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Studies on the fishery biology of
yellowfin sole in the eastern Bering Sea

Kiyoshi WAKABAYASHI*

The yellowfin sole, Limanda aspera (PALLAS) is a commercially important flounder species
distributing widely in the northern North Pacific. In the eastern Bering Sea, the species began to be
exploited in 1930. The annual catch was at a low level through 1958 and then showed rapid increases
to about 470 thousand tons in 1961, followed by sudden decreases to 90 thousand tons in 1963. The
catch since 1964 had remained at relatively low level of 40-170 thousand tons. From such catch
trends, the yellowfin sole was often regarded as a typical overfishing species.

Stock assessments of the species using catch and fishing effort informations from the fishery
could not be developped because of lacks in data during the early and largest catch years and
because of changes of fishing in quality during the exploitation history. In recent years, large-scale
trawl surveys indicated that the yellowfin sole biomass had reached to a very high level much over
2 million tons in 1983.

For the best and long-term utilization of the yellowfin sole stock in the eastern Bering Sea,
the author describes biological characteristics of the species, assesses the stock condition and
evaluates influences of fishing to the stock, estimates optimum yields, and considers effective stock

management measures in the present paper. The results obtained are summarized as follows.

1 . Biological characteristics

1. Yellowfin sole distributes widely in the North Pacific, north from Vancouver I., Hok-
kaido 1., and Pusan, Korea, up to the Point Barrow, Alaska. In the eastern Bering Sea, yellowfin sole
is the secondary important groundfish for fishery, following walleye pollock.

2 . There is a single stock of yellowfin sole in the eastern Bering Sea, except a very minor
group having small biomass and distributing in the U.S.S.R. waters.

3 . The species inhabits edges of the continental shelf and upper slope area in winter and

distributes in shallower areas than 100 m in summer.
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4 . The spawning takes place in shallow areas of 30-60 m from the Bristol Bay to north of
Nunivak [. mainly during July-August.

5. The author used otoliths for ageing and regarded all circuli as annuli including the first
one formed in around 6 months after hatching. Annuli are formed during December-May. Using the
sample collected in 1968, the relationship between number of annuli (7) and total-length (7L in mm)
back-calculated from the otolith radius- 7L relationship is expressed in the following Bértalanffy’s

growth equation.

Male : 7TL,=440.4 (1-exp (-0.086 (/-0.522)))
Female . TL,=478.2 (1-exp (-0.082 (7-0.502)))

The relationship between age (/) in full and 7L using 7 year samples and the relationship between

t and body-weight (BW in g) are expressed as follows.

Male : 7L,=416.3 (1-exp (-0.105 (#-0.083)))
Female © TL,=421.0 (1-exp (-0.121 (#-0.688)))

Male @ BW,=864 (1-exp (-0.105 (#-0.083)))*97"
Female : BW, =941 (1-exp (-0.121 (#-0.688)))*'*2¢

6 . The total-length and age at which 50 % of individuals reaches sexual maturity are much

different by sex as shown in the followings.

Male in1973 130 mm
in 1974 © 150-160 mm
in 1978 © 125-130 mm
Female in 1973 © 255-260 mm
in 1974 © 255-260 mm
in 1978 : 270-275 mm

Male in 1978 . 4 years of age
Female in 1978 : 11 years of age

There is a possibility that the length at maturity might have changed according to stock levels.
7. The feeding activity is high during June-October and very low during the wintering

season of January-March. The principal prey items are benthic animals such as bivalves, poly-

chaetes, echiuroids, amphipods. There is a clear tendency that prey species change to larger ones

according to the size of yellowfin sole.
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II. Fishery

1. The yellowfin sole fishery had such a peculiar history that the catch increased from 40
thousand tons to the maximum of 470 thousand tons and decreased to 86 thousand tons within 5
years, followed by relatively low catches at 42-167 thousand tons. The principal fishing countries
were Japan and U.S.S.R.

2 . During the history, type and size of fishing vessels, fishing season and ground, gears,
fishing tactics, etc. were changed largely, and so, consistency in quality of fishing effort could not
be maintained for a long period.

3. Age compositions of commercial catches changed largely during the exploitation years,

indicating fluctuations of year class strength.
IIl. Stock assessments

1 . Catch per unit effort (CPUE) from the fishery through 1973 did not necessarily reflect the
stock trend because of substantial changes in quality of fishing effort as mentioned in Item II. 2.
Since 1974 the fishery changed little in quality and the CPUE increased rapidly through 1979 or 1980
and then showed sharp declines through 1983.

2 . Trawl survey data were used for biomass estimation by adopting an area-swept tech-
nique, which uses catch per unit area swept and size of survey area.

(1) Annual surveys conducted during 1966-1978 by Japan were of rather small scale and in
addition some surveys covered only a part of major concentrations of yellowfin sole. The surveys
during 1979-1982, conducted under a Japan-U.S. joint program, were of large scale and covered a
major portion of the yellowfin sole distribution.

(2) A stratified systematic sampling scheme was adopted for the surveys and trawl
stations were arranged in a equally spaced grid pattern. Analytical procedures and formulae for a
stratified random sampling were applied for the data analysis.

(3) A alternate tail attack method was tried to estimate the vulnerability of trawl (ratio
of fish caught in an area swept) but no estimates were obtained because of difficulties in trawling,
in which areas swept by two trawlers have to be overlapped. Therefore, the vulnerability was
assumed to be 1.0.

(4) The distance between wingtips of trawl (w) was estimated from the extending angle of
trawl warps during trawling and it was confirmed that the w value changes substantially by depth.

(5) The biomass estimate was 1.04 million tons for 1975 and then increased rapidly to
around 2.0 million tons for 1979-1981, and to 3.79 million tons for 1982. The biomass for 1979-1981
should be underestimated because of less bottom contact of the trawl and bridles. Since the bottom
contact was improved between 1981 and 1982 and consequently the herding effect of bridles might
occur, it could not be judged whether the biomass of 3.79 million tons may be still underestimated

or overestimated.
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3. A cohort analysis was used for calculating the biomass by year. The estimates of natural
mortality coefficient (M) were obtained between 0.12 and 0.26 by various methods, and so 3 levels
of M value, 0.12, 0.20, and 0.25 were used for the analysis. A basic information for the terminal
fishing mortality was the population in number by age estimated by the trawl survey in 1979. The
biomass estimates obtained were rather stable during 1964-1972 and increased rapidly through 1979.

4 . The CPUE values from the fishery and biomass estimates from trawl surveys and cohort
analysis indicate that the yellowfin sole abundance was stable at rather low levels through 1972
after the decreases during the heavy exploitation years of early 1960s, and then increased rapidly
through 1979 or 1980. The CPUE values showed sharp decreases thereafter but biomass estimates
continued to increase through 1983. From the fact that the trawl surveys covered the major
distribution area and strong year classes had appeared successively in the population, it can be
judged that the biomass still increased after 1980.

5 . Fluctuations of the stock abundance were mainly caused by successive occurences of
year classes having similar strength. The recent increases of stock abundance were also caused by

strong year classes and the low level of catches expedited the increases.
IV. Stock management

1. Yield-per-recruit (Y /R) curves against fishing mortality coefficient (F') were obtained by
using the following equation for natural mortality coefficient (M) of 0.12, 0.20, and 0.25, taking
account of recruit ratio by age (7, age-specific selectivity by the fishery estimated from the cohort
analysis).

fh :
Y/R=E*X "* W I (rey s exp (= Z2)+(1—7) « exp (= M)
= tp x=tp+1
where, E is rate of exploitation, Z=F+ M, ¢ is age, #z is age at first recruitment and capture (3),
{, is maximum age (18), and w, is body-weight. Since it is not certain whether the maximum yield
on the curve would be sustainable, the optimum yield per recruit (OY /R) being expected to be
sustainable was estimated by following procedures. At first, the number of adult females was
calculated for various F values. Then, the optimum F value (F,,,) was determined as the F value
which would maintain adult female at one half of the level that is obtained at no fishing (= 0).
The Y /R value on the curve against the F,,, is regarded as OY /R.

2 . Recruit number (population in number at age 3, estimated from the cohort analysis) was
at high or low level during the period of 1964-1979. The optimum yield (OY) estimated from the
OY /R and the recruit number was changed substantially according to the recruit level. The
estimate of OY was 71,000 t, 81,000 t and 105,000 t for the M value of 0.12, 0.20 and 0.25 respectively
at the low recruit level and 266,000 t, 240,000 t and 230,000 t for respective M value at the high
recruit level.

3 . The recent recruit level was relatively high successively, and therefore a yield over

230,000 t can be expected to catch a year.
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4 . Any specific relationships could not be found between the adult stock size and the recruit
number, and so, long-term measures for stock management could not be established. In addition the
influences of environmental factors on recruitment are unknown so far, and the prediction of recruit
levels is not possible. When decreases of recruit would be detected, it should be necessary to reduce

the catch according to the recruit level in order to secure the adult stock for recruitment.

For the best and long-term utilization of the stock, the author emphasizes necessities to
continue the Japan-U.S. joint trawl survey in order to monitor trends of recruit and stock levels and
to promote exchanges of informations and views on the stock assessment and management among

nations concerned.
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aFFHVA (BRATHVvA), Limanda aspera (PALLAS)( 1)1x, N—=VY > 7, AHK—Y ¥
RUOBARBZ LIRS OMT 2EFNCEBLABTH L, INE T, RFEONRKET

ND 561

Fig.1. Yellowfin sole, Limanda aspera (PALLAS), sampled in the eastern Bering Sea.
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= - 54°
1 1 1 1 1 52°N
180° 170°W 160°
Fig. 2. Study area and place-names in the eastern Bering Sea. Japanese and English

names are listed in Table 1.
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23, ZTOREE, BADO LS ICKEARICERT 2D L RBIORFEHICET S LW s, BEZD
EE WAL S 2RI n G, LsoT, ZITR, BfR—) v 7 EOXREREEBRRFEKRNICAE
BT2a05a2vA452/REL TS,

XTI L FOTELEE 1T, KEKS KR UKEOMBBATE 2R 2 ISR L 7,

Table 1. Japanese and English names of places appeared in the present paper and their

locations.

Japanese Name English Name Reference Figs. or Location

i b2 Region and Waters
TFHT4—NiE Gulf of Anadyr Fig. 2
TIANE Gulf of Alaska Fig. 4
INPFC¥#K I INPFC Area I Fig. 2
INPFC¥#K II INPFC Area II Fig. 2
FR— i Okhotsk Sea Fig. 4
AV a—bLE Gulf of Olyutorski Fig. 4
FF OB Kinak Bay Fig. 19
7 AT 4 LT Kuskokwim Shallows Fig. 2
AFTFT—he gLy b Skidegate Inlet 53'15'N, 132°W
[E O & 2 E R Pot Sanctuary Fig. 2
F a7 T Chukchi Sea Fig. 2
AR Sea of Japan Fig. 4
J=hFeHy R Norton Sound Fig.2
IN—T L — 7R Barkley Sound 48°50'N, 125°200'W
E 3 — b VKHE Peter-the-Great Bay Fig. 4
TR BMIVE Bristol Bay Fig. 2
N—Y I Bering Sea Fig. 4
5 H#5 Island and Islands
TYVa—v v HE Aleutian Is. Fig. 4
vy I B Unimak 1. Fig. 2
o) VB Sakhalin 1. Fig. 4
ZrybheYa—-vVE St. George 1. Fig. 2
b e K—1LE St. Paul 1. Fig. 2
Ly heu—L RS St. Lawlence 1. Fig. 2
TB7 5 Kurile Is. Fig. 4
R=Nw 7B Nunivak 1. Fig. 2
Ny g —N—F Vancouver I. Fig. 4
7)o 7EE Pribilof Is. Fig. 2
HE . Peninsula and Cape
T ANFE Alaska Peninsula Fig. 2
ALF ey HEE Kamchatka Peninsula Fig. 4
F ) Cape Navarin Fig. 2
Za—T Y NAIF Cape Newenham Fig. 2
EA RN enTawy Point Barrow Fig. 4
z D i Other
£ t Pusan Fig. 4
~N—=1) v 7l Bering Strait Fig. 2
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2. BEMHEH

R L7 gt g R &2 LTS T %,

2.1 BFBR%E

HERN—Y VS THRET I HADBRE IR, BETFTHELUTO 3ENH 2, DIEBICHKEET S
AR & I TALERICEE T 2 BHIR & TR S N2 AIRRE U S @ik, 2)88 500 b v LA OB THEE
L, HEfR—1) > 7O A TERETREZ AL b o — VIR, 3)350 b RO EMIRMAR THEZE
L, PO 170°LAPE DK T AR RE L ALEMIEETH 5,

2.1.1 BRARUVE@EERUIALE b A—ILEE

(1) 1930—1941 &

&g (1972) O&#L

(2) 1954—1962 &

aAFZHF VAR, Feay, TTIHVAEREAITATVADANOA VA EHLE LB IZZDOMD AV
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Fig. 3. Grid stations and periods of Japanese trawl surveys in the eastern Bering Sea,
1966-1978. The survey in 1979 is shown in Fig. 46.
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Table 2. Individual numbers of yellowfin sole samples by item used for the present study.

Tagging Maturation Growth Feeding Habit
Gonad-Somatic Ratio of . Ratio of
Year Thdex Spent Fish \areina Age-Length Length-Weight Mature Fith  Stomach  Stomach Total
Release Recovery argina Contents  Contents
Inetetnesls Weight  Composition
) 2 ) % ) 2 ) % ) ¢
1956 99* 99
1959 2,072 1,361 354 529 4,316
1965 41 81 422 653 90 149 1,436
1966 62 104 166
1967 657 884 1,541
1968 1,217 1,648 623 837 4,325
1970 2,142 2 2,386 4,530
1971 3,962 91 246 275 464 751 574 1,704 8,067
1972 4,229 20 75 134 171 469 5,098
1973 62 1,025 1,345 795 522 1,060** 4,809
1974 52 89 102 622 809 613 805 3,092
1975 18 74 79 171
1976 13 13
1977 2 2
1978 466 697 523 784 2,470
1983 1,374 1,374
Total 10,333 260 424 594 2:072 1,361 635 3,279 5,442 2,360 3,140 1,931 2,111 3,477 4,090 41,509

*  Sex combined

** Ratio of empty stomach

9¢

oft

3
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7. HEREER
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Fig. 4. Geographical distribution of yellowfin sole and the fishing grounds.
(Revised BAKKALA, 1981)



Table 3.  Japanese, scientific and English names of taxa appeared in the present paper.

Japanese Name Scientific Name English Name

TT7IHVAHE
4k aw
AT AT A

aAFFHLA (BRTHLA)

alhvahr A

Atheresthes spp.

Hippoglossus stenolepis
Reinhardtius hippoglossoides
Limanda aspera
Lepidopsetta bilineata

Fav YA Osmeridae smelts

AG P s E Mallotus villosus capelin
| Gadidae codfishes

RT kG &7 Theragra chalcogramma walleye pollock
1 Hh+ T4 Ammodytidae sand lances
VPR | Pleuronectidae flounders

arrowtooth and

Kamchatka flounders

Pacific halibut
Greenland turbot
yellowfin sole

rock sole

YV H A Pleuronectes quadrituberculatus Alaska plaice
X=HLvA Platichthys stellatus starry flounder
INFH LA Limanda proboscidea longhead dab
Wk 8 1) Mollusca molluska

% B M Gastropoda sea snails
W EH Bivalvia clams, bivalves
IR R O Cephalopoda cephalopods

¥ a Octopoda octopuses

1 #H # Decapoda squids

ERUNRS Echiurida echiuroids

% £ M Polychaeta polychaetes

B o® # Crustaces crustaceans

7 Mysidacea mysids

i B #E Amphipoda amphipods

T X7 I Euphausiacea euphausiids

R DR | Paguridae hermit crabs
r v Macrura shrimps

7 = A Brachiura crabs

7k bTHE Ophiuroidea brittlestarfishes
v = #A Echinoidea sea urchins
ya/<v T4 Clypeasteroides sand dollars
= a8 Holothuroidea sea cucumbers
S | Ascidiacea ascidians
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B Fig.5. Distribution of yellowfin sole during spring-autumn in the eastern Bering
y .

D, % DIEER Sea, shown in catch per unit area swept (kg/ha) by trawl surveys. (From
LE 4= o7 WAKABAYASHI, 1969 ; WOLOTIRA ef al., 1977 : BAKKALA ef al., 1985)
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Fig. 6. Distributions of monthly yvellowfin sole catch by the Japanese fishery for 1969
-1973 in the eastern Bering Sea, shown in percentage of each statistical block.
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each statistical block.
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Fig.8. Distribution of yellowfin sole catch by the Japanese fishery during the
wintering period (January-March) in the eastern Bering Sea, shown in per-

centage of each statistical block.
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Fig.9. Distribution of yellowfin sole in May and May-June in the eastern Bering Sea,

shown in catch rate (kg/30-min-haul) at trawl stations of Japanese surveys.

Temperature data in 1966 are from MAEDA ¢/ al. (1968).
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Fig. 10. Movements of tagged yellowfin sole released during April-June in the eastern

Bering Sea.
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Fig. 11. Vertical distribution of yellowfin sole during night, shown on echogram
obtained during Japanese survey in May 1983 in the eastern Bering Sea.
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Fig. 12. Distribution of yellowfin sole in June and June-July in the eastern Bering Sea,
shown in catch rate (kg/30-min-haul) at trawl stations of Japanese surveys.
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Fig. 13. Mean total-length of yellowfin sole at trawl stations of Japanese surveys in
May, June and June-July in the eastern Bering Sea.
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Fig. 14. Distributions of yellowfin sole in July in the eastern Bering Sea, shown in
catch rate (kg/30-min-haul for 1970 and kg/1-km-haul for 1979) at trawl

stations of Japanese surveys.
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Fig. 15. Distributions of yellowfin sole by total length class in July in the eastern
Bering Sea, shown in percentage of catch in number at each trawl station of

Japanese survey in 1968.
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Fig. 16. Schematic diagram showing seasonal migration and distribution of yellowfin
sole by wintering group in the eastern Bering Sea.
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Fig. 17. Relative abundances of yellowfin sole by depth in July in the eastern Bering
Sea, shown in mean catch rate by Japanese trawl surveys.
Broken lines show no data.
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Fig. 18. Relative abundances of yellowfin sole by bottom water temperature during
June-July and in July in the eastern Bering Sea, shown in mean catch rate by

Japanese trawl surveys. Broken lines show no data.
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Fig. 19. Movements of tagged yellowfin sole released during June-July in the eastern
Bering Sea. One fish was recovered in summer in the Bristol Bay and other
fish were recovered during fall-winter mainly October-February.
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Fig. 20. Mean total-length by number of circuli for yellowfin sole sampled in various
areas in the eastern Bering Sea. Data on Norton Sound and Chukchi Sea are
from WOLOTIRA et al. (1977).
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Fig. 21. Seasonal changes in mean gonad-somatic index (GSI) of yellowfin sole by sex
in the eastern Bering Sea.

GSI=GW /TL? « 10°

where GW is gonad weight in g and7L is total-length in mm.
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Fig. 22. Seasonal changes in ratio of spent yellowfin sole by sex in commercial
catches in 1959 in the eastern Bering Sea.
The decades of month are shown as F, M, and L in the figure.
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2008 HENTWE (K13), 27z, 1970FE 7 AOAETIE, BIEFLEERSEIGELTVW2 &
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Fig. 23. Sex ratio (male/female in number) of yellowfin sole at trawl stations of
Japanese survey in July 1979 in the eastern Bering Sea.
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Table4. Population in number (10°) by sex and sex ratio (male/female) for yellowfin sole by total-

length class, estimated by Japanese trawl survey in 1979 in the eastern Bering Sea.

Population (10° indiv.)

Total-length Sex Ratio
(mm) 2 e (/7%
—150 17.8 18.1 0.98
151—160 28.5 27.1 1..05
161—170 56.6 52.5 1.08
171—180 80.2 66.4 121
181—190 114.7 100.4 1.14
191—200 147.8 126.4 117
201—210 182.6 179.9 1.02
211—220 233.2 218.7 1.07
221—230 273.6 282.0 0.97
231—240 2932 343.3 0.85
241—250 280.8 347.9 0.81
251—260 294.1 407.7 072
261—270 220.6 402.4 0.55
271—280 159.1 368.9 0.43
281—290 99.1 306.9 0.32
291—300 523 237:5 0.22
301—310 33.4 158.6 0.21
311320 14.2 921 0.15
321—330 6.3 49.8 0.13
331—340 3-8 30.5 0.13
341—350 1.4 11.9 0.12
351— 1.2 18.8 0.07
Total 2,594.7 3,847.8 0.67
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SHEAL, TA»S 11 A THUULDELZRLABETT2E 1EOFMETELTHS (K24),

PEo s, BRICHEADTEPFIINEHFRTH D, EHWEHREARESETHE ZLiibhsd,
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4.1.3 ZFE1HOFFE

AHAAT LA DELICHEN S EWPHE 11, WECEE (B2 s WilobE £ TOEE) 255 2 o
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BICHEL ThB 0w, JTH (1969) 1%, F 1M EERE AL ST, F20mMNASE 1 Fie L TFERHE
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Fig. 24. Seasonal changes in marginal portion of yellowfin sole otoliths sampled in
the eastern Bering Sea.

MI =R =)/ Ger—%4)
MC=0/(0+T)

where R is radius of otolith, x, is radius of outermost opaque zone, and O and

T are number of fish having opaque or translucent zone on the otolith margin
respectively.

1 MESEN 20mm TR EN D, T2bb, EHICHEL LR, BEEFICE-> THL %

<, Bl z®kT 2 eE 20, BBCBU 28R EMEESREITE L HMEMICHERT 2,
FB1IHITOREED, H1—2HMHEOZNCHRL Thhuol3, WK E TORMS L DE,
ZEN—HTHS I,

UEozers, BACHNLZE 1WA B I FRLALTNETHDL LH@mLT, HL, F1FH
iR 1 R (FRE) TREEN 5,
4.1.4 FHRBEFHOFTE

BRBCERR L, BB E & O IIRITHBIICE AT 248, IS O FIAESELIL, H5WIEEIEBO L D &
M U CREE A R IR T 2, s DRl (AR DERTH 20 BERTH 2 0 EMETL
oo

THBERHSER L IOV T, THAELFHR L L TRAHE LRV BEORIEIISR DT
EzRe, THABSHBEL 22 o 7282 o RO BB R L B L 72 (1 25), THAER % (55
B A L TELHEISRIE I0RELRO T NORETL, ARSI LR L 2o o eR
VB 1w REVFERSBON, —F, THAlREZFR &A% LIGE TRIERBO Y Lh o726
WHEZROZLTNLORHEO2EY, THABOMEL 2oL DET NS hot, INE, T
HIthH, ZOEOREOENP >/ E2RBLIb D LBIRTE %,
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Fig. 25. Mean total-length by number of circuli for two groups of yellowfin sole,
having check-like circuli and no such circuli.

4.2 FEmeek

i L SREOBRIE, BOER—2ERGEHO THE LR P 2R & EIRE%O 5 —8 H
RIS NIEADFE 2R L 6RO Tz, MUIE—FYICEKR s, ENRERICITORE 5,
BRI O &R ER Iy A 3, BEOREIFIZWMERICHEL T2,
4.2.1 BR¥E:2ROBRE

1968 FEIZHEM L THESNLEAEHOTHAERE (R,mm) 2K (TL,mm) 2#E L7, BiF
{8l & SEAREA O E OBIR 2K 26 IR T, 272, MBI TL=aR°OBEFREZ Y TE D, UTICRTHEREE

&7z

BHIRE H : TL=61.36 R0
M © TL=62.05 R"0s3
SIRM 1 0 TL=67.25 R"13
W : TL=67.69 R'12*

3 OREFRIZIE, SNEDECOR (1956) D 3Ls3Hs F v i 12 & 2 MR O B EERRE s e h o 72,
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Fig. 26. Relationship between radius of blind-side or eyed-side otolith and total-length
for yellowfin sole by sex, sampled in 1968 in the eastern Bering Sea.

4.2.2 WAERZAVEHEROER

1968 EDIEA % v TEMEE 217\, BIREKL EIRME Z L2 0 B2 2w THERER], 8&EERIC
TEEIEGRCERR (7,5 DEEREL JIZERTEE) 2RO, MR LICR L, BICEFNZNDr, EHETRD 4
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BIRME & AR 518 & 7z TL, 2 S s, MEHE% XA 3710 27 1R 3 BRECE R D & ERisUR AR
HOERZHET 2858, CITNWOHOEAZAVTYIZER—02EAESN, BEORD IZRHE
o, L7edio T, LEOBITICEEIRMOELRZH W EROAEZB LS
4.2.3 HHEHe2RIARR

B TR O 1R O BisilE k2R (TL,;) OFYE (TL;, mm ;i I3 CHE 2 o AR RS

i, [BL, SRR 5ET 2 FIAREE 2 72 D7) 22 5 WALFORDD M % 3K o ([ 28),
KA =BT,

it TL,,,=36.31+0.918 7L,

M TL;.,=37.51+0.922 TL;
BERTALANFFYD R ERERIZ, RATRbLEN S,

Mt . TL;=440.4(1 —exp(—0.086(7—0.522)))

M : TL,=478.2(1 —exp(—0.082(:—0.502)))
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side and eyed-side otoliths for yellowfin sole

sampled in 1968 in the eastern Bering Sea.

The isopleth is shown in the figure.
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H) zZHV, WHENOEAFIESEY
KOT, MELEE EHIZRSITRLT,
AR SRR, 1ZIFMERIIHEL
T b, EARFIEFERE, RERZ
BEEREIZIERULPETREWETDH
D, 1968 F 1T I3 IR R R EEINIHIC TV
AR T, BLALEELZ»->
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BETKE <HH:ET %75, LEERHRD
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LT3, BRO L2 ICHELENR
Kif (T 7bb, 1967 EI2B T HEED)

Table 5. Total-length at age, back-calculated from radii of annuli, and of sample fish for yellowfin
sole, collected in 1968 in the eastern Bering Sea.
Back-calculated 7L
Sample Mean 7L*

i** Mean Radius*** Bertalanffy**** Last Radius*****

& 2 8 ¥ & % 3 ¥
1 19 20 18 19
2 60 61 53 55 78 79 81 81
3 89 90 85 89 107 106 107 107
4 116 119 114 119 136 133 134 131
B 141 146 141 148 153 171 152 169
6 163 171 165 174 183 187 183 188
7 185 195 188 198 197 208 202 206
8 205 218 209 220 213 235 217 230
9 226 239 228 240 227 240 230 244
10 246 260 245 259 242 250 245 259
11 263 275 262 276 269 285 271 285
12 281 289 276 292 207 294 279 303
13 300 307 290 307 293 291 295 318
14 320 302 320 314 337 322
15 335 333 329 350
16 344

XL

Ak ok

Sampled during June 21-July 20
Number of annuli.
From the otolith radius (R) -7L relationship.

Calculated from the Bertalanffy’s growth equation.

From the R-TL relationship using the last annulus of each age class.
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Fig. 30. Mean total-length at age of yellowfin sole by sex and year, sampled in the
eastern Bering Sea.



Table 6. Mean total-length at age of sample fish for yellowfin sole by sex and year, collected around spawning season in the eastern Bering Sea.

Sex 3+% & ¥
Year 1956 1959 1965 1967 1968 1974 1975 1978 Mean 1959 1965 1967 1968 1971 1974 1975 1978 Mean

Age
1
2 (101) 31 91 (98) 81 90
3 115 107 111 102 107 105
4 (176) 125 134 124 140 (129) 131 161 125 137
5 (193)  (209) 152 152 174 149 172 (195)  (203) 160 169 192 189 151 180
6 201 220 189 183 206 201 180 197 195 220 206 188 216 213 (233) 179 206
7 223 235 208 202 217 226 188 214 221 241 234 206 229 244 250 192 227
3 (243) 243 243 232 217 248 243 202 233 254 253 251 230 247 (254) 254 209 244
9 255 272 271 247 230 (261) 269 223 253 273 279 263 244 256 (286) 265 235 263
10 276 276 284 274 245 (288)  (300) 237 272 287 299 285 259 268 (296)  (295) 264 282
11 293 298 286 289 271 (290)  (290) 261 284 312 304 306 285 280 (300)  (300) 285 297
12 291 307 295 297 279 (304)  (305) 287 296 317 319 316 303 293 325 (323) 296 312
13 303 (302) 314 302 298 (332)  (300) 294 306 351 329 319 318 303 (340)  (323) 316 325
14 (301)  (337)  (305) 311 337 (328) 309 321 363 339 328 322 317 (350)  (344) 320 335
15 (306)  (357) — (343) 314 338 (350)  (346) 350 (342) (363)  (350) 333 348
16 (304) (343) 323 (369) (330) (335) 335 342
17 (398) (350) (332) 360
18 (367) 340 354
19 (362) 391 377

Number g9 354 422 657 1,217 89 74 466 529 653 884 1,648 751 102 79 697
of indiv.

Sampled during June-July except late May in 1978. Figures in parentheses are based on less than 10 individuals.

99
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M TL,=416.3(1—exp(—0.105(£—0.083)))

Mg 0 TL,=421.0(1—exp(—0.121(/—0.688)))

BE D TL,=415.7(1—exp(—0.113(£—0.307)))
BonfERE, PEEEZHOTELRERALIHEL Y, BREEI/NSL, HEREIZKE
{ o Tvab,
4.3 2RRUFHFENHER
4.3.1 eReHE
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Fig. 31. Relationship between total-length and body-weight for yellowfin sole by sex,
sampled in 1968 in the eastern Bering Sea.
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4.4 RBLERRUER
4.4.1 pBeR

1973 4, 1974 KRV 1978 E£D 5, 6 AICTHEMATRI L AR £V, KK LA Z KRR THE]
L, MEHRNCEEMBEORADEE2FKD, £7, K331TR L7, KICIZFADEEV (1970 a) i2X %
1959—1964 FEDFEFR & FIRFIZR L 720 ZORHHIZEINAERICH D, HTEBICETOER S L TR
DHEHELTWAEEE, £, MTIRIIENFTEEL TH~EROEH T TOAEEEZERA L L, O
REAICEBEIEO T NS LERESETERL 2EfE & A, BENZOEICEHIISINT % AlaeMk
Lh b, MEORKEIZINEEOLLLHEEOTH, KA L OHFITIES THS, FADEEV (1970 a)
OHFHREIZMEICOVWTIZRI—TH 223, B OVLTIERBELERT 2 DB FERRA S R
EEBH LA TETRL > T3,

HED R B DEIE1Z 50~60% F TIX &R > TRBICHML, 2RO 32 aEme =T, HT
X, REDEIEH 10~20% 10T 3 £ TIEW 20T 225, 2N LIER 80% & TlZABucsmL,
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Fig. 33. Ratio of mature fish in samples by length class for yellowfin sole by sex and
vear in the eastern Bering Sea. Freehand lines are shown.



Table 7.

Immature and mature fish in number in samples and ratio of mature fish by total-length class for yellowfin sole by sex and year in the eastern

Bering Sea.

) ¥
1973 1974 1978 1973 1974 1978

Ratio of Ratio of Ratio of Ratio of Ratio of Ratio of
TL (mm) Immature  Mature  Mature Immature Mature  Mature Immature Mature  Mature Immature Mature  Mature Immature Mature  Mature Immature Mature  Mature

—100 25 0 0.0 0 0 = = = = 11 0 0.0 0 0 = = = =
10 18 5 2 10.0 0 0 . 0 0 — 1 0 0.0 0 0 — 2 0 0.0
20 21 7 25.1) 0 0 = i 6 46.2 0 0 = 2 0 0.0 i 0 0.0
30 10 9 47.4 0 0 — 9 10 52.6 0 0 — 1 0 0.0 26 0 0.0
40 8 15 65.2 0 0 = 13 17 56.7 0 0 = 1 0 0.0 26 ] 0.0
50 5 7 58.3 2 0 0.0 16 16 50.0 0 0 — 4 0 0.0 33 0 0.0
60 3 9 750 3 3 50.0 7 25 78.1 1 0 0.0 5 0 0.0 18 0 0.0
70 1 11 91.7 6 10 62.5 4 11 73.3 7 0 0.0 10 0 0.0 12 0 0.0
80 i 21 75.0 12 12 50.0 3 12 80.0 10 0 0.0 23 0 0.0 21 () 0.0
90 8 44 84.6 12 28 70.0 6 18 5.0 36 il 2.7 45 0 0.0 18 0 0.0
—200 17 68 80.0 17 53 75.7 4 32 88.9 49 1 2.0 74 1 1.3 14 0 0.0
10 13 73 84.9 19 64 77.1 0 37 100.0 4 5 9.6 95 1 1.0 23 0 0.0
20 10 59 85.5 6 63 91.3 1 38 97.4 55 9 14.1 99 8 7.5 25 0 0.0
30 5 62 92.5 ) 60 92.3 0 26 100.0 53 13 19.7 85 21 19.8 19 1 5.0
40 il 66 98.5 1 56 98.2 0 20 100.0 38 16 29.6 62 19 23.5 15 0 0.0
50 0 52 100.0 ) 44 97.8 0 12 100.0 31 6 16.2 40 22 35.5 16 5 23.8
60 0 35 100.0 0 44 100.0 0 24 100.0 19 13 40.6 21 22 51.2 19 9 32:1
70 0 36 100.0 0 27 100.0 0 28 100.0 A 17 70.8 14 26 65.0 25 20 44.4
80 0 23 100.0 0 22 100.0 0 29 100.0 6 14 70.0 5 31 86.1 38 22 36.7
90 0 15 100.0 0 18 100.0 0 27 100.0 1 7 87.5 3 12 80.0 18 40 69.0
—300 0 11 100.0 0 9 100.0 0 18 100.0 0 6 100.0 0 15 100.0 20) 37 64.9
10 0 1 100.0 0 i 100.0 ] 17 100.0 1 i 87.5 0 15 100.0 11 55 833
20 0 7 100.0 0 4 100.0 0 12 100.0 1] 7 100.0 0 8 100.0 3 46 93.9
30 () 3 100.0 0 2 100.0 0 7 100.0 1 6 857 0 7 100.0 4 45 91.8
40 ] 3 100.0 0 0 — 0 3 100.0 0 4 100.0 0 5 100.0 0 28 100.0
50 0 1 100.0 0 3 100.0 0 4 100.0 0 4 100.0 0 3 100.0 0 28 100.0
351~ 0 3 100.0 0 0 == 0 4 100.0 0 12 100.0 0 0 — 0 35 100.0
Total 152 643 80.9 84 929 86.3 70 453 86.6 374 148 28.4 589 216 26.8 413 371 47.3
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Fig. 34. Ratio of mature fish in samples by age for yellowfin sole by sex, collected
during May-June 1978 in the eastern Bering Sea. Freehand lines are shown.
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authors.
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Fig. 36. Stomach contents compositions in weight percent for yellowfin sole, sampled
in 1970 and 1971 in the eastern Bering Sea.
Abbreviation, Am : Amphipoda, As: Ascidiacea,
Bi: Bivalvia, Co: Gadidae, Cr: Brachiura, Ec: Echiurida,
Eu: Euphausiacea, Hc : Paguridae, Mi: Miscellaneus,
Of : Other fishes, Op : Ophiuroidea, Ot : Others,
Pl : Polychaeta, Sa: Sand, Sd : Clypeasteroidea, Sh : Macrura,
Sl: Ammodytidae



Table 8.  Stomach contents weight (g) per fish by food item for yellowfin sole by total-length class, collected in 1970 and 1971 in the eastern Bering Sea.

1970 1971
Total-Length Class(mm) Total Total-Length Class(mm) Total

Food Item ~1000 100~150 150~200 200~250 250~300 300~350 350~400 400~  Weight % ~100 100~150 150~200 200~250 250~300 300~350 350~400 400~  Weight %
Smelts — = - — 0.017 — = — 0.005 0.34 - . = — 0.009 — . — 0.003 0.24
Cods = — — 0.004 0.030 0.109 0.103 — 0.031 2.08 — = — 0.008 0.036 = = — 0.015 1.21
Sandlances = = = — 0.008 0.080 = — 0.015 1.01 = = = — 0.011 = — — 0.004 0.32
Other fishes — 0.009 0.001 0.022 0.063 0.078 0.066 — 0.042 2.82 — — 0.007 0.006 0.030 0.201 — — 0.028 2.25
Amphipods — 0.031 0.072 0.115 0.122 0.100 0.095 0.075 0.104 6.98 0.078 0.245 0.117 0.179 0.217 0.249  —  — 0.185 14.90
Mysids — 0.003  — 0000 — 0.000 —  — 0.000 000 —  — 0.005 0.006 0.000 — —  — 0.005 0.40
Euphausiids — 0.007 0.602 0.004 0.077 0.088 0.194  — 0.042 282 — —  — 0.009 0.010 0.05 —  — 0.008 0.64
Shrimps — 0.003 0.013 0.013 0.032 0.060 0.011  — 0.026 175 —  — 0.010 0.015 0.02%6 0.060 —  — 0.021 1.69
Crabs — = — 0.013 0.042 0.08 —  — 0.020 134 —  — 0011 0.007 0.016 0.095 —  — 0.017 137
Hermit crabs — 0.009 0.011 0.028 0.045 0.041  —  — 0.031 2.8 —  — 0.018 0.02 0.078 0.2 -  — 0.046 3.70
Other crustaceans — = 0.00 0.000 0.003 — —  — 0.000 0.07 —  — 0.005 0.001 0.001 0.002 —  — 0.002 0.1
Polychaetes — 0.080 0.067 0.212 0.279 0.212 0.050 1.600 0.207 13.90 0.044 0.082 0.167 0.392 0.553 0.775 = — 0.432 34.78
Cephalopods - = = = =004 = = 0000 007 - — = =007 - = — 0.005 040
Clams — 0.045 0.013 0.089 0.452 1.129 1.687 4.225 0.408 27.40 — 0.009 0.012 0.059 0.308 1.012 0.759 5.200 0.211 16.99
Snails — = 0.0%8 0.000 0.000 — — — 0.005 034 — - — 0001 0012 — —  — 0.004 0.3
Brittlestars — 0.097 0.000 0.019 0.030 0.004 = — 0.022 1.48 — 0.191 0.005 0.078 0.104 0.103 — 0.300 0.078 6.28
Sea cucumbers - — — 0.000 0.011 0.008 = — 0.005 0.34 = = — — - - - - - -
Sand dollars — 0.005 0.018 0.022 0.023 0.030 0.024 — 0.022 1.48 — — 0.003 0.002 0.020 0.004 — — 0.008 0.64
Echiuroids — 0.010 0.039 0.046 0.254¢ 0.899 0.955 — 0.270 18.13 - — 0.001 0.022 0.137 0.747 0.500 — 0.113 9.10
Ascidians 0.333 0.103 0.004 0.001 0.025 0.011 —  — 0.017 114 —  — 0.007 0.002 0.007 0.02 —  — 0.009 0.72
Sand and Mud — 0.005 0.024 0.054 0.069 0.041 0.045 ~ — 0.050 336 — — — 0.00 — — — = 0.000 0.00
Others 0.533 0.099 0.043 0.072 0.108 0.290 0.262  — 0.122 819  — 0.018 0.009 0.033 0.061 0.05 —  — 0.040 3.2
Digested — 0.016 0.032 0.040 0.050 0.048 0.076  — 0.043 2.89 0.011  — 0.000 0.014 0.005 —  —  — 0.008 0.64
Total 0.866 0.522 0.378 0.764 1.742 3.231 3.568 5.900 1.489 100.01 0.133 0.545 0.377 0.856 1.665 3.502 1.259 5.500 1.242 99.97
Number of Indiv. 3 147 272 754 761 383 62 42,386 9 11 239 753 553 121 17 1 1,704

Empty Stomach (N) 1 30 59 124 114 64 17 0 409 1 3 53 181 174 42 13 0 467

Empty Stomach (%) 33.3 204 217 164 150 16.7 274 0 17.1 11.0 27.3 22.2 24.0 31.5 34.7 76.5 0 274

B

=
75

2 WA (|

ML A TSRO b "o O

6L



76 EZI ) i

5 ZEEOEIEIIME TR E HEL T3, 1970 i3, HEER 2 L v ERZFREN 21%
L 18%AF e, BHEMMEGMEN 14% L T % THEOLT WS, 1971 RT3, LEHEPIZIT 35%, ifHkE
MN15% %D, 1970 FL D EEENEL Zo-0Iw L, “H&EHE (17%) L2238 (9%) OEE
BETLTWS, 7EE b FHIF 1970 1213 1 % TH - 7243, 1971 £1213 6 %ITEIIL 72, BREWIZ
SEBERLKBICE > THET 205, ZIZR—0O RN IS OEAICE S R L B ME
MOHEEZ R Lz, BAALF vy AABICB T2 28240 4 OENEWHERK & KO eHEYHK O HE
Pl (=2 o b7, 1970) »o, ZOMER, FL L THEYVOMIZRKM L bDLEEZS>NS,
5.2 BECH)BERATYHEMRNZEL

5 cmfED 2 EREEBI O HAY E K 2% 8 R UK 37 1R L7z, 1 RS D OBAEMERIL, £
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Fig. 37. Stomach contents compositions in weight percent for yellowfin sole by total-
length class, sampled in 1970 and 1971 in the eastern Bering Sea.
See Fig. 36 for abbreviations, Fi: Fishes, Cu: Crustacea.
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Fig. 38. Seasonal changes of stomach contents weight per individual for yellowfin

sole in the eastern Bering Sea.
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Fig. 39. Mean stomach contents weight index (ISW) for yellowfin sole at trawl
stations of Japanese surveys in July 1970 and June 1971 in the eastern Bering
Sea.

ISW =SCW /BW

where, SCIV is stomach contents weight a fish and BW is the body-weight.
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Fig. 40. Dominant food item in yellowfin sole stomachs at trawl stations of Japanese
survey in July 1970 and June 1971 in the eastern Bering Sea.
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AR 13 R RIRZE 2 T L 72, 1978—1979 FEIC I ORI 2 BER2T-o2 DD, TIH =AY ¥
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Fig. 41. Distributions of annual yellowfin sole catch by the Japanese fishery in the

eastern Bering Sea, shown in catch rank in each statistical block, 1954-1982.
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Table 9. Monthly catch (t) of yellowfin sole by the Japanese fishery in the eastern Bering Sea, 1954-1982.
‘\&Ifmth Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Total
ear
1954 3,432 6,463 230 10,125
1955 3,805 5,251 9.056
1956 15,331 7,659 22,990
1957 6,838 17,307 24,145
1958 1,324 4,963 5,849 20,225 6,793 39,154
1959 82 8,945 4,632 12,950 23,232 53,567 17,498 120,706
1960 6,822 55,027 45,056 76,309 81,740 82,958 12,391 360,103
1960-61 No Available Data
1963 3 5,634 13,640 1,204 22 1 0 0 20,504
1964 753 4,821 6,871 3 6,492 29,461 470 10 47 48,928
1965 198 559 1,292  6.699 4,761 318 1,956 9,949 310 26,042
1966 414 5,380 3,795 1,874 719 2,115 3.268 14,356 13,398 10 45,329
1967 3,476 2,389 938 35 5,928 18,065 3,885 8,734 14,475 36 448 58,409
1968 1,742 32 T 950 2,451 5,093 4,108 7,392 5,003 30 270 1,786 29,634
1969 1,590 1,163 666 2,978 1,973 20,909 30,716 2,409 — 2,617 7,110 9,298 81,429
1970 6,846 5,776 3,397 9,742 12,121 3,261 3,010 1,172 303 818 5,570 7,773 59,789
1971 8,958 14,175 5,415 6,237 8,795 4,105 905 128 738 7,206 16,478 8,899 82,039
1972 1,982 6,480 3,271 315 338 186 43 12 — 5,545 10,434 6,224 34,830
1973 7.451 9,221 17,233 9,835 5,966 3,021 134 5 - 4,606 11,153 6,875 75,500
1974 5,057 3,702 3,176 968 1,200 51 279 18 160 3,431 9,766 10,139 37,947
1975 8,956 5,921 2,624 1,418 978 38 374 o7 42 11,548 13,870 13,887 59,713
1976 11,370 7,094 807 984 1,170 o4 161 6 2,436 9,238 8,083 11,259 52,662
1977 6,362 2,209 1,446 1,687 696 1,132 800 1,199 9,192 10,448 10,322 11,759 57,252
1978 3,758 1,425 1,663 976 472 1,222 1,468 8,830 9,739 10,298 9,290 11,852 60,993
1979 3,555 3,984 2,427 2,463 261 596 9,392 9,792 8,885 8,435 5,202 1,415 56,407
1980 3,696 3,650 3,390 2,197 661 2,776 10,436 10,726 8,672 8,218 2,586 3,279 60,287
1981 1,157 2,213 3,290 2,399 1,150 4,122 8,087 9,401 10,363 9,447 6,377 3,542 61,548
1982 2,223 1,673 3,323 995 735 2,939 8,487 7,533 9,349 10,303 11,156 4,970 63,686

1955-1960 :
1961-1962 :
1963~

“Blank” indicates no catches and “0” means minor catch less than 500 kg.

Caught by meal and frozen-fish motherships and includes other small-sized flounders.

No available data.

. Caught by Mothership-North+Pacifice Trawl Fishery and includes yellowfin sole only.
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Fig. 41. (continued)
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7%7?5@%%:@Eéﬂgﬁm5ﬁ¢@~6ﬂ¢@&08ﬁ¢@w9ﬁ®ﬁ%%@$ﬁ@%kﬁo
2o

1968 ££ 11 A» 5 1969 £ 3 Hicix, » v A WHMEIHUHEL, FAlBEEHRL Tw5E, L
L, 1974 FELIEa H 2P L A4 O FTEHMLAE A A £ 3 VEFEEEO BT 12— 5 H ORI (1974 1% 3

AET) Zimenh, &7z, 1977 F£OKE 200 ¥ EEOMITIC S O @G TORSHEO R *
mlEET 5 7-0, BHEHRAICEE ST, 1983&?}1&6}%?’7 I1AERER STV, 5, 1969 FLL
B, A7 b7F T« 3 L RER8EM b o — NS X SREIREFETONA T 5,

ViEE, 1961 £ F TIZITRAEREL 245, 1962 Eulﬁécﬁi,ﬁﬂ I11 A»5 58 TL% o7 (FADEEV,
1970 a ),
2.2 a5

1954—1957 D HaFIE 2 ~ 4 K (1 XE) N THo72h, I —AME O HBEICHE > TERSE A
KL, 1960 F4213 100 b > A EWIED & - 72 X BUI K OBAN O 2 X 2 & O T 22 7 -1z, 1961,
1962 =D HIFITAHTH 2 53, EHE&U?@FE‘E%? 1960 F L IR L TH o722 &, 7z, 1960 FDifa
AR L [EEDIE TN EAMIMITIFIF T2 2 o, HIBOHEP L 1960 - H % » 21n
Mol:bDEHEESIND,

1963—1968 FEICHIEED L > 724K, AT NI IRV AT AT VA DSHEERRL T, FI2 &
DAL TWEH, FHRBE7YANAVBEARTH 72,

1968 BT 4 L A BRI O L, WK HRAE SR O FIH T & 2 1969 F LUK, HiE R 0@
ZE® L ZOMEBBER L ERRICHEEL L, V= v 7 BILEI0 KEERE I TS TR
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ENTW3, &8, VHAEO Y =~ v 7 ABORERIC > TSI L D ALOABICE Y, %7l
BE LM THURKEMN LICEBENEREINS L DTk o7,

ViEE, ZECIZ 1963 FE 2 Ty =~ v 7K A, 1964 ELEIZ 77D A b LEBIZITW & D B s
& L7:(FADEEV, 1970 a), EFEEH» S EHIICB T 2513, Y=~ v 7KE»S5 7 ) X b LEIC
PN TOKBERT 7Y A MVBEABTH -7,

3. BEEOREXI

3.1 BEEOHT

1954—1962 £ D AT & 2 S [ 10 1958—1976 ££0D V58#IC K 2 WIER I I3t /N A L A FHx &
ATWD, BER LI, LA E2AMENCOHTE A0, IRV L1 OERSE, LTD LD
WCHEE U 7zo 1962 & TOERNZ DWW T, HAROHERMOBEREEO M hc s v 18
BERCEDZ I AT LA DEEERY, HRERUCYVEDO A L A BEER» SHEE L7z, 1963 LR
2OV T, BARO AT, INPFCHEN B MERT =My, Vi#EO ASERIINPFCHE X BIEIE 2 B A
DENICHFELVWEAZLTYEDY VA FHREE, SHEE L 72 (WAKABAYASHI and BAKKALA,
1977 5 1978),

3.2 E&REAEECLHYIITXHLADEE

HAMEC L 2EAE ERERVZCHEEE) WEE, ND L A HifER, ara0v 1 g
2, EAEREEL VNIV AEHIIED 35T LA DEIEEE 10 TR LT,

[ SRR EIE, 1954 SED 1.3 7 k> 405 1961 50D 53 77 b > ITHENL 72 BE T L, 1963 0D 22 /5
FrAaEEB LT, LvL, ZOBECHEML, 1972 FIC3HAD 1837 k Y IC#E Lz, #hLIGERL
AR R LT, 1977 £ 0KE 200 #EEEIC X 2 HHR1E 88~93 7 b v D&EE L1z KkH#EIZH 5,

EAEBRAEBICIED2 3742V A DEEGR, THRBED A TH o7 1954—1957 F 12 13
92~95% %7~ L 1278, T LA ATEREORIENBEIT 5 120> TIRT L, 1962 £EIC1X 51% &£ & > 72,
1963 LI, A7 b U I 00T 0D AREIET 2RO L & b ICAT b Y Y T EEES 2B
KUTZ b, ERRBEMILEAE R B> I EE2RBL T, 2~15%DIEVKEICZH B,

N VA SERIE RIS D B a0 AL A OEIEE, 1954 FD 95% S | IR B D RIS TE -
TIET L, 1962 fEI213 85% & 72 o 72, 1963 FELIEDEI S X, K\l &7 L 72 1970—1974 £ % B %,
72~83%DKEIZH 5,

3.3 BEEORET

aFAA VA DEBGRERER LR 1], K421/, BEEIT 1958 FE £ T4 A+ Y AT OELK
HIZH o7, ZOBRABICHEML, 1961 £ RED 47 77 b > 23EF L 72, HERIT 1962 £121% 36
TR VITETL, 196341213 8.6 7 b 2 ICHEUB L7z, 1963—1971 EDEF#ERIZ 11.8 5+ > T,
1972—1977 FATIZFETFH 5.8 F b Y ICE T L7248, 1978 1213 13.8 F b M TR L 72, 1979—1982 £
DOWaFER L 8.6~9.9 75 b > L BHEL2AKEIZH B,

WEORBELITH - 72 1960—1962 X U2 NLLIFT O @ = O K5 I3 AR BEIC L > TH T o
S, AARKREIC & 2 FRRPEMT L A LR 2572 1963—1970 113, VEIC X 2MEENAA%E L
|- 7z, 1971 FLAREZ 1978 2RO THUHARBEEIC L 2EEN L K> TWwb, 1980 FLIE, v
HREICRD> THERERVKEOEABEICL 2AEENERLTE TV,
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Table 10. Catches of groundfish, small-sized flounders, and yellowfin sole, and ratios of yellowfin sole

catch by the Japanese fishery in the eastern Bering Sea, 1954-1982.

Catch (t) Catch Ratio (%)
Year . ) . .
Groundfish Small-sized Yellowfin

Flounders (B) sole (C) C/a C/B
1954 12,562 12,562 11,934 95.0 95.0
1955 14,690 14,690 13,735 93.5 93.5
1956 24,697 24,697 22,721 92.0 92.0
1957 24,145 24,145 22,213 92.0 92.0
1958 46,597 39,153 35,238 75.6 90.0
1959 160,121 123,121 108,346 67,7 88.0
1960 449,932 360,103 306,088 68.0 85.0
1961 526,970 399,542 336,814 63.9 84.3
1962 480,567 289,322 245,397 51.1 84.8
1963 217,942 29.012 20,504 9.4 7.0
1964 321,285 62,241 48,800 15.2 78.4
1965 309,876 31.580 26,039 8.4 82.5
1966 383,353 56,510 45,523 11.9 80.6
1967 721,086 74,280 60,429 8.4 81.4
1968 916,101 56,541 40,834 4.5 2.2
1969 1,079,070 98,029 81,449 7.5 83.1
1970 1,475,751 90,881 59,851 4.1 65.9
1971 1,784,852 128,393 82,179 4.6 64.0
1972 1,825,932 87,922 34,846 1.9 39.6
1973 1,698,259 116,836 75,724 4.5 64.8
1974 1,455,038 70,315 37,947 2.6 54.0
1975 1,249,565 76,677 59,714 4.8 77.9
1976 1,181,391 72,158 52,668 4.5 73.0
1977 899,288 73,160 58,090 6.4 79.4
1978 931,594 85,849 62,064 6.7 12+3
1979 875,377 71,488 56,724 6.5 79.3
1980 922,025 75,950 60,505 6.6 79.7
1981 910,209 80,619 62,633 .9 U7
1982 923,744 80,048 64,288 0 80.3

Includes squids, octopuses, and shrimps.
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Table 11. Yellowfin sole catch (t) by fishing nation in the eastern Bering Sea, 1954-1982*.

Year Japan USS.R. R.O.K. Others V% Total
1954 11,934 11,934
1955 13,735 13,735
1956 22,721 22,721
1957 22,213 22,213
1958 35,238 4,500 39,738
1959 108,346 54,736 163,082
1960 306,088 81,600 387,688
1961 336,814 129,991 466,805
1962 245,397 116,706 362,103
1963 20,504 65,306 85,810
1964 48,800 62,297 111,177
1965 26,039 27,771 53,810
1966 45,523 56,930 102,353
1967 60,429 101,799 162,228
1968 40,834 43,355 84,189
1969 81,449 85,685 — 167,134
1970 59,851 73,228 — 133,079
1971 82,179 78,220 = 160,399
1972 34,846 13,010 = 47,856
1973 75,724 2,516 — 78,240
1974 37,947 4,288 ~ 42,235
1975 59,714 4,975 — 64,690
1976 52,668 2,908 625 56,201
1977 58,090 283 — 58,373
1978 62,064 76,300 69 138,433
1979 56,724 40,271 1,919 3 98,917
1980 60,505 6 16,198 263 9,623 86,601
1981 62,633 17,179 115 16,046 95,973
1982 64,288 10,277 45 17,381 91,991

* From WAKABAYASHI (1983).

"." indicates unknown and "blank” means no catches.

** U.S. joint-venture fishery with U.S.S.R. and R.O.K.
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Fig. 42. Annual changes of yellowfin sole catches in the eastern Bering Sea,
1954-1982.
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VreRMEKEZ RO 728, ERNCETL 7,
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RThH5, 1963—1970 EOHRF, BRI/ WEEMK AR L 1964 E2BVWTIFIERILAS ST
b o7z, 1964 FCERMEA/NITH - 72D, BALIRT L5, MNARDOSWikiER 2 RS L
Tk, BEOELEML 1957 EREESIMAL, 2 CHREDTRE o7 1954 EFEEr St
ABEEODEENBET LA IC kb LiEESNS (K44 BIR), 1970—1973 1213 SRR/ &
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Fig. 43. Total-length compositions of yellowfin sole caught by the Japanese fishery in
the eastern Bering Sea, 1955-1982.
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T, HEIC, 1954 FEMR KR U8 1957 EEAREEAS AL, 1956 tEREEII IR TH 5720 TS DIEGEE
DFRIEEIL, 1967 & F TOERMMBRIC L < EbN TV 3, 1973 LI 1978 4 £ T, 1067 AihdE
PEREL, 1978 FLARE 1982 £F & TIEHT/21C 1970 MR S5 2 23, 1979 44 & 1% 1973 R EE L #H
TN EH L T2 Eba s,

1973 FLIEEREMMR L ICAREME L 72013, s L 72 1967 EfRHE, R\ T 1970 RO EI4 »i
RLIZERE->TEHI>TW S,

NV BIRETHE

1. BALBESHYI-NaES

1962 FLIRTOWHES NEFEEI 5V 22T, aHZH LA DERNRIBEEIT- 2B O—EOH
FEMEF IR SNBSS E L RIE D S BT 1472 D #JER (CPUE) #3R® 72, 1963—1967 4
DOHRNE, EXNREBELZIToLEBRIEI A2 57-0T, BHORESED S b, a#2H L 4 OEEEE,
RYED o/ Bk E ENREE L 474 L TCPUEER® 72, 1954 25 1967 EQHARIIC DLW TE S 11
PeRER AR I2ITR LT, fEHIE, R L TR 572 BbA2RLIEE b H 25, Sk LTIk
BETEREZRL T2, LeLass, ¥R, fidl 7z k5 2 ofic a2k L 772, CPUE
OBEHN—EMERINTE S, CPUERZOMIMEIEROBIM A KL T2 0E5E»nH 5,

Table 12. Catch-per-unit-effort for yellowfin sole by the Japanese frozen-fish and meal fleets in the eastern
Bering Sea, 1954-1967.

Frozen-fish fleet Meal fleet

Year Otter Trawl Otter Trawl* Pair Trawl Danish Seine

t/haul t/hour t/haul t/haul t/hour t/haul
1954 4.90 8.71
1955 7.28 16.78
1956 6.71 11.74
1957 6.39 10.37
1958 6.06 8.04 4.29 3.45
1959 5.51 6.20 4.87 9:53 2.45
1960 7.27 8.19 6.26 7.11 12.48 3.60
1961 5.76 6.87 3.52
1962 7.67 5.37 2.79
1963 6.64 3.69 3.60
1964 7.35 3.35
1965 7452 2.33
1966 4.23 2.04
1967 3.82 2.22

* From TAKAHASHI (1978)



HEANR— > ZJWICHE T2 348 24 L A OBREEYFIIE

93

Table 13. Monthly effort, catch, and catch-per-unit-effort for yellowfin sole by Japanese pair trawlers in
the eastern Bering Sea, 1969-1983.

Fishing Yellowfin Fishing Yellowfin
Year Month Effort sole catch (tC/EUE) Year Month Effort sole catch (SI;UE)
(hours) (t) AL D (hours) (t) OUL,
1969 11 427 1,668 3.91 1976 9 37 2,279 61.59
12 623 5,340 8.58 10 198 7,295 36.84
11 187 7,422 39.69
1970 1 388 4,549 11 .72 12 168 9,448 56.24
2 371 1,997 5438
3 114 695 6.10 1977 1 161 5,625 34.94
2 84 1,126 13.40
11 411 4,456 10.84
12 565 6,848 12.12 9 171 6,904 40.37
10 163 7,625 46.78
1971 1 449 6,590 14.68 11 85 7,454 87.69
2 262 8,407 32.09 12 123 6,775 55.08
3 253 1,818 7.19
1978 1 27 1,836 68.00
10 730 5.526 107
11 922 11,035 11.97 7 13 559 43.00
12 890 6,384 1 4T3 8 338 8,199 24.26
9 196 7,627 38.91
1972 1 195 646 3.31 10 83 5,988 72.14
2 145 921 6.35 11 116 5,104 44.00
3 51 859 16.84 12 105 4,352 41.45
10 477 4,651 9.75 1979 1 40 1,604 40.10
11 544 7,045 12.95
12 644 4,282 6.65 7 377 8,511 22.58
8 260 8,893 34.20
1973 1 587 6,059 10.32 9 89 7,244 81.39
2 262 6,218 23:73 10 100 5,971 59.71
3 253 3,436 13.58 11 50 2,873 57.46
10 137 3,878 28.31 1980 6 132 1,412 10.70
11 428 9,978 23.31 7 424 8,630 20.35
12 495 5,433 10.98 8 350 8,467 24.19
9 135 7,398 54.80
1974 1 460 3,422 7.44 10 57 7,365 129.21
2 121 2,112 17.45
3 213 2,410 11.31 1981 6 157 2,335 14.87
7 534 6,565 12.29
10 72 2,700 37.50 8 284 7,903 27.83
11 263 8,463 32.18 9 180 8,422 46.79
12 227 9,748 42.94 10 164 7,380 45.00
11 96 3,856 40.17
1975 1 125 7,025 56.20
2 150 4,846 32.31 1982 6 136 1,252 9.21
3 39 1,053 27.00 7 528 6,924 13.11
8 493 6,138 12.45
10 148 7,163 48.40 9 310 8,019 25.87
11 186 8,416 45.25 10 168 7,884 46.93
12 231 10,246 44.35 11 167 6,090 36.47
1976 1. 223 9,258 41.52 1983 6 60 1,286 21.43
2 209 5,936 28.40 7 441 8,121 18.41
3 2 187 93.50 8 478 7,367 15.41
9 384 6,671 17.37
10 289 6,778 23.45
11 196 3,942 20.11
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1968 £EIZ1E, MEHRHIGIC & 2 TRIRIREEA BT X 17223, 1969 AT £ THEMREIC X 2 REH T
Hotzlcd, BEERIESNTOHARYL, 1969 FRLED 2 25 UEEVEM (LIBEEVEM) L3
YEEE R 2 ER, ABNCE Lo, FI3IR LK, CPUERABICKESELLTED, 72, 20
BREZGIZFICLOHEL Tw 2, 812, CPUEI 1973 SELIFT & 1974 LI & ThREMN K E S ELL T
W3, HEEDBAEICINE, ZOEE, BHOBEICE > TCPUENET T2 KHEOHELTO AL
I kolE, AHOWMEICLY —F— 71 2HEHT 2Lk -T, BEDRENALLLZ L,
=2y Z KBS R KPR EAN A LTk o T VS, 1974 FELIEIC DL T b, A 4]
D10—3 A5 198340 6 —11 HE THRAICEDSNTE D, EYMICHI > THEEDCPUEIRRD
SNV, £IT, 3~4 7 AMOBEMARCPUERRK®, £ 14, K45 1TR LTz,

9ANSBEEIHETOVTNOWHOCPUEL A IZIZFRICEETL, FREML -EELER
ERLTWS, UL, 2o 7—108 (XiF 11 A) #%HI L ZCPUEDKERS K S SHEL TV 5,

Table 14. Catch-per-unit-effort (t/hour) by fishing period for yellowfin sole by Japanese pair trawlers in the
eastern Bering Sea, 1969-1983.

Fishing Period

b Oct.-Jan. Nov.-Mar. Oct.-Dec. Sep.-Nov. July-Oct. July-Nov.
1969

1969/70 8.04* 7.41

1970

1970/71 12.56* 14.49

1971 9.22

1971/72 8.80 6.94

1972 9.60

1972/73 9.79 11.81

1973 18.20

1973/74 14.94 13.60

1974 3721

1974/75 40.66 38.73

1975 45.71

1975/76 44 .52 40.00

1976 43.70 40.27

1976/77 41.72 39.37**

1977 58.91 52,47

1977/78 59.52

1978 50.80 47.37 35.51 36.83
1978/79 49.56

1979 58.096*** 67.31 37.07 38.23
1980 76.89**** 32.98 32.98***x+
1981 43.22%*> 44.68 26.05 27.13
1982 4] .73 34.10 19.32 21.04
1983 22.15%** 20.01 18.18 18.39

* Nov.-Jan. ** Nov.-Feb. ***QOct.-Nov. ****Sept.-Oct. ***** July-Oct.
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Fig. 45. Annual changes of yellowfin sole catch per unit effort of Japanese pair
trawlers by fishing period in the eastern Bering Sea.
Fishing techniques were changed substantially between 1973 and 1974.
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Fig. 46. Stations and strata of Japanese trawl survey for Japan-U.S. joint survey in
1979 in the eastern Bering Sea. (From WAKABAYASHI ¢f al., 1985)
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Fig. 47. Stations and strata of U.S. trawl survey for Japan-U.S. joint survey in 1979
(upper panel) and strata for joint data analysis (lower panel). (From
WAKABAYASHI et al., 1985)  Strata 2 and 5b were not surveyed in 1981.
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Fig. 48. Relationship between depth of trawl and distance between wingtips of trawl,

obtained during Japanese survey in 1979 in the eastern Bering Sea.
(From WAKABAYASHI ef al., 1985)
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Table 15. Biomass estimates and their sampling errors for yellowfin sole, obtained from
trawl surveys in the eastern Bering Sea, 1966-1983.*

Japan-U.S.

Japanese Survey .
p i Joint Survey

U.S. Survey****

B** ex** B e B e
1966 342,300 27.1
1967 323,800 21.5
1968 473,500 20,3
1969 447,900 7.3
1970 494,500 22.1
1971 316,100 21.8
1973 1,599,400 133.0
1974 488,800 61.7
1975 736,200 37.9 1,038,400 16.2
1976 617,100 69.8 1,192,600 44.5
1977 228,700 91.2
1978 448,700 37.1 1,523,400 21.6
1979 1,409,600 15.8 1,979,200 10.1 1,932,600 13.6
1980 1,965,900 12.7
1981 2,112,900 13.4 2,039,900 12.2
1982 3,785,900 18.1 3,322,500 19.5
1983 3,951,500 12.5

Survey areas are different by survey and year (See Figs. 3 and 47)
Biomass estimate in tons.

*xx

Sampling error in %. The confidence interval of biomass estimate is shown as B+ (B+e/100).
*rxx BAKKALA and WESPESTAD (1984)
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Table 16. Catch at age (10° individuals) by year for yellowfin sole in the eastern Bering Sea, used for cohort

analysis.

Age/Year 1964 1965 1966 1967 1968 1969 1970 1971
3 11,670 1 5 87 0 1 0 0

4 19,719 91 35 87 238 1,044 297 191

5 50,361 1,589 811 13,825 1,362 8,368 14,055 25,465

6 133,465 5,639 14,581 38,052 28,933 6,928 68,609 164,834

7 233,560 44,353 43,837 99,397 30,452 96,990 100,576 103,299

8 55,571 88,834 98,842 147,145 68,903 95,491 116,391 102,128

9 62,969 22,124 156,105 161,736 77,131 173,961 33,464 104,085
10 66,999 28,150 35,307 210,406 77,338 162,683 54,684 26,949
11 46,276 31,096 36,809 29,106 66,943 148,507 75,496 48,856
12 14,672 20,079 38,613 24,404 20,036 77,383 46,522 44,423
13 5,939 6,183 22,385 30,627 11,411 25,165 53,240 48,938
14 1,152 2,128 6.720 19,691 9,849 9,272 3,491 39,449
15 259 323 1,931 7,237 6,685 6,035 2,338 1,608
16 0 261 527 1,181 3,815 8,041 0 0
17 0 0 0 0 2,517 1,797 0 0
Total 702,612 250,851 456,508 782,981 405,613 821,666 569,163 710,225
Age/Year 1972 1973 1974 1975 1976 1977 1978 1979
3 81 0 0 0 0 0 0 42

4 3,862 2,726 532 502 26 380 1,560 541

5 32,756 14,271 8,449 2,896 4,467 3,522 12,731 6,163

6 66,426 90,269 29,533 24,722 15,246 9,579 14,104 23,194

7 22,441 87,217 69,979 42,327 24,883 18,651 66,837 20,654

8 38,100 59,428 47,770 112,219 28,649 42,546 131,678 49,428

9 25,019 38,652 20,364 84,126 80,128 35,679 113,767 89,613
10 21,883 39,892 21,748 33,731 55,635 70,548 97,791 82,950
11 13,816 37,661 12,317 13,410 25,714 48,273 104,344 61,255
12 10,807 28,503 12,009 16,042 8,311 15,812 38,879 45,056
13 7,032 13,667 8,242 10,862 8,286 4,739 21,593 22,903
14 0 6,966 5,003 4,797 1,740 2,889 12,294 7121
15 1,193 1,356 1,801 3,675 4,338 2,179 4,493 4,081
16 0 3,288 303 977 1,221 583 2,683 1,541
17 0 0 54 773 442 254 686 1.291
Total 243,416 423,896 238,104 351,059 259,086 255,634 623,440 415,833

* Data up to 1975 are from WAKABAYASHI ¢/ al. (1977).
Data since 1976 are from BAKKALA and WESPESTAD (1981).



Table 17. Fishing mortality coefficient by age and year and recruit ratio by age for yellowfin sole in the eastern Bering Sea, estimated by cohort
analysis for 3 levels of natural mortality coefficient (M).
M=0.12

Age 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 Recruit ratio*

3 0.017 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.006
4 0.019 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.010
5 0.043 0.002 0.002 0.015 0.002 0.009 0.015 0.011 0.014 0.006 0.003 0.001 0.002 0.002 0.003 0.001 0.050
6 0.105 0.006 0.018 0.085 0.037 0.010 0.089 0.216 0.034 0.044 0.013 0.010 0.005 0.005 0.010 0.006 0.211
7 0.175 0.042 0.050 0.154 0.083 0.155 0.178 0.173 0.038 0.052 0.040 0.022 0.011 0.008 0.039 0.017 0.391
8 0.197 0.086 0.115 0.217 0.139 0.365 0.258 0.252 0.082 0.122 0.034 0.076 0.017 0.022 0.062 0.034 0.651
9 0.251 0.103 0.195 0.255 0.155 0.555 0.191 0.352 0.083 0.102 0.051 0.071 0.066 0.024 0.070 0.050 0.787
10 0.227 0.155 0.217 0.396 0.171 0.506 0.305 0.212 0.105 0.168 0.071 0.104 0.056 0.070 0.080 0.061 0.956
11 0.246 0.143 0.285 0.255 0.192 0.516 0.423 0.445 0.147 0.243 0.066 0.052 0.099 0.058 0.128 0.060 0.999
12 0.228 0.146 0.243 0.283 0.255 0.322 0.272 0.430 0.151 0.459 0.104 0.105 0.038 0.075 0.056 0.069 1.000
13 0.219 0.130 0.221 0.283 0.189 0.531 0.349 0.464 0.101 0.264 0.211 0.119 0.067 0.025 0.127 0.039 0.988
14 0.192 0.104 0.186 0.281 0.126 0.212 0.116 0.429 0.000 0.126 0.133 0.167 0.023 0.028 0.078 0.052 0.744
15 0.096 0.069 0.119 0.285 0.133 0.098 0.069 0.066 0.018 0.021 0.040 0.126 0.205 0.033 0.050 0.031 0.546
16 0.000 0.122 0.142 0.092 0.218 0.214 0.000 0.000 0.000 0.060 0.005 0.025 0.051 0.035 0.048 0.020 0.414
17 0.000 0.000 0.000 0.000 0.262 0.139 0.000 0.000 0.000 0.000 0.001 0.016 0.013 0.012 0.049 0.027 0.198

F** 0.234 0.148 0.250 0.283 0.212 0.486 0.337 0.442 0.149 0.361 0.149 0.129 0.065 0.068 0.094 0.064

M=0.20

Age 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 Recruit ratio*

3 0.007 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.003
4 0.009 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.007
5 0.023 0.001 0.001 0.009 0.601 0.005 0.009 0.007 0.009 0.004 0.002 0.001 0.002 0.002 0.003 0.001 0.043
6 0.056 0.003 0.010 0.043 0.024 0.006 0.055 0.138 0.022 0.030 0.009 0.008 0.004 0.004 0.009 0.006 0.209
7 0.104 0.024 0.030 0.090 0.044 0.106 0.116 0.109 0.025 0.035 0.029 0.017 0.009 0.007 0.036 0.016 0.392
8 0.106 0.052 0.067 0.135 0.083 0.189 0.180 0.166 0.053 0.085 0.024 0.059 0.014 0.020 0.060 0.034 0.633
9 0.162 0.056 0.122 0.150 0.097 0.311 0.093 0.242 0.055 0.070 0.038 0.055 0.055 0.022 0.067 0.052 0.794
10 0.158 0.101 0.119 0.240 0.099 0.305 0.151 0.101 0.073 0.118 0.051 0.082 0.047 0.062 0.076 0.064 0.988
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11 0.160 0.102 0.186 0.136 0.111 0.281 0.226 0.195 0.069 0.173 0.048 0.040 0.083 0.052 0.124 0.063 1.000
12 0.140 0.096 0.178 0.181 0.130 0.182 0.133 0.202 0.060 0.198 0.076 0.082 0.032 0.067 0.054 0.072 0.973
13 0.141 0.081 0.148 0.255 0.121 0.241 0.184 0.201 0.044 0.100 0.080 0.092 0.055 0.023 0.122 0.040 0.922
14 0.083 0.068 0.118 0.188 0.100 0.136 0.047 0.201 0.000 0.056 0.048 0.061 0.019 0.025 0.075 0.054 0.692
15 0.029 0.018 0.082 0.180 0.090 0.082 0.046 0.028 0.008 0.009 0.018 0.046 0.072 0.030 0.048 0.032 0.461
16 0.000 0.037 0.024 0.066 0.136 0.149 0.000 0.000 0.000 0.028 0.003 0.012 0.019 0.012 0.047 0.021 0.284
17 0.000 0.000 0.007 0.000 0.195 0.088 0.000 0.000 0.000 0.000 0.001 0.008 0.007 0.005 0.018 0.023 0.164
F** 0.160 0.100 0.182 0.197 0.121 0.299 0.173 0.200 0.067 0.185 0.078 0.087 0.083 0.060 0.090 0.066
M=0.25
Age 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 Recruit ratio*
3 0.004 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.003
4 0.007 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.006
5 0.017 0.001 0.000 0.007 0.001 0.004 0.006 0.005 0.006 0.003 0.002 0.001 0.001 0.002 0.002 0.001 0.040
6 0.045 0.003 0.009 0.031 0.018 0.004 0.039 0.103 0.016 0.023 0.008 0.006 0.004 0.004 0.008 0.005 0.184
7 0.085 0.020 0.026 0.079 0.032 0.080 0.086 0.080 0.019 0.028 0.024 0.014 0.008 0.006 0.034 0.016 0.362
g 0.080 0.044 0.060 0.118 0.076 0.142 0.138 0.125 0.040 0.068 0.020 0.051 0.012 0.018 0.058 0.034 0.621
9 0.126 0.044 0.108 0.138 0.088 0.296 0.071 0.186 0.043 0.055 0.031 0.047 0.049 0.020 0.066 0.054 0.807
10 0.128 0.080 0.096 0.220 0.095 0.287 0.149 0.079 0.057 0.093 0.042 0.070 0.041 0.058 0.075 0.066 0.974
11 0.116 0.085 0.151 0.113 0.106 0.284 0.221 0.205 0.056 0.138 0.040 0.034 0.074 0.048 0.121 0.064 1.000
12 0.087 0.071 0.152 0.149 0.111 0.182 0.142 0.206 0.067 0.165 0.063 0.070 0.028 0.062 0.052 0.074 0.965
13 0.053 0.050 0.111 0.183 0.101 0.211 0.194 0.230 0.0048 0.119 0.069 0.078 0.049 0.021 0.120 0.042 0.911
14 0.015 0.025 0.075 0.142 0.087 0.118 0.043 0.227 0.000 0.064 0.061 0.055 0.017 0.023 0.074 0.055 0.647
15 0.005 0.005 0.030 0.113 0.069 0.074 0.041 0.026 0.010 0.012 0.022 0.061 0.068 0.028 0.047 0.033 0.438
16 0.000 0.006 0.011 0.025 0.085 0.117 0.000 0.000 0.000 0.036 0.003 0.016 0.027 0.012 0.045 0.022 0.251
17 0.000 0.000 0.000 0.000 0.071 0.055 0.000 0.000 0.000 0.000 0.001 0.011 0.009 0.007 0.019 0.029 0.139
F** 0.123 0.079 0.151 0.161 0.106 0.289 0.176 0.217 0.060 0.141 0.064 0.063 0.048 0.056 0.120 0.068

* Ratio of exploitable part in the population in number, showing age-specific selectivity by the fishery.

** Fishing mortality coefficient for fully recruited age groups.
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Table 18. Population number (10°) by age and year and population weight (10°t) by year for yellowfin sole in the eastern Bering Sea,

estimated by cohort analysis for 3 levels of natural mortality coefficient ().

M=0.12
Age 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979
3 726 1,219 1,701 1,233 1,310 3,072 3,268 3,422 3,856 4,296 3,008 2,164 (5,527)*(6,551) (6,386) —**
41,02 635 1,082 950 1,093 1,162 2,725 2,899 3,035 3,420 3,812 2,667 1,920 (4,902) (5,811) (5,664)
5 1,268 959 563 959 842 970 1,030 2,416 2,571 2,688 3,031 3,379 2,365 1,702 (4,348) (5,152)
6 1,420 1,077 849 499 838 746 852 900 2,119 2,249 2,371 2,680 2,994 2,094 1,507 (3,844)
7 1,544 1,134 950 739 406 716 655 691 643 1,817 1,910 2,075 2,354 2,641 1,848 1,323
§ 330 1,149 964 801 562 332 543 486 516 549 1,529 1,628 1,800 2,064 2,325 1,576
9 301 240 93 762 572 434 204 372 335 421 431 1,311 1,338 1,570 1,791 1,938
10 350 208 192 683 523 435 221 150 232 273 337 363 1,084 1,111 1,359 1,481
11 226 247 158 137 408 391 232 144 107 18 205 279 200 909 919 1,113
12 76 157 190 105 94 298 207 135 8 82 120 170 235 233 761 717
13 2 54 120 132 70 65 192 140 78 63 46 103 136 200 192 638
14 7 23 42 85 88 52 34 120 78 62 43 33 81 113 173 150
15 3 5 18 31 57 69 37 21 69 69 49 33 25 70 97 142
16 2 2 4 4 21 4 55 31 2 60 60 42 26 18 60 82
17 2 2 2 g 12 15 32 49 22 17 50 53 36 22 15 51
Pw*** 665 718 811 807 743 748 645 621 686 916 1,143 1,448 1,774 2,053 2,205 2,609
Ba**** 357 421 517 565 534 547 454 426 398 503 638 836 1,067 1,340 1,636 1,870
M=0.20
Age 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979
31,834 2,447 2,271 2,616 2593 6,331 6.264 6,360 6,680 6,912 4,685 3,239 (8,259)*(9.783) (9,538) —**
4 2,375 1,491 2,003 1,859 2,142 2,123 5,183 5,129 5,207 5469 5,659 3,836 2,652 (6,762) (8,009) (7,809)
5 2,478 1,927 1,221 1,640 1,522 1,753 1,737 4,243 4,199 4,260 4,475 4,633 3,140 2,171 (5,536) (6,556)
6 2,707 1,983 1,576 999 1,330 1,345 1,428 1,409 3,451 3,408 3,475 3,656 3,790 2,567 1,774 (4,521
7 2,621 2,09 1,619 1277 78 1,063 1,013 1,107 1,005 2,765 2,709 2,818 2,971 3,090 2,092 1,440
§ 611 1,93 1,676 1,286 95 614 783 738 813 802 2,185 2,154 2,269 2,410 2,513 1,653
9 64 450 1,504 1,283 919 720 416 535 512 631 603 1,746 1,662 1,832 1,935 1,938
10 507 323 348 1,000 904 683 432 310 344 397 482 475 1,353 1,288 1,467 1,481
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11 346 355 239 253 702 670 412 204 230 262 289 375 359 1,088 991 1,113
12 124 242 262 163 181 514 414 269 205 176 180 225 295 270 82 717
13 50 & 180 180 111 130 351 297 180 158 118 137 170 234 207 638
14 12 36 67 127 114 81 84 239 199 141 117 89 102 132 187 150
15 10 16 27 48 86 84 58 65 160 163 109 91 69 82 105 142
16 8 8 20 21 33 64 64 45 52 130 132 88 7 52 65 82
17 6 6 6 25 16 24 45 52 37 43103 108 ! 57 42 51
Pw*** 1,122 1,232 1,351 1,388 1,244 1,227 1,111 1,069 1,205 1,484 1,730 2,012 2,273 2,436 2,496 2,711
Ba**** 594 713 858 944 913 924 84 772 752 873 1,015 1,206 1,410 1,630 1,829 1,942
M=0.25
Age 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979
3 3,051 3968 3,778 4,325 4,081 10,050 9,481 9,390 9,424 9,307 6,119 4,121 (10,518)(12,463) (12,147) —**
4 3,191 2,366 3,090 2,943 3,368 3,178 7,827 7,384 7,313 7,340 7,248 4,766 3,209 (8,192) (9,706) (9.460)
5 3,318 2468 1,842 2,407 2,292 2,623 2,474 6,095 5,750 5,692 5714 5644 3,711 2,499 (6,379 (7,558)
6 3.404 2,540 1,920 1,434 1,862 1,784 2,035 1,914 4,724 4,449 4,420 4,442 4,393 2,886 1,943 (4,957)
7 3,239 2533 1,973 1,483 1,083 1,425 1,383 1,525 1,345 3,621 3,385 3,416 3,438 3,408 2,239 1,501
8 817 2316 1,934 1,498 1,067 817 1,024 988 1,09 1,028 2,743 2,575 2,623 2,655 2,638 1,685
9 604 587 1,726 1,419 1.037 770 552 695 680 820 748 2,094 1,906 2,018 2,031 1,938
10 632 415 437 1,206 962 739 446 400 449 507 605 565 1,557 1,414 1,540 1,481
11 480 433 299 309 754 681 432 209 288 331 360 452 410 1,163 1,039 1,113
12 200 333 310 200 215 528 399 270 190 212 224 269 340 297 863 717
13 130 143 242 207 134 150 343 270 171 138 140 164 196 257 217 638
14 90 96 106 168 134 9 95 220 167 127 9% 102 118 145 196 150
15 60 69 73 6 114 9% 65 71137 130 93 70 75 90 110 142
16 45 46 54 55 53 83 69 49 54 105 100 71 51 55 69 82
17 35 35 36 41 42 8 57 54 38 42 79 78 54 39 42 51
Pw*** 1,557 1,620 1,670 1,595 1,473 1,430 1,308 1,262 1473 1,802 2,074 2,361 2,592 2,675 2,633 2,760
Ba**** 93 965 1,078 1,116 1,055 1,028 898 854 846 984 1,151 1,368 1,575 1,768 1,914 1,946

* Provisional estimates in parentheses.

Unknown.

* %

ok x

Total population in weight of age 6 and older fish.

**** Exploitable population in weight, Ba= P,* r,» BW,, where P is population in number, ¢ is age, » is recruit ratio from Table 17, and BW

weight.

is average body-
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Fig. 50. Annual changes of commercial catch, catch per unit effort (CPUE), and biomass estimate from
trawl surveys and cohort analysis for yellowfin sole in the eastern Bering Sea, 1964-1983.

G: Commercial catches.

Ba: Exploitable biomass estimates from cohort analysis for respective natural mortality

coefficient.

B: Biomass estimates from Japan-U.S. or U.S. trawl surveys. Bottom contact of trawl was
improved between 1981 and 1982.

Bj: Biomass estimate from Japanese trawl surveys.

C/El, C/E2, C/E3: CPUE of pair trawlers attaching to Japanese flounder motherships for
October-December period, September-November period, and July-October period, re-
spectively.
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Fig. 51. Age compositions of yellowfin sole population in number in the eastern Bering Sea,
estimated by cohort analysis, 1964-1979.
Dominant year classes are shown in shades.
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Fig. 52. Relationship between parental stock size in number and recruit in number (population at age 3)
for yellowfin sole in the eastern Bering Sea, estimated by cohort analysis.
Bottom temperature condition in each year is shown by mark.
Parental stock sizes are unknown for 1959-1963.
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Table 19. Biological informations by age used in the

yield-per-recruit analysis for yellowfin sole

in the eastern Bering Sea. (BAKKALA and WESPESTAD, 1984), %}
PIBRBE N FAEERFEOEE I FEL T
Total- Body- . Ratio of _ i e
Age length weight lljatlolof Mature BH I ERRLT 3. IX AT VA 1,
(mm) © AT Pemale 7 T AN RS T S BRI &
3 109 13 0.441 0 L, OORE(FIZ, AiRSCEEEM, thADE
4 142 30 515 0 IR T 28 < MEiR A © OBRBEDORE
5 171 54 0.557 0 ERIPTLEEZSND, LD HENL
tm o B 7 =
6 197 g5 0.569 0 BREE C EREEEOBRIC DL T ELT
7 291 121 0.539 0 IMBENH B, iz, HETFOEIERE 3%
8 241 162 0.470 0 WETHETORIEEZOERIZDONTY
9 260 205 0.519 0.145 Woe et 20BN H 5,
10 277 250 0.507 0.273 B
2. MIAE - N UNE /KRS & B BB
11 292 297 0.487 0.564
12 305 339 0.405 0.734 2.1 mAHhRE
13 317 383 0.516 0.867 J R — MEFTORER, A 3K, S 10
14 321 425 0.561 0.932 e (EEMICIZ 6D 9/ I2h ) TfT
15 337 464 0.483 0.903 bil, URLIBCIZu O ESKEI > T3
16 345 507 0.444 0.931 ZEDIRENT, ALY NE(Y/R)
17 353 537 0.500 0.909 2, TOMAEIE (WO &) 2EE
* Average of values shown in PEREYRA ¢f a/. (1976),SMITH AN, FOEHANDENSHBLEDL %
and BAKKALA (1982), and BAKKALA e/ al. (1985). WL r L, EJIIJK\ L7 3KEDOMIZHIL T
UTFoXE2HWTEHEL I,

/ t
Y/R=E - EA e w, e 1l (reycexp (—2)+ (1 —r_y) *exp (—M))
=tp x=Ir+1

ZIT, EGWIEET, E=F/Z: (1 —exp(—2)), FIXEELCHRE, Z3 SR H%, MZBEHRE
TR, 73RO MAEIE (£ 17) TEM—E, w3 FIHEE (E19) TEM—E, TR#ErEbLL,
I=RTIZ10DER L2 LD ET 5, wIZMABBERT, BEMGER (3% CHELL, 3RS
FEWT, ZITRAMML 20 TIEAL, FENCINECEEL, $EMEHOB N 18K L
e BONTY/REMSIIZR LIz MBKEL BB >TY/RIZNIWHEER > T3S, M250.20
KU 0.25 Tix, F#2.0 2 TOMICY/RIFFOBREN %L, Y/RIFIFEEHITHEML T3, Ly
L, MEOWET N #Mz g, HEGHENHS L TIASESET L, BEIRL 2l sH 2,
DT L, BRESHETIZM=0.12 1220 THHTEE 2, CNETOL IS, BEEHMBRIES
NTB5T, BROMAZENE SN HAKEITHTSH S,

+3 (1973) 1, mAEHEEER (MSY) 252 2 &lUkE (HADR) ZHABRSNLEEIRRE
DRI Y L TEBIcH D, T LToUBUTIIARS 23R EDEZ %2, BEEMBEIESN
TOAVABIZETEO T, SHRERME» S BELF 2 AR fMiFEEs T L, 22T1), Hiex
5o TUTDE D ICHRED FIE (Fp) 2RO, %7, METHRAERPIAKEIEZZ0OT, HALL
THEDAHAZRV, ZNFNOFOMETE SN S ERIER LR 19 R LR URAOE G, & HiA
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Fig. 53. Yield-per-recruit curves incorporating partial recruitment for 3 levels of natural mortality
coefficient (M) for yellowfin sole in the eastern Bering Sea.
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Table 20. Estimation of optimum yields for 3 levels of natural mortality coefficient for
vellowfin sole in the eastern Bering Sea, based on yield-per-recruit analysis

and recruit in number.

OY/R R ()4
e Fope Eon (g/indiv.) (10° indiv.) (t)
0.12 0.14 0.123 64.0 (L)* 1.11 71,000
(H) 4.16 266,000
0.20 0.16 0.134 3.3 (L) 2.30 81,000
(H) 6.81 240,000
0.25 0.17 0:.139 24.7 (L) 3.84 105,000
(H) 9.30 230,000
M © Natural mortality coefficient
B > Optimum fishing mortality coefficient
Eop: : Optimum exploitation rate
OY /R : Optimum yield-per-recruit
R > Recruit in number, estimated by cohort analysis
[N . Optimum yield

* Recruit level : (L) : low, (H) : high.
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Appendix Table 1.

Male, eyed-side

Radius (r; 0.01 mm) of i-th annulus by group having same number (j) of annuli for yellowfin sole sampled in 1968 in the eastern

Bering Sea.

; ol 3| 4] 5| 6| 7] 8| 9|10 |1 ]12]|13|14)|15/|16]|17]|18]|19]2]2 g r |7
1 35.48| 36.53| 26.07| 33.68| 37.90| 31.40| 28.46| 30.56| 35.27| 42.22| 34.35| 34.71| 31.00| 24.50| 24.60{ 29.50| 31.00| 37.00 437.63| 33.66
2 (125.41){102.94] 96.50| 95.07|103.07| 98.64| 94.31| 90.52| 98.95108.52|105.06| 94.00| 83.44| 77.00| 80.40| 84.50| 87.00/107.00 1171.02| 97.59
3 129.33%(169.12){146.00(140.18[143.28|143.76(140.54|133.72|143.64|149.65|150.76|137.00/133.22|123.00{130.20{147.00{117.00{172.00 1561.75|141.97
4 172.47((212.57)[181.14|182.41{183.00(180.88|170.76{179.09(189.22|185.06|191.71|178.56|157.75[174.40{178.50{149.00{214.00 1821.83(182.18
5 217.13((236.64)[226.93]222.00{221.96|203.92(210.55219.70|218.47|227.57|220.78|187.25(211.40{209.00{180.00{240.00 1971.88(219.10
6 242.82((281.59)1259.52(258.46(238.12|244.23|248.83|245.82|264.71|260.22|229.25(245.80(244.00{196.00{263.00 2019.91|252.49
7 286.55((301.52)|290.65|268.84|277.05|287.52(275.12|292.43|304.00{278.00{282.00|287.00{239.00|287.00 1986.61|283.80
8 307.28((325.15){303.76(308.23|306.83|301.00|318.43|337.78|321.75{330.60/339.00{295.00{307.00 1879.03(313.17
9 329.81((345.08)336.05(340.17|329.94|341.86/367.33|394.50{371.00{379.50{341.00/353.00 1715.35|343.07
10 351.92((366.36)[370.00|360.18|364.00{392.11|372.25|396.20|398.50|370.00|406.00 1486.29|371.52
11 370.45((404.57)|385.82|388.71|414.33]|399.00(420.00{414.00{400.00{432.00 1188.86|396.29
12 409.00/(416.06)]411.00{432.00[418.00|434.20|429.50{409.00(450.00 843.00(421.50
13 418.82((438.29)|448.89(434.75|445.60(445.00(422.00(462.00 448.89(448.89
14 439.86|(467.56)|449.501459.20(458.00(438.00{474.00
15 469.89((466.50)470.20(470.00(450.00(485.00
16 466.50((484.40)(482.50/465.00(494.00
17 485.20((500.00){473.00|506.00
18 500.001(495.00)[517.00
19 495.00](529.00)

20 529.00

Number| 27 | 34 | 30 | 28 | 29 | 35 | 26 | 25 | 22 | 23 | 17 | 7 | 11| 4 5 | 2 1 1

*Otolith radius

M4 7~ (| =5

MO ke 0%
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Appendix Table 1.

Female, eyed-side

(continued)

S 2 3| 4| 5 |6 | 7| 8| 9 | 10| 11| 12|13 14|15] 16| 17| 18| 19| 20| 2l z v |7

1 37.46| 36.56| 29.61| 37.24| 36.55| 29.72| 29.22| 35.35| 37.53| 48.26| 33.29| 37.56| 26.90| 28.00| 27.55| 29.43| 24.50| 36.00| 49.00 540.23| 33.76
2 (125.85)[101.24| 96.29(101.43|103.91| 98.36| 95.87| 95.71| 95.88(114.86(102.71| 93.44| 89.80| 92.50| 96.45| 86.00] 96.30({108.50({110.00 1464 .45| 97.63
3 129.19((166.86)| 144 .32(148.00{150.52|147.36{143.78|139.68|138.66|156.23|151.29|142.56{131.70{129.75(137.18|136.29|141.00{158.00{169.00 1997.32(142.67
4 170.83/(206.00){199.90{196.36{189.64|187.39|179.91|175.56(196.43|189.47(190.78[172.70{169.13(177.00{182.29|188.50{204.00{203.00 2406.56(185.12
5 210.50((261.19)|238.09|232.24|229.78|219.88(209.25{230.29|226.24(237.00{221.60{218.00{216.55|217.57|227.00|245.00|250.00 2696.49(224.71
6 265.76((287.18)|270.52|269.13|256.09|243.28|262.71|259.18(271.22{260.20{264.13|259.73|255.29(258.50|288.50(283.00 2871.48(261.04
7 292.39((315.44)|310.33|292.41|276.75|295.74|285.76|298.11{300.20{302.38|300.64|307.00{290.50|320.50{324.00 2969.821296.98
8 319.68|(354.26)|325.24|309.66|326.60(318.71]323.11{333.80{338.13|336.55|348.71|331.00{352.50{361.00 2960.51[328.95
9 357.22((361.12){340.28|358.94|353.65|345.33|360.40{363.38|365.27|386.14|371.50|388.00|395.00 2873.39(359.17
10 362.74((375.88)[390.20[386.00|367.67|385.50(389.00(389.64|414.57|413.50|428.00|428.00 2722 .58|388.94
11 379.31((424.57){412.00|392.11|407.00{411.13|412.73|433.29|449.00|465.50|478.00 2468.26(411.38
12 429.91|(438.18)|412.33|431.20|429.25|432.45[450.14|465.50[479.00{499.00 2155.37(431.07
13 441.24(433.67)|446.90|447.75|453.55[473.00[486.00{493.00[523.00 1821.20(455.30
14 438.22((465.70){463.50(468.82|490.71/498.00|507.00(549.00 1423.03|474.31
15 467.501(486.63)]483.00|508.86|513.50|530.00/571.00 991.86{495.93
16 486.63|(498.18)|526.29|537.50(555.00|581.00 526.29|526.29
17 499.09](545.00)|548.00|567.50|593.00
18 547.57((560.00)|577.00{611.00
19 565.501(598.50)[623. 00
20 601.00|(640.00)

643.00

Number| 26 | 29 | 28 | 21 | 33 | 25 | 23 | 34 | 32 | 3 | 17| 9 |10 | 8 | 1| 7| 2 | 2 1
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Appendix Table 1. (continued)
Male, blind-side

o 3 4 5 6 7 8 9 | 10 | 11 | 12| 13| 14| 15| 16| 17| 18| 19 | 20 | 21|,

1 35.67| 35.94| 26.10| 32.22| 37.31| 31.76| 29.40| 32.20| 36.50| 41.65| 35.18| 31.71| 33.33| 24.00| 25.40| 30.50| 31.00| 37.00 441.97
2 (114.48)| 93.56| 87.83| 85.33| 93.55| 89.76| 84.68| 83.40| 90.23| 96.91| 94.18| 83.57| 76.11| 72.50| 73.80| 74.50| 85.00| 89.00 1059.11
3 117.15|(150.59)130.201125.78/128.86{129.60/125.12{120.88|128.00{133.00{132.41|129.86(119.33|111.75{112.40[121.00|112.00|134.00 1403.04
4 152.47|(186.67)| 161.70|163.48|162.36/160.48|151.80|158.00|166.43|164.12|168.71|156.33|142.75|147.20|152.50|136.00|167.00 1613.41
5 189.63((208.96)[199.00{195.36|193.68|180.48|183.27|192.83|190.29|200.29|189.67|170.50{176.60[184.50|163.00|193.00 1724 .87
6 211.19|(241.07)|227.28224.60|207.81|210.64(217.35|213.24|227.29|222.33|200.75| 204.80| 220.00| 185.00|213. 00 1750.54
4 243.17|(262.76)|252.48|235.28|237.09]242.74|238.00|251.71|257.89|240.25|237.80|256.00(200.00(238. 00 1715.19|2
8 261.84/(281.88)|262.12|263.09|266.23|260.82|274.00|286.44|277.50/278.40(284.50(222.00|257.00 1612.70
9 284.12((293.88)(285.36|292.57|283.94(295.71|307.89[301.75|308.20|305.50(245.00(287 .00 1465.47
10 295.52((310.73)[314.57|306.94|313.43(327.67|324.00{331.00[318.50|273.00(320.00 1262.61
il 311.82((342.17)|328.59|333.14|344.44]339.00{353.00|328.00/299.00{341.00 1006.17
12 344.04{(352.00){349.43|359.67|354.75|368.40(337.00{319.00|352. 00 709.10 |3
13 353.88(370.14)372.33(369.75/381.00|348.50|330.00{362.00 372.33 |¢
14 370.71/(385.22){ 383.00[395.00/|359.00{343.00|373.00

15 386.78((396.00){406.20{368.00|354.00|379.00

16 396.00((419.60)| 377.50/367.00{387.00

17 419.60/(387.50)| 374.00|397. 00

18 387.50((389.00)(406. 00

19 389.00((415.00)

20 415.00
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Appendix Table 1. (continued)

Female, blind-side

; i 2 3 4 5 6 T 8 9 10 11 12 13 14 15 16 17 18 19 20 21 12:. Yij 7i
1 37.54| 38.55| 30.00| 36.29| 35.74| 30.76| 29.17| 35.61| 37.50| 46.54| 33.19| 35.00| 26.86| 29.11| 29.64| 30.14| 24.00| 41.00 561.64| 33.85
2 (114.81)| 93.45| 87.21| 91.19| 92.89| 85.64| 87.13| 85.73| 86.50/103.19| 92.75| 82.63| 80.00| 82.44| 85.64| 78.71| 79.00|110.00 1315.10| 87.67
3 117.69|(151.45)[129.43]131.81|131.83]131.12[128.78|125.06(122.47|140.24|134.88{124.00{113.29/118.67|121.27120.86/111.00|159.00 1773.711126.69
4 153.72|(183.75)| 173.38|170.23|167.52|165.26|159.48|154.03(174.54|167 .44|165.33|145.71|151.33|154.64|155.57|140.00|207.00 2104.46|161.88
5 186.54((223.71)|206.83|203.40/199.65(192.00{181.28|203.35[197.88|205.50|183.43|187.22|186.45(184.14(167.00|243.00 2331.13|194.26
6 225.76((248.03)1236.20(233.61|222.03|209.84(229.81|224.50(233.13|218.71|225.00|220.00{217.29/195.00{291.00 2470.12|224.56
7 249.89((272.56)|264.22|253.94|235.97|257.24|247.06|256 . 25| 248 .29| 258 . 11| 254 . 00| 252.86|217.00{316. 00 2527.94(252.79
8 274.40((297.65)| 278 .64|263.03|282.27|276.00[274.75|281.00(288.33|282.45|288.00(245.00|338.00 2514.47\279.39
9 299 .26(308.45)|288.34/310.19|304.25(293.50/304.43|313.56{307.91|317.71|277.00|360.00 2439.89(304.99
10 311.21{(316.66)|334.46{330.81|316.63|330.71|335.89(331.82|340.43|318.00/380.00 2320.75]331.54
11 319.31/(362.89)[351.50|338.50|352.43|356.78|349.36|355.86|333.00|394.00 2104.43]350.74
12 365.16((327.13)|356.50|375.00|373.44|366.45[370.14|344.00|401.00 1841.53|368.31
13 373.06((378.75)|392.00]392.67|384.73|387.86|352.00/404.00 1557.26|389.32
14 382.13/(409.00){407.33|401.55[404.29|360.00|409.00 1213.17|404.39
15 410.71|(421.44)|414.18|421.29|367.00|413.00 835.47|417.74
16 422.22((436.09){436.00|375.00|418.00 436.00(436.00
Lif 427.55|(450.29)[ 384 .00{426.00
18 451.86/((394.00)|434.00
19 394.001(443.00)
20 443.00

Number| 26 29 28 21 35 25 23 33 32 37 16 8 7 L‘? 1 7 1 1
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Appndix Table 2.

Total-length at /-th annulus by group having same number (7) of annuli for yellowfin sole sampled in 1968 in the eastern Bering

Sea, back-calculated from radius of annulus shown in Appendix Table 1, using the otolith radius and total-length relationship.

Male, eyed-side

; 7| 2 3 4 5 6 7 8 9 | 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 TL*—PLHT?};}Fll TL**
1 20.52| 21.16| 14.81| 19.42| 22.00| 18.03| 16.25| 17.52| 20.39| 24.66| 19.83| 20.05| 17.79| 13.87| 13.93| 16.88| 17.79| 21.45 19.41| 252.43| 19.42
2 (77.95)| 63.26] 59.09| 58.16| 63.35| 60.47| 57.67| 55.22| 60.67 66.89| 64.64| 57.47| 50.67| 46.54| 48.72| 51.35| 52.95| 65.90 59.79| 717.56| 59.80
3 80.52***|(106.92)| 91.53| 87.68| 89.73| 90.05| 87.92| 83.42| 89.97| 93.96| 94.69| 85.58| 83.09| 76.36| 81.10| 92.20| 72.43]108.85 88.87| 977.62| 88.87
4 SL31109.16(136.16){ 114.97]115.83|116.22(114.80(108.02(113.60[120.40|117.61(122.08|113.24| 99.34/110.46/113.20| 93.52/137.13 115.67{1156.77(115.68
5 (107.1)139.25[(152.51){ 145.91|142.56| 142.53| 130.31|134.80(141.00{140.16(146.34|141.73]119.08|135.37|133.75(114.21|154.80 140.59]1265.34/140.59
6 (133.7)]156.73|(183.30)| 168.15(167.42|153.52|157.69|160.83|158.78|171.70| 168 .62|147.48| 158.76|157.53|124.97|170.53 163.33[1306.71/163.33
7 (151.9)[186.71{(197.04){189.54|174.54(180.18|181.19|178.85|190.77|198.75/180.83|183.58|187.02[154.12|187.02 184.82(1293.82(184.83
8 (183.0)]201.02/(213.40){198.59| 201.68|200.71|198.75|208.74|222.17|211.04|217.18/223.02|192.54|200.83 205.10{1230.64|205.11
9 (202.0)|216.64|(227.25){220.97|223.84/216.73|225.01|242.77|230.33|245.34|251.28|224 . 41|232 .77 225.85|1129.32|225.86
10 (217.3)|232.02|(242.09)| 244 .64|237.78|240.44|260.12| 246. 21| 262. 99| 264 . 60|244 . 64|269 . 87 245.70| 982.98|245.75
10l (230.4)|244.95((268.86)|255.71|257.73|275.73|264.95|279. 72| 275.49|265.65|288 . 17 263.05| 789.17|263.06
12 (244.9)(271.98(276.94){273.38|288.17(278.31|289. 72| 286.41|271.98/300. 88 280.77| 561.55|280.78
13 (270.8)|278.88/(292.61)|300.10(290.11(297.77|297.35(281.12/309. 37 300.10| 300.10]300.10
14 (279.4)(293.72/(313.31)[300.53]307. 39| 306. 54| 292.40|317 .87
15 (297.5)|314.96(312.55) 315.18|315.03/300. 88| 325. 67
16 (337.0)|312.55|(325.25)[ 323.90|311.49|332.07
17 325.81/(336.33)| 317.16|340.60
18 336.33((332.78)|348. 43
19 332.78(356.99)

20 356.99

Number| 27 34 30 28 29 25 26 25 22 23 17 7 L 4 5 2 L 1 1 i#

*  Calculated from 7, shown in App. Table 1. ** Average. *** Calculated from otolith radius. ****Average of individuals in samples.
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Appendix Table 2. (continued)

Female, eyed-side

; £l g 3 4 5 6 7 8 9 | 10 | 11 | 12| 13| 14| 15| 16| 17 | 18 | 19 | 20 | TL | g, | TL

j 22.06] 21.50] 17.22| 21.92| 21.49] 17.28| 16.98| 20.75| 22.10| 28.81| 19.48| 22.12| 15.56| 16.23| 15.96| 17.11| 14.10| 21.15| 29.27| 19.77| 316.57 19.79
2 (79.08)| 62.88| 59.65| 63.00| 64.63| 61.00| 59.37| 59.27| 59.38| 71.82| 63.84| 57.79| 55.42| 57.17| 59.75| 52.95| 59.78| 67.64| 68.63 60.52| 907.92| 60.53
3 81.30((106.45)| 91.36| 93.82| 95.50| 93.39] 91.00| 88.27| 87.59| 99.32| 96.01| 90.19| 82.96| 81.67| 86.60| 86.01| 89.15/100.51{107.89 90.26/1263.69| 90.26
4 (81.2)1109.12((132.92)[128.77|126.37|121.82|120.30{115.24|112.31|126.42(121.70|122.59|110.38{107.98|113.28/116.85121.05 131.56(130.88|118.76{1544.01|118.77
5] (106.8)|135.98((170.69)| 154 .82 150.82|149.13|142.37(135.13|149.48|146.71|154.07|143.54(141.09(140.10|140.79|147.23]159.56|162.99 145.67|1748.05/145.67
6 (131.1)173.84(188.63)[177.12[176.16|167.18|158.38|171.73|169.30[177.60|170.01|172.71|169.68|166.63|168.84|189.54|185.74 170.58|1876.50|170.59
T (168.6)]192.24((208.24)1205.03]192. 25| 181.42|194.56|187.65|196.20|197.65|199.16|197.96|202.37|190.93|211.76|214.20{195.42|1954 .25 19543
8 (187.9)[211.19((235.32)| 215. 06] 204 .22|216.01|210.51|213.58|221.03|224.05|222.95|231.44|219.07|234.09|240. 04| 217 .64 1958.85|217.65
9 (206.3)|237.401((240.13)|225.55(238.60[234.90|229.08|239.62(241.71|243.04|257.69|247.41|259.00{263.92|238.76 1910.19|238.77
10 (229.5)|241.26/(250.48)| 260 .55|257.59|244 . 72| 257 .24|259.70|260.15|277.96|276.97|287.21|287.21|259. 66| 1817 .67|259. 67
11 (244.3)|252.89/(284.78)|275.91(261.89|272. 38| 275.29|276.42|290.95(302.07|313.78|322.67|275.47| 1652 .84| 275.47
12 (258.6)|288.56((294.41)| 276. 14| 289.47|288.09|290.35/302.88|313.78|323.38|337.62|289. 38| 1446.93|289. 39
13 (284.7)(296.58(291.22)1300.59(301.19(305.30|319.11|328. 36|333.34|354.75(306.54|1226.19|306.55
14 (302.7)|294.44((313.92)|312 .36/ 316. 14| 331. 71| 336.91|343.32|378.36|320.06| 960.21{320.07
15 (317.5)]315.20((328.81)| 326.22(344.65|347.96{359.75|389.14|335.43| 670.87|335.44
16 (322.)1328.81((337.03)[357.10|365.12|377.66{396.32|357.10| 357.10{357.10
L7 (350.)|337.68](370.49)| 372.64|386.62|404.95
18 372.33((381.24){393.45|417.91
19 385.19((408.91)|426.57
20 410.71{(438.84)

441.01

Number| 26 | 29 | 28 | 21 | 33 | 25 | 23 | 34 | 32 | 35 | 17 | 9 | 10| 8 | 11| 7 2 2 1
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Appendix Table 2.

Male, blind-side

(continued)

; |2 3 4 5 6 7 8 gjrm 11| 12 | 18 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | TL | B | 7L
1 20.91| 21.09| 14.67| 18.63| 22.00| 18.33| 16.79| 18.62| 21.46| 24.92| 20.58| 20.27| 19.36| 13.31| 14.23| 17.51| 17.83] 21.79 19.80| 257.63| 19.82
2 (78.41) 62.38| 58.07| 56.20| 62.37| 59.52| 55.71| 54.76| 59.87| 64.92| 62.85| 54.88| 49.36| 46.72| 47.67| 48.18] 55.95 58.94 58.39| 700.89| 58.41
3 80.49](170.00)] 90.73| 87.24| 89.67| 90.25| 86.73| 83.40| 88.99| 92.94| 92.48| 90.46| 82.19| 76.30| 76.80| 83.50| 76.49| 93.74 88.64| 975.08| 88.64
4 (81.3)]108.51((136.49)| 115.99(117.44[116.53/115.00{107.97|112.98|119.84|117.96|121.71|111.63]100.70|104.27|108.54 95.37 (120.31 115.70{1157.05{115.71
b (107.1)]138.95((155.11)|146. 76| 143.72| 142. 32| 131.37|133.68| 141.61|139.50|147.84|138.98(123.17|128.18|134. 70| 117.05|141.75 140.63|1265.78(140.64
6 (133.7)1156.99(182.40)[170.62|168.34(154.15|156.53|162.19|158.72|170.63| 166.41| 148.22|151.62|164.44|135.11|158.52 163.44|1307.59/163.45
7 (151.9)|184.20((201.11){192.22(177.44(178.99|183.83|179.77|191.55(196.89|181.70|179.60|195.26| 147.60|179.77 185.80(1300.69[185.81
8 (183.0)(202.92 F217.78) 200.56{201.40/204.13{199.43|210.89(221.78|213.95|214.74|220.08| 166.13]196.12 206.351238.19|206.37
9 (202.0)|219.75|(228.32)|220.83|227.17|219.59|229.94|240.70|235.27|240.98| 238 . 58| 185. 78| 222.27 227.63]1138.23|227.65
10 (217.3)229.77)(243.22)| 246 .63]239.86|245.62| 258 . 31| 255. 08| 261.28|250.13/210.02|251. 46 247.59| 990.42|247.59
11 (230.4)|244.19|(271.30)| 259.13]263.20(273.34(268.45|281. 06| 258.60[232.84(270.25 265.21| 795.67|265.22
12 (244.9)(272.98(280.15){277.84|287.08|282.61|295.00|266.66|250.57(280.15 282.46| 564.92|282.46
13 (270.8)|281.85((296.58)(298.57|296. 22| 306.46(277 .00/ 260. 39(289.19 298.57| 29857 (298.57
14 (279.4)]297.09] (31031) | 308.28|319.26|286.48|272.05|299.18
15 (297.5)311.74((320.17){329.54|294.63|281.96(304 . 64
16 (337.0)[311.17|(341.89)[303.27|293. 73|311. 94
17 341.89((312.39)|300.08]321.09
18 312.39((313.76)|329.35
19 313.76((337.64)

20 337.64

Number| 27 | 34 |30 ] 2r |29 ) 25 | 25 | 25 | 22|23 | 17| 7 9 4 5 2 1 1
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Appendix Table 2.

Female, blind-side

(continued)

; 7 2 3 4 5 6 7 8 9 | 10 | 11|12 ] 13| 14| 15| 16| 17| 18|19 | 20 |TL | | TL
1 22.50] 23.18| 17.49| 21.66| 21.29| 17.99| 16.91| 21.20| 22.47| 28.65| 19.59| 20.80| 15.44| 16.90| 17.25| 17.58| 13.61| 24.85 20.86 | 320.93| 20.06
2 1(79.80)| 62.74] 58.05| 61.03] 62.31| 56.87| 57.99| 56.94| 57.52| 70.14| 62.21| 54.63| 52.68| 54.49| 56.87| 51.73| 51.94 75.36 58.39| 876.20| 58.40
3 81.31/(107.97)| 90.48| 92.36| 92.37| 91.81| 89.97| 87.06| 85.03| 99.02| 94.78| 86.23| 77.90| 82.07| 84.09| 83.78| 76.13 114.04 88.33]1236.95| 88.35
4 (81.2)1109.79((134.18)|125.69( 123. 13{120.93[119.10|114.42|110.04|126..64|120.86/119.15|103.38|107.87|110.53 111.27) 98.83 |153.41 116.36(1513.01|116.39
3 (106.8)|136.47|(167.40)| 153.27|150.41|147.30{140.97|132. 15| 150. 37| 145.83|152. 16| 133.92| 137.03|136 .40 134.50{120.51{183.72 142.84|1714.31|142.86
6 (131.1)]169.13|(188.00)|177.95(175.76]165.99|155.78|172.54| 168.07|175.35163.20| 168 .49|164.29|162.01|143.45 224.99 168.12|1849.43|168.13
7 (168.6)1189.58/(209.03)|201.85[193.04|177.75|195.87|187.17(195.02| 188.22|196.61|193.09|192.12|161.77|246.84 192.06{1920.74|192.07
8 (187.9)(210.62((230.78)|214 .. 28|200.83|217.42|212.00|210. 92| 216 32| 222. 67| 217.58|222. 39| 185.42) 266 . 24 214.93|1934.41|214.93
9 (206.3)232.19((240.22)|222. 68| 241 .74|236.54|227.17| 236 70| 244 . 70| 239. 75| 248 . 34| 212.86|285. 81 237.19|1897.62|237.20
10 (229.5)]242 . 64((247.42)|263.11|259. 88| 247 .39|259.80( 264 . 38| 260. 78| 268. 40| 248.60|303.72 260.53(1823.74|260.53
il (244.3)]249.75((288.39)|278.23|266.69|279. 06| 282.93| 276. 33| 282.11|261.82|316.33 277.55|1665.35(277.56
12 (258.6)(290.42(296.65)|282.68|299.23|297.83|291.57|294.87| 271.56|322. 65 293.23|1466.18|293.24
13 (284.7)]297.49(302.59)[314.52{315.13|307.97|310.79(278.67|325. 37 312.11|1248.41|312.10
14 (302.7)[305.63|(329.90)| 328.39|323.15|325.63|285.81|329.90 325.72| 977.17|325.72
15 (317.5)|331.44((341.20)| 334.60{341.07|292.06|333.53 337.84| 675.67|337.84
16 (322.0)(341.91((354.57)| 354 .48|299.23|338.07 354.48| 354 .48 | 354.48
17 (350.0)|346.77((367.57)|307.31|345.36
18 369.01(316.33)| 352 . 66
19 316.33](360.89)

20 360.89

Number| 26 | 29 | 28 | 21 | 35 | 25 | 23 | 33 | 32 | 37 | 16 | 8 | 7 | 9 | 1 | 7 1 1
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Appendix Table 3.

Total-length composition of commercial catch in number (10° individuals) for yellowfin sole by the Japanese fishery in the eastern

Bering Sea, 1955-1982.

Year

T.L (mm) 1955 1956 1958 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968
745
1,280
894
5,185 606 2,063 13
~150 i7 6,835 1,314 1,280 66 46 151 24
8,603 3,639 1 2,927 80 36 636 273
592 471 8,957 | 11,219 963 3,902 186 216 1,226 767
20 1,523 2,118 | 12,080 | 27,896 1,156 9,507 368 293 1,837 1,047
39 39 4,059 | 16,117 | 10,605| 47,504 2,502 | 12,333 636 1,147 3,538 2,569
~200 39 169 5,341 | 35,208 | 18,102 | 67.313 3,174 | 17,225 1,358 2,523 6,081 3,789
235 72 417 8,998 | 44,548 | 67,269 | 61,452 4,039 | 27,774 2,812 6,102 10,034 7,616
391 215 796 | 12,969 | 52,617 | 86,973 | 81,261 3,270 | 32,521 4,449 9,395 | 14,507 5,068
395 548 413 1,274 | 16,864 | 60,160 | 118,902 | 92,783 4,616 | 31,374 5,536 | 13,176 | 18,751 9.095
988 745 520 2,644 | 21,904 | 69,676 | 139,295 | 123,510 5,866 | 27,998 7.348 16,213 | 22,644 12,661
~250 1,186 1,175 1,130 4,076 | 29,601 | 84,327 | 160,122 | 119,062 8,751 | 21,549 7,552 17,546 | 24,571 14,330
1,779 1,332 1,651 5,694 | 31,756 | 97,002 | 167,772 | 121,890 9.231| 21,035 8,420 | 20,331| 26,438 18,277
2,370 2,350 1,885 9,020 | 36,683 | 105,240 | 172,785 | 115,121 8,462 | 17,762 8,192 | 19,877 | 28,257 | 18,308
1,581 2,624 2,315 9,602 | 46,246 | 115,866 | 168,511 | 86,619 8,943 | 18,163 8,524 | 18,797 | 29,042 17,802
2.766 3.760 3.051 10,414 | 42,598 | 114,440 | 162,639 | 90,055 7,780 | 14,844 6,833 | 18,433 | 24.323| 19,036
~300 2,174 3,682 3,177 | 10,357 | 41,402 | 114,941 | 134,198 | 65,394 6,058 | 10,798 5,434 | 15,941 | 20,186 16,199
3,161 4,544 4,039 | 10,680 | 37,593 | 102,488 | 97,474 | 60,239 5,192 8,138 5,084 13,155 | 15,021 | 14,216
2.174 4,544 3,877 8,724 | 28,015| 85,033| 74,783 | 50,536 4,327 5,713 3,489 | 10,475| 11,312 9,415
1,581 4,583 4,343 8,740 | 18,135 | 67,161 | 54,186 | 34,162 3,912 2,659 1,927 7.999 8,917 6,785
2,174 5,170 4,685 7,529 | 13,918 | 49,524 | 31,719 | 28,503 2,115 2,368 1,335 4,539 5,287 4,468
~350 2,174 3,760 4,936 5,441 9.631| 37,284| 22,000| 21,932 1731 1,637 722 3,460 3,715 3,039
3,161 4,034 4,397 4,278 7,130 | 25,908 | 14,123 | 13,948 1,346 438 352 675 842 2,399
2,370 3,447 3,141 3,803 5,224 | 17,690 9,072 8,591 1,346 159 337 377 494 1,195
1,383 2,781 3,069 1,934 4,146 | 13,690 3,769 5,559 769 215 82 220 309 249
1,383 1,998 1,885 1,357 2,686 8,339 2,269 5,357 1,058 56 67 191 185 71
~400 395 2,194 1,723 791 1,755 4,629 1,193 3,942 577 39 42 38 42 5
988 1,410 1,579 661 638 3,105 1,090 1,718 192 3 49 24 68 8
593 470 646 351 255 2,000 14 1,617 2 34
198 430 430 381 255 1,176 14 505 2 19
198 157 126 342 128 1,059 505 2
~450 54 254 58 588 101
18 289 118 202
153 118 101
51 101
34 118
~500 34
Total 35,171 56,442 53,377 | 110,369 | 430,103 (1,332,759 11,760,539 1,354,257 | 97,416 | 297,413 81,300 | 201,227 | 278,481 | 188,717
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Appendix Table 3. (continued)
Year
T.L(mm) 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982
136
69 17 127
~150 69 17 18 50 39 377
695 33 10 46 133 70 34 265 39 83 574
1,413 28 61 10 239 61 315 220 69 365 79 359 1,520
3,615 526 250 1,003 182 217 1,233 733 278 743 631 753 1.995
8.454 84 1,821 1,236 4,454 948 1,020 2,081 1,793 565 1.564 1.144 1,347 2,961
~200 | 13,969 167 3,894 3,496 | 10,215 4,081 2,597 3,744 4,105 1,785 2,925 1,534 1,778 4,483
19.069 595 | 10,728 6,993 | 23,618 8,117 7,045 8,527 9,933 4,456 6,396 2,344 3,904 5,449
27.301 3,475 15,515 | 10,173 | 36,785 | 16,408 | 13,683 | 12.455| 15,106 9,439 | 10,401 4,319 7.539 7.023
34,629 6,418 | 23,045 | 13.166 45,55 | 22,055 | 22,043 | 19,370 | 20,654 | 15,950 | 15,538 8,058 | 11.823| 10,719
40,503 | 12.467 | 32.272| 15,787 | 49,626 | 27,571 | 31,214 | 26,042 | 28,473 | 24,277 | 21,071 | 11,497 | 18,915| 15,822
~250 | 39,401 18,396 | 35,715| 15.976 | 46,161 | 28,305| 32,922 | 31,159 | 34,931 | 28,582 | 25,450 | 19,333 | 24.600| 22,152
43,366 | 24.588 | 38,892 | 18,951 | 46,347 | 28,714| 39,337 | 38,611 | 39,251 | 37,783 | 35,036 | 24,914| 30.187| 26,540
35,052 | 25.354 | 34.705| 16,755| 41.850| 23,368 | 35,289 | 34.636| 40,530 | 39,804 | 35,762 | 35,389 | 34,725 32.815
36,376 | 27.479 | 31.619| 16.260| 33,038 | 16,557 | 28,053 | 30.387 | 33.612| 37,019 | 35,920 | 38,390 | 33,108 | 32,114
29,303 | 25,589 | 27,982 | 14,209 | 25,101 11,209 | 20,565 | 20,277 | 24,361 | 31,159 | 27.600| 37,974 | 30,748 | 29.952
~300| 23.914| 21,080 | 25,217 9.913 | 16,255 7.432 | 14,991 | 13,507 | 14,807 | 21,650 | 19.641| 30,845| 24,171 | 25,291
20,537 | 17.530 | 20,787 8.653 | 11,516 5,289 | 11,095 9,063 8,916 | 14,163 | 12.352 18,563 | 16,777 | 17.131
11,842 | 14,514 15,997 5.576 6,938 3,018 7,804 4,388 5,041 6,448 6.755 9,879 | 11.825| 14,158
9.126 | 11,894 13,011 3,430 4,823 1.625 6.092 2,896 2,726 4,416 3,674 5,217 6.753 8,151
7.998 9,166 | 10,850 2,318 1,947 757 4.611 1.984 1,303 2,019 1.635 2,093 3,755 4,850
~350 5,349 5,363 6,710 1,949 1,490 566 2,339 1.081 1,032 1,312 1.505 1,174 1,923 3,288
1,161 3,042 5,153 841 411 26 1,144 730 193 39 845 1,542
1,041 1,261 2,835 490 153 531 50 41 98 301 914
359 793 1,129 38 282 155 59 41 325
400 522 714 10 27 18 28 20 20 57
~400 305 151 319 10 102 119 55
60 56 266 51 18
40 32 21
43
12
~450 20 21
~500
Total 415,555 | 230,226 | 358,318 | 166.504 | 408,038 | 206,287 | 282,902 | 262,763 | 287,877 | 281,365 | 264,648 | 253.456 | 266,280 | 270,519

8€T
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Appendix Table 4. Age-length keys for yellowfin sole in the eastern Bering Sea, 1964-1975*.
1964 **
Age
2 10 Total
TL (um) 3 4 5 6 7 9 ota
—100
—150
5 5
9| 8| 27 2 46
8| 43 4 55
—200 41 43 11 49
8| 43| 30 84
8 5| 53 1 74
11 48 1 71
5| 53 1 1 2 84
—250 5 51 10 4 4 89
25 12 5 1 58
5/ 30 25| 12 2 91
21 15| 27 2 79
13 11| 27 3 1 75
—300 6 11 20 5 1 64
11 8 5 3 44
2 6| 15 5 4 41
3 5 4 1 22
1 7 4 1 18
—350 2 1 2 9
351— 1 4 17
Total —( — 9| 36| 182| 349 118 138 1,075

*Obtained by the present author for 1964-1969 and by the Ageing Unit of the Northwest and Alaska Fisheries

Center for 1970-1975, which were used in WAKABAYASHI ef al. (1977).

**Obtained from the key for 1965, assuming that length composition by age group and year class composition of

samples were the same in both years.
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Appendix Table 4. (continued)
1965
Age
- 2 | 3 6 7 18 9 |10 |11 |12 |13 |14 |15 |16 |17 | 18 |19~]| Total
T'L (mm)
—100
—150
1 1
5 1 9
8 2 12
—200 6 6| 4 17
8| 16| 10 36
1| 28| 28 1 60
2| 25| 46 ] 1 74
1| 28| 50| 8 1 2 90
—250 1| 27| 58 7 6| 2 104
13| 54 9] 4 3 2 1 86
1| 16| 38| 18| 10| 11 6 1 101
111 27| 11| 23] 10| 5 il 38
70 151 8| 23] 21 9 2 2 87
—300 3 9] 8| 17| 26| 14 2 79
8| 8 7| 20| 14 6 64
1 3| 4 13| 10| 14 9 2 57
21 4| 11 10| 2 3 32
1 6| 6] 10 2| 2 27
—350 2l 5| 4 5} 17
351~ 1} 4 6| 10 5 5 34
Total = = 34| 184| 350| 86| 118| 137| 100 35| 15 = [ 1,075
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Appendix Table 4. (continued)
1966
Agely l gl s 6|7 8|9 |10l lislu 15 | 16 | 17 | 18 [19~]| Total
TL (mm)
10 10
10 10
10 10
8 8
—100| 2| 6 8
6| 15 15 36
6 2| 51 59
58/ 1 59
51| 10 61
—150 1| 7| 25 33
24| 13 1 38
11 7| 8| 20| 4 40
7| 24| 7 1 40
3| 15| 10| 2 31
—200 1 7| 24| 7| 1 40
2| 50| 62| 78| 8 200
1| 15| 59| 88| 36 199
17| 45| 109 25| 4 200
10| 31| 66| 89| 2| 3 201
—250 8| 26/ 70| 80| 5| 8| 4 201
2| 21| 64| 95| 8| 4| 4| 1 199
2| 12| 45| 111 11| 9| 7| 3 200
2| 6| 35 97| 31| 12| 13| 1| 2| 1 200
6 21| 80| 30| 27| 21| 9| 7 201
—300 2| 16| 58 32| 40| 36| 13| 2| 2 201
10| 44| 18| 41| 46| 33| s 4 201
5/ 48| 17| 23| 45| 49] 9| 4 200
22| 31| 49| 50| 28| 20 200
4 4| 5| 14| 6| s 38
—350 1 4| 5| 14 4 28
351— 1| 2| 5| 11| 13| 18] 8 61
Total | 52| 25| 189| 82| 185| 316| 617| 804| 196| 230| 256 170| 68| 19| 4| —| —| —| 3.213
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Appendix Table 4. (continued)
1967
Age =
2 3 | 4 5 6 7 8 9 |10 |11 |12 |13 |14 |15 |16 |17 | 18 [19~| Total
TL (mm)
10 10
10 10
10 10
4 4
—100 i 5 6
3 12 2 17
3 2 7 12
8 3 11
7| 24 31
—150 1 1| 57 59
56 7 1 64
1 1l 19) 11 3 35
17| 13 5 1 1 37
7 8 7 2 1 25
—200 3 4 16 6 1 30
1 9| 12| 13 3 38
1 6| 20| 19| 11 1 58
1 8| 20| 25| 17| 6 i
1 7| 21| 32| 36| 3 1 101
—250 6| 20| 39| 44| 20 1 130
1| 12| 25| 34| 28 1 101
1 7| 28| 39| 40 3 1 1 120
1 2| 15| 29| 78 3| 4 2 2 136
2 8| 22| 62 8 5 4 2 113
—300 1 6/ 10| 82| 14 8 7 2 2 132
2 3| 33| 12 8| 10 4 73
1 6 13 5 6 9 3 1 45
6 6 b 6 9 3 35
3 2 3 8 4 2 22
—350 1 2 2 3 i 9
351— 1 i 2 3 al 11
Total 41| 21| 26| 190| 82| 149| 222| 257| 377| 55| 42| 52| 32| 12 = e e 1,562
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Appendix Table 4. (continued)
1968
AZE 3 4 5 6 7 8 9 |10 |11 {12 |13 |14 |15 |16 | 17 | 18 [19~]| Total
7L (mm)
2 2
71 71
102 10 112
=100 7| 110 117
200 1 201
141 23 164
34| 42 1 77
6| 59 6 71
—150 29| 12 1 42
41 10 8 22
3 6| 53 4 66
9] 102| 16 i 129
3| 131 50| 13 4 201
—200 2| 84| 59| 33 7 1 186
52| 61| 57| 18 4 192
2| 20| 48| 87| 27| 13 197
5| 300 79| 59| 19 192
2| 11| 58| 62| 33 7 173
—250 11| 29| 43| 35| 10 3 1 132
2| 28| 42| 36| 8 3 1 120
2| 13| 21| 37| 20 3 98
7\ 17) 13| 17 4 58
1 5| 25| 23 3 2 2 1 62
—300 1 41 11| 23 6 1 1 47
1 5 6 15 2 5 2 1 ] 38
1 il 2 7 8 4 3 1 1 28
4 5 3 3 2 2 1 20
2 5 2 2 2 13
—350 1 2 1 1 5
351— 1 1 4 8 2 8 5 29
Total | 182) 501 161| 51| 458| 294| 409/ 316/ 235| 135| 38| 20 20| 18 8| 12 71 —| 2,865
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Appendix Table 4. (continued)
1969*
Age
2 13 |4 |56 |7 (8|9 [10]|11 12|13 |14 |15 |16 |17 |18 [19~| Total
TL (mm)
1 1
2
71 71
102 4 106
~100 7| 40 47
73 3 76
51| 72 123
12| 131 3 146
2| 184 19 205
—150 90| 38 128
12| 32 1 45
9| 19 5 6 40
28| 11| 25 1 1 66
9 15| 78 9 5 116
—200 6 9 92| 24 9 1 141
6| 95| 41| 23| 5 170
6| 2| 75| 63| 35| 17 198
47| 57| 76| 26 207
17| 42| 80| 44| 12 195
—250 17| 21| 56| 47| 17| 11 2 171
3| 20| 54| 48| 14| 11 2 152
3| 9| 27| 50| 35| 11| 4 139
5| 22| 17| 30| 14 88
1 6| 34| 40| 11 4 2 1 99
—300 1| 5| 15| 40| 21| 2 1 85
1 6| 8| 26 7| 10| 2 2 1 63
1 1| 3] 12| 28 4| 3| 2 1 55
71 18| 6| 3| 2| 5 41
4 5 2 5 1 17
—350 2 4 1 7
351~ 41 2| 4] 8| 4| 6 28
Totale | 183| 182| 501| 160| 51| 458| 296| 406| 315| 235| 136| 40| 20| 18| 18 9 —| — 3,028

*Obtained from the key for 1968.
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Appendix Table 4. (continued)
1970*

Age

y 5 7 15 |1 o
7L (um) 2 3 | 4 5 6 7 8 9 |10 |11 |12 |13 |14 5 6 |17 | 18 [19 Total

10 10
10 10
10 10
43 1 44
—100 10 1 ifil

12
: 14
—150 3| 12 15

,_.
e
[SA

9| 20 29
3 21 1 25

15
11
12
13
15

= = =
= U1 -3 ~ O
~ R W W N
w w
—

(S}

12
16
19
23

o= w O
Ne)

w

—

[ N

DO OB DO

SRS
—

—300

O
w
w
oo
Do

21
28
19

=
g
)
SRS

co U1 Ul Ul o=

U1~ ~ 00 ~
—

351— 101 21 3| 11| 16| 4| 2 67

Total 86| 31| 63| 77| 35| 33| 32| 11| 22| 34| 44| 59 7| 15| 16 4 2 = 571

*Obtained from the key for 1971.
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Appendix Table 4.

1971

Age
TL (mm)

[$2}
s §
oo

10

11

12

13

14

15

16

il

18

19~

Total

—100

10
10
10
13

—150

o U1 Oy W~

= U1 Oy W N

—200

—
O N O 3 =~

—

-

14
18
20
20

— = = Oy
oo U1 W W o

W w
[§]

18
20
20
19
21

—300

NN = W O
[ I
~ =~ ~ Ul

— o B

(S2 BN S2 N o)

[SC o)

oo

20
21
22
20

—
w

—

—

0o w

o s W

= 1 U1 Oy O

O w =

19
20
23
20

16

23

14

16

89

10

18

34

44

38

14

16

532
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Appendix Table 4. (continued)
1972
Age - N
2 /3 4 |5 |67 |89 [10|11 |12 13|14 |15 |16 |17 |18 [19~| Total
TL (mm)
~100
~150 2 2
2l 5 7
31 5 4 12
2| 5 7
71 4 11
—200 1 4| 4 9
6l 4] 2 12
3010 1 14
2 2 1 5
0y 3 2 10
—250 Wogl 1 4 2 14
1l 4] 2| 2 3 12
1 1 3 2| 1 2 10
2 2| 4 1] 1] 1 11
2 2| 2| 2| 1 1 10
—300 1 1| 1| 2| 3 1 9
1 1 1 3| 2 2 10
2 2| 4| 3| 3 14
9 2 1 2 1 8
1 1 3 2 1 8
—350 1 1 1 1 4
351— 1 1l 2| 3] 4] 31 1| 6| 1/ 1 23
Total | —| 5| 17| 36| 34| 17| 21| 14| 17| 15| 13| 16| 3| 4| 6 1| 3 — 222
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Appendix Table 4. (continued)
1973
Age -
2 34|56 |7 |89 |10|11]12]13]1415]|16]17 |18 [19~| Total
TL (mm)
—~100
—~150 1 1
3l 71 1 11
3l 24| 1 28
3 13] 12| 1 29
2| 12| 16| 3 1 34
200 1 7| 18] 6 1 33
30 24| 7 34
1| 15| 16| 2 34
1 1| 12| 10| 3 37
9| 13| 8 2| 3 1 36
—250 1| 4] 9| 11| 5| 2| 1 1 1 35
1 2| 8 8 6 4 3 2 3 37
1 20 71 3 ) 9 4] 1 34
3 100 °| 6/ 100 1] 1 36
11 3] 8 5| 5| 5] 2 29
—300 1 3| 6 3] 2 2| 2 2 22
1 2| 6 5 3 1 19
2l 2| 4] 1] 3| 2 15
1 1
1 1 2
350
351 — 1l 2 1 4
Total | —| —| 14| 69| 114| 77| 51| 38| 39| 40| 34| 19| 10 3l — — 511
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Appendix Table 4. (continued)

January-September 1974

Age

2 5 7 11 ik 15 |1 1 sz T
TL (um) 3 | 4 5 6 7 8 9 |10 12 3|14 6 |17 | 18 [19 otal

—100 1 i 1

6| 4 10
8| 12 20
—150 3| 15 20

oo

20
20
20
20
20

—
[S)
= =3 =3 h

wl
—
~1 = o

—200 13

10
11

20
20
20
19

Lo — o~ o~
—
w Ul o
= U1 W w w
W B W DD
=W w
—

20
20
20
20

DO DD = DD

L DN DN Ul

= o O U1 w

(SO N (I )

U1 U1 WO

WO W DD
—

—300

20
20
19

RS )
DO GO WO s
WO Oy Ul
WD Ul
W W Ul = W
—
=

=350

351— 2 3| 5 7 4 2 4 2 1! 30

Total —| —| 22| 72| 60| 58| 20| 20| 32| 43| 41| 44| 36| 16| 7| 6| 2| 1 480
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Appendix Table 4. (continued)
October-December 1974
Age
2 3 4 3] 6 7 8 10 |11 |12 [ 13 | 14 | 15 |16 | 17 | 18 [19~| Total
TL (mm)
—100
~150 1 1
301 4
1 6 1 1 9
2 6 1 1 10
3 7 10
—200 1] 2| 4 3 10
3 3] 4 10
2 6| 2 2 10
1 2 4 1 10
5/ 5 il 10
=250 1 4 4 10
2 7 10
2 3 2 1 I 1 10
b 1 2 2 3 10
2 il 6 1 10
—300 1 3 2 1 1 10
2 1 1 9
1 3 2| 1 9
31 6
Lo 7
—350 1 o1 3 8
351 3 4 4 16
Total i Bl 7] 24| 20| 35| 25 9] 15 18] 14| 10 sl | = 199
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January-June 1975
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(continued)

151

Age
TL (mm)

i

10

11

12

13

14

15

16

18

19~

Total

—100

0o

—150

11
16
12

N B W

O W =

13
20
19
17
18

—200

0o W =

00 ~1 W

= o Lo

19
18
19
18
17

= W ol

[l S B > i« >

Ul 3 WO WO o

& =l BD

20
19
18
19
19

—300

L

= oo

= o w o

W s W

o W

W W = o

— D o

W = =

18
18
19
19
20

DO DN W

W s W

DD DN W w

EE =

(Sl R SR AR o)

19
16
12
10

—

50

10

38

66

40

58

28

30

22

34

24

19

16

448
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Appendix Table 4. (continued)
July-December 1975
Age I
- 2 |3 [4]5 6 7 8 9 (10 |11 |12 |13 |14 |15 |16 |17 |18 |19~ Total
7L (mm)
1 1
13 13
24| 2 26
—100| 17( 21| 2 1 41
5 38| 14 i 58
300 36| 3 69
11| 53] 14 78
40 38 4 82
—150 12| 49| 23 84
2| 34| 43 79
1| 23| 51 1 1 77
22| 61| 8| 4 95
14| 87| 21 8 130
—200 3| 91| 25| 18 1 138
63| 37| 36 1 137
1| 38| 56| 48| 4 1 1 149
1| 17| 52| 62 9 1 1 143
9| 36| 71| 20| 2 1 1 140
—250 5| 22| 62| 39| 4 2 1 135
9| 58| 46| 7| 2 3 1 126
1 3| 56| 48| 10| 4 3 2 127
1| 5| 39| 53| 18] 3| 3 2 124
4| 19| 46| 23| 9| 6 5 1 133
—300 2| 10| 27| 20| 13| 10 9] 3 1 95
1 4| 12| 21| 13| 7| 13 71 4 1 1 84
5/ 18| 10| 6| 13| 6/ 6/ 4 4 72
21 8 8 6| 9 4 6| 6| 4 53
1 1 7| 4 71 4| 8| 5| 3 i| 41
—350 2 3| 4 5 1 8 5/ 4 1 33
351= 1 3 3 3 71 3} 10| 5| 7 3 50
Total 60| 102| 160| 204| 494| 282| 496| 315| 139| 77| 58| 75| 29| 43| 26| 23 5 2,593




