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Fig.25 Relation between survival index of smelt larvae and
pray index. S. fenellus abundance was that when

average body length of smelt larvae reached 10mm
BL. The data of 1994 was cited from Torisawa'’.
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Fig.26 Seasonal changes in temperature (C) (a) and salinity (psu) (b) profiles
at St.9 in Lake Abashiri from July to November in 1994 through 1997.
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Fig.2T Seasonal changes in chlorophyll a profile (>0.2¢m) (a), chl.a concentration in
the top 2m (b), size composition of chl.a fraction (c¢), primary production in the
top 2m (d) at St.9 in Lake Abashiri from July to November in 1994 through 1997.



Table 17 Interannual variations in environmental factors at St.9 in each season between 1994 and 1997. NS:
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not significant (p

>0.05)
Environmental factors
W.T. Salinity Chl. a cladocerans copepods cructacean

Season Year (c) (psu) (>0.2 um;ug/l) (x10% inds./m®) (x10%inds./m®)  (x10°inds./m®)
Mean+SD (No.) Mean+SD (No.) Mean=SD (No.) Mean=SD (No.) Mean+SD (No.)  Mean=SD (No.)
July to Sep. 1994 22.0+2.7 (9) 2.4+0.2 (9) 16.2+7.9 (3) 57.22+98.45(7) 0.62+0.51(7) 1.19%+1.06 (7)
1995 20.8+1.8(8) 1.3+0.2(8) 12.0+0.5 (3) 3.26+2.79 (7) 1.13+£0.66 (7) 1.16%+0.65(7)
1996 20.6+1.7 (5) 1.0+0.2 (5) 18.5+8.3 (3) 5.37+4.72 (5) 1.07+£0.62 (5) 1.12%0.65(5)
1997 21.4+2.8(9) 2.6+0.3 (9) 20.2+3.2 (3) 2.36+2.64 (8) 1.03+0.62 (8) 1.05+0.64 (8)

Significance NS" sV Ns?) NS? NSV NSV
Oct. to Nov. 1994 6.1+3.8 (5) 1.5+£0.1 (5) 45.8 (1) 0(3) 0.37+0.19(3) 0.37%+0.19(3)
1995 6.9+5.4 (4) 1.6+0.7 (4) 25.7+5.8 (2) 0.14+0.17 (4)  0.42+0.14 (4) 0.42+0.14 (4)
1996 6.9+5.4(2) 1.3+£0.2 (2) 12.8(1) 0.74+1.04 (2) 0.81+0.79 (2) 0.82+0.80 (2)
1997 10.6+4.4 (4) 1.71£0.1 (4) 27.2 (1) 0.34+0.44 (4) 0.47+0.29 (4) 0.48%+0.30 (4)

Significance NSV NS? NS? NS? NSV NSV
July to Nov. 1994 16.3+8.4 (14) 2.1+£0.4 (14) 23.6+16.1(4) 40.05+85.00(10) 0.54+0.44 (10) 0.94+0.96 (10)
1995 17.1+6.3(12) 1.4+0.4 (12) 17.5+8.0 (5) 2.12+2.67 (11)  0.87+0.63(11) 0.90+0.63 (11)

1996 16.7+£7.2 (7) 1.1+£0.2 (7) 17.1+7.4 (4) 4.05+4.49 (7) 0.99+0.61 (7) 1.03+0.64 (7)

1997 18.1+6.1(13)  2.3+0.5(13) 22.0+4.4 (4) 1.69+2.34(12) 0.84%+0.59(12) 0.86+0.61(12)

Significance NSV s? NS NS?) NS NSV

1) One-way ANOVA (p=0.05)
2) Kruscal-Wallis test (p=0.05)

B 77 > 7 b AMRECR L, 19944F130.2~2.9
X 10°E 4k /m3, 19954F130.3~2. 3 X 105 1k/m3, 19964F
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M, Z O AKMEAEEEEIE7.0~12.0X 1038 4&/m3T
& o725, 1994ED ZF1. 7~2. 3X 105EfAR/m312 b 3=
L 7- (Fig.28b), ¥ o £ 2 MBI, HAKED
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SEITRENN 2B CCAREO AR IR L 72, L2 L, 1996
FIIIMho R ARSI L, A 034~100%, 1997
FI1H121333% %2 5720 A 7 VHEOBREEE I,
Aoz L h 8 2 HiE <, 19944130, 2~1. 7X10°
fEfR/m3, 19954120, 3~2. 3X 105 4k/m3, 19964F120. 3
~1.8X 105 fA&/m3, 19974 1£0. 1~2. 3 X 10°Mf f&/m3%
ZE) L7 (Fig.28¢c)s ZNENOMKFEIZESL L OF
Bl & 0 B o 7208, B EE OAFREIL EDF 0.1
~2.3X 107 R/ m3DFEFANZ B - 72 FAATHIM %8 U
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H, 102511122 TZE ORI L 72012k}
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ANLNAEFTIRTOFFH 28 L CFHEE RO, 2
NnEE L7 (Tablel?), TNHOHFT, HEHWICEE
BENROLNIZOE, TH»S 9H TS (One
-way ANOVA, P<0.05), 7H 7» b11H ¥ T D & 57
(Kruscal-Wallis test, P<0.05) DA THo72, L2 L,
METICHBE R AR N o720 DD, KI5 T
- 7219954F L 19964E D 7 T 1 7 1 )b a =X E o
A o7z, Tz, HAEO7HDS 9 A F TOFYHE
B FE 13 19944F 1257, 2 X 103 /m3 & B0 o 7248,
MDA T VE DY HRETT v 7 b O
TEARBEEE, 7A»511A OMIC13#50.9~1.0X10°
f/m3T, H£HETIEIZARETH-72, TDLEIHIT,
KHO 7T AL EOBREO TGS & v T IEF R
THY, ZOFEEIILEA/NS VI EDTRIE S 72,

1.2, WBRECEBRRIBEOLE

19984E DI FEIg DKL, FRAIIR %38 U CTERE NI
—kECTH o7z (Fig.29a), Tbb, 5 THWICIZFRE
NPOEKEETHECTHY, TOREAIZHML6 AT
WITIIMIACT E o720 TANBI00 BAICId 4 —
1216 CLLEE 2, 10 THLEKRIZI4T2S 4 CHE
TEWMICTREL, I 5 A2510A T E T2mlh
#T32psull T, ZNLLE TIE32~34psuTdH V), 104
WA 8 mULE T33. dpsubll LD Sk S50 S
72o 1L LRI ZERE 2 5 KRS £ THI32psus — R TH o
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Fig.28 Seasonal changes in abundance of crustacean plankton and its composition. Note that copepods
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abundance of cladocerans and its numerical composition of Diaphanosoma brachyurum (b),
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Fig.29 Seasonal changes in temperature (‘C) and salinity (psu) profiles at St.S in
Abashiri Bay (a), and at St.9 in Lake Abashiri (b) from May to December in
1998. Water temperature (top) and salinity (bottom) in each figure.
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Fig.30 Comparison of seasonal changes in water temperatures
between Abashiri Bay and Lake Abashiri in 1998.
Water temperatures were those integrated over 0 —
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Fig.31 Seasonal changes in zooplankton abundance and taxonomic composition in Abashiri Bay (a) and Lake Abashiri
(b) from May to December in 1998. Zooplankton were collected by vertical haul of Norpac net (GG54) through
the entire water column in the Bay (17m deep), and 0 — 6m water column in Lake Abashiri.
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Fig.32 Seasonal changes in the abundance (a) and biomass
(b) of copepods in Abashiri Bay and Abashiri Lake
from May to December in 1998.
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Fig.33 Seasonal changes in abundance of smelt juveniles
and crustacean plankton in Lake Abashiri from May
to September in 1994 through 1997.
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Table 18 Body length (mm), wet weight (gr) and condition factor of smelt juveniles collected in Lake Abashiri, in 1994
through 1997.

Year Date No. of Body length (mm) No. of Body wet weight (gr) No. of Condition factor
sample  Mean S.D. Range sample Mean S.D. Range sample Mean S.D. Range
1994 July 15 457 28.12 3.01  19.00~40.00 457 0.17  0.07 0.03~0.59 457 7.40 0.84 4.47~9.95
Aug. 19 157 49.68 7.95 27.00~68.00 157 1.51  0.76 0.18~4.03 157 11.26  0.90 7.99~13.24
Sep. 22 231 61.54 6.33 42.00~75.00 231 2.38 0.71 0.62~5.12 231 9.87 0.70 7.57~12.14
Oct. 25 210 73.68 7.33  55.00~92.00 210 4.22  1.26 1.49~7.31 210 10.21 0.70 8.70~12.93
1995 July 19 176 32.26 3.62  20.70~42.39 176 0.30 0.12 0.05~0.75 176 8.45 0.76 5.72~11.07
Aug. 8 882 42.00 6.91 21.66~61.50 882 0.74 042 0.07~2.80 882 8.67 0.89 4.41~12.32
Aug. 22 774 53.97 10.01 26.49~72.79 774 1.68 0.87 0.12~4.05 774 9.37 1.08 4.36~11.75
Sep. 26 344 58.91 7.97 42.26~86.08 344 2.06 1.05 0.63~7.03 344 9.38 0.68 6.19~11.56
Oct. 24 313 73.67 7.55 54.41~94.02 313 4.21 141 1.31~8.93 313 10.15 0.71 4.72~12.47
1996 July 16 92 18.87 1.74 13.11~22.27 92 0.03 0.01 0.01~0.05 92 3.91 0.89 1.55~5.73
Aug. 5 248 28.29 5.85 17.72~47.27 248 0.18 0.14 0.01~0.90 248 6.45 1.61  1.62~9.47
Aug. 21 175 32.70 9.88  20.86~64.15 175 043 0.59 0.06~3.12 175 8.28 1.18 6.20~11.98
Sep. 2 416 37.89 5.14 24.91~58.60 416 0.50 0.28 0.11~2.10 416 8.53 0.80 3.76~15.39
Sep. 17 1103 50.09 8.20 29.95~93.40 1103 1.25 0.81 0.21~5.16 1103 8.89 0.75 5.32~14.64
Oct. 3 90 50.33 4.63 40.68~70.78 90 1.16 0.46 0.59~3.52 90 8.74 0.82 5.39~11.03
Oct. 14 91 55.19 6.66 41.42~79.52 91 1.69 0.85 0.63~5.91 91 9.47 0.57 8.29~11.79
1997  July 14 175 22.98 2.52 18.38~29.13 104 0.09 0.04 0.04~0.18 104 6.55 0.95 3.68~10.08
Aug. 4 391 38.50 7.07 18.01~60.24 391 0.62 041 0.03~2.63 391 9.30 1.18 3.30~14.15
Aug. 21 1051 51.09 9.55 23.46~79.07 180 149 049 0.69~3.08 180 9.44 0.67 7.87~12.34
Sep. 8 651 54.29 9.89  20.03~80.72 651 1.74  1.09 0.17~6.13 651 9.55 1.09 6.19~14.71
Sep. 24 140 59.11 8.64 40.90~82.05 140 2.10 1.13 0.45~6.41 140 9.28 0.95 6.50~12.80
Oct. 13 261 66.83 8.11 46.70~90.21 261 3.16 1.34 0.96~8.97 261 10.00 0.96 5.34~14.21

Table 19 Interannual variations in body length (mm), weight (gr.) and condition factor of smelt juveniles collected in Lake
Abashiri during the period of July to September in 1994 through 1997. Means with the same alphabet superscript
dose not differ each other (Sheffe’s I of Post-hoc test, p>0.05).

No. of Body length (mm) Body weight (gr.) Condition factor
Year samples Mean S.D. Range Mean S.D. Range Mean S.D. Range
1994 845 41.26° 15.71 19.00~75.00 1.03* 1.09 0.03~5.12 8.79° 1.78 4.47~13.24
1995 2176  48.14° 11.49 20.77~86.08 1.25° 0.93 0.05~7.03 9.09° 0.98 4.36~12.32
1996 2034 42.03% 12.17 13.11~93.40 0.84° 0.28 0.01~5.16  8.24° 1.55 1.55~15.39

1997 1466 48.22° 12.95 18.01~82.05 1.33° 1.05 0.03~6.41 9.23 1.29 3.30~14.70
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Table 20 Regression statistics of body length (L, mm) on body weight
(W, mg) for smelt juveniles collected in Lake Abashiri in 1994
through 1997. Regression model : Log W = B Log L + Log A

Year Date No. of B Log A r
samples
1994 July 15 457 3.691 -3.133 0.975
Aug. 19 157 3.316 -2.484 0.993
Sep. 22 231 3.147 -2.269 0.979
Oct. 25 210 3.186 -2.338 0.980
Total 1055 3.376 -2.667 0.997
1995 July 19 176 3.633 -3.028 0.992
Aug. 8 882 3.444 =2.772 0.993
Aug. 22 774 3.479 -2.857 0.994
Sep. 26 344 3.304 ~-2.566 0.990
Oct. 24 313 3.183 -2.336 0.975
Total 2489 3.299 -2.545 0.996
1996 July 16 92 3.896 -3.562 0.847
Aug. 5 248 3.865 -3.455 0.957
Aug. 21 175 3.445 -2.753 0.997
Sep. 2 416 3.324 -2.581 0.981
Sep. 17 1103 3.360 -2.663 0.993
Oct. 3 90 3.362 -2.676 0.953
Oct. 14 91 3.292 -2.5632 0.991
Total 2215 3.593 -3.048 0.991
1997 July 14 104 3.990 -3.5637 0.966
Aug. 4 391 3.352 -2.875 0.991
Aug. 21 180 3.454 -2.810 0.983
Sep. 8 651 3.346 -2.621 0.989
Sep. 24 140 3.464 -2.855 0.989
Oct. 13 261 3.312 -2.570 0.976
Total 1727 3.333 -2.596 0.995
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Table 21 Estimation of instantaneous growth rates (g) of smelt juveniles based on the data in Fig.36.

Year 1994 1995 1996 1997
Duration July 15-Aug.19 July 19-Aug.22 Aug.5-Sept.17 July 14-Aug. 21
Time (days) 35 34 43 38
g 0.062 0.050 0.043 0.075

Table 22 Stomach content analysis of smelt juvenile collected at St.8 from July to September in 1994 and 1995. Prey organisms
were counted and its percent composition was computed (in parentheses).

Year 1994 1995

Sampling date July 15 Aug. 19 Sept. 22 July 19 Aug. 8 Aug. 22 Sept. 26
No. of specimens examined 40 41 41 10 10 10 10
Mean body length ( mm) 28.50+2.34 49.73+3.11 64.49+4.13 33.12+2.97 51.85+6.46 61.32+6.68 73.83+6.90
Mean body weight (g) 0.18+0.05 1.39+0.30 2.76+0.61 0.32+0.10 1.53+0.66 2.36+0.88 4.11+1.14
Prey organisms

Rotifera

Filinia longiseta 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0.5(8.62)
Keratella quadrata 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0.1(1.72)
Cladocera

Diaphanosoma brachyurum 0(0.00) 1094.6(98.86) 4.5(0.29) 0.9(0.27) 0.4(0.15) 0(0.00) 0.2(3.45)
Copepoda

copepod nauplii 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 1.2(20.69)
Sinocalanus tenellus 49.7(99.2) 9.9(0.89) 1565.9(99.62) 331.4(99.61) 262.9(99.6) 0.3(6.52) 2.8(48.28)
other copepods 0.03(0.06) 2.3(0.21) 0.2(0.01) 0(0.00) 0(0.00) 0.2(4.35) 0.5(8.62)
Mysidacea

Neomysis intermedia 0.35(0.70) 0.5(0.05) 1.0(0.06) 0(0.00) 0.6(0.23) 3.8(82.61) 0.5(8.62)
others

Shrimp larvae 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0.1(0.04) 0.2(4.35) 0(0.00)
Diptera larvae 0(0.00) 0(0.00) 0.2(0.01) 0.4(0.12) 0(0.00) 0.1(2.17) 0(0.00)
fish larvae 0(0.00) 0(0.00) 0.1(0.01) 0(0.00) 0(0.00) 0(0.00) 0(0.00)
unidentified 0(0.00) 0.02(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0(0.00)
Total (/juvenile) 50.10 1107.30 1571.90 332.7 264.0 4.6 5.8
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(a). Error bars denote one standard deviation.
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Fig.41 Frequency distribution of body length and weight of smelt juveniles used for the estimation of gut evacuation rate
experiments (a), changes with time in stomach fullness indices of two size group of smelt juveniles (<0.6gr and =0.6
gr in body weight) (b), Since there observed no significant differences in the regression lines between these two size
groups, the data were pooled to calculate new regression equation (c). Bars in (b) and (c) denote one standard
deviation. Smelt juveniles used for experiments were collected on July 19 and August 8, 1995 (water temperature was

227C).
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Table 23 An estimation of food consumption by smelt juveniles in summer 1995.

Date July. 19 Aug. 8
Experimental time (hours) 7:00-17:00 7:00-17:00
Gut evacuation rate (/hour) 0.1974 0.1974
Food consumption during each time interval (%/ind.)*
7:00-9:00 1.1 0.4
9:00-11:00 0.7 1.0
11:00-13:00 1.5 0.9
13:00-15:00 0.7 0.7
15:00-17:00 2.1 0.0
Total food consumption (% /ind./10 hours) 6.1 3.0
* Estimated by the method of Elliot and Persson (1978).
Table 24 Stomach content analysis of smelt juveniles collected in the coast of Abashiri Bay on 26 August 1996.
No. 1 2 3 4 5 6 7 8 9 0 N 12 13 14 15 Average
Body length (mm) 38.17 38.76 36.23 3847 3538 34.87 3666 37.99 3556 27.64 3321 3856 329 3955 3298 35.80
Body wet weigth (g) 048 052 038 050 035 032 041 045 038 018 032 048 031 056 026 039
Prey organisms
Crustacea nauplius 1 1 0 3 0 1 1 1 1 0 0 0 0 0 o 0.6
Copepoda 57 138 1063 263 4 248 246 77 137 48 69 777 394 11 1359 326.1
Cladocera 1 3 3 24 1 9 14 21 4 14 3 3 5 0 15 80
Amphipoda 0 0 0 1 0 0 o o 0 0 0 0 0 0 0 0.1
Isopoda 0 0 0 0 0 1 1 1 ) 0 ) 0 0 0 0 02
Oligotrichida 1 0 0 0 0 0 0 0 0 1 5 1 0 1 0 0.6
Appendiculata 1 0 0 0 ) 0 0 0 0 0 1 0 0 0 0 0.1
Polychaeta 0 0 ) 7 1 1 2 0 244 66 1 1 1 0 0 21.6
Bivalve larvae 0 0 0 ) 0 0 0 0 0 0 1 0 ) 0 0 0.1
Fish egg 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0.1
unidentified egg 0 0 0 ) 0 1 0 0 0 0 0 0 0 0 0 0.1
unidentified 0 0 0 0 0 0 2 2 0 1 0 0 1 0 0 04
Total (/juvenile) 61 142 1066 298 6 261 266 102 387 130 80 782 401 12 1374 357.87
60 15.0
(a) " M; Abashiri Bay (n=80) (c)
8% S 1254 T O Abashiri Lake (n=565)
= o] M; Abashiri Bay (n=80) 5 T T T
3 O; Abashiri Lake (n=565) “* 10.04 - 3 a i *
g g B = il
g 304 S o : - -
= 754 ¢ " =
g 20- g .
£ g
= 10 O 501
0 0 0
0- —— f = 2.5 T T T T T T T T
35 40 45 50 55 60 65 ? 20 25 30 35 40 45 50 55 60 65
1 Body length (mm) % es Body length (mm)
®)| & 6o T ®; Abashiri Bay (n=80) (d)
= 907 . £ 959 [J; Abashiri Lake (n=175)
£ 5] M; Abashiri Bay (n=80) " ig:
> 0; Abashiri Lake (n=565) S 404
© 40 S 3
: Z 4 [
A = .0+
5 %0 £ 25 T b I
L 20 -g 204 T 4 = o
£ - R TN S O T I R T
101 o @ e 9 g T o g 104 i H
c2 o3 08 co o8 oS o8 ©3 o8 cood S 0.5 I 1 1
0-1m- ——— T T T T T T T T T C‘;') 0.0 T T T T T T T T
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Body weight (g)
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Fig.42 Body length (a), body weight (b), condition factor (c¢) and stomach fullness index (d) of smelt juveniles collected from
Abashiri Bay on 26 August 1996 and Abashiri Lake on 21 August 1996. Error bars in (c) and (d) indicate 95%
confidence limits.
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Fig.43 Seasonal changes in water temperature (C) (a),

]

salinity (psu) (b) and chlorophyll a concentration

(zg/ ¢ ) (c) profiles at St.9 in Lake Abashiri. Note that the lake was covered with ice from January to early

April.
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