Improvement of Goldfish (Carassius auratus)
breeds with gynogenetics
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Abstract : Breeding of Goldfish have a long history. The improvement of breeds and production of new

varieties are continuing up to present. Gynogenesis by chromosome manipulation is one of new methods

of breeding, and it is very important to examine the effects on improvement in each domesticated

species. Three albino-ryukin clonal lines (the ancestor was halfway breeding), a ryukin clonal line and a

tancho clonal line were produced by gynogensis in this study. And the effect of gynogenesis was
examined. The degree of similarity based on the Mahalanobis and Penrose distance calculated by
morphological parameters was large within the same clonal line, and small between different lines. It was
thought the breeding selection effects highly on morphological improvements, because of high values of

heritability.
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Fig.1 Pedigree of each experimental blood stok (clonal lines).
Suppression of first cleavage is indicated solid arrow ( —s). Retention of second meiosis is indicated

dotted arrow (=) .

Nomal diploids is indicated |:| . The gynogenetic diploids by the first cleavage is indicated .
The gynogenetic diploids by retension of second meiosis is indicated (.
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Table 1  Changes in volume ( ¢ ) of rearing tanks according to the after

insemination.

Blood K From insemination From hatch Since Since
ood stoc to hatch to half a month half a month four month
1A1 15 15 15 15
1A2 15 15 15 50
1A3 7.3 7.3 7.3 15
R1 7.3 15 15 15
R2 15 15 15 15
R3 15 15 15 15
2A 7.3 15 15 15
3A 7.3 15 15 15

15 15 15 15

Table 2 Suvival rate at the day when the morphological
measurements were conducted in 2002.

Blood stock  Survival Average of Date of ~ Measurement

rate(%)  water tempreture insemination date of form
1A1 39.7 24.6 Apr. 11 Sept. 11
1A2 39.7 24.6 Apr. 10 Sept. 10
1A3 15.8 24.6 Apr. 10 Sept. 11
R1 29.1 24.9 Apr. 19 Sept. 19
R2 35.0 26.1 May 13 Aug. 11
R3 51.7 26.1 May 13 Aug. 11
2A 39.3 25.1 Apr. 30 Sept. 30
3A 21.6 24.9 Apr. 18 Sept. 18

21.1 24.6 Apr. 10 Sept. 9

Table 3 Amount of diet per a day (after insemination).

Kind of |From half &} Froma ' From15: From2 : From3 From3 ; From3.5; From4 ; From4.5
Blood stock month to } month to } months to ; months to ; months to ; months to ; months to ; months to : months to
diet amonth 1.5 month ; 2 months :2.5 months; 3 months : 3.5 months : 4 months : 4.5 months } 5 months
Brine shrimp|
1A1 2A 3A |(thousand) 2.0 4.0 60 8.0 8.0 8.0 8.0 8.0 8.0
R1_R3 T ICrumb (g 0.1 0.2 0.2 0.3 0.3
Brine shrimp
thousand) 2.0 4.0 60 8.0 8.0 8.0 8.0 16.0 16.0
Crumb (g) 0.1 0.2 0.2 0.4 0.4
Brine shrimp|
|£housand) 1.0 2.0 30 4.0 4.0 4.0 4.0 8.0 8.0
[Crumb (g 0.05 0.1 0.1 0.3 0.3

The diets were given five or six days per a week.
Blood stock of 1A3, R1, 2A, 3A were fed a thousand brineshrimps, 1A1, 1A2, R2, R3, T were fed 2 thousand brineshrimps
per day from 2 days after hutch out to half a month after insemination.
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Fig.2 Fluctuation of water tempeture during the rearing period.

Body depth
ody cep Caudal fin

length

Fig. Measurement spot of gold fish form in this study.
Caudal fin rate(%)  Total length - Standerd length / Total length x 100
B.D./ S.T.rate() Body Depth / Standerd length x 100

Condition factor ~ Body weight ( g) / Standrd length (c¢m ) x 1000
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Table 4 Molphometric characters of each experimental blood stock (clonal line).In caudal
fin rate, 3A was the shortest of all. In B.D./S.T. rate, 3A(59.8%) was the largest of
all, 1A1  1A3(51.6% 55.7%) and 2A(53.2%) were larger than R1  R3(45.5% 50.1%)
and T(49.5%). The tendency of condition factor was similar to the B.D./S.T. rate.

Blood stock 1AL 1A2 1A3 Rl R2 R3 2A  3A

N 23 23 15 16 23 27 24 13 16
Standard Mean  17.9 199 20.3 184 195 182 183 207 20.6
length (mm) g, 34 35 30 38 64 45 26 42 38
Caudalfin Mean 368 37.6 382 356 350 358 346 301 37.2
rate (¥) s.d. 26 15 25 26 21 24 21 22 19
B.D./ST. Mean 516 53.0 557 482 456 50.1 532 59.8 495
rate (%) s.d. 35 23 41 35 28 37 37 64 18
Conditon mean 775 77.0 850 643 565 67.6 759 89.0 68.6
factor sd. 79 93 125 78 67 90 110 170 65

Table 5 Molphometric value of Parent fish in each clonal lines. In standard length, R1(7.3cm)
and R2(7.1cm) were larger than others(3.9cm 6.1cm). In caudal fin rate, 3A(28.8%)
was the smallest of all. In B.D./S.T. rate and condition factor, albino ryukin(1A1 1A3)
were larger than ryukin(R1 R3) and tancho(T). The tendency showed that of
offspring (table 4).

1A1

Blood stock 1A2  1A3 R1 R2 R3 2A 3A

Standard length (cm) 59 52 52 73 71 61 39 47 A7
Caudal finrate (%)  37.2 38.8 37.3 416 372 435 519 288 427
B.D./S.T.rate (%) 76.3 731 712 603 592 721 795 80.9 59.6
Condition factor ~ 146.1 1422 1422 102.8 111.8 1322 219.2 173.4 1445
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Table 6 Biological Distance of each experimental blood stock by Mahalanobis and Penrose.
Statiscal factor were standard length,coudal fin rate, B.D./S.T. rate and Condition factor.
Mahalanobis and Penrose distances indicate in white () and sanded () area respectively.
In the total group, the correlation coefficient between Mahalanobis and Penrose was estimated

0.923. The value indicated stong correlation.

X group 1A3,R1,3A X” group 1A3,R1,3A, T
1A3 R1 3A T 1A3 R1 3A

1A3 0.872626] 2.976024 T 0.522 0.245 4.690

R1 2.756959 3.755026 1A3 4.344 1.946 3.325

3A 22.32036] 32.60873 R1 1.159 4.469 4.501
3A 36.283 22.415| 30.683

group 1A1,R2,2A

1A1 R2 2A

1A1 1.626346| 0.261922

R2 6.913218 2.233376

2A 1.562295| 6.366215

otal group 1A1,1A2,1A3,R1,R2,R3,2A,3A

1A1 1A2 1A3 R1 R2 R3 2A 3A

1A1 0.128 0.636 0.714 1.933 0.326 0.300 3.897

1A2 0.975 0.315 1.040 2.352 0.556 0.468 3.932

1A3 1.724 0.904 2.474 4.370 1.655 1.007 3.553

R1 2.922 2.089 5.284 0.306 0.098 0.849 5.547

R2 9.129 6.165 11.267 1.321 0.733 2.008 7.449

R3 2.505 1.001 3.076 0.738 3.672 0.424 4.560

2A 3.265 3.051 2.921 5.148 10.929 2.511 2.292

3A 24.313 | 38.312 25.611 35.061 | 46.562 28.857 14.761
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Table 7 Value of heritability estimated by analysis of varience
in each comparison groups . The X group was composed
of three blood stocks (1A3, R1 and 3A) of which suvival
population were 15 individuals or 16 individuals. Add T to
X group made X' group. The Y group was composed of
three blood stocks (1A1, R2 and 2A) of which suvival
population were 24 individuals or 27 individuals.
The total group was composed of all albino ryukin (1A1
1A3, 2A and 3A) and all ryukin (R1 R2).

X group Y group

1A3,R1,3A 1A1,R2,2A

Standard length 0.041308| [Standard length -0.00443
Caudal fin rate 0.721949| |Caudal fin rate 0.194019
B.D./S.T. rate 0.604376| |B.D./S.T. rate 0.577803
Condition factor 0.513403] |Condition factor 0.633519
X' group Total group

1A3,R1.3AT 1A1,1A2,1A3,R1,R2,R3,2A,3A
Standard length 0.020003| [Standard length 0.012777
Caudal fin rate 0.680577| |Caudal fin rate 0.462144
B.D./S.T. rate 0.617784| |B.D./S.T. rate 0.531133
Condition factor 0.512149| [Condition factor 0.492843
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Table 8 Molphometric value of Ancestor
fish (nomal diploids in each clonal
lines except Tancho clone).

Blood stock 1A2A  R1 3A

Standard length (cm) 7.9 8.4 5.9
Caudal fin rate (%) 40.2 39.1 52.0
B.D./S.T. rate (%) 81.0 91.7 84.7
182.5 185.6 243.5

Condition factor
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