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Spirinchus lanceolatus (Samonoidei)
(Osmeridae) Osmerus eperlanus mordax
Hypomesus japonicus H. nipponensis
S thaleichthys
S starké 3 ( 1991)
( ) (McAllister 1963)
Mallotus villosus
( 1993) 10 12
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(Fabricius and Gustafson 1954) Zacco platypus (
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Fig. 1. Annua changes in catch of shishamo smelt.
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Fig. 2 Composition of catches of shishamo smelt in each sea area. A and B show
western and eastern Pacific Ocean area of Hokkaido, respectively. Self-imposed
prohibition of fishing from 1991 to 1994 in A.
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Fig. 3. Map of showing river (this research: e ), spawning river (literature: e ), and upstream
migration river (literature: o ) of shishamo smelt in Hokkaido.
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Fig. 4. Annua changes of concentration of BOD 75% value (water quarity). A and B
show rivers in western and eastern Pacific Ocean area of Hokkaido, respectively.
Br: Bridge of sampling point.

52.3 km 382.9 km’

(KP  Kilometer Post) 5.0 km

( ) (KP 38.3 km)
(KP 316 km )
1994
1991
) 2002 (
) BOD 75%

- 10 -



0.8-1.1 mg/l

2)
3 )

km )

2006
3)
(1,175 m)
(

(KP 55 km)
4)

135.0 km 1,270 km?’

(

(KP 130

BOD 75% < 0.5(N.D)-1.0 mg/l

103.8 km 1,337.2 km’

(KP 20.8 km )

BOD 75% 0.5-0.8 mgl/l

(2,077 m)

-11 -



5)

6)

BOD 75%

156.3 km

(

1.5-1.7 mg/l

71.4 km

03 m)

38

2000

-12 -

8,226 km’

3

11

700 m

353.7 km?

85 km



)

8)

(KP 29.0 km)

98.4 km

66.8 km 328.4 km’
(
2004
BOD 75% 1.8-3.2 mg/l
717.9 km’
6
(
BOD 75% 1.5-2.4 mg/l
12 km ( 6 )
(1199 m )
154.1 km 2,357.6 km’

- 13-



(KP 85 km)

BOD 75% 1.0-1.7 mg/l

-14 -



( 2006) 15
10 (Fig. 3)

(1978a)

(Yanagawa 1978 1997) (2002b)
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Table 1. Survey years and location of spawning eggs.

Distance from Traverse

River Name Paints mouth of ariver line points
year n / year km n n

Atsuma 1982 1993 36 21 55 12 3
1994 2000 69 20 12.0 23 3

2002 2005 33 2.0 12.0 11 3

Mukawa 1982 1992 45 0.8 3.8 15 3
1993 2000 81 0.8 3.8 27 3

2001 2005 87 0.8 85 29 3

Saru 1983 1999 39 0.5 35 13 3
2000 2005 66 0.5 55 22 3

Tokachi 1986 1991 100 190 80 12.0 10 19 10
1992 2001 110 140 30 15.0 11 14 10

2002 120 3.0 16.0 12 10

2003 130 6.0 18.0 13 10

Charo 1992 2002 72 81 05 4.0 24 27 3
Shoro 1989 2003 63 72 05 75 21 24 3
Akan 1997 2000 45 1.0 10.0 15 3
Shinkushiro 1986 1988 36 42 10 7.0 12 14 3
1991 1992 36 42 10 7.0 12 14 3

1998 2000 120 1.0 15.0 20 6

3)
a.
(1997
1/25,000 KP
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2001-2005

(2006)
(
2006) (
) (Simple
regression analysis)
(Log)
(
) ( )
(
2000)
3
Friedman 2 )
Scheffe 5
Wilcoxon
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Mann-Whitney U
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Table 2. Survey years and location of physical environmental element in eight rivers.

Distance from Traverse
River Name Number of points mouth of ariver line points
year n / year n n
Atsuma 1995 1998 36 20 7.0 12 3
Mukawa 1993 1996 30 19 34 12 3
1998 1999 30 19 34 12 3
Saru 2000 2003 42 15 4.8 14 3
Tokachi 1993 1998 24 7.0 14.0 8 3
2000 2003 24 7.0 14.0 8 3
Charo 1997 2002 7 1.0 4.0 7 1
Shoro 1992 1993 6 1.0 2.8 2 3
1997 1998 6 1.0 2.8 2 3
2001 2003 6 1.0 2.8 2 3
Akan 1997 2000 30 20 6.0 10 3
Shinkushiro 1998 2000 42 35 75 9 3or6
Physical environmental element: Water depth,vel ocity of bottom flow, and particle size composition.
2.
D
Fig. 5 KP 5.0 km
1994
KP 35 km 2001
KP 13.0 km
KP 35 km
2000 KP 55 km
2000 KP 4.0 km (

-22.-
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Fig. 5. Distribution region, distance and gradient of eight rivers showing spawned eggs of
shishamo smelt. The distribution region was selected on the basis of the point which showed
the spawned eggs of each year. The river gradient was calculated from the foundation
guantity and extension of a distribution region. Arrows indicate obstacles of passage.
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Fig. 6. Mean and standard deviation in distance of distribution region of spawned eggs of
shishamo smelt. A : Mean in length of distribution region of spawned eggs in each year. B :
Upper limit distance of spawned eggs. C : The lower limit distance spawned eggs.
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Fig. 10. Annual change of the density of spawned eggs of shishamo smelt in
each river. A and B show rivers in western and eastern Pacific Ocean area of
Hokkaido respectively. The number of eggs is 300,066 in the Shinkushiro

River in 1998.
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Fig. 11. Cumulative frequency of the density of eggs in relation to three physica
environmental variables (water depth, velocity of bottom flow, and Fredle Index) in eight
rivers.
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Fig. 12. Particle size composition for Class of Fledle Index in eight rivers. Particle size
composition is examined by means of all survey points.
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Table 3. Median of density of spawning eggs in each class of water depth, velocity of bottom flow,
and Fledle Index (glavels).

River Name Class of water depth
<06 <12 <18 <24 <30 <36 <42 <48 Statistical analysis
Atsuma 716 694 68.3 - - b
(n) (45 (78) (16) (0) (1)
Mukawa 731 96.8* 99.6* bc
(n) (500 (112) (19)
Saru 69.4 877 955 - b
(n) (49) (920 (25 (2
Tokachi 925 1111 1432 139.6 1238 1322 - - b
(n) (24) (43 (76) (65 (33) (16 (5 (2
Chara 19.4 30.6* a
(n) (34 (8
Shoro 190 252 a
(n) (25) (17)
Akan 514 636 - a
(n) (32 (B4 @
Shinkushiro - - 55.6 68.0 49.4 b
(n) ©) 3 (44 (57 (19
River Name Class of vdocity of bottom flow
<0.3 <06 <09 <12 <15 Statistical analysis
Atsuma 75.0 637 - a
(n) () (62) (D
Mukawa 848 102.4* 748 528 - bc
(n) (43) (91) (3B) 1O (D
Saru 863 831 685 - b
(n) (68) (81) (16) (3
Tokachi 1324 1317 127.2 120.7 - b
(n) (108) (104) (43) (6 (D
Chara 226 16.6 - a
(n) (22 17 @
Shoro 211 222 a
(n) (26) (16)
Akan 53.7 68.5* a
(n) (75) (42
Shinkushiro 65.4 59.3 - a
(n) (76) (49 (1)
River Name Class of Fredle index (gravels)
<1l <2 <3 <4 <5 <6 <7 <8 <9 <10 <11 <12 <13 <14 <15 <16 Statistical analysis
Atsuma 69.6 724 - a
(n) (120) (19) D
Mukawa 95.6* 817 63.6 60.7 - - - - - bc
(n) 9) (B3 B B B B @ A @
Saru 102.7* 100.5* 83.0 744 604 484 651 641 391 - - - - - - - bc
(n). (45 (21) (28 (100 (100 2 = @& ®G @ ©O© O @ @O @O O
Tokachi 131.3 127.8 121.3 82.0 - - - - b
(n) Iy 2n ® ® @O @GO @ @
Chara 18.8 - 20.0 - - - - - - a
(n) e 6 W & @ 6 6 O @
Shoro 146 180 130 - - - - - - b
(n) 1y @® @® O @ @G @ GO @
Akan 61.6 701 451 441 - - - b
(n) (3 1B 2 MH @ @O @
Shinkushiro 61.4 818 a
(n) (113) (13
a Mann-Whitney U test b: Kruskal-Wallistest c. Scheffetest
*: Significant difference( P < 0.05) -: Statistical analysis was not performed when n wasfiveor less.
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Table 4. Statistics of quantification

analysis for density of spawning eggs of water depth (D),
velocity of bottom flow (V), Fledle Index (FI), traverse point (TP), distance from mouth of each
river (DM), of physical environmental variables in each river.

Mukawa River
Item range (X1-X5)
No. D V Fl TP D.M Ru R P
1 0.07 0.20 0.16 0.07 0.14 0.124 0.491 <0.01
2 0.08 0.22 0.16 - 0.14 0.118 0.477 <0.01
3 - 0.21 0.17 - 0.13 0.118 0.456 <0.01
4 - 0.20 - 0.09 0.13 0.099 0.415 <0.01
5 - 0.22 0.17 - - 0.078 0.390 <0.01
Category value ; Combination item of No.1 (Ru max)
D V Fl TP DM
<0.60 -0.072 <0.30 0.128 <1 0163 Shoreside -0.068 Upstream -0.138
<1.20 -0.012 <0.60 0.197 <2 0127 Middle 0 Middle 0.001
<180 O <0.90 0.075 <3 0.023 Downstream 0O
<110 O <4 0
Saru River
Item range (X1-X5)
No. D V Fl TP DM Ru R P
1 0.18 0.09 0.26 0.11 0.07 0.129 0.525 <0.01
2 0.20 0.09 0.28 0.11 - 0.124 0.512 <0.01
3 0.19 - 0.29 0.10 0.136 0.502 <0.01
4 0.20 0.07 0.29 - - 0.096 0.478 <0.01
5 0.19 - 0.29 0.113 0.472 <0.01
Category value ; Combination item of No.3 (Ru max)
D F TP
<060 O <1 0.289 Shoreside  -0.102
<120 0.058 <2 0241 Middle 0
<180 0.191 <3 0.218
<4 0.133
<5 0112
<6 0.045
<7 0.057
<8 O

Ru: Influenceleve index, R: Multiple correlation coefficient, P : Significant difference.
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Table. 5. Distance from mouth of a river, gradient, number of spawned eggs, water depth, velocity of
bottom flow, Fredle Index (gravels) for shishamo smelt spawning area.

Range of value environmental elements

Distance from Number of Velocity of

mouth of ariver  Gradient spawned eggs Water depth bottom flow Fledle Index
River name km 1/n n/m? m m/ sec (gravels)
Atsuma 20 - 100 1000 0 - 2,574 <18 <09 < 7
M ukawa 08 - 85 1200 56 10,464 <1.8 (0.6-1.8) < 1.5 (<0.6) < 9(<x 1)
Saru 05 - 55 600 151 - 11,555 <18 (1.2-1.8) <12 <16 (< 2)
Tokachi 50 - 16.0 2300 9 - 461 <48 <15 < 8
Charo 05 - 40 1000 7 - 4,607 <12 (0.6-1.2) <09 <9
Shoro 05 - 50 600 14 9,008 <12 <0.6 <9
Akan 10 - 80 800 101 - 462 <12 < 0.6 (<0.6) < 7
Shinkushiro 10 - 150 2500 783 - 300,066 <3.0 <09 < 2
Parentheses indicate class of high spawned egg density ( significant difference P <0.05).

3.
D
8 4 22
KP 2.0-10.0 km KP 0.80-8.5 km KP 0.5-5.5 km
KP 5.0-16.0 km KP 0.5-4.0 km KP 0.5-5.0 km
KP 1.0-8.0 km KP 1.0-15.0 km
( 8.0 km) ( 7.7 km) (
11.0 km) ( 14.0 km)
(1978a)



( 2006)

(1978q)
(
)
( 1999a)
1 m/sec
( 1978q)
( 1976)
(Yanagawa 1978
1997)
( 2002b)
1968
(Fig. 2
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(
(
0.9 m/sec
2004)
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2004)

1975)

1976)



1999a)

Fi
Fl 0-2
(1964)
mm 0.3-2.0 mm
0.425-2 mm)
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(42.5%)

0.55.0
(1978a)
0.25-2 mm

(

4.8-75 mm
2004)



0.6 m/sec 80%

0.6 m
0.6 m
(2002a)
0.02-0.46 m)
0.1-32.5%
(Table 3)
0.6-1.8 m
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FI 0-1 12-18 m Fl 0-2 0.6-1.2 m

0.3-0.6 m/sec
2
Fl
(Table 4)
25%
Fl
0.6 m/sec
(F.l.
2 )
0.6 m
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(0.6-30 m)

0.6 m/sec 80%

( 0.425-2 mm ; 1999)

1 misec (
1978a) (
1976)

( 1959)
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KP 9.0 km (Fig. 5

KP 1.8-55 km)
2005 11 24 27
(2006) KP 0.8 km
(2001)
(MCFT-3KM 14 ¢ 08 g 7.3x 18
mm 5 1 s Lotek Wireless Inc
Ontario  Canada) ( )
(SRX-400 / W32 Lotek Wireless Inc)
(Fig. 13
151.89 MHz 2005
MCFT-3KM
11 20
5 (Table 6)
No. 1 2 3 11 23 No4 5
11 26
Oncorhynchus keta O. gorbuscha

(Akita et a. 2008;

Makiguchi et al. in press)
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Fig. 13. Photograph of biotelemetry system used in the experiment . A: Transmitter.
B: Recelver. C: Antenna.

Table 6. Body size of shishamo smelt and persentage of transmitter per body weight
(BW) in the experiment

No. ID FL TL BD BW Attachment Transmitter / BW *
(mm) (mm) (mm) (9) day (%)
1 31 168 180 25 446  11/23 3.1
2 32 165 179 28 441 1123 3.2
3 33 169 182 28 472 1123 3.0
4 34 163 175 29 445 1125 3.1
5 35 165 176 26 401  11/25 35
Mean 166.0 1784 27.2 441 - 3.2
SD 245 2.88 164 255 - 0.2

FL : Fork length, TL : Total length, BD : Body depth, BW : Body weight .
* In the air condition. ID : Identification label of transmitter code.



(Fig. 14)

(FA-100

80%

3.0% 3.5%

Fig. 14. Photographs of attachment of transmitter to shishamo smelt in the
experiment

11 22 No.
El E2 No. C1 C2 (Table 7) 4

(Fig. 15) a d



Table 7. Body size of shishamo smelt with (MCFT) and without (control)
transmitter, and persentage of transmitter per body weight in the experiment

No. Attachment FL TL BD BW Transmitter / BW *
of transmitter ~ (mm) (mm) (mm) (9) (%)

El MCFT 164 172 27 40.1 35

C1 Control 169 175 28 40.2 -

E2 MCFT 170 177 27 43.0 3.3

C2 Control 169 177 28 43.4 -

FL : Fork length, TL : Total length, BD : Body depth, BW : Body weight .
* In theair condition.

g g g
5 a o b2 c o d
w Sle T Sle ™ e T e 50 cm ,
< 1< >I< 1< 1< —>
Flow->{ 2 o<§ ° ° B 20 cm

Fig. 15. Schematic illustration of experiment water tank using influence of transmitter
attachment on shishamo smelt in the experiment . a: Point of set up water velocity and
rush swiming of shishamo smelt. b-d: Normal position of cruise swiming.
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exact probability

(P <0.05)

Mann-Whitney U

2)

2004 11 17 19

(3-25 600 mm

)
SOC-10.

(

325 mm

(Fig. 16)
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KP 2.1 -6.5 km
(ES 7603.
2
) Fisher's
( 1 m/sec)
350 mm



<— 600 nmMm
S Aavylic fiber water tank
e HAow
Sl I ! Weater temperature
VA | :
| , oontrol ler
I_________________________________I How
B
i« 200mm i< 200mm =i~ 200mm -}
‘ ¢ T
160mm
Flow ===>2 B-ceeeeeens [ S . N ci
160mm
1 ® () o
A B C D
C

i S

Fig. 16. Schematic illustration of water tank in the experiment

A: Diagram of the circulation type water tank from a side view.

B: Diagram of the water tank from a top view, and the measurement
points for velocity of bottom flow. C: Photograph of water tank in the
experiment
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30 mm 50 mm
(0.3 m/sec ) (0.3-0.6 m/sec) (0.6-0.9 m/sec)
3 20 mm (4
) 160 mm 3 )
300 mm ( ) 36
(SF-5511 SFT-350: 10mm. )
30 1 cm
) (Table 8) (1975)
S
(DO-11P. ) pH
Table 8. Flow velocity (m/sec) in water tank in the experiment
Low Middle High
Measurement M easurement Measurement
point Surface  Middle Bottom point Surface Middle Bottom point Surface Middle Bottom
A 1 016 0.29 0.21 A 1 049 0.44 0.45 A 1 060 0.66 0.61
2 021 0.24 0.27 2 041 0.44 0.57 2 062 0.71 0.71
3 015 0.28 0.29 3 027 0.31 0.59 3 068 0.78 0.79
B 1 020 0.19 0.15 B 1 038 0.45 0.41 B 1 062 0.62 0.60
2 021 0.23 0.28 2 035 0.39 0.52 2 063 0.69 0.74
3 010 0.26 0.29 3 025 0.38 0.57 3 075 0.78 0.89
Cc1 019 0.18 0.10 c1l 037 0.35 0.32 C1l 063 0.54 0.69
2 019 0.25 0.26 2 036 0.42 0.59 2 061 0.68 0.77
3 0.09 0.24 0.29 3 018 0.46 0.55 3 072 0.75 0.75
D1 029 0.29 0.29 D1 053 0.50 0.45 D1 070 0.64 0.68
2 018 0.27 0.26 2 059 0.56 0.48 2 066 0.65 0.64
3 011 0.29 0.29 3 031 0.47 0.56 3 0.69 0.71 0.76
Mean 0.17 0.25 0.25 Mean 0.37 0.43 0.51 Mean 0.66 0.68 0.72
Min. 0.09 0.18 0.10 Min. 0.18 0.31 0.32 Min. 0.60 0.54 0.60
Max. 0.29 0.29 0.29 Max. 0.59 0.56 0.59 Max. 0.75 0.78 0.89

Measurement point A, B, C, D : Vertical line, measurement point 1, 2, 3: Traversal line

Low: Water velocity |ess than 0.3 m/sec.
Middle: Water velocity from 0.3 to 0.6 m/sec.
High: Water velocity exceeded 0.6 m/sec.
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20

GS /| x 100)

Bartlett

Kruskal-Wallis

Goodness of fit (x ° )

Mann-Whitney U

Table 9. Fork length and body weight of
shishamo smelt in the experiment

Bottom FL (mm) BW (g)

Sex flow Mean* SD Mean SD
Female Low 135.2 526 220 7.64
Middle 1356 1246 20.4 2.49

High-1 135.4 7.84 180 3.61

High-2 137.0 1324 236 7.62

Mae Low 152.6 422 336 3.06
Middle 152.2 9.63 349 7.84

High-1 152.0 897 333 3.96

High-2 153.6 450 331 431

* There was no statistical differencein between female and male
(Kruska-Wallistest P >0.05).

Low: Water velocity less than 0.3 m/sec.

Middle: Water velocity from 0.3 to 0.6 m/sec.

High-1: Water velocity exceeded 0.6 m/sec in first experiment.

High-2: Water veocity exceeded 0.6 m/sec in second experiment.
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3)

a.
1995 11 27
KP 3.40 km
1/200
5m
150
4
11 27 12

12 14
( )
(Fig. 17) 2 m
5m
30-50 mm
11 27
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Fig. 17. Schematic illustration of spawning ground channel in the experiment



12 14

1-6
1 3 6 2 (2 L1-2)
9 3 L3-5) 2
0.01 nY
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2
b.
0.37 m
80% 0.6 m /sec Vi1 0.6
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FI 2 S1 Fl 2
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2004

4)
a.
3
(
( )
(Fig. 18)
1996a
)
30

Kruska-Wallis
11 18
) ( 200 mm x
( 2 mm)
( SU.
1999) (19 mm
2001)
0.10 m (2 ) 6
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Bartlett

100 mm x 20 mm)

(0.425-2 mm ;

1999)

0.10 m 3



1 2 60 mm 12 60 mm

A o | e A
40 mm 40 mm

B ® | e B
40 mm 40 mm

C ®|e C

600 mm 600 mm
Coarse gravel Coarse sand

Fig. 18. Distribution pattern of substrate used in the experiment
A: Photograph of the two types of substrate.
B: The measurement points for velocity of bottom flow.
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Table 10. Flow velocity in water tank in the experiment

Coarsegrave Coarse sand
M easurement Water velocity (m/sec) M easurement Water velocity (m/sec)
point Low Middle High point Low Middle High
A-1 0.18 0.38 0.60 A-1 0.25 0.39 0.65
A-2 0.29 0.52 0.83 A-2 0.28 0.56 0.86
B-1 0.16 0.59 0.73 B-1 0.24 0.38 0.63
B-2 0.27 0.58 0.88 B-2 0.29 0.58 0.83
C-1 0.18 0.44 0.63 C-1 0.24 0.49 0.60
C-2 0.23 0.58 0.80 C-2 0.28 0.56 0.86
Mean 0.22 0.52 0.75 Mean 0.26 0.49 0.74
Min. 0.16 0.38 0.60 Min. 0.24 0.38 0.60
Max. 0.29 0.59 0.88 Max. 0.29 0.58 0.86

Measurement point A, B, C : Vertical line, measurement point 1, 2 :Ttraversal line.
Low: Water velocity less than 0.3 m/sec.

Middle: Water velocity from 0.3 to 0.6 m/sec.

High: Water velocity exceeded 0.6 m/sec.

(Table 10) 2004 11 16

10 10 (1990)

1 1 30
1.5 mm 24.2 mm

30
83% 15
b.
3 Bartrett
F ( P >0.05)
(P >0.05) 2
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Tukey

2.
1Y)
a.
0.5 m/sec
1 57 136
m/sec
7 35 (Table 11)
(Fisher's exact probability P >0.05)

Table 11. Comparison of number of rush swimming and time in normal
position between transmitter (MCFT) attached fish and control fish.

Set up Transmitter Number of Timein
water velocity attachment rush swimming nomal position
(m/sec) No. (n) (se0)
E1l 2 1225
MCFT
E2 2 922
0.5
C1 3 1361
Control
Cc2 2 979
E1l 1 242
MCFT
E2 1 196
0.9
C1l 1 277
Control
c2 1 203
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O. tshawytscha

3.3-4.2%
(Perry et a. 2001)
b.
Table 12 No. 1 4
5
17 09 18 45
No. 3
No. 2 11 25
(No. 1, 3, 5) Fig. 19
No. 1 KP 2.60 km  2.68 km
KP 5.50 km No. 3 KP 2.60-4.00 km

Table 12. Analysis item of each shishamo smelt using biotelemetry in the Mukawa River.

Analysisitem
Start time of Depht, water velocity of
No. migration Pathway Speed rest points

1 ° ° ° °

2 Transmitter out-of-order

3 ° ° ° °

4 °

5 ° ° °
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No.1 No.3 No.5
KPkm R C L Coverl[KPkm R C L CoverlKPkm R C L Cover
6.50 || 6.50 || 29 6.50 | |_|: Center line of stream
5.60 5.60 28 5.60
5.50 5.50 5.50 . Pathway
5.50 D,C| 550 [27] D,C| 550 [ |
5.40 540 [ 1 26 540 [ 1 Number of black : Migration points
5.30 530 1 25 53 [ 1
5.20 34 520 1 24 520 [ | Number of red Rest points
5.10 33 5101 23 510
5.00 32 50 [ 122 500 [ 1
4.90 4.90 21] 4.90 Cover categories
480 30[ | 4.80 20 4.80 | A:  Rapids
470 29[| 470 19 | 4.70 | B: Riffle
460 28[ | A | 460 EE] A | 460 | C:  Woody debris
450 27 ] B 4.50 T7] B 4.50 | D: Wand
440 26 B 4.40 16 B 4.40 E: Artificia bolder
435 25 [1 C | 435 1 C | 435 | F:  Concrete blocks
4.30 24| 4.30 | 4.30 |
4.20 23 | 4.20 E 4.20 20l E
4.10 22 4.10 [T7] E | 4.10 |
400 21 [ 4.00 3 4.00 |
3.90 20| 3.90 2 3.90 |
3.80 9 | 3.80 | 3.80 |
3.75 18 3.75 3.75
3.70 117 370 10 ] 3.70 |
3.65 — 116 cC 3.65 | C 3.65 | C
3.60 115 3.60 19 3.60 |
3.50 14 3.50 ] 3.50
340 [ 13 340 [ 340 [
330 1 330 1 7 330
310 1 310 1 6 310
300 [ 12 300 15 300 [ |
290 [ 11 20 14 29
280 1 10 280 [ 13 280 [ 1
270 [ 9 270 12 270 1
2.68 1 | 2.68 | 2.68 58 4 F
260 [7 1 2.60 1 2.60 1 F
255 [ 255 [ 2.55
2.50 2.50 250 11 15 C
245 6 A | 245 | 2.45 |
240 5 A | 240 2.40 7 A
2.30 2.30 230 17 13
220 4 3 c | 220 220 12,16 c
2.10 2.10 210 19

Fig. 19. Result of pathway of shishamo smelt (No
the Mukawa River.
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. 1, 3, 5) using biotelemetry in



KP 5.00-5.40 km

No. 1

KP 4.10-4.90 km

KP 2.68 km KP 220 km
2.10 km KP 2.50 km
km 23 49 2 18
11 27
4.20 km No. 4
No. 4
1962)
2
(2002-2006 ) No. 1 3 5
No. 4
(Fig. 20)
C.
No. 1 3
( )
( ) (Table 13) No. 1 3
33 km 3.0 km
0.5 km/h 0.6 km/h
0.15 - 4.00 km/h
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No. 5

KP

KP 2.10

6 30

KP 0.60 km

No.

KP 4.40 -

KP



Number of spawned eggs/

Survey area of spawning egg > ,
for shishamo smelt No.5 OTGYS

No. 1 ¥ @
e Final digtributed position of shishamo smelt

Fig. 20. Relationships between final ditributed position (No. 1, 3, 4, 5) and spawned
eggs ditribution of shishamo smelt in the Mukawa River.
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Table 13. Result of upstream mitration speed of shishamo smelt in the River Mukawa .

KP Speed
Sction No. (km) (km/h)
_ . 1 22 - 55 0.51
Continual tracking
3 26 - 56 0.53
_ 1 26 - 55 0.60
Equal increment
3 26 -~ 55 0.64
450 km
KP 260 280 380 500 km
KP
3.40 km (Fig. 21) No. 3 0.29 - 2.40 km/h
KP 4.20 - 4.80 km
KP268 370 5.00km KP 3.30 3.50 km
(Fig. 22
(Mann-Whitney U No. 1P <001 No.3P <0.05)
d.
Nol 3 5
(Fig. 23) 160 m
0.35 m/sec

(Fig. 24)
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15
1.0
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35
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05
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Upstream migration speed (km/h)

Fig. 21.
section of

No.1

No.3

L o} o}
o}

o} o} o} o} o}

K o o o o oo° o° %6

24 26 28 3.0 32 34 36 38 40 42 44 46 48 50 52 54 56 5.8
Kirometer Post (km)

Results of upstream migration speed (No 1, 3) in each
shishamo smelt in the Mukawa River.



20
18
16
14
12
1.0
0.8
0.6
0.4
0.2

NO.1

20
18
16
14
12
1.0
0.8
0.6
0.4
0.2

NO.3

Upstream migration speed (km/h)
o
o

L J L J L J L J L J L J L J L J L J L J
*
i

CR Section N

Fig. 22. Mean and standard deviation of upstream migration speed (ID 1, 3)

in each section of shishamo smelt in the Mukawa River. C-R: Center line of stream
and rapids. N: Non-center line. * : P <0.05, ** : P <0.01
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Fig. 23. Distribution of water depth and velocity of flow in the holding and
final position of shishamo smelt (No. 1, 3, 5) in the Mukawa River.
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100 Water depth

80
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40
20
0
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80
(m)
100 Velocity of flow
80
60
40
20
0
000 0.05 010 0.5 020 025 0.30 0.35 0.40
(m/sec)

Frequency (%)

100 - Cover type

80
60

40 -

20

; om
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Fig. 24. Frequency of water depth, velocity of flow and cover type in the
holding position of shishamo smelt (No 1, 3) in the Mukawa River.

Cover categories, A: Nothing, B: Woody debris, C:. Artificial bolder, D: Concrete
blocks.
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2)

24.1
25 ( 1997)
(Table 9)
( 95-155
mm 95-165 mm 2006)
(Kruskal-Wallis P >0.05)
20 8 12 14 23
(Fig. 25)
1 2 (Fig.
25) 15
(Goodness of fit
P >0.05)
Al A-2 B-1
B-3 C1 (-3 Al A2 B1 B2 C1 C2 C3
0.10-0.59 m/sec (Fig. 26)
0.45 m/sec

- 68 -



8

10 |

Number of spawning during 12 hours

Low Middle High-1 High-2

Bottomflow

Fig. 25. Result of number of spawning of shishamo smelt in each water
velocity. Statistical difference was not observed between low and middle
water velocity (Goodness of fit test P >0.05).

Low: Water velocity less than 0.3 m/sec.

Middle: Water velocity from 0.3 to 0.6 m/sec.

High 1: Water velocity exceeded 0.6 m/sec in the first experiment.

High 2: Water velocity exceeded 0.6 m/sec in th second experiment.

6
25 ¢ o
3
- ) o] )
5;_4
Sa,l
o 3 O O 00 o}
Qo
E2F o o
z
1F 0
0 1 1 1 1 1 1 1 1
0.00 010 0.20 0.30 040 050 060 070 0.80 0.90
Low | Middle High
Water velocity (m/sec)

Fig. 26. Relationship between water velocity and number of
spawning of shishamo smelt.

Low: Water velocity less than 0.3 m/sec.

Middle: Water velocity from 0.3 to 0.6 m/sec.

High: Water velocity exceeded 0.6 m/sec.
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990 cm n=9 9.9+ 7.33 cm

>0.05)

0.59 m/sec

0.45 m/sec

3
12 1

Fi S2

1 L3L R 2 L3-L

0 m /sec

Fl

(Goodness of fit p <0.05)

(Kruskal-Wallis p >0.05)

(Fig. 28)
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F (Fig. 27)
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(Table 14)
V1-S1
0.6 m /sec Fi
12 1 14 2



_'[L_

C}
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D0 e1-50 @51-1000 @@ >1001

Fig. 27. Distribution of water velocity of bottom flow and Fredle Index(Fl) of gravel and number of spawned eggs in the experiment



Table 14. Number of point and spawned eggs in each
physical conditions.

Point Spawned eggs
Condition (n) (%) (n)
V1-S1 21 0.64 4,666
V1-S2 5 0.15 101
V2-S2 7 0.21 66

V1 Water velocity <0.6 m/sec V2 Water velocity >0.6 m/sec.
S1 Fredlelndex <2 S2 Fredlelndex 2.

1200 ¢ 5 days
1000 P
800
600 F
S 400 }
o
% 200 } I
(@)
8) 0 b———ie— | Il
B
% 1200 p 18 days
& 1000 p
S 800 k
o
g 600 P
>
Z 400 P
200 p
O A A J
1 3 6
(n=11) (n =11) (n =11)
Section

Fig. 28. Mean and standard deviation of number of spawned
eggs in the spawning ground channel on 5 and 8 days.

4

30 (Fig. 29) (6.1

+ 2.51%) (7.2t 3.28%) (16.7+ 6.32%)
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(ANOVA P <005 Tukey P <0.05) (10.7+
6.41%) (9.3 6.62%)
(ANOVA P >0.05)

0.6 m/sec

5 O Coarse gravel
B Coarse sand

15 F

Number of exfoliation of eggs (%)

Low Middle High

Bottom flow

Fig. 29. Percentage of number of exfoliation of eggs for each water velocity.
There were significantly more number of exfoliation of eggs in high velocity than
low and middle velocity (Tukey's test P <0.05). A satistical difference was not
observed between coarse gravel and coarse sand (Tukey's test P >0.05).

Low: Water velocity less than 0.3 m/sec.

Middle: Water velocity from 0.3 to 0.6 m/sec.

High: Water velocity exceeded 0.6 m/sec.
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(0.6-3.0 m) 0.6 m/sec

(40 g )

(n=3

KP 0.8 km

1999)
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111.8 cm/sec (7.9x cm/sec) 109.8 cm/sec (6.9x
cm/sec) ( 1978q)
10 (10x cm/s ) (Bainbridge

1958)

(Paul

1995 Makiguchi et al. in press)

(Oshborne 1961  Brett 1983) O. nerka

(Brett and Glass 1973

Hinch et a. 1996 Hinch and Rand 1998, 2000)

0.5-0.6 km/h

(No.1 028+ 0.09 m/sec No.3 0.65+ 0.20 m/sec) (No.1 0.93

m/sec No.3 105t 0.65 m/sec)

(0.03-0.33 m/sec)

(Akita et a. 2006)
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0.3-0.4 m/sec

0.6 m/sec

0.6 m/sec

( 1961h)

0.6 m/sec

0.6 m/sec

0.6 m/sec

9%

0.45 m/sec
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0.6 m /sec Fl 2

(20024) ( 2-4 m)
(-0.01 m /sec) ( < 2 mm)
(2002a)
5
18
(Kruskal-Wallis p >0.05)
2
6
40 27
4,833
0.6 m/sec
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m/sec

mm

0.6 m/sec

2004

1959)

2006)

0.6 mi/sec

(1964)

Sphaerotilus natans
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2
3
( ) (
1999)
(ITFIM) IFIM (
)
(The US Fish and Wildlife
Service) 1978

(The Biological Resource Division
(BRD) of the US Geologica Service (USGS)
(Stalnaker et al., 1995) IFIM

(Micro-habitat) PHABSIM (Physica Habitat
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Simulation Modéel )

(Weighted Usable Area  WUA)
WUA
3 Bovee and Milhous (1978)
(Bovee 1982 Milhous et

a. 1984 Lopeset a. in press)

( )
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Fig. 30. Survey area of kirometer post (KP) 1.25-2.25 km in the Saru River in 2001. Pattern of color shows the atitude of the river bed.
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Fig. 31. Schematic illustration of segmentation in the Instream Flow Incremental Methodology
(IFIM) analysis. Traversal line is river width and position of kirometer post (KP).
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Fig. 32. Cumulative frequency of the
density of spawned eggs of shishamo smelt
in relation to three physical river
environmental variables (water depth,
velocity of flow, and Fredle Index) in the
Saru River.
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Fig. 33. Habitat Suitability Criteria (HSC)
of three physical river environmental
variables (water depth, velocity of flow, and
Fredle Index for Instream Flow Incremental
Methodology (IFIM) analysis in spawned
eggs of shishamo smelt in the Saru River.
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Fig. 34. Changes in quantity of flow (m’/sec) per every hr in the Saru
River during 1982-2003.
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Fig. 35. Cumulative frequency of quantity of flow (m’/sec) per every
hour in the Saru River on spawning and wintering period during
1982-2003.
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Fig. 36. Measurement and calculation value of river width in the Saru River in 2003.
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Table 15. Relationships between density of spawned eggs and Composide
Suitability Index (CH).

(O] Points Points of Number of  Density of eggs  Frequency of
egg distribution  spawnedeggs (n /0.0625 ) number of eggs

(n) (%)

1.000 16 5 8658 1731.6 90.8
0.500 59 19 1375 72.4 3.8
0.250 124 21 960 45.7 24
0.125 9 2 10 5.0 0.3
0.000 46 13 693 53.3 2.8
3 (SU4)
VA (Fig. 37) 36.09 m’/sec 57.91 m’/sec
63.85 m’/sec
72.26 m’/sec 80.33 m/sec
SUA 10 26 11 21 30
29,000 12 7
5,054
SUA (Fig. 38) 47 m'/sec 48 m’/sec
47 m/sec Sl
S (Fig. 39)
SUA (Fig. 40) KP160 1.95
220 km KP 1.85 km
4350 m/sec VA
(Fig. 41) KP 160 195 220km
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Fig. 37. Changes in Spawning Usable Area (SUA) for quantity of water flow in the Saru River.
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Fig. 38. Changes in Spawning Usable Area (SUA) for each physical river environmental variables
in the Saru River. D: Water depth, V: Velocity of flow, S: Fredle Index of gravel.
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Fig. 39. Comparison of Composide Suitability Index (CS) value
in frequency of number of cells and square.
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Fig. 40. Changes in Spawning Usable Area (SUA) of each kirometer post (KP) .
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Fig. 41. Relationships between Spawning Usable Area (SUA) and river width in
Q=4350 m’/sec .
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Fig. 42. Geomorphometry and water level of each survey line (Q= 43.50 m*/sec) .
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(Fig. 44)

-15

(300 cm x 150 cm x 50 cm)

- 101 -



Top view

Flow
— I
' }
A A A (30 cm
20 cm
el
] 30 cm
Pump tp.. |M B
4_
Il N = = =

Side view

D <« |Flow
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Fig. 44. Schematic illustration of the circulation type water tank in the experiment
A Fertilized eggs accommodation water tank.
B: Salinity concentration adjustment tank.
C: The glass plate with fertilized eggs.
D: Water temperature adjustment tank.
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Fig. 45. Record of changes in sdinity and water temperature per every
hour in the experiment
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Fig. 46. Schematic illustration of the water tank in the experiment
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Beaker of larva accommodation.
Stand of Beaker.

Water temperature adjustment tank.
Controller of water temperature.
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Fig. 47. Record of water temperature per every hour in the Mukawa River (KP 2.6 km) in
2003. Arrow indicate down stream migration season of larvae of shishamo smelt.
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Fig. 48. Changes in quantity of flow (m%sec) per every hr in the Mukawa River in
1982, 1989, 1993, 1997.
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Fig. 49. Changes of survival rate of eggs (n=6) in different salinity
concentrations (psu) in 2004-2005. The letters a and b indicate significant
differences (Scheffe's test P <0.05) in the value compared to each eggs surviva rate.
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Fig. 50. Changes of the development stage of eggs (n=6) in different salinity
concentrations (psu) in 2004-2005.
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Fig. 51. Changes of survival rate of eggs (n=6) between control and 14 psu
sdlinity concentration in 2005-2006. Statistical difference was not observed
(Mann-Whitney U test P >0.05).
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Fig. 53. Changes in hatching rate of eggs (n=6) in different salinity

concentrations (psu) in 2005 and 2006.

- 114 -

8



4)
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Fig. 54. Changes in survival rate of larvae in control and salinity 14 psu

concentration in 2006.
FW: Fresh water, SW: Sea water.
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Saru River during 1983-1998.

2)

100%

80% H

Perticle size composition (%)

20%

0%

60% H

40% H

KP (km)

W 350
0325
0 3.00
0275
@250
m225
® 2.00
m175
150
0125
0 1.00
00.75
0 0.50

83

84 8 8

93

9% 9% 97
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Installation position of artificial spawning ground of shishamo smelt in the Saru River.
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Fig. 57. Survey point of spawned eggs and gravel of artificial spawning ground in the Saru River.
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Fig. 58. Contour of water depth before the installing spawning ground for shishamo smelt in the Saru River.
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Fig. 60. Contour of mean in water velocity before the installing spawning ground for shishamo smelt in the Saru River.
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Fig. 61. Contour of mean in water velocity after the installing spawning ground for shishamo smelt in the Saru River.
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Fig. 63. Change in FI of artificial spawning ground before (Before) and after (After) the
installing spawning ground for shishamo smelt in the Saru River.
FI: Fledle Index of gravel. *: P <0.05.
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Fig. 64. Suitability Index (9) value of before the instaling of artificial spawning
ground on July, 1999.
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Fig. 65. Suitability Index (S) value of after the instaling of artificial spawning

ground during spawning season in 1999.
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Table 16. Changes in Suitability Index (S) value of cells for each section before
and after the installing artificial spawning ground.

Section 1 Section 2 Section 3
S Before After Before After Before After
0.0 3 0 1 0 0 0
0.5 9 3 5 5 7 7
1.0 3 12 9 10 3 3
2)
(Fig. 66)
15 m S 10
(1 0.0625 ) S 05
(t p <0.05) S
(Fig. 67)
(Fig. 68) (819.1 + 1,309.12 ) 100m
(1333 + 39307 ) (t p <0.05;
Fig. 69)
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Fig. 66. Distribution of spawned eggs in the artificial spawning ground. Red bar
indicates the perminable spur dike.
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Fig. 67. Mean and standard deviation of number of spawned eggs for each Suitability
Index (S) of Fredle Index (FI).
*: P <0.05.
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Fig. 69. Mean and standard deviation of number of spawned eggs in the artificial and

natural spawning ground.
*: P <0.05.
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