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Biological studies on the resource of Shirauo, Salangichthys microdon, in the
Ishikari River system and its adjacent nearshore sea area”"

Motohito YAMAGUCHI""

The shirauo, Salangichthys microdon, is a fish with a one-year lifespan, a slender, semitransparent body (7-8 cm), and is
an important marine resource. The fish inhabit brackish waters, lagoons, and estuaries in Japan. Adult shirauo are caught in
gill nets in shallow water near or in the estuary of the Ishikari River on the west coast of Hokkaido in the spawning season
between May and June, and young shirauo (3-6 cm) are caught in beach seines in an oxbow lake off the main stream
between September and November. Because catches in these waters have been low in recent years, planning for stock
enhancement is needed. To this end, | studied the biology of the shirauo, including the structure of the resource and their
reproduction.

Between May and July of both 1994 and 1995, | collected many eggs attached to grains of sand in shallow water (<1.5 m
depth) in the estuary, but only 2 eggs from the oxbow lake. This shows clearly that the main spawning ground is the estuary.

Young fish reached 11 km from the river mouth in the main stream, and the middle basin of the oxbow lake. They stayed
in the main stream between June and August and in the oxbow lake between July and November. | collected more in the
lake than in the river. Therefore, most shirauo hatch out in the estuary, enter the river, migrate to the oxbow lake, and later
return to the sea. On the other hand, I collected many young fish in the estuary and nearshore waters between August and
November. This suggests the existence of another group that does not migrate in summer and fall. The evidence suggests
that shirauo pass the winter in the sea, because two males were captured by trawler offshore in February.

Hatchlings measure about 5 mm in body length between May and June, but grow rapidly, reaching 40-60 mm by
November. Fish grew slightly faster in the oxbow lake than in the estuary. Growth slowed in winter, and females were
larger than males after winter.

The Sr:Ca ratios of the otoliths of 98 individuals were measured. A life in fresh water gives a lower Sr:Ca ratio than a
life in salt water. Profiles of the Sr:Ca ratios during the life history showed two different patterns. One was characterized
by a high (slightly fluctuating) Sr:Ca ratio throughout the life history; the other showed an initial high Sr:Ca ratio followed
by a lower value later in life. The former pattern suggested estuary-sea residents, and the latter, upstream migrants. These
findings show that estuary-sea residents and upstream migrants occurred together in space and time.

The critical swimming speed (CSS) of shirauo was estimated as the endurance speed of fish swimming in a tunnel
apparatus designed to measure stamina. The CSS is likely to determine the extent of migration upstream. Minimum,
maximum, and mean CSSs of adults were 11.3, 21.0, and 16.8 cm/s. Because the flow velocity of the main stream of the
Ishikari River is usually 0.5-1.0 m/s, this would make it difficult for juvenile shirauo to migrate upstream against the flow.
But it is likely that shirauo migrate upstream in the salt wedge in the main stream, where the flow is very slow, because
many juveniles were collected there between June and August 1996.

Juvenile shirauo moved into the oxbow lake through the Shibi Canal after reaching the mouth of the canal, 5.5 km from
the river mouth, in July. To see how they moved into the oxbow lake through the canal, | recorded water current and daily
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change in fish distribution in the canal in July of 1995 to 1997. The vertical and horizontal distributions of juveniles were
determined mainly by the direction of flow. The distributions suggested two immigration mechanisms. In one, juveniles
stay around the canal mouth in the main stream during ebb tide, and are carried into the lake by the fast flood tide in the
deeper layer in the center of the canal. In the other, juveniles stay near the bank of the canal to avoid the fast flow during
the ebb tide, and concentrate in the center with the fast flow of the flood tide.

Numerical simulation by a box model was conducted to test these two immigration mechanisms. Three swimming
behaviors were numerically simulated: (1) coming near the bank during ebb tide, (2) moving away from the bank during
flood tide, and (3) staying around the mouth of the canal in the main stream during ebb tide. Passive movements of fish
were dependent on water circulation. The simulation appropriately reproduced some characteristics seen in the field survey.
The results suggested that staying around the mouth of the canal in the main stream during ebb tide is the most efficient
behavior to move into the oxbow lake.

A video recording of the behavior of 50 adult shirauo in a 1-t aquarium was analyzed to reveal their spawning behavior.
During mating, a female descended from her usual circular swimming in the upper layer to the bottom layer. Males
assessed each other while crowded around the female and competed physically for the female, until a mating pair formed.
The paired female led the male upward, and they spawned and ejaculated. Shirauo show a unique spawning behavior in
which a pair shake their bodies and the male sticks his gonopore into the female’s while using his anal fin scales as a
sucker. Spawning and ejaculation had a low success rate, maybe due to the female’s mate choice. Females repeatedly
spawned a small number of eggs in repeated matings.

A pair of shirauo in a 200-L aquarium spawned about 2000 eggs in 4 batches from 22 May to 8 July in 1996. Batches
were spawned at intervals of 8-11 days. Estimated batch sizes were 586 to 761. Each batch ended 29 spawning behaviors
over about 7 hours, during which the whitish swelling in the female’s abdominal cavity which indicates mature eggs
decreased in size and finally disappeared. With feeding, the whitish swelling gradually increased in size again until the
following batch was spawned. This confirms that female shirauo can repeatedly produce mature eggs and spawn several
times during a spawning season.

The sex ratio in the spawning ground during the spawning season was controlled by two factors: a decrease in the
number of males from high to low during the spawning season, and an increase in females during full-moon and new-moon
and a decrease at other times. The female gonadal size index (GSI) increased till late May and then decreased, and
increased during full-moon and new-moon and decreased at other times. These results suggest that males come to the
spawning ground earlier than females, but their numbers decrease through male-male competition; there is peak of
spawning in late May; and females come to the spawning ground on the spring tide.

Two migration groups of shirauo inhabit the Ishikari River system and adjacent sea area: an amphidromous type, which
the present study has shown for the first time, and an estuary-sea type, which is known from the Yura River in Kyoto
prefecture and the Muromi River in Fukuoka prefecture. The amphidromous type may have an advantage: in using calm
waters such as the oxbow lake, where food is abundant, they need less energy for swimming against the current, so they
grow faster. However, | believe that the shirauo adopted an amphidromous habit not because of these advantages, but as a
result of finding calm waters upstream. The formation of a salt wedge when fish hatch supports this scenario.

The oxbow lake is important for stock enhancement, because the catch of shirauo is large in other river systems with
calm waters such as Takase River system (Lake Ogawara) in Aomori prefecture, Tone River system (Lake Kasumigaura) in
Ibaraki prefecuture and Abashiri River system (Lake Abashiri) in Hokkaido prefecture. Thus, it is necessary to save the
amphidromous type for stock enhancement in the Ishikari River, as shown by the positive correlation between the catch in
the oxbow lake in fall and in the estuary in the next spring (except in the 1993 year class). On the other hand, a Ricker-type
relationship was found between the catch in the estuary in spring and the catch in the oxbow lake in the next fall (except in
1993). This suggests that reproduction of shirauo is controlled mainly by its density, and secondarily by depletion during
migration or by conditions during the run upstream. Because the present level of the shirauo resource is much lower than
the peak on the Ricker curve, the adult resource must be raised to two to three times the present level for effective
maintenance of the resource.
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So it is important to control the catch of adults as well as young for stock enhancement. Stock might be enhanced in one
or more of the following ways: (1) Don’t fish early in the spawning season, so the shirauo will spawn again. (2) Don't fish
late in the spawning season so as to avoid catching females. (3) Don’t fish during a spring tide, when many females come
to spawn and their GSI is high. (4) Don’t fish when conditions allow amphidromous fish to run upstream. It will be
necessary to find the most effective combination of these strategies by trial and error through fishery management.
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Tm 12.81 33.71 13.09 31.29 14.18 31.15 17.06 0.46 17.22 0.31
2m 12.68 33.41 13.55 32.12 16.79 0.49 17.06 0.32
3m 12.66 33.74
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BEREE
AR REHPT REFE AE /AT REBEX END3-
4 ¢
(R88)
1992.5.14 RS #LP B3 46 26 20
1992.5.19 AR FILB p-E3 27 15 12
1992.5.24 Ansk FLA p-E 3 16 9 7
1992.6.2 RS FILR ¥ 13 1 12
1992.6.4 BRI FILHA E 14 3 1
1992.6.5 O HhE248 p-E 3 100 51 49
1992.6.11 o fmpos I0% WE 1 1
1992.6.12 A0 TEA (551 B-E 3 7 2 5
1992.6.19 Hofu}od A B-E 3 28 14 14
1992.9.17 ZHAMN e 48 B 60 60
1992.9.24 ZHAM 8 p-E3 100 100
1992.10.2 =HAH el mE 100 100
1992.10.16 =HAH# R k3 100 100
1993.5.13 A LR p-E 3 72 53 19
1993.6.1 A0 FILAB mE 8 2 4
1993.6.8 A0 FILA BE 67 9 58
1993.6.10 Fofmbos R B3 58 54 4
1993.7.5 ZHAN-FHR i3 E ST - 8 8
1993.8.3 ZBAN-FR HExy b HE 8,408 544
1993.8.9 ZHAM HEaxy b BE 15,252 543
1993.8.18 ZHAM-FR i3 E ST Fak=d 3,385 609
1993.8.31 ZHAB—&HR #AXY b A 1,447 327
1993.9.24 =ZBAAH #AEAXY b A 163 163
1993.10.21 ZHAH #Aaxy b A 16 16
1993.11.19 ZHAH 3= SV A 1 1
1994.5.9 R FILB p-E 4 149 107 42
1994.5.23 R FILB mE 74 43 31
1994.5.26 Ans HExy b AE 1 1
1994.5.26 A0k 7L p-E 3 54 22 32
1994.6.6 Ao 7L p-E 4 59 11 48
1994.6.14 ZBAH EER (550 A% 12 12
1994.6.20 ZHAH Hh 2248 AE 13 13
1994.7.14 ZBAN-—&RK 3B ST AE 12 12
1994.8.11 ZHRA#—=R #AEXY b mE 2,301 312
1994.9.13 —HAN-Fk HExy AE 276 130
1994.10.19 =ZHAH b3 SN B 14 14
1994.11.8 =ZHAH #HAaxy b HE 1 1
1995.5.15 Ok FILB p-E3 23 10 13
1995.5.16 R FL43 pE 7 5 2
1995.5.18 A0 EBEHR (550) hE 40 27 13
1995.6.14 ZHAM EER (550) i 3 15 1 14
1995.6.16 ZHAM EER (550) p-E 3 6 2 4
1995.6.16 Ok g mE 10 10
1995.6.29 ZHAMN E&EE (551) p-E 3 6 6
1995.7.6 ZHAN—&TR #AXY b HE 200 173
1995.7.13 ZHAB—FR #EXy b A 1,313 1 446
1995.8.10 ZHAM-FHR HExy b AE 247 175
1995.9.12 ZHAN—=ER #Eaxy b BE 465 312
1995.10.12 ZHAN—&ER #AXY b ik 58 58
1995.10.30 A0S il Fak=d 67 67
1995.11.7 A0S 248 BE 31 31
1996.6.26 i HEaxy b AE 17 15
1996.7.15 ZAAN-—FR HRaxy b HE 558 539
1996.7.26 ZHAM-FH 3 B BE 126 120
1996.8.6 RS hEE-zURy b B 7 7
1996.8.7 FIOE— R AR HhRE-zURY b ke 7 7
1996.8.22 ZHAAM—FR HAXy b HE 145 12
1996.9.9 ZRA¥—FR #ERY b BE 19 19
1996.9.17 ADE— R el - EURy b ke 188 188
1996.9.24 ZHA# 3= ST BE 52 52
1996.10.23 R HEP-EFURY b A 16 16
1996.11.5 A0SR 8348 AE 177 164
1996.11.27 R e BE 3 3

13
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BEBEE
£AA8 BREEtHPT REFR B /BE REEEKK 0 P53
(F88)
1997.4.26 SRR FILA p-E 3 130 83 47
1997.4.28 R FILA P E 3 182 130 52
1997.5.29 Ok FILA pE 68 50 1
1997.6.1 AOR— R LB kS 254 192 35
1997.6.9 A0k FLB mE 148 68 57
1997.8.11 R Yy b BE 7 7
1997.8.25 R FYXy bk BE 23 23
1997.10.24 SRR EVESAN AE 81 81
1997.11.4 RS EVESAN wE 27 27
1998.5.15 A0k FILB hE 57 46 1
1998.5.17 A0k FILIB hE 175 159 16
1998.5.18 A0k FILB mE 114 99 15
1998.7.23 ZHAM 3 ST B/E 989 292
1998.8.3 ZHAHM i3 ST BE 349 231
1998.8.3 A0k L] wE 38 37
1998.8.19 AN Rk L E R S BE 402 101
1998.8.21 ZHAM #axy b BE 130 121
1998.9.3 ZHAMN #Eaxy b B/E 643 204
1998.9.3 A0k el B/E 1,016 100
1998.9.29 AOS— R HEP-EURY AE 239 141
1998.10.7 =ZHAMN el -k 102 102
1998.10.13 A0 e BE 348 100
1999.5.26 FOR— R e BE 22 7 15
1999.6.8 A0 R e BE 4 4
1999.8.6 =ZHAMN HAaxy b #BE 113 113
1999.8.6 A0 — R - EURY b BE 56 54
1999.8.19 BRI kB S BE 273 137
1999.8.31 ZHAH HEaxy b -] 6 6
1999.8.31 FOR— R HEE-EURY b AE 4,068 272
1999.9.10 SRR FYRv b HE 3 3
1999.10.5 A OSBRI HEE-EURY b WA 351 330
2000.5.8 A0k FILH B-E3 55 33 15
2000.5.9 ey 207 FILIB j-E 3 97 41 37
2000.5.11 PRy 3o FILIB p-E 3 107 70 14
2000.5.13 A0SR IO p-ES 223 132 59
2000.5.14 Ok FILB pE 3 100 46 42
2000.5.15 FAOE—REREL FILW mE 295 102 141
2000.5.16 FADE— R FILA p-E 3 299 131 107
2000.5.17 SRR FLA p-E 100 38 49
2000.5.18 Ak LB p-E 105 49 39
2000.5.22 A0k FILAB A% 124 0 72
2000.6.9 R 248 HE 9 9
2000.6.18 i EEB (550) h-E 53 7 37
2000.6.20 ik EER (551 BE S 154 8 142
2000.6.20 AnEk e ME 4 4
2000.6.22 ik EEE (550) P E 3 121 3 105
2000.6.30 A0k Hh e 4l kS 10 9
2000.7.4 Ok HhE3 48 BE 73 4 69
2000.7.5 Ok e Pk 22 22
2000.7.14 A0 el mE 1 1
2000.7.24 BRI S UE AN wE 41 36
2000.7.25 AnE e wE 33 33
2000.8.8 A0S — R R hEE-gYRy b HE 27 26
2000.8.8 ZHAM #axy b RE 24 23
2000.9.4 ZHAM HEaxy b nE 11 n
2000.9.6 FOE— R HEWE - EUXY b nE 248 247
2000.9.18 RS FYXY b BE 4 4
2000.10.3 FOS— R HEP-EURY b hAE 101 101
2000.10.4 ZHAM i3 E SRS BE 62 62
2000.10.24 R e g nE 87 87
2001.2.21 arnz (=B AE 2 2
2001.7.3 A0 8 ELk 48 48
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(m) (*c) (mm)
1999. 8. 31 1999 A 5 22.5-22.8 0.5 4 3.3 = b5
2000.5. 8 1999 D - - 5 85.8 = 3.9
2000.5.15 1999 D - - 15 83.5 = 3.7
2000.5.22 1999 D - - 15 82.5 == 5.1
2000.7.4 1999 C 1 18.7-22.1 4.2-23.5 19 84.1 = 3.7
2000.9. 6 2000 C-E 3 21.6-22.1 31.8-33.5 6 29.5 = 2.6
2000.10.4 2000 B 4 17.0-17.1 0.1 4 46.5 = 4.3
2000.10.24 2000 E-F 1 14.6-15.0 29.1-30.6 10 46.9 = 6.2
2001.7.3 2000 C 2 19.0-19.6 12.7-32.2 20 81.8 =+ 3.7
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y =-3.08E10x5 + 1.87E7x4
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T L R )
1999.8. 31 1999 4 35.3 = 5.5 0 0
2000.5.8 1999 2 89.7 = 1.2 3 83.3 = 2.2 0
2000.5.15 1999 4 84.7 = 3.9 " 83.1 = 3.6 0
2000. 5. 22 1999 3 85.2 = 1.8 12 81.8 = 5.5 0
2000.7.4 1999 6 84.4 + 4.4 13 84.0 = 3.6 0
Hifast (th®) 15 (28%) 39 (72%
&t 19 39 0
2000.9. 6 2000 1 29.8 0 5 29.5 = 2.8
2000. 10. 4 2000 4 46.5+ 4.3 0 0
2000. 10. 24 2000 1 49.9+ 4.6 0 3 39.9 = 1.2
2001.7.3 2000 10 82.0+ 4.9 10 81.6 = 2.4 0
st (L) 10 (50%) 10 (50%)

it 22 10 8
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1 & 7.5 1.3 15 180 11.5 1.5
2 9 7.9 1.4 20 330 17.8 2.2
3 2 8.1 1.5 25 50 20.4 2.5
4 g 7.6 1.5 25 120 21.0 2.8
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BB 68268
RER AAM51.5km #O»53.0km =HA#M
KE 8.3-8.7m 7.0-7.8m
k& ('C) |4 (PSU) ki (C) 5 (PSU) k& (C) 45 (PSU)
KFEOmM 18.15 0.29 18.25 0.34 21.42 0.23
m 18.03 0.31 17.82 0.58 19.41 0.25
2m 17.30 0.79 17.84 0.64 17.91 0.27
3m 17.11 2.30 17.17 1.56 17.56 0.29
4m 13.00 32.60 13.32 31.91 17.43 0.30
Sm 12.71 33.01 12.97 32.78
6m 12.61 33.15 12.70 33.13
7m 12.49 33.17
8m 12.45 33.22
9m
AH 7A15H
BEMS AAMS51.5km 05 53.0km FA0»54.5km =ZHAM
KR
kB ('C) #H45(PSV) ki (C) 1845 (PSU) ki@ (°C) %5 (PSV) ki@ (°C) %5 (PSV)
KREOm 22.07 0.64 22.11 0.51 22.11 0.68 21.61 0.39
im 22.07 0.77 22.11 0.57 22.06 0.89 21.60 0.39
2m 22.06 0.83 22.01 0.93 22.02 1.03 21.60 0.39
3m 20.24 29.14 18.83 30.55 21.35 13.05 21.54 0.39
4m 17.64 33.15 17.62 33.14 17.45 32.88 21.46 0.42
Sm 17.43 33.37 17.44 33.34 16.63 33.13 20.34 0.36
6m 17.28 33.40 17.22 33.42 16.25 33.29
7m 17.12 33.41 16.97 33.48
8m 16.64 33.46
9m
A8 7H268
WER FOM51.5km FOH553.0km R 54.5km ZBAH
kR 6.0-9.0m
ki (°C) 45 (PSV) ki (C) 145 (PSU) kiR (°C) 45 (PSU) ki@ (°C) #5(PSU)
KEOm 20.06 0.85 20.17 0.56 20.28 0.55 20.97 0.37
Tm 20.05 1.00 20.02 0.74 20.26 0.57 20.75 0.39
2m 20.09 1.08 19.92 1.03 20.21 0.70 20.61 0.40
3m 20.10 1.29 19.88 1.28 19.83 2.04 20.44 0.40
4m 18.00 30.42 19.11 24.06 19.55 5.57 20.32 0.47
Sm 16.82 33.30 16.85 33.30 18.26 29.24 20.15 0.48
6m 16.81 33.47 16.75 33.58 16.71 33.10
7m 16.77 33.52 16.62 33.23
8m 16.75 33.57
9m 16.75 33.57
BAA 8A22H
MAER FAAMS51.5km F 05 53.0km A0 54.5km =HA#H
KFR 7.0-80m 6.6-9.2 m 8-9.5m
k& (°C) % (PSU) ki@ ('C) %5 (PSV) kB ('C) 5 (PSU) ki ('C) 15 (PSU)
KEROm 22.35 0.91 22.38 0.53 22.37 0.41 23.43 0.31
m 22.36 0.95 22.37 0.66 22.37 0.42 23.29 0.31
2m 22.36 1.06 22.31 1.13 22.37 0.43 22.82 0.32
3m 22.13 4.40 22.31 1.30 22.37 0.45 22.47 0.40
4m 20.43 32.65 21.59 29.35 22.37 0.73 22.11 0.37
5m 20.39 33.37 20.30 33.29 20.27 32.92
6m 20.43 33.44 20.39 33.37
7m 20.42 33.47 20.42 33.47
8m 20.41 33.47 20.38 33.48
9m
AB 9A24H
BER FAOM51.5km A0 53.0km O 54.5km ZHAM
¥4 6.5-9.5m 6.5-9.5m 5.8-8.5m
k& (°C) % (PSV) k& (C) 45 (PSU) ki@ (°C) 15 (PSU) ki@ (°C) 5 (PSV)
KEOmM 17.22 0.43 17.21 0.41 17.63 0.34 18.22 0.52
Tm 17.19 0.44 17.13 0.46 17.65 0.35 18.21 0.50
2m 16.99 1.08 16.93 1.09 17.48 0.34 18.10 0.47
3m 16.92 6.69 18.01 27.62 17.35 0.77 18.05 0.47
4m 19.03 30.93 19.08 31.10 18.89 31.53 17.82 0.49
5m 19.15 32.13 19.19 32.18 19.23 32.59 17.84 1.05
6m 19.22 32.51 19.25 32.93 19.28 32.83
7m
8m

9m
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