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Water temperature and salinity in the spawning bed of herringl Clupea pallasiil],
and estimating of spawning period based on the water temperature

Hiroshi HOSHIKAWA*!', Ken-ichiro TAJIMA**, Tadashi KAWAT*3,
Hisami KUWAHARA* and Tomonori KANETA*!

Water temperature and salinity in herring spawning beds on the rocky shore were surveyed at Mincedomari,
Atsuta, Hokkaido during the 2000 spawning season. Water temperature was 4C during mid-March spawning
and 7-8C at the mid-April hatch. Average temperature was 5.2C in the spawning bed and 4.7C at deeper
bottom off Minedomari. Cumulative temperature from spawn to hatch was 138.8°C in the spawning bed. This
value was almost equal to the 136C obtained in the laboratory where eggs were kept under 8.5 C. Spawning

period in field could be estimated based on cumulative temperature for respective developmental stages and water

temperatures.

SNow.

Salinity changed very widely from 7psu to over 30psu after the end of March due to melting

Spawning on the shallower rocky shore at Atsuta adapted to reduce the incubation period through higher

temperature and obtain good conditions for development and hatch out through adequate salinity.
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Occurrence of juvenile herring Clupea pallasii around Sohya Bay,
northern Hokkaido, Japan

Keizo YOSHIMURA*

Juveniles of Pacific herring Clupea pallasii, caught by anglers at fishing ports and harbors located around
Sohya Bay during June to November in 1999-2000, were studied. Specimens consisted of l-age and O-age in
each year ; the laller contained some hatchery-reared [ry ALC-marked and released under the stock enhancement
program carried out by Hokkaido Government. The O-age juveniles were thought to be derived from local
population in northwestern coast of Hokkaido formerly known as Ishikari Herring characterized with relatively
higher vertebral counts. In contrast, origin of 1-age juveniles was not clear because of the smaller number of
specimens and rather common vertebral features among populations known around Hokkaido, though their vertebrae
were numbered fewer than in O-age juveniles. Body length frequency of O-age juveniles showed bimodal distribution,
suggesting that the two groups of juveniles possibly originated from different spawning dates or grounds in those
studied areas. Change of recapture sites indicated a trend of northword movement of released-reared fry for a
few months after liberty. Released-reared fry caught within a month after liberty exhbited markedly poor
condition factor; it is suggested that remarkable increase in their mean body length was caused not by

remarkable growth, but selective removal of smaller fry.
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Table 1 Number of juvenile herring sampled from bodbboooooodooodoooogoood
among catch by anglers at harbors and oo0000oo0o000ooooo0Doooooooooog
fishing ports in study area, above in 1999
o below in 2000, D0000000000000000019900000
1999 OO00O00OALCODDODOOODOODODOOZ00000000
Locati Jun. Jul. Aug. Sept. Oct. Nov. Total
moaton .o i Sept. Ot Bev oM ODOODD0O0DO0O0OODO0O0ODOOO0OOO0O0O00
Nishiwakiana . ALCOD00O0O0O0O0DODOO0O000O00O0DO0DO0
sandomari
Wakkanai 25 48 88 51 212
Koetoi -
Kiyohama - Table 2 Release data of artificialy-reared herring
Sohya 8 23 76 347 fry at Sohya subprefecture in 1999-2000.
Higashiura -

Total 0 20 63 281 164 51 579 Mean tota} Marking(stage at ALC
2000 Date Site Number__length(mm) immersion)
Location Jun___ Jul__Aug  Sept.  Oct.  Nov. Total 18 jun. '99 N}S*;:Y“’akk"’“a' 136,000 70.7 Hatched larva™

Bakkai i 1 ishing port
Nishiwakkanai 68 68 18jun. 99 OIRNNE 95000 743 Hatched larva®
Esandomari 7 3 9 19 N h_°°kk ]

. . N Ishiwarkkanal *
Y(V:::;nal . o g 13 ;i 194un."00 o ort 76,000 61.7 Hatched larva
Kiyohama 35 35 S, Koetoi fishing Late postiarva~early
Sohya 22 44 42 108 19 jun. 00 port 89,000 635 Jjuvenile(reared for 45 days)
Higashiura 9 9
Total 4 86 29 66 86 68 339

Note: *identical marking to released groups in Rumoi subprefecture



goooooooooooboooooooon

Table 3  Age, fork length and vertebral number freqgency of specimens in 1999.
No. of R £ No. of R £ No. of R £
Date Location wild o8¢ °" Vertebral number wild 2788 OT /o tebral number  released o BC O
Flimm) ——————— Fllmm) —————— FL(mm)
1-age 52 53 54 55 56 57 0O-age 52 53 54 55 56 57 O-age
15 Jul.  Bakkai 1 84 i 2 83-107
16 Jul.  Bakkai 4  117-180 1 21 13 78-93
4 Aug. Wakkanai 1 183 no data
23 Aug. Wakkanai 4 72-76 2 2
25 Aug. Wakkanai 24 70-80 1110 3
26 Aug.  Sohya 15 73-78 6 6 2
27 Aug.  Sohya 1 143 1 22 64-90 6 13 3
1 Sept. Wakkanai 32 68-99 12 14 1 1 93
2 Sept. Wakkanai 12 67-84 4 4 4
3 Sept.  Sohya 8 137-177 3 41 9 75-118 3 6
4 Sept.  Sohya 4 132-168 121 5 79-116 1 4
6 Sept.  Schya 3 141-178 2 1 7 73-114 5 2 1 104
7 Sept.  Sohya 6 131171 2 2 2 5 81-122 3 2 2 109-122
8 Sept. Wakkanai 3 73-82 1 2
16 Sept.  Sohya 7  137-162 5 11 33 75117 1319 1 3 103-127
22 Sept.  Sohvya 2 146-177 11 38 62-125 3 1815 2 4 99-121
24 Sept. Sohya 3 142-183 3 38 76-120 11418 5
27 Sept.  Sohya 14 72-113 158 1 121
29 Sept. Sohya 7 129-186 12 4 32 74-124 11515 1 1 130
5 Oct. Sohya 3  158-194 1 2 30 78-124 1 1313 3 2 121-126
6 Oct. Sohva 1 158 1 15 80-110 14 9 1
8 Oct. Sohya 1 166 1 16 78-130 7 81
13 Oct. Wakkanai 1 168 no data
15 Oct. Wakkanai 1 155 39 90-112 18 20 1
20 Oct.  Sohya 1 186 1 7 98-146 2 4 1
20 Oct. Wakkanai 4  102-116 2 2
29 Oct. Wakkanai 14 93-114 1 4 6 2
29 Oct. Bakkai 1 193 1
29 Oct. Wakkanai 24 97-131 1012 1
9 Nov. Wakkanai 1 144 1 36  97-155 1220 2
19 Nov. Wakkanai 14 97-133 1.7 4 2

Table4 Age, fork length and vertebral number freqgency of specimens in 2000.

No. of Range of No. of Range No. of Range
Date Location wild FL(%'n ) Vertebral number wild of Vertebral number released of
1-age 525354555657 O—age FL(mm) 52 53 54 55 56 57 O-age FL(mm)
27 Jun. Koetoi 3 60-70
27 Jun. Bakkai 1 188 no data
7 Jul.  Koetoi 7 66-86
10 Jul. Koetoi 3 74-92
13 Jul. Koetoi 50 66-89
14 Jul. Koetoi 19 74-91
20 Jul. Esandomari 5 69-76 1 3 1
26 Jul. Esandomari 1 83 1 103
8 Aug. Koetoi 1 195 i 1" 78
9 Aug. Esandomari 3 85-99 4
21 Aug. Wakkani 1 82
22 Aug. Wakkani i 82 i
28 Aug. Sohya 4 103-114 3
30 Aug. Sohya 3 146-164 no data 14 78-113 t 453 1" 84
5 Sept. Wakkani 1 154 1 3 88-101 3
11 Sept. Wakkani 2 93-95 11
14 Sept. Esandomari 1 177 1 8 82-116 3 5
16 Sept. Wakkani 7  83-106 1.2 31
21 Sept. Sohya 1 146 1 28 85-122 9 17 1 17 86
29 Sept. Sohya 13 85-118 1 3 6 3 1" 83
2 Oct. Sohya 21 87-129 1108 1 3" 81-95
9-10 Oct. Kiyohama 2 198-206 2 10 92-105 4 5 1
11 Oct. Kiyohama 5 163-206 211 17 92-144 18 6 1
20 Oct. Sohya 2 178-214 11 7 92-119 3 4
25 Oct. Sohya 9 94-134 5 3 1
27 Oct. Higashiura 9 94-120 3 51
30 Oct. Kiyohama 1 120 1
2 Nov. Nishiwakkanai 1 206 no data 67 99-145 1 1012 7

Note: *Dwarf individuals with malformated vertebrae
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Table5 The D-values of the Kolmogolov-Smirnov two samples test[] two-sidedd in vertebral numbers. Bolds

indicate the significant difference at 5% level.

No. Sample 1 2 3 4 5 6 7 8
1. 99 1-age total -
2. 99 O-age total 0.22 -
3. 00 O-age total 0.27 0.06 -
4. 99 0-age “Sohya” ™' 0.22 001 006 -
5. 99 O-age “Wakkanai”™* 0.22 001 006 002 -
6. 00 O—age “Sohya” 0.24 0.02 0.04 0.03 0.02 -
7. 00 O-age “"Wakkanai” 0.34 0.12 0.06 0.12 0.12 0.10 -
8 99 Aug.~ Sept O—-age

' Wakkanai” 0.23 0.03 0.05 0.04 0.02 0.03 0.1 -
9 29 Oct.~Dec. O-age

‘ Wakkanai” 0.22 0.01 0.06 0.01 0.01 0.02 0.12 0.03

Notes: *' Contains Kiyohama, Sohya and Higashiura.
*2 Contains Bakkai, Nishiwakkanai, Esandomari, Wakkanai and Koetoi.
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Fig. 2 Fork length distributions of juvenile herring on every three periods early, mid., lated of a month
from July to November in 1999. "Wakkanai” and "Sohya" means the locations same as Table 5 .
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Table 6 The number of vertebrae in the two size
group of O-age juvenile. No sighificant difference
between two groups in the test as Tableb .

Number of vertebrae
52 53 54 55 56

Size group

Sept. 99 Sohya
FL<100mm

57 Total Mean D-value

0 6 5 5 5 0 119 5452
0.05

Sept. 99 Sohya

EL5100mm 0 0 27 3t 4 0 62 5463

Late Aug.~mid
Sept. 00 6 8 2 16 5475
FL<100mm 2.00
Late Aug.~mid
Sept. 00 2 2 g 3 16 5481
FL>100mm

50000

O0oo0oo00000o0o0oo0o0o0DO0TFie. 400000
gopbooooo.s~0.90000D00O00DO0OODO
goboooooooooooobooooooooo
gooooooobooob1ob0o0obe~7000
.70 0000000000080 00000D0ODO
soooooobooo zZzooooooobooooboooo
goboooooooooooobogno

6000
coooboooobooooboooobooooooooo
gobooobooooooooobooooooooo
gobooobooooooooobocooobooooono
008—-95000000000000080~—160mmO 0
oooooooooOoooooooDbOooo so02-—
SmmO0O0O0000O0O0O0O0COOO0OCOO0OOOO0O
gobooooooooooo s—1000D0O00OODO
gobooobooooooocoobocoooocooono

goboooboooooobobooobooooooooon

000000000
cooobooooboobooobooooobooooobooooo
goboooooooooooobooooboooooo
goboooooooooooobooooboooooo
0030000000o0o00oo0o0o0o0o0o0o00o0o
googz2o000 9—~11000000000O00DO10~—~
BemOOOOOOOOOOOOOOOOO

00 0000000000000050000000
0000000000000000000000000
oooo®®°HMooooon2~40000000

goooooooooooboooooooon 125

0000000000000000000000000
0000000 o000000000000000000
0000000000 019990 O 54.630 20000 0 54.72
opoooooooooooooMmooooooon
0000000000000000000000000
oooo¥OoooooooOoO0o2000—400
00000000000010000000000 1%¢O
ooooooot¥opooooooooooOoooo
0oooo
10000000000000540000199900 1
O0000000054.200000000000000
0000000000000D000000000000
D000000000000D00D019990 1000540
00005050 00000000000000000
OD—-00O0o0ooo0o0o ™oooooooooon
D000000000000D0000000 10000
0000000000000D000000000000
D00000000000000000
000000000000000000000000
0000000000000D00000000 0000
0000D00000000000002000000000
0000000000 50072~10500000000
OD0O0oDO0O00O200000000000000000
0D0000060150000000000 1003700
0000410000000000000 1001050000
0D0109000000000000000000 01999
D000000000000D00000O0000000
D00000000000000000009~1000
000000000 1000000000000000
ooooooooo®ooooooooooi97o0
00 6000000000000000O00O0OO 30
08~90000000000000D0O0O0O00%O
OO0ooo
000000001 ~30000000000000
0000000000000 0000 9~1000000
00000000001 00000000000000
0D000000000000D000000000000
0Do000100000000000000000000
0D0000000000000000000000 00
0000000000000000000000000
000000000000000000000
0000000000 20000000000000
0000000000000D000000000000
0000000000000D000000000000
0000000000000D000000000000
0D00000000000O0D000000000000



126 gooo

S 0
:_;085 ,,,,,,,,,, '69 3
Sosf S
B A ®
5075 k- e T
© 8

o
~
T

065 [

06

Jun.  Jul. Aug. Sept. Oct. Nov.

<O : 1-age Wakkanai
O : Wild 0-age Wakkanai
A : Released 0-age Wakkanai

Jun.  Jul.  Aug. Sept. Oct. Nov.

@ : 1-age Sohya
@ : Wild 0-age Sohya
A : Released 0-age Sohya

Fig- 4 Monthly changes in condition factord CFO of juvenile herring, left in 1999

and right in 2000.

CF=Body weight without viscerald g[¥] Fork length(] mm[TF X 10°

0000000000000000000000000
oo “Ooooo0oO00DO0O0D0D0O0O00DO0O0O0O
0000000000000000000000000
0000000000000000000000000
ooo
0D00000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000070~130mm
0000000000000000004000000
0000000000000000000000000
0000000000000000000000000
00000000000000000000000000
000000000000000000000000 8
~900000000070~100mmT] 0 00 100~ 130mm0]
10~110000090~120mm0 0 0 0 0 120~150mm0]
0000000000000000000000000
O0000000010~20mm00000000000
0oooooog
DO007mm000000000000000O000
000D00000000000000 600008~
235mm0 0000000 600000 030~50mmd 70
0003%~7mmd0 000000000000 0000
20010 7000000000 042~64mmOd 000 39~
sosmm0000000000000000000000
0000000000000000000000000
00000000000000000000006~7
0000000000000000000000000

000000000000 D0O000O0YMooooo
0000000000000000000000000
0000000
000000000000000000000000
D000000000000000000000™oo0
600000000000060—70mm0000000
0000000000000 0YDoo0o019990 9
~1000000000000000000000000
0000000000000000000000000
0000000000000000000000000
DD00O00oD0D0O0O0OoOoYooooooooon
000000oo0oo0o

20000 00000000000000000 1000
0D00000000000000240000000050
D0000008mmO0O00000000022.5mm
0D0.9mm/0000000000D00D0O0O0OO0OOO
0000000000000000000000000
0000000000000000000010~20mm
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0o0oooooo
000000000000000000000000
0000000000000000000000000
00000000000000000000000000
0000000000000000000000000
0000000000000000000000000



goboooobooboobobooboobobooobg

gooboobbooobooboboobooboboon
goboooobooboobobooboobobooobg
goboooobooboobobooboobobooobg
gobooooboobobooboobobooboon

19990 000200000 6 ~1100000000000
goboooooooooooobooooooooo
goboooooooooooobooooooooo
gobooobooooboooooood
10000 100000000000 10000000

oooooooooooboooooooooonod
oooooooooog
z0b0oOo0OO0OO0OOOODOOOOOOlI—300D0O
ooooooooocoooon
joooobbooOOobooOoooooooooooooo
oooo0ooooo 200000000000
40000000000000O0OOO00O0O0O0O00O0
gbobobooool1gooboboobooog
ooooo
sOo0001000000000000CO0OCODODOO
uoboooooobooooboooboooooooa
ooooo

1000 1980 0000000000000 0000O
000DbO00O000O00O0O0Ooil1e 90,19-28 19590

2000000000000D0DODDDOOO 000
Clupea pallasi C. et V.OOOOODOOOO 1 0O
00b0b0o0O0OO0oDoO0oDOooOOobOOobOoobooooo
000230 1-1619610

0000 00000000 bO0bOobOobooooo
000000310 18-681 19660

4100000000000 *O03@ooooorod
Os8~100000000000D00D0ODOO0OOO
0000000000000 ODZ2000083-1050

50000000000 -“04dooooooorg
00 s8~1000000000000Db0DOO0OoO
000000 D0O000D0OO0O0OD20000106-1380

600000000000 DOOo0OODOo0ODO (0o

goooooooooooboooooooon 127

goooDooboroboolnoboooboooooDoo
Jo00b00Db0Ob00O0ODO2zo00069-810
rgogobogobobobobooo s 0obooobooo
go"o0b0lz0bo0o0ob0boooboooooon
go00oD0ODOo2oo0073-820
00000000 00O000OD :oDoboboboo
J00D00D0O0O0ze 70340-350 19680
00000 :0b00b0b0obo0oooooboooooo
go00o0O0obO0obO0oO0O0OO0o0Oonaso,1-70 19930
wooooobooooooooD «* 1.3007"0000
o000 z0oOoOoooDoOOoO0000001992,22-35.
110 00000000000 :0000o00obOoboo
00 02900120-120 20000
12000000000000 :0D000o00obOoboo
00 0[03000120-120 20010
BOoooDoOoooooooooo :* 1.200000070
0o0nooooooo0ooooooooiiir-125
0 20000
“4oooDooobOOoDboD 0 bobobrgoog s
~o0ooo0oooooooooooooooooo
0000000o000oozoeoode-120
BOoOoOOoOoo :”"200000000000000D0
Os8s—-lo00000o0o0ooDoOoooooooon
O0oDOo00o0o0oOoOobDoOonD2oood1s-190
1600000 :0000000Db0O00b0oO0Ooooon
0000000000000 0000000, 0
00 0D09-181 19990
wOoooDoboDoo »"1.200000070D012
000000000000000118-1240 20020



128



ooooo  620129—134 20020
Sci. Rep. Hokkaido Fish. Exp. Stn.

Jdodbododoubuoubououbouogn

O0000*000000*0000g0*2

Validation of daily increments in the otolith microstructure of
Ishikari Bay herring larvae

Ryotaro ISHIDA*!, Masayoshi SASAKI*' and Shiro TAKAYANAGI*

Daily increment formation was verified in the laboratory by comparing the number of increments between
alizarin complexiond ALCO marking on 19th and 33rd day after hatching. The number of increments between
two ALC marks corresponded to the number of days elapsed between first and the second ALC treatments with
a small standard deviation. These results indicate that rate of increment formation was one per day from at
least 19 days after hatching. However, the deposition rate estimated from the relationship between the actual
number of days after hatching and the number of increment counted was close to one, but significantly different
from one increment per day.

Standard deviation of the estimated age from the real age was very high, which is conforms to a previous
study on Pacific herring and Atlantic herring. A possible explanation for the large standard deviation of the
estimated age from the real ageld =3 daysOin the Ishikari Bay herring is that individual differences in the day
first increment are formed and are visible under a light-microscope. Consequently, using a light-microscope, an

error of about 3 days is considered unavoidable in estimation of the number of days after hatching of Ishikari

Bay herring.
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Fig. 3 Otolith of 33 days old herring larvael] Clupea
pallasiill. Scale bar = 5 g#m, HC = hatching

ring.
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Fig4 Relationship between the actual age in days
and the number of otolith increments.
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Fig. 5 Micrographs of the otolith, saggitae, marked
with ALC on 19 and 33 days after hatching.
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Fig. 6 The number of increments between the two

marks with ALC corresponded with the
number of days-elapsedd 13days[] between the
first and second treatment of ALC,

indicating that the rate of increment formation
was 1-day

Table 1 Result of otolith analysis.
Number of
days
Average SD CV (%) elapsed Difference Max. Min.
19th™" 10.56 2.71 25.66 19 -8.44 16 5
33rd”? 23.64 3.37 14.23 33 9.36 28 19
19th-33rd "> 12.8 0.6 4.69 13 02 14 11

*1 Result of otolith analysis of 19 days old larvae, *2 Result of otolith analysis of 33 days old larvae *3
Result of otolith analysis between the two marks with ALC
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The intermediate culture of the artificially produced juvenile
of the Pacific herring, Clupea pallasii in Ishikari Bay, Hokkaido

Hiroyuki ISHIZAKI*'O Tsutomu KODAMA*?[] Atsushi KUMAZAKI*
Satoshi YAMAMOTO®0 Yuji WATANABE*“ and Hajime KIKUCHI*®

Examination was performed on growth and survival rates of artificially produced juvenile Pacific herring by

intermediate culture from 1996 to 2000 at Ishikari Bay on the west coast of Hokkaido. Total length of these

artificial herring distributed from Hokkaido Haboro Aquaculture Center was 42.3-51.2mm; they grew to

60.8-69.5mm in intermediate culture fish pens in Atsuta and Hamamasu. Periods of intermediate culture were

The rate at which herring with length of less than 50mm, 50-5Z2mm, and 52mm and over pass through 5mm

meshes was 25-100%,10-30% and 4% or less respectively. In the area where a net tends to become dirty, the

growth of the herring raised with the 5mm mesh’s fish pens was better than the herring raised with the 3mm

mesh’s fish pens.
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Ecology of artificially produced juvenile herringl] Clupea pallasiil]
released in Ishikari Bay-I
Distribution and migration within about a month after release

Masayoshi SASAKI*!, Ryotaro ISHIDA*! and Shiro TAKAYANAGI*

To examine the suitable body size, timing and placement at release of artificial produced juvenile herring,
we investigated thedistribution and migration within a month after the releases on released seeds sampled with
fishing, a beach seine, larva net, and a small beam trawl at the coast of Atsuta Village, and with set nets in
the Ishikari River in summer, from 1996 to 1999.

Within a wecek after releasce artificial produced herring were collected around release arca. Afterward,
artificial produced herring moved northward from rclease point; they moved to the Ishikari River cstuary southward
from release point from late June to middle July. Finaly, they moved to Atsuta northward from the release point
from mid- July to late July. Size distributions in total length of recaptured fish became larger as time passed each
year, collection of artificial produced fish more than 90 mm was very rare.

These results indicate that released artificial produced fish dispersed around release area untill early July
after their release. From then they moved northward and a portion of them moved southward after release; to
late June, they dispersed at the Ishikari River estuary and sand vicinity of the Ishikari River, leaving the

coastal area left coastal area when they grew to about 90 mm total length.
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Table 1 Results of release of artificial produced
herring at Kotan

Release Mean total length Number of  Daily age
Year of released released  tagged ALC Remarks
date . L %2
herring herring marker
1996 24-Jun 69.5 160 0 *
1997 16-Jun 67.0 125 0 *8
1998 26-May 499 205 10 **
17-Jun 63.2 268 0 3
1999 28-May 512 389 20 *
16-Jun 61.8 391 20 *8
* Unit:mm

B — . .
Figures are given in thousands.
*3 . : .
Intermediate rearing in sea for about 2 weeks before release
4 e . . . .
** Without inetermediate rearing in sea before release

45

Hokkaido

Pacific Ocean

:Releasing point of
artificial herring
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Fig- 1

Study location, Ishikari Bay, west coast of
Hokkaido, Japan
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Table 2 Number of herring collected with each gear. - = no sampling.

Gear [Set net Beach seine F* Beach seine F* | Beach seine
date/area |River| S1 S22 S3 S4 S5 S6 S7 |[Kotan'| S8 S99 S-10 |Atsuta] S-11  S-12
25-Jun - - - - - - 0 0 - - - - - - -
2-Jul - - - - - 0 0 4 43 0 0 0
9-Jul - - - - - - - - 26 - - -
12-Jul - - - - - -
17-Jun - - - - -
18-Jun - - 0 0 1
23-Jun - - - - 0
1-Jul 1" - - - -
2-Jul - - - - -
3-Jul -
5-Jul
6-Jul
10-Ju!
11-Jul
13-Jul
23-Jul -
25-Jul - - 0
27-May - - 0
3-Jun - - 0

0
0

1996

TN ©

1997
55

[ Y
'
o
'
o
'
o
'
o
o
'
'
'

10-Jun - -
25-Jun
26-Jun
28-Jun
30-~Jun
2-Jul
3-Jul
4-Jul
5-Jul
6-Jul
7-Jul
8-Jul
16-Jul
21-Jul - -
22-Jul - 0
30-Jul -
5-Aug - -
26-May - -
8-Jun - -
24-Jun - 0
25-Jun 1
27-Jun| 13 - - - - - - - - - - - - - N
28-Jun| 1 - - - - - - - - - - - - - R
29~Jun 1 - - - - - - - - - - - - - -
30-Jun 4 - - - - - - - - - - - - . -
1-Jul 29 - - - - - - - - - - R - . N
2-Jul - - 0 0 0 - - 0 - - - 0 - - -
3-Jul 84 - - - - - - - - - - - - - -
4-Jul 10 - - - - - - - - - - . - . R
7-Jul 10 - - - - - - - - - - R - N R
8-Jul - 0 0 0 1 - - 0 - - - 0 - - R
9-Jul
10-Jul
11-Jul
12-Jul
13-Jul
15-Jul
6-Aug - 0 0 - - - - - - - - 0 - - -
* Fishing
** Release point
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Fig. 2 Size distribution of artificial juvenile herring collected each area and period in 1996-1999
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Fig. 3 Temperature and salinity of the point collected released herring with beach seine.
The figures beside circles are day and station number collected herring. Size of circles indicates number

of herring collected. ] see Table 1 [
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