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Distribution of immature sockeye salmon, Oncorhynchus nerka (WALBAUM),
in the northwestern North Pacific Ocean and Bering Sea

Masanao 0sak0* and Mamoru KaTo**

Much knowledge has been accumulated on immature sockeye salmon in offshore waters of the
North Pacific Ocean through research by Canada, Japan, the United States and Soviet Union.
Among various methods of survey, a non-selective salmon gillnet used by Japanese research vessels
since 1966 seemed to play an important role in developing this knowledge. This report describes
the results of grid survey in order to know the distribution and abundance of immature sockeye
salmon in the Pacific Ocean and Bering Sea along southeastern coast of the Kamchatka Peninsula,
and in the waters of southern part of the Aleutian Islands. The grid survey was carried out dur-
ing the summer, mainly in August, from 1968 to 1973.

The non-selective gillnet with different mesh sizes, used from 1968 to 1971, was designed to
eliminate the selectivity of gillnets. Mesh sizes were 55, 72, 93, 121 and 157 mm. The ten mesh
net, developed to further reduce selectivity was used 1972. This net has sizes of 48, 55, 63, 72,
82, 93, 106, 121, 138 and 157 mm. To examine the distribution and migrations of immature sockeye,
catches were combined 1°x1° areas. Catch-per-unit effort (CPUE) was used as the index of fish
density. CPUE was calculated by summing up the average catch per mesh size over all mesh
sizes.

Density of immature sockeye salmon by year in the surveyed area are described as follows
(parentheses: CPUE value in 1°x1° area).

1968: The highest catches of immatures were found off Karaginsky Island (26.2 in E 6758)
and south of Kiska Island (14.6 in E7751). Relatively high catches were also found off the south-
east coast of the Kamchatka Peninsula. Catches were low in the other waters surveyed (Fig. 1-a).

1969: Catches were high in many of the areas in this year. They were especially high in the
Bering Sea north of the Western Aleutians and in the North Pacific south of the Western Aleutian
Islands (11.2, 8.0 and 15.7 in E 7749, E 7051 and E 7052, respectively). Catches were higher in 1969
in these eastern waters of the surveyed area than in any other year. Catches were also relatively
high off Karaginsky Island in 1969 (Fig. 1-b).

1970: Catches were generally higher north of 58°N in 1970 than in any other year. High
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catches were also found near the east coast of the Kamchatka Peninsula (6.1 and 9.3 in E7256 and
E7257) similar to other years (Fig. 1-c).

1971: Catches were high all along the east coast of the Kamchatka Peninsula. Catches were
also high immediately south of Attu Island. Catches were low in other areas (Fig. 1-d).

1972: The only area of high catches in 1972 was off the east coast of the Kamchatka Pen-
insula. Abundance of immatures was especially low south of Kiska and Attu Islands where they
were abundant in previous years (Fig. 1-e).

1973: Catches were high again near the east coast of the Kamchatka Peninsula. Markedly
high catches were found near Karaginsky Island (6.3-17.9). Abundance was low, as 1972, south of
Kiska and Attu Islands (5.7-7.5). Abundance was relatively high off Cape Navarin like it was in
1970 (Fig. 1-f).

According to the result of the survey, there were several areas where immature sockeye salmon
concentrated in the Bering Sea and northwestern Pacific Ocean, but some areas did not always
have large concentration. Four areas of high density were recognized in the Bering Sea along the
east coast of the Kamchatka Peninsula, Pacific Ocean along the east coast of the Kamchatka Pen-
insula, the midst of the Bering Sea and south of the Aleutian Islands between 170°E and 180°. The
authors tentatively named these areas as A, B, C and D (Fig. 2).

Characteristics of immature sockeye salmon in each area and relationship of fish between the
successive ages are described as follows:

Area A:. Age .1 fish made up a larger proportion of the catches in this area than in other
areas contributing 64 to 79% of the total. Age .2 fish were slightly more abundant. There was no
obvious relationship between the density of age .1 fish in one year and the abundance of age
.2 fish in the next year (Fig. 3).

Area B: Age .1 fish were more abundant than age .2 fish in all years. Differences in abun-
dance between the age groups were less, however, than in Area A. The abundance of age 1.1 fish
was similar to that of age 2.2 fish. Like the finding in Area A, there was no apparent relationship
between the abundance of age .1 fish in a given year and that of age .2 fish in the next year
(Appendix Table 1 and Fig. 3).

Area C. Age .2 fish were more abundant than age .1 fish except in 1968 and 1969. This
area had the largest proportion of age .2 fish of any other area and this became especially appar-
ent after 1970. The density of immatures was lower here than in 1969 and especially in 1970. Of the
age .1 fish, age 2.1 fish were more abundant than age 1.2 fish. A correlation was found in this area
between the abundance of age .1 fish in 1969 and age . 2 fish in 1970 (Appendix Table 1 and Fig. 3).

Area D: Density of immatures was high in this area in each year from 1969 to 1971. Age .1
fish were much more abundant than age .2 fish until 1970. Age .2 fish made up over 50% of the
catches after 1970 and abundance of immatures was considerably lower in 1972 and 1973 than in
previous years. There was no apparent relationship between the abundance of age .1 fish in a
given year and that of age .2 fish in the next year (Fig. 3).

As mentioned above, no correlation was found between the density of age .1 fish in a given
year and age .2 fish in the next year when Area A and B were considered independently. There
was a correlation, however, when the Areas were considered jointly (Table 2). In Area Cand D,
such a correlation was found between density of age .1 fish in a given year and run of . 2 sockeye
salmon to Bristol Bay. Especially, the correlation was very clear in the years of very high abun-

dance or very low abundance of the Bristol Bay sockeye salmon (Table 3 and 4).
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It is thought that the group of immature sockeye salmon in Area A and B related intensively

to Asian sockeye salmon and that the group in Area D related to that Bristol Bay sockeye salmon.

The group in Area C closely related to the Bristol Bay stock when the abundance was very high.
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Table 1. Type of gillent used, number and period of operation by research vessels,

1968-1973.
: Number of :

Year ‘ Type of gillnet SREFEHLE L Period operated
1968 ‘ 5 mesh* 42 ' August 1-September 22
1969 ‘ 5 mesh | 36 | August 6-September 15
1970 5 mesh | 32 August 6-September 12
1971 5 mesh ; 32 ‘ August 8-September 7
1972 10 mesh** 37 August 1-September
1973 10 mesh 49 July 24 -September 2

* 5 mesh: five mesh non-selective gillnet (55, 72, 93, 121 and 157 mm)
*#% 10 mesh: ten mesh non-selective gillnet (48, 55, 63, 72, 82, 93, 106, 121, 138 and 157 mm)
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Fig. 1 (a-f). CPUE of immature sockeye salmon by stations surveyed in July to
September, 1968-1973.
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abundance and age composition of immature
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DHBIZEWT .2 Forhg k] -7255 1970 FLETIE 2 EADFNHICED - 7o,

1 H£ADNTIE, 6 MO FET 2.1 FHOEIEI MBI & FEEE? -7, 1968 4£TiE 1.1 EaoE|
BB 57203, 0 CPUE Off1E{ks> 72, 1969 4TIt 2.1 4 fad CPUE Dfilz kx <, 2o, T
Hrbminrorz, . ﬂ:-ffﬂf‘ T 1969 AR E 2.2 AADEIERE, T LT IORBONTH -7,

Z DI BT 1 4> CPUE offi & BAED .2 M DF & DRIRIE 1969 4E & 1970 4E L D[Sz 2.
Stz 1969 41-@ 2.1 - CPUE offix 2.37 (6 F-MoF-HfHix 0.85) & KE7%{EZRL, 1970 £
2.2 FAOXINIE 2.73 (MU 0.94) L ZhFoRERMAT LIz, Lo L, fthofE cldt oBIFRIZNES
Tl ot (FE 1, 3)o

D Rl: CPUE ofEofilfix 1.50~9.00, |-¥9C 5.61 TH O, ZOfflF 4K TEL &SP 72, 20
KTk 1971 4% TIELE @y CPUE ofl (T 7.43) 278 L7223, 1972 J U8 1973 4R 123 20 KR
(FNFNL.50 BTk 2.32) Lize ZOEDKRTIEEIZ .1 FADRKL, —H#T .2 RO LT3,

BEEASOEETIE .1 AN .2 FHTLIRD 99.9%% iz, Foo44Scid 1971 Fizk v
.3 ﬁ;ﬂlﬁwahb CHBRL-DHTH -7,

/> CPUE DAL, 1971 FLAATCIE 1968 xR\ T, 2.1 HfanFhe L, .2 £
T, 1971 £% T 1.2 4.2 CPUE OO ZEIOIKE 7L > T 722y, 1971 T3 2.2 AL &V ER R
Lz, 1972 éﬁuﬁ <%, 1.2 4> CPUE OflE{K T L7,

ZoXicEk A AEEOBE L BED 2 FADOFIE DRI T LA A TR 572,

# Kz )‘é@ Ak CPUE Difid K& S D4k 7l g5 BT, K 4 o Bhsik i i,
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Fig. 3 (a~f). Average CPUE of immature sockeye salmon by Area (A, B, C and D) and
by ocean age in July to September, 1968-1973.

DAk R 2581 A L BRI, F72CEDRIBoMizALNK,

ALBIKAR LS E, oMK kAo CPUE [HEDOZEH)T 1968 424 (4 X WioBIRIZH - 72, A KK
iZRiF5 .1 i CPUE offi & BIRIBIZEIT 5 .2 FRDZTNE OMITH R 0 EELRBERELLNE, & 2
BHLERDE DL EDbhrDb, ARBICEIFS .1 £6A0 CPUE DfFix 1969 £z TH BED
1970 Fifk< 7, 1973 HEETINEL LT DR Lk, 7;, B ixlu ZEFEH .2 FAao CPUE DAL
1969 fzh"flm PR 1970 FizE< e b, 1973 dEF g < WR L7z, 2D, A LBRIg%
BECEXDLE, 5F0 .14 H0 CPUE OffI3H4ED .2 ﬂ:»,r.'.{@’Cﬁ'l&UDFHEj CEELBEGRDOD B 2 L 2R
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Table 2. Relationship of CPUE value of immature sockeye salmon between age .1 fish
in Area A in a given year and age .2 fish in Area B in the next year.

Age .1 fish in Area A ‘

Age 2 ﬁsh in Area B

T s
Year . ‘ = Year - N
No. of No of
CPUE | operation | CPUE ‘ operation
1968 5.45 8 1969 ‘ 0.80 Y 1
1969 3.11 6 1970 ‘ 3.41 i 3
1970 1.45 7 1971 1.16 5
1971 3.51 8 1972 \ 5.21 \ 7
1972 1.55 8 1973 1.70 ‘ 7
1973 3.88 8 = l - | —
Average CPUE, '; 5Average CPUE,
1968-1973 3.15 1968-1973 2.22 \

Bl .2 FAXVIEMCHH T HNOD -7 2 EZHR LTV H, ZDOZ & .2 FABI VLA HT %
&9 Birman & Konovarov (1968) d FLfi#E ir o 7o R &M o TV B2, DLED X 5 BBFRAK hr> &
FThiE, ZORICEGRT 5 ~<= ¥ ZHENOREAMITA & Bili Kz B0 fille LTAEELTVWED
ThHhHd,

CLDXI&E2 2L, ZoMRKEORKMBDEENRD CPUE i3 1972 LA S LT\ 5, 1972
fE X 1973 4 Tl3% @ CPUE {HIZCEIKT 1.21 & 2.24 (6 LR FEftix 2.91), LODKIKT 1.50 &
2.32 (M U< 5.61) THotzo F7z, 1969 4 & 1970 oKD 444 o CPUE EI1X CKikT 3.90 &
6.47, D [KJT 9.00 & 6.26 LILCEWEZR L, 2O ElE, CEDRIEO~N= 7 RKMITE D
CPUE OficEWTW U LS AZfE LAl EE2RLTWS, LirL, 244D CPUE Offix 1968 4 Tl
CKiT 1.22 izxt L, D KTl 6.69, F7z, 1971 FTIFCKIKT 2.49 izxtl, D RKikT 7.76 %75
L, %FLHMUEMEZRT EEE N ((FE 1),

PlEd X 5w 4 Kok 5=+ r KL 05 TiikEER, CPUE Of DK & X B UOESHIK DR FEZLE)
%mvaﬁLtaz®%%,:@4@WHA&@BRW&CEUDF@@Z%%Lk%<nHBh,;@W
I N NEEINE T &2 RICT 5= ¥ 7 R b ORIk FT5bDEHERINL,

-

E

=Yy RRAEOFERN B LD L, BICEOKBUCIAMN Lo REAEIZEE D EICo e
L, 7Y 2= 5 VIBRVOKBISET 5, INHORKFABITEEKE LTl L MR T 5 &
Ez b, —HETY 2=y VB ERIFTR=U VIHZ A S, BB, T, KRERBAIZW < 25
OKBITHEEICEST 5, KICEM T2 5%, 206827 1 FAXICR MK TTHLZEGT 5 Ll
EIN D,

HIiEHECHEET A= Fr ORBAMBIT, ThXThONKIE TR - 2ESHK & BEDOFELBZR L,
IO LB IIBELHERICT A REHSTFAET LT 52605,

AERFLEDILTEIRIT T T 5 X =4 7 OEELRFRHMIE, A€+ VINREEET2H 4F v v h RIS
B, #aFrrvh)zEmFEd50 A7y hEEWHRELOCT Y A b oS5 ETdH 5 (MarcoLis et
al., 1966), FEaEOfisEd: GIkiEs>, 1965, 11 M08 15 [, Hartr, 1966, [X| 16) »Di#%ET 5L, Z Ol
ETIRARIZA L BRELCDRIBIZ AT 5=+ 7 fEMmE, ALBREOFNWI7To72EEELTEH
WilE, DXL DT U A P il iS5 0l Eh 5,

ko X9z, DRI fT 5=+ REABDOH LEICHIT S .1 Ff0 CPUE Off L BFD .2 F
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B E FVEEBRE SN2 572, LorL, 1969 42& 1970 4Ep 7 RiT 7 Y & b il ) oinfic[E
JRL7m_= V3o E ALY (89 909%) 28 .2 M0 TH -7, b L, DEKBUTH i Lic< =7 Rk
T T YA AEHAEE TS 5E, DXBICH 25540 .1 0 CPUE OEIXBED Kz i)
5.2 HEOFNELKET S L0, 7Y A b AE~OKiEE ORREEET5HB LD AINTES I,

FY R PRRETER= D5 1965 AAkEFITE L <miilL, 1.2 46 (1969 4), 2.2 4560
L 1.3 4 (1970 41) Bk 2.3 4R (1971 ) & LTHENENEIG Lz, £72, 1966 HFRIEE  JLEiny aibk
L7es, &S X ehrcih 1.2 464 (1970 4), 2.2 4L 1.3 4 (1971 42) Fut 2.3 4fi (19724F)
ELThRIYF L (£ 3), 2N D2 DOEMMEIE, ThENREMAMBE LT, 1965 Fk#FIZ 1968 4
hx 1.1 A, 1969 ARziE 2.1 & 1.2 AR OT 1970 ARICiE 2.2 Rk LT, 1966 AEFREEIE 1969 i
31,1 4, 1970 i 2.1 & 1.2 RO 1971 i3 2.2 fEf E LCAE AR FERIN =Y v 2 s sy
i Likts

Table 3. The inshore run of sockeye salmon by age to Bristol Bay, in million of fish

(by Rocers, 1975, p. 24).

| Age
Year Total o 9 B .3
Total 1:2 2.2 Total 1.3 2.3
1969 18.42 16.22 10.79 5.34 2.20 1. 17 0.99
1970 ‘ 39.35 35.64 3.41 32.15 3.71 2.67 0.97
1971 15.79 6..37 1..58 4.78 9.43 6.81 2..56
1972 ‘ 5.39 2. T1 1.02 1.69 2.67 1.24 1.40
1973 2.50 0.43 0..22 0.21 2.07 1.11 0.86
1974 l 10.92 8.83 2.01 6.81 2.09 1.47 0.62

ME1EEI»D, HAHEODRMIZHITS .1 4D CPUE O LBHED T Y A b AE~OIGE ZEK
izttt s R4 T LS 1Tk 5,

ARELLE, 1968 FODKIKICEHT S 1.1 4> CPUE i (3.72) & 1969 42007 U Z | il D
1.2 ffaokilim (10.8 H/R) KO 1969 oMk iF 5 2.1 o> CPUE off (5.29) & 1970 4
DFE~D 2.2 Ffofkiling (32.2 [1)712) OBFRIZENE O MAEMAFOZE D, D RIFIC 25 450
@ CPUE OfEDZEF) & X<~ LA Z E2VRENE, $72, TbLDO TN VARG L7z 1973 401G ok
w (L2 Bt 2.2 ifarehrn 0.2 [)R) £XOR40 1972 4D D X iC 351 5 X Hd T\ CPUE
ofl (1.1 kwr 2.1 Ffarehzi 0.17) L oMz bBEREH 5N 5, L L, #HSNYIZ 1974 Fo 7 Y
Z RSN 1973 RO DKM 51T 5 CPUE Off & 1d S Lisd 5720 LT, 7V X b LS
WHZRREE T 5= L DRBUZT T 5= 7 R & oBEME IR cmuyns, L L—2F, &

C RKifizs1F % 1969 4 .1 4 CPUE i 2.83 3 fhoFori (6 EROEHMIE 1.23) 2 kX<
EFEbo7ed, BEOTY R P AEAO L2 oK ieE 35.6 IR LLOFEDEN (1969~1974 4% T
6 FRDOFHEIE 9.9 HUE) L LTEDbDTREDL -/, £72, 1970 4> .2 4:mo CPUE {# 1%
4.71 (6 F-RIDOFHIEIL 1.64) L ETbDOTRED 7225 BEDT U R P AE~D .3 EAOKEEDL 9.4
A (6 O EIE 3.7 HR) & INFERREMEETR Lz, CIKENDILIE T, dimibic k5
12, 1969 Eo> .1 4EHo CPUE {HE 3 1970 £ .2 £ L DF I E ORICIEIE S 0 I fBE 2 S 7 (f) 36
L, £3), INHOFHER, CIKBUTIZT U A b AT ZHHE T8 N=Fr RKBEAE ST 50227 L
TW%, —%4,, A~D Kiick 3% .0 £Ha0DF CPUE (2245 & (£ 1), AXIKTI%0.07, B Xk
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Table 4. Relationship between CPUE value of immature sockeye salmon in Area D in
a given year and sockeye run to Bristol Bay in the next year.

CPUE in Area D ' ‘ Run to Bristol Bay
Year Year = -

‘ Age 1 1 ﬁsh Age 2 1 ﬁsh ; Age 1.2 fish ' Age 2.2 fish

\ million million
1968 3.72 i 1.23 1969 ‘ 10.8 5.3
1969 1.46 5.29 1970 3.4 32.2
1970 0.78 2.93 1971 | 1.6 4.8
1971 0.67 2.97 1972 1.0 1.7
1972 0.17 0.17 1973 0.2 0.2
1973 0.49 0.59 1974 ‘ 2.0 6.8

Average CPUE, : Average run,

1968-1973 L 220 1969-1974 22 B:5

TiE 0.04 BOCRRIETIE 0.03 ZR$TDIZAF L, DRBUTIX .0 FABLEL BLNRAD o7, 2D ZEIEC
KIRIZ i 5~ =4 r KILALBPARTBRBUC G T 5Nl S5 L2 LTVWEEEZLR
5o$k,}MMm%X(mAIMﬁXHW%EQfISISMOIMEI&%%ﬁﬁﬁﬂi,NyEa5WN
HEDKBEIAD 2RA 7Y A2 bail~iPi L, 1 837 P77 RIBEOX=F #2124 5 & B2 55k
TEFNEFNERHEINAZZEEZRLTWVS, 2O ERD, cvm']maé«ﬁvvxmﬂmm@u@wno
T BED D E D ST 5 T B EFINEIT, 25105 8F OO SRR O BUR O A 3) <055 i /K I o 0 B 10 OV E i Bt i oo
LEFICX - TC, AR T L REBAHOBK LT NINENZELT 2 DE 226N 5,

A BOBRISIZHTiT 5~ =4 7 KL & DRI & oflicid, CPUE O R4S HUK DL Iz 4 <
WhEpE A ERD BNV, L7223 5T, A RO BRMIZIID K & KR4 SIc T 2585/ LTw5 & &z
%héoﬁﬁwﬁ%%(ﬁ%&m 1965, 11 Bur 15 [X) 2R3 & 512, A LOBIKIRIZH A3 % Rk faix
TOTRERREETAHELEEZLND, Pk Lz XS, 7YT7 KBEARKEE T 5 EE L= Fr iRz
132 DOEERRMPFET 0 Lo, ZOFNERrLIE, A BUCBREIZZO2 /M8 ED X 5 kG
LTHidT 50252 I3 TERD -7, MRHEHISANOCBRIBICIRA LTHHET 5 alREERE W
LEzZBNDL, NWITHEIT L HAOEEREE, N=Fr RKNAAPILEIET ) = — v v VIIBRWICHEIZ
BEh Lo a0t Lcfibh, 2o H 0 %@@Mﬁﬁgxmwm@9%® 2¢®kULT@V@

WRAE, LehBsT, 8 AliBFs~=¥rLRk#ifaorhMidEokiziy, .2 £H0 CPUE offic
CONBIRIZ X ARERIM - TV 5 2 EZEE LTINS VD3, ga)ﬁb:ob\fgd)v[ 'Cb;‘tunfﬂtc

etz mbttﬁmf:o

E:2 9
1. JERFEEE S Lo~ = ‘/a‘%{q}z:.ﬁ'ié«“:*f‘fxf:mz:‘r"ltﬁ’w) FHiIkEE R, 1968 4EAs5 1973 H%E TO
7~9 AWz {ThbicdEofERick -3, CPUE O BLOMESHUR A VTRt Lic, A5
: - T E————
Ji it 19%} ﬂ
4R A A (A ) A A H fi =%
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Average CPUE and age composition of immature sockeye salmon obtained by non-selective
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