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Ecology of artificially produced juvenile herringl] Clupea pallasiil]

released at Ishikari Bay—]]>I<1

Feeding habits within about a month after release

Masayoshi SASAKI1** and Ryotaro ISHIDA*?

To examine the suitable body size, timing and placement of release for artificial produced juvenile herring]
we investigated the distribution and feeding habits of sampled artificial produced juvenile herring collected using
a beach seine, larvae net, a small beam trawl and fishing at the coast of Atsuta and with set nets in the Ishikari
River on the west coast of Hokkaido in Japan[ in summer, 1996 - 1999.

Artificial produced herring fed on various food organisms in one day after releasing and fed on a large
number on 8 days and 11 days after release. However the composition of food organisms differed between sampling
locations and dates, the majority of food organisms of juveniles up to 70mm in total length comprised larvae of
fish and a number of small coastal and brackish copepodsi.e. Oithona atlantica and Eurytemora spp.[], and
cladocerans i.e. Moina sp. and Podon spp.[, Oikopleura spp. Artificial produced herring greater than 80 mm

mainly fed on larger organisms such as mysidacea, amphipoda, and fish larvae.

oobooo :ooooooboocoobooobooooooon

gooao 00000000 ALCODODOOOOODOOOOO

OFig. 1 0000b0000bOO0O00oOocOooooon

OOooooOooDboOomsss0oooooooooono
gobooobooooooocooboooooooono

gobooobooooooboooobooooooooon

gobooobooooooocoobocoooocooono
gobooobooooooooobooooboooooo
000000 '"W00000000000OoOnd
gobooobooooooooobooooooooo
gobooooood

gobooooo
OO00D0OD0O00D0O0O0D00019%—199900 500

U~7000000000C000DO0CO0O0COO0DOAO0
goboooooooooocoobocOooooOoooo

cobooooboobooooboooobdbombOomno
C00mOOdO00O0O0O0O0O0O0OO0OOOOOOCOOO
goooooooooOoooopooooooboooo
cooobodooboooobooooooooooboOooon
coooboodooboobooobooooooooooboboOooon
coooboodooboobooobooooooooooboboOooon
coooboodooboobooobooooooooooboboOooon
coooboodooboobooobooooooooooboboOooon
00*000000000000000000000
coooooooooobooooo

Tablel D 20000000X0O0 10000000
coobooooboooobooobooooao

0000 100000000000=X000000
Oo+Xgoooopoooooooo

O000O A 333020020 30200000
*1 1000620000

*2 000000000000 Hokkaido Kushiro Fisheries Experimental Station, Hama-cho, Kushiro, Hokkaido

085-0024, Japan[O



150 gooooboooooono

Doo=XO0O0OO0Oo0Oooooo0o00o0d-~-oooX
100

Figs.2-50000000000 100000000
000000 1000o0o0ooooooooooooo
0oo0oooooooooooooooooooooo
oooo

Xooooool1goooooooooo=Xooo
ooooo-=goo

Xoooooo l1goooooooooo=1000
000bOO0bO0O0OXOOOo10ooooooo

0000000 100000b00bO00b0ooobooooo
0000000 Moina larvaed O 0O 0O
go00bO0bO00O00O0OO0oO0ooDOobOOoDbOoboooo
go00bO0bO00O00O0OO0oO0ooDOobOOoDbOoboooo
gdoooobooOoosoobooboooooooog
go0o0bOobOoboOooooon

sp. [ Decapoda

*:Releasing point of
artificial herring
@:Beach seine

Q:Set net
s
/e I
s Ishikari River
Fig. 1 Study location, Ishikari Bay, west coast

Hokkaido, Japan

1 DO0000boO000oooOoOoooooOooooo
O

Table1OO0OO0O0O0OCOO0ODO0OO0OO0OOOCOO
0000o000o00o0o00o0o00o00000000199
gooooooooos-70000DsO0OOesron

Table 1 Species composition of food organisms from
the guts of artificial produced herring juveniles
collected firstly after release in each year
from1996 to 1999. Numerical value on the
left and right side of each position represent
the number of food items per juvenile and
percentage of juvenile feeding, respectively.

Year 1896 1997 1998 1999
Sampling date 2-Jul 18-Jun 27-May 8-Jun
Sampling area 87 S$-5 S-10 $-234
Size range of herring(mm) 60-72 67-75 39-52 39-50
Release date 24-Jun 18-Jun 28-May 28-May
Release size(mm)* 89.5 67.0 50.0 512
Days after releasing 8 2 1 1"
Percentage of empty gut 0.0 10.0 0.0 0.0
Measured number 3 10 10 15
Mean number of food
organisms/artificial produced 283 72 37 158.0

food items

Podon spp. 29 533
Evadne spp. 155 40.0
Moina sp. 104.9 733
Mesoalanus tenuicornis 37 20.0
Paracalanus parvus 1.0 333 53 467
Pseudocalanus sp. 23 467
Eurytemora spp. 25 13.3
Tortanus spp. 53 30.0 24 46.7
Tortanus larvae 1.0 6.7
Unidentified calanoida 1.0 33.3 20 400 12 0.4
Oithona similis 6.5 200 27 40.0
Oithona atlantica 370 333
Unidentified cyclopoida 1.0 6.7
Harpacticoida 27.3 100.0 1.0 300 1.4 80.0
Gammaridae 20 300
Decapoda larvae 27 30.0
Pelecypoda larvae 1.0 333
Gastropoda larvae 75 200 25 13.3
Polychaeta larvae 1.0 333 20 200
Cirripedia (nauplius)
Cirripedia (cypris) 25 13.3
Qikopleura spp. 142 40.0
Fish egg 509 86.7
Fish larvae 70 200
Others 1.0 10.0

*Mean total length
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Table 2 Species composition of food organisms from the juvenile herring guts. Numerical value on the left and
right side of each position represent the number of food items per juvenile and percentage of juvenile
feeding, respectively.

Sampling area or st.no S-7 In river in river It river Int river In river In river S-2 S-3 S-4 S-4 In river
Sampling date 2-Jul-96 1-Jul-97 3-Jul-97 5-Jul-97 6-Jul-97 11-Jul-97 13-Jul-87 8-Jun-99 8-Jun-99 8-Jun-99 24-Jun-99 | 27-Jun-99
Number of examined 3 " 10 10 4 7 4 7 5 3 9 9
Range of total length{mm) 60-72 73.3-80.8 75.1-91.9 80.8-98.6 85.1-98.3 | 81.8-104.4 | 94.8-104.1 41.8-54.6 39.1-49.6 43.2-50.2 536-78.4 65.0-78.7
Percentage of empty gut 0.0 100.0 0.0 50.0 100.0 60.0 0.0 0.0 0.0 0.0 0.0 0.0
Mean number of fod 8.2 00 405 325 00 73 53 1916 1734 540 1449.1 266.7
organisms/herring
Number of food items 6 0 6 3 0 2 2 13 16 12 13 15
Mesocalanus  tenuicornis cf 6.0 14.0] 25 400
copepodid
Calanus pacificus
Paracalanus  parvus 1.0 333 6.8 100.0 2.0 333} 292 100.0| 94 778
Pseudpcalanus  sp. 10 143) 281000
Clausocalanus pergens 224 1000| 4.7 667
Eurytemora pacifica
Eurytemora affinis
Eurytemora herdmanii
Eurytemora spp. 19.5 200 25 400 25 400
Eurytemora larvae
Centropages abdominalis
Acartia omorii
Acartia steueri
Tortanus discaudatus 50 100 10 200 10 222
Tortanus derjugini 50 10.0
Tortanus sp.
Tortanus larvae 10 143
Unidentified calanoida * 1.0 333 1.0 20.0| 11.0 200 1.0 2886 1.5 400 10 667( 1.0 M1 7.9 889
Oithona  similis 20 143 30 800 20 333 959 100.0| 16.8100.0
Qithona Atlantica 328 80.0! 540 33.31748.7 100.0| 61.7100.0
Unidentified cycropoida & larvae 20 100 18 571 1.0 333 20 200
Microsetella sp. 10 222
Corycaeus sp. 14 50.0
Harpacticoida 283 100.0 3.0 286| 461000 10 222
Gammaridae 1.0 200
Cladsera unidentified 1.0 222
Podon spp. 40 429| 205 80.0| 20 3331 15 222
Evadne spp. 55 286| 23 800 57 867
Moina sp. 1222 857(104.8 80.0 20 333
Crustacea nauplius 1.0 11
Pelecypoda larvae
Bivalvia larvae 1.0 333 10 143
Gastropoda  larvae 10 143 4.0 333
Cirripedia larvae(Cypriform) 1.0 333 3.0 600
Cirripedia larvae(nauplius) 13 333
Mysidacea adult 20 200 63 429( 10 250
larvae 1.0 143
Amphipeda 4.0 200
Decapoda larvae 184 556 861000
Oikopleura  spp. 123 80.0 | 18.0 66.7{533.8 100.0(125.4 100.0
Polychaeta larvae 10 333
Fish egg 7.0 1000| 17 778
Fish larvae 235 200 4.3 100.0) 957 857] 175 800 117 100.0 33.1 100.0
*Almost considered  Paracalanus parvus

111
111

oo

Table 2 —continued

Sampling area or stno In river In river In river In river In river S4 In river In river In river In river In river
Sampiling date 30-Jun-99 1-Jul-99 3-Jul-99 4-Jul-99 7-Jul-99 8-Jul-99 9-Jul-99 10-Jul-99 11-Jul-99 12-Jul-98 13-Jul-99
Number of examined 4 10 25 10 ] 1 5 9 4 3 4
Range of total iength(mm) 65.5-86.4 66.8-91.2 67.9-96.7 68.3-94.3 79.5-94.8 724 86.8-100.0 | 76.4-93.9 | 76.5-1042 | 89.7-95.5 93.3-99.6
Percentage of empty gut 0.0 0.0 90.0 0.0 0.0 00 400 66.6 250 66.6 o.c
Mean number of food 150.0 278.8 08 1337 199.7 76.0 44 12 25 19.0 55
organisms/herring
Number of food items " 23 2 14 5 8 4 2 2 2 3
Mesocalanus  tenuicornis cf 20 250f 50 100 1.0 200 1.0 500
copepodid 15 200 1.0 100
Cafanus pacificus 1.0 100
Paracalanus  parvus 10 250( 48 60.0 16.0 100.0
Pseudpcalanus  sp.
Clausocalanus pergens 9.0 25.0| 103 600 1.0 100 2.0 100.0
Eurytemora pacifica 20 100
Eurytemora affinis 46,0 10.0
Eurytemora herdmanii
Eurytemora spp. 20 250 1.0 10.0
Eurytemora larvae 3.0 100.0
Centropages abdominalis
Acartia omorii
Acartia steueri
Tortanus discaudatus 1.0 200
Tortanus derjugini 50 10.0
Tortanus sp. 7.0 100 15 200
Tortanus larvae 2.0 100 10 170
Unidentified calanoida * 10 250( 38 500| 45 80 2.0 1000] 40 200
Qithona  similis 56 700 2.0 100.0
Oithona Atlantica 20 250 316 700 27.0 1000 40 200
Unidentified cycropoida & larvae 20 200 1.5 200
Microsetella sp. 27 300
Corycaeus sp.
Harpacticoida 20 100
Gammaridae
Cladsera unidentified 1.0 250
Padon spp.
Evadne spp.
Moina sp.
Crustacea nauplius
Pelecypoda larvae
Bivalvia larvae
Gastropeda larvae
Cirripedia larvae(Cypriform)
Cirripedia larvae(nauplius) 1.0 25.0
Mysidacea aduit 1.0 100 22 800 15 8670 25 500 10 500
larvae
Amphipoda 8.0 250
Decapoda larvae 40 200 5.1 100.0 15.0 1000} 3.7 600 15 220 240 333
Qikopleura  spp. 1040 25.0(2605 80.0 104 70.0| 287 500 9.0 100.0
Polychaeta larvae 80 100
Fish egg 8.0 250/ 80 100
Fish larvae 106.0 1000 495 400 113.9 100.01174.8 100.0 15 400[ 100 110| 50 250]| 330 333 40 750
*Almost considered Paracalanus parvus

5 200[ 20 40
.0 100

0 100
3 400
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Fig. 2 The total gut contents in number/a artificial produced herring juvenile in various size classes from 35bmm to

70mm. n=-number measured.
1[Paracalanus parvus

6[Evadne spp. 7[Podon spp. 8[Moina sp. 9[Dikopleura spp.

20Clausocalanus pergens 3[Pseudocalanus sp. 4[0ithona similis 5[0Dithona atlantica
10[Harpacticoida 11[Fish larvae 12[Fish egg
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Fig. 3 The total gut contents in number/a artificial produced herring juvenile in various size classes from 70mm to

100mm.

1Eurytemora spp.

Evadne spp.

12[Fish larvae

13[Others

2[Paracalanus parvus
7[Podon spp.

n=number measured.

8[Dikopleura spp.

9[Harpacticodia

3[Clausocalanus pergens

10Mysidae

4[Dithona similis

5[0ithona atlantica
11[Mecapoda larvae
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Fig. 4 The total gut contents in weight/a artificial produced herring juvenile in various size classes from

35mm to 70mm.

1[Paracalanus parvus
6[Evadne spp.
12[Fish egg 13[0thers

7[Podon spp.

n=number measured.

2[Clausocalanus pergens
8[Moina sp.

9[0ikopleura spp.

3[Pseudocalanus sp. 4[0ithona similis
10[Harpacticoida

5[0ithona atlantica

11Fish larvae
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Fig. 5 The total gut contents in weight / a artificial produced herring juvenile in from 70mm to 100mm.
n=number measured

1CEurytemora spp. 2[Paracalanus parvus 3[Clausocalanus pergens 4[Dithona similes 5[Dithona atlantica
6[Evadne spp. 7[Podon spp. 8[Dikopleura spp. 9[Harpacticoida 100Mysidae 11[Decapoda larvae
12[Fish larvae 13[Others
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Result of pilot experiment of starvation resistance of artificially produced

Pacific herringd Clupea pallasii]

Masayoshi SASAKI*! and Shin-ichi TAKABATAKE*?

The starvation

resistance of Pacific herringld Clupea pallasiill was studied in rcaring experiments

with

two fish groups; mecan total length of fish used in experiments were 47mm0 range: 36.5-58.0mm0 and 68mf] range:
64.0-75.0mm0 . After starvation, 50% mortality the 47mm and the 68mm size groups occurred by days 19 day
and 27, respectively. The relationship between days fish died with starvatiofd DO and total length(] L: mm[ is
represented by the formula D =0.70X L —19.5.

A few of 47 mm size group fed at 11 days after the beginning of starvation experiment died immediately
after feeding again; subsequently, others survived and the relation between total length and weight removed the
alimentary canal, lever, and heart came to be the same as fed fish. Some of 68 mm size group fish, fed at 21

days after the beginning of starvation experiment also died within a couple of days after feeding commenced
between total length and the weight came to be the same as fed fish.

died are 0.87 on 40 mm, 0.76 on 60

From these experimental results clarifying the feeding habits of

again but others survived and relation
The ratio of weight between fish under normal conditions and
mm, 0.70 on 80 mm, respectively. released

artificial produced herring and the feeding ability of herring juvenile, we conclude that released fish do not

often die directly from starvation.
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Growth and maturation of hatchery-reared Hokkaido-Sakhalin

herring population, Clupea pallasii

Shin-ichi TAKABATAKE™, Youhei SHIMIZU*

Growth and maturation of artificially recared Hokkaido-Sakhalin herring population, Clupeca pallasii were

cxamined for two ycars after hatching. During the rcaring period from September 1998 to May 2000 water
temperature was in the range of 2.1-15.7] mean 8.8CLO. At the age of one year, average total length and
body weight were 153.2+9.5mm and 26.0+6.5g, respectively ; at two years, they were 232.2+19.3mm and
107.8+25.9g. The growth curve described by von Bertalanffy equation is Lt=293.629 1-expl -0.76818] t+
0.04601T], where Lt is the total length(] cm[ of fish at age [ years after hatching[]. The relationship between

total length and body weight is described by the equation W=0.004913- 173!

where L is total lengthl cml] and W
is body weightd g[0. The daily growth rate decreased with increasing body size from 2.79% at 185 days after
hatching to 0.04% at 615 days. Maturation was first observed at the age of two years; the maturation rate was

10.6%. Average fertilization rates by artificial egg collection and hatching were 93.1+6.8% and 65.9+29.6%,

respectively.
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Table 1 Fertilization rate, development rate of artificial.

fertilized eggs and hatching rate.

Individual Fertilization rate Hatching rate
number (%) (%)
1 929 342
2 86.4 70.5
3 100.0 92.9

mean*SD 93.1+6.8 65.9+29.6
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Short-term recapture of hatchery-reared herring released at
Wakkanai coast, northern Hokkaido in 2000 Short paper[

Keizo YOSHIMURA*'O Yukihiro KONNO*
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Table1 Food composition of reared and wild O-age herring.
St.A reared(N=17) St.B, reared(N=30) St.B, wild 0—age(N=5)
Taxonomic N Feeding Feeding Feeding
group Mean No. rate(%) Mean No. rate(%) Mean No. rate(%)
Calanoida 0.1 118 190.2 400
Harpacticoida 20 100.0
Cladocera 03 118 20 40.0
Ostracoda 0.1 11.8
Gammaridea 0.1 5.9
Zoea and 204 59 0.1 33 02 200
Megalops
Crustacean - 1138 - 233
digestive
Fish egg™ 6.8 94.1 5.1 73.3 0.8 20.0
Notes: “Fed number per individual herring.

The eggs of Japanese anchovy, Engraulis japonicus.
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Estimating hatching day distribution in Ishikari Bay herring larvae and
juveniles from daily growth increments in otolith] Short paper[]

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

Estimated hatching day sampled at St. A on 11 Jun. showed a bimodal shapc pcaked in carly April
0 carly-hatched larvac and juveniles[ and carly May0 late-hatched larvae and juveniles[. At St. B on Junc 24,
early-hatched juveniles were dominant, but most of juveniles sampled on July 2 and July 8 were late-hatched. At
St. C on July 3, early-hatched juveniles were dominant;although late-hatched juveniles were at St. B in this
period. On July 13 at St. C juveniles represented a bimodal shape; first and second peaks were similar to that
on July 11, indicating that the early-hatched individuals migrated earlier to the surf areal] St. B[ and the estuary,
than the late hatched ones.

Migration of adult herring for spawning to the coastal Atsuta peaked twice, early February and late February
in 1999. Results of direct research by SCUBA diving for in situ observations of herring eggs at Atsuta showed
that hatching peaked on April 9-10 and May 5-6 in 1999. These results indicated that larvae and juveniles

used in this study originated from the eggs spawned around Atsuta.
Ogoooo goobdoobooooboooooooooooon
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Fig. 1 Map of Ishikari Bay with the spawning
ground and sampling stations indicated.
Table 1 Number of wild herring collected with each

gear in 1999.

Fish attracting
ligth and hand
gear |net
date/area
26-May
8-Jun
11-Jun
24-Jun
25-Jun
27-Jun
28-Jun
29-Jun
30-Jun
1-Jul
2-Jul
3-Jul
4-Jul
7-Jul
8-Jul
9-Jul
10-Jul
11-Jul
12-Jul
13-Jul -
15-Jul 1 -
6-Aug - 0 -
*1data from Sasaki et. Al. (In press)
*2 The samples used in this study.
=, no sampling.
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Fig. 2 Total length distribution of Ishikari Bay
herring larvae / juveniles in 1999.
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Suitable body sites and tissue for implanting binary coded wire tagll CWTO
in juvenile hatchery-reared herringl Short paper[]

Keizo YOSHIMURA~
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Schematic illustration for tagging sites in juvenile herring with CWT, using hand operating injector.

The numbers show the sites as follows; 1:Snout, 2:Anterior edge of orbit, in epithelium or connective
tissue, 3:Posterior edge, 4:inferior edge or orbit, in transparent tissue, 5:Posteriormost part of the
head, 6:Pectral fin base, 7:Dorsal fin origin, 8:Anal fin origin, 9:Anal fin insertion and 10:Cadual

peduncle, in musculature.
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Table 1 Clipped fin patterns for distinction of CWT implanted site groups. Each group contained 10 fish and
were held in a pair of 0.5t-tanks for 28 days.
Tank 1
Implanted site Snout Orbit Head None/control
Anterior edge Posterior edge Inferior edge
Dorsal/ Dorsal/
Clipped fin None Dorsal Caudal upper lobe Caudal lower lobe Caudal upper lobe Caudal lower lobe
Tank 2
Implanted site Pectral fin base  Dorsal fin origin Anal fin origin Anal fin insertion  Caudal peduncle None/control
Dorsal/ Dorsal/

Clipped fin None Caudal upper lobe

Dorsal

Caudal lower lobe Caudal upper lobe Caudal lower iobe
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Table 2 Changes in number of fish retained CWT at different implanted sites for 220 days. 10 fish were tagged
per each site and checked with a magnetic field detector at the end of 1 week and about 1 month
periods. After 220 days, all fish were taken out from tank and X-rayed to detect CWT.

Days after tagged Snout Orbit Head
Anterior edge Posterior edge Inferior edge
7 4 8 10 10 10
28 1 7" 10 10 10
220 0 7 10 9* 10
Days after tagged Pectral fin base  Dorsal fin origin Anal fin origin  Anal fin insertion Caudal peduncle
7 10 10 10 10 10
28 10 10 10 10 10
220 i0 10 10 10 10

Note:
2

*' One fish dropped out of the tank at 12 days, CWT had been lost.
*° One fish dropped out of the tank at 159 days, CWT had retained.
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