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Fig. 1.

The ice goby, Leucopsarion petersi.
A, male 46.4mm in TL; B, female 50. 5mm
in TL.
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Fig. 2. Map of the research site.
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Fig. 3.
Muromigawa from 1975 to 1984.
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Fig. 4. Annual change of the total catch
of the ice goby by the fishweir in the
Muromigawa.
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Fig. 5. Distribution of the ice goby. Closed

circle shows the place of occurrence.
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Fig. 6. Distribution of the ice goby at the northern Kyushu from Karatsu

to Munakata. Open and closed circles show the places of occurrence and

disappearance, respectively.
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Table 1.

Occurrence of the anadromous ice goby and water quality at the mouth of the river flowing into the Hakata Bay.

Volume of the

Water quality at the mouth of river in mg/It

Occurrence

outflowing water

anadromous at the mouth of river

of the

Total-N NH,-N NO,-N Total-P PO,-P

BOD

ice goby

River

(m3/sec)

0.05=0.02
0.15%0.02

0.10£0.04

0.015+0. 006
0.054+0.010
0.104+0.038
0.112+0.039
0.045+0. 003
0.015+0.003
0.094+0. 021
0.143+0. 061

0.90£0.05 0.14+0.06
0.78+0.10

1.7£0.4

10.040.6

2.7
2.7

2.1

Muromigawa

0.24+0.01

1.84+0. 33
4.19+1.29
4,49+0, 64
2.08+0.02

3.6+0.7

6.4+0.5

Tataragawa
Mikasagawa

0.44+0.16

0.71+0.17
0.74+0, 08
0.29+0. 04
0.10£0.02
0.74%0.15
0.64%0.21

1.58+0.38
3.45£0.96

4+1.5

9.5+0.9

8.

3+1.0
6.4%£0.6
7.0+0.6
9.1%0.4
6.9+0.7

5.

0.45+0.06
0.12+0. 01
0.05+0.01

1.0
0.8

Hiigawa

1.06=+0. 09

+1.3
5+0.3
10.6+1.3

5.5

Nakagawa

0.12+0.06
2.63+0.45
3.54+0.64

1.12+0.10
4,22+0,.57

Zuibaijigawa

0.43%+0.09
0.30%+0.12

Kanakuzugawa
Jurogawa

1

7.2+1.

6.6+0.8

5.75+1.04

* Volume of the outflowing water at the mouth was not determined.

+ The value of water quality indicates yearly mean+standard deviation.
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Fig. 7.

Measurements of body parts.

a, Total length; b, Head length; c, Body
depth; d, Predorsal fin length; e, Preanus
length; f, Caudal peduncle depth; g, Pecto-
ral fin length; h, Pectoral fin width; i,
Ventral fin length; j, Snout length; k, Eye
diameter; 1, Post-orbital length; m, Inter-
orbital distance; n, Inter-posteriorn ares
distance; o, Inter-anterior nares distance; p,
Upper jaw length; q, Lower jaw length; r,
Upper jaw width; s, Lower jaw width.
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Table 2.
the Muromigawa.

mm M / ¥R Tfro7/. HlEiBi% Fig. 7ic,
HERER 40 RO RIERE & RE B © Mt
EfEEA Table 2 RU7.  MRiEick~TARE
{, FRWOLRERTIREE, WEME THETH
2, WEER, higs, HEERE, WAALMER, #ALM
B, LEERGRS, THMEBT EMS REVE-ELs o0
. T05B, WHOEERRDT THEMME LEN
bR, MEOKRX SZHEOLITRBERE RESICBNT,
HEDSHEIC TR & W IRt R T 2 D E ETTE &
IFECERT 2 DEEIONS.

3) HUR(C & BFRER

SLMIEEB D e B R & BTN R OB
BESRINENFEN O 4@mNIovyayr (OFhd
1984 42 3 4 16 HICHJII O BMIRICE B S hiz 13
THRE) K20T, REIPEFDHE U 7 Ml O RN E
FHikERBRICHE L, *OHERIC & 3 THEZE £ HERER
et U7z, & 40 BORIERER & HUIR B OMERER
% iftiz Table 3-1 i, #ti3 Table 3-2 jZ/RLU 7:.
AR ICE B &, HEBANORER &EREFNTE2S

Morphological differences of male and female of the ice gobies collected at

Male

Female __ Significance
Mean SD Mean SD test
Total length in mm 44,98 0.98 49, 65 1.23
Head length in mm 8.02 0. 30 8. 67 0. 43
Percentage to total length
Head length 17. 81 0.72 ©17.43 0. 66 -
Body depth 10. 84 0.47 11,41 0.52 +
Predorsal fin length 54,19 0.85 55.24 0.85 +
Preanus length 48.19 0. 64 49,17 0.40 +
Preventral fin length 17. 88 0.76 17. 59 0. 40 —
Caudal peduncle depth 6. 87 0.27 6.74 0.33 —*
Pectoral fin length 12.06 0.42 10. 58 0.53 +
Pectoral fin width 10. 04 0.54 8.35 0.84 +
Ventral fin length 5.07 0. 40 3.97 0.17 +
Percentage to head length
Snout length . 21.74 1.02 21. 34 .45 -
Eye diameter 16. 62 0.90 16. 85 0. 69 —
Postorbital part of head 59. 58 2.25 58. 47 1. 59 -
Interorbital distance 28. 96 1.58 29. 34 1.23 -
Inter-posterior nares distance 26. 09 1. 45 24,85 1. 30 +
Inter-anterior nares distance 27.82 1. 65 25.94 1.53 +
Upper jaw length 35,11 1.39 34.88 2.06 -
Lower jaw length 33,67 1.48 35.22 1. 46 -I-
Upper jaw width 41.78 2.08 37.69 1.62 +
Lower jaw width 37.20 2.15 33.49 1.71 +*
Number -
Dorsal fin rays 13.20 0.75 13.25 0.77 -
Anal fin rays 17.25 0.83 17.74 0.85 —
Pectoral fin rays 13.50 0.44 13. 45 0.50 —_
Myotomes 31.80 0.87 31.80 0.75 -
0.62 34,35 0.48 -

Vertebrae . 34,25

* As the variance test showed a significant difference, the method of Cochran & Cox was

applied in place of the t-test for the difference of mean.
This table showed also whether morphological diiferences are significat(+) or not (—).
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Table 3-1.
rivers at the northern Kyushu.

Morphological differences among the female ice gobies taken from the four

Kamo- Significance test

Muromi- Zuibaiji- Izumi-
gawa(M) gawa(Z) gawa() gawa(K)
M- M- M- Z- Z- I-
Mean SD Mean SD Mean SD Mean SD Z I K I K K
Total length in mm 49,17 1,83 48,86 1,74 47,54 1,60 47,44 1,85 — — — —* — %
Head length in mm 8.62 0.39 8.620.27 8.44 0.20 8.39 0.35 — —* — —*k . %k
Percentage to total length
Head length 17.55 0.53 17.64 0.48 17.74 0.33 17.68 0.28 — — — — —~ —
Body depth 10.71 0.42 10,36 0.25 10.73 0.39 10.93 0.36 — — — + + —
Predorsal fin length 55.03 0.28 54.83 0.94 55.83 0.94 55.38 0.57 — + — + — —
Preanus length 48.84 0.65 48.26 0.35 49.22 0.40 49.36 0.60 — — — + + —
Caudal peduncle depth 6.66 0.25 6.61 0.14 6.450.20 6.60 0.10 — — — — — —
Pectoral fin length 11,10 0.30 11.50 0.46 11.34 0.38 11.23 0.41 — — — — — —
Pectoral fin width 9.50 0.37 9.53 0.47 10.15 0.44 10.52 0.86 — + +* + 4+ —
Ventral fin length 3.84 0.37 3.920.33 3.690.28 3.800.14 — — —* - % _
Percentage to head length
Snout length 23.10 0.71 23.08 0.92 24.69 1.0S 23.52 0.81 — — — — — —
Eye diameter 20,14 0.67 20.07 0.53 19.49 0.82 20.16 0.49 — — — — — —
Postorbital part of head 57.50 0.88 57.32 0.68 56.82 0.97 56.98 0.65 — — — — — —
Interorbital distance 28.62 1.18 28.63 1,31 29.02 1.65 29.97 0.47 — — 4+* — 4%
Inter-posterior nares distance 25.81 0.97 25.24 0.89 25.26 0.67 26.03 1.0l — — — — — —
Inter-anterior nares distance  26.97 0.90 25,94 0.92 26.39 0.55 26.82 0.76 — — — — — —
Upper jaw length 37.23 0.41 37.02 0.88 36.34 0.84 37.49 1,51 —* 4+ —*% — _ _
Lower jaw length 36.78 1.04 36,97 0.79 35.85 1.19 37.36 1.35 — — — + — .+
Upper jaw width 41,18 1.87 42,10 0.97 44.07 1.68 41.75 1.44 — 4+ — + — +
Lower jaw width 38.96 1.59 38.40 1.50 41,25 1.88 38.931.72 — + — 4+ — +
Number
Dorsal fin rays 13.50 0.50 13.60 0.49 13.80 0.60 13.56 0.50 — — — — — —
Anal fin rays 17.50 0.50 17.90 0.83 17.80 0.75 17.56 0.50 — — — — — —
Pectoral fin rays 13.50 0.81 13.00 0.63 13.20 0.60 13.67 0.82 — — — — — —
Myotomes 31.90 0.70 32.40 0.66 32,20 0.98 32.29 0.74 — — — — — —
Vertebrae 34,20 0.60 34,40 0.49 34.30 0.78 34,33 0.47 — — — — — —
* As the variance test showed a significant difference, the method of Cochran & Cox was
applied in place of the t-test for the difference of mean.
This table showed also whether morphological differences are significant (+) or not (—).
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Table 3-2. Morphological differences among the male ice gobies taken from the four
rivers at the northern Kyushu.
Muromi- Zuibaiji- Izumi- Kamo- Significance test
gawa(M) gawa(Z) gawa(l) gawa(K)
- = M- M- M- Z- Z- 1I-
Mean SD Mean SD Mean SD Mean SD Z I K I K K
Total length in mm 44,03 1.33 43.89 1.50 43,75 1.48 43.790.78 — — — — — —
Head length in mm 7.99 0.26 8.07 0.29 8.04 0.27 7.8 0.23 — — — — — -—
Percentage to total length
Head length 18.15 0.30 18.39 0.32 18.38 0.39 18.24 0.24 — — — — — -—
Body depth 10.34 0.30 9.76 0.42 10.21 0.48 9.81 0.40 + —- + — — -—
Predorsal fin length 54.57 0.62 54.38 0.52 54.42 0.80 53.880.53 — — + — — -—
Preanus length 48.26 0.45 47.91 0.56 48.26 0.79 47.56 0.51 — — + — — ~—
Caudal peduncle depth 6.93 0.23 6.81 0.16 6.74 0.17 6.79 0.25 — — — — — =—
Pectoral fin length 11.58 0.62 12.53 0.41 12.31 0.54 12,46 0.26 — — — — — —
Pectoral fin width 12.31 0.64 11.57 0.35 12.48 0.46 12,26 0.38 — + + + + —
Ventral fin length 4,49 0.32 4.720.20 4.58 0.29 4.63 027 — — — — =% —
Percentage to head length
Snout length 23.56 0.91 23,97 0.61 24,88 0.71 24.73 0.81 — + + + — —
Eye diameter 19.91 0,52 19.35 0.72 19.84 0.93 19.80 0.6] — — — — — =—
Postorbital part of head 57.00 0.60 57.52 0.43 56.47 0.89 56.69 0.83 — — — + + -—
Interorbital distance 28.05 1.53 28.13 1.53 27.03 0.70 27.84 0.79 — —*% — —* —
Inter-posterior nares distance 26.00 0.68 26,08 0.92 25.61 0.63 25.77 0.97 — — — — —
Inter-anterior nares distance 27.31 0.76 26.94 0.53 26.87 0.75 26,71 1.14 — — — — —% —
Upper jaw length 37.04 0.67 36.62 0.61 36.27 1.14 37.06 1.26 — — — — —% —
Lower jaw length 34.79 1.19 34.44 0.45 32.62 1.03 34.81 1.21 —* + — 4% —* 4
Upper jaw width 46.38 1.54 47.14 1,30 48,83 1.59 46,20 0.73 — + — + — +
Lower jaw width 41.24 1.64 42,10 0.97 45.85 1.50 41.54 1.13 — + — + — -+
Number
Dorsal fin rays 13.78 0.92 13.40 0.80 13.70 0.64 13.67 0.67 — — — — — —
Anal fin rays 17.80 0.60 17.30 0.64 18.00 0.77 17.44 0.50 — — — — — -—
Pectoral fin rays 13.70 0.64 13.10 0.70 13.60 0.49 13,44 0.50 — —~ — — — —
Myotomes 32.00 0.45 32.10 0.54 31.60 0.49 32,16 0.68 — — — — — —
Vertebrae 34,00 0 34,10 0.54 34,20 0.60 34,22 0,42 — — — — — —

* As the variance test showed a significant difference, the method of Cochran & Cox was
applied in place of the t-test for the difference of mean.

This table showed also whether morphological differences are significant (+)
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Table 4-1.

Morphological differences among the female ice gobies taken from the
mouths of the rivers in the three regions.

FUKUOKA TSURUGA NIIGATA Significance test
(FU) (TS) (NI _—
FU- FU- TS-
Mean SD Mean SD Mean SD TS NI NI
Total length in mm 49,65 1,23 49.78 1.46 48.50 1,99 - +* -
Head length in mm 8.67 0.43 9.07 0.32 8.75 0.39 + - -
Percentage to total length
Head length 17.43 0.66 18.23 0.36 18.09 0.34 + +* =
Body depth 11,41 0.52 11,06 0,36 12,10 0.48 - + +
Predorsal fin length 55.24 0.85 55.64 0.89 55.26 0,85 - - -
Preanus length 49.17 0.40 49.59 0.85 48.38 1.79 —*  4* 4
Caudal peduncle depth 6.74 0.33 6.52 0,29 6.67 0.21 - - -
Pectoral fin length 10,58 0.53 11.21 0.43 11.01 0. 34 + + -
Pectoral fin width 8.35 0.84 9.07 0.68 7.64 0,54 - + +
Ventral fin Jength 4.13 0.34 4.14 0,34 4.16 0.45 - - -
Percentage to head length
Snout length 21,34 1.45 23.48 0.62 19,84 1,06 +* 4+ +
Eye diameter 16.85 0.69 20.34 0.71 17.91 0,81 + + +
Postorbital part of head 58.47 1.59 58.09 1.23 58.68 1.46 - - -
Interorbital distance 29.34 1.23 29.44 1.08 30.21 0.94 - - -
Inter-posterior nares distance 24,85 1,30 24,83 1,18 24,30 1,64 - - —-
Inter-anterior nares distance 25.94 1.53 26.80 0.70 25.86 1.76 - —*  k
Upper jaw length 34.88 2,06 37.10 0.79 34.75 1.59 +* - +
Lower jaw length 35.22 1.46 36.99 1.43 35.43 1,39 + - +
Upper jaw width 37.69 1.62 40,08 2.04 34.78 1.62 + + +
Lower jaw width 33.49 171 37.75 1.33 32,29 1,60 + + +
Number
Dorsal fin rays 13.25 0.77 13.22 0.63 13.20 0.36 - —* %
Anal fin rays 17.74 0.85 17.56 0.50 16.89 0.91 - + -
Pectoral fin rays 13.45 0.50 13.63 0.48 13.47 0.50 - - -
Vertebrae 34,35 0.48 34,90 0,30 33.75 0.62 + + +*

* As the variance test showed a significant difference, the method of Cochran & Cox was
applied in place of the t-test for the difference of mean.
This table showed also whether morphological differences are significant (+) or not (—).
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Table 4-2. Morphological differences among the male ice gobies taken from the mouths
of the rivers in the three regions.

FUKUOKA TSURUGA NIIGATA Significance test
(FU) (TS) (ND) .
FU- FU- TS-
Mean SD Mean SD Mean SD TS NI NI
Total length in mm 44,98 0.98 46.32 0.74 44,69 1.24 + - +
Head length in mm 8.02 0.30 8.68 0.17 8.21 0,25 + - +
Percentage to total length
Head length 17.81 0.72 18.73 0.49 18.36 0.36 + +* -
Body depth 10.84 0.47 10.97 0.27 11.10 0.67 —-* - -
Predorsal fin length 54.19 0.85 54,70 0.98 54.45 1.48 - —-* =
Preanus length 48,18 0.63 48.43 0.56 47.56 0.84 - + +
Caudal peduncle depth 6.87 0.27 6.66 0.24 6.64 0,46 - -* -
Pectoral fin length 12.06 0,42 13.10 0.68 12,02 0.50 + - +
Pectoral fin width 10.04 0. 54 11,83 0,58 9.08 0.98 + +¥* 4
Ventral fin length 5.07 0.40 5.16 0.40 4.75 0.44 - - -
Percentage to head length
Snout length 21.74 1,02 23,29 0.77 23.17 115 + + -
Eye diameter 16,62 0.90 20.25 0.61 19,37 0.84 + + +
Postorbital part of head 59.58 2.25 58.06 0.86 58.21 1.86 —* = -
Interorbital distance 28.96 1.58 28.71 0.64 28.34 1.63 - - -
Inter-posterior nares distance 26.09 1.45 25.19 0.94 25.47 1.53 - - -
Inter-anterior nares distance 27.82 1.65 26.85 0.87 26,99 1,36 - - -
Upper jaw length 35.11 139 38.15 0.80 37.77 1.35 + + -
Lower jaw length 33.67 1.48 35.66 0.67 36.74 1.92 +* 4+ —*
Upper jaw width 41,78 2.08 45,14 1.23 41,11 1,97 + - +
Lower jaw width 37.20 2.15 41,24 0.96 37.36 2.03 +¥* - +
Number
Dorsal fin rays 13.20 0.75 13.38 0.70 12.60 0.49 - + +
Anal fin rays 17.25 0.83 17.88 0.60 16.55 0,89 - + +
Pectoral fin rays 13.50 0. 44 13.38 0.70 13.20 0.40 - - -
Vertebrae 34,25 0.62 35,0 0 33.64 0.48 + + +

* As the variance test showed a significant difference, the method of Cochran & Cox was
applied in place of the t-test for the difference of mean.
. This table showed also whether morphological differences are significant (+) or not (=).

Table 5. Changes of the total length and the body weight of the ice goby with the
collected site, the sex and the anadromous period in 1982.

Early period

High period

Final period

Site Total
Mar. 9-10,
Feb. 13, 19 20 Apr. 14-15
B Male = 45.28+1.25 45, 66+1.35 ek 45.60+1. 36
Total lengthin mm Foroje 480704043  50.15+1.55 50.37+1.67 50.27+1.58
MMout}} of
uromigawa e
L Male  0.33+0.04  0.35%0.05 —x 0.35+0.05
Body weight in gr. perole  0.35%0.04  0.49%0,07  0.21+0.04  0.39+0,15
Feb. 20-
Feb. 9-19 Mar. 27 Mar. 28-Apr.
. Male  46.31+1.02 46.09+1.34 45.30+0.69 46.16%1.30
Site of Total lengthinmm g o 50°0550.65 50.34%1.62 51.31+2.46 50.33%1.79
Fishweir
o Male  0.46+0.04  0.4240,05 0.2840.10  0.43%0.06
Body weight in gr. peoje  0058%0.03  0,54+0.08  0.43+0.18  0.53%0.09

* All of the ice goby were female.
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Fig. 8. Changes in sex ratio of the ice
goby collected at the fishweir site and the
mouth of the Muromigawa. Sex ratio is
calculated by the formula, Number of
females x 100/Total number of females and
males.
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Fig. 9. Season of ascending migration to
the river of the ice goby in Japan.
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Fig. 10. Daily changes in the water tem-
perature of the sea and the river. The solid
arrow shows the first date of the ascending
migration and the chain arrow the first
date of the high ascending migration.
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Table 6.

The date of the first catch, the first catch more than | kg per day and

beginning of decline of catch by the fishweir, and water temperature at the Muro-

migawa on each date.

The first catch

The first catch more

than

Biginning of decline

1 kg per day of catch

Year B )
Date WT(C) Date WT(C) Date WT(CC)

1975 Feb. 5 8.2 Feb. 25 7.4 Mar. 22 10,2
1976 Feb. § 6.8 Feb. 16 1.1 Mar. 29 11.8
1977 Feb. 10 3.7 Feb. 24 8.2 Apr. 3 11.3
1978 Feb. 7 7.7 Feb. 22 7.2 Apr. 2 10.0
1979 Feb. 10 9.3 * * * *
1980 Feb. 12 6.0 Feb. 29 8.8 Mar. 30 13.3
1981 Feb. 12 6.4 Mar. 2 6.7 Apr. 6 11.7
1982 Feb. 9 6.4 Feb. 20 10.0 Mar. 29 11.8
1983 Feb. 14 6.5 Feb. 26 7.8 Apr. 6 12,3
1984 Feb. 7 6.0 Mar. 9 7.0 Apr. 1§ 14.0

* In 1979, the catch was not more than I kg, and the decline of catch was indefinite.
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Fig. 11. Daily changes in the catch of the
ice goby and sea level. Point, the actual
catch; solid line, the smoothed catch; chain
line, sea level.
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Table 7. Changes of the water temperature and the catch compared with the preceding day.

Water temperature .
compared with the Rise
preceding day

No change Fall

Catch compared with No  Decrea-

No Decrae- No Decrea-

the preceding day Increase change se Increase change se Increase change se

Year 1977 15 5 9 4 2 3 10 3 13
1978 16 1 12 5 2 4 11 2 13

1979 11 5 8 2 1 2 9 2 7

1980 10 4 9 1 1 4 11 3 6

1981 15 3 10 2 1 1 11 1 13

1982 13 1 8 6 0 7 6 3 9

1983 11 3 11 3 1 3 5 3 12

1984 17 2 8 4 1 1 13 2 14

24 75 27 9 25 76 19 87

Total 108
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Fig. 12. Diurnal changes in the number of
ascending ice goby, salinity and tide at the
mouth of the Muromigawa in Mar. 9-10,
1982. Solid column, male; open column,
female; closed circle, salinity of the upper
layer; open circle, salinity of the lower
layer ; upward arrow, high tide; downward
arrow, low tide.
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Fig. 13. Experimental apparatus to examine
the responses of the ice goby to fresh water,
brackish water and sea water.
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Table 8.
Y-maze with time.
ten individuals.

Response of the ice goby to fresh water, brackish water and sea water in a
Numbers show the mean of responded fish in five experiments using
Salinity of brackish water and sea water was 18.4-23. 8 and 31. 8-34. 2%,

respectively. T-test was applied to examine the difference of means at the five times

experiments.

Cumulative numbers of individuals responsed

ascending and descending ice goby, and tide
at the fishweir site of the Muromigawa in
Mar. 29-30, 1983. Solid column, male; open
column, female; upward arrow, high tide;
downward arrow, low tide.
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Table 9.

- T-test
1 5 1o (min) (after 10min)
1 N3 swimammoss
Brackish water 3.0 9.7 11.7 L. .
Sea water 2.3 6.7 9.3 Significant in 1%
Fresh water 2.0 3.4 5.0 .. .
Brasckigl water 2.2 5.8 9.0 Significant in 5%
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Changes of the flow and the catch of ice goby compared with the preceding

day. Data was analyzed only when the flow varied over 50,000 m3/day and excepted
from the analysis in 1978 of little variations in the flow.

Flow compared with

preceding day Increase

Decrease

Catch compared with
preceding day

Increase No change Decrease

Increase No change Decrease

Year 1977 2 2 6 7 2 3
1979 4 1 6 8 1 1

1980 5 1 1 2 1 4

1981 3 0 4 1 0 4

1982 4 2 6 15 2 16

1983 2 2 7 7 2 6

1984 5 1 2 6 0 5

Total 25 9 32 46 6 39
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Table 10.
with the preceding day.

Changes of the duration of sunshine and the catch of ice goby compared

Duration of sunshine =S5hr

<Shr

Catch compared with

preceding day Increase No change Decrease Increase No change Decrease
Year 1977 16 7 10 12 3 15
1978 22 4 21 10 1 8
1979 16 5 7 6 3 10
1980 16 5 7 7 3 12
1981 14 5 10 14 0 14
1982 18 2 12 7 2 12
1983 10 3 12 9 4 14
1984 22 2 1 12 3 12
Total 134 33 90 77 19 97
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fo. Fio, BIHEHEL 7 BRI S REEOHE RO
MALEOEEARI LR, WEOEH L DMIT
—EORBRNEDONLE P>z, COXILveyd
oMz AREMOZE L L AREEICEESO, B
BEEOENKEDORVBICH EBENT EBEZD
ns.

Ploksic, vaudoWEicKE{ EZEIIR
B3, M EMCKE, MEERHICER L@, BEE
kiR, Y%, REROBREHRL SHEETSE
iU Ry b AT

4. B H

BLEEoEREEREBLBRORNEFRCBT 3
BEERRIC O T B AAZT » 7.

39, HEEYMEHOMET ALY, B, FOsE,
W ch D ENHR R O BESNIE THRE L AE RO ELER
KA FEEL, ZoE%: Table 1l Rl 20
R, EROLOIHEE L 72 10 @ADL THEM O
&, {EGIRMEE, | EEsRREE SR
AEZEHELTOE. HOBOLOTRFHELAISHE

Table 11. Changes of the alimentary con-
tents of the ice goby with the habitat.

Species Sea

Mouth of .
river River
Copepoda o 4 —
Amphipoda 4+ + _
Rotifera + — _
Polychaeta larva + — —

H# all fish feed on.
4 2-9 individuals feed on.
+ one individual feeds on.

e, L EERDS OB S SRR DTS L,
EN OIS LEEO 0TI AREL 20 ME 44
TR LESNENBED bhEh ot TOXSICHE
BOvowAid, SOMEERLCEET 32,
AWMET2ZE, BEASEBHELINEEZEZLONS.
RICENKECBNT, PUBTRELLYE YL
ek (34.1%S), BHK (8.9~24.5%S) RU¥%
KT, EBELTTAFITHELEIV 225X T
BEERZT 7. BkTovnyrid, HOEME
CHEDDICETR, BEEIChTRICHT THIE
L, —B0> bIRSEMELESoMELTHAT
3. LirL, WRHCERERECSIHEAR, &
LACEBEES, BEECELESL LEENED D
nBESICiED. HHEROHEPERICA » ki i
KT h BELS D708, KD 24.5% SAKHD
Bk ORIEEE RS 2 5 LERBHEET -
Fo. THOORRR, MEEREUHER, SBHER
LRIE—HKL, EEAESOCHEAHL YYD
BEA G 2 RO BB Ye v AIc3
HAMT v TYERSA, BEORRESETE
EOTRRET L KRB E BARS, 1982) &
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FNPERCREEDBERREFZLBETHEL, B
BELBNID, BERELLNLL.

VI BB

L BREGEE & EINY

BLEOHO Yo v+ R ELRERRTHE08, BRI
T EBED 3 AhA~TRICE 2 LEAEBBDL
o, RBICHRRIEEED, ROTHENTS. 0
DFRBRELENREEOMICTE D, Ticlosk
FERRIER, SREMAR, MEOEMEEXRYD, EMRO
MAMPNHRLERINCE Y 2 ERORBRELT -
7o AFEERIERL FREBARR, EWERUHERBBEERAOD
BRAIZI9824E 2 B S AP BB THRAELLZERNO
BATH 5. EREIRERIZ IRHER X100/ (GRE -5
HER), IEHEREEXIC/RERE TRY, JRRAHER
IRHREREREROCTREL, MRBHE OfERIZ 5
74 VAL, "TrFEV) Yozt YV REET
e,

T, Mo £MBRIERKO BRIZE/L%E Fig. 15 ioR
Lk, Thicks s, WEOHO 2 Boas» o810
2ATRIC»IT, LERETIIENY, 3ATER
ShFhicmli®, 3B THENT 3. H
4 Ah I TEOMEERRL, BREBIRIATAOL» L 4
BhfiTh 3 &L SN 2%, HEHRIBDLE
», 4AXDS S AMDICRIEMEERT. T, M
REMTRLEEREO oy AR 3ARPS S AN
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X100
°
£
z
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—v50s Sosduntabif o b
O=— — T i ] T T T
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Fig. 15. Changes of ovary index. Ovary

index calculated by ovary weight x 100/ (body
weight—ovary weight). Triangle, nesting
fish in bed; open circle, fish on bottom;
closed circle, spent fish.

DITHARL, BRIKHE3 Yo v+ ORI 3 A
*h>4THORIFIAAT, 20BHIZ4 A LA
~thij £ 2 5hi.

WiT, BFEIERE L OBRFRERN T30, BN
B0 RBE( 2SI Fig. 16 R U, Ml &
HIEBEREMBEROM MM E 723 A LAah S
B LY, 3AKNS 4 AMDich I TamsiED
ZRL, EREOET &AMRERD LR & o—Fh
BbHShi:.

FANZEPLEL . YyavZo SRRSO SRERE
Fig. 17 1&RL, BN EREROBRERLD
BFEL. Thicks E, BLEMPOINEIL K 0
em D /NEO S & HET 345, KIBHT # 400 xm
T, B0 | BicHE L - BB TH - /-.
ATERIERCOEML, EREMSED UKD 3 3A LA
MOIENEWL, LLIC3IATELS 4 Ahlieh
Tt SRR 700~900 xm DRREM & SERHI DIRS
HEL. 4 AhAOERS OIFRICIIIIER 90 xm
DFBLCIRZE DO E U I/NEOII DI B £ LT
fe. 11 B OIREHH 90 pom OJFB{=]ATH Y, Wl
ERIDOIIEDS #9 200 xm D FFEIRMTH 2 DT, BER
Noyveyriz@ Ed2EO 1 ~2 8 LERFO3A
TRHICERBAEETTZ20LEILhS. PR
RakBDE, |PRETHREL, Yoozl EH
BESRT A EMRBREN, % DIREIZ 376~654 ¥,

8.0r

60 g
] H
£ i
3 67
Suob o ¢
o o
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o
© 201 +
é
H
c T I T T ] T
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Fig. 16. Daily changes in fatness coefficient

of the ice goby in the Muromigawa, 1982.
Closed circle, male; open circle, female;
vertical line, standard deviation.
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Fig. 17. Seasonal changes in the frequency

of the egg diameter in an ovary.

L1 530ETTHTH » /e

wic, ZEREINCHBINT 1982~1984 40 3 4 20 H~
4820 801313EAH, BENRELT-. ERFAE
2 ERNOFELE, D TROZERBETH 1. 2km
OFKEXCRITEE L -BROGEEERIL, 5
BOEEEHEETICEICL»7c. BMOIHRER
1982 4EA33 A 29 H, 19834553 A 30 [, 1984 455
4A8HTHY, FiLk-THEDOBNBH-7. &
E£p AEEKREAS L, 1982428 136.8°C, 3
Biz 9.6°C, 4813 12.3°C Thb, 19834281
6.2°C, 3H129.2°C, 4 12 13.7°C TH - 7zDicd
LT, 1984422713 4.6°C, 3Hi2 7.1°C, 4HiZ
12.9°C ©d Y, 19844Em 2 B & 3 HOKEDED.
Z DEKENFEEL T 1984 4 0 BEIMSENI- LD &
EZohi:. ERRBEKREOERESS D, 3
ER ORI OIIRLR RATH 2 B O KEZ HEd
5k, 19824813 11.0°C, 1983 48(% 11.7°C, 19844E 3

IL5°C Thh, WI'C Wit LEBMTLOEL
LB odp LT,

PUtLo#R, 2RO v e v+ 38 Eaikd» SR
ORRHETT 5 C EHRBFERICAD Shs, &
REIZRABAEEREROSET 3 3 AT~ 4 At
ficfibh, ERNBIE3AR~4ATEATS /. %
7z, EEFRICIE M b EREBRIC KRR E CBKRL, W
I°C iz s LEESNASHEE D, | EIEEIITAY S30K EE
v EBPoh LT,

2. E 5B

1) EIH

vayAid, HRNTERLUTENT 22, 20E
SRIEA BRI T 5 70, ZRINC BT 1982~1984
EOREINIC, EINKOSHEEZRAEL 2. ERRK
DO SN HHE RO BEOEOEREIRE (100 5§ 5/
m2 Pl k) Z4ERlic Fig. 18 iRl 7. Thick 3 &,

{7} Spawning area
&3 Main spawning area
## Sandy bank

Shindo
A weir

Fig. 18. Schemata indicating the spawning
area of the ice goby at the Muromigawa
in 1982, 1983 and 1984. Numeric shows the
distance from the mouth.

ESSREIE O 5 1. 3km EROZEREEH 2. km
OFHIEDORMICER S, £ ORKBACEEIGIT
IAFED LN, ZD5L, Table 12 iTRL-&
31T, R EWEOA LI ZENSE SR, 19844
DA, 4A8HIKALH, ROTHRBOBTLS
11 gic, FHEPOCT4H 20 BICERIIHE - 7.
o EIIT 198245 & 1983 4ET & gk anfz. 1982
EOTHAETRERBALPROBELE KD, £OKE
% Table 13 jt/RL7z. Chicks &, 3B 25 HICR
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Table 12. Daily changes in numbers of egg mass in 50 cm quadrate with site in April, 1954.

Apr., 1984

Site
7 8 9 10 11 12 13 14 15 16 17 18 19 20
A 0 1 1 2 2 — 2 4 3 - 5 10
B 0 0 0 0 1 — 1 — 2 1 — 4 — 6
() 0 0 0 0 0 —_ 0 0 0 0 7

Site A, B and C showing in Fig. 18.

Table 13. Difference in number of nesting
ice goby and egg mass per I m? with sampl-
ing date and site in 1982.

Site A B C
Mar. 25

(nesting ice goby) 228 96 12
Apr, 15
(egg mass) 60 92 88

Site A, B and C showing in Fig. 18.

FRENMNLL, BEBALIBRESH, TOHE
3 LRI SO, EEIRR O 20 Hik OIRRE
Bicid 3 pFRTREAEENRED ORI, ThbD
#E MELvooid, £FLERMTEE, EHN

L, BEMICERTHETSTICEEEZI DN

EIMEORBREZHSHICT 5D, KERES
LKk, BEEZNEMRK COD, B bRk UEEKE
BEHBEENEL 2. KEEESE 1982 4£ L 1983
SEDM EIARRIC I U 2 KR & /NI O T & EET T
R Lds, KEBEERKRATEREALEZNRD S
N, ot BWHiLoOWTE, Fig. 19 wRL&S
i, FNREDSH -7 1983 4£TIL, EINGOLE
DY & 75 > T B A3, 1982 4EC UL, Mtk » T
WAOEDH SN, BEINEOEMI R ORI
R IEET20.7~30.6%S &L 72D, %DMoKIT
19.8%S DI FICIEF LT, HEOBHHFIERN
TiZ, ERBOKERZDDEAMBELETS. TOH
b5 Fig. 18 TRUAL DI, KEDOEH - 72 1983

—Flowing A
Tide ater Little Much
March 30,1982 97000tons Depth | March 4,1983  384000tons Depth
inem inem
High v v ro - v v v 0
" . 1 . 0.4 0 .0 o o
. 10 5
124 319 100 R 100
Neap
10 0 0
Low . M . N N o ¥——— % * * i
22 0.4 F . . ¢
268 Nid"\-uoo ﬁ_'o\ L100
- *32. 0
April 10,1982 160000tons March 29,1983 198000tons
1 .
High | ¥ - A | — T
W a3 TE0eTge m"m 336 240 0.4 0 o [0
Flood - T T
LOW ‘ vy ¥ L] L] . L L] T L LJ L L
T 136 100 ,92 yioo
Distance 0 1000 2000 (m) 0 1000 2000  (m)
rom L 1 4.* ‘FI 1 L 1 1 1 1 n
the mouth Mouth Fishweir Mouth _____Fishweir
Fig. 19. Difference in the distribution of the salinity with tide and amount

of the flowing water of the Muromigawa at the spawning ground of the ice

goby.
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Table 14.

Bottom material and amount of egg mass occurred in the previous year at

the spawning area of the ice goby in the Muromigawa.

Granular composition in %

Ignition : Amount
St. Coarse Fine . loss in S(lrxllll;}/ug%e (r?l(g)/g) of egg
>4.76mm Granule sand  sand Silt Clay % mass
1 5 15 68 8 1 3 0.6 0. 005 3.2 +
2 49 9 16 19 4 3 3.8 0, 009 2.4 H
3 11 14 32 27 11 5 2,2 0,038 7.0 -
4 40 14 26 14 3 3 3.2 0, 005 5.6 +
5 1 4 30 59 2 4 1.1 0. 005 3.4 +
6 35 15 27 16 4 3 2.3 0, 006 3.8 +
7 5 7 25 55 3 5 1.6 1,63 2.7 -
8 29 13 31 15 4 8 3.1 0.028 2.8 -
9 . 41 20 24 10 3 2 3.0 0.012 4.4 +
FRXRBEMEBMOEL D FTHEETEIH LI mg/g &R L, K. St. 3, 7, 8 XEEAsA S

b, HEREBOEERSRERENT, 2EMNICEIR
B THAUCERE Wb LHEESI .

WICERNOERBOHME HAIEERD» 508
X) EEHEICONTI, 198349 H 4~ 5 Qiciigs
%, 1982412 A 20 Hic Fig. 20 icR L - @& IS
TEEZHE L. KOS THT 2 RS
140 cm DL ET, TEkicmK Y 2 iR 90 cm Pl E
Thy, K¥OTERITIZFERN KIS DML
Shz. EEOAHEREESMRIE Table 14 iR

A2
st.{
= X
#)
st P
216 St.4
S)(!.7 St.5 — 90
St —— 110
":,S:'."S X e 130 cm
_"/- www Fishweir
Q__ 1%0m
Fig. 20. Map showing the research stations

of bottom materials, and the height of
ground surface.

L. @HELZ9MED S5 b, Fig. 18 iRz k31T,
St. 2, 4, 9 FEEIUEO—IPT, BELEIRNSS
hi-BRTH 5. 20 EEIZHDE Lo KERSH
70 %Ll b, k4. 76 mm Dl OWESH340 % U bR
5%, Y ERERNRS~THBEDIIND, KE
ULAsEL. BBiRE 3.0~3.8%, CODI32.4~5.0
mg/g 2R L, i3 0.012mg/g PITFTEN.
St. 1, 5, 6 REBETRBOMBENNASWIEHT
3. TOEBINEHRRTCRERNAKE L, #FL
BEEAMIB NN, Y EMESRI~T BT
&g, KEBLIZELRD. AREE 13 0.6~2.3%,
COD i1 3.2~3.8mg/g, % {t #&iZ 0. 005~0. 006

VBT, WL EORERSNDILL, b ER
T8 ~16 BLH. HRFBILL. 6~3.1 BTH
OHIRE 13 &AL E 3 110D, COD 3 2.7~7.0
mg /g, ALY 0.028~1.63mg/g &EMERTR
L7 _
PIEosERMPS, voutrEINSEREREEEE
HTHZRERT, 205 ZBRIKBNTE, T#
BTHEKTAHEEIOm UTORAKTHY, 2D
BEE, v b UTFORERINTBUFEEDT,
BARENREL, WBDmnd A, EREREED
LHRENERTHE. O3 RBRFICEBNT, Yo
v R ERELP S, EREREL, BENTITLBHG
h et

2) HH
FAFAETIZ EHO #/l2 BRETH Edb 720
T, AKENICHEAZIAELT, ZOTEHEHREL ..
FZRENTIV2E 4 A 2 BictRE L g% 10 EixE
ERDEEHRD 60x30x45cm @ 45 X KEic X
B/L, H8cm OFESOHEICEIKE LTBRD
HARYEED . BRIKEC Yy v 2 NEERD
FT 1030 30 5 b, =0 BHE, XKEFHZ
Fig. 21 1WRL7:. HRELIKGOTORREZL DL
TEFHL, RAREBOED. {DAIPORES
BERSmm YUFT, 1Eic X303 2mm Ll
FToEAR2~3M, 3I~Smm OHFLHIFIIETH-
fo. EHBARE | ~ 2 BERORICIIM L o BD & EESRERAR
LI BEDBEICE » TROVHAOBERS NS, B
O WWTET 1 ~2RMTHRTL, BAOO BERR
0.5~0.8cm T/ FIcHT 3~5cm, g 2~3cm, HX
# Lem DEEsRE Sk 3% (Fig. 21-A). BEOR=
BT T B &, WRAOIEEERICANT, B
Sl L, HEREAICIRS TEE 10~30 B HRL,
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Fig. 21. Procedure of nesting and courtship
of the ice goby. A, nesting of male by
the carrying out pebbles with the mouth;
B, courtship of the male to female by weav-
ing of tail part; C, female entering the
nest; D, male closing the entrance of the
nest by the mouth; E, spawning.

e REE MU BT AABNERShS (Fig
21-B). MESHRICHEET 3 &, BERERLFERR
PoHL, ERERCHEEENRS S (Fig. 21-C). #
HEEER A HLENERNICA B &, EbiciEL, EIREA
OWREL HAIT, HADES S (Fig. 21-D). &
BMolic, HOmEE, &< NoBan RESHY
3. REEIRIRETHERITOHEBARLIZVE
A, MITCHFREAERD, MOARNSZETH
EAESREERTS. ENZR IEHoRICIMEER
R59, AOAREEPHADEEICL-TERIREYL
b, REOCHAPHABEORVEEFH—DRIKSL
OENSMBEREh, BRULAEROBIEDOTICL
LRSS hi:. EIRSOHRL HOFH I i
ORED BRD EATIC RT3 &, EBRDOBIAR
O EBEHL, BIKRRAIDOTBHIAIT L
b2h, bFoREDOALZN. T, F¥A5
Pterogobius zonoleucus Jordan et Snyder & iM% B2
SRR icEEMY, MBEAELSY, BRENCHERN

SRHREBTNE (25, 1961) 28, ABiZHOEHR
BEHTAhEL, BkEOROEE ICE Y 2 EIRiCH
LT, BAELSSLEEEST, EEHOBEND
B0 iEhic, SIRBOELEENDREIGET T3
bDEEZ NS,

3 =W

428 BRTEEHEL, 4A3AFATTR
KRADOTEICRBHERH O ERED Shi.
SRASRERR B SR S FEEIN S hic b DLEEZL S
e, ENBOIR T TIRERKRMCH TN, B
RIEHENTN . ToOMRPERD, ARIAHKIC
WEFEERIRE LD, BEEECETROEIE
TOREERMIMEE LS > T, BHHENED 6 ~
10O kMo & s EABRII, BEOREL
LIS, BRI BEKLD -7 BKITH
R ARBERET, KEIEEHALIZCENEL, 30K
WHETEL fo.

B3, EESIRASHE T 5 EENOBRZ DA TH
BLEHS, BADELONRET, BWORLET
Nclia e &2, SRRAEITS. Wbk, REbE
BRERAMICH B 03, MEERIBICAIZPEMYD, ik
MR IIKE LD, TBRRERTKEICEERHT
A5 EMNHL, THRKICHIEL .

v a4 OERGIMEE}ORBRICERS W T
LERRL . BIREENBELORENRELLNS
DT, WK, 9%S, 11.4%S, 22%SK34%S
DENBEDORIL S KEANIKlI BEKE DD,
SOIHEHRES~I0cm ODFEE2~3fL oot Dlf
HERA S~I0BANT EIERET >/, 1984 4F
325 HIC EREEKBL, EROFEEEEHEL
7z. 4B 10 B~16 BitYKRICINAL 6 B £T
MNEHL, 4 14A~20RHIKI%SKTSRH3IR
M, 4H16~208 ic11.4%SKRTI0 Rt 1 Bat i
BRL 7228, o BEAR TR ERRADONL, -
oo TOXSIEyn v BSREIRICEINGEHRT 3
FRELTEMBESEINICKESEELTHECZL
BhHiFohs.

RiCER)ick 1) 3 BEINREE 198344 5 26 HiC
FELK TP, EBNKOGOKETEIE RDE %
DF=%, FESBRIBOT, S0cm HHEBRAD RS
15~20cm ETicBirs lemd PlLED 2TOREH
ROEE L LAOBRKRCHRBREREL, AOKE X5
DEJREE 10 4T REL Eic b &%, Fig.
2Rl Thick3 s, HELELAD 55,
40cm’ DITOEMLHED 68.4 %% 50, EEROD
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Fig. 22. Diagram showing the size of the stones at which were spawned.

Solid circle, total number of stones (A); open circle, the number of the
stones at which eggs were spawned (B); column, B/Ax100(%).

2 AR GNEORICENMERDS - 7o b8, EEROD S
INEDRREOREICT T 2 BB L, BRI
100cm? PlEoRI $hREL EIS LS HEHR -
oo BB, AHOARESROESIALED >,
£ HDTI 18,000cm? O 4 ic I2FIRBREA TN
7o. Ric, EBIEOGOKRE E, SPROKRE SIRUE
HIPgE Table 15 R L 7. SR &L 0B,
HEitnl, KESRBEER3~4cm, HE2~3cm
T, SIR—BIESMTF ST 1 SIROIEII
ADKE SICHEHE L, 250~695 k7, T 498.2%
HATHTH -7z, o9t OFIEAOZRIFELT
Y530+ 7T R ThH 5 T EAMBLEL, TWEILOME
ZRL, 1S EERUNARERETH /2T L
bEETSE, 1EHEOMICKD |HERSN/IHD
LHoht.

SRR ZE DS #20cm DFESETTHRIN
7o hs, RBSBLBRU—HHHEE > LACRD LGN
fo. FIREKE» b ORERIOTEINHE Table 16 1R
Liz. chicks &, Scm DIROIIRTIRILINERY
B, 96 BHEETHEE, BRI TH
WREIIERERL, REBE EINOERMNEL - .

Ricymy+OERRUIREGICE 5 REER
# L7 1984/E3A29HE 426 HIC RO E
PR THRPE 2 TMEAOTERRCREL, 20
5O LENEYERNI. BEShISED A
13, 7 = Plecoglossus altivelis, @ % ¥ Anguilla

japonica, ¥ v 7 J Carassius auratus, z 4 751 9
Zacco temmincki, 22 ¥ ¥ 5 Liza carinata, 2 XF
Lateolabrax japonicus, & 4 5 ¥ Leiognathus nucha-
lis, =/~¥ Acanthogobius flavimanus, 7 < ¥ ot
‘ EEY)
annularis, ¥ ) v o Chaenogobius castaneus, ¥ uav

Acanthogobius lacticeps, Chaenogobius
# Leucopsarion petersi, F 3 7 Tridentiger obscurus
obscurus, = =" F Platycephalus indicus, U7 %7 7
Takifugu niphobles Tk -7:. ZO3byuv 4D
BEMALTOWAERRY ¥, vy vS, FF7K
P=IFOAETHY, v FRERPoOYeyLE
EERMBETHAL T

VI SRAZRAE & RLIFRDARE

L SFARR4LE

SRARAEDEIER, EENITREL ~ENEER O
Ba & KM TEEIRL 7 5IHE KR 16~20C ORET
O 24ecm © ¥ v — LITIAELT, FKBEBET,
25~50 4% C T -7z SIARAERE % Table 17 &
Fig. 23 Rl fe.

AN OSERINZ B 0.93~1. 18 mm, £ 0. 84~
1.04mm THBE XD THICHBEEEE LTS,
ESRE#OSE (Fig. 23-a) bEE b M
BT, SEO—IFICdH 2 BHROMNERTEIRKICH
#75. IHWEBHAT, FEIIEIED THRO.
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different depth from the bottom at the Muromigawa.

Depth

0-5cm 5-10cm [0cm<

Tale 15. Size of the spawning stone and the egg mass, and the number of eggs in each
mass.
. . Size of egg mass
No. Size of s?ar:;l;mg stone Number of eggs
¢ Major axis (cm) Minor axis (cm)
l 2772 3.12 2,27 616
2 1638 3.90 1.95 436
3 1638 3.56 2.18 428
4 1456 2,87 1.83 480
5 1456 3.26 2.01 475
6 1175 3.05 2,45 581
7 858 3.07 2,37 536
8 820 — — 680
9 820 —_ —_ 653
10 820 —_— —_ 369
11 624 3.18 2,83 516
12 576 2,71 2.46 518
13 510 2,92 2.00 404
14 504 3.33 2,27 439
15 412 — — 683
16 320 311 2,22 440
17 280 — —_ 695
18 228 — — 378
19 205 —_ —_ 548
20 185 3.05 2,56 532
21 178 3.21 2,48 484
22 160 -— — 576
23 152 —_ — 250
24 78 — — 622
25 78 — — 549
26 77 — — 550
27 70 — — 319
28 56 3.30 2.36 445
29 53 — — 257
30 38 3.40 1.99 487
Mean+SD 3.20+0.27 2.26+0.26 498.2+114.7
Table 16. Comparison of percentage of dead eggs in an egg mass of the ice goby with

Percentage of dead eggs in an egg mass

Range Mean Range Mean Range Mean .

0-16.7 3.9 0-22,7 8.4 4.8-85.0 32.8

Table 17. Embryonic development of the ice goby.

Time

Figure i
e i (Fig. 23) Embryonic development
0 a Just spawned egg
b Elongation of egg membrane

1 15 c Formation of blastodisc

3 35 d 2nd cell stage

10 15 e Morula stage

16 45 f Early gastrula stage .

30 00 g Germ ring reaching half of egg in lateral view

46 00 h Closure of blastopore, formation of embryo

75 10 i Formation of eye vesicles, Kupffer’s vesicle, six myomere

92 00 j Formation of optic lens and caudal knob
140 00 k Elongation of embryo tail. Heart pulsates and embryo wriggles

" occasionally. Melanophores appearing in eyes

270 00 1 Appearance of blood flowing and air bladder with melanophores
390 00 m Just hatching




voyt OERL M 157

Fig. 23.

SPESIIEESNE R D SR L (Fig. 23-b), &KL
4 ztE (Fig. 23-c, PSR 1 BsRG 15 80 1Kid, =&
3.2mm, EX0.8mm O EEBEEFOELTRHEN
2. SRMNEATENKICEFT 529, AR
ERORAMCEEL, PR FERMicER 0
%. 05 (Fig. 23-f, 17 KM% 28T, K
®i2, BEEEAERORMNAMIIE, HLL IORETE
s h (Fig. 23-h, 46B%), MHRERBRO
VI RERTH 205, REMET T2 KRR
by, R CsRESTAE (Fig. 23-§, 92K 4
B) BELEL, SORRENETTZLHUREL
755, BEMomENS (Fig. 23-k, MOKHEE) i
BuReeiiT, BEEZET. COE LENEE
5. MEROLENIOERLDEL 2D, BB
% (Fig. 23-1, 270 k). C OEEMBHRIN,
MFHSIEhE SicEb o, BRABERCEH»T.

W LE® o fFA (Fig. 23-m, 390KK) H 4K
4. 4~4.9mm, F¥4.7mm T, KREEHL. BRER
RREEYD O, BPEROLHHMICHINTS b
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Developing eggs of the ice goby.
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D K&
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100V, 60W & —2—%FINT, 5 10, 18, 23°C &
V26°C O 5 BREOKEESE L TERL 2. &KIE
B THRE L B F—iifs 5 S05E A
n, SIATAEOBE LSRR OFHMEERERD .
EBII4ET, 20#E%E Table 18 [ THET
RUkdic, B, 18°C & 23C Trl, fi
DRETENMEAMS D, £I5°C TRRENE
4, &TEBELE. KEEFLEEE O BEZ

Table 18. Hour of 50% hatching of eggs

and percentage of the hatching at each
water temperature.

Hours of 50% Percentage of

Water hatching the hatching
temperature —
)] Mean SD Mean SD
Chour) (%)
4.9 —_ — 0 —
9.8 665.0 25.0 7.0 2.1
18.0 350.0 17.7 92.0 7.8
23,5 240.8  26.8 85.5 7.3
25.5 182.0 43.0 56.2 15.7
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Fig. 24. Relation between water tempera-
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Fig. 25. Relations among the survival rate,

hatching rate and salinity. Upper figure
shows these relations for blastula eggs, lower
figure for eggs of elongating embryo tail.
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ZEX 120cm, 155 Scm, EX 4cm DAREUKIEIC,
10cm iR CTEEOEREAL ARtk Bt
%1 ~3 BofRE S0 EiEAh, BHRHEEE (100
V, 6A) itk > TRENDORISEFAN:. ERIIKE
WICT, E%E20em PREy P 3 LD KKEDE
Jir 5 S0Lux i3 ST, 30 SRR TEIT & HEITE
QVEL, HRICKZFROKEAIICE S BAEDE
bk, FROBKEE SUTRGHET DERNC,
Ry54 bEANT 10cm RigEICRR KL, C
hicz DR % 3 BlORBOFHEMET Fig. 26 KWRL
fo. Thick 3 &, HTHEOBRETRFRIIKED
BB L TOM, SITRICIBBPOY - 7 XK
K<, BEORRECIRERBOFRIILEL,
BEOSTHRICRBHRBICSOEIZRL, Yoy
F DFEDBEDENRMERTC EMBBD Shl. Bk

Light

Number of individuals

Fig. 26. Response of the ice goby larvae
to light. A and C show the distribution
of the ice goby larvae at 30 minutes after
light was turned off. B and D show those
at 30 minutes after light of under 50 lux
was turned on.

BovoyFFRAREBZNKEERD, HAKk-T
i3, 20cm OESOPTH L SERHTE IDLHEES
nas.

wic, Wik sRH L FROBHICHT 2 RIBE
EEL7 EX [50cm, f§12cm, KZE6cm oA
Kiic 20cm HRCTEREGOMREHIL -AEREEK
X, AKOEL D0 ~20cm Kigickg 1l ~3 50
ik S0 kAN, WE0, 2, 5, 10 R IScm/H
T 1420, KEo—#E» oHKERL, SFXROBEEAE
Boast L. R4 DfEicB T 3 KBHoHERE
BB EART Fig. 27 KRl ILKRED | 5%

Distance from the entrance of water in cm
(] . 40 80 120 150
T T T ~T
o {47.3v35.41 7.312.71 0 1 0 ! 0

2 =% 3.31 5.31 8.7125.3126.0
5 ~= 1.37 0.7 1.37 5.61 9.3

o201 o7 o]

s 97 o7 01
Entrance

Fig. 27. Response of the ice goby larvae
to the flowing water. The numerics show
the percentage of individual numbers at the
each area after | minute from the start of
experiment,
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BT 5 FROK TR, BEOTFERICAL
nEEHEESNEOT, BEMIKBNTINLELR

Table 19. Daily changes of the number of the ice goby larvae flowing out to the sea.
Dat Tim Depth Water speed ﬂ:\gilrlllmivgfer Number of
ate e (cm) (cm/sec) (x IO‘xgrﬂ Jday) individuals/ms3
Apr. 17 12:40—13:10 35 8 12 —
20 14 :40—15:10 15 15 27 0.05
21 13:40—13:55 20 20 16 0.17
26 16 : 20—16: 35 15 30 7 0.59
May 7 14: 00—14 : 10 25 10 9 2,00
12 14:00—14: 15 20 10 3 0.11
20 14:35—15:00 6 10 0.1 —
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Fig. 28. Sampling stations of the small
trawl net, drag net and larval net. I-VI,
stations of small trawl net; A-C, stations
of drag net; Points, stations of larval net.
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Fig. 29. Monthly changes in total length

of the ice goby in the Hakata Bay.

ZENOFWOPIMTEEDO DT, 2EBICKEEE
RAD SR, BRICA-cFRIZ, THAETS
EOMUL, 17.5mm icElL, TOMMORAM
RERFEYH6.3mm Th-7. =DK%, 2/¥UOH
JIHEE CIERICRE LT B4R 45 mm T &L,
COFEOAMBRERTH 3 6mm TH-7. DX
SERicE T IRER, HENIERET, EHMNEML
LIS,

wiz, REHEICS ) BHEBELESS &, BT
AOALEIR 4.4~4.9mm TH 20, BERAHETLT
A£E 5. 4mm (AEATREL®IBOLE) K3
&, BERABIERREH, ERoRROBAORE
EERBEERRSICEE LKLY 5. LSBT, §
LHE, B RURERICRY b h, BESBREEN T
teL 3%, 2B 6. lmm (Fig. 30—a, HAHEATRE
{t# 4 HOLERE) TELRMEEZTNL, BHFRL



vayFOERLIEHE 161

Fig. 30.
mm in TL.
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Larvae of the ice goby. a, 6.1 mm in TL; b, 7.4 mm in TL; c, 15.1
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Fig. 31. Changes in percentage of length of each body part to total length with growth.
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Table 20. Individual numbers and total length of the ice goby collected with the small
trawl net. Location of station is shown in Fig. 28.
St. Apr. 30 Jun. 9 Aug. 10 Oct. 26 Nov. 8 Dec. 20 Feb. 22 Total
1 0 0 8 1 1 7 17
27.7-32.5) (30.8) (34.8) (41.8—42.7)
I 0 0 0 — — — 2 2
(42.6, 48.0)
I 0 0 0 — — — — 0
v 0 0 0 — — — — 0
A\ — — — 0 0 0 2 2
(43.0, 45.1)
Vi — — — 1 3 0 2 6
(30.0) (28.5—-31.5) (43.6, 48.5)
Total 0 0 0 9 4 1 13 27

Parentheses show the range of total length in mm.

Table 21. Individual numbers and total length of the ice goby collected with the drag

net. Location of station is shown in Fig. 28.
St. Jun. 12 Jul. 10 Aug. 5 Sep. 20 Oct. 28  Nov. 30 Dec. 24 Jan. 18 Feb. 17 Total
A 1 0 7 1 13
(17.8) (32.8—34.9) (43.1) (38—47)
B 3 0 0 31 2 0 0 36
(11.0—11.8) (27.6—31.0)(32. 1, 33.8)

C 0 0 0 0 0 0 0 — - 0
Total 3 1 0 0 31 13 58

9 0 1

Parentheses show the range of total length in mm.
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Fig. 33. The occurrence area of the ice
goby in the Hakata Bay.
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Fig. 3.  Occurrence area and time of the ice goby in the Omi Bay, Yamaguchi
Prefecture. Numerics show the number of the ice goby.
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Table 22. Changes of the alimentary contents of the ice goby with the growth.
Date Number of
(Range of total length) individuals ~ Copepoda Amphipoda Pole;lvlgeta Rotifera
in mm examined
Jun. 12 (11.0—11.8) 3 + - - -
Jul. 10 (17.8) 1 # - - -
Sep. 10 (21.2—24.6) 10 H + — —
Oct. 28 (27.6—29.0) 10 + - + +
Dec. 20 (34.8) 1 it H - -
Feb. 17 (38—42.6) 10 H + - +

# All individuals feed on.
H# 2-9 individuals feed on.
+ One individual feeds on.
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- e e | e res e
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37-38 Completion of | " 9Pt
ventral fin

42 - 43 Appearance of - —
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River No feeding stage with larval
form
* flextional phase of relative growth
Fig. 35. Morphological and ecological changes in the ice goby with growth.
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FEEEOMRIZ, 1978 4£0 REBKICKS BHIR
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DEBOREREELONS. COXSRBA, Bl
Hftic & > TEEORIBEEED 2R BPREE NS,

2. R EHTH

1) BRICHIIBHBRLLRFERE
WHEREROLERBREEESEIcE I 2 ARRER
& T Table 23 R 7= HEEHE, KEBO
Pl ok sE, YavtrOREBRRIW EANORA

OigEHBLE L REBEP T 2B THE. &di, -

KEEORHEDS B, KER, TKEEBICHR? 37

C &) (RET) 0ABEIO HEiEMEH pH 7.8~8.3,

COD 2mg/l JF, DO7.5mg/l QIETH Y, #R

CLAEICBEE LY. 200D, YuviokRT 3

BEBO—PIIBESN TV AL EETCE T
+4T, BEROVTOIWRET, ROMELES

Table 23. Environmental conditions in the
growing stage of the ice goby.

Item Condition
Depth <10m
Water quality SS<9 mg/!
CODx2.2 mg/!
Bottom materials COD<7mg/g
Sulphide<0. 026 mg/g
Ig. L<8.2%
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RORBTKRAOBEBREI NS T EPRE LR
XN, Fi, BKE-TIRI10m PLEOREERIC
TeEREERTACERLYD, YuuXOREEE
HERL, BEBRCREEREENLNELH 3.

2) MEIMBERR

vouFBEOHBO D, T IFEINEADENE
~DJEAERH 2R 2 LEND O, P EFE)]OEEEE
HARTCENEETHS. EROLDELET 5T
DKRBICODNTEEBBICHAT 2 8 OREREREE
BEL, ZORE,S W LicE L KEE FLDT
Table 24 |/RL 7. ERNEMicES &, ML, BE
SIAD 2~ 4 Bic B3 1976~1981 4 o E 5 {13
pH #:7.4, DO #£10.9mg/l, BOD #s1.96 mg/l,
SS #310.3mg/! £RL, KOMEWEL TN, &
RINTFHESBIciEE ST 3 FE) oKEERED AR
1x pH 236.5~8.5, DO $37.5mg/l £l I, BOD 23
2mg/l PIF, SS 2325mg/l DIFThHhH, XDMEE
BFIEELVOTKEBELTIR Y oY 4 O LB
LT, AFIEIZEETE XX,

Table 24. Water quality of the anadromous
river of the ice goby.

Item Condition
pH 7.1-7.8
DO =8, Tmg/l
SS <l4mg/i
BOD <2.7mg/l
Total-N <1.22mg/l
Total-P =0.14 mg/!

wic, voutFEEEaEodKkficsnT, ¥
MEOCLOTICERLUTENETS DT, EMEE
M3 720 CEINEDOKER RO ERERBRESN,
HBE~NOWEN BEhBE s, 2CT,
EFNEORBRMEIC VT, BRI AHFER
Zrbz LHT, Table 25 iRl iz, KEiIL2\T
REROMEFN OKRE LA CEEERRETELLED

Table 25.

CEBR, TORKRLEEEFELINILEN S
3. Mmoo TRAENICE > TR D, ERIO
EEFE D4, TR T&rKT 28 90cm Ll
TTHoic. HBE, REHEREEREROLDOKRE
EMvouAOEE, BN, INREOAEBICERIC
HET50T, EENLEREELIEELTR, Ta-
ble 25 OEHEAE & 1fT ) EIEERSLETH D,
KRNI 3 BARNEEZRET L7
TFRERINCBOTESVEERHARET, Z0R
BRPTWRL. B2RNO Ve Y+ OESREER,
O 5 kil 3~2.4km OIKEREH, %O B
12 ¢4 Cic Fig. 18 kR L 7248, T OKBOERAIC
Fig. 36 O SRERITRBRET -7, Ymud DMl
L2 A AD 1982 4128 23~25HiIcE 2 ~ S KT, [k
X5 x5mT, WHHEKT S LS KES 30~70cm*%E
BlEL, 22~BAELE $F1IRTRRALTET-
7=, HlE, BAIRY - TR IV E—F—2HH k.
B 12 100~1, 500 cm® OfE EEAERBRKOAE
i€ 2~3FICis B &K SBA LT, BIEDI9824EDEESR
WEwcks L, 1L AXTERBED SN/, #
2, 3RO SKIBEFLTHEWERTH 7. &1
RWmLBicd b, ABOTHEcETHRE A
F, AEITHE) »A9%cm Hy, F2RIKHEO
FERAREIICEK T B340 o T 5 A% S THBE R
110~140cm OREBTH Y, FWRICIITH T 26
MED. E3IRZANRRBOBMNIC X > THRNIME
ELUTWSEHT, KER20cm, 5 4XKEHRMEL
OKEI0m TH Y, F5KIAE»SOEWHHAD
22 3 KEISCMOEFRTH 5. ThdDRE
KRBT, RETHMOI824EIZH20H & TERD
198344 B 26 Ric EH 2 27, TOHREZ
Table 26 |z, THFI%OEINKREZ Table 27 1R
L. 2D8E, BIREIRKOXDIKC, HEEPOE
ST N TN 2T EEORMt & COD 2
ENEEED, ENLGED LN, EIGEROZRN

Environmental conditions of the spawning ground of the ice goby.

Item

Condition

Height of river bed

Submerged height

Size of stone for the spawning bed 100—4200 cm?® in volume (about 6—-20 cm in diameter)

Water quality

pH: 7.1—7.8

BOD<2. Tmg/!

SS<l4mg/!
Salinity<<8%
COD <5mg/g

Bottom material

Sulphide <0.028mg/g
Granular composition: silt and clay <12%
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B Experimental station

<73 Spawning area

@ Main spawning area

Fig. 36.
goby at the Muromigawa.

Table 26.
artificial spawning bed.

Experimental stations of the preparation for the spawning of the ice

Changes of bottom materials by removal of mud and setting of stones for

Granular composition in %

Effective Ignition Sul-

A { : oD
Date St. —-- : : grain size loss in  phide C
>4 76 mm Granule C&;rge Sal.gfl Silt Clay  (Dy) % (mg/g)_(mg/ )
1 5 15 68 8 1 3 0.78 0.6 0. 005 2
1982 2 10 11 29 39 7 4 0.04 1.5 0. 005 4.0
3 11 14 32 27 11 5 0.03 2.2 0.038 7.0
Dec. 27 4 l 4 30 59 2 4 0.14 1.1 0. 005 3.4
5 7 25 55 3 5 0.10 1.6 1.63 2.7
1 13 23 54 7 12 1.4 L4 0007 2.3
1983 2 44 17 22 12 3 2 0.25 2.6 0. 006 5.0
3 9 8 22 40 15 6 0.02 3.2 0.017 6.3
Apr. 26 4 20 9 28 29 7 7 0.11 1.8 0.012 2.8
5 22 I8 27 15 11 14 0.10 3.8 0,038 7.1
Table 27. Effect of the experiment for removal of mud and the artificial spawning
bed.
Station 1 2 3 4 5
Egg mass preceding the experiment
(Apr. 15, 1982) 60 0 0 6 0
Egg mass after the experiment 35 40 0 33 0

(Apr. 26, 1983)

Numbers show egg mass in 1 m2

Hote. TDIB, REMRICONTE, BIXKTY
Wb EM D12 B L EDT SERNID i,
B L oMEAE L, Bt COD HENIFAILE
BHENBONE ODEEI NS, EIORNE3
K& SRicoWWT, 9% 3R TRARRK bk
MBHD, wicsSXTRIEEBRIHIKROEZEL S,
BEE Ot COD (3 Table 25 (/R U 7-E#EfE

LY bEL, EbL, Bt BAoRENR
Do, HWBESEL, THEEBENLZD
BEIORh - 728 LR TR, BltickbKkoiEEs
BL, #ACXDENERERALLD, BELYE
BIEREL, BIMSED SR TokSi, HIk, &
Bicie»> TR, KE, EERUHERT EOHESR
HE TRICRAE LT HENRE R LTI 251
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MUROM
BRIDGE

Fig. 37.

The preparation area for the propagation of the ice goby by removal

of mud and setting of stones (broken lined area and dot-dash-lined area) in the
Muromigawa. Area encircled by oblique lines, optimum spawning area; area of
broken line, semi-optimum spawning area; area without the broken line, unsuit-

able spawning area.
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Summary

The ice goby, Leucopsarion petersi Hilgendorf, that is a small gobioid fish about
50 mm in total length is caught mainly with a fishweir, lift net and landing net
at mouths of several rivers in Japan on the season when fish ascends to river for

a spawning.

In the river Muromigawa which runs in Fukuoka Prefecture in the

northern Kyushu, the catches of this fish that were large in the past have recent-
ly decreased in quantity. Therefore, it is necessary to propagate the ice goby for
fisheries. And the life history of this fish has not been described yet in detail.
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In the present report, the life history of the ice goby was studied on the basis of
morphology, distribution, and anadromous and spawning ecology mostly at the river
Muromigawa and the Hakata Bay. Furthermore, a plan of the preparation of
spawning area was examined on the basis of these ecological informations in this
river, and a method for the propagation of the ice goby was proposed.

The ice goby is widely distributed in shallow bays from Kagoshima to Hako-
date in Japan and southern Korea and ascends to spawn at the rivers flowing into
them. There were morphological differences among fishes with rivers flowing into
different bays, and this has led to conclusions that the ice goby in one bay be-
long to the same population and the reproductive isolation has occurred among
fishes in different bays.

The anadromous male and female is about 46 mm and 50 mm in total length,
respectively. In the Muromigawa, after the ice goby approaches to the mouth of
the river in the early February, the ascending migration to its lower part begins
immediately and lasts to early April. The sex ratio during the ascending season is
one to one. But, it is not aways definite by the period, because male ascends to
river earlier than female. The high period of the ascending quantity to a river
varies between the late February and the late March with a place throughout
Japan and begins to ascend earlier in the southern Japan than in the northern Ja-
pan, i. e in Jan.-Feb. in the southern Kyushu, southern Shikoku and southern Kii
Peninsula regions, in Feb.-Mar. in the northern Kyushu, Inland Sea and Tokai re-
gions, in Mar.-Apr. in the northern Chugoku, northern Kinki, northern Chubu
and Kanto regions, in Apr.-May in the Tohoku and the Hakodate regions.

Environmental conditions under which the ice goby ascends to the river were
examined. The water quality of the river is as follows: BOD lower than 2.3-2.7
mg/1, DO higher than 7.7-8.8 mg/1, NH,-N lower than 0.14-o0. 78 mg/1, NO,-N
lower than 0.015-0. 04 mg/1, PO,-P lower than 0.068-0. 11 mg/l. In the Muromi-
gawa, the average water temperature in the early period of the ascending migra-
tion to river is about 7°C for the past ten years, 1975-1984, when the sea and the
spawning area become almost equal in water temperature, and in the same way,
the water temperature at the high and the late periods of the ascending migration
to river is about 8 and 11°C, respectively. The ascending migration to river is
active at night in ebbing tide on the flood tide at the mouth of river and in flow
ing tide at the fishweir site. The ascending quantity to river increases when the
water temperature rises and the amount of flowing water of river decreases more
than in the preceding day, and the duration of sunshine is more than 5 hours in a
day.

The maturation of the ovary progresses rapidly from the late March and the
fish spawns between the late March and the late April in the Muromigawa. The
water temperature at the spawning period is 11-14°C. It is found by the exa-
mination of its alimentary contents that the ice goby doesn't feed in the river.

The spawning area in the Muromigawa is situated at the river bed of 1.3-2.4
km up the river from its mouth. This area is a tidal compartment where salinity
is variable between the low and high value. The main spawning areas are formed
at three sites in this area. Environmental conditions suited for the spawning were
examined. The river bed adapted for spawning is well washed and is less than 90
cm in height of ground which is not dried up even at low tide, and its bottom
material is well pervious to water and many fist-sized stones for the spawning are
present in its place.

In the laboratory, forming process of nest and spawning habit were observed.
A male in an aquarium taken out sands and gravels from the underneath of the
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stone with his mouth during most of a day. After the entire procedure of nest
preparation is accomplished by the male, he puts out his tail from the entrance of
his nest and weaves it quickly. As soon as the female enters the nest to respond
to his actions, the male closes the entrance by gravels with mouth. Weaving of
the tail in the male seems to introduce the female into the nest.

The female spawns 380-650 adhesive eggs in a layer mainly on the ceiling of
nest. Considering the number of matured eggs in an ovary and developmental stage
in an egg mass, these eggs in the nest appear to be spawned at a time by a fe-
male. After the spawning by the female and nursing of eggs to hatching by the
male, the parents end their lives in a year. Developments of eggs were observed,
and their tolerance to water temperature and salinity were examined. The relation-
ship between the mean hours required for 50 % hatching (H) and water tempe-
rature (8) is shown by the following equation; H=1408.1 exp (-0.0756 0). In
the Muromigawa, hatching hour from the spawning is calculated at 245-360 hours,
because the water temperature at the spawning season is 11-18°C. The optimum
salinity to develop and hatch is lower than 8. 4%. The newly hatched larvae
show a positive phototaxis and rheotaxis, and come out to be induced by light and
flow out to the sea from the later April to the early May.

The larvae grow, feeding mainly on copepoda, at the lower layer of the river
mouth and the inner part of the bay until the next February when the fish as-
cends the river to spawn. In February, the ice goby attained 42-43 mm in total
length retains still larval form.

Morphological changes and flextion points in relative growth to total length
appear at 6-7, 10-12.5, 37-38 and 42-43 mm in total length. Only at 42-43 mm in
total length with which the fish enters the river for maturing and spawning, the
ecological changes are recognized. On basis of these results, the developmental
process of the ice goby is divided into two stages; the growing stage with larval
form, and the maturing and spawning stages with larval form.

According to the present studies on the life history of the ice goby, in order
to propagate the ice goby resources, it has been clarified that it is necessary to
conserve the environment in the sea where this goby spends the growing stage, and
to prepare the spawning area in the river. The values of the environmental
condition to be conserved in the river and the sea were indicated. Furthermore,
through the experiment on the preparation of spawning area in the Muromigawa,
it has been found that removal of mud over the height of ground where is dried
up at the low tide and setting of fist-sized stones in the river bed are effective
methods for preservation and propagation of the ice goby resources.



