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The materials used in this study including three species of the carp family. They
are Carassius auratus (the goldfish), Cyprinus carpio (the common carp) and Hypo-
thamicthys molitrix (the bighead carp). All of them are very common fresh water
food fishes in China and other Asiatic countries. |

(A) The Goldfish (Carassins auratus) (Fig. 1 to Fig. 22) _

Since many authors have interested in the fancy beautiful goldfish, many
records, observations, and stories were published. One of the difficulty for
the study of goldfish is nomenclature, because there are many local names,
and many fanciful names, which caused confusuions and ambiguity. In this
paper, I tried to use as more mﬂrphﬂlﬂglcal names as possible, so that it
may be easily to know the shapes from the names. In order to avoid con-
fusion or missunderstanding, The author describes the two important names
clearly as follow. ' '

a. “Chi-Yu” or wildform goldfish—The ordinay common food fish in silver
gray color, from which the colored goldfish was originated.

b. Primitive goldfish—The carliest colored goldfish is called “Tsao-Chin-Yu”
(means primitive goldfish) in China, “Watin” in Japan, or the common
goldfish iri some other countries. The morphology of this breed of gold-
fish is the same as the wildform fish, but in red, yellow red, white or
spotted colors, instead of the ordinary silver gray color. The caudal fins
of this fish are bilobed as the wildform or with trilobed short caudal
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Detail descriptions and history of the evolutional changes of the g&ldﬁah will
be published in another article, “Further studies on the evolution of gold-
fish”. Following morphological units are going to be discussed in this paper.
1) Skeleton and body form. (*5, *6, *10) .
A fossil Carassius auratus was found near Taiku, in Shansi province, in
" beds referred to the upper Pliocene, It was very interested to note that
there were no marked differences in skeleton and body form between the
fossil fish of millions years age and that of recent wildform fnud fish,
and that of the early primitive red colored goldfish.
All of them, the fossil, the wildfish, and primitive goldfish are long body
forms.
The slightly short body fishes were first rmﬂcd near the the end of the
16th contury, while the extra short body types have been the produc-
tions of the 19th and the 20th century.
In the modern short body forms, besides the shortness in skeleton, the
candal vertebrae (the verterbrae after the trunk vertebrae with ribs) are
usually fused. And there is a frontal furrow on the cranium. (*6)

2) Color .
The first colored goldfish, which was recorded not later than 968-976, in
Su-Shui District of Chekiang province of China, was but a common food
fish in red color (*12, *13, *14, *15, *16). The multicolored and spotted fish
was found in the 12th century (*7). So from the 10th to the 15th century,
all the goldfishes were either in red or in yellow-red (golden red) colors
or in white or multicolored forms, Further development of colors and
 color combinations were produced in later periods.

3) Caudal fins
The caudal fins of the goldfish are most variable and mutable. All the
wild food fish, and the early primitive colored goldfish before the end
of the 15th century, and primitive goldfish of present time have single
vertical bilobed caudal fin with short fin rays. The first paired caudal
_ fins recorded in the early of the 16th century, they were caudal fins
with 3 lobes, while fishes with more lobes were originated in the later

foot-note *with number, rofers te the number in the list of literaturatures referred,
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periods. .
Paired caundal fins formed b]f the splitting of the median ﬁn rays into
paired lateral halves. All the early paired caudal fins had short fins
rays. But in the 18th century some forms had the tendency to lengthen
the fin rays. And in the 19th and the 20th century, some of the forms
have long or extra Iung candal fin rays, sometimes lung'f:r than their
bodies.

4) Anal fin

There are two types ofthe Anal fins, the single median anal fin and the pair-
ed anal fins. The paired anal fins also orignated from the single median
~anal fins. It is also interested to note that there seemed some correlation
between the anal fin and the caudal fin. All the fishes with single median
vertical caudal fins or pmmd caudal fins with short fin rays have single
median anal fin, while the fishes wuh long paired caudal fin rays have -
also paired anal fins. -

5% Dorsal fin

Dorsal fin is also very varimable. Dorzal fin in the wild food fish, or
- primitive goldfish, and most modern forms have single complete dorsal
fin, with short fin rays. Dorsalfinless fishes were recorded in the I8th
century, their back are smooth and round and no trace of dorsal fin.
Between the complete dorsal fin and dorsalfinless type there were if-
termediate forms, with incomplete dorsal fin, or with two tubercles on
back only (*2).
The modern “Lion-head™” and “egg ﬁsh” have dﬂﬂO‘pﬂd this dorsal-
finless character in perfection.
In the 19th and the 20th century some modern forms have the tendency
to extend and lengthening the rays of dorsal fins (*1, *4).

6) The Pectoral and pelvic fiin

The pectoral and pelvic fins of the Wﬂdﬁ]rm and the i:arhr primitive
goldfish are simple and with short fin rays. But some fancy forms in
the 18th century had longer fin rays, and the extra long fin ray forms °
have been production in the 19th and the 20th contury. =~
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73 Eye _
All the early goldfish and most of the varieties have simple and normal
eye, same as that of the wildform. The protruding eyes, called “dragon
eye” in Chinese or “Telescope” fish by some authors were first rceorded
in the 16th contury, while the “Skyward-eye™ or “Celestial” by some
authors, was first recorded near the end of the 19th century. The “Water-
bubble-eye” fish was originated in the early score of the 20th century.

8) Head
The head of the early goldfish and most of the breeds of goldfish have
simple and normal head as the wildform. Due to some extra growth of
the cranial bones, muscles, and skin, “lion-head” (buffalo head, or toad
head) fish was first recorded in the middle of the 19th century, and the
“goosehead” or “Oranda™ was produced near the end of the 19th century
The “Lionhead” is a short body fish with short or median long caudal
fin rays, but without dorsal fin, while the “Goosehead” or “Oranda” is a
‘short body type with long or moderate long caudal fin rays, but with a
complete dorsal fin. |
9) Nasal septem-
All the wildfish and most varieties of the gnldﬁsh have s:mplc and normal
septum. One kind of fish has an extra growth on the nasal septum to
form a ball shaped bouquet. This chararcter is called as “Narial ball”
or “Narial Bouquet” or “Pompom” by some authors. It was first record-
ed in early dmades of the 20th century. :
10) Operculum - :
Besides the simple and normal operculum of the wildform and most kinds
of the goldfish, a kind of an extra growth on the operculum iz called
“gutfolded operculum.” This was first recorded in the early score of the
20tn century. :
11) Scale
All the early goldfish and most kinds of the gﬂldﬁsh have normal scales
as the wildform. Transparent scale fish (or crystal fish, or “Scaleless™
fish by some authors) was first recorded in the early decades of the 17th
century: And the “Pearl scale” was first pruduc:l:l in the hegmnmg of
the 20th century.
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For nonvlem:-.e, the evohational history of the colored guld‘ﬁsh may be sum-
manzeﬂ into threc pcrmds.

L Ea.rly permﬂ {from the lI]th century to tht. 15th uentury), the pe:rmd
- of the beginning of change—The first red colored goldfish was originat-
ed from the silver gray wild food fish in the 10th century ficom Chekiang
_prﬂvincl: of China. Besides the red color, the early pri:mil:ive goldfish
was exactly the same as the wild fm:rd fish, and there were nuremal:k-
ed differences between the fossil specimen of millions years a.gu in strata

of npper Pliocene, and recent wild gﬁldﬁsh -

All the fishes in this period had long bodied fonm as the wildform.

II. Middle period {f'rom the 16th to the 18th Dt:nmr}'), pr:rmd uf muderate
a change—The paired caundal fin types of 3 lobes and more lobes were re-
corded in the early of the 16th century. The protrading eyes ane slightly
short bodied fish were recorded near the end of the 16th century. Trans-
parent scale fish was’ first recorded in the early of the 17th century, and
- the dorsalfinless types and vestigal dorsal fin were observed in'the 18th’
century. During this period, more colors and mlur mematmns were
found (*3, *8, *9, “‘11) :

- TII. Modern period (from the 19th century to present date), period of rapid
- change—The short bodied, dorsalfinless “egg fish” had its perfection in
from, and the Lionhead character were recorded in the first half of the
19th century, while the “Goosehead” or “Oranda® fish and “Skyward eye”
fish were found in the later half of the 19th century. The “Pearl scale™
“Outfolded operculum™ and “Narial bouquet” and “Water bobble eye”
were the modern production in the early decades of the 20th century
(1) . _ . '
Besides the above mentioned special characteristics, there are common
tendencies of the lengthening of fin rays and the shortening of the bodies
in many breeds. - -

From the above data it indicated that the rate of the mutational. l:haugcs
was slowly at the early age, but more rapidly at the later periods.

(B) The Common carp (Cyprinus carpio) (Fig. 23)
The common carp is also a kind of very _'pﬁpular"fmd fish in China and
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(C)

other oriental countries. There are many records of this species in ancient
Chinese literatures. In some cities people considered the common carp not
only as a popular food fish, but as a “noble” species, the “leader” in fishes
families. The red colored common carp, or the golden carp, had been re-
corded not later than 709 AD (further searches in the ancient Chinese fish
literatures are required to trace earlier records).

After the red colored mutation in the common carp, the spotted red and

~ white colors followed at later time. Besides the color changes of the common

carp, no marked changes on fins, eyes, head, or scales, or other stractures
were observed or recorded.

The bighead carp (Hypothamichthys motitrix) (Fig.' 24) .
The bighead carp has had also a long history of fresh water cultivation in
China, but no marked change i in color or form was found or recorded.

- Dm:uxmun

From the records of the mutatmnal changes oa:cmed in the h:stary of the gold-
fish and the golden carp, there are many points of interesting.

1.

Carassius auratus from ﬁpp&r pliocene to the 10th century was rather stable,
and it has become more mutable after the later scores of the 10th century.
Its rate of changas ‘in recent one thousand years was slower at the beginning,
but more rapidly at later periods, The common carp in recent one thousand
and two hundred years has been in a state of slow changes in .mlm's, while
the bighead carp is in a state comparatively stable.

2 Since the goldfish and the common carp are clmehr related species, it is

very interested to note that the common carp had somewhat parallel changes

‘in color mutations similar to those occurred in the goldfish, Closely related

species may have similar pattern of mutational changes, it is possible that
they have some similarity in the molecular arrangment and the structure of
genes and .cell proteins.

3. As the history of the evolutional changes of the goldfish, from the fossil

form in the upper pliocene to the modern varieties is rather complete, it is
the best material, or at least one of the best materials for studies on experi-
mental evolation. It would be possible, by x-ray, isotopes, or other radiation
methods, to prodcue artificial mutations in laboratory. If we success to
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produce artificial mutations similar to those. occurred in its history in nature,
it would open a new field for experimental evolution. It would help to
solve some basic problems both in the theretical and practical biological
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Explanation of Plates and Figures

Fossil Carassius anratas, Taiko, Shansi

Wildform goldfish, the common food fish

The Primitive goldfish

The primitive goldfish without dorsal fin, but with two tubercles on back
The primitive goldfish with vestigal dorsal fin

Primitive goldfish wrthout a dorsal fin

Primitive goldfish with dragon eye, the protrading eye:(dragon eye, tele-
scOpe €ye)

Primitive goldfish with dragon eye, but without dorsal fin

Short bodied goldfish with dragon eye

Short bodied fish with dragon eye, but without dorsal fin

Modern short bodied goldfish, with bilobed caudal and long fin ray
Modern short bodied goldfish with trilobed caundal

Modern Lion head fish without dorsal fin

Modern Goose head fish with long dorsal and caudal fins

Modern Skyward eye (celestial) goldfish

Modern short bodied dragon eye goldfish

Modern egg fish

Modern short bodied goldfish with extra long fin rays

Modern short bodied goldfish with narial ball

Modern short bodied goldfiih with pe=arls scales

Ancient wildform goldfish picture printed 1726

Ancient primitive colored goldfish pictare printed in 1726

Ancient wild common carp pictate printed in 1726

Arcient bighead carp pictare in 1726

22, 23 and 24 were reproduced from Tu Su Chi Chen (or Imperial En-

cyclopzdia) printed in 1726, Peking
Some of the drawings were modified from Axelrod (1958), Baster (1765), Inns
(1949) and Sauvigny (1780).












