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Study of Characteristic of Feeding Habitat of Juvenile Chum Salmon
and Their Food Environment in the Pacific Coastal Waters,
Central Part of Hokkaido

Jiro Seki
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2-2 Nakanoshima, Toyohira-ku, Sapporo 062-0922, Japan

(sekijiro@salmon.affrc.go.jp)

Abstract.] This study is to investigate the ecological characteristics of juvenile chum salmon and
the behavior of zooplankton during spring and early summer in the Pacific coastal waters off the
coast of Hokkaido. The coastal waters were covered with the Coastal-Oyashio in early spring, and
surface temperatures increased to 10T in early-mid June and above 13T in July. Juvenile chum
salmon scattered extensively at surface temperature 8T, and the fish abundances decreased when
over 13T. Instantaneous growth rates of fish were -0.0025 to 0.0138 in the coastal waters.
Zooplankton biomass peaked from late May to early June. Cold-water zooplankton species
dominated at al times. Four types of diel vertical migrations of zooplankton were recognized. The
mean distances between peaks of zooplankton number were almost 80 to 140 m. Zooplankton body
lengths decreased in later periods. Due to the increased water temperature, zooplankton biomass
and growth rate of fish in this area, it is desirable for fish to be released at fork length 56 mm at a
surface temperature of 5T.

Key words: juvenile chum salmon, feeding habitat, zooplankton, horizontal distribution, vertical
distribution, diel migration, coastal waters
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Fig. 1. Maps of experimental sites of Shikyu River (A) and Hiroo River (B) where the marked juvenile chum samon were
released. Locations of release and recapture are indicated by arrows and open circles, respectively.

Table 1. Data on release experiments of the marked juvenile chum salmon carried out at three sites in central Hokkaido, Japan.

Site Year  Released Marked fish Clipped fin Measured Fork length (mm)
day 10° number Mean Max. Min.

Hiroo River 1986  April 14 HE 111.6 Left ventral+adipose 100 41 48 38
May 8 HL 112.8 Right ventral+adipose 100 446 57 37

Higashi-Shizunai 1987 May 12-13 Sz 200.0 Right ventral 83 54 63 39

Harbor

Shikyu River 1988 March 29 SE 316.0 Right ventral 127 49 55 43
April 28 SL 373.0 Left ventral 81 57 63 50
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Fig. 2. Map showing the sampling stations in the Pacific
coastal waters near Hiroo, central Hokkaido. Closed circles
show the stations where measurements of temperature and sa-
linity and collections of zooplankton and juvenile chum
samon were made; open circles show the stations where
measurements of temperature and salinity and collections of
juvenile chum salmon were made. An arrow shows the set
net to collect juvenile chum salmon.
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Fig. 3. Map showing the sampling stations in the Pacific
coastal waters near Shizunai, centra Hokkaido. An arrow
shows the station where marked juvenile chum salmon were
released; open circles show the stations where measurements
of temperature and salinity and collections of zooplankton
and juvenile chum salmon were made; e-h show the stations
where measurements of temperature and salinity and collec-
tions of juvenile chum salmon were made. Zooplankton were
also collected a Stn. C to investigate of diel vertical
migration.
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Fig. 4. Map showing the sampling stations in the Pacific coastal waters near Shikyu, western part of Hokkaido. An arrow shows
the station where marked juvenile chum salmon were released; open circles show the stations where measurements of tempera-
ture and salinity and collections of zooplankton and juvenile chum salmon were made; a-d show the stations where measure-
ments of temperature and salinity and collections of juvenile chum salmon were made.
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Fig. 5. Map showing the sampling station in the Nemuro
Strait, eastern Hokkaido. An arrow shows the line where col-
lections of juvenile chum salmon were made with the double
nets.
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Fig. 6. The "Double nets" to divide sampling layer into upper
and lower layers. Mesh is 6 mm.
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Fig. 7. Map showing the sampling lines in the Pacific coastal
waters near Shizunai, central Hokkaido. Temperature and sa-
linity were measured and zooplankton were collected hori-
zontally at 3 m along Line A only on 28 March and
repeatedly along Line 1, Line 2 and Line 3. Vertical distribu-
tions of temperature and salinity were measured at Stn. A
(Arrow).
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Fig. 8. Sampling times of zooplankton arranged on 14-15
May and 13-14 June in 1991. Shaded areas show nighttime
and black squares show sampling times.

OFg300000000000000000000
00000000000000000000000
00000103050100200 0030mI70 000
000000000000000000002400
000O200000000500000500060
000000000000000005000 060
000020000 001900000000 1991
060140 00000000000000000
(Fig. 8)0

goboobooboboobooobooboon
Oo0ob0ooooboOooOoogDesed 50013006
g4bded240 00007080 0400000000
gooooo3ekmdsin 130Fg. 20000000
gbobooooobooboboboboooooog
gboboooooboobobob2snooogog
O00O0OOODoO0DOO0OO00Tabe20 0000000
gbobooooobooboboboboooooog
gboooooooboboobgbg essuounog
goocormmi OO0 OD00OD0O0ODOOOOOOOO

00000000000000000000000
00000000000010000000000
O0=nxO000000<+20x00000 - (1)

gobooooooooobooboooboobooog
gobooooooooboooboooooood
gobooooooooobooobooooooog
goboooooooooboocooboooooooa
gbobobobooooobooboboieseb 0O
gboobooooooooboilecooboooonoond
gooooooooooooooobooooood
oo ooooooooboesrooooooon
01988l 0 OO 0O0OOS010-110 O05030-310 0O O
goboooooooobogsonosd1etdd
goboooooooooo
uoooooobobooooooboooooskad
o20000000000
gobooosFo=000000+ 00x 100 ----- 2
goboooo=0000000004d
gomoooob40obbooobbloooog
goboooooooooboobooobooooooog
goboooooooooooobodgno
gobooooooooobobooobicooooog
goboooooooooboocooboooooooag
gooooooooooobooobooooooog
gbooooboooboobooooooooocoooono
gobooooooooobooobooooooad
oooooooon

Table 2. Body parts of major zooplankters where the maximum and minimum sizes were measured.

Zooplankton Maximum dimension Minimum dimension
Cheatognath Total length Body width
Cheatognath egg Diameter

Copepod Cl-adult stage Cephal otherix+Abdomen Body width
Amphipod Head+Peraeon+Pleon+Uropod Body width
Euphausiid Carapace+Abdomen+Uropod Body width
Euphausiid larvae Total length Body width
Mysid Carapace+Thoracic+Abdomen+Telson Body width
Cirripedia nauplii Carapace Carapace width
Cirripedia cypris Carapace+Thoracic+Abdomen+Uropod Body width
Gastropod Diameter of shell Shell height
Crab megalopa Total length Body width
Appendicularia Trunk height+Urochord Trunk width
Fish larvae Total length Body width
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Fig. 11. Temporal changes in vertical distribution of water
temperature (solid line) and salinity (dotted line) along a sur-
veyed line in Shikyu coastal waters from 30 March to 6 July
in 1988.
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Fig. 13. Mean and range of fork length of the marked juve-
nile chum salmon recaptured at five stations in Shikyu River
on 30 March (circle) and 2 May (square) in 1988. Size of re-
leased larvae on 29 March and 28 April are given in Table 1.
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Fig. 14. Mean and range of fork length of marked juvenile
chum salmon recaptured in the Shikyu River on different
days in 1988. Shaded: released on 29 March; circle: released
on 28 April. Open square and circle indicated the size of lar-
vae just before released.

Table 3. Computed instantaneous growth rates (IGR) of
marked juvenile chum salmon during the period from release
to recapture Shikyu River in 1988.

Group Period T (day) Mean fork length(mm) & IGR

Release Recapture
(10) (1)

SE  March 25-April 11 (17) 49 47 -0.0025
March 25-April 18 (24) 49 53 0.0033
March 25-May 2 (43) 49 51 0.0009

SL  Apil 26-May2 ( 4) 57 59  0.0086
April 26May 9 (7) 57 61  0.0097

IGR=(In(It)-In(10))/T
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Fig. 15. Mean and range of fork length of marked juvenile
chum salmon recaptured on different days in the coastal area
off Hiroo in 1986. Shaded square: released on 14 April;
Shaded circle: released on 8 May. Open sguare and circle in-
dicated the size of the larvae just before release.

o

‘[\‘Iﬂf |

Fig. 16. Mean and range of fork length of marked juvenile
chum salmon recaptured on different days in the harbors and
coastal area off Shizunai in 1987. Dark shaded square: recap-
tured in the Irifune harbor; Open circle: recaptured in the Ha-
rutachi harbor; Light shaded square: recaptured in the Higashi-
Shizunai harbor. Obligue sguare: recaptured in the coastal area.
Open sguare indicated the size of the larvae just before release.
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Table 4. Computed instantaneous growth rates (IGR) of the marked juvenile chum salmon during the periods from release

to recapture three different coastal off Hiroo, Shizunai and Shikyu.

Year Group Period T (days) Recaptured Mean fork length (mm) at IGR
number Release (10) Recapture (It)
1986 HE April 10-June 3 (59) 1 41 79 0.0121
-June 24-26 (75) 2 41 72 0.0075
HL May 8 -June 24-26 (47) 2 46 88 0.0138
1987 Sz May 12 -June 9-10 (28) 3 54 72 0.0103
1988 SE March 25-April 11 (17) 26 49 47 -0.0025
-April 18-20 (24) 12 49 53 0.0033
-May 2 (38) 2 49 55 0.0030
-May 30 (66) 1 49 53 0.0012
SL April 26-May 10-11 (14) 17 57 64 0.0083
-June 15-16 (50) 2 57 97 0.0106

IGR=(In(1t)-In(10))/T
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Table 5. Temporal changes in mean fork length (mm) of juvenile chum salmon captured with a purse seine net during
the period from May to June in the coastal waters off Hiroo, Shizunai and Shikyu.

Area Year Date Sampling  Captured B/A Mean fork length (mm)
time number Range of mean  Min. Max.
(A) (B) fork length of
each station
Hiroo 1985 May 28-30 12 42 35 39-40 32 68
June 26-28 18 1,129 62.7 39-94 32 105
1986 May 13-14 7 142 20.3 41-49 35 69
June 3-4 10 419 419 51-68 41 80
June 24-25 19 1,673 88.1 65-108 52 156
Sum 66 3,405 51.6 39-108 32 156
Shizunai 1987 May 19 6 13 22 53-58 44 67
June 10 13 383 29.5 58-133 57 152
June 25 16 118 74 67-93 52 107
1988 June 2 3 1 0.3 - -
June 14 6 473 78.8 67-136 48 146
Jduly 5 6 7 12 92 84 98
Sum 47 995 21.2 53-136 152 44
Shikyu 1987 May 21 2 64 320 54 43 65
June 11 11 61 55 60-74 49 79
June 25-26 16 189 11.8 61-94 53 107
1988 May 10-11 11 368 335 52-65 45 107
May 30-31 12 165 13.8 49-51 38 64
June 16 19 327 17.2 72-113 67 121
July 6 10 5 0.5 91 84 98
Sum 81 1,179 14.6 49-113 43 121
Total 197 5,579 28.3 39-136 32 156
150~ Hiroo 1 Shizunai - Shikyu
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(r=0.556) (r=0.358) fr=0.694)

1986 (broken line) 1968 (broken fine) 1988{breken Hue)
FL=0.90 day+30.74 FL={.40 day+114.74 FL=1.00 day+39.00
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Fig. 18. Temporal changes in mean fork length (mm) of juvenile chum salmon captured with a purse seine net in the coastal wa-
ters off Hiroo in 1985-1986 and off Shizunai and Shikyu in 1987-1988.
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Fig. 22. Numbers of juvenile chum salmon plotted against
distance from the shore and the surface temperature in the
coastal waters off Hiroo in 1985-1986 and off Shizunai and
Shikyu in 1987-1988.
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Table 6. Each station of mean stomach content weight (mg/ind.) and number of empty stomachs of
juvenile chum salmon captured with a set net off Hiroo in 1985 and 1986.

Year Date Captured Examine Stomach content Empty stomach
number number weight (mg/ind.) number %
1985 June4 18 18 18.1 11 61.1
June 5 6 6 190.1 4 66.6
June 6 103 103 35.3 16 155
June 13 125 125 64.0 2 16
June 17 160 160 126.1 0 16
June 21 36 36 34.3 1 2.8
June 22 56 56 13.1 37 66.1
June 25 32 32 75.5 0 0.0
Total 536 536 70.2 71 13.2
1986 June 3 44 44 44 29 65.9
June 5 6 6 45.2 0 0.0
June 6 52 52 295 0 0.0
June 9 127 100 65.7 0 0.0
June 16 11 11 23 0 0.0
June 24 66 66 54 48 72.7
June 25 107 107 16 95 88.8
June 26 139 139 15 126 90.6
July 3 30 30 6.6 28 93.3
Total 582 555 254 291 54.6
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Table 7. Number of captured, examined and with an empty stomach of juvenile chum salmon
captured with a purse seine net off Hiroo in 1986.

Date Station Distance Captured Examine Empty B/Ax100
from shore  number number stomach (%)
(km) (A) (B)
May 13-14 Sin. 1 0.3 136 136 2 15
Stn. 2 18 11 11 1 9.1
Stn. 3 3.6 8 8 0 0.0
Stn. 6 0.3 31 31 0 0.0
Stn. 11 0.3 2 2 1 50.0
Stn. 12 18 1 1 0 0.0
Sum 189 189 4 2.6
June 3-4 Stn. 1 0.3 4 4 0 0.0
Stn. 6 0.3 169 120 0 0.0
Stn. 7 18 113 113 0 0.0
Stn. 17 1.8 35 35 0 0.0
Stn. 18 18 97 97 0 0.0
Sum 418 369 0 0.0
June 24-25 Stn. 1 0.3 16 16 5 31.3
Stn. 2 18 116 109 3 2.8
Stn. 3 3.6 4 4 0 0.0
Stn. 4 54 3 3 0 0.0
Stn. 6 0.3 1 1 0 0.0
Stn. 7 18 53 53 1 19
Stn. 8 3.6 34 34 0 0.0
Stn. 9 5.4 38 38 1 2.6
Stn. 10 7.2 86 85 22 25.9
Stn. 11 0.3 411 100 0 0.0
Stn. 12 18 218 218 2 0.98
Stn. 13 3.6 40 40 0 0.0
Stn. 14 54 99 97 14 144
Stn. 15 7.2 243 100 13 13.0
Stn. 16 9.0 15 15 1 6.7
Stn. 17 0.3 >1,000 101 9 8.9
Stn. 18 18 71 71 26 36.6
Stn. 20 54 1 1 0 0.0
Sum >1,175 1,086 96 8.8
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Table 8. Number, mean fork length (mm) and correlation coefficient of fed and empty
stomachs of juvenile chum salmon captured with a purse seine net at six stations where
empty stomach ratios over 10% off Hiroo on 24-25 June in 1986.
Station Examined Fed Empty p-vaue
number Number Fork length Number Fork length
(mm) (mm)
Stn. 1 16 11 74.9 5 72.6 0.49
Stn. 10 86 64 80.6 22 94.4 <0.01
Stn. 14 97 83 90.0 14 100.0 0.02
Stn. 15 100 87 87.6 13 92.7 0.25
Stn. 17 101 92 79.6 9 78.8 0.80
Stn. 18 71 45 99.7 26 97.3 0.13
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Fig. 31. Areas of low densities (<20 Nos./tow) of juvenile
chum salmon, or high rates (>10%) of empty stomachs in the
coastal waters off Hiroo on 24-25 June in 1986.
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Fig. 32. Relationship between the maximum stomach full-
ness (%) and distance from shore for juvenile chum salmon
collected with a purse seine net on 13-14 May (squares), on
3-4 June (shaded circles) and on 24-25 June (open circles) in
1986 off Hiroo.
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Table 9. Mean weights (mg/No.) of stomach contents averaged for all numbers examined and for fed numbers
and maximum stomach fullness (%) of juvenile chum salmon captured with a purse seine net off Hiroo in 1986.

Date Station  Distance  Examined Over al Fed juveniles Maximum
from shore number mean stomach ~ Number Mean stomach stomach
(km) content content (mg/No.) fullness
(mg/No.) (%)
May Stn. 1 0.3 136 24.8 134 25.2 7.1
13-14 Sin. 2 18 11 21.8 10 24.0 3.7
Stn. 3 36 8 12.1 8 121 4.8
Stn. 6 0.3 31 25.9 31 25.9 4.9
Stn. 11 0.3 2 18.3 1 27.8 8.2
Stn. 12 1.8 1 23.0 1 23.0 36
Sum 189 24.2 185 24.6
June Stn. 1 0.3 4 415 4 415 5.0
34 Stn. 6 0.3 120 4.1 120 4.1 8.8
Stn. 7 18 113 66.5 113 66.5 9.2
Stn. 17 1.8 35 712 35 71.2 10.5
Stn. 18 18 97 106.6 97 106.6 8.3
Sum 369 69.9 369 69.9
June Stn. 1 0.3 16 66.9 11 97.3 5.6
24-25 Sin. 2 1.8 109 80.7 106 83.0 7.7
Stn. 3 3.6 4 657.3 4 657.3 7.9
Stn. 4 54 3 20.3 3 20.3 0.7
Stn. 6 0.3 1 5.0 1 5.0 6.4
Stn. 7 18 53 775 52 78.9 7.7
Stn. 8 3.6 34 84.4 34 84.4 7.9
Stn. 9 54 38 714 37 73.3 49
Stn. 10 7.2 85 56.7 63 75.6 7.8
Stn. 11 0.3 100 71.0 100 71.0 6.6
Stn. 12 1.8 218 63.7 216 64.2 6.8
Stn. 13 3.6 40 67.3 40 67.3 5.0
Stn. 14 54 97 93.3 83 111.3 4.3
Stn. 15 7.2 100 57.9 87 66.6 3.0
Stn. 16 9.0 15 146.5 15 146.5 3.0
Stn. 17 0.3 101 57.9 92 63.6 7.6
Stn. 18 1.8 71 75.4 45 118.9 53
Stn. 20 54 1 505.0 1 505.0 45
Sum 1,086 67.4 990 74.0
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Table 10. Composition of development stages of fed juvenile and correlation coefficient (R) between stomach fullness
(SF) (%) and fork length observed off Hiroo . ***: p<0.001; **: p<0.01; *: p<0.05; NS: p>0.05.

Date Station Distance  Fed Fry Fingerling Young Correlation
(km) number Pre Post coefficient
No. SF No. SF No. SF No. SF R)
May Stn. 1 0.3 134 13 26 121 28 0.111"
13-14 Sin.2 18 10 10 26 0.431"
Stn. 3 36 8 7 14 0.136 "°
Stn. 6 0.3 31 31 27 0.156 "°
Stn. 11 0.3 1
Stn. 12 18 1
June Stn. 1 0.3 4 4 36 0.981 *
34 Stn. 6 0.3 120 119 39 0.408 ***
Stn. 7 18 113 113 44 0.064 **
Stn. 17 18 35 35 46 0.389 "¢
Stn. 18 18 97 9% 4.2 1 0.137 "¢
June Stn. 1 0.3 11 8 16 3 52 0.697 *
24-25 Stn. 2 18 106 21 13 8 14 0.351 **
Stn. 3 3.6 4 4 65 0.958 "¢
Stn. 4 54 3 3
Stn. 6 0.3 1 1
Stn. 7 18 52 51 31 1 0.136 "
Stn. 8 3.6 34 30 33 4 30 0.097 "
Stn. 9 54 37 26 21 11 18 0.166 **
Stn. 10 7.2 62 41 15 21 18 1 0.045 "¢
Stn. 11 0.3 100 99 36 1 0.620 ***
Stn. 12 18 216 210 2.8 6 41 0.174 ***
Stn. 13 3.6 40 29 14 1 21 0.244 "
Stn. 14 5.4 83 29 13 54 20 0.150 "
Stn. 15 7.2 87 39 0.8 43 11 5 18 0417*
Stn. 16 9.0 15 13 22 2 12 0262"
Stn. 17 0.3 92 45 1.3 47 1.8 0.158 "¢
Stn. 18 18 45 45 15 0.159 "°
Stn. 20 5.4 1 1
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Table 11. Four categories of prey items classified by the
maximum individual number per stomach and frequency of
occurrence in stomachs examined.

Table 12. Number of prey items of juvenile chum salmon be-
longed the four categories in the coastal areas off Hiroo in
1986, Shizunai in 1987 and Shikyu in 1988.

Category  Number of food items Frequency of occurred Station Date Category
eaten most frequently  items in stomachs 1 2 3 4
1 >10 individuals >50 % Hiroo May 13-14 3 5 0 37
2 >10 individuals <50 % June 3-4 16 19 2 49
3 <10 individuals >50 % June 24-25 18 19 0 65
4 <10 individuals <50 % Shizunai May 19 2 5 4 22
June 9 15 11 0 63
June 25 1 9 0 33
Shikyu May 10 3 5 0 33
May 30 5 7 3 21
June 15 4 6 0 36

Table 13. Prey items of juvenile chum saimon were classified four categories defined in Table 11. Juvenile chum salmon were
captured with a purse seine net off Hiroo on three sampling dates in 1986. M: male; F: female

Category Sampling date
May 14-15 June 4-5 June24-25
1 Eucalanus bungii (F) adult Sagitta elegans Neocalanus spp. C3, C4
Acartia tumida (F) adult Eucalanus bungii larvae Pseudocalanus spp. (M) C5
Pseudocalanus spp. (F) adult Neocalanus spp. C1, C2, C3,C4,C5  Pseudocalanus spp. (F) C5, adult
Pseudocalanus spp. (M) C5 Eurytemora herdmani (M) adult
Pseudocalanus spp. (F) C5 Eurytemora herdmani (F) C5, adult
Pseudocalanus spp. (F) adult Centropages abdominalis (M) adult
Eurytemora herdmani (M) adult Centropages abdominalis (F) C5
Acartia longiremis (M) adult Acartia longiremis (F) adult
Themisto japonica Crab megalopa
Euphausiid 5N Mysid larvae
Fish larvae Amphipoda sp.
Shrimp Euphausiacea sp.
Fritillaria sp.
Cirripede larvae (cypri form)
Winged ants
2 Polycheata Sagitta egg Sagitta elegans
Neocalanus spp. (F) adult Evadne nordmanni Neocalanus spp. C5
Eurytemora herdmani (M) adult  Pseudocalanus spp. (M) adult Pseudocalanus spp. (M), adult
Harpacticoid Eurytemora herdmani (F) C5 Eurytemora herdmani (F), C4
Chromomida Eurytemora herdmani (F) adult Centropages abdominalis C1
Harpacticoid Centropages abdominalis (M), C5
Euphausiid FO Centropages abdominalis (F), adult
Gastropod Acartia longiremis (F), C5
Cirripede Mysid
Cirripede larvae (cypri form) Shrimp
Euphausiid larvae stage 2
Euphausiid FO, post-furcilis
Gastropod
Oikopreuridae
Ammodityis personatus
Fish larvae
Chromomida
Aphididae
3 Amphipod

Euphausiacea sp.
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Table 14. Prey items of juvenile chum salmon were classified four categories defined in Table 11. Juvenile chum salmon were
captured with a purse seine net off Shizunai on three sampling dates in 1987. M: male; F: female.

Category

Sampling date

May 19

June 9

June 25

1 Harpacticoid
Amphipod

2 Polycheata
Neocalanus spp. (F) adult
Eurytemora herdmani (M) adult
Chromomida

3 Eucalanus bungii (F) adult
Mysid
Mysid larvae
Fish larvae

Sagitta elegans

Eucalanus bungii C2

Eucalanus bungii C3
Neocalanus spp. C3

Neocalanus spp. C4
Pseudocalanus spp. (F) C5, adult
Eurytemora herdmani (M) adult
Acartia longiremis (M) adult
Acartia longiremis (F) adult
Mysid

Mysid larvae

Euphausiid post-furcilis
Vivalvia

Fritillaria sp.

Polycheata

Eucalanus bungii larvae
Eucalanus bungii (F) adult
Neocalanus spp. C5
Pseudocalanus spp. (M) C5
Eurytemora herdmani (F) adult
Centropages abdominalis (F) C5
Acartia longiremis (Female) C5
Themisto japonica

Crab megalopa

Euphausiid larvae

Winged ants

Evadne nordmann

Podon leuckarti

Eucalanus bungii C2
Eurytemora herdmani (M) adult
Acartia tumida (F) adult
Amphipod

Fritillaria sp.

Oikopreuridae

Chromomida

Table 15. Prey items of juvenile chum salmon were classified four categories defined in Table 11. Juvenile chum salmon were
captured with a purse seine net off Shikyu on three sampling dates in 1988.

Category Sampling date

May 10 May 30

June 15

1 Eucalanus bungii (F) adult
Pseudocalanus spp. (F) adult

Themisto japonica Harpacticoid

2 Neocalanus plumchrus C3, C4
Pseudocalanus spp. (M) C5
Pseudocalanus spp. (F) C5

Neocalanus spp. C3, C4, C5
Pseudocalanus spp. (F) adult

Eucalanus bungii (M) adult
Eucalanus bungii (F) adult
Pseudocalanus spp. (M) C5

Neocalanus spp. C2, C3, C4, C5

Eucalanus bungii C2
Pseudocalanus spp. (F) C4, C5
Eurytemora herdmani (F) adult

Euphausiid 5N Pseudocalanus spp. (F) C5 Crab megalopa
Acartia longiremis (F) C5 Fritillaria sp.
Acartia longiremis (F) adult
Metridia pacifica (F) adult
3 Eurytemora herdmani (M) adult

Eurytemora herdmani (F) adult

Winged ants

gs5s000 00000000 DOOODOOOC0DOD
200 mgD 0000 92mg)0 20 0 0000 0O O 19880
O 0O 0 0O 0 0O 0OPseudocalanus spp.(F5), 0 O O,
Themisto japonicall O O Fritillaria sp.00 O 0O 0O 0O 0O O
g0 00 0000000000000 000D0200
00000000 Fritillariasp0 000000

sl booooooooooooooon
000000000000 0Fg. 3400005013
HM00gsoooowogoooooDOdA. tumida
(Fe)0 stins. 1020 0 030600 O O OO Stn. 60 O E.
bungii (Fl360 0 0D 0 0060340010000 0
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Table 16. Number of juvenile chum salmon mean fork length (mm), stomach content weight (mg/ind.)
and stomach fullness (%) and their captured with the "Double nets' in two layers, i.e., 0-3 m (P) and

3-6 m (N). Sampling was made in the coastal waters off Shibetu on 27 June in 2000.

Group Captured Mean fork Mean stomach Mean stomach
number length (mm) content weight (mg) fullness (%)

Upper (P) 39 52.6 37.0 39

Lower (N) 11 61.1 48.7 34

Table 17. Mean numbers and compositions of prey items occurred in stomachs of juvenile chum salmon captured in

two layers in the coastal waters off Shibetu on 27 June in 2000.

35

Prey item

Upper layer Lower layer

Number % Number %

of preys of preys
Eurytemora herdmani Female copepodit V 0.04 0.02 0.00 0.00
E. herdmani Female adult 3.44 134 5.58 491
E. herdmani Mae copepodit V 0.06 0.02 0.00 0.00
E. herdmani Male adult 230.67 90.17 84.00 73.85
Harpacticus uniremis 0.02 0.01 0.00 0.00
Harpacticoida spp. 0.15 0.06 0.00 0.00
Amphipod sp. 0.35 0.14 0.33 0.29
Caprellidae 0.02 0.01 0.00 0.00
Cirripede cypri form 0.06 0.02 0.17 0.15
Shrimp larvae 0.08 0.03 0.08 0.07
Gastropod 0.00 0.00 0.08 0.07
Fish larvae 0.00 0.00 0.25 0.22
Winged ants 18.13 7.09 21.50 18.90
Aphididae 2.75 1.08 1.75 154
Chromomida 0.04 0.02 0.00 0.00
Total 255.81 100.00 113.75 100.00

Stns. 600 70 O 0 170 O E. bungii naupliill Stn. 180 O
T japonica 0 0 0 0000 O 0O0O6024-250 0O O
Fritillaria sp.0 160 O 0 0100 0050000000
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Fig. 36. Clusters of juvenile chum salmon captured in two layers in the coastal water off Shibetu, which were divided by similar-
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Table 18. Included number from P and N and their mean
fork length of each cluster of CL1 and CL2.

Cluster Captured group
P N
Number Fork length  Number Fork length
(mm) (mm)
CL1 11 54.4 10 62.7
CL2 28 52.1 1 455
S0 —
400 —
300 —
E
)
£
=
=
= 200 —
10 —
|
CL1 CL2

Fig. 37. Mean number of two dominant prey items per stom-
ach of two cluster of juvenile chum salmon. Meshes: Winged
ants; Shaded: Eurytemora herdmani male adult; Open: Others.
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Fig. 39. Relationships between first component score and the
second component score determined by principal component
analysis for juvenile chum salmon captured in P and N layers.
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Table 19. Correspondence and included numbers among the separated groups from the re-
sult by cluster analysis and the separated groups from the result by principal component

analysis.

Cluster analysis Principal component analysis Common
Group Numbers Groups Numbers numbers
CL1 21 PC2, PC3, PC4,PC5, PC6 26 20
CL2 29 PC1 24 22

Table 20. Included number from P and N and their mean fork length (mm), mean stomach content weight
(mg) and mean number of prey in stomach of each group of PC1, PC2, PC3, PC4 and PC5.

Group Number Captured group Mean fork Mean stomach content /(2
P N length (mm)  weight (1)  number (2)
(mg)
PC1 24 23 1 51.4 36.9 488.3 0.08
PC2 6 5 1 51.2 24.7 128.2 0.19
PC3 5 5 0 58.3 53.2 1154 0.46
PC4 12 6 6 56.7 474 485 0.98
PC5 3 0 3 71.3 62.3 13 47.90
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Fig. 40. Mean composition and individual numbers of five dominant prey items (Eurytemora herdmani female adult, male adult,
Amphipod, Fish larvae, Winged ants) per stomach observed for PC1, PC2, PC3, PC4 and PC5 identified by the principal compo-
nent analysis. Dark shaded: Eurytemora herdmani female adult; Light shaded: Eurytemora herdmani male adult; Bar: Amphi-
poda spp. checker: Fish larvae; Meshes: Winged ants; Open: Others.
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Fig. 41. Model of distribution patterns for juvenile chum salmon based on the captured with "Double nets' at two layers of 0-3
m and 3-6 m in the coastal waters off Shibetu on 27 June in 2000. Graduation of darkness in figures C and D: density of Euryte-
mora herdmani; figure A: Group P distributed in the upper 3 m covered with low density water and Group N in the underlie layer
of high density water; figure B: Cluster of CL 1 distributed father than CL2 from the shore; figure C: Clusters CL1 to CL8 distrib-
uted correspondence from density of E. herdmani; figure D: Clusters of PC1, PC2 and PC3 distributed in the high density zone of

E. herdmani but PC5 distributed differ.
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Table 21. Summary of sampling data and percent of factors calculated by principal component analysis off Hiroo on
13 May, 4 June and 25 June in 1986.

Station  Date Captured Measured Empty Classified Factor (%)
number number stomach groups 1 2 Total
1 May 13 136 121 2 6 439 20.2 64.1
7 June 4 113 113 0 5 58.2 12.3 70.5
11 June 25 218 84 0 4 70.8 6.7 775

Table 22. Number of prey items occurred in zooplankton samples and stomachs of juvenile chum
salmon captured at Stns. 1, 7 and 12 in the coastal waters off Hiroo in 1986.

Number of prey items Total number Number of
Stn. 1 Stn. 7 Stn. 12 of items common items
Zooplankton 62 62 68 97 30
Stomach content 26 58 66 82 17
Number of 8 38 31 - -
Common items
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Fig. 42. Scatters of first component on second component based on composition of stomach contents of juvenile chum salmon

captured in the coastal waters off Hiroo in 1986. Clusters at Stn. 1, Stn. 7 and Stn. 12 are identified by principal component
analysis.
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Table 23. Number of preys per stomach and stomach fullness (%) of three juvenile chum salmon groups
clustered by the principal component analysis. Juvenile chum salmon groups captured in the coastal waters
off Hiroo on 13 May at Stn. 1, on 4 June at Stn. 7 and on 24 June in 1986.

Cluster Number Number of preys per stomach Stomach fullness (%)

of fish Mean Min. Max. Mean Min. Max.
Stn. 1
A0 2 0 0 0 0.0 0.00 0.00
Al 41 18 1 44 36 0.25 6.21
A2 24 27 3 80 2.3 0.72 5.63
A3 1 3 - - 12 - -
A4 59 25 1 62 2.8 0.64 7.09
A5 9 17 5 37 2.7 1.44 5.86
Total 136 23 0 80 29 0.25 7.09
Stn. 7
B1 10 65 1 165 4.4 2.04 8.07
B2 8 105 11 206 45 2.69 9.24
B3 9 141 35 242 45 2.68 7.03
B4 26 166 47 396 4.4 0.86 8.57
B5 57 278 46 825 4.3 0.63 8.04
Total 110 230 1 825 4.4 0.63 9.24
Stn. 12
C1 3 114 1 235 29 244 3.62
Cc2 6 920 7 186 2.8 0.87 6.55
C3 3 390 255 639 2.6 1.86 293
C4 72 540 47 1894 2.7 0.87 6.79
Total 84 488 1 1894 2.7 0.87 6.79
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Fork length
Cluster Number  Fork length
of fish (mm) Total Al A2 A4 A5

AD 2 42.0

A3 1 50.0

Total 136 49.5 0.811
Al 41 4.7 0.089
A2 24 46.9 0.484
A4 59 53.1 0.118
AS 9 48.9

Stomach content weight

Cluster Stomach content

weight (m, Total Al A2 Ad AS
Al 0.0
A3 10.0
Total 263 0.441
Al 19.5 0.048
A2 23.7 0.344
Ad 326 0.832
AS 31.2
Stomach fullness
Cluster S h full:
(%) Total Al A2 Ad AS
AD 0.0
A3 1.2
Total 29 0.101 | 0.568 | 0365 | 0.050
Al 3.6 0.108 | 0.025 | 0.012
A2 23 0.954 | 0.159
Ad 28 - “‘-i 0.095
AS 2.7

Fig. 43. Results of calculated with one way ANOVA at mean
fork length (mm), stomach content weight (mg) and stomach
fullness (%) among the groups of separated from results by
principa component analysis at Stn. 1 of coastal waters off
Hiroo on 13 May in 1986. Shaded square: p-value<0.1.

Fork length
Cluster Number Total Bl B2 B3 B4 BS
of fish Fork length (mm)
56.5 65.0 57.8 61.7 57.6 53.6

Total 110 0.001 [ 0.623 ] 0.042] 0.509] 0.007
B1 10 0.040 | 0.371| 0.009| 0.000
B2 8 0.258 | 0.948 | 0.045
B3 9 0.150 | 0.000
B4 26 0.006
B5 57

Stomach content weight

Cluster Total Bl B2 B3 B4 B5
Stomach content weight (m
66.9 109.8 74.6 85.9 71.0 53.4
Total 0.005 | 0.626 | 0.197 | 0.663 | 0.029
B1 0.248 | 0.365 | 0.056| 0.000
0.629 | 0.853] 0.065
B3 0.150 [ 0.007

Stomach fullness
Cluster Total Bl B2 B3 B4 B5

Stomach fullness (%
44 4.4 4.5 4.5 44 4.3

Total 0.958 | 0.869 | 0.834 | 0.966 | 0.906
B1 0.942 | 0.916 | 0.950 | 0.913
B2 0.983 | 0.879 | 0.824
B3 0.844 | 0.781
B4 0.969
BS

Fig. 44. Results of calculated with one way ANOVA at mean
fork length (mm), stomach content weight (mg) and stomach
fullness (%) among the groups of separated from results by
principa component analysis at Stn. 7 of coastal waters off
Hiroo on 3 June in 1986. Shaded square: p-value<0.1.
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Fork length
Cluster Number _ Total Cl (W] 3 C4
of fish Fork length (mm)

668 603 743 683  66d
Total 84 [ —l0asm | 0w20 | 0732 | 07115
Ci 3 0.043 | 0359 | 0.138
C2 6 0430 | 0.010
C3 3 0,641
4 72 e

Stomach content weight

Closter  Total C1 [0 ] 3 C4
Stomach content weight (mg)

T3 530 1080 737 68.9
Total 0575 | 0,161 | 0,941 | 0.777
o5 ] | 0477 | 0516 | 0.578
[0y ] 0892 | 0.108
Cc3 0.826
C4

Stomach follness
Cluster Total C1 [+] C3 C4

Stomach lullness (%)
2.7 29 2.8 1.6 2.7
Tortal 0.833 | 0.973 | 0.828 | 0.995
C1 0918 | 0.577 | 0.829
c2 0892 | 0971
Cc3 1.826
C4

Fig. 45. Results of calculated with one way ANOVA at mean
fork length (mm), stomach content weight (mg) and stomach
fullness (%) among the groups of separated from results by
principal component analysis at Stn. 12 of coastal waters off
Hiroo on 25 June in 1986. Shaded square: p-value<0.1.
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Fig. 46. Mean composition of stomach contents of juvenile chum salmon in the coastal waters off Hiroo captured at Stn. 1, Stn.
7 and Stn. 12 and their samples classified by principal component analysis. All the prey items that occurred in or more than five%

of the juvenile's stomachs.
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Total | A1 | A2 | A3 | A4 | AS |Stn.1 Stmn. 1| Stn. 1/Stn, 1|Stn. 3| Stn. 3{Stn. 3| Stn. 3|Stn. 3 |Stn. 3| Stn. 4/Stn. 4|Stn. 4| Stn. 4/Stn. 4 |Stn. 4
Depth Om 1 3 5 0 1 3 5 [ 10 20 0 1 3 5 10 20

0.99 | 1.00 [0.60 | 1.00 | 0.86 | 0.00 0.01 | 0.01 | 0.01 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.01 | 0.00 |0.00

1.00 |0.55 | 0.99 | 0.85 | 0.00 0.01 | 0.01 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00| 0.00 | 0.00| 0.00 | 0.01 | 0.00 |0.00

0.56 | 0.99 [0.83 | 0.00 0.00 | 0.01 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00| 0.00 | 0.00| 0.00 | 0.01 | 0.00 |0.00

0.63 | 0.64 | 0.00 0.01 | 0.00 | 0.03 | 0.00 | 0.00 | 0.00 | 0.00 | 0.01 | 0.02| 0.00| 0.00| 0.00 | 0.01 | 0.00 | 0.00

0.87 | 0.00 0.01 | 0.01 | 0.01 | 0.00 | 0.00 | 0.00] 0.00 | 0.00 | 0.00| 0.00 | 0.00| 0.00 | 0.01 | 0.00 | 0.00

0.00 0.01 | 0.02 | 0.05 | 0.00 | 0.00| 0.01| 0.01 | 0.01| 0.02( 0.00 | 0.00( 0.00| 0.01 | 0.00 | 0.02

Om 088 | 038 0.25 | 0.80| 0.84| 090 0.82 | 0.72]| 0.75| 0.80| 0.80| 0.95| 0.62 | 0.93 | 0.94

1 0.60 | 0.54 | 0.60 | 0.64| 0.95| 0.94 | 0.85| 0.88) 0.59| 0.60| 0.90 | 0.83 | 0.94 | 0.94

3 0.71 | 0.17 | 0.18| 0.58 | 0.53 | 0.59 | 0.55| 0.16| 0.16| 0.36| 0.55 | 0.48 | 0.45

5 0.10 ) 0.11| 0.46 [ 0.55 | 0.73 | 0.67| 0.10| 0.10| 0.29 | 0.54 | 0.46 | 0.46

0 1.00| 0.61]| 057 | 0.48| 0.49| 1.00]| 1.00| 0.82| 0.40 | 0.71 | 0.73

1 0.64| 0.60 | 0.51| 0.52| 1.00| 1.00| 0.85| 0.43 | 0.74 | 0.76

3 087 | 0.86| 0.86| 0.60( 0.60| 0.86| 0.69 | 0.94 | 0.93

5 084 092| 0.56| 0.56| 0.88| 0.89 | 0.89 | 0.91

10 093| 047| 0.47| 0.70| 0.61 | 0.87 | 6.87

20 048] 0.48| 0.75| 0.73 | 0.88 | 0.89

0 1.00| 0.81| 0.39 | 0.70 | 6.72

1 081/ 039/ 0.70 | 6.72

3 0.75] 0.91 | .93

5 0.67 | 0.71

10 0.98
20

Fig. 47. Results of similarity index (Crt) matrix by Kimoto's equation among five groups of stomach content items of juvenile
chum salmon at Stn. 1 and zooplankton communities at Stn. 1, Stn. 3 and Stn. 4 in the coastal waters off Hiroo on 13 May in
1986. Zooplankton collected with 30 cm diameter, 0.234 mm meshes zooplankton net at four and six different layers of each
station. Dark shaded square: Crt >0.8; Middle shaded square: Crt =0.6-0.8; Light shaded square: Crt =0.4-0.6; Bar square: Cnt

=0.2-0.4; Open square: Crr <0.2.

Total | Bl | B2 | B3 | B4 | B5 [Stn. 6|Stn. 6/Stn. 6/Stn. 6|Stn. 8 Stn. 8/Stn. 8| Stn. 8/Stn. 8 |Stn. 8|Stn. 9(Stn. 9 |Stn. 9|Stn. 9/|Stn. 9 [Stn. 9
Depth Om 1 3 5 0 1 3 5[ 10 20 (1] 1 3 5 10 20
Total 035/ 033 | 0.66 | 0.94| 0.98 | 0.04| 0.04 | 0.03]| 0.03| 0.10 | 0.11 | 0.15 [ 0.11 | 0.04 | 0.03 | 0.14 | 0.16 | 0.16 | 0.20 |0.06 | 0.07
Bl 038 043 | 041 0.28 | 0.04 | 0.04 | 0.04 | 0.04 | 0.09 [ 0.08 | 0.11 | 0.10 | 0.05 | 0.04 [0.12 | 0.12 | 0.12 |0.16 |0.07 | 0.07
B2 0.88 | 0.59]0.18 | 0.11| 0.09 | 0.08| 0.07 | 0.27 | 0.28 | 0.41 | 0.32 | 0.09 | 0.07 | 0.39 | 0.45| 0.46 | 0.62 [0.17 | 0.20
B3 0.85 | 0.52 | 0.08 | 0.09 | 0.07| 0.03 | 0.27 | 0.27 | 0.40 [0.32 | 0.10 | 0.07 | 0.39 | 0.44 | 0.44 |0.59 |0.17 [ 0.19
B4 0.85 | 0.07 | 0.07 | 0.06] 0.06 | 0.19 [ 0.19 | 0.27 [ 0.23 | 0.08 | 0.07 | 0.27 | 0.30| 0.30 | 0.39 |0.13 | 0.14
BS 0.02 | 0.02 | 0.02| 0.02 ] 0.06 | 0.06 | 0.08 | 0.06 | 0.02| 0.02| 0.08 | 0.09 | 0.09 | 0.11 [0.03 | 0.04
Stn. 6 Om 0.70 | 0.66 | 0.72 | 0.35| 0.29 | 0.30 | 045 | 043 | 0.31 | 0.37 | 0.32 | 0.32 | 0.27 |0.33 | 0.32
|Stn. 6 1 091 094 | 0.39) 0.33 | 0.35 |0.52 | 0.52 | 0.38 | 042 | 0.33 | 0.38 | 0.30 [0.38 | 0.37
|Stn. 6 3 0.94 | 037 0.33 |0.36 | 0.55 | 0.71 | 0.64| 0.49] 0.32| 0.35 | 0.31 | 0.63 | 0.61
|Stn. 6 5 032 0.25 [0.28 | 049 | 0.61 | 0.49| 041 | 0.25]| 0.29 | 0.25 | 0.49 | 0.45
|Stn. 8 0 0.90 {086 | 0.86 | 043 | 0.35| 0.80 | 0.89| 0.87 | 0.85 | 0.36 | 0.54
|Stn. 8 1 0.97 [0.85 | 0.40 | 0.36| 0.80 | 0.95) 0.96 | 0.76 | 0.34 | 0.52
|Stn. 8 3 0.88 | 0.43| 0.40( 0.83| 098 0.99| 0.81| 0.39 | 0.55
|Stn. 8 5 066 0.52) 0.86| 0.87| 0.88| 0.80| 0.55 | 0.64
|Stn. 8 10 0.85| 0.64| 0.39| 0.41) 041 093 | 0.82
|Stn. 8 20 0.57| 0.34] 0.36) 0.33| 0.95 | 0.93
|Stn. 9 0 0.88) 0.84]| 0.79 | 0.61 | 0.72
|Stn. 9 1 098 0.85| 0.35 | 0.52
Stn. 9 3 0.84] 037 | 0.51
Stn. 9 5 042 | 0.57
Stn. 9 10 0.92
[Smo 20 [ | ]

Fig. 48. Results of similarity index (Crt ) matrix by Kimoto's equation among four groups of stomach content items of juvenile
chum salmon at Stn. 7 and zooplankton communities at Stn. 6, Stn. 8 and Stn. 9 in the coastal waters off Hiroo on 3 June in 1986.
Zooplankton collected with 30 cm diameter 0.234 mm meshes zooplankton net at four and six different layers of each station.
Dark shaded square: Crt >0.8; Middle shaded square: Crt =0.6-0.8; Light shaded square: Cn =0.4-0.6; Bar square: Crt =0.2-0.4;

Open square: Crt <0.2.
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Fig. 50. Relationships between first component score and second component score from the results by principal component analy-
sis of four samples of juvenile chum salmon at Stns. 13, 14, 15 and 16 in the coastal waters at Hiroo on 24 June in 1986.

Table 24. Summary of sampling data and percent of components calculated by principa compo-
nent analysis and juvenile chum salmon captured at Stns. 13, 14, 15 and 16 in the coastal waters

off Hiroo on 25 June in 1986.

Station  Captured Examined Empty Number of Component (%)
number  number stomach  cluster 1 2 Total
13 40 40 0 3 214 17.4 39.1
14 99 97 14 6 40.7 17.4 58.1
15 243 100 13 3 80.3 6.1 86.4
16 15 15 0 3 45.7 29.3 75.0
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Table 25. Mean fork length (mm), mean stomach content weight (mg), mean number of prey per stomach, stomach
fullness (%) and weight per one prey (mg) at separated clusters by principal component analysis and stomachs of
juvenile chum salmon captured at Stns. 13, 14, 15 and 16 in the coastal waters off Hiroo in 1986.

Cluster Number Mean fork ~ Mean stomach Mean number Mean stomach Weight per
of fish length content weight of preyin fullness one prey
(mm) (mg) stomach (%) (mg)
Stn. 13
D total 40 72.8 67.3 71.4 16 0.9
D1 8 93.6 172.0 27.3 25 6.3
D2 25 72.8 44.5 63.4 14 0.7
D3 7 67.6 67.3 256.1 16 0.3
Stn. 14
E Total 97 89.8 108.4 41.6 17 2.6
EO 14 102.0 - - - -
E1l 10 106.5 241.7 9.3 2.7 26.0
E2 7 100.3 237.1 9.3 33 255
E3 24 89.8 74.5 81.0 14 0.9
E4 3 83.7 41.3 313 17 13
E5 35 81.7 60.0 34.8 14 17
E6 4 106.3 227.3 8.8 25 25.8
Stn. 15
F Total 100 87.7 66.6 280.3 1.0 0.2
FO 13 92.9 - - - -
F1 8 104.5 2320 9.6 22 24.2
F2 6 115.7 205.0 20.5 18 10.0
F3 73 83.6 37.0 330.7 0.8 0.1
Stn. 16
G Tota 15 107.8 147.0 31.9 16 4.6
Gl 6 106.5 2133 237 23 9.0
G2 3 111.3 126.3 20.0 1.0 6.3
G3 6 107.3 89.8 46.2 12 1.9
Stn. 13 Stn. 14 Stn. 15 Stn. 16
Eﬁ:.’:"gé'i D2 D3 (F::.:‘:el:ugntt]; El _E2 E3 E4 E5 E6 e rork lengi
= 0.00[000] E0 [~_[0.12]0.99]0.04]0.00[032[0.58 Cluster FOO F1 F2 F3 Cluster G1 G2 G3
D2 0.17] E1 0.06] 0,00 0,00 | 0.00| 0.93 Fo 0.09|0.00 | 0.01 Gl 0.47 |0.92
D3 E2 0.12[0.06 | 0.00| 0.16 F1 0.13 | 0.00 G2 0.73
5.5 0.00 G3
Stomach content weight Stomach content weight
Stomach content weight Stomach content weight Cluster F1 2 F3 Cluster Gl G2 G3
Cluster D1 D2 D3 Cluster E1 FE2 E3 FE4 ES E6 Fl 0.8 0.00 Gl 027|001
D1 0.01] E1L 0.96] 0.00] 0.09] 0.00] 0.89 F2 0.00 G2 073
D2 031| E2 0.00| 0.10] 0.00 0.93 | . 2
D3 E3 0.43] 0.46] 0.00 F3 G3 -
Ed 0.69| 0.08
ES 0.00 Stomach fullness Stomach fullness
E6 Cluster F1 F2 F3 Cluster Gl G2 G3
Stomach fallness Stomach fullness Fl 0.57 | 0.00 Gl 0.06 | 0.03
Cluster DI D2 D3 Cluster El E? E3 E4 ES L6 F2 0.00 G2 0.80
m 0.03] 0.08] E1 || 0.63[0.01] 0.14]0.04 ] 0.82 I3 G3
D2 0.91 E2 0.01 | 0.13]| 0.02 | 0.57
D3 E3 0.40(0.98] 0.05
E 0.61 g;: Fig. 52. Results of calculated with one way ANOVA at mean
E6 - fork length, stomach content weight and stomach fullness

Fig. 51. Results of calculated with one way ANOVA at mean
fork length, stomach content weight and stomach fullness
among the clusters of separated from results by principal
component analysis at Stns. 13 and 14 in the coastal waters
off Hiroo on 24 June in 1986. Shaded square indicate p-

value<0.1.

among the clusters of separated from results by principal
component analysis at Stns. 15 and 16 in the coastal waters
off Hiroo on 24 June in 1986. Shaded sguare indicate p-

value<0.1.
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Fig. 53. Composition of fork length each cluster of juvenile chum salmon at Stn. 13, 14, 15 and 16 in the coastal waters off Hiroo
on 24 June 1986. Broken lines indicated boundary of development stages of chum salmon. Broken line at 80 mm indicates be-
tween Pre- and Post-fingerling and broken line at 120 mm indicates between Pre-fingerling and Young.
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Fig. 54. Relationship between mean fork length (mm) and
mean stomach content weight (mg) of clusters of juvenile
chum salmon at Stns. 13, 14, 15 and 16 in the coastal waters
off Hiroo on 24 June in 1986.
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Fig. 55. Mean composition of stomach contents occurred of classified clusters by principal component analysis of juvenile chum
salmon in the coastal waters off Hiroo captured at Stns. 13, 14, 15 and 16 on 24 June in 1986.
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Table 26. Dominant zooplankton items and compositions of their number occupied above five percent at ten
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classified groups based on cluster analysis, in the coastal waters off Hiroo from 13 May to 8 July in 1986.
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Fig. 59. Vertica distribution of zooplankton groups (aj; see
Table 26) dong Line 3 in the coastal waters off Hiroo from
May 14 to July 8 in 1986. Dots indicate sampling depths.
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15 May and 13-14 June in 1991. Solid line: temperature; Bro-
ken line: salinity.
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Fig. 61. Diel changes of vertical distributions of zooplankton abundance (10°n7) at Stn. C in the coastal waters off Shikyu on 14-
15 May and 13-14 June in 1991.
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Fig. 68. Diel variation in the vertical distributions of Eucalanus bungii abundance (/ni) at Stn. C in the coastal waters off Shizu-
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Fig. 70. Diel variation in the vertical distributions of Evadne nordmanni abundance (/i) at Stn. C in the coastal waters off Shi-
zunai on 14-15 May and 13-14 June in 1991.
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Table 27. Composition of zooplankton items occupied over five percent of numbers at three difference sampling lines at

Shizunai coastal waters from 28 March to 24 June in 1990.

Date
Items Mar. 28 April 19 May 15 May 29 June 12 June 24
LA L1 L2 L3 L1 L1 L2 L3 L1 L2 L3 L1 L2 L3
Evadne nordmanni 324 54
Polycheata 83 16.9
Eucalanus bungii 24.7 9.5
Pseudocalanus spp. 8.7 229 10.1 74 135 5.0 8.5
Eurytemora herdmani 5.0 7.1 5.6
Acartia longiremis 67.7 882 522 576 681 881 547 485 465 262 328 37.7 7.0 450 420
Acrtia tumida 6.4 11.8
Corycaeus p. 121 5.7 9.5
Microsetella sp. 6.5
Copepod nauplii 85 74 143 157 180 145 120
Cirripede nauplii 72 119 66 70 6.0
Themisto japonica 6.4 187 56 54 80
Fritillaria sp. 10.3 6.0 251 17.2
Ammodytis personatus 105
Others 118 131 115 241 45 71 108 155 236 264 148 17.0 202 220
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in 1990 (to be continued).
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Table 28. Ratio of maximum to minimum and maximum to mean of total numbers of zooplankton and dominated species
of Acartia longiremis at three sampling lines in the coastal waters off Shizunai coastal waters from 28 March to 24 June
in 1988. Asterisks indicate that minimum number were zero at Line 1 on 12 June and Line 1 and Line 3 on 24 June.

Date Ratio of maximum to minimum number Ratio of maximum to mean number

Linel Line2 Line 3 Linel Line 2 Line 3

Total March 28 30.5 - - 34 - -
April 19 45 19 51 22 15 23

May 15 32 5.2 - 1.7 18 -

May 29 35 30.2 8.9 14 29 16

June 12 * 11.3 5.0 2.6 2.8 20

June 24 * 5.8 * 31 24 20

Acartia March 28 17.9 - - 3.0 - -
longiremis ~ April 18 5.0 25 7.2 24 15 25
May 15 3.6 5.9 - 18 1.9 -

May 29 4.0 88.3 9.0 15 29 16

June 12 * 10.0 4.2 45 25 2.2

June 24 * 7.0 * 8.0 2.6 1.9
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Fig. 75. Composition of the value of overlap indexes of the zooplankton communities at observation lines at Lines 1, 2 and 3 in
the coastal waters off Shizunai from 28 March to 24 June in 1990.

Fig. 76. Dendrogram of 9 dominant zooplankton items collected at Lines 1, 2 and 3 in the coastal waters off Shizunai from 28
March to 24 June in 1990, which were calculated by cluster analysis among overlap indexes of the items.
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Table 29. Number of occurred items in stomachs (A), measured items (B), common items between stom-
ach and measured items, number of food items eaten most frequently over 10 numbers in stomachs and
measured items among them in the coastal waters off Hiroo from 13-14 May to 8 July in 1986.

Date Occurred  Number of Commonitems  Number of food items  Number of
itemsin measured  between A and B eaten most frequently  measured
stomachs  items AIB(%) © items from C
(A) (B)
May 13-14 37 58 21 (56.8%) 9 5 (55.5%)
June 4-5 76 64 52 (81.3%) 26 17 (65.0%)
June 24-25 91 62 53 (68.1%) 39

July 8 - 60

24, (61.5%)
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Table 30. Tempora changes of urosome length (mm) of five species of copepods and total length (mm) of Fritillaria sp.,
Sagitta elegans and diameter of Sagitta eggs collected at Stn. 13 in the coastal waters off Hiroo from 13 May to 8 July in 1986.

Items Mean length (mm) Ratio of mean length of first

appearance time to later times

May 13 June 4

June24  July 8 May 13  June4 June24  July 8

Sagitta eggs 0.363 0.359
Sagitta elegans 21.474 22.182
Neocalanus spp. Fa 4,915
(plumchrus and C5 3.494 3.489
flemingeri) c4 2.764 3.045

C3 2.126 2.080
C2 1.405 1.236
C1 0.856 0.827

Eucalanus bungii Fa 7.167 7.195
F5 5.476
F4 3.888
M5 5.265 5.505
M4 3.840
C3
Cc2
C1 1.264
nauplii 0.562 0.839
Pseudocalanus spp. Fa 1.054 1.040
(minitus and newmani) F5 1.099 0.963

F4 0.772 0.783
Ma 0.890 0.849
M5 0.967 0.861
M4 0.772 0.783
C3 0.778 0.728

Cc2 0.633
Eurytemora herdmanni Fa 1.105 1.087

F5 0.860

F4 0.731

Ma 0.901 0.857
M5 0.816 0.758

M4 0.689
Acartia longiremis Fa 0.909 1.031
F5 0.885
F4 0.718

Ma 0.844 0.903
M5 0.788 0.779

M4 0.691
C3 0.559
Cc2 0.484

Acartia tumida Fa 1.864
F5 1.428
F4 1.084

Ma 1.458 1.392
M5 1.142 1.140
M4 1.072 0.989
C3 0.827 0.807
c2 0.738 0.661
C1l 0.544
Oikopreuridae 4.550 9.411
Fritillaria sp. 1411 1.128

0.344 0.341 1.00 0.99 0.95 0.94
7.510 5.859 1.00 0.98 0.33 0.26
3.884 1.00 1.00 111
2714 2.151 1.00 1.10 0.98 0.78
1.848 1.648 1.00 0.98 0.87 0.78
1.185 1.209 1.00 0.88 0.84 0.86
0.839 0.784 1.00 0.96 0.98 0.91
1.00 1.00
3.602 1.00 0.93
1.00 1.05
3.833 3.456 1.00 1.00 0.90
2.696 2.566 1.00 0.95
1.888 1.762 1.00 0.93
1.265 1.180 1.00 0.95
0.827 1.00 1.49 147
0.970 0.956 1.00 0.99 0.92 0.91
0.880 0.851 1.00 0.88 0.80 0.77
0.752 0.724 1.00 0.99 0.70 0.93
0.774 0.728 1.00 0.95 0.87 0.82
0.829 0.808 1.00 0.89 0.86 0.84
0.752 0.724 1.00 1.01 0.97 0.94
0.692 1.00 0.94 0.89
1.041 1.057 1.00 0.98 0.94 0.96
0.819 0.868 1.00 0.95 1.01
0.676 1.00 0.93
0.825 0.837 1.00 0.91 0.93
0.722 1.00 0.93 0.89
0.684 1.00 0.99
0.957 0.969 1.00 114 1.05 1.07
0.827 0.840 1.00 0.93 0.95
0.683 0.693 1.00 0.95 0.96
0.861 0.854 1.00 1.07 1.02 1.01
0.755 0.770 1.00 0.99 0.96 0.98
0.655 0.683 1.00 0.95 0.99
0.545 0.572 1.00 0.97 1.02
1.550 1.558 1.00 0.83 0.84
0.995 1.00 0.92
1.310 1.336 1.00 0.95 0.90 0.92
1.154 1.00 1.00 1.01
1.00 192
1.00 0.98
1.00 0.90
1.00 2.07
1.255 0.944 1.00 0.80 0.88 0.67
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Category 1; Thin broken line: Category 2; Bold broken line: Category 3.
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The adult chum salmon (Oncorhynchus keta) returns
have increased since the 1970's in Japan to a maximum
number of 88 million fish in 1996. Such stocks were
made by increasing the release number, enlarging their
body size and adjusting the release period. On the other
hand, long-term management of the fish is very risky
and an economical burden. Mortality rates of juvenile
chum salmon when first released must be reduced to
resolve this problem.

Although some survival factors have been presented,
we still do not know enough about the surviva
mechanisms of these fish. Above all, the fish's food
supply is one of the most important factors. It is known
that juvenile chum salmon frequently eat pelagic
zooplankton, epibenthic zooplankton and terrestrial
insects.

The deciding factors for the type of zooplankton that
they eat are the ecological character of the horizontal
and vertical swarm, body size, including pigment and
body color (can create search difficulty) and swimming
speed (to escape from predators). On the other hand, the
ecology character of juvenile chum salmon are feeding
time (they do not eat at night), distribution depth,
swimming speed (to chase prey), mouth vessel size and
SO on.

This study investigated the ecological characteristics
of juvenile chum samon (distribution, migration,
development and feeding habitat), behavior of
zooplankton (seasonal succession, vertical and horizon-
tal distribution and diel migration) and oceanographical
conditions from 1985 to 1990 in the Pacific coastal
waters off Hiroo, Shizunai and Shikyu, the central coast
of Hokkaido.

10 The research areas did not develop brackish
waters because not much river water was discharged.
Therefore, surface densities below 30 were distributed
within 3.6 km from shore. The areas were covered with
the Coastal-Oyashio of 1T and density below 33 at all
layers from March to late April. However, athough the
surface temperature increased to 6C in mid-late May,
the Coastal-Oyashio still remained at lower layers. The
surface temperature increased to 11T in early-mid June
and above 13T in July. These temperature increases
were geographical determined with the west area being
earlier than the east side. A warm water mass flowed
inshore in early-mid June. Thermoclines formed in May,
and these developed at a later period. These layers
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formed different depths between the east and west side
of Cape Erimo. The thermocline was shallower (10 m
deep) at Hiroo than Shizunai and Shikyu (25 m deep).

20 Low numbers of juvenile chum salmon were
found within 1.8 km from shore during the low
temperature period. The fish distributed extensively
when the temperature increased to 8T, and the fish
abundances decreased markedly over 13T. Juvenile
chum salmon distributed almost below salinity 32 of the
Coastal-Oyashio .

30 Large fish were distributed farther from the shore
than small fish. The relationship between distance from
the shore and mean fork length of fish had a liner
regression (r>0.65). As these distribution patterns were
shown widely in al coastal waters in Japan, large
juvenile chum salmon migrated farther from shore.

4 Large juvenile chum salmon, about 150 mm,
were captured with a set net in early June in the coastal
waters near Hiroo. Accordingly, these fish were larger
than the marked fish to be released from surrounding
rivers; they were released at an earlier time from Honshu
or the southern part of Hokkaido. Moreover, al of these
fish captured within 1.8 km from shore and consecutive
capture days were within three days. This indicates that
juvenile chum salmon were not confined for a long time.

50 Marked juvenile chum salmon grouped quickly
depending on size, and these groups possibly selected
different waters. Juvenile chum salmon remained for a
few days in the river they were released from, and these
lived over 90 days in the coasta waters. Migration
speeds of these marked fish, if the fish moved straight
between the release and recapture point, were estimated
a 4.4 cm/sec (3.8 km/day) at Hiroo and 3.5-7.9 cm/sec
(3.0-6.8 km/day) at Shizunai.

60 Instantaneous growth rates of marked fish
between the release day and recapture day were -0.0025
to 0.0057 in the river and -0.0025 to 0.0138 in the
coastal waters. The results show that the shorter the
period to recapture and the longer the movement
distance from the river mouth created higher growth
values. Because the movement distance was farther for
larger fish, the larger fish escaped from the research
area. Therefore, their growth rates were estimated to be
low.

70 Abundances and empty stomach rates of juvenile
chum salmon were geographicaly different. It seemed
that these results reflected food environment conditions
for the fish. Moreover, stomach fullness and empty
stomach rates fluctuated in each group of fish. Some fish
in the group ate enough food. This fluctuation showed

97

the difference in chance encounters between predators of
the fish and prey. Pelagic zooplankton occupied more
than 90% of prey. Many terrestrial insects of winged
ants and chromomids were eaten by the fish. Therefore,
we must take the biomass of such prey into
consideration.

80 Four development stages of fry (40-60 mm), pre-
fingerling (60-80 mm), post-fingerling (80-120 mm) and
young (120-150 mm) occurred from May to late June
near Hiroo in 1986. The similarity index (Cn) was
calculated with Kimoto's equation between devel opmen-
tal stages of stomach contents in 12 pairs. Cn exceeded
0.7 in 8 pairs. The results show that juvenile chum
salmon do not select prey size according to development
stages, the difference of their stomach contents reflected
the consumption of different zooplankton communities.

900 Zooplankton biomass reached a maximum from
late May to early June, when the surface temperatures
were 10T in these research areas. This period had
geographical inclinations such as surface temperature.
As the peak showed a sharp rise, the food environments
were very different during the peak period before and
after that. The amount of zooplankton biomass should
determine the juvenile chum salmon behaviors both
during the period when they remain in the coastal waters
and the migration toward off shore.

100 Cold-water zooplankton species of Pseudo-
calanus Spp., Acartia tumida and A. longiremis
dominated at all times from spring to early summer and
warm-water species of Fritillaria sp. predominated
during the late period in the coastal waters near Hiroo in
1986. Although individual numbers of zooplankton was
a a low level in May, high abundance layers formed
after 3 June, and a maximum density of 16,000 inds/ni
formed at 10 m deep on 25 June. These high abundance
layers were composed of these species and formed
above thermocline. These species were frequently eaten
by juvenile chum salmon, and such layers give a
favorable food environment for fish.

110 However, diel vertical migrations of zooplank-
ton were aways different from the development stage
and sampling period. Four types were categorized as
follows: Type 1. Migrated to upper layer before sunset
and fell after sunrise (Neocalanus spp. Pseudocalanus
spp in May). Type 2: Remained at the surface only at
night, and stayed at a lower layer at other times
(Metridia pacifica, Pseudocalanus Spp. in June, Acartia
tumida, Acartia longiremis). Type 3: Always stayed at a
lower layer (Eucalanus bungii). Type 4: Always stayed
at an upper layer (Fritillaria p., Evadne nordmanni). It
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is known that juvenile chum salmon always swim near
the surface and eat during the daytime. Therefore, the
juvenile chum salmon couldn't eat types 2 and 3 easily,
but ate types 1 and 4 easily. However, the juvenile chum
samon had eaten Metridia pacifica (type 2) and
Eucalanus bungii (type 3) at al the research areas. This
was because wind was blowing for long times from land
to off shore, the up-welling occurred frequently, so
zooplankton were transported from lower layers to upper
layers and became food for juvenile chum salmon.

1200 Zooplankton distributed heterogeneously. The
mean distance of total zooplankton number between
peaks was almost even (80 to 140 m) and that of each
kind was 90 to 150 m from March to June. If the
juvenile chum salmon had selective feeding habits, then
the fish movement distance to eat food would be seven
percent higher than the eating habits that were shown.
High values of an overlap index between zooplankton
types showed that each of the individua fluctuations
occurred at the same place.

130 Since the whole zooplankton abundance level
was high in April to May, the level near shore was
higher than that off shore, and the level reversed to alow
level in June. As the results of the mean distance
between peaks were not different between periods, the
high zooplankton abundance levels in coastal waters is a
good food environment for salmon. Consequently, the
food environment near shore is better than that of off
shore in April and May.

1400 Seasonal changes of mean lengths of maximum
dimensions of zooplankton items decreased by 76 items
of 93 items in the coastal waters near Hiroo in 1986, and
the zooplankton number peaked at 0.10 mm® both
sampling days on 13-14 May and on 4-5 June, and that
peak decreased to 0.05 mni on 24-25 June. Since
chlorophyll a decreased and many zooplankton types
body size decreased later, accumulation energy in the
body &also decreased. Even if juvenile chum salmon
developed and are able to eat larger prey, the fish are not
able to be exercise this ability at a later time.

150 The mean body weight of released juveniles at
the four main rivers of Shikyu, Tokachi, Shizunai and
Kushiro on the Pacific coast from 1994 to 1998 were
larger than those below 1 g from 1980 to 1984, and each
released group of mean body weight was amost even
from 1980 to 1984 but was clearly larger from 1994 to
1998. Juvenile chum salmon began being released in
early January, peaked in late April, and finished in mid
May from 1980 to 1984. From 1994 to 1998 the release
was later than in 1980 to 1984. As aresult of the study,

the distribution limit temperature is believed to be 13T.
Moreover, a peak of food biomass formed at 10C and
reduced rapidly later on. The fish attained offshore
moving size by that time.

160 The surface temperature increased from 5 to 10
T during 30 days, and mean instantaneous growth rates
of the fish was 0.007 in these research areas. The fork
length and body weight at release were calculated to
substitute these values for the growth formula. The fork
length and the body weight were 56.7 mm and 1.6 g,
when surface temperature was 5C. When the fish were
released at a later time, the fish had to grow quickly to
reach the coastal waters in that period.
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