coloration he saw as being necessarily fixed or stable. He recognised six different forms
of eye development, ranging from the flat, non-protuberant eye of the Common Goldfish
through four different types of telescope eye in which the protuberant eyeball shows slightly
different forms to the Celestial, which is not only protuberant but upwardly rather than later-
ally or forwardly directed.
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Fig. 3.5 Dorsal view of Chinese Calico Telescope (Wolf 1908).

9 The Chinese Mottled or Variegated Telescope Goldfish

The term “calico’ was probably first applied to this goldfish variety to describe its attractive
pattern of coloration. The mixture of blue, red, yellow, orange, white, brown, black and even
green s infinitely variable and can in the best examples be absolutely breathtaking. It is prob-
able that this variety is the source of the calico characteristic which has been transferred to
the whole range of single and twin-tailed goldfish varieties.

The body form is similar to the Fantail generally but the caudal peduncle has a downward
curve. The same applies to the finnage except that the caudal fin is square-cut. Earlier in the
century this fish was highly regarded; nowadays it is not commonly seen.

10 The Chinese Fringetail Telescope Goldfish

The fish Wolf described under this name is essentially a Calico Fringetail Telescope. He also
described a transparent variant in which the vertebral column and internal organs can be made
out. From our genetical knowledge we can infer that individuals of this type are homozygous
for the mutation which is expressed as “calico’ in heterozygotes.

11 The Chinese Moor Telescope Goldfish

Although the fish described by Wolf is long-finned, he does not consider it to be a Fringetail,
but rather a long-finned version of the Chinese Telescope (8). The chief characteristic which
distinguishes it from the other Telescope varieties is the black coloration. Although, as he
mentioned, this fish has metallic scales, the density of the black pigment is such that it has
the appearance of black velvet. He noted that in predominantly black fish the abdomen might
have ayellowish tinge in some individuals; in others yellow was absent. He was of the opinion
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thatthe black colour inthe latter was more stable. The situation he described has parallels with
the current position (AD 2000) in which the Chinese are continuing to develop variations on
the telescope theme on a very broad scale. Wolf’s reservations about stability of colour and
pattern are still valid; notwithstanding this, these variants are both interesting and attractive
even if rather ephemeral.

12 The Chinese Piebald or Tiger Telescope Goldfish (Figs 3.6a, 3.6b)

This isa most unusual fish, the body section being triangular and short. Wolf considered it to
be deformed. The colour consisted of dark patches of black, brown, red and grey interspersed
with lighter areas produced by transparent scales through which pink and blue colours could
be seen. Also mentioned are reports from Europe of fish marked with bands of contrasting
colours. This is another of those extraordinary goldfish which appears out of the blue from
China, makes an impression and then disappears. It may be that such variants for whatever

Fig.3.6 Chinese Tiger Telescope: (a) lateral view; (b) head-on view. The colour, patterning and body conformation
(especially the triangular body section) are most unusual (Wolf 1908).
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reason can only be produced successfully in small and limited numbers and do not lend them-
selves to continuing commercial exploitation.

13 The Chinese Lettered Telescope Goldfish

In both the eighteenth and nineteenth centuries there are reports and depictions of fish bearing
markings which took the form of Chinese characters. The modern view is that these are not
natural and were produced by painting the surface of fish with acids, caustic materials or dyes
to achieve the desired effect. In recent times there has been an outcry provoked by the sale
of imported tropical fish which have been dyed and at least locally the practice is deemed to-
tally unacceptable. There are reports of minor surgery on fishes to remove scales, for example
those which mar a colour pattern. Such practices are also highly dubious. The example de-
scribed is otherwise very similar to the Tiger Telescope and in Wolf’s opinion was described
in the eighteenth century by de Sauvigny in his Histoire Naturelle des Dorades de la Chine
(1780) under the name Quen-yu.

14 The Chinese Blue Telescope Fish

This category includes two readily distinguishable types from the published description. The
first is described as ‘scaled” with a metallic sheen, a ‘silvery abdomen flushed with rose-
pink, a rich azure blue on the back and sides, the whole fish having a metallic lustre’. The
second is ‘transparently scaled, with a velvety, ultramarine blue color on the back, reddish
blue transparent lower sides and a blue-white or greyish abdomen, with a dark bluish-brown
or black dorsal fin, white or grey lower fins and dusty-grey or brownish double tail’. The fish
is not illustrated as the author said he was unable to find a perfect example to draw.

15 The Chinese Celestial Telescope Goldfish

Thisis described as a dorsal-less, egg-shaped fish with spheroidal upturned eyes. The caudal
fins are carried horizontally and are of comparable size to those of the Fantail; the caudals
show very slight forking. At the time this fish was considered a difficult subject, not easy to
keep, and as far as the author was aware at the time had not been bred in the United States. The
illustration shows an obviously metallic fish but no specific colours are mentioned.

16 The Chinese Eggfish (Fig. 3.7)

This is a twin-tailed dorsal-less fish with a characteristic egg-shaped body. The scales are
metallic and colour may be red, white or mottled. Eyes are normal. The fish was uncommon
in the United States. Its distinctive feature is the caudal fins which are long but narrow and
drooping, the curve of the dorsal edge of the caudals is continuous with that of the dorsal
contour. Among modern goldfish it most closely resembles the Phoenix in general conforma-
tion, although the latter has a longer body and a fuller tail, carried in the same fashion.

17 The Chinese Tumbler Goldfish (Fig. 3.8)

Fish of this type were described by de Sauvigny as Kin-teon-yu. Wolf’s description and draw-



A Review of Literature 37

Fig. 3.7 Chinese Eggfish. In comparison with the modern Eggfish the caudal is very much longer. Elongation of
the body would produce an approximation to the modern Phoenix (Wolf 1908).

ing is based on information and material supplied by Mr Hugo Mulertt. This fish is unable to
swim normally because of the extreme curvature of the spine which gives a markedly concave
dorsal and extremely convex ventral contour. It is a metallic telescope with a blue colour
flushed with orange. In attempting to swim, the fish tends to somersault in a way reminiscent
of the flight of the Tumbler pigeon. This variety, if still in existence, would be unlikely to
achieve popularity.

18 Agard’s Wonder (Fig. 3.9)

This is a truly extraordinary fish produced by crossing a transparently scaled Comet and a
similar Telescope. The resultant hybrid showed the eyes and body form of the Telescope and
the scalation common to them both. The twin caudals were longer than the body. The most
remarkable feature is the lengthy vertebral column which produces an extremely elongated
caudal peduncle. Reputedly the head of the fish could become enveloped in the folds of the
tail when at rest.

19 The White Rat (Figs 3.10a, 3.10b)

This unusual fish was named from its appearance when viewed from above. It is a single-
tailed Telescope with an egg-shaped body. From Wolf’s remarks it is possible that these and
similar variants which might arouse disbelief are occasionally depicted on Chinese ceramics.
The accuracy with which the form of goldfish is reproduced on art works in general inclines
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Fig. 3.8 Tumbler goldfish. The curvature of the spine produces a markedly concave dorsal contour; the combina-
tion of the angle of the caudal peduncle and the twin tails results in an erratic tumbling motion (Wolf 1908).

Fig. 3.9 Agard’s Wonder. The notable features of this variety are the unusually elongated caudal peduncle com-
bined with very long caudal fins (Wolf 1908).
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Fig. 3.10 The White Rat: (a) lateral view; (b) dorsal view. This single-tail variety shows an unusually short and
egg-shaped body, combined with telescope eyes and loss of melanin and xanthic pigments (Wolf 1908).

onetoacceptthem astruly representative. Figures on ceramics and other materials are invalu-
able in tracing the historical development of the goldfish over the past millennium. Such
works of art can be dated readily. Wolf was prepared to accept them as accurately recording
the morphology of the goldfish, an opinion which the passage of time has strongly rein-
forced.

Hugh M. Smith (1909) Japanese Goldfish — Their Varieties and
Cultivation

It is remarkable that in the year following the publication of Wolf’s Goldfish Breeds that
another major and original goldfish publication should appear. The background of Wolf’s
publication was the Aquarium Society of Philadelphia while that of the second landmark
publication, Dr Hugh M. Smith’s Japanese Goldfish, was the United States Bureau of Fisher-
ies in Washington DC. Would that we had a comparable level of official interest at the present
time! Dr Smith’s publication is devoted in its entirety to the goldfish, both its varieties and its
husbandry; we shall be concerned with the varieties: these are of exclusively Japanese origin
whereas Wolf’s treatment covered numerous Chinese varieties as well.
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Table 3.2 Smith’s Goldfish Variety Listing (1909).

1 The Wakin (Fig.3.11) 6 The Deme-Ranchu (Fig. 3.15)
2 The Ryukin (Fig.3.12) 7 The Watonai

3 The Ranchu or Maruko (Fig. 3.13) 8 The Shukin (Fig. 3.16)

4 The Oranda Shishigashira (Fig.3.14) 9 The Shubunkin (Fig. 3.17)

5 The Demekin 10 The Kinranshi (Fig. 3.18)

The varieties described by Smith are given in Table 3.2.

The interesting feature of this listing is the modernity of its nomenclature, even to the
spellings used: Ryukin rather than Riukin, Ranchu rather than Ranchiu. These names and
spellings will be found in current editions (1991) of books such as Matsui’s Goldfish Guide.

1 TheWakin (Fig. 3.11)

The Wakin is generally similar in conformation to the Common Goldfish, in other words it
is not in this respect very different from the truly wild goldfish or Crucian carp. In colour it
is similar to the Common Goldfish and is commonly red or variegated red and white, but the

Fig.3.11 Wakin (eighteenth-century Chinese scroll). Note ‘web-tail’.



A Review of Literature 41

full range of goldfish colours have been reported by Smith in the Wakin. The distinguishing
feature of the Wakin is that both the caudal and anal fins may be completed duplicated. The
other fins are very much as they are in the Common Goldfish. In size the individual caudal and
anal fins are the same size as their single counterparts in the Common Goldfish. The ultimate
Chinese origin of the Wakin is recognised, from which the Japanese stock was obtained. It
was also known at that time in Europe and America. Smith noted the observation of Professor
Watase that the duplication of the fins is accompanied by duplication of the supporting bony
structures. Duplication of fins may be incomplete resulting, for example, in fins in which the
lower lobes are duplicated but not the upper, commonly called tri-tails. Duplication may be
almost complete with only the dorsal edges of the paired caudal fins fused, such individuals
are called ‘web-tails’. The spontaneous duplication of fins in this manner appears to be a
unique development in the goldfish. The Wakin is capable of growing to a large size, com-
monly of 6-10 inches but exceptionally up to 16 inches in length.

2 The Ryukin (Fig. 3.12)

This s the Japanese name for what has been known in English as the Fringetail. Itis thought to
have been developed from the Wakin by long-sustained selection in Japan. The name comes
from the Ryukyu Islands lying between Formosa (Taiwan) and Japan; the basis for this as-
sociation is that these were a possible route of entry to Japan.

Characteristic features of this variety are the greatly shortened and deep body, a full,
rounded abdomen and long flowing fins. The caudal fin is deeply indented and may be as long
or even longer than the body. The strong curvature of the spine plus the extensive develop-
ment of the caudal fins frequently conceals the anal fins. The back is rather humped and the
lateral line describes a double curve, which gives some reflection of the modified processes
of growth and development which produce the shortened body. It is as though growth in body

Fig.3.12 Ryukin (Smith 1909).
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depth is not inhibited while that in length is strongly curtailed. The impression of body depth
is considerably enhanced by the height of the dorsal fin and the length of the pelvics. Smith
made the very interesting observation which goes to the heart of the appeal of this variety,
which is its graceful and dignified motion. The most active movement is brought about by a
rapid flurry of the tail region and caudal fins while gentle movement is effected by means
of the motion of the large pectoral fins which produce an elegant and measured movement.
This has been likened to the ladies at the Japanese Imperial Court in former times, walking
sedately with grace and dignity in their long elegant robes. Characteristics such as these are
part and parcel of the appeal of the more exotic varieties.

The Ryukin is remarkably hardy considering the extent of the change which has come
about during the course of selection under domestication. The history of this variety during
the twentieth century, especially in the Far East, shows that end points in progress of selection
have still not been reached, in some cases at least.

3 The Ranchu (Fig. 3.13)

Smith adopted the current Roman spelling which superseded the earlier ‘Ranchiu’and ‘Ran-
tyu’. He has given synonyms of ‘Maruko’, ‘Shishigashira’ and ‘Korean Goldfish’, the latter
signifying the route by which this variety perhaps entered Japan. As defined the Ranchu has
a short, rounded body, a broad head, short twin caudal fins and paired anals. The other fins
are also short. The caudal peduncle is short though thick and the body cross-section is almost
circular; overall it tends to the globular, almost egg-shape. In Smith’s view, the development
of the hood is not necessarily the defining character of the Ranchu. As currently understood
the ‘Maruko’ does not have a hood while the “Shishigashira’ by definition does. Latterly the
name ‘Maruko’ is assigned to the ‘Eggfish’ category from which it differs mainly in the form

Fig. 3.13 Ranchu, Maruko or Lionhead (Smith 1909).
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of the skull, which is closer to the Lionhead or Shishigashira type. Notice was taken of the
different extents to which the hood could develop and its colour could be quite variable, as
could that of the fish as a whole. Initially the colour seems to have been self-coloured reddish
with a bright red head. But as has been observed repeatedly in the goldfish, the colour breaks
up and variegated patterns are produced.

Smith considered the Ranchu as a clumsy mover; its motion can be considered as a kind
of aquatic waddle. This is certainly not without its appeal and while he does not mention
temperament, the combination of the characteristic gait and a friendly disposition is possibly
an extremely potent factor in the longstanding popularity of this variety.

The nature of the hood has been explored; it is soft to the touch and represents the enlarge-
ment of the normal papillae on the head and is entirely non-malignant. The texture of the
hood itself may vary ranging from what looks like a collection of warts (or the fruitlets of a
raspberry or blackberry) to a fine-textured foam-like mass.

4 The Oranda Shishigashira (Fig. 3.14)

The name in Japanese means literally Dutch Lionhead. The name does not imply that it came
from Holland but that it is in a way strange or outlandish, in much the same way that we use
the term “‘double-Dutch’. Reputedly it was first produced in about 1840 by hybridisation of
the Ranchu and Ryukin, and from its appearance it seems to combine the hood of the Ranchu
(i.e. Lionhead) with the body and finnage of the Ryukin. Itis noted that the depth of the body
is less than in the Ryukin and more elongated