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Migratory behavior of Pacific salmon (Oncorhynchus spp.)
in the open sea

Miki OGURA

Abstract

Pacific salmon spend most of their life in the ocean and return to their natal stream to spawn,
but the migratory mechanisms of salmon in the ocean are not well understood and there have been
no direct observations on their migratory behavior in the open sea. In this paper, tag release and
ultrasonic telemetry data were analyzed to provide new information on the migratory behavior and

distribution of Pacific salmon in the North Pacific Ocean.

1. Ocean distribution of maturing salmonids

Data from the high seas salmon tagging experiments conducted under the auspices of the
International North Pacific Fisheries Commission were analyzed. From 1956 to 1991, a total of 414,
085 salmonids (117,519 sockeye, 139,547 chum, 136,075 pink, 15,671 coho, 3,354 chinook, and 1,919
steelhead trout) were tagged and released in the Bering Sea and North Pacific Ocean. Of these
tagged fish, 5,053 sockeye, 1,867 chum, 4,185 pink, 894 coho, 73 chinook, and 60 steelhead trout were
recovered in the year of tagging and up to March of the next year. These recovery data from
maturing fish were used to update previously published information on the ocean distribution of
major stocks of sockeye, chum, pink, and coho salmon. This new information is summarized as
follows :

The known distribution of sockeye salmon originating from western Kamchatka was extended
to the southeast in the western North Pacific. The known distribution of southwestern Alaska
sockeye was extended toward the south in the central North Pacific. The known distribution of
Japanese chum salmon extended much farther to the south and west than had been shown in
previous studies, and the central and western North Pacific Ocean was shown to be an important

part of their range. Chum salmon originating from the Kuril Islands, Primore, and south Sakhalin
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were also widely distributed in the central North Pacific. The known distribution of northwestern
Alaska chum salmon was extended to the southwest in the central North Pacific. The distribution
of pink salmon originating from the Asian coast west of western Kamchatka was extended
eastward. East Kamchatka and western Alaska pink salmon were distributed in the central North
Pacific. All new information on coho salmon was obtained from fish released in the central North
Pacific, and coho salmon originating from the Asian continent and western Alaska were distributed

in this area.

2. Change in the known ocean distribution of Japanese chum salmon in relation to increased
production of hatchery salmon

To clarify the changes in the known ocean distribution of Japanese chum salmon that have
occurred since artificial enhancement of Japanese chum salmon became pronounced in the 1970s,
tag recovery rates and biological information were compared for two time periods, 1956-1970 and
1971-1991. Tag recovery rates along the Japanese coast were consistently higher after 1971 than
before 1970. In contrast, tag recovery rates in Russia were lower after 1971 than before 1970.
Although other factors, such as the tagging mortality rate, the tag shedding rate, the exploitaion
rate of the stock in coastal areas, and the reporting rate for tags found, may account for some of
the change in the numbers of tagged chum recovered, the recent increase in recovery rates of tagged
Japanese chum is likely due to the higher proportion of Japanese chum in the North Pacific that
resulted from the increase in hatchery production of chum salmon in Japan.

Fork lengths of chum salmon distributed in the western and central North pacific were
significantly smaller than those in other areas. The return migration pattern of chum salmon from
the western and central North Pacific cannot be explained simply on the basis of the ocean currents

of the North Pacific, as previously suggested in the literature.

3. Migration rate of maturing Pacific salmon

Migration rates for each stock were calculated by release month on the basis of days between
tagging and recovery and the shortest distance between tagging and recovery location. In general,
migration rates increased later in the season, and averaged about 50 km/day in June and July.
The maximum rate for individual fish was about 80 km/day for many stocks.

Assuming that salmon swim in one direction and swim continuously during day and night, 0.58
and 0.93 m/s were calculated as the swimming speed for the average and maximum migration rates,
respectively. This is roughly equivalent to the optimal swimming speed estimated by laboratory

studies.

4. Horizontal movement of Pacific salmon shown by ultrasonic telemetry

To examine detailed migratory behavior of Pacific salmon in the open sea, 23 individuals from
six salmon species (sockeye, chum, pink, coho, chinook, and steelhead) with depth sensing ultrasonic
transmitters were tracked in the central Bering Sea and North Pacific Ocean during a total of 1,138

hours. Maturing sockeye, chum, and pink salmon tracked in the Bering Sea swam at 0.54-0.66m/
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s. They moved in fixed directions and maintained their swimming speeds and directions during day
and night. These swimming speeds were consistent with the average migration rates of tagged
salmon.

Maturing chum, coho, and steelhead trout tracked in the North Pacific were considered to be
in the early period of their homing migration and moved more slowly (0.31-0.43m/s) than maturing
sockeye, chum, and pink salmon in the Bering Sea. Immature chinook salmon and steelhead trout
also swam slowly. They did not maintain fixed directions, and no daily pattern of horizontal

movement was observed.

5. Vertical distribution and movement of Pacific salmon shown by ultrasonic telemetry

Tracking data showed that Pacific salmon were distributed mostly in the upper 50 m of the
water column. Sockeye, pink, coho, and steelhead showed strong surface preferences, and they
spent more than 709 of their time in the upper 10 m. Chum salmon also swam near the surface,
but tended to swim at a deeper layer than sockeye, pink, coho, and steelhead. In contrast with
these five species, chinook salmon had an obviously different vertical distribution, with their main
swimming depth being 20-40 m.

The speeds of vertical movement were calculated for dives or ascents of more than 10 m.
Average speeds of vertical movement were similar for all species, and ranged from 0.10 to 0.19 m/
s. Maximum speeds of vertical movement observed were less than 0.75 m/s except for sockeye
salmon. Three sockeye salmon made four rapid dives and ascents, and the maximum speeds of

vertical movements were 2.19 m/s for dives and 1.41 m/s for ascents.
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ERFEOMHEVLABICIE TEO Y 7 B AFE (Genus Oncorhynchus) SHHAL TWwbd, DD bH 2
Z < A (0. masou) \FHBHEAKIRIZ D AT 05, R=F7 (0. nerka), > a7 (0. keta), 757 b=
2 (0. gorbuscha). ¥ > 97 (O. kisutch). ~ A/ A7 (O. tshawytscha), AF —n~w K+« ZF7 k(0.
gaivdneri) FIEKFEB LU FNICBEET 2B LS AHET 22 Mo Twd, IOV 7EA
BIZT)RWICTEINL S EEZ 20 L S RABTB I Lz, £ OEESERE « HESMEL ¥ O
RYEFICED TREL. 1~ 6 FHBUENOLOICERT 2, 7 BAEL I OEBIBEIC L > T
WA TR TERVWARELREAES L, MFOEELAE N2 RABICHLRES Z LT
B

FrBAEBATE L »SILATHEOIBESE I THRENSE L L TEELRAR TH -7, KT
HIZBT 297 BREEDEERIZIIB0EMRITITERTON b NGEL Twizas, 1970FEMI213405 b i
FTHEBLIAAL, L, 180ERICADERIZEEDORL 2 R, 1989FIZIFH-EH b Y IZB LA T
VB OREEFEEEREDR, R¥EXEGH | INPFC, 1992), 199245 & A¥EABIC B 1T 2 4 7 BAED mE
DWENE &N Lrs, BAETRY 7 BAEOEELEIENBEOBERRBHEAICNT 2 @8
BEEREL STV,

HATEATSMUBIREZIZI80ERD» S B E o725, Yo ¥y OFEBERIZI910FK & TIoElE
ERBZSMEEMICE DER Lz, Lz ->T, bBWEO Y oY 7 ERIIBEICWIZ2ETIFLALN
ALSEBREEIC L D BAEIMER SN T &2 BRRASII19704E £ TROLKETHER L TE /208,
19704E (R LU St 8 13 MEERY 1238 K L 72 (Kaerivama, 1989), FIHO EREENIC B\ TR IR IEE
WZRERHSE2ED, —RICEFEIEIRE - HHEEHE ATICEE T2 2 L2 HELTE, H
ADyaFr NLAMEBREEORIIE, BEHAFTEMCES L 220K & EN - BEMOEESE
REMAI R OBl 1o &0  BEF BT DML, HADEERREOBYAME D O DRREHROMBE, ©
MBEMEICL D EBRNAED SNz 8 2 515 (Kaeriyama, 1989), ZDHOWBETOREIZ. BAR
BETCHROEEN#FIAT 2208, AT 2 LENOLOICTORRIIR>T5ZLiZED IS
DEEDINENMEEEE N TV S, T7EAEOATMERHEEEZORIZ. MRABICHET2HR0%K
ELEMGRZFOBREMNOBIOEAERICLABRTIEH 225, AREABOFE ODRIFHE L W 47
R, RN MU EZEC > TERN L BERTHL2 L F L 5,

V7 BEENEVLOLR L BEEE, S EINO 2 » ICERICRIIANBRT 2 2 ik, EMOTIK
BEOFTOLRLMFRHNLBFO—DTHS, LorLAAS, WHEICHIT 3 ROHDOERIZDNTIE
EEACBHENTORWEEZ 5, 5 OEIREREIC FIAME % FF - 72 BRSHEDL, Z20WTHHEL
» 5 ERNITHON T X /2, Saila and Shappy (1963) % Patten (1964)iC X %y 3 21—y 3 VRIS,
BB T2 EENPTFOEIAD G AR R 7 ERATE THARFEER 2 &£ 2R L7z, Jamon (1990)
., Fiemyiarv—ya ik DY BEEORBEFICIIERNAEK @EXKFROHER) 3L
ETANHEMHOFERIIAETH S Z L B LT, Quinn and Groot (1984). Quinn(1991) i, LA
HHREERZES (INPFC) 2MIo—#HOWE W AR TOY 7 BEERAET — 5 02 S5, 18
P B 2R - BRI IIFER IS S L RIRAESRTEMBSFE I N TS 2 E2RL, ¥ 32
L' —3 3 > EF ) (Saila and Shappy, 1963 ; Patten, 1964 ; Jamon, 1990) Z#t¥| L7z, T oD —
OB TEER I LR, WTFh b EBEREET — 7 CEBFEREER» o B o BN BERETICL
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THEY, Iho 2EENICHEHT 22 EKERBICET 2HHRNIRITITHE I ETHS,

—7. EYENGEEBRIAE - £ - IS EBHFON A FIZLTWwE I EBHELITE>TED,
SLIHOBRELFHLNTHAAEEE LM SN T & 72 (Gould 1985), TN 5D I /X ARZMA T, BE
Mg [HURRE | GRAEGIE & ROME OMENWEREH 2 BEE) #FOAEE L REN TV 5 (Gould
1985), U7 BAEIC B T 2 TEER T, AR ABE T 2 X=Fr AN KGR T VS A R AV
TWwd 2 EHmENTW S (Brannon, 1972 ; Quinn, 1980 ; Quinn et «l., 1981 ; Brannon et al.,
1981 ; Quinn and Brannon, 1982), % 7 BAEIEORYZEILED 5 b HREOR)IBEIRICBWL TR EELT
SHEHICHRER L 2 REBER A2 AL LT3 Z e eIz & LT % (Hasler et al., 1978), L»
L. W&VAED» S HEE TCORBREBHACIE. BIORWERIZERATIE L Bbil, ZOEEA A
ZRALEEHEINTORVOSERTH S, Lichi> T, v 7 BAEORBIECEL T AMOHIED
BIEZOWEAE L THREVESIN TV S,

BE, ABCBUI 2 rEBRBCHT 2HEDEEISE LI, Liz>T, BELAKRIETTEA
FEFIZ L > TOREDH L L TRB SN BERICE o7z TFE. BHRCERET 2 ¥ o7 O/nEs
ROfEIC 2 > T8 D (FTER, 1987 ; Kaeriyama, 1991). & 512, bR FHEQOMDIARED Y a7 T
FIED /L « EEEIRRE SR 5N 5 L ME SN TWw5 (Ishida et al., 1993), ZDERICDOWT
BEERENLZERECETHRE s, IRFEORBENENOWROLESENEE->TETWE, B
BNAENZEEL, WmEVARZEECFET 2720, MEWKBIIBT 237 BEREOZITIMOK
XXFHESAICL, EBZEM - LB L MEL OBAEREMET 2 2 L ARE L5 TE, L
KFERCBI 2P 7BRAEOABRSEFEIC OV TR, ABRET -0 o HIBENZES D PYHREL O
BEMNHESMCENTE D, $ERMRERT — 7 2513, & 0l REER ORISR HEE &
27> T &7 (Myers et al., 1990), —A. SREABODLEAEDIZOW T, IETFRFLERHIZ L 2 b.
KEHBEIC L 2EMTFHRESOEREEC I VMBENICORENE DA TH 22, KRER L ORBEFR
EHIC L2 EHMRE S AT w5 (Manzer, 1964 ; £ B, 1966 ; = & 1T 4>, 1966 ; Pearcy et al.,
1984), 72, INSDHMRRBMOAEYEENRE T HIHREC LIV VyBAEOERERNBED:DICHEER
BT=F kb, L L, FICHERFAOASEFICEL COEENLBERII N ETE LA TV,

REBHENTOARLEGOLZ WG 7y BEEOEREGED 2 7 = X LOW%EER. ATHMEBRICE 3
HFEERICBWTHLEELEREREL, TOB KL L T, FBORKEETHOEBIEENLET
HrrtEZOND, /. MKFEOSHENFIHZ2E 0 - HEIEZ EIREEIE 21T 720 OBEINEIHE
Zdh, WKEBOHPRERTHS EZ 515, AT, BERREEBEFRET VAN —12X 3
2ODEL ST AT —VOREL S EUREERFO A - SAEHORBERN B X CIEKEELZHS 5
235 EHEAL,

FIE. RHBRBRET -2 L3 rBREORFREERD
BED & EBTERE

WREEEO Y 7 BAED AR - RO 50 - BERN 2 BT 2 Fik e LT, ERATEmRT —
g B, WET — v PRRE. AR, BENERESHV 5T &7z (Okazaki, 1982), Z ¢l
BERERT -5 13, EENcRAKEA» R D ERCERFB T2 WO E AR L, EENTRLE
EOTELEREL THRbNTE T,
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FLH 5N T35 (Godfrey et al., 1975, French et al., 1976 ; Neave et al., 1976 ; Major et al.,
1978 ; Takagi et al., 1981 ; fFBE-JIEE, 1985), Lo L, IHoDMETII, =¥y, FU¥rEk
VR AT TRIEET, Yudyr, #57 bABLUY Y I3 ATIRIVIEE TOFEBRES
TCIZ 7% 5 T 7z, 19565E 4 5 19714 & T2, AEF 7299, U1IR DM L 14, 4TIRDEHRENE ST
20, 2O HEERBAT T S, 2ELRI91EZ TOEHMRERIZ114, 4B IEL., &
Non51,208E0H 2 ERIIRE S iz, Myers ef al. (1990) 13, 19894E F TOERER T — 5 %
AW TREEOEESMEELHS »Mc Lo, AFOS A CREEIN TR,

CO20FEMIZIEKFPETREAD R T £ T HE D BEMRENURKIICKT Lt ki, BRZRE
ETARBEEETCOLMBREESBRACEZ2FE VY 7BRAELIRV S BBECIRERESH 57,
AETIR, CNORHFOT -9 280 ZRBRT - »oE 2 oN by BEEO BT OERE L
R EET 22 L 2R E Lz,

FFHEALLER. T abbEVAKBTINPFCOEEICEEL TTh N ERim Ty — 5 ~—
ADBMEEZTL LTz, ROT, BFDOT —FR=—AERAWTIN=Hr, vya¥sr, #7577 hABLUF
VHTrORBEEE (FOEHZVIEBEDIAEITRMLELENT 2/A) OEBEEROMEVSH
ZRTEEDHIT, 1970EH 2 VWIZITIEZ TDT—F 5 5 F & N DIER (Godfrey et al., 1975 ;
French et al., 1976 ; Neave et al., 1976 ; Takagi et al., 1981) L LB T 2 72012, I 2 TIZ19724
DT —5 TRENEAFEL2FNRE L L TREL L, & o IHIOIEESREREsEN L Hexs
FHEEIHS DI R > AARY o7 ICEL T, SRR X 2 EFEREER L SHCET 20RO
FEOBMRIZDOWTER L 72, BB, EFRRERT — 2 » o DREEROBERELFEL, LEL
ENBEEES. TROLRIFROFTBRSLTEREEZII DLW TEREL /2,

1. & | NPFCHAEEHKER BRHT—2<—2

KETHERLERER c BT — 513, INPFCOEEICEEL T7 7 A B 2& Ib KPR,
FHR—=Y 78, =) I TITbNBEREER L IERRRABROBRTH 2, T o3,
195645 19914 D BAIC X . 196045 & 19674 L 1987482 5 1990 12 Tb N 2 + 12 X B 1K
Wi, 195642 519825 CfTh i 7 ¥ > b Y RFREMEA (FR 1) 1T X 2. 1983452 519914
WZFRI & VERFEREBREZENER (TINRO) & O*FETTHN I AZRER., 19644 & 19654
KEREREERERNMT > HEBEANE TN T WD, BB, KL TR BARNE TITb N7 BB,
1955 LARTIC HAR R VLK OBFEE 23T - 1ARRHR (£ & L CRERTIThbL., EREEREO &%
SHE L TiThir: ; Hartt, 1962) 3fbi o7z,

HAIZ19624E ARRFERRIC & 5 WEM D ST 217> TE 7228, 2RI —EB5 L iRRED»
5OMHEBITO NI 7 F 7 & TR AERERIC L > TTbI . FR 11 & 5195652 51982
FEOEBFARAER. EREORAERCI->TEEMEA L TIThbN T, 1983ELEDFRIETIN
RODHFEFER VEDREEMIC L > TEEREAV TN, £/, FR 11319635 5 19704,
19804E 5 & UM19824F I —EFAEMR 2 (L 72 3R & 1T o 7o A RETEEIRER D 19644 L 19655 DIZ
BERTREESBV SN, IS DEZBMARERIEECD > TiTbhvzh, £E099%ik 4 A
25 8 ORISR E N (1), HEVICB T 2 ERBEETIEICIZ L D2 DOERO B
Tt (Takagi ef al., 1981), ZDHR. T4 A7 5 v FOFEARER ER ST, PEOT > —
S TRANT T 4 —=F v b AnshIz,

Aro et al. (1971) 1%, 1956 5 19T ICE SN EREHT — S 23V Ea—F - FT—FN—A Lk
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Table 1. Number of salmon externally tagged in the North Pacific and its adjacent seas from 1956

to 1991.

Month Sockeye Chum Pink Coho  Chinook Steelhead Total
January 714 4 3 14 1 27 763
February 157 6 53 0 0 0 216
March 149 8 111 0 0 0 268
April 9826 6334 14288 108 27 231 30814
May 19015 17980 27353 759 136 498 65741
June 32493 49100 61617 6512 890 605 151217
July 36326 52120 29877 6641 1658 477 127099
August 17976 12490 2539 1532 611 64 35212
September 807 1175 233 93 26 7 2341
October 0 211 1 2 0 219
November 56 109 1 8 174
December 0 10 9 2 21
TOTAL 117519 139547 136075 15671 3354 1919 414085

LTEf LI, TOT—FIN—ABZOHY 2~3EFCEHFSN, 97T6FE L TOHMT—I8E53h
ST —7»M I NPF CINEEEICEME SNz (Myers ef al., 1993), #DHED T —F X—ADHE
FEFHRRENMMEICTO, BERT -/ R—20ONHEE L ZEERBEOLDICE > T3, LiL,
1986 THT—FICHAL TIEHALARE (FRI1) L OMTERTREZITO., BALOART—%

(AT A, a—REHIR) ODEECEDTE,

MG T 27— _— 23, FRIICL > T19564FE»n 51990 £ TO T — I HATI N, 2D
BOINIEDORFRT —F 2 HAMBEIC I NP F Cf£HXE (Ogura, 1991 ; Walker et al., 1991 ; Wal-
ker, 1992) ZTiZEM. Effs iz,

BRI T — 2 B AE., BORERE. A, BRB LU 5 BE L LERITHEI N TV S,
HEVLARTHRE S AD—HIZ, BAOWMEGL ST THRETHR SN, /2. —TDAREE
BEDDZVIZEKRTORERLAR—Y 74 vy JIEVERaNLY, MM THRE N, Bl
T2 id. BREME. B Bt o -~ BEEOKE. AHRER, HEFCRES L E,
SHEELLER., O&FT—EESRITONTVE, LrL, —HOATIZIIASDERD WL Do
RiFIpZEebdolz, £, MLHE CEENTEBCESSFER SN, ERESHBMUECHIFEZED
TEEALDERSTHEE Db H o7,

2. Y BRECOIREBEOEEDT
BRENLELZOBED 3 A ETITHRREELEIRAR THEHB S U AERIG R CEP® £, 2
EELBECHETHERSAL D DRBMEHCREBE T >/ L& 2 5N, HE VLS DIEH T
EBCIBEAHEES . RCBFELROFMEBZIETE ICI v, 270, KT 7AZS R 7 —
YN — AN BEEEERBED/NAORRT — Y 3&Eh Ty, Ls->T, KREZEICEL T
BRSET—IBELSNTVE EEEVH, I TERE»SBRAL T2, BB FARICEL TS
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FELERPIB/BONTWE L BTNV, Zh o OMERKRREH T — 7 2 BB T2 2 L1tk - .
BlEEERFOEESHOMELHE S sk 2 EF 2 72,

KHEITIZ19914F & COFEMFEM 7 — 2 2 AV THEFERMAOME » CORRME 2 B AN ERT
5 2 & T, PP RO EREIERE O ¥EEE A 2 s LREIRBE I S 2 Uiz, JLATPEOBEEER I
R LR TR E G, Ihsid, SNETOMETOREE (F21F Neave ef al. (1976) T
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Fig. 1. Regional divisions of the North Pacific and its adjacent seas used for the discription
of ocean distributions of salmonids.
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DOEBMTRENEHD) LRELBZOTERENVLETH L, ERMOFERBHOX I TIE. BoniE
HEFRER - AERTOFTEEINRFOFELEEL T, INPFCERBHT - —2ATHEASN
T3 EEEAEMISX S (Myers ef al., 1990) #lAELE S 2 E TREL 7z EAR L &2 REXD
ER2ITR LT, HABORERFLRHBOFMBREZR225K5 TR,

Table 2. Number of recoveries of tagged sock- Table 4. Number of recoveries of tagged pink

eye salmon by general coastal stocks, salmon by general coastal stocks, 1956
1956-1991. -1991.
General areas Number of recoveries General areas Number of recoveries
West Kamchatka 36 Japan 76
East Kamchatka 24 Kuril Is., Primore, 206
Southwestern Alaska 2400 Southern Sakhalin
Central Alaska 732 Amur R, 27
Southeastern Alaska 243 Nothern Sakhalin
British Columbia 1283 Okhotsk coast 32
Washington, Oregon 323 West Kamchatka 46
East Kamchatka 192
Anadyr R. 5
Northwestern Alaska 25
Southwestern Alaska 64
Central Alaska 825
Southeastern Alaska 1519
British Columbia 1051
Washington, Oregon 117

Table 3. Number of recoveries of tagged chum Table 5. Number of recoveries of tagged coho

salmon by general coastal stocks, 1956 salmon by general coastal stocks, 1956
-1991. -1991.
General areas Number of recoveries General areas Number of recoveries
Japan 710 Asian coast facing 58
Kuril Is., Primore, 48 Sea of Okhotsk and Sea of Japan
Southern Sakhalin
Amur R., 592 Asian coast facing 82
Nothern Sakhalin North Pacific and Bering Sea
Okhotsk coast 89
West Kamchatka 35 Alaskan Coast facing 25
East Kamchatka 77 Bering Sea
Anadyr R. 34
Northwestern Alaska 285 North Americal coast 729
Southwestern Alaska 115 facing North Pacific
Central Alaska 118
Southeastern Alaska 181
British Columbia, 123

Washington, Oregon
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BB, RAIATEXAF =AY R b 7Y MR, ROBE#ET - SBBEL N TR HERS
OB ITORMP 2720 AF—~Aw Fe b TV MZDWTIE, Burgner et al. (1992) B3FE(tx 7
A ¥ —EZH& (CWT) OFEfEFERLHECHL, HEOHEVLSHFICET2HMELZZ LD TS,

2-1. R=HFrnBEIT

19564E 2> 5 19714E & T8, AR D R=HF 7 07 7 A W B EUBILKFE, X—V) V7, K-V
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Sakhalin, and Primore (shown by the bold coastline) as indicated by tagging. The
numerals show the month and location of tagging. Bold numerals indicate multiple
recoveries.
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Sakhalin (shown by the bold coastline) as indicated by tagging. The numerals show
the month and location of tagging. Bold numerals indicate multiple recoveries.
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Fig. 16. Ocean migration of maturing chum salmon stocks from the Anadyr River (shown by

the bold coastline) as indicated by tagging. The numerals show the month and
location of tagging. Bold numerals indicate multiple recoveries.
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Fig. 17. Ocean migration of maturing chum salmon stocks from northwestern Alaska (shown
by the bold coastline) as indicated by tagging. The numerals show the month and
location of tagging. Bold numerals indicate multiple recoveries.
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Fig. 18. Ocean migration of maturing chum salmon stocks from southwestern Alaska (shown
by the bold coastline) as indicated by tagging. The numerals show the month and
location of tagging. Bold numerals indicate multiple recoveries.
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Fig. 19. Ocean migration of maturing chum salmon stocks from central Alaska (shown by the
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Fig. 22. Ocean migration of maturing pink salmon stocks from Hokkaido (shown by the bold

coastline) as indicated by tagging. The numerals show the month and location of
tagging. Bold numerals indicate multiple recoveries.
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Fig. 23. Ocean migration of maturing pink salmon stocks from Kuril Islands, southern Sak
halin, and Primore (shown by the bold coastline) as indicated by tagging. The
numerals show the month and location of tagging. Bold numerals indicate multiple
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Fig. 24. Ocean migration of maturing pink salmon stocks from the Amur River and northern
Sakhalin (shown by the bold coastline) as indicated by tagging. The numerals show

the month and location of tagging. Bold numerals indicate multiple recoveries.
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Fig. 25. Ocean migration of maturing pink salmon stocks from the Okhotsk coast (shown by
the bold coastline) as indicated by tagging. The numerals show the month and
location of tagging. Bold numerals indicate multiple recoveries.
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Fig. 26. Ocean migration of maturing pink salmon stocks from west Kamchatka (shown by
the bold coastline) as indicated by tagging. The numerals show the month and
location of tagging. Bold numerals indicate multiple recoveries.
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Fig. 27. Ocean migration of maturing pink salmon stocks from east Kamchatka (shown by the

bold coastline) as indicated by tagging. The numerals show the month and location

of tagging. Bold numerals indicate multiple recoveries.
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Fig. 28. Ocean migration of maturing pink salmon stocks from the Anadyr River (shown by
the bold coastline) as indicated by tagging. The numerals show the month and

location of tagging. Bold numerals indicate multiple recoveries.
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Fig. 29. Ocean migration of maturing pink salmon stocks from northwestern Alaska (shown

by the bold coastline) as indicated by tagging. The numerals show the month and
location of tagging. Bold numerals indicate multiple recoveries.
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Fig. 30. Ocean migration of maturing pink salmon stocks from southwestern Alaska (shown
by the bold coastline) as indicated by tagging. The numerals show the month and

location of tagging. Bold numerals indicate multiple recoveries.
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Fig. 31. Ocean migration of maturing pink salmon stocks from central Alaska (shown by the
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bold coastline) as indicated by tagging. The numerals show the month and location
of tagging. Bold numerals indicate multiple recoveries.
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Fig. 32. Ocean migration of maturing pink salmon stocks from southeastern Alaska (shown by
the bold coastline) as indicated by tagging. The numerals show the month and
location of tagging. Bold numerals indicate multiple recoveries.
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Fig. 33. Ocean migration of maturing pink salmon stocks from British Columbia (shown by
the bold coastline) as indicated by tagging. The numerals show the month and
location of tagging. Bold numerals indicate multiple recoveries.
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Fig. 34. Ocean migration of maturing pink salmon stocks from Washington and Oregon

(shown by the bold coastline) as indicated by tagging. The numerals show the month
and location of tagging. Bold numerals indicate multiple recoveries.
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Fig. 35. Ocean migration of maturing coho salmon stocks from the Asian coast facing the Sea
of Okhotsk and the Sea of Japan (shown by the bold coastline) as indicated by tagging
The numerals show the month and location of tagging. Bold numerals indicate
multiple recoveries.
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Fig. 36. Ocean migration of maturing coho salmon stocks from the Asian coast facing the
North Pacific and the Bering Sea (shown by the bold coastline) as indicated by

tagging. The numerals show the month and location of tagging. Bold numerals
indicate multiple recoveries.
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Fig. 37. Ocean migration of maturing coho salmon stocks from the Alaska coast facing the
Bering Sea (shown by the bold coastline) as indicated by tagging. The numerals
show the month and location of tagging. Bold numerals indicate multiple recoveries
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Fig. 38. Ocean migration of maturing coho salmon stocks from the North American coag
facing the North Pacific (shown by the bold coastline) as indicated by tagging. The
numerals show the month and location of tagging. Bold numerals indicate multiple
recoveries.
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Fig. 39. Enlargement of known distribution area of maturing chum salmon from Japan based
on the tag data. Dark stippled area shows the distribution area based on the tag data
from 1956 to 1971 and light stippled area shows the additional distribution area
indicated from the recent tag data.
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Fig. 40. Enlargement of known distribution area of maturing chum salmon from Kuril Islands
southern Sakhalin, and Primore based on the tag data. Dark stippled area shows the
distribution area based on the tag data from 1956 to 1971 and light stippled area shows
the additional distribution area indicated from the recent tag data.
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Fig. 41. Enlargement of known distribution area of maturing pink salmon from east Kamchat
ka based on the tag data. Dark stippled area shows the distribution area based on
the tag data from 1956 to 1971 and light stippled area shows the additional distribution
area indicated from the recent tag data.
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Fig. 42. Distribution overlap in April and May of maturing chum salmon originated from
Japan (shaded area), Russian coast facing the Sea of Okhotsk and the Sea of Japan
(dotted line), Russian coast facing the North Pacific and the Bering sea (bold line)
Alaska coast facing the Bering Sea (light stippled line), and the North America facing
the North Pacific (dark stippled line).
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Fig. 43. Distribution areas of Japanese chum salmon in April, May, and June and migratory

directions of maturing chum salmon from Asian and North American coasts.

&= Asian coast facing the Sea of Okhotsk and the Sea of Japan.

&=y : Asian coast facing the North Pacific and the Bering Sea.

amy : North American coast facing the Bering Sea.

&=y : North American coast facing the North Pacific.
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Fig. 44.

Distribution areas of Japanese chum salmon in June and July and migratory direc
tions of maturing chum salmon stocks from Asian and North American coasts.
<= Asian coast facing the Sea of Okhotsk and the Sea of Japan.

=3 Asian coast facing the North Pacific and the Bering Sea.

w3 North American coast facing the Bering Sea.

@3 : North American coast facing the North Pacific.
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Fig. 45. Distribution areas of Japanese chum salmon in July and August and migratory

I l I I il 1 1
160E 170E 180 1701 160W 150W 140W

directions of maturing chum salmon stocks from Asian and North American coasts
=37 Asian coast facing the Sea of Okhotsk and the Sea of Japan.

mmyy © Asian coast facing the North Pacific and the Bering Sea.

@y : North American coast facing the Bering Sea.

&=y . North American coast facing the North Pacific.
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Fig. 46. Assumed schematic migration route of maturing chum salmon originating from
Japan. Figures attached to arrows mean the month.
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Fig. 47. Coastal commercial catch of chum

salmon in Russia, North America,
and Japan (unpublished data from
the Pacific Research Institute of
Fisheries and Oceanography,
Vladivostok, Russia; INPFC docu-
ments 1979, and 1980-1991 ; unpubli-
shed data from the Fisheries Agen-
cy of Japan, Tokyo, Japan).
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Fig. 48. General release areas (A-E) used to calculate the tag recovery rates in Table 6.

Table 6. Number of chum released during 1956-1970 and 1971-1991 from 5 release areas (see
Figure 48) and subsequently recovered in 3 recovery areas. Russian “I” indicates a
recovery area along the Russian coast facing the Sea of Okhotsk and the Sea of Japan.
Russian “II” indicates a recovery area along the Russian coast facing the North Pacific
and the Bering Sea. Numbers in brackets indicate recovery rates (no. recovered/no.
released ; %).

Number and rate of recoveries

Release Recovery area

Area Period Number Japan Russian “1” Russian “II”
A 1956-1970 7416 38 (0.51) 6 (0.08) 14 (0.19)
1971-1991 9301 221 (2.38) 1 (0.01) 12 (0.13)

B 1956-1970 49177 202 (0.41) 81 (0.16) 55 (0.11)
1971-1991 5574 41 (0.74) 3 (0.05) 0 (0.00)

C 1956-1970 9143 3 (0.03) 65 (0.71) 2 (0.02)
1971-1991 9491 16 (0.17) 4 (0.04) 0 (0.00)

D 1956-1970 2117 0 (0.00) 1 (0.05) 0 (0.00)
1971-1991 21645 56 (0.26) 5 (0.02) 3 (0.01)

E 1956-1970 12122 16 (0.13) 5 (0.04) 19 (0.16)

1971-1991 479 4 (0.84) 0 (0.00) 0 (0.00)
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Fig. 50. Frequency distributions of 15 days period of recovery date of chum salmon and age
released from areas A, B, E and from areas C, D, and recovered in Japan. Shaded
portion indicates fish tagged during 1971~1991.
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Table 7. Migration rates (km/day) of sockeye salmon calculated from high seas tagging data, by
month by general recovery areas.

General area Migration rate (km/day)
Month Number Mean S.D. Min. Max.
Okhotsk coast
April 2 16.2 7.0 11.2 24..1
May 0 — = = =
June 2 62.4 30.8 40.6 84.1
July 0 — — = —
August 0 s — e —
West Kamchatka
April 0 — == — —
May 7 170 12.2 9.4 44.3
June 10 22.3 12.1 9.6 48.8
July 8 27.4 15.8 1.9 46.7
August 0 — — — —
East Kamchatka
April 0 — — — —
May 17 24.0 10.0 12.8 44.8
June 1 20.7 = =
July 3 15.9 5.0 10.7 20.6
August 1 29.3 —
Northwestern Alaska
April 0 — —| — —
May 1 48.4 — — —
June 3 22.0 13 1. 10.5 36.2
July 0 = — _
August 0 e — — e
Southwestern Alaska
April 209 21:5 5,7 8.5 350
May 285 31..5 10.7 5.0 755
June 1583 43.7 11.7 7.2 87.7
July 12 50. 2 13 .2 26.6 71:3
August 0 —— — — —_—
Central Alaska
April 159 11. 8 8.6 4.0 100.7
May 287 18.4 10.3 2.8 96.4
June 183 23.8 135 3.3 182
July 49 25.6 11.6 4.4 54.4
August 1 20.3 — — —
Southeastern Alaska
April 36 8.8 4.1 8.7 20.8
May 57 13.8 517 75 33.4
June 60 21..2 T1.5 1.9 64.8
July 38 26.4 15:9 2:6 67.1
August 1 16.8 — s e
British Columbia
April 124 127 51 5:7 52.9
May 334 18.7 7l 5.3 51..5
June 220 277 12:1 Al 1.7
July 201 26.1 15.6 0.2 63.2
August 22 15.0 12: 3 0.3 48.2
Washington and Oregon
April 19 14.1 4.7 5.6 21.7
May 45 223 8.5 11..3 58.8
June 25 32.7 14.8 11.5 63.7
July 43 24.5 17.3 0.9 56.8
August 8 17.7 10.8 2.5 29.0
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Table 8. Migration rates (km/day) of chum salmon calculated from high seas tagging data, by

N

month by general recovery areas.

B R #

General area

Migration rate (km/day)

Month Number Mean S.D. Min Max.
Japan
April v 24.6 5.3 16.9 34.7
May 45 22.0 4.9 11.8 33.4
June 180 25.9 6.0 7.4 41.7
July 297 31.2 8.0 15.4 58.0
August 73 31.4 10.1 12.5 64.7
September 41 35.6 13.4 2.4 65.5
October 5 16.3 8.9 8.3 30.0
Kuril Islands, Primore, and Southern Sakhalin
April 0 — = = —
May 4 27:1 12 .4 123 37 .3
June 6 28.6 7.4 22 .4 41.1
July 10 24.0 9.2 9.5 41.0
August 2 29.1 1.2 21. % 37.0
Amur R. and Northern Sakhalin
April 2 13.7 g [ 12.9 14 .4
May 7 17.8 5.2 12..3 25.3
June 11 22.7 9.0 14.9 43.2
July 5 28.3 6.0 21.% 34.0
August 0 — — — —
Okhotsk coast
April 4 20.9 8.3 10.5 30.3
May 26 27.1 8.2 12.4 51.6
June 17 28.9 9.8 14..2 46.6
July 6 28:5 16.5 15.0 58.2
August 2 45.7 21.6 30.4 60.9
West Kamchatka
April 1. 35.0 s — —
May 4 26.5 1.7 10.7 37.5
June 17 41.8 21.2 2.0 88.9
July 8 53.4 22.6 16.7 76.9
August 1 15..5 F— = —
East Kamchatka
April 3 29.0 2.1 27.3 31.3
May 12 26.7 9.6 11.9 45.7
June 30 28.2 9.8 12.1 52.5
July 10 38.5 14..2 20.9 63.6
August 2 13.1 9.4 6.7 19.4
Anadyr R.
April I 2.2 o —
May 7 24.8 8.0 15.9 38.1
June 7 24.9 2.9 21.3 29.5
July 3 24.1 21:1 8.4 48.1
August 0 s = — —
Northwestern Alaska
April 15 29.4 10.8 Bl 57.8
May 31 34.9 11.0 5.2 58.5
June 84 31.6 13.1 13.4 1021
July 1l 28.3 9.3 19.2 51.0
August 0 = — = —
Southwestern Alaska
April 17 27.1 6.3 15.8 40.4
May 26 34.6 16.1 2.7 63.8
June 70 40.0 14.0 13.3 T =3
July 7 34.1 16:5 55:0

August
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Table 8. Continued

51

General area

Migration rate (km/day)

Month Number Mean S.D. Min. Max.
Central Alaska
April 19 13.9 6.8 5.5 31:1
May 26 23.0 15.3 4.3 51.3
June 50 16.3 11.9 1.7 46.1
July 12 20.5 16.8 6.0 68.3
August 2 17.6 12.9 8.5 26.7
Southeastern Alaska
April 7 15.9 11.3 4.2 301
May 20 9.4 7.9 2.3 32.3
June 40 12.6 9.2 1.4 29.1
July 51 17.2 15.8 1.6 99.9
August 12 1.2 9.4 1.4 29.6
September 2 6.6 0.7 6.1 Tl
British Columbia
April 5 E 4.5 2.1 13.0
May 9 8.0 2.6 4.2 11.9
June 28 9.7 6.4 2.0 29.6
July 42 12.9 7.6 2.2 42.2
August 9 14.1 11.2 5.9 38.5
September 3 46.1 14.3 32.4 61.0
Washington and Oregon
April 0 — — — —
May 7 10:3 2.3 7.0 13:2
June 2 8.8 0.8 8.2 9.3
July 2 18.0 4.6 14.7 21.2
August 3 21.2 4.5 18.4 26.4

Table 9. Migration rates (km/day) of pink salmon calculated from high seas tagging data, by

month by general recovery areas.

General area

Migration rate (km/day)

Month Number Mean 5.D. Min. Max.
Hokkaido
April 1 15.0 = — =
May 8 5.9 2.5 2.2 8.5
June 22 16.0 .0 2.3 24 .4
July 36 22.9 9.5 5.1 40.3
August i 34.4 — — —
Kuril Islands, Primore, and Southern Sakhalin
April B 10.8 3.6 7.0 15.6
May 37 14.5 5.9 7.2 41.0
June 24 18.5 12.8 3.6 50.7
July 41 21.0 3.3 3.8 57.1
August 0 — — — —
Amur R. and Northern Sakhalin
April 9 22. 8 4.0 18.5 31.5
May 12 30.8 12.9 13.8 66.2
June 3 46.4 16.9 29.5 63.3
July 3 53:2 23.3 26.4 69.0
August 0 — = — —
Okhotsk coast
April 0 — — —
May 8 29.6 5.3 21.7 36.9
June 15 39.5 I3.'% 11...6 60.6
July 2 29.4 28.9 8.9 49.8
August 0 — == —
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Table 9. Continued.

General area Migration rate (km/day)
Month Number Mean S.D. Min. Max.
West Kamchatka
April 0 — — — —
May 5 22.1 7:1 14.2 31.9
June 22 32.5 8.8 19.4 61.8
July 11 31.0 18.0 3.1 58.0
August 0 — — — e
East Kamchatka
April 0 — — — —
May 18 31.1 9.0 15.6 97:3
June 84 44.9 20.2 7.5 135.8
July 26 43.7 10.6 16.4 60.3
August 1 21..5 = — —
Anadyr R.
April 0 — = = —
May 0 — — —
June 3 35.0 13.2 22.1 48.4
July 0 — = ES —
August 0 — — — —
Northwestern Alaska
April 1 30.9 s e <
May 0 == — — |
June 15 42.3 14.5 24.5 76.5
July 1 65.2 — = —
August 0 e = — —
Southwestern Alaska
April 0 — — — —
May 0 — = =
June 12 39.9 13.7 1.4 53.6
July 27 38.6 14.7 2.9 61.6
August 0 — = e
Central Alaska
April 9 18.0 8.0 1.5 27:8
May 53 22.5 6.6 9.6 35.9
June 242 22:3 11.6 0.7 84.1
July 366 21.3 12.0 1.8 749
August 2 7.8 9.1 1.4 14.2
Southeastern Alaska
April 6 12.8 4.0 7.6 20.1
May 67 12.1 8.1 1al 46.2
June 283 9.0 6.1 0.9 38.7
July 478 13.5 8.8 1.6 54.3
August 96 16.6 13.0 0.2 82.8
British Columbia
April 14 6.2 2.1 3.0 10.0
May 43 8.3 8.6 0.4 57 .2
June 187 11.0 62D 1.8 36.9
July 372 19.0 11.9 1.1 83.8
August 88 16.5 12.7 0.9 58.1
September 12 8.7 Sl 442, 24.0
Washington and Oregon
April 0 — — = —
May 3 5.4 3.6 1.4 8.5
June 16 8.2 D, 3.8 181
July Tz 13.8 7.3 4.7 28.5
August 18 123 5.7 1:3 23:8
September 8 13.8 6.0 5.9 22..5
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Table 10. Migration Rates (km/day) of coho salmon calculated from high seas tagging data, by
month by general recovery areas.

General area Migration rate (km/day)
Month Number Mean S.D. Min. Max.
Okhotsk coast
April 0 e — — —
May 0 — —
June 7 27.3 5.9 20.2 35.4
July 10 42.1 8.2 26.8 55.9
August 0 — —
West Kamchatka
April 0 — — — —
May 0 = —
June 3 28.4 5.9 22.3 34.0
July 16 35.3 3.3 14.4 62.0
August 6 39.7 12.8 171 54.9
September 0 — —
October 1 36.9 —— P -
East Kamchatka
April 0 — — —
May 1 20.7 e
June 9 23.2 5.8 13.0 33.6
July 22 39.3 3. 1. 10.8 65.2
August 17 241 19.2 5.3 70.5
Northwestern Alaska
April 1 15.0 = — =
May 0 — = — —
June 0 — = = —
July 3 37.2 6.9 31 2 44.8
August 0 — — — —
Southwestern Alaska
April 0 = — — =
May 0 — — — —
June 0 — — = =
July 6 42.8 12.1 28.4 56.9
August 0 = — — e
Central Alaska
April 1 18.3 _— — —
May 2 28.2 4.3 25.1 31.2
June 11 18.1 11.0 5.0 36.8
July 18 19.7 14.3 3.7 60.4
August 2 17:2 21.8 1:8 32.6
Southeastern Alaska
April 2 13.3 4.7 10.0 16.6
May 9 12:2 2:7 9.0 16.4
June 50 8.1 6.3 S 24.4
July 70 8.1 75 0.7 44.5
August 4 8.2 4.2 4.1 119
British Columbia
April 4 3.9 29 0.7 7.6
May 35 6.1 4.5 0.1 16.8
June 65 1171 8.3 0.4 33.5
July 120 6.9 7.3 0.1 35.6
August 33 6.0 6.6 0.3 35.4
September 6 7.4 8.3 0.9 22.4
Washington and Oregon
April 1 2.9 — — =
May 21 4.9 5.6 0.3 24.5
June 9 5.0 2.9 2.6 12.0
July 66 4.4 4.1 0.1 19.2
August 48 5.0 35 0.2 17.5
September 8 12.0 6.2 4.8 25.1
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Table 11. Migration Rates (km/day) of chinook salmon calculated from high seas tagging data, by
month by general recovery areas.

General area Migration rate (km/day)
Month Number Mean 5.0, Min. Max.
Southweastern Alaska
April
May
June
July
August
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Southeastern Alaska
April
May
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August
British Columbia
April
May
June
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August
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Table 12. Migration Rates (km/day) of steelhead trout calculated from high seas tagging data, by
month by general recovery areas.

General area Migration rate (km/day)
Month Number Mean 5.D; Min. Max.
British Columbia
April 1 9.4 — = —
May 4 12.2 5.2 7.5 18.5
June 2 15.9 12.9 6.8 25.0
July 6 2%.59 15.9 12.:0 521
August 0 = — — —
W ashington and Oregon
April 7 8.5 549 2.3 16.5
May 10 12.86 8.7 5.0 33.7
June 4 276 237 10.4 623
July 5 25.8 8.6 14.8 35.4
August 1 8.7 = = =
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LTWwiz, Thbb, MEMELA» I NSFHOMBMGLIERE L EDHKBRE, Evoir:
RBENTE &S T A EEOTEE. WIKITENC BT 2 HAMESE L Z & 2FHEE L T, ZOM%
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Fig. 53. Relationship between mean distance traveled of chum salmon released in April and
May and the highest migration rate averaged in release month.
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Fig. 54. Frequency distributions of migration rates of maturing sockeye salmon originated
from southeastern Alaska, chum salmon from Japan, and pink salmon from British

Columbia, by release month.
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2B DIV TEEMOEIZEE L Thnwv, BlSORTICIIYHEBSES»ZEE T, B
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T% L DFE»{THN T 3 (Stasko and Pincock, 1977 ; Yoza et al., 1985 ; ¥RHIZ 4, 1985 ; Ig
iZ 2>, 1987 5 Soeda et al., 1987; HHIZA>, 1988 ; Quinn, 1988 ; Quinn et al., 1989 ; Ruggerone
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et al., 1990 ; Westerberg, 1982 ; Yano and Nakamura, 1992), £ iCi3F/d80FE T3, BIIER
DAHZRALEZMEPT 2 2 L 2 H L L 7EKTE & REBFHRONELTbi iz, #1213 Yano and
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WTOBEHAEICHET 2 FHERSEB I LT 0K, FiloaBBORR - A TTRES A TH 25
BOMREREBR LTV (NERIFA, 1987). 1988F I 3t K FrEIcB LTy aF 7 £ 7 A A # (Om-
mastrephes bartrami) DB EEITHN T GEHIZS, 1990), ThosOFEFEICL VEMSY AT LDk
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HEIZDOWTEEL 2,
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Fig. 55. Areas where Pacific salmon tracking took place and horizontal movements of 23
Pacific salmon treacked. Thick lines and thin lines in horizontal movement indicate
tracks in daytime and nighttime, respectively.
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Table 13. Species, fork length, and age of tracked salmon and location, date of release of tracking
in 1989, 1990, 1991, and 1992.

No. Species (fﬂrI;) Age?® Region® Date of Release
8901 Chum 631 0.4 NP1 June 12, 1989
8902 Coho 511 1:1 NP1 June 17, 1989
8903 Coho 571 1.1 NP1 June 23, 1989
8904 Coho 537 1.1 NP1 June 26, 1989
8905 Coho 560 2.1 NP1 June 30, 1989
9001 Chum 564 0.3 NP2 June 15, 1990
9002 Chum 6438 0.4 NP2 June 17, 1990
9003 Chum 638 0.4 BS June 23, 1990
9005 Chinook 638 1.3 BS June 29, 1990
9006 Sockeye 582 2.3 BS July 04, 1990
9007 Chum 688 0.4 BS July 09, 1990
9101 Pink 497 0.1 BS June 20, 1991
9102 Sockeye 631 2.3 BS June 23, 1991
9103 Sockeye 640 1.3 BS June 26, 1991
9104 Chinook 775 1.3 BS June 28, 1991
9105 Chinook 800 1.4 BS July 01, 1991
9106 Sockeye 648 1.3 BS July 04, 1991
9107 Chinook 650 1.3 BS July 07, 1991
9108 Pink 476 0.1 BS July 10, 1991
9109 Pink 520 0.1 BS July 12, 1991
9201 Steelhead 562 1.1 NP1 July 05, 1992
9202 Steelhead 584 X.1 NP1 July 05, 1992
9203 Steelhead 660 1.2 NP1 July 12, 1992

a The number preceeding the point is the number of winter annuli spent in freshwater and the
number following the point is the number of winter annuli spent in the ocean (Koo 1962)

b NP1: Central North Pacific bounded by 43-46°N latitude and 178°E-174°W longitude; BS:
Central Bering Sea; NP2: Western North Pacific bounded by 45-46°N latitude and 165-167"W
longitude (See Fig. 55).
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Table 14. Species, duration, direction, and distance of tracking in 1989, 1990, 1991, and 1992.

Net? Gross®

No. Species Duration Net? distance distance

(h : min) direction (km) (km)
8901 Chum 56 : 40 118° 8.9 53.2
8902 Coho 20 : 50 88° 17.8 32.4
8903 Coho 37145 28° 38.8 54.5
8904 Coho 24 :20 100° 10.5 30.8
8905 Coho 133 : 30 184° 161.1 202.7
9001 Chum 26 : 00 198° 3Tl 47.8
9002 Chum 18 : 00 111° 15.6 23.9
9003 Chum 31«30 114° 21.9 49.7
9005 Chinook 80 : 00 189 102.4 120.5
9006 Sockeye 91:00 97 140.6 204.2
9007 Chum 42 : 30 264° 1281 130.9
9101 Pink 54 : 15 259° 69.9 82.3
9102 Sockeye 55: 00 64° 97.8 116.0
9103 Sockeye 15 1 40 94° 7.2 33.8
9104 Chinook 55 : 40 144° 18.5 59.4
9105 Chinook 54 : 20 59° 23.7 49.0
9106 Sockeye 54 130 313° 44 .4 60.8
9107 Chinook 50 : 10 224° 43.7 65.6
9108 Pink 15515 276° 21.0 30.5
9109 Pink 54 : 30 330° 131.5 150.6
9201 Steelhead 3545 56° 2.9 4.2
9202 Steelhead 18 : 45 145° 6.5 21.4
9203 Steelhead 144 : 00 122 49.5 161.6

a The direction from the point of release to the point where the fish was lost, in degrees relative
to geographic north.
The shortest distance from the point of release to the point where the fish was lost.

¢ The total distance tracked.
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BREEO GBI =7 21685/, v oWy 175K, &5 7 b~ R124BRI. ¥ o ¥ 216MR
T A AT, AF— ANy K e b T MIGTHEITH > 72 BIHIZERE 2 — 7 +— b BASIER
S5UTORIRTITo 7208, T EICh o 7235E, AR XL > TERAER Y BHCHEMT 2 2 R
Hicnh, TyF LTOKPYA 7 OBRFREVSEA TS LI VFAEEMES RS2 2B 20 o7,
., BAEATZ Y 2—VOFRNC L VEMEITBYVIA2HE b Ho72m, ZOHEIEA R & 50RF/ED
B AT 2k kLT, 512, 8901, 9005, 9006, 9107 Tlx. HEB/OGE £ -3t ADIETIC &
CEDONAEIC X DEMEKRT LT,

EFAORIRERZERYE - ERHER (R14) »offE L, ¥ 7BAEO—BRNZEFLE»5>E 2
T BRCHERLIEAT 7 PR AEF U F 73 THRAREATH 3 £ # 2 517 (Godfrey et al.,
1975 ; Takagi et al., 1981) . — . 7T HIcR—) > JHIZHAT AR/ AT 3IFE AP RKRBREAETH
% Z L (Major et al., 1978)%. BHHE 17 o?’:ﬂﬁi@’(“lﬁlﬂ#b:?ﬁlﬁﬁ?}ﬁlf:@fiﬁ@%ﬂ%@’?x/7\
7 (F9698mm, #iFH638~796mm) HETRKAATH o7 2 & GREEAKENICH., KEEER)

5. iBEN ﬁ%b#ﬁx/zﬁi*ﬂ%%f%ét%i6ntoX%—w«/bb77hk%b(

VBEEES 1 F (2 2 Ti39201, 9202) X RERENA. VEEEER 2 %%)iﬂﬂkiﬁfﬁéT“ﬁw

Table 15. Summary of horizontal and vertical movements of 23 salmon tracked.

Average ground speed Average swimming depth
(m/s) (m)

No. Species Overall Day Night Overall Day Night
8901 Chum 0.26 0.27 0.25 41.4 33.7 60.6
8902 Coho 0.42 0.43 0.42 8.3 10.1 5.4
8903  Coho 0.43 0.42 0.43 13.5 13.9 12.4
8904 Coho 0.37 0.35 0.39 7.1 7.6 6.1
8905 Coho 0.43 0.42 0.46 8.1 9.5 5.2
9001  Chum 0.55 0.53 0.60 119 12.0 117
9002 Chum 0.36 0.43 0.27 32.5 32.9 31.7
9003  Chum 0.43 0.43 0.40 17 2 16.8 18.6
9005 Chinook 0.41 0.41 0.38 34.5 34.5 34.2
9006  Sockeye 0.62 0.65 0.55 .5 7.9 6.3
9007 Chum 0.84 0.89 0.71 5.0 4.9 5:5
9101  Pink 0.42 0.44 0.39 4.8 5.2 3.5
9102  Sockeye 0.59 055 0.69 18.1 9.9 43.2
9103  Sockeye 0.60 0.56 0.68 10.8 10.4 12:2
9104  Chinook 0.30 0.29 0.31 225 20.0 30.6
9105  Chinook 0.25 0.25 0.26 35.7 37.0 31.5
9106  Sockeye 0.31 0.34 0.23 5.4 5.8 4.1
9107  Chinook 037 0.36 0.38 20.8 20.5 21.7
9108  Pink 0.56 0.50 0.75 21.6 2i./9 20.2
9109  Pink 077 0.75 0.83 2.9 25 4.2
9201  Steelhead 0.32 0.32 — 13.6 13.6 =
9202  Steelhead 0.33 0.28 0.38 5.9 7:3 43
9203  Steelhead 0.31 0.32 0.31 5.7 5.4 6.2
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B I ERH SN TS (Okazaki, 1986 ; Burgner ef al., 1992), BEFEZE %17 - 72 BivE TR I
BEINTLAF— Ay N« bIT POATEREED S L AROKBENE SN GEFKESEH. RFK
RER, EsIR=FreyvuFriz EXREFR» S L TRAR LA TH2TREERF VL & F
Z 57z (French et al., 1976 ; Neave et al., 1976),

DUTIc B EE OB RIC O W TR L, BEEROBEHE, WEHGEE, EREEL2EIICE L7,
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Fig. 56. Track of the research vessel Shin-
riasu maru while following coho
salmon 8901. Thick lines and thin

Lo 7‘:0 Eﬂ’ﬁﬁﬁéb) 657]3%?5‘1%5\@ L/ 723 E E lines in horizonta] movement in-
DFE, A A NHEIL 40N B 105EL5E8 dicate tracks in daytime and night-
BB IC Dt 7 DRI ED & FEEIER time, respectively.

N—ERE TRBICEL 2D, FKEHROM
JEZEESS0m %48 2 580m %7K L 72D b RATH 5EHE 2 72 72 0B 28K T U 72 o FIBBREEEE (253 2km T
SRS B 13 R0, 26m ThH o 7z,

AR BRERICEENISm £ TEITLAZOL  @-> < D 20m I TELLK, 2D%1320m »»
5100m OE O L TEEEZEDEL. 1 HEOHERIC I —K220m £ TEITL 2. B O®RMIZ150m %
TOWRAT 1 E% & T10m i &60m {3 2 FEEBEI L 72, 2 HEO HHED & 13 3% 2£10~20m O
EFTEHLZEBEDIRL LN SRLICEXEENELS 2D, 90m £ TOETHES> Nz, 2 HHOEHMICIE
120m & TOEITH 1EIR S 72 O040m (THrEHciEk L7z, 3 HE O HEROK 2 KR 5
ZRBH»S0mMTHLE TO L THREIZEDRL 2, FHEKEREI341.4m TH o7z,

8902 (458, 59)
JEARSFERERRELD44°30°'N, 175°30W (THLiC B> T, 19896 A17H IC B XES1Imm D1.1F ¥ v 47
Z21FFRIEEA L 72, AEBR TR E > &Y LKEBEEBREE S hiehr oT, REAKRIZS.0-8.5°CT,
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The veriicel movements of No. 8901

TIME GJSTY

0:00 : : 12:89
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(m)
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(m)

DEPTH
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DEPTH

Fig. 57. Vertical movement of tracked chum salmon 8901. Shaded time zones indicate
nighttime. Dashed horizontal lines represent 0.5°C isotherms. R and L indicate
released and lost time. JST Japan standard time.



66 VI =S -+
175°30'W 25' 20" 15!
0 5
15T S N I N B I
km
Lost
Released
44°30'N t + t t t t t } t + t t t I bt

Fig. 58. Track of the research vessel Shin-riasu maru while following coho salmon 8902.
Thick lines and thin lines in horizontal movement indicate tracks in daytime and
nighttime, respectively.
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The vertical movements of No. 8982
TIME «Jd3T)
4:0p 8:00 12:00 ;98
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Fig. 59. Vertical movement of tracked coho salmon 8902.
Dashed horizontal lines represent 0.5°C isotherms.

time.

and lost time.

50----- s

Shaded time zones indicate night
R and L indicate released
JST Japan standard time.
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56m {TiT £ T7.5°CTH D, £ 2 580m TiL £ TTH 175°30'W 2 10"
2°CIET L7z,

U S AR s A & B A B AR BEEE T17. 8km R H)
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50" |-

Fig. 60. Track of the research ves-
8903 (Ix]60, 61) sel Shin-riasu maru while

19896 A23H., ALARFEEHFRE D43 30'N, 175°30'W following coho salmon
HETH v+ 7 (BXESTImm. 1.1F) 2 ik L. 3785 8003. Thick linesiand fhin
27 DEBRL 7=, B O EFAR ERTIZ9. 02 e e
58.0°CIZIET L7z, AR OSAERE L. EESIM{TT . S

daytime and nighttime, re-
TH—%/KETH Y AR KEEBIIR S50z, spectively.

ment indicate tracks in

The vertical movemenis of No. 8983
TIME (JST)

R
4:00 4 8:00 12:90
1 3 n 72 1 1 1 n

(m)

DEPTH

;f

DEPTH

Fig. 61. Vertical movement of tracked coho salmon 8903. Shaded time zones indicate night
time. Dashed horizontal lines represent 0.5°C isotherms. R and L indicate released
and lost time. JST Japan standard time.
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WPk L 7o FHIHEREE 1213.5m ThHo I
oo WH OB KO8 KERE OV E | Released
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W E TOFECETHR SNz b DD Flvk

{

Bl 5 mibEChHoT. 2. 2 AHOE ig. 62. Track of. the rese.arch vessel Shin-riasu
maru while following coho salmon 8904.

R REBB D L0572 b OO EHEIRE Thick lines and thin lines in horizontal

2310m TH -7z, movement indicate tracks in daytime and
nighttime, respectively.

The verlicel movemenis of No. 8904
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Fig. 63. Vertical movement of tracked coho salmon 8904. Shaded time zones indicate night

time. Dashed horizontal lines represent 0.5°C isotherms. R and L indicate released
and lost time. JST Japan standard time.
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8904 (62, 63)
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Fig. 64.

Track of the research vessel Shin-rviasu maru
while following coho salmon 8905. Thick lines
and thin lines in horizontal movement indicate
tracks in daytime and nighttime, respectively.
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The veriical movemenis of No. 8905
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Fig. 65. Vertical movement of tracked coho salmon 8905. Shaded time zones indicate night
time. Dashed horizontal lines represent 0.5°C isotherms. R and L indicate released
and lost time. JST Japan standard time.
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Track of the research vessel Shin-

riasu mary while following chum
salmon 9001. Thick lines and thin
lines in horizontal movement in-
dicate tracks in daytime and night-
time, respectively.

The vertical movements of No. 9081
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Fig. 67. Vertical movement of tracked chum salmon 9001.
Dashed horizontal lines represent 0.5°C isotherms.
JST Japan standard time.

nighttime.
released and lost time.

Shaded time zones indicate
R and L indicate
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Fig. 68. Track of the research vessel Shin-
riasu maru while following chum
salmon 9002. Thick lines and thin

BORE#ITI350m £ THEITL. SHFEIC DIz - lines in horizontal movement in-
TARBERBADI~40m B2 Fk L 72, £ D& dicate tracks in daytime and night-
3. BETL0m BUEAF L L T T CISiT T 217 time, respectively.

The vertical movements of No. 39882
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Fig. 69. Vertical movement of tracked chum salmon 9002. Shaded time zones indicate
nighttime. Dashed horizontal lines represent 0.5°C isotherms. R and L indicate
released and lost time. JST Japan standard time.
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Fig. 70. Track of the research vessel Shin-riasu maru
while following chum salmon 9003. Thick lines
and thin lines in horizontal movement indicate
tracks in daytime and nighttime, respectively.
The verticel movements of No. 39883
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Fig. 71. Vertical movement of tracked chum salmon 9003. Shaded time zones indicate

R and L indicate

Dashed horizontal lines represent 0.5°C isotherms.
JST Japan standard time.

nighttime.
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The vertical movements of No. 9885

TIME (JST)

IZI:BB 15[.‘69

1B == = o e

JUL

O

L
9:98 4:08 8:00 12460 16:80

100-

.73,

Vertical movement of tracked chinook salmon 9005. Shaded time zones indicate
nighttime. Dashed horizontal lines represent 0.5°C isotherms. R and L indicate
released and lost time. JST Japan standard time.
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Fig. 74. Track of the research vessel Shin-riasu maru while following sockeye salmon 9006.
Thick lines and thin lines in horizontal movement indicate tracks in daytime and
nighttime, respectively.
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Fig. 75. Vertical movement of tracked sockeye salmon 9006. Shaded time zones indicate
nighttime. Dashed horizontal lines represent 0.5°C isotherms. R and L indicate
released and lost time. JST Japan standard time.
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Fig. 76. Track of the research vessel Shin-riasu maru while following chum salmon 9007.
Thick lines and thin lines in horizontal movement indicate tracks in daytime and
nighttime, respectively.

The verlical movements of No. 9887

TIME (JST)

4:00
= 7.5°C
€
I
—

a-
wl
o
JU;Y 19
0:08 4:98 8:08 12:99
n 1 ' L " I LAL It
14} [71-ﬁx7 r|rm
€
- 1
E &b
a.
L e e
o

Fig. 77. Vertical movement of tracked chum salmon 9007. Shaded time zones indicate
nighttime. Dashed horizontal lines represent 0.5°C isotherms. R and L indicate
released and lost time. JST Japan standard time.
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Fig. 78. Track of the research vessel Shin-riasu maru while following pink salmon 9101.
Thick lines and thin lines in horizontal movement indicate tracks in daytime and
nighttime, respectively.
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The vertical movements of No. 9101
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Fig. 79. Vertical movement of tracked pink salmon 9101. Shaded time zones indicate night
time. Dashed horizontal lines represent 0.5°C isotherms. R and L indicate released
and lost time. JST Japan standard time.
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Fig. 80. Track of the research vessel Shin-riasu maru while following sockeye salmon 9102.
Thick lines and thin lines in horizontal movement indicate tracks in daytime and
nighttime, respectively.
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The verticel movements of No. 9102
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Vertical movement of tracked sockeye salmon 9102. Shaded time zones indicate
nighttime. Dashed horizontal lines represent 0.5°C isotherms. R and L indicate
released and lost time. JST Japan standard time.
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Fig. 82. Track of the research vessel Shin-riasu
maru while following sockeye salmon 9103.
Thick lines and thin lines in horizontal
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FHVKE T H D KIBRERTRO4m i nighttime, respectively.

DFE~O#ETIZ., 1HEOEM L SHED

The vertical movements of No. 9103
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Fig. 83. Vertical movement of tracked sockeye salmon 9103. Shaded time zones indicate
nighttime. Dashed horizontal lines represent 0.5°C isotherms. R and L indicate
released and lost time. JST Japan standard time.
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Fig. 85. Vertical movement of tracked chinook salmon 9104. Shaded time zones indicate
nighttime. Dashed horizontal lines represent 0.5°C isotherms. R and L indicate
released and lost time. JST Japan standard time.
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The verticel movements of No. 91085
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Fig. 87. Vertical movement of tracked chinook salmon 9105. Shaded time zones indicate
nighttime. Dashed horizontal lines represent 0.5°C isotherms. R and L indicate
released and lost time. JST Japan standard time.
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The vertiical movemenis of No. 9106
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g. 89. Vertical movement of tracked sockeye salmon 9106. Shaded time zones indicate

nighttime. Dashed horizontal lines represent 0.5°C isotherms. R and L indicate
released and lost time. JST Japan standard time.
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The vertical movements of No. 3187
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Fig. 91. Vertical movement of tracked chinook salmon 9107. Shaded time zones indicate
nighttime. Dashed horizontal lines represent 0.5°C isotherms. R and L indicate
released and lost time. JST Japan standard time.
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Fig. 92. Track of the research vessel Shin-riasu maru while following pink salmon 9108.
Thick lines and thin lines in horizontal movement indicate tracks in daytime and

nighttime, respectively.

The vertical movements of No. 9108
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Fig. 93. Vertical movement of tracked pink salmon 9108. Shaded time zones indicate night
time. Dashed horizontal lines represent 0.5°C isotherms. R and L indicate released

and lost time. JST Japan standard time.
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The verticeal movements of No. 39189
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Fig. 95. Vertical movement of tracked pink salmon 9109. Shaded time zones indicate night
time. Dashed horizontal lines represent 0.5°C isotherms. R and L indicate released
and lost time. JST Japan standard time.
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The vertical movements of No. 9201
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Fig. 97. Vertical movement of tracked steelhead trout 9201. Shaded time zones indicate
nighttime. Dashed horizontal lines represent 0.5°C isotherms. R and L indicate
released and lost time. JST Japan standard time.
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Fig. 98. Track of the research vessel Shin-
riasu maru while following steel-
head trout 9202. Thick lines and
thin lines in horizontal movement
indicate tracks in daytime and
nighttime, respectively.

The vertical movements of No. 39282
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Fig. 99. Vertical movement of tracked steelhead trout 9202. Shaded time zones indicate
nighttime. Dashed horizontal lines represent 0.5°C isotherms. R and L indicate
released and lost time. JST Japan standard time.



98 N B OR OB

40 S0 179°00°E____ 0 0
r0 5 10
L1 ]
km
Released
46°00'N “'
50"+ .
Lost
40': 8
45°30'N : - . -

Fig. 100. Track of the research vessel Shin-riasu maru while following steelhead trout 9203.
Thick lines and thin lines in horizontal movement indicate tracks in daytime and
nighttime, respectively.
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The vertical movemenis of No. 9203
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Fig. 101. Vertical movement of tracked steelhead trout 9203. Shaded time zones indicate
nighttime. Dashed horizontal lines represent 0.5°C isotherms. R and L indicate
released and lost time. JST Japan standard time.
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Table 16. Horizaontal movements of four salmon species in the Bering Sea.

Average ground speed (m/s) Directional index
Specis Overall Day Night Overall Day Night
Sockeye 0.54 (0.88 FL/s) 0.54 0.52 0.78 0.74 0.82
Chum 0.66 (0.98 FL/s) 0.69 0.59 0.84 0.87 0.77
Pink 0.59 (1.17 FL/s) 0.59 0.60 0.88 0.81 0.96
Chinook 0.34 (0.49 FL/s) 0.34 0.35 0.75 0.77 0.73
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Fig. 102. Variation of the ground speeds of sockeye sal-
mon 9102, chum salmon 9007, pink salmon 9109,
and chinook salmon 9005. Shaded time zones
indicate nighttime.
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Fig. 103. Depth distributions expressed as a percentage of records averaged during 1 min of
four Pacific salmon species.

. . Table 17. Average swimming depth of four sal-
EEERL TV, T0C I, PIZISEER ¢ 8

LORE: D BERHEDOCPUE., ©A
AT EZDOMDY T BEEDOEE D HEICH

mon species in the Bering Sea.

Average swimming depth (m)

WABZLRTELETHLAREEEERL TV Species Overall Day Night
%, Sockeye 9.9 8.1 15,1
EBMEAEOSNERETE  AEEICE LT Chum 10.2 10.1 10.4
T = Tli, FHERKEEICBERMEOENRS Pink 5.9 6.2 5.1
nr, Lal, &EGKCEI—EDBAMEEs  Chinook 29.1 28.8 30.0

TEIRE NG o7z, WERBRICLZ2V 7B

BHOBET -5 Tk, #EXEEOHHREBRE /R STz (Manzer, 1964 ; 8, 1966 ; =513
7y, 1966 ; Pearcy et al., 1984), L L, Zh o DFEBBE T, BEICHMER*HT T2 L10k 2
BOEENELZ I L, WO LRESFEOBTENMCHREZIT> TR WATREERH 5 2 th s,
DEDTE 7T DO TELEVLO» bENE VL, —H, REBRBOEZ CLIL2EELE LN, fiz
X7 A A 5 (Ommastrephes bartrami) \ZHEEFRFERE2IEE LI2EEL. W2 HRESEREN TIN
TEY, ThiZEEREL SHEE SN2 —BIZHME L & < —F L Tw3 (Nakamura, 1991). L7
NoT, Y7 BAENEEINREROTE CHARERE 2 RS LoD TIE AL, MEVAES
Hoy 7y BEEZERL BANETE AR VLATREL BV EEZ 5N 5,
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Fig. 104. Daytime and nighttime averages of the swim-
ming depth (dots) and the frequency distribution
of sockeye salmon 9102, chum salmon 9007, pink
salmon 9109, and chinook salmon 9005.
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oz, BIBEOHR»S RS & 6 HICHEILRTEHEDL N, 175W (HLcHHT 2 v oy idEA
RTHLAREEDSE V. L D FEHIDISE I TEM L2 2 BO Y 0 H7I2DO0TH, 7 A— L WM.
AU TE BEZO7 Y7 HIOEHOMARED fFEMSE <. W EEENEL TRty
5. INSBRIIGEICET 2 ETRERWM DD, AREEOHRF I bokwEEL >, ¥
YT NRZF TN T T b AN TR EREREE < (Godfrey, 1965), FHEORIT LE 2 5
N3, EHT—I»oRTH, FrHFroomRz6. TE*BLTREABEIZE AR L, X F—
Ny Be 859 P TIREM LR LW EHOSHNHEV KB TRELTED., EE2EbE 3 &
FHRHRIZIZIZEEICH 2 (Burgner et al., 1992), L7223> T BEFL 72 BE F L £ 2 5 W 2 fapE
IREIEIC BT 2 DRSS 2 O IEEETE 5,

ARFETORHRETIE, o7, FrFr OB CREIGEICT - HBOECNNS S 2Lz,
DD, N=) Y JETORBREDIERFABIEHL VDD, ThoHDF—¥h o EIREEDRTED
BERITEIDEE S DI TE, F72, AF =L~y K« b T 7 b TIRENTREME & OITBIO #2317 2
&z 5N,

4-1. KFEBE

AR FECEB T2 oy 3EB901, 9001, 9002) DREAMEIZ. MEMSETH -7z (F55), ¥
Fr T 1E®903)1xdb L 7za35, D @ 3 (8902, 8904, 8905) IZF £ /I3 ~N[A» 5720 AF—IL
ANy R bITMIELPOMEAMABE L, LELEHS, WFNOALBITRORBEFEE» %
DLz,

BEAROFEEREE F, 07 0.26~0.55m/s, ¥ > ¥ 470.37~0.43m/s, AF—L~y Fe}F
7 10.31~0.33m/s Th-7:(FK15), EET - 2ABEICZ L0 TEHEL - AEROBEREE L, v
o 70.35m/s. F ¥ 70.43m/s, AF =N~y R b T2 00.3Im/s THot (E18, 19), Fi-.
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Table 18. Horizaontal movements of chum and coho salmon in the North Pacific.

Average ground speed (m/s) Directional index
Specis Overall Day Night Overall Day Night
Chum 0.35 (0.57 FL/s) 0.35 0.34 0.62 0.62 0.61
Coho 0.43 (0.75 FL/s)  0.42 0.41 0.64 0.71 0.53

Table 19. Horizaontal movements of steelhead trout in the North Pacific.

Average ground speed (m/s) Directional index
Specis Overall Day Night Overall Day Night
3 fish 0.31 (0.48 FL/s) 0:31 0.31 0..52 0.52 0.52
combined
9201 0.33 (0.56 FL/s) 0.30 0.37 0.42 0.65 0.14
and 9202

9203 0.31 (0.47 FL/s) 0.32 0.31 0.54 0.58 0.49
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Fig. 105. Variation of the ground speeds of chum salmon 8901, coho salmon 8905, and steelhead
trout 9203. Shaded time zones indicate nighttime.

4-2 . SHETH

o7 8901 X 900213 . FRFRIEHRIC100m £l 2 2 B £ THITL . Z Ok & FE100~200m £ TOK
X ERBE 2R DR 2 (K57, K67, 216 OBITEEIZKEER CH SN WEENE» T,
—H. vaHroBEL 1B, FUy¥FrBLURF— L~y N« v T 7 b TRVEABTOR. HEBEHO
FEACIBKEBEBA»EN LD EBTITbRIZ,



HEWKIRIC B 54 7B AEO B EETE 105

KEBEOBE LRI, @7 — 2 fllECE L O THAEREORETH - HHERET L, ¥
UHTEZF =Ny Koo kT Y b OFEREE X 10m AR TH - 28, v a W OFEERKER I
29.7Tm TH o712 (F£20), T2, FvHFr L AF—L~w Feb 77 b DOHRESHIZIZIZ0m LUEICRS
Tk, Y o¥Fy TiE8im Lk %2 Huic200m & TEL 72 (K106), FFICAF =~y Feb T 7 b

IFLALORME (BRED89I% & &M ?D9I0%) . 10m LAk %k L Tuaiz,

B OFEIEREE I EZR D 235G L H 572 K0TSR & 5 ICEEEOEHFOEHDEED
YK e SRR AT D Z b iE. —EDMERIE R S s b o 72,

FREQUENCY (%) FREQUENCY (%)
188 5‘0 58 180 01_8 50 8 58 m_a
E | cHum E |coHo
T
lz—: 58 = s
o o
w w
a fa)
0aY NIGHT DAY NIGHT
N= 4275 N= 1674 N= 8252 N= 3738
FREQUENCY (%)
198 S8 8 9 188
8 L
E |STEELHEAD
X
= s
o
w
Q
D&y NIGHT
N= 5497 N= 3339

192

Fig. 106. Depth distributions expressed as a percentage of records averaged during 1 min of
chum, coho salmon, and steelhead trout.
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Fig. 107. Daytime and nighttime averages of the swimming depth (dots) and the frequency
distribution of chum salmon 8901, coho salmon 8905, and steelhead trout 9203.

Table 20. Average swimming depth of chum sal-
mon, coho salmon, and steelhead trout
in the North Pacific.

Immature : steelhead trout 9201 and
9202 combined.
Maturing : steelhead trout 9203.

Average swimming depth (m)

Species Overall Day Night
Chum 29.7 25.0 41.8
Coho 9.0 10.2 6.3
Steelhead 5.7 5.7 5.9
Immature Tel 8.9 4.3

Maturing 5.7 5.4 6.2
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Table 21. Number, mean, and standerd deviation
of speeds of vertical movement (m/s) of
six salmon species.

N : Number

Dive Ascent

Species N Mean SD. N Mean S.D.
Sockeye 108 0.19 (0.23) 95 0.16 (0.20)

Chum 111 0.14 (0.09) 92 0.10 (0.07)
Pink 41 0.16 (0.10) 48 0.16 (0.09)
Coho 157 0.10 (0.04) 229 0.10 (0.04)

Chinook 155 0.12 (0.10) 239 0.14 (0.11)
Steelhead 40 0.19 (0.11) 41 0.13 (0.06)

Table 22. Speeds of vertical movement (m/s) of 23 salmon tracked.

Dive Ascent Initial dive

No. Species Mean Max. Mean Max.

8901 Chum 0.12 0.37 0.09 0.20 0:22
8902 Coho 0.11 0.26 0.10 0.16 0.16
8903 Coho 0.11 0.20 0.11 0.21 0.12
8904 Coho 0.14 0.20 0511 021 0.15
8905 Coho 0.09 0.27 0.10 0.23 0.21
9001 Chum 0.11 0.24 0:13 0.43 0.24
9002 Chum 0.17 0.50 0.07 0.14 0.38
9003 Chum 0.15 0.33 0.08 0.11 0.16
9005 Chinook 0.16 0.63 0.17 0.61 0.25
9006 Sockeye 0.19 2.19 0.13 1.05 0.15
9007 Chum 0.16 0.39 0.15 0.44 0.39
9101 Pink 0.12 0.32 0.11 0.20 0.08
9102 Sockeye 0.20 1.02 0.33 1.32 0.17
9103 Sockeye 0.11 0.30 0.08 0.16 0.30
9104 Chinook 0.08 0.36 0.12 0.57 No data
9105 Chinook 0.14 0.36 0.21 0.75 0.24
9106 Sockeye 0.22 0.60 0.08 0.15 0.44
9107 Chinook 013 0.55 0.11 0.40 0.15
9108 Pink 0.11 0.20 0.12 0.24 0.12
9109 Pink 0.20 0.44 0.18 0.44 021
9201 Steelhead 0.22 0.42 0.20 0.20 0.42
9202 Steelhead 0.19 0.69 0.14 0.23 0.22
9203 Steelhead 0.18 0.39 0.12 0.23 0.29
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Fig. 108. Frequency distributions of speeds of vertical movement of dives and ascents of more
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Fig. 109. Vertical movements of sockeye salmon 9006 (left) and 9106 (right) by one hour
segments, including rapid dives of 150m and 65m.
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Appendix Figure 1. Numbers of age 0.1 and older sockeye salmon tagged in 2° latitude x 5°
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