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oA Leucopsarion petersi Hilgendorf 34E
#50mm ONHEONERBEET, boEIRE, B
REFFOHFHRD SR ICERL T3 (Fig. 1).
ZDHOHLNEAN, PUE, ST, WEEERO
MRICERT DS, EIWCm)icl L, Fis
TENT2. HEENCRIBIBT, §1%Es6
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AR DL AEREIOTT AR, B o B SR (&
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L, ThoDmRIES SHEHEIC > TREL
7cdDTH 5,

AICAB I L, T OWEOIY & BEESDRE
ZHONMKELEHIZBE St E L mils
BHLLETZ., &/, RERERSEDR)NEZR, EH
WFE, AREMEEEE, ST KB iCER0mE
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Fig. 1.
A, male 46. 4 mm in TL; B, female 50. 5mm
in TL.

The ice goby, Leucopsarion petersi.
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Fig. 2. Map of the research site.
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Fig. 3. Daily changes in the catch of the ice goby by the fishweir in the

Muromigawa from 1975 to 1984.
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of the ice goby by the fishweir in the
Muromigawa.
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NATEROBRICELBHLTHBTEBED 5 N
7z.

LS, BUBRICBNT SAHORO b -
720, WEFT AN ELENENEND >7DT, &
HEBEE L OBBERE L ETHEBOEE, &k

RO TR B = DK % 1975~1982 £ 4
EECHET 5 &, SS Ky COD 3 BT SS 10
mg/l, COD 2.8mg//, ¥ < SS 9mg//, COD
2.2mg/l, PEEET SS 6mg/l, COD l.4mg/l T,
DTN S 2 OEOENPERIERIC v o v 4 DBHHBE
ot GREITHAER, 1983). ¥REE TR COD
7mg/l PLF, Wk 0.026 mg/g LLF, RGEER
8.2 %LITFicy a4 DAHMENATRMD > 7. K
i, vowd oWt oF e EERAR QR DI
B3 1973~1983 £ KHE % 4 FHfili T Table 1
R Lz. chuc ki, BOD O EREEMEDs 1.5
mg/! OEHES) & L 7mg/l DRI EDS
»onzghs, 36mg/l PlogsB)IEEEME
BasnEH. NEPonT RN EHEEFIIT
B X 0L, BEBRBERV. TOki
SS, COD pEWKEDBOREBI Y o v A%< 4

L, CHICESKEDBRNAENCHEL TERYT %
TEMRED LN

Plokdicyayaid, bBETRILEERSH
REBETRAHEL, MEROEHETBEHOKED
BOIEICE CERL, A RIICE <RI ESRE L
T EMYP LI oI

2. B &
1D —HEaE

RAEDHBIZMEL, PR L, HEERELERNE

[}
GENKAINADA o
J

(J
d A o)
oV o ) o
o (J
d . /0 ‘
7, O vd.
I 2 o/° || FUKUOKA
«
o0 z
Do Y y'; .' ARy AQ O Tataragawa
Kamogawa Zuibaiji
SAGA I gawa A
I zumigawa X Mikasa km
Muromigawa gawa\ 0 5 10 15
Nakagawa \

® : distribute

KYUSHU O : not distribute
Fig. 6. Distribution of the ice goby at the northern Kyushu from Karatsu

to Munakata. Open and closed circles
disappearance, respectively.

show the places of occurrence and



vayxoEELHhE 139

Table 1.

Occurrence of the anadromous ice goby and water quality at the mouth of the river flowing into the Hakata Bay.
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0.05+0.02
0.15£0.02
0.44+0.16
0.45+0.06
0.12%0.01
0.05+0.01
0.43%0.09
0.30%0.12

Muromigawa

0.10£0.04
0.24+0.01
0.71£0.17

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

0.14£0.06
0.78+0.10

0.90£0.05

1.7+0.4
3.6+0.7
8.4+1.5
9.5+0.9
5.5%1.3
1.5+0.3
10.6%+1.3

7.2+1.1

10.0+0.6

2.7
2.7

2.1

1.84+0. 33
4,19+1.29
4,490, 64
2.08+0.02
1.12£0.10
4.22%0.57

4+0.5
3+1.0

6.

Tataragawa
Mikasagawa

Hiigawa

1.58+0.38
3.45£0.96
1.06+0.09
0.12+0.06
2.63%0.45
3.54+0. 64

5.

0.74+0. 08
0.29+0.04
0.10£0.02
0.74%0.15
0.64+0.21

6.4%0.6

1.0
0.8

Nakagawa

Zuibaijigawa

6.9+0.7
6.6+0.8

Kanakuzugawa
Jurogawa

5.75+1.04

Ve REROEPPLEME, BRIGHEA/NESL, RE
REBRMEECYEL D EN. FEOTWEICIZ 15IOR
WAEHE T EXNT3 Jordan and Snyder, 1901)
25, TORTEIC 6 ~ 8 RHRHAIL 252 L, %
DOHFICEFETIR I5~16 4, FTHTR II~I3ADK
pEAs 1 Ficdl &S, EWHTIIREADH D X4 3. ¥
Bl O RE R CE BT B 5 O ey LT (Suehiro,
1942), ARED b DRI - 2RIRTEN. ~NEH
D% ORI PHIEL/ N E BT BN, vyru g
BHRT 2L CERPOEEDO T v b VAT,
REORBIREDHMISNEZ OND. WAREL, EH
O EIE T ISP E I 5. RRicdsisi. FEE
WEMKALEEZ SN Z/NLOFIDBIRES L, &l
b R/ NFLE D 13 2 TSI AT - T33~35
b5, GHIERAT SARDIZIFPRIFICEIRTH K
WTHARENhS., B 1EEERE, BEIBELDE
FrothE s, WEAEIBELELDEN. BEE
FiF LA ELT alcian blue 2T iIcE L LT B &
SIREE & Ebii. IIFZ&EDOhIE 3T h
MFRBEOT 3. WERESHLED 10~12.5%, I8
MLS~I0. 5B TRED. [FEEZLED 4~5 BT
BHTEL, 4 FORERTHRMIRE 23725, B E LTH
RENTREL. BERERECTOTPIIXTS. &
BESRPIL 12~15, B SR gL 16~19, JafEsdiud 12~
14, Figis ITPIE 85 14~16+17~19, THEEK
IIEHE 14 & BHE 20~2] T -tz KFICREBESR
faseR AT 555, BROBRBIIEHS T, S
filEEES, MR Z 0% ENORMICHKEL, P
TIIEEMBHR T & B T O IEPIRIE & BIgHED
SRIEETIK I ~2DaFhd 2 fh, ILFHRICHMmEE
IEERIEDER, Pk OBERRICR->T1FH3
KB ERO. AR TRIE HEEOEEE FHEFO
— I BEERBED ohi

COXIE, ABRABOEZ ONLEHOFEE I
> T, ERE, BeaaRZidisl, ¥BHT, &5
ICHEDSTEIEL, WD 1 HTH 2 M, JEEINET,
Rt L 7o BB D 2 5 O HE78 &5 DL RERIRE
BB 0, SETIEAN OB OFEERL T,
2) T & BREE

vevARANEM LT IMMIcEs &, ok
M & U TR QIEIRIC 2 A B m s 1 5]
CHBET 2. COBRRBRICERL TH3KIKES
shd, WERNTNED 2 ~3@EMEL, mINTHR
BT BEICIT ALY 6 ~10EN H5N5. KT
BT 2 EMUNIATERENERT 2. Thonst

+ The value of water quality indicates yearly mean=*standard deviation.

* Volume of the outflowing water at the mouth was not determined.
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Fig. 7.

Measurements of body parts.

a, Total Iength; 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.

B oD oN 5 MMED i hic, D ELE
ZEHOPICT 200, KEHOESPHETEEEZN
FEL 7. EEMOES OWE R EREE LM 2 EEK
BT TS ~IS I FEL L ARIKO0T, 1/100

Table 2.
the Muromigawa.

mm B /) F¥RATT- 7. REH(LE Fig. 7,
e 40 B MIEFER & MERAB o MO B
EiEREA Table 2 RUA.  MERHIHERTKE
{, HEWOLRTIHE BENE THETH
2, MiEE, Wigs EEE, fR7LEE, %REFLHE
@, _REERRE, THEMET #ELS KEOEEBSE LN
7. T3 b, WEOEEEZRDLT THERE LHEM
&, MiEORE SEZELTHER L MESICENT,
HEMSHEIC e TR & VI R 2 O EHTH &
SMRHICBIRT 3 bDEEZS5NB.

3) MR & BEREE

SN O BB Ik CE RN L EMS)N R UEE
BicESRNEmElo4mloye st (WFhd
1984 45 3 A 16 HICHI O RREIBICHE S i ©73
THRE) K20V, FEIEFTE L i oM ERNE
FHEERBICRIEL, %O & 5 HERE% MR
KR L7 &40 RONERE & Mg oMERSR
Z i3 Table 3-1 iz, HEi3 Table 3-2 w/RL 7.
MEEplicd % &, BBSBROBERN LERFNITE 25

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 1.45 —
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 +
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 —
Vertebrae 34.25 0.62 34,35 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 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

Muromi- Zuibaiji- Izumi- Kamo- Significance test
gawa(M) gawa(Z) gawa(l) gawa(K)
M- M- M- Z- Z- I-
Mean SD Mean SD Mean SD Mean SD Z I K1 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 8.62 0.27 8.44 0.20 8.39 0.35 — —* — % . %
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 — — — 4+ + —~
Caudal peduncle depth 6.66 0.25 6.61 0.14 6.450.20 6.600.10 — — — — — —
Pectoral fin length 11.10 0.30 11.50 0.46 11.34 0.38 11.23 0.4l — — — — — —
Pectoral fin width 9.50 0.37 9.53 0.47 10.15 0.44 10.52 0.86 — + +% + -+ —
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 1.05 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 — + — + —
Lower jaw width 38.96 1.59 38,40 1.50 41.25 1.8838.93 1.72 — + — + — -+
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 ( +)

MEHEDPTNTIC ZRD SN h - 7o, Bs
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HERETHRBICHIBEN S ONE. DX SiIFE
CEBACHRATZENI~NELET 5 Yoo 413, BiEE

BEAEENTOD, BELILNETOEET SN
HETRIZ &, MHE bICHEERED SN, M
BT AETERRBEDS B 5 d D EE X B,

EoIL, BEHO Y e v A ORELESE 7519,
LEREHRBEMIATT ORI (198345 4 B 24 1 42,
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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- I-
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 43.79 0.78 — — — — — —
Head length in mm 7.99 0.26 8.07 0.29 8.04 0.27 7.890.23 — — — — — —
Percentage to total length
Head length 18.150.30 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 53.88 0.53 — — + — — ~—
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 6.790.25 — — — — — —
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 4.72 0.20 4.58 0.29 4.63 0.27 — — — — —% —
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 0.61 — - - - =
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 (+) or not (—).
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Table 4-1,
mouths of the rivers in the three regions.

Morphological differences among the female ice gobies taken from the

FUKUOKA TSURUGA NIIGATA Significance test
(FU) (TS) (ND —
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 —* gk 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 length 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 - —% %
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 1.71 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) (NI) ——————
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 + 4* -
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 1.15 + -
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 1,39 38.15 0.80 37.77 1.35 + + -
Lower jaw length 33.67 1.48 35.66 0.67 36.74 1.92 +*  + —*
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 0.62 350 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 Feb. 13, 19 Mar- 910 - apr 1415 Total
Mouth of Total length in mm %‘eﬂile O e 50.37_;1.67 ggggﬂgg
VOB Body weight in gr. Male, QDO 03005 ok 05500

Feb. 9-19  Fe0 20~ Mar. 28-Apr.
. Towlleghinmm Ml 30 ol garee 6en
T mwwemne b, GEESY DUILE LERR BRY

* 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 theriver. 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

Biginning of decline

Year than 1 kg per day of catch
Date WT(CC) Date WTCC) Date WT(CC)

1975 Feb. 5 8.2 Feb. 25 7.4 Mar. 22 10.2
1976 Feb. 5 6.8 Feb. 16 11.1 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. 15 14,0

* In 1979, the catch was not more than 1 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

No  Decrea-
change se

Catch compared with

the preceding day Increase

Increase

No Decrea-
change se

No Decrae-

change se Increase

Year 1977 15
1978 16
1979 11
1980 10
1981 15
1982 13
1983 11
1984 17
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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.

SEfEEA Table 8 [WRL7. Thicks &, #ke
YK TRYOKE, HKREBKTREKE, BKERK
TREKEBFT2EARES P -7 ZOkI il
o vy A REESERIFLTH ES 3.

Wiz, WOMS LSkm EHRORIIBICBNTRR
O—2%2ANT, BL &BfoMO%E kke Fim
EWEREL, BbiAL Yoy A DEEKEEY EDOH
BICONT BELK. 198343 5290 0 1SEH D
FIHD ISHETOM, 2EMMBTEROEFET
Vv, EFEUHICA - BEE0e #EE BTEKCS T
T, MR, Fig. 14 R U7z. Chicknid, |
QiR E R ->T, PREOHEAETRBELERIEEO
LUHEICR (BN, TUBMEBRLEMI SN, B
THEERE EEECES, BRCRDRVOD, B



148 BoF B —

Table 8. Response of the ice goby to fresh water, brackish water and sea water in a
Y-maze with time. Numbers show the mean of responded fish in five experiments using
ten individuals. 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 T-test
1 5 10 (min) (after 10min)
Fresh water 2,7 7.7 11,0 .. .
Sea water 0.7 4.3 6.7 Significant in 0. 5%
Brackish water 3.0 9.7 11.7 P :
Sea water 23 6.7 9.3 Significant in 1%
Fresh water 2.0 3.4 5.0 .. .
Brackish water 2.2 5.8 9.0 Significant in 5%
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Fig. 14. Diurnal changes in the number of WAV OHBHEEAERIC Table 9 WRLA. O
ascending and descending ice goby, and tide ; 5 P .
at the fishweir site of the Muromigawa in RER, REBOMIRICRIERE BDT B EHF L,
Mar. 29-30, 1983. Solid column, male; open KEORDBICEERISEINT 2 C NS ERNEE
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Table 9. 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.

Flo;\r/etégg}gzr%i ywlth Increase Decrease

Catg}e fé’dlﬁlpgarffywnh Increase No change Decrease Increase No change Decrease

Year 1977 2 2 6 7 2 3

1979 4 1 6 8 ! !

1980 5 1 1 2 1 4

1981 3 0 4 I 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 =5hr

<5hr

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 11 12 3 12
Total 134 33 90 77 19 97
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ki, M, RRECARERLSSEETECE
BHEHEMEL .

4. %

W EROMERETER LW LB O EERICE T3
FERARRIC DN TR 21T - 7o,

%9, tHAEMEHOM LT D, B, AOE,
W Erh ORISR CEESNE THRE L 2 EAROHLERN
B AEL, zofER%E Table [l WRLZ 20
R, B0 b OREE L 10 BROL THENOHE

%, 2EESEEEE, | ERSHEEESEEOY

EZEELTO, AOEOSOTRBELLISHE

Table 11. Changes of the alimentary con-
tents of the ice goby with the habitat.
: Mouth of .
Species Sea river River
Copepoda H + -
Amphipoda H + -
Rotifera + — -
Polychaeta larva + - -

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

e, DEGED hOREEE WHEE DT HICEEL,
FH ORI L EINED DT FAEL 20 E e
TIHILERARYBRED SnEh o7z, TOX 5K
BOvavAid, »OMEERLCEES S, "l
2 lda L, BEALBBELENWEELLONS.
RICERKEITBNT, PRETREL LYoy
ek G4 1%S), K (8.9~24.5%S) KRU¥
K, HELTTFATFITHEEL IV vyakBEZT
BEER LT~ 7. BRKPOYeyid, BOEME
TREPHICEE®, BIEHIChT Miciy T#t
L, —BD 3 bt RBBEZMIILEHORIEL THRAT
5. UL, WKHTTHEEEBEICELEAR, &
LALEEYYS, BEECHEHE2E5Z5 LEESARD S
NB LS s. BREPOEPERICA - MR NE
KPTH EBHELEL -0, BKP24.5%S ko
EXDOMRIERE CHEESZ 3 LIBERTEHEET-
7z T b ORERIE, HLBEABTYMRD SBIHER
LRE-FKL, BEALIOCERAHLYI IO
BEEET RSN, ERgovuy i3
HBRET T L THEEER, BEORRESETH
EOTREERL -ERNH 5 (KRS, 1982) 2
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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.
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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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Y3 S0ETTHTH = Iz,

wic, ERINCHINT 1982~1984 4D 3 H 20 g~
4B 20 B0RIER, BERNEERT- /. EREE
B ERNOFYUHED & FTROZRBEZTO 1. 2km
OFEFEXECHRITIEERE L 7 BROAZBEZIL, I
ROFWERETZC LICE -1z, BOOIPRRRR
1982 4As3 H 29 B, 198348783 4 30 |, 1984 487
4H8BTHY, FILL>THEDOE NS -/ &
E£0 AFEKEEAZ &, 1982452 H 136.8°C, 3
Bz 9.6°C, 4512 12.3°C T% v, 198342712
6.2°C, 38129.2°C, 4R 13.7°C Th - =DicH
LT, 19844828141 4.6°C, 381z 7.1°C, 48z
12.9°C Tk, 1984ED2 A & 3 J OKEIMEL.
COEKEBENERL T 1984 £ 0 EISENLIZSD &
EZohl. ERBEKEEOEBREERS D, 3
FHOBAOIIEF RATE 2 A OREKE L Liks
% &, 19824E13 11.0°C, 1983 4843 11.7°C, 19844F 3

1L.5°C &b, WII'C T LEMMTOLhBLC
ESEHOETE - T

PLEoR, RN Yoy 4 BMERNE» SIRE
DORRIET T 5 T LHSRBERICED dhicds, &
TRES ISR A TR E R D &5 3 A TAI~4 At
Hicfibh, ERRE3IAR~4ATATH -7, %
7z, EEFRICIE M8k & ERk i KESAE LBERL, B
I1°C ieiz 2 LESRDAEE D, | [EIEINTH S30 kL B
B EBPEOMEL - T

2. B M

1) EESR

vovdid, WRNTERLUTERT S, Z0OE
RIS E BEICT B 729, BRI BT 1982~1984
FOEIC, BIIROSHEELRE L 2. BENK

D 5N HE RO SR OEOEEENE (100 57 b/
m? Pl ) %4530ic Fig. 18 K;RL7z. chick s &,

{_J Spawning area
Main spawning area
%% Sandy bank

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.

BESR IO 580 L 3km EFROZRE &5 2. dkm
OFEIEOMICER S L, £ORKIRNICEEIER
JAamE@YoNhi. DS b, Table 12 iRl &
i, BEWIMOATEIFBEMIRESEL, 19844
D4, 4A8HKALN, ROTHREOBTAH
1l iz, THEHDOCT4H 20 BICENIEEE - 7z,
O EMIT 198242 & 1983 4£C 4 i shsz. 1982
FEORETCHERERALINBOBELERYD, ZORKR
% Table 13 /R L 7. chick3 &, 3H258iIiE
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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
C 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 | 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.

TREEINE L, BREEANEISRESHh, ZO0BE
RSB, EIREH 0N 20 A% OIINRE
BERRIIFATERLAEESRD ORI, THhED
BR, MELkyeoid, FLERMTERE, BN

L, BERIIBRTRTHITH>C L EEX O
ESHEORBEHEH O, ICT 51D, KEIZES
LK, EEZREMR COD, ik e
BLHMBEAIE L. KB &HESZ 1982 4L 1983
O EHMICE I 5 KR &/NEROTH LRI
WL b, KEBRIERBNTEEASENBD S

- hlshote. BAMCOWTR, Fig. 19 WRLAKS

iZ, FNNKBOZM,M -7z 1983 £ T, EIFEOLR
DYRKIR &1L > TN B D3, 1982 T, WKL >T
BWADEND LN, BEINEOE S KE ORI

BIERT20.7~30.6%S L5450, =DM
19.8%S LITIKETFT LTz, MEBOZBNFIEZRN

T, BESREOKERBDOENBELTS. TOH
B 5 Fig. 18 T/RLIZESIC, REDEH - 72 1983

lowing .
Tide water Little Much
March 30,1982 97000tons Depth | March 4,1983  384000tons Depth
inecm
High ¥ v v ¥ ~—10
9 . 0 0.4 00 0 o
10@ H1oo
Neap
Low 10 d ¥ v 710
° 2221 0 . "
. o }100
April 10,1982 160000tons March 29,1983 198000tons
020 10
: ¥ v v——y—v—10 1 ¥ * v ~—T10
“‘9“\, Cr 8 A
3wmm oo [0 26NN Loe o, f00
Flood
— * — 70 5 - - ~—0
o 530 ’ $3355eJr00 Yoo
286 136 £9.2
Distance 0 1000 2000 (m) 0 1000 2000 (m)
from 4 .
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 Sulphid COD Amount
St. : loss in ulphide of egg
>4.76mm Granule Cscﬁlrge Ez:g?i Silt Clay %. (mg/g) (mg/g) 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 +
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 11 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 ++

FEREESEBBOEL D TREETROM LA,
Y, BEREOFENBERIER SN, LHEEICENR
BETHAMCHEREN D LEES LS.

WRicERNOERGOMBE @EUEERHS>OS
%) LEBIONTIE, 198349 7 4~ 5 gickifes
%, 1982412 B 20 Bic Fig. 20 iR L 7= g0 s
TEEZHE L. KEORMERICTHYS 2 s
140 cm Pl_EC, THIS ICREK 3 2 HidRE 13 90 cm 2L -
ThH, KEOTHEHCIAKNICERTDMIHER
Eha. BEEOMMTRER & EIFRIE Table 14 1R

S
7 x
,fﬁzy
ﬂt{g/ st.2
./_5‘.“‘{;?—:
L6 St.4
5.7 St.5 — 90
St —— 110
‘;s?.‘s xee" 130 cm
b2~ www Fishweir
? 100m
Fig. 20. Map showing the research stations

of bottom materials, and the height of
ground surface.

L. BE L7 9IS D 5 b, Fig. I8 IoRL &S i,
St. 2, 4, 9 FEEIVEO—IBT, BWHTENNL S
WiBHThs. 20 EHZBEBL LD KERS D
70 Ll L, kiR 4.76 mm Pl ORESH40 % PR
5%, YW ERERRS~TBEDENED, KE
Uk, BEEE 3.0~3.8%, COD32.4~5.0
meg/g ZRL, FAtEiR0.012mg/g PITFTEN.
St. 1, 5, 6 ZEBTRISOHSEIISSSNIEFRT
2. zOBEBINEMARTREESAXL, KTL
DEESIIE NS, Vb EHTARA~T BT
9, KEBELIZELIRN. BEBE I 0.6~2.3%,
COD |1 3.2~3.8mg/g, Bi 1k #1183 0. 005~0. 006

mg/g ZRL, {E. St 3, 7, 8 ZEMMNSL SR
WIBATT, MR LORNERSNDIEL, bt
T8 ~16 BLEI. HEARBEIRZL6~3.15 T
OHIRE EEAL E X RA, COD i3 2.7~7.0°
mg /g, Fib¥rEi 0.028~1. 63 mg/g LENEEF

L.

PIEDFERM S, vavtOEPEREIIEREE
BTHLRPMT, 203 XBRMNCBNTE, FH
BTHEAKT BB Ocm DUTOHEKTH, 20
BB, Y rRTORERSNTBLULTEEHEDT,
BAKHEEDBEL, W mDIn S 2, ERERETE
EDBZNERTHS. COLSERICENT, v
U AR LTSS, HERERL, BRI EB8HS
hElE o7,

2) HHH

WARETIT BEO ML BEETO #h o720
T, RiTRICEAZNAELT, 20TH2EEL..
FERJTI98244 H 2 BiciRE L X 10 BikE
EEDIRBHRO 60x30x45em @ 45 Zkiliic i¥
AL, ¥8cm DESOWHBICEIKE L TSRO
BRYTED . BERIKE Yo v+ 2EERD
FRTI0ME 30 3 B T, =0 B, RETHE
Fig. 21 iWRL 7. HRIEBDKAOTOBHZEZL HA
TEOHLU, BRPBOED. S DAIBORES
BERZ Smm PITE, | Eicd b2 2080 2mm Pl
ToESR2~3MH, 3~5mm ODBERIETH-
Fo. EEBABARA | ~ 2SRRI 3R U 7o B & BESRRAR
LRBEDRBER L > THROCHAONER SN S. B
O WMATEIR 1 ~2TRTL, HAOD BRI
0.5~0.8 cm TH FICBEfT 3~5cm, |§ 2~3cm, FX
% lem OESREMSHE LSS (Fig. 21-A). EfI=
PRI 5 &, BIAORERERUCANT, BB
ML, hEAERRIRETEE 10~30H DEL,
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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.

ke x BEE M UL BET2 TR HEShE (Fig.
21-B). MEMSENICHEE T A &, HESEEER/S IR ERIR
POWL, ENENREFERT S (Fig. 21-C). #f
M, SESRERICA S &, B, ERER
OBHAEL HAT, MADZLE S (Fig. 21-D). &
Hofic, HOMEL, &<k NOWHs FRkEFS
3. BEERARETHERTTHHBARLIZNE
&, MFnCH B REED, WOARNS B T TH
B HENREERT 2. ERER |EORICIEER
REY, GORESP FADEE KX »T I EL
D, KEORPEABEOE VIR ER—DRILEL
DOESPEBHR I, BERLERKOENSEOTICL
Bl ggsh. ERZOERD HoFH P it
OHEN BRD BERlIC 8659 % &, EBHRDOBEIERX
S BEHEHL, BICRBRADNTEBNIADT &8
55H, BHOLRELBEDLNLIN. T, F+H35
Prerogobius zonoleucus Jordan et Snyder % ifi% B
RIS, HRBERELSY, BRMCHERN

EHREBTNE (B0, 1961) 28, REREDHE
BEHTNE L, BKEOBOERICSE I 5 EINCK

LT, BRELHSSTEILEST, Efh oHMEND
i iEpic, MRBOHAEENOFEGET T3
bDLEZLLND.

3) E

4028 EBETHREEZL, 4A3BFRTTR
ICI3 A O T H IR O BN ARD S h .
SRAFAERRB, O8] S BEENS N/ dDEHEXDS
N, EIN%OUER T TICESIRIACH TS, B
REBENNT . TOMIRPERY, FRIIAHEAK
BEELIREERD, BRELEPEBROEINEHHE
BoRGEEEMNEE L ->Tn . BEBAED 6 ~
10EO= MO E S REARRL, BHORE L
EDINEL Y, HETAEKSD -/ BIKTH
RARERET, KECEREHELZLZCENSL, 38R
WCEEBE L . ‘

MR, EIUROSHIET 2 LEROBHEL DATH
BLIEMNS, BAMNELSNRET, o LET
Aicliac s, FMREEETS. MLk, HHE
RERACHI B 08, MEERMRICETEZIRPEMD, FHER
EBEBIKE LD, THRRERTRECEER
ZBT EMEL, THRICHEEL L.

vy QERGHMER S ORMIBICER EhS T
EAERBU . EIREESBELOBMBRBEIONS
DT, %K, 9%S, 11.4%S, 22%SKV34%S
DIESBEDORR B REANIKE BEBEDD,
EOICERS~I0cm ORE2~3ELE Yoy Ol
Heag i 5~10 BANT EINERET o7, 1984 4F
3R 25 Aic EBRBIEL, EINOEREEEEEL
fo. 4 A 10 B~16 Btk RICUA L i 6 B &T
MEESL, 4 14~20RAIKI%BSKRTSRHIR
M, 4F16~20H it 11.4%SKTI0RG | RS E
FRL 7248, #io EESX T ERBBDONLEH -
fo. TOX Sy oy i BNREIRICENSERRT S
FEE L TIESBESEFICRESZBLTNET &
NhiFons.

WiICERICB )5 EINRIEE 198344 A 26 HIC
MELE. 9, EINKOROAREEZ R %
D, FEIVBITENT, 50cm HEBHNO BES
15~20cm ¥TIBIF2 lomd DIED A2 TOREEN
ROBEEHE L BOBERUBREEZREL, AOKE S5
DEFVRIEE 10 4T ME L 2Eicd LT, Fig
22 TRL . ChitksE, AELILAD 55,
40cmd DITOLHLED 68.4 %% LD, EERDH
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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(%).

2R S/NEDRICENMEMDD - 12205, EBENOH 3
INEDORIZEOHREICK T % RE L, BRI
100em® PlLEoAI #hREL EIFSh 2 HEl bd-
Jo. B, KEORBELZEOEERNWSED S,
N HOTII 18,000em® @ F ic 12 JpisRRESh
7oo R, EFROADKE S, MO E SRUE
EIFE Table 15 R L. JIMBE DES,
BAEE L, RKEIFEFXE3I~4cm, HX2~3cm
T, JE—BIRESS T ENTH . 1SI0SR
AOKRE SICHBHIL L, 250~695 %z, iy 498.2+
HA TR ThHofc. vo vt OIBEAOERAINEHE
BS0LTTRTH 2 T LARBL A, WEIDENVE

ZRL, 1IDSIBIER CINREBKETH e &
bERT L, EKOMIED [EERESNLIOD
EHohic. '

PRI PR EZE M D 9 20cm DESETRASH
7eds, KA RLWRO—PHMBE >R ICED LN
7o WIRERMED S OEEHIOIEINEE Table 16 iR
L. Thick &, Scm DIBOIIBTIRIEIFRDS
B, WIS BWEEZTNEY, ELRBKOWTE
WIESIRAERL, REE EIMOEENR - 7.

Ricy v v+ OERFRUIMRERICE Y 3 REEH
ELf. 1984£3F29L 48260 RiIcER)IOE
IR THRPBL 2 =MEFCTEERELREL, 20
COHELERBY =R~ BEShLISBO A
1%, 7 = Plecoglossus altivelis, v 3 ¥ Anguilla

Japonica, F v 7 + Carassius auratus, z 4 # 7
Zacco temmincki, 2 A Y K5 Liza carinata, R X
Lateolabrax japonicus, v 4 5% Leiognathus nucha-
lis, <,~¥ Acanthogobius flavimanus, 7 ¥ an¥
vy
annularis, ) 3" Chaenogobius castaneus, ¥y

Acanthogobius lacticeps, Chaenogobius
# Leucopsarion petersi, 53 7 Tridentiger obscurus
obscurus, = =o' 5 Platycephalus indicus, RXy 7 &
Takifugu niphobles T -»7=. TD>5bvuav+DHE
BREBELTOLEERIY ¥, vy e, F¥F7K
V=70 4BTHY, v+ FRERPOYayt L
EERfEHaL TOk.

VI SRS & B LA D4R

L JRRHE4LE

ST DIZ, BRI THREL ENEHR DO
BB LKA CRESR L 582 kiR 16~20°C DZRRT
04 2dem @ ¥+ — LICWAELT, EHEEMET,
25~504% T -7 PRAIZEEIRIB %= Table 17 &
Fig. 23 iR L 7=

BRRORERINZ BX0.93~1, 18 mm, 4§ 7% 0. 84~
LO0dmm THEZLROTLICHEREERZLTHE.
EE® O (Fig. 23-2) bBRET -3 bTRE
MET, BEO—IFICEH 3 BROMERTEINKICA
E9 5. MHIEREEBHT, HIFEZED TR,
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Tale 15. Size of the spawning stone and the egg mass, and the number of eggsin each

mass.
s : Size of egg mass
No. Size of sg;:lvsx;mg stone Number of eggs
Major axis (cm) Minor axis (cm)
1 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 3.11 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
different depth from the bottom at the Muromigawa.

Depth 0-5cm 5-10cm 10cm<

. Range Mean Range Mean Range Mean
Percentage of dead eggs in an egg mass

0-16.7 3.9 0-22,7 8.4 4.8-850 32.8

Table 17. Embryonic development of the ice goby.

Time :
Figure .
e, ey (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
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Fig. 23.

PRSI EESRES > b E L (Fig. 23-b), KBEL
58 (Fig. 23-c, EEOP 1 KR 1S 40) i3, BR
3.2mm, &%0.8mm ONFHEEEOERTRIE IS
3. PRABATEIKICETS 3/, MM
ERORMCRAEL, BRI AERMICER Sh
3. OISR (Fig. 23-1, %17 KK 2&T, B
i3, EPEMAERORKAmIC, Bl IRETHE
& (Fig. 23-h, 46 B8R, IREIIEBERD
TIBICRRETH 05, REMSETT S ICHENELR
h, BB CIREZETAE (Fig. 23-j, 928 M
B BELREL, IOICRENETTZ EHEURELS
35, BHMOMEMNN (Fig. 23-k, 40EH) «
RBREEEERT BEEZET. COE LESHEE
3. BEDAEIFHORRLDEL LD, RBIBisphds
% (Fig. 23-1, 270 B5R048). C OEERHR SN,
MFEBIE L SED bh, BEEERCHIT.
BLES o F&R (Fig. 23-m, 390KHEH) B4k
4,4~4, 9 mm, FiF 4, Tmm T, FRIHEEH. BEEE
FITEEE S b0, BHREROKHHMICKINTS D
D, HERBEIO | ~ 2 EROIFEBEROAR
ZRLTEETS 6 ~8H L% DRIFOHERIC 1 7]|%
W RED 1 ~3 @B Lob 5. BT 13~15+
17~19 TH Y, @B LFLHEBIRILELTHS.

Developing eggs of the ice goby.

2. SIRHA L KRZRUEDT

1 K&

SRS LKA & DBRICDNTIE, BRERET
100V, 60W kb—x—%2HINT, 5 10, 18, 23°C XK
V'26°C 0 5 B OKEERE U TERL . BKIE
KRN THEL BT [B—IRsEH» 5 S05%E A
N, JFAREOHE L BLHEROBLEERD .
EEZ 4 HfT, 20fER%E Table 18 (¢ EHET
AUk, BE®RE, 18°C & 23°C THEL, fi
OKETENMERNED D, LIK5°C TRAEENE
THY, @THELEL. KA PRS0 Bfz

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
cC Mean SD Mean SD
(hour) (%)
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-
ture and hours to 50% hatching.
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EHSNctd 3 ERRic X niE, 33.4% S O%K TR
REHICRATEIEL, 16.7%S TRIEEZETLX
00, BHROSHEECR MR IEED, L
Ei3E» -7 8.4, 2.1%SKRUBKTE EATHE
BICHEL, BEAEKIMLL L. RiT, BHPHERE
Plicd 2 ERIc L hid, 32.4 RU24.3%S DiESH
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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.

>PETEIEL, 20.3% S TILER S 5 JEFEHE
0, EVEEK BLERERLUEN, 162, 8.1%
SEUBKTRBNEEREMEETH T, ik,
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i LRI OBERBABERE OO RBERIL DI LN
BH LN .
TN ODERICEINE, ERICIINRENETT S
B2, BEHMEMORRINIT20.3%S T, F4
MO SDTIR84%SUTTHo7c. ZOXKIICH
EATR Y eyt ORRERERICETES, &<
KREBEOTHODDIEE, ZDEENKEN. v
oy AOME, ECESNKREESTECEER
WU 723, SIARETHESRBEECERELZLTH
3. EESO b ETORIERICHKESETT 2 ERE
BRI ELCERTS vy vy (RS, 1978)
Py (BFHD, 1980) L ETHRDLATN B,

3. BUFROWT

BESIRAWTHME L e FRRIKAD» o B LT, @
KT &k » THEEARTT 58, FMLFRAOETEE:
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FANB D, TFHICHTIRIGEERL 2. ERiC
FEX 120cm, §§5. 5cm, & 4cm ORI,
10cm RCREOMMEN L atReiks, B
#1~3 goFRa% S0 EiEkAh, BEHERAEZEE (100
V, 6A) Kk > TRIENDORIGE Bz, ERIIFEE
RICT, E&20cm DR Ry ML &S ickiolk
Fh 5 50 Lux O3 &C, 30 4R CAUT EHEIT:
ChEL, HAKLZFROKERNIEBTEABOE
{bERDiz.  FROMBBECE ST RCHET OERIC,
Rv54 FRANT, 10cm RigEicRZE L sHkL, ©
Nicz ORR% 3 EHOERROFHET Fig. 26 Kk/RL
7o, chic ks &, BOROBRETRFRAIRIKED
AIICHB L TS, RITHRICIIBHDOY - 7oK
£, BEORRECRBHEEROFRIRLEL,
BEOAMBIRBERBCSWHEINEZRL, Yoy
T DOFENREDOENRMEERT C EBAD SN BL

120cm
1 1

Number of individuals

Fig. 26.
to light.
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.

Response of the ice goby larvae
A and C show the distribution

HBO v ey A FRRESZORBERD, BEHIKL-T
i3, 20cm QRS OB NS bERIMT S bOLHES
ns.

wic, Wdh SEH L eFROBNICKTT 3 RE%E
SHEEA L7, EX 150cm, §g 12cm, KEE 6 cm OARE
K 20cm B TEEOKEERL - AEREK
&, BAKLEL O 0~20cm Kiicikigl ~3 80
FrE 50 EikAR, FE0, 2, 5, 10 RO 15cm/B
T 140, Kio—HholkERL, EXBOMEE
BEHE LU &40iuEics Y3 REBIOMERE
BEFESHRT Fig. 27 wRL7. LKIRED 1 58

Distance from the entrance of water in cm
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T T

r : T
o [a7.3735.48 7.312.7
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Flowing speed in cm/sec
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15-® 01 0! 0710 0 0 1100.0
Entrance Exit

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 1 minute from the start of
experiment,

TRERE T AN 0-20 cm XIRic LS, BREORE
BE L DB . WE2om/BTR, BHERAI
3T, 14%iciE 20£L1360-100cm Rig T
WEh3. FHiCS om/BTRARES, 10cm/BRL
LOWMETIZ BLAELTHEKROEL ETHIN
fe.

P EDEBRHER, FFRIZEIIRD, SXERDT
BRUCEH L, #ikd 2 LHETSNB, BIRIMH
{, EOEREERLIENE S 2em/BHTETHAN
aha.

BN T3 FROWE TR, BROTIHERKICASD
N3 LEESNIOT, BRINCBNTI9824E4 A

Table 19. Daily changes of the number of the ice goby larvae flowing out to the sea.

Dat Ti Depth  Water speed ﬂcyoilgmivgfer Number of
ate me (cm) (em/sec) (XVYO'*I%S Jdayy individuals/ms

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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14 H~5 B 26 OB TS IcFROREL T
ofn. BERANEAEOEIE ERLcEYT, 10
~30 R E LTI, ZOMOmEREK OB BIC
FoTHTOEREEHEE L 7-. Z0FERE% Table 19
ICHAMEORKE 1md Y EERTRLELIK,
WFRAIZ4A 208,553 12 BiciRESH, 20
5Hb4H20B8E5ATHEBENMARN -7 FR&
i, EEEOEONEEZEL, MKk, Mbindo
Lalnshi. c0Ldie, vavrizERIIKC2~
3BiWtL, 3~4 ADERERT, #Lho5H2
HABD4~5 Qi FMLERO FERSBEE~NTRT
L, KET 3.

VI EBICE D AR & AR

FNEZRTLFRIBRTRET 255, BRics
JavunodOREEERBICONTIE REL 8%
V. EZREHRBIZRECEIBRBESHERTE
Pir COBLEREL, voudOERBEREHET S
», TROBEHTY oY 4 OFRERT - 2. BEES
REEBEAEEE L. BEETRIEBMICHA
MEe (IBIESA~IBIFELZRcER IR 2
Fig. 28 /R L7ciAEo St I~VI TR
%2/ v b, 1050 RKEHT, BEHD St. A~C
T AEHEAMEE S0~100m BT T, ERERE
(198245 4 §~19834E2 Ak 1 [E) % St. I~VI
T, 2/ v b, W0AETTN, E5IKBREEO St
A~C THIRMEIRE (1982426 A~198342 i &
B 1[E) % 50~100m B TIT» 7. REGETR, B
OB, OEKO RO 3 AHT 198246 H, 9

v GENKAINADA

FUKUOKA CITY

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.

B, RERUI98IE2FOBEIK, HESELERD
FETHARE WHE) RUERMBREM, RER
WE2/ 9 b, 0B TT-7. FELLERIED
10% ®«=y vCREEL, 48 KEOWELHE
(LERNBYOFEET, REBOE S IIEEKBME
W L EEEOWBE, FATHEL .

L R &

D —ERE
RTFAFARERICCREL, BF0 21K, ®O
BickELCERO-DAN~NELET 3. ZOFov
oy OREEHSMICT B D, REEXOLERD
AR % Fig. 29 Rl 4 BRUS BOEERR
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Fig. 29. Monthly changes in total length
of the ice goby in the Hakata Bay.
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2E S.4mm (FATRMLE I B0LE) i3
L, FERAEY RSN, BEEORROEEDRE
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3. &K 6 1mm (Fig. 30—a, H§FATIRE
{t# 4 BO&R) TERLMEERKRL, REFRE
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Fig. 30.
mm in TL.

5%, ERORROBEERIEERBRIRIC 15214
U, BEICREBRSERENh22HD, Z0XEicd
EEaRBEYohs. £ 7.4mm (Fig. 30—b)
ICRIEREIIERD 6 + S 1L, BHROBIEICHE
KBRS >20H5. BEBORLALE, BFHEE
BREMEO—BERFIA+1IIMEB LTS, £EIL2
mm (6828, ZRINAOPES 1.5km ORETE
) THEEZELASHEERL, HHEERII3% B
B I8 R S, BITERKICET 2, Mg
TRBHBICAET, BEREROLBD NG, £
E12.5mm T REEHNERD 144E730, &8
15.1mm (Fig. 30—c, 6 F 28 F, A¥EHEIECE
8) TREERERENTOROEAEZRNT, 48
KHAHOREEEZS. 28 37mm (125207,
ZRJIAOHMAMTRE) THEESRLZ A, v
U4 & LTRBRAOHEERTY, hBECRBEEDS
T, BRODEOLD, KITEBHTESAR S,
Ao ESEERL T 3.
PEoksic, BRicBI2vro4id6 BicsE
12mm T IZIFMAEE L TO BENSEEERT OO
BE i, mNEELETs 1 088ETREFA

Larvae of the ice goby. a, 6.1 mm in TL; b, 7.4 mm in TL; ¢, 15.1

B, coRICHEABOREREZLY, TOMIFE
JEFR S EREZETT 5.

2) HEMBE

vyoutOlRZ, DHOEREER>THEY, F
B OBAETOEREZRNT, KEHOMTHRES
W B B\E, 48, IME, HEE,
BWE, B 9k AILERE WHRER LEE
REHER, BE, EMRRVCHEILEEICONT, &K
X 5 HAEOE(LE Fig. 31 i KBERUVIBHEE
O#Efe% Fig. 32 R L chicks &, MEHEE
h, BE, LMNERCELEEETCIREDRETE
BROER® Shisip - 7eds, oS OHBTIREMR
BED NI,

R REHICEOERBKE VS, BELED
16~18 %% 5%, FEIC > THEM 8N @R 28
b3,

BE BB E LB REED I~ BEE W E
7208, @R 6~Tmm iR I~I0BETRIOL, &
=880 5h, DSgEREZRY.

B 2R03~THT, fhELERDOE L%
L, 2E6~Tmm & 1l mm icZEE88D50 5.
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Fig. 32.
coefficient of fatness with growth.
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YE BB E SR RLERD2~3B EMET D
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mm OEMATTRBO L, DN, £8 38 mm
Po—EMERS.

TR : BB AROW 0 BTH B, Pk
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FHE  BMRCRAEOKRASTH LM, 2K6
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AE 12mm b EHEANSD, £ OBRBINERZ R
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#gmL, £ lmm ZEl&ERT.

EFTE : BMLE®RDT IR L, £ 6 mm K&
HEREDSh, 28 2mm FCREML, Dk
AED3T~40 BE 5D 3.
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BIE—ELRLB.

BIER : BB EBRE2ELT, EREUTH
D, ERLED 29~ B2 5D, ZF—ETH5.

IRREEE © BLISICIZ 2. 7~3. 0 Th 228, LDIEkNF 1
EmERL, &8 42~43mm TEHEEARL, &
T35,

RE  BEABLE [2.5mm & 42mm @D S
n3.

PR, &< OUEEE CHMBEIcE AN
AHoh, ZThooL2ELRETZE, £ 6mm,
10~12, S mm, 27 mm, 37~38mm KX 42~43 mm
D SPIERENRS >z, TDH5H, FIBLI—BK
BICBOTHEEEMASED S NLER 27Tmm 2
B 4HATH - 12

2. KELAME

BREICHENERBICE(DBET B RESIKBNT, &
BOELN AoNbEEELONGE. COEEICII-
T, YuudOERIcE T3 EBELEHEOMCT S

7o, BREERE D ECRERUARZ R~
WEBIcB 3 v oY+ OREREKIE, BERO
32 Bl BEHRABRET 27 @k, BB 326 O i B
MRE TSI MBETHY, HAETRIREShI -
fo. WBETRESNA Y 094 KBS ERO
3~4 AERNEOETRESNLIDTH - 2.
LhBOHE, EAIRERKKEARIKOVT, B
B#8i3 Table 20 i, HBRBRIBEHRDO SOERNT:
58 Bico\ T Table 21 iR L 7. ERETRERN
WOHMETREOEL, $, HHEFRHEATHE
gant. BEATRI0 A KERIFOES L Skm
D St. B THEHEL, RNT2HBRINFOHT
ZLBEEN. ChODERLD, BEBIKBIT3
va v OHERE Fig. 33 IcRLELSiK, Yoy
i3 BRNFE DR 5 EL #h/okige COD #P
SS &<, DOOEOHEHHSBIIERYT, #
HEETREC7 v BPLER)IAORS LSkm @
AL EQRED BNEROEREEFIMCERLTH
5H5DLEEZLNS.

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
I 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 — e — — 0
v 0 0 0 — S — — — 0
\ — — — 0 0 0 2 2
i (43.0, 45.1)
VI - — — 1 3 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 mim.

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 o1 0 0 ‘ 7 1 13
(17.8) (32.8—34.9) (43.1) (38—47)
B 3 0 0 0 31 2 0 0 36
(11.0—I11.8) (27.6—31.0)(32.1, 33.8)°
C 0 0 0 0 0 0 — — 0
Total 3 1 0 0 9 0 1 13 58

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. 34. 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 Iength) individuals Copepoda Amphipoda Poll);(;sgeta Rotifera
in mm examined
Jun. 12 (11.0—I1.8) 3 + - _ _
Jul. 10 (17.8) 1 iy - _ _
Sep. 10 (21.224.6) 10 it + — -
Oct. 28 (27.6—29.0) 10 + - + +
Dec. 20 (34.8) 1 H H - -
Feb. 17 (38—A42. 6) 10 H i - +

#+ All individuals feed on.
H#  2-9 individuals feed on.
+ One individual feeds on.

LicElERL, EHIKREBICOHETEL, 0T
hoKES | BEH D REBREKEBDIL, K&
BEhE R LN B EESh. FEL HEY
i, POMETERCERT AHICIIAEOEHR
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mm RO RN A & RESRBD bhiz. Thb
O ICHE 5 L BB Rk & OERIZE(LIC

DINTED g & BT Fig. 35 iTRL 7.
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UHItEB=RT 3. &F 37~38mm iIKEROENT
Wiz ORI ERICEL, HALEs. £2E
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HEL, ARLOHMENRAMTES. COXIK, ¥
o0y RHEAOHBTRALITD, RE WK EEE
b3  DARRICHATLERICR/NSOE-ETRL
fe.

Wi, FRIB(LEOLERS 4mm T
AN ERICHAL, BROWEOKE 10mm 2l
ETE&E 42~43mm ¥ TERL, Z0%, HUAEN
KABENIERBOEIESD 5. AMERER TR

*
Total Relative | Morphological Distribution Mém food Developmental
length growth development item stage

4.5 mm— -Hatch River No feeding

5.4 -1 I-Mouth part
ossified

6-7 Completi f se?
yolk absarption | THe 2rea from

P the mouth of
~ . : X

10-12.5 ompletion of river to the Growing stage with

dorsal, anal and | coastal area Copepoda
. larval form

pectoral fins about 1-10m

37 -38 Completion of in depth
ventral fin

42 - 43 Appearance of I nd spawning

! X aturing a
dimorphism 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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MNHa. AR, BRINKBYIS1979F0voy
FHRBROMBRE, 1978 £0 REBKICK S BHIR
OB ED, £ OECENE LBLTFREDOR
DEBENERLELIONE. COXHREA, B
BEic & » CEREORIELED 2 RNARFENS.

2, {REELIHTE

1) BRICHIT2BERL LERRE
WHBREROE RBRERAESEICE T 2 RERKR
I T Table 23 iwRL . BEE, REB O
Bl oRE 5 &, vavdolBERE L0
et & L BERP T EBTHS. 61T,
KEBO&ED S B, KER, KEBFRCHES BiE
| (BB OAMERO EHE(EL pH 7.8~8.3,
COD 2mg/l PIF, DO 7.5mg/l Y ETHY, KR
LifEiciZEE L. 2070, Yyuavt+0ERT 3
BEBO—WIEE SN TN AFRERRETEHIE
+457T, BRIV THPRET, EROEELES

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

Depth <10m

Water quality SS<9 mg/!
COD<2.2 mg/!

Bottom materials COD<7mg/g
Sulphide<0. 026 mg/g
Ig. L<8.2%
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HNRETKBOBRENREENS T L BNRE LR
Ihd. Fi, BEFKX -T2 10m DEBORETIC
TeEBEBRTACEICLD, YauFOREER
EBRL, BEHRCREEEE LRI VEDH 5.

2) FEINGIER

voydEROHED Y, 3 EINHADENE
~ODNEFS M ERR 2 HENH D, W) OB
HERTCEBEETHS. ENODIBLET 25
DOKBELODNWTHEERRAT 2 SENOBERES
BEL, ZOEEMPS WECELL KEE2 TEDT
Table 24 WRL7:. BRNARIcE 3 &, L, B
SPED 2 ~4 Aic BiF 3 1976~1981 4E 0 3 # i 1%
pH #57.4, DO #310.9mg/l, BOD #31.96 mg/l,
SS 4310.3mg/l ZRL, HOEEMEL TS, &
RINITHREICHE S T3 W) OKEEEED A KR
12 pH #56.5~8.5, DO 237 5mg/l I, BOD #s
2mg/l PI'F, SS »825mg/l PITTHY, EDOEE
BEESLOOTKARBELTR Yy OM B L
LT, ABRZRETELITLL.

Table 24. Water quality of the anadromous
river of the ice goby.
Item Condition
pH 7.1—7.8
DO =8. Tmg/!
SS <ldmg/!
BOD <2.7mg/!
Total-N <1.22mg/!
Total-P <0.14 mg/l -

RIC, Yo IR ORKBIcBNT, B
BEOROTICER L TERET S OT, EINEHE
K% 7o D ICEINIG OKER RO EIRERBEL S H,
HBE~ORER BENRIIER 5. 2T,
EINE OBHESRICONT, BRINKCS I 3R
2EDELHT, Table 25 R L. KEBigoT
BRIBOM EFN OKE & UL RHETZE LD

Table 25.

BB, CTORIORUMENERESNILEDN D
5. HEEICOSWTRANCX > TERY, BRIOD
BESNE OBA, THIRT AT 5 MBEE 90 em Pl
TCh-rc. HRE, REMRKEENEROTORE
ShvovrOEE, ER, JMREEOARBICERRIC
BET50T, MBNZEEESELE L TR, Ta-
ble 25 QAL b LICIT IEIMNEERBHKETHD,
ZRICBY 3 BAEMEEERS L /.
FFERINCBNTEMBERARET, £ 0l
BEPTIRLz. ERNO Yoy OESRER, |
Op b LML 3~2.4km OfficEmksh, %0 B
i34 cic Fig. 18 iR L 7243, C D/KBOBEKRIC
Fig. 36 0 SRAERG TR ZT>7. Yo v+ O
L2 A AR 198245128 23~25RICE 2 ~ 5 R, I
X5X5mT, EHEKT S LS ICES 30~70cm%E
BlEL, ze~BALE BIRTEEBGIETZIT-
7o. Hld, BAIKYKE->TRINVF—F—ZH I
BA 13 100~1,500 cm® DR A EEAERBRX DA
W2~3@icie s XA LK. BIEDIIB2LEDER
ek s, Bl LAXTERBED ONLD, &
2, 3RUSRRBERLTOREVIERTH 7. §1
Emoiicd b, KFoFEKkIcsnT dKE (L
T, KERZTFEIE) 29cm Hb, H2RIZREO
TR ISR T 3 850 5T H 3 ozt
110~140cm ORIFTH D, FEIEICITTH T2 KR
MBEO. 83 KGANRREOBMIC X » THRADME
BLUTOBEHRT, KEZ 20cm, 4 XEHFEMEL
OKE LM THY, 85 RiZARE»SOHHHKD
EEEZFZKELIScmDIBHRTH . T oDEER
RieBNT, R THEFOIB2EIZH20H L THEEKD
1983420 HiCE & 4 47 2170, ZORR %
Table 26 iz, THALOREINRRE Table 27 iR
L, ZDRR, BIRELAIRDKI K, Wk S
BTN TN ZBFTTR BRI E COD s
BN EERS, EILRD SN, EINSEROHEM

Environmental conditions of the spawning ground of the ice goby.

Item

Condition

Height of river bed
Size of stone for the spawning bed
Water quality

Submerged height L
100—4200 cm3 in volume (about 6—20 cm in diameter)
pH: 7.1—-7.8

BOD<2, Tmg/!

SS<14mg/!
Salinity<8%,
COD <5mg/
Sulphide <0.

Bottom material

g
028meg/g

Granular composition: silt and clay <12%
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B Experimental station
<__J Spawning area
@ Main spawning area

Fig. 36. Experimental stations of the preparation for the spawning of the ice
goby at the Muromigawa.

Table 26. Changes of bottom materials by removal of mud and setting of stones for
artificial spawning bed.

Granular composition in % Effective Ilgmtlon Slﬂ-d
Date St. 3 - grain size loss in phide
>4, 76 mm Granule Csc;z;rge gﬁg Silt Clay D) % (mg/g) (mg/g)

t 5 15 68 8 { 3 0.78 0.6 0.005 3.2
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 1 4 30 59 2 4 0.14 1.1 0. 005 3.4
5 5 7 25 55 3 5 0.10 1.6 1.63 2.7
1 13 23 54 7 1 2 1.4 [.4 0. 007 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 11 27 5 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 10 0 33 .

(Apr. 26, 1983)

Numbers show egg mass in | m2.

Hote. TOIH, REMRICONTE, F4RTY LB, EIRGL, Bit, BAOHEMNR
Wb ERED 12 B LSS T HEEIREYD l’oﬂf:foﬁ BoNEh o, HERNEL, THERBEN D
BPlE oA%<, Bk, COD MENEHAR BESROD10dp - 738 2R T, Hltick b ROWELER
&@%#@Bn%%w&éién5.§w®mw%3 BL, #AcL o ERERERA LY, BERSE
K& SRIE2NT, ¢ 3 X TREARRE KO SIREL, ERLEDLh. C0XSk, HE, #
Hbby, RiCSKTRE EESEHIKkOZEL S, Aicdiz->Tid, KE, BEERUHERSEOEHSE
EEORY COD it Table 25 iRl f-EuefE B A LT MR B UL 257
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MUROMI
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 omne. But, it is not always 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/l, DO higher than 7.7-8.8 mg/l, NH,~N lower than 0.14-0.78 mg/l, NO,~-N
lower than 0.015-0.04 mg/l, 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 (@) is shown by the following equation; H=1408.1 exp (—0.07564). 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.
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