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Diel Migration of Zooplankton and Feeding Behavior of Juvenile

Chum Salmon in the Central Pacific Coast of Hokkaido
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2-2 Nakanoshima, Toyohira-ku, Sapporo 062-0922, Japan

Abstract.— In the Pacific coastal waters of Hokkaido, zooplankton were collected with simultane-
ously horizontal tow nets from 7 different layers on sunset, mid-night, sunrise, and noon of May
14-15 and June 13-14, 1991. In addition, distribution and feeding habits of juvenile chum salmon
were investigated in the same area from late May to early July of 1987 and 1988. Chum salmon
juveniles were mainly distributed in the coastal waters less than 20 m in depth, and fed mainly on
Evadone nordmanni, Eucalanus bungii, Neocalanus spp., Pseudocalanus spp., Eurytemora head-
manii, Metridia pacifica, Acartia longiremis, Acartia tumida, Vivalvia, Fritillaria sp. and
Oikopleuridae. Plankton net samplings indicated that these cold water type zooplankton species
were predominated in May, and their density was 2-15 times higher than in June. Most zooplank-
ton species showed diel vertical migration, being most abundant between surface and 10 m in depth
in May. In June, however, zooplankton became most abundant at layer of 30 m in depth, and the
density of zooplankton decreased remarkably near surface layers where juvenile chum salmon
might migrate for feeding. Despite it, the feeding condition was successful in chum salmon juve-
niles which were distributed in shallow waters (5-15 m in depth). The prey organisms might be
supplied to salmon juveniles in coastal shallow waters by the limited vertical migration of zoo-

plankton and by up welling.
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Fig. 1. Map showing sampling locations. Juvenile chum salmon were captured at stations 1-15, and zooplanktons were col-

lected at station A.
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Fig. 2. Sampling times of zooplanktons on May 14-15 and
June 13-14, 1991. Shaded areas show night.
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Fig. 4. Diel changes in vertical distribution of zooplankton at station A on May 14-15 (upper) and June 13-14 (below), 1991.
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Fig. 5. Compositions of main zooplankton items (occupied over 5%) in each sampling layer and sampling time on May 14-

15 and June 13-14, 1991.
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15 and June 13-14, 1991.
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BORER, BEBHZI0mIZ, EFIZIE20mic TR
L7:. 6 BORE, HHE, EtF 1220 mEMEIZIE
WH L do7ds, EATICIIEE $ Tofi LIEERE
EOKIEIIE L7 (Fig. 7b). 5-6 § %@ U CIA ik
TTHBL, EICHRESES L.

Metridia pacifica DFBEEL & CLIV D5 1ARKILS-
6 HZELUEICI0mB IR SN, BREERBOEA
7ZeV BRI, SHIIEERFRIZE 1AL 10 mfE
IZFEH L7, UL, BEBCEIERERCHELZ
ot 6 HOCV bERFITIII mBIZE 2K T
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B L7248, HHEEZIZ0-3 mEChThckd Lss
FThot:. Thibb, M pacifica® CV-BARDEME
D% ITRBERM AL EFTCELL, BHEELAENIIE30
m& DEVEBICEEI L. ZHIXTL, CLIVIZEI
I0mBICAATASO0, HEICKAMEETFELY
DEEIID o7 (Fig. 8).

Eucalanus bungiil35-6 A & 4 E 1220 m LEIZHA
L, SHISHOBEEZEE30 mBICSE 1 KL
L7- (Fig. 9a). 5 L7227 — V5 QIR TH -
7275, 6 A2 CI-CIHO B WEMKTH - 72

Fritillaria spA36 A 77 IFHIRL, AWML
Q7L B M CTH o7z, Ak, ERPEHBEEIIm
Ll0mElL, EFEHERIZIZI0OmBIZALN, &
1210 m LARICTEE S 17z (Fig. 9b).

Evadne nordmanni b BHIZ6 A5 TH o7, Kl
DOBRIZER 20 mBICER SN, BHERZ
10mE, FFIZiEsmBFEFCEAL, EME&LEML

7= (Fig. 9¢).

YripaOSsh ERXERER R 1987
EIT516/E, 1988480 BRI s/, RS
72ESIX19874ES H19H £ 19886 A2 H 121309 km
PROERICBEO N, FEKbHbTrTho70 6H
AL IR b P DES T TR L7275, 80%
PLEi31.8 km FTORATHRE &7z (Fig 10).

RSy OHEAORLROEMILS-16.5 cm
THotz. BAREEAFTTTEEALLP6AT
WUREEED L, BF)OEE TS GFllTRE D
o7z (Fig. 11). WOERE T 5/ L721987F6
H9-10H, 19884E6 H14 A FHELEE, 6 A 14
HM54km & 72 kmERBE #REFEEVROSNIA
(p<0.05), 19874E6 A25HI2130.9 km#»*53.6 km®
FEABTIEAEEER o7z (p>0.05).

HIr#AORY IV YA S
1987 4E D304 /R L 1988 FE D251 B % E AR D547
L7z VERO R E ST, 0B ER
HEINTOWERGEROBYW 77 M &
Tablel, 2278 L7z, 300EREO PR T, 1658
1987 £ 1988 4@ LT L, €05 H 14558
i, BT N UHETSB LR EDT
Ui ORI OE b o 1o 5 HEEIL 1997 4R 6 H 9-10
H ® Neocalanus spp. & A. longiremis T, {3 17318
iR, 107 BEOFr GfE IR I Tw,

Fr A VEEIC X AR REEET200E 4T 8
Z7o0iE, Z#¥H, E. nordmanni, Pseudocalanus
spp., Eurytemora herdmani, Fritillaria sp., *+ %<&
YO THEETH-7-. ZO9 HE nordmanni (33,000
Bk %8 %, E herdmani b 2,000 %82 72, K
AR T200 B 6 % 8 2 /-4 ERET, Ay < RY, E
nordmanni, E. herdmanily, 75 7 N EHEGR

TIES% A D2 3o/ (Fig. 5).
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Fig. 10. Abundance of juvenile chum salmon captured by a seine net in the Pacific coastal waters near Shizunai between
May and July, 1987 and 1988. Cross marks mean no fish capture. Dotted lines indicate depths. The distance of each
line of the nearest station from shore are between 0.2 and 0.5 km.

Z £

HERRTEE 77~ 7 b > ORERIE R KR
TRCHIRDS A FAICERL, 20&EIT S

M. pacifical3 19886 A2 0 & 14 BIZEL & LCHIH
a7z, 6 H2HEH a1 Efice7 BiEE S,
FNSIIETHEORATED ST,
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Fig. 11. Fork length distribution of juvenile chum salmon captured at each station in 5 10 15

the Pacific coastal waters near Shizunai between May and July, 1987 and 1988.

(B8 - Bk, REL). FRHATLRMEBIEIIS Ao
6 A TRA L, 6 AOERMAIRIZI2-13CTH-
foo BT T oo N SRHETS %L EE ED 21 8
B0 L, 998N (Sagitta elegans, Eucalanus bungii
larvae, Eucalanus bungii, Neocalanus spp., Pseudo-
calanus spp., Acartia tumida, Acartia longiremis,
Metridia pacifica, Themisto japonica) VIFEENET, BE
ANMEL 2 57848 (Paracalanus parvus, Corycaeus sp.)
2B E A (£ 1984 ; Tkeda 1991).

BT 77 b OBREREOREST RS, 7H
EEERA, BRIETEAGD ) BB B8R0 5
n, MEHEOL 5 BIZE Loz, RIS EE
RIFIZZEEN L, S ISR, 6 AICIEEAPIZR
Kenbh, REKRINIL L —EDHBIZALNT -

Fork length (cm)

. BTy P HEETESLAOESAN
Pseudocalanus spp. & A. longiremis T, 6 H 121X
Pseudocalanus spp. DS § AFERITHRA L, 20 m
VU TIZA. longiremis & Fritillaria sp.%%, 30 m TiI M.
pacifica ML 72. T4bb, ZoOWEOEY 7S
Y7y OBBIEROBR OB L, HTFDHH
BT CoOREIR 2 Z81E, B5Y 5 M. pacifica,
Pseudocalanus spp., A. longiremis, Fritillaria sp., 7
4GOI L - ThE ST,

BT 7 7 b OENE s ORI EERE (5L
g s s, BRICIEEREELE (DSL) & TR
L, BRaiohnrEizsEshs (Magnesenl989;
Atkinson et al. 1996). Pillar (1984) (3/KiEEERE (37
A7 VEOSMEBEORIRER & 2o Twbh LT
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Table 1. Number of prey organisms in the stomach of juvenile chum salmon captured in the central Pacific coast of Hokkaido in the May

and June of 1987.

May 19 (n=20)

June 9-10 (n=173) June 25-26 (n=90)

Prey organism

Number of Number of Number of

feeding fish T oon  Max. feeding fish  Mem Max. feeding fish ot Max.
Polycheata 2 1.0 1 7 8.3 50 0
Sagitta elegans 1 1.0 1 38 2.6 18 0
Evadne nordmanni 0 8 09 2 27 1484 3124
Neocalanus spp. 1 3.0 3 107 10.0 63 1 1.0 1
Eucalanus bungii larvae 0 31 29 13 0
Eucalanus bungii 7 2.0 4 91 4.5 35 3 9.3 25
Pseudocalanus spp. 1 1.0 1 86 315 270 5 1.2 2
Centropages abdominalis 0 36 2.8 22 1 1.0 1
Eurytemora herdmani 1 2.0 2 72 6.3 38 8 9.3 66
Acartia longiremis 0 107 12.0 80 6 2.7 6
Acartia tumida 3 2.0 4 18 1.4 3 4 16.8 64
Harapacticus uniremis 4 7.3 22 0 0
Themisto japonica 0 15 4.1 189 1 2.0 2
Amphipods 11 27.1 73 12 1.7 4 8 1.8 4
Mysiid larvae 3 1.0 1 41 7.7 154 2 25 4
Mysidacea gen. sp. 4 1.5 2 25 25 13 0
Euphausiids 1 6.0 6 44 7.8 165 8 1.4 2
Vivalvia 0 38 76.2 454 0
Fritillaria sp. 0 49 203.8 909 23 22.6 81
Oikopleuridae 1 1.0 1 73 8.6 40 6 89.8 512
Ammodytes personatus 0 0 4 155 57
Ants 0 3 23 3 39 10.2 34
Chromomida 1 2.0 2 0 9 42 11
Total 19 204 75 168 49.9 914 73 80.8 3133

Wb, La*L, N plumchrus |3 HEE OFXEILZT
A5 DD (Mackas and Louttit 1988), CI-CV (3FRE F
T4oA L (Fulton 1973), M. pacifica D7\ EK S,
14 CLAT O7AGR THIzKIREER | 8RB ORI 2 13 7%
o2 TVv7%\ (Batchelder 1985). % 7z, Morioka et al.
(1988) &I - E8 (1997) &, HEMD Calanus
sinicus X2 P. minutus £ P. newmani O B IEDA T 5K
REEMET, 70u7 4 aliEniBEdEoZ L
o, BT L0 N Dk FOROR L OFEE
LR RE L T A, SRIOMEBRTIE, SAI
10 mPLRIKBER TR S, 6 HIZIZS 6%
#EL7 F7, SAOKES L, 6J1OERERLD 7
OO 7 4 Vi@ EIIAGRER THD 10 m TRA%Fo
7o (K- B, REFR). LaL, 7o vs by

DA OBmAL, 5ACIEEICI0mblZIZ, 6
1A EE D S HHFRHCTT10 m LRSS hre,
SHEEERTCY, BIZ10 mIIKE R L 72 Fritillaria
sp. PR E, 10 mICEAZ TR L - g8iEddb i do
7. ThbhL, HERFEOESIIRONEWT T~
NV OSESAOBANE, 7007 4 )badtKiE
EOREITE (, 20E AIKREB ISR S ML
LE2A.

Acartia BDA. omorii & A. clausi i3 H HITFER (2
gL, AREELECSHT 2 (Anraku 1975;
Kimoto et al. 1988). 30 m LLiBDIREIIITH L H o7
DT, A. longiremis B*A. omorii R A. clausi & [F#%1Z,
BHILEER ICEFEIIHMm L T A i+ S E R
FHb DD, A longiremis\ 3B FBLT30m LD
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Table 2. Number of prey organisms in the stomach of juvenile chum salmon captured in the central Pacific coast of Hokkaido in the June

and July of 1988.

June 2 (n=1) June 14 (n=248) July 5-6 (n=7)
Prey organism Number of Mean  Max. Number of Mean  Max. Number of Mean  Max
feeding fish feeding fish feeding fish '
Evadne nordmanni 0 1 0 2 186.5 329
Neocalanus spp. 1 - 2 69 33 16 0
Eucalanus bungii 1 30 35 105 0
Pseudocalanus spp. 0 83 8.6 101 1 4.0 4
Centropages abdominalis 0 8 1.5 3 2 10.5 19
Eurvtemora herdmani 0 109 136.5 2067 | 1.0 1
Metridia pacifica 1 67 4 1.5 3 0
Acartia longiremis 0 28 2.4 17 2 8.5 14
Acartia tumida 0 40 43 38 0
Copepoda nauplii 0 11 32 11 0
Amphipoda gen. spp. 0 75 11.4 80 0
Caprellidae 0 11 43 14 0
Crab megalopa 0 67 7.5 42 3 78.3 174
Shrimp 0 18 25 12 0
Mysids larvae 0 53 11.9 87 0
Mysidacea gen. sp. 0 15 6.1 25 0
Euphausiid laevae 0 44 53 20 2 1.0 1
Vivalvia 0 4 6.3 15 0
Fritillaria sp. 0 54 137.5 504 0
Oikopleuridae 0 35 40.0 552 0
Cirripede larva 0 85 17.4 182 0
Cumasea 0 53 5.0 22 0
Ants 0 3 23 5 4 7.0 18
Total 1 70 204 1404 2079 4 175.0 415

HVRIETHEBEZIT>-TWAH LI IR, A
longiremis DR EIS-6 A B LE L, FDHF T
D OBIEE ISV 00, HPIZEAIZI0m
PURICER 2N 5 C &0 b R RIREI e b 4 h
afzbEZ LIS,

Fritillaria sp. ¥ E. nordmanni \33RMAKIED 87 L7
6 HIZHEAL, BFIOmERIZEBERERETLHO
O, BTT 7 b RECHOLHEIE IO TR,
LaL, $7 oA L 2B SRR
H %\, Fritillaria 6 A A OEAKETIZ10 mEGE
THEL (Shiga 1985), =V EMLRIERTO6 AT
AL GEE 1990; B8 - &K 1997), 7 L
OfFE LTEILFHEIN T (3 - K RER).
E. nordmanni 3 0FET6 A LIREE L L TRIHE SR

Ev (B 1982). Tabh, o2 EIEREKR
OEFIHE-THEML, HPIRER IR
5, BB T 7 ORAIZ L AL L COFRE
FlEE,

—F, EBMEYW 75 7 b DE bungii,
Neocalanus spp., Pseudocalanus spp., A. tumida, A. lon-
giremis, M. pacifica b r YL OTERELL LTF|
Hahs, ZhbD% s BIIIEHOB R Hib,
BIRADIILALIIEREA2S 10 mBISFER S 7z,
LA L, 6 AIZIZA. longiremis DA DT & A L D3R
FHTHIBRIE30 mBIOER S, LabH2mAil
PEOFHH TR SINIBER Y, Tabh, &
B T 2 b, SRR SRS
BEHE D3 mLLE (Moulton 1997) (ZHAEAZ TR L
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Zoo IhIHF L, 6 HIZIREIE A U iakE &
D TERZA L, B 6 AICIES HD7-50% 1230
U7z, B rdfEREEREIIIEL A B L2V L
5 (FIL1986), it oA OB A H b
DEFETCOE 7T 7 b OSEEL ARG,
R A BRI 2B B L L L B R
5.

6 A I IZ B R BRIEASTEAL L 72 E B ENLIZD
b5, 1987-88 £ D6 A T AW L DOE

DAL e BRI LB A& ITIL KT 5%, TR
D80 %L L IXPERZ0.9 km DI TR &, (BB DK
IS 15 m & EV, BLFEOKEDOE B T
ALRELREY TS 7 o ofiERE TR TW
BHETE, SEREROORVE TSI 7 M 0T
b rAfEROENEOKEMNIE THEHIFLLY
FAMREE @V, F72, I TRET BRI
(FBFA 1993) 7 SRR ICL Y, BEATIC
THTAE T Y b OREIHE~OER LES
IZiPbhbEEZLNE. 2D LiL, 198846 H2
FIH T GBI B SN T2 M. pacifica VB 75
YU M CBETES L OEF S PIVITRL, A
AR DEEE 30 mENEIZFE DO L AL N2CV-RAET
HOHLNTH-I RS I»NLE. $abb, A
FIKEDR G TIRER 20T 4875
ST R ITYH, KEOERGEE TR0
HUTREMEIX T <, REIREET R iR A0 L2 v ) i B
h, FOI kA6 AR LMD BIEEI T 4SS
DE NI EELRR O ERTRRIILTWAL EEZ S
na.

AT DOFATIZRRE LTl L ORI TEFAET O R IRGE
EEOBERRIHG 2 27Tz, SR BB
BrR{b.
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