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Early Rearing Conditions of Hotoke loach, Lefua echigonia

Naoyuki Sucuro ™

Abstract: We have developed technology for producing seeding of the Hotoke loach, Lefua echigonia,
designated as an endangered species by the Environment Agency and Kanagawa Prefecture.
In selective of spawning bed experiment, Hotoke loaches were matured in a 100 / PC tank with
increased water temperature and long-day treatment, and natural spawning was induced using
several types of aquatic plants. While the highest spawning was achieved with Uiromosu, fantinalis
antipyreticus, spawning was also observed with Kinran, an artificial water plant. In experiments
of mass egg-taking, designed to increase production, batches of 10 male/female parent fish were
released into a 2tFRP tank with circulating filtration, and spawning was induced using Kinran. A
total of 2,179 hatched larvae were obtained from 1-year-old parents and 452 from 2-year-olds.

We conducted rearing trials using the hatched larvae. Hatched larvae, breeding experiments
under prefectual administration, we reared six groups of hatched larvae in 56 [ glass tanks with
circulating filtration. Between 60 and 300 larvae were accommodated in each tank and were fed
rotifer, Artemia, and particulate feed. The survival rate between 50 and 100 days was 12.3-77.0%,
and seedlings with a body length of 2-3cm were produced. In hatched larvae food experiment, we
conducted a study trial on initial feeding in a 36 [ glass tank. We found that the larvae could be
reared with a combination of Artemia and particulate feed, excluding rotifers. In experiments of
mass seed production, aimed at increased production, we reared hatched larvae via circulating
filtration in three 2tFRP tanks. With a combination of Artemia and particulate feed, approximately
5,000 seedlings (3 cm size) were produced between 121 and 144 days.

Key words: Lefua echigonia; Natural spawning; Rearing of larvae; Circulation filtration method
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Table 1. An information summary of Hotoke loach strains and experimental data for spawning bed, total length, standard
length, body weight, condition factor and total egg production

No.1 No.2 No.3 No.4 No.5 No.6

Tank 100/ PCtank*2 100/ PCtank 100 PCtank 100! PCtank 56 tank** 56 [ tank
Strain Kawasaki A  Kawasaki B Isehara Kamakura  Sagamihara Hujisawa
Spawning duration

Initial 1997 May. 27 1997 May.7 1997 May.7 1997 May.7 1997 May. 19 1997 Jun. 16

Final 1997 Jun. 27 1997 Jun. 25 1997 Jun.25 1997 Jun. 25 1997 July. 14 1997 July. 9

Days 31 50 50 50 56 24
Number of males 9 4 6 15 2 3
Total length (mm) 422+1.9%%  61.8+0.8 61.0+3.9 47.3+3.3 58.0+0.0 54.5+3.0
Standard length (mm) 39.4+1.8 53.3+0.4 50.3%5.0 39.8%£3.0 49.0=0.0 46.6*+2.6
Body weight (g) 0.7+0.1 2.2%09 1.8+0.5 0.9=+0.1 1.7+0.0 1.9+0.1
Condition factor *! 11.1+1.0 14.5%0.6 13.7+0.9 13.5+0.4 14.4%0.0 14.4+0.2
Number of females 7 5 6 15 1 2
Total length (mm) 55.3+4.9 67.4%+1.0 69.8+2.7 46.4+3.8 64.0 51.6+0.9
Standard length (mm) 46.3+4.7 58.0+0.6 59.2+25 39.1£3.6 53.0 43.6+1.0
Body weight (g) 1.3%0.3 2.9=0.2 3.3£0.5 0.9+0.2 2.2 1.8+0.1
Condition factor 12.5%0.5 15.1%0.8 15.9=*0.6 15.0=1.5 144 13.9+0.3
Total egg production 390 475 698 295 298 172
Total egg production/day 12.58 9.50 13.96 5.90 5.32 7.17
Total egg production/female 55.7 95.0 116.3 19.7 298.0 86.0

*1y /13 x 10% W=Body weight, L-Standard length.
*2 459 cm X 41 cm.

*3 Mean = SD.

*460 cm % 30 cm X 36 cm.
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Table 2. A summary of experimental data on mass egg-
taking of Hotoke loach, total length, standard
length, body weight, condition factor and total

hatched fry
Tank 2tFRPtank*2  2tFRPtank
Used parent fishes
Strain Kawasaki A Kawasaki A
Age 1 2
Number of males 10 10
Total length (mm) 51.3+£4.1%3 67364
Standard length (mm) 43.5+39 57.2%5.0
Body weight (g) 1.0£0.2 22%0.5
Condition factor *! 13.4+0.3 11.6+0.8
Number of females 10 10
Total length (mm) 52.0+£3.2 65.7£2.0
Standard length (mm) 43.9+3.0 55.9+1.6
Body weight (g) 1.5+0.2 24+0.2
Condition factor 13.4£0.3 13.6£0.7
Spawning duration
Initial 1998 May. 1 1998 May. 1
Final 1998 Jul. 10 1998 Jul. 10
Days 71 71
Total hatched fry 2,179 452
Total hatched fry/day 30.26 6.28
Total hatched fry/female 217.9 45.2

*1y /13 x 10% W=Body weight, L-Standard length.
*2900 cm % 103 cm % 100 cm.
*3 Mean = SD.
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2 Rotifer 1000
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Fig. 1. Feeding schedule of food experiment of hatched fry of the Hotoke loach. Rotifer, S-type
rotifer; Artemia, Artemia nauplii from North America, Artificial diet A; Fry Feed Kyouwa A
(250 12m); Artificial diet B; Fry Feed Kyouwa B (400 z¢m).
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Fig. 2. Results of selective experiment of spawning beds on each strain of Hotoke loach using 5 spawning bed types.

Table 3. A summary of information on each tank and obtained data on breeding experiment in Hotoke loach hatchedfry

No. 1 No. 2 No. 3 No. 4 No. 5
56 [ tank *2 56 [ tank 56 [ tank 56 [ tank 56 [ tank

Strain Kawasaki A Kawasaki A Kawasaki B Kawasaki B Kamakura
Rearing period 90 80 80 70 100

Initial day 1997 Jun, 20 1997 Jul, 1 1997 May, 21 1997 May, 29 1997 May, 21

Final day 1997 Sep, 17 1997 Sep, 18 1997 Aug, 8 1997 Aug, 8 1997 Aug, 28
Initial

Number of fish 100 100 150 250 150

Density of fish (No. of fish/1) 2.0 2.0 3.0 5.0 3.0
Final

Number of fish 52 77 65 60 64

Survival rate (%) 52.0 77.0 43.3 24.0 42.7

Average total length (mm) 31.8+4.8%3 29.1+6.6 26.6+3.0 17.9+3.1 29.4+45

Average standard length (mm) 27.0+4.1 25.0+5.7 22.6*2.6 15.2+2.7 24.7+3.8

Average body weight (g) 0.3=0.1 02=0.1 02=0.1 0.1+0.1 02=0.1

Conditon factor *1 13.4+1.3 13.1+1.9 13.4+1.9 13.6+2.9 14.2+1.9

*1yy/13 x 10%; W=Body weight, L=Standard length.

*260 ¢cm x 30 cm X 30 cm.
*3 Mean = SD.
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Fig. 4. Changes of water temperature in No. 5 aquaruim
tank of breeding experiment in hatched fries of

loach. Hotoke loach.

No. 6 No. 7 No. 8 No. 9 No.10 No. 11
56 [ tank 56 [ tank 56 [ tank 56 [ tank 56 [ tank 56 [ tank
Hujisawa Hujisawa Sagamihara Sagamihara Isehara Isehara

60 50 80 50 80 70
1997 Jun, 30 1997 Jul, 10 1997 May, 27 1997 Jun, 24 1997 May, 25 1997 Jun, 4
1997 Aug, 28 1997 Aug, 28 1997 Aug, 14 1997 Aug, 14 1997 Aug, 12 1997 Aug, 12
110 60 200 100 200 300
2.2 1.2 4.0 2.0 4.0 6.0
57 27 107 40 29 37
51.8 45.0 53.5 40.0 14.5 12.3
30.9+3.7 21.7+t4.4 29.3+29 18.6+4.1 33.2x2.1 31.8+4.8
26.0+3.1 17.9+3.8 24624 15.5+3.7 28.0x1.6 27.0+t4.1
0.3=0.1 0.1+0.1 02=0.1 0.1+0.1 0.3=0.1 0.3%0.1
15.8+2.4 17.5+7.0 15.7+2.4 16.1+6.5 15.2+1.2 14.2+1.7
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Table 4. Summary of tank information and food experiment data for Hotoke loach hatched fry

No.1 No.2 No.3 No.4
361 water tank *2 36[ water tank 36/ water tank 36/ water tank
Initial
Number of larvae 25 25 25 25
Average total length (mm) 0.3+0.1%3 0.3=0.1 0.3£0.1 0.3£0.1
Average body weight (g) 0.01+0002 0.01+0002 0.01+0002 0.01£0002
Final
Number of larvae 20 18 20 9
Survival rate (%) 80.0 72.0 80.0 36.0
Average total length (mm) 17.0+3.2 16.9+3.2 17.7+£3.2 14.8+3.2
Average body weight (g) 0.04+0.01 0.04+0.01 0.045+0.01 0.033+0.01
Conditon factor *! 12.7+1.3 123x1.5 12115 11.9+1.6
Experiment duration
Initial 1998 Jul. 21 1998 Jul. 21 1998 Jul. 21 1998 Jul. 21
Final 1998 Aug. 13 1998 Aug. 13 1998 Aug. 13 1998 Aug. 13
Days 16 16 16 16
*1w /13 x 10%; W=Body weight, L-Standard length.
*245 cm x 30 cm X 30 cm.
*3 Mean = SD.
Average standard length (mm) 30
30
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Fig. 5. Relationship between rearing period and average
standard length and survival rate of breeding experi-
ment in Hotoke loach hatched fry.
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Fig. 6. Changes of water temperature in 2tFRP tank of
experiment of mass seed production of the Hotoke
loach.
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Table 5. Summary of tank information and experimental data for mass seed production

No. 1 No. 2 No. 3
2tFRP tank *2 2tFRP tank 2tFRP tank
Initial
Number of larvae 2,753 3,167 3,097
Average total length (mm) 0.3£0.1%3 0.3%0.1 0.3%0.1
Average body weight (g) 0.01£0002 0.01£0002 0.01£0002
Final
Number of larvae 1,598 2,054 1,650
Survival rate (%) 58.0 64.9 53.3
Average total length (mm) 32.2+3.5 32.5+3.6 343+23
Average standard length (mm) 26.1+2.7 26.6+3.1 28.7+2.3
Average body weight (g) 0.25+0.1 0.27+0.1 0.31+0.1
Conditon factor *! 14.2+1.7 139+1.6 12.8+t1.6
Experiment duration
Initial 1999 Apr. 14 1999 Apr. 23 1999 May 10
Final 1999 Sep. 7 1999 Sep. 7 1999 Sep. 7
Days 144 135 121

*1y /13 x 10%; W=Body weight, L-Standard length.
#2910 cm x 103 cm X 100 cm.
*3 Mean = SD.
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