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X % 7 (Anoplopoma fimbria) O &I AW I IT
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Abstract

The sablefish (Anoplopoma fimbria) inhabits the wide range of waters from California, Oregon,
and Washington to the Gulf of Alaska, the Aleutian Islands and the Bering Sea on the west coast of the
United States, and extends vertically from the surface to a depth of 1000 m or more. Biological
information on age, growth, maturity, etc. is required for resource assessment, which is the basis of
sablefish resource management recommendations.

In this study, the otoliths (sagittac) of sablefish of the Gulf of Alaska, the Aleutian Islands, the
Bering Sea, and Northern California are determined from otolith surface aging method (a method of
counting annuli formed on the posterior surface) and otolith cross-sectional aging method (a method
of counting the annuli of ventral part of cross-section from external to internal otolith).

The oldest was 19 years from the surface and 56 years on the cross-section. The surface age and
the section age agreed up to 6 years, and the section age was higher than the surface age after 7 years
and older. Process of the surface aging method is much simple than that of the section aging, therefore
the surface aging method is recommended for young sablefish showing with remarkable growth patten
of the otolith surface.

The age difference between the two aging methods is due to the difference in growth pattern
between the otolith radius and the thickness. The increase in otolith radius in proportion to the increase
in body length slows down as the body growth rate peaks after maturity, making it difficult to
determine the age on otolith surface margin. On the other hand, otolith thickness increases with age
regardless of body length. In other words, it was found that cross-sectional observation is effective to
determine age throughout life history of sablefish.

Northern California sablefish were analyzed by depth using two age assessment methods. As a
result, the difference between the aging methods increased as the water depth increased. This means
that the proportion of mature individuals increases as they get deeper, and it is thought that sablefish

move offshore into deeper waters with onset of sexual maturity.
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Although it was not possible to verify the age in this study, it is recommended to observe the otolith
section for long-lived fish such as sablefish with a lifespan of over 20-30 years. Surface aging is also
recommended for young fish (mostly immature fish), which account for more than 50% of the age
composition.

As a result of a study in Northern California, the male-female sex ratio of sablefish was 1: 1 for
immature fish, but 1: 1.7 for adult fish, which was biased toward males. A result of estimating 50%
mature length and age using the Logistic model showed that females were 53.5 cm and 5.0 years old,
and males were 49.6 cm and 4.5 years old, and a peak of the spawning season was February.

Comparing the growth of sablefish in Northern California and the Alaskan waters including Gulf
of Alaska, Aleutian Islands, and Bering Sea) using the von Bertalanffy growth curve, the latter had a
larger maximum length (L) than the former. Furthermore, when section age-otolith ratio (otolith
radius / otolith thickness) relationships were compared among those areas, a statistical test detected
difference in the growth of the otolith ratio. These observations suggest two different stocks between
the Alaskan waters (north stock) and northern California (south stock) of Sablefish, and also suggest

that otolith measurement values are an effective method to discriminate stock structure
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Fig. 1. Sablefish catch by area and by country from 1950 to 2017. Catch statistics from

1956 to 1984 are used McDevitt (1986) and from 1985 to 2017 are used from
FAO (2017).



AAIZ1958 6, Y B MEFIL 1964 0 6~ — U > 7 TR ZEZ B4R L 72(McDevitt,
1986, FAO, 2017), H1T% 1960 2005 1980 X DIED £ T, KEKBO—1 > 7,
TVa—y D HE TIARBEEETLT 7 ADWEHET, ARDIT M EJER b e —/ L
DI SEILIAE CTH > 7-(Low et al., 1976), 1972 FEITi%, ~X—VU 7T 12000 h>y 7V =
— 3y UHIGIEET 3000 F, 7T ABET 35500 R, GEES T b gL
(Sasaki, 1985) .

1976 4EIZ. KEITHE AR F /K I8(EEZ: Exclusive Economic Zone) & #% & L. H EE RO
EEF A AR & LIRS Bk Magnuson-Stevens Fishery Conservation and Management
Act (FREDIRHEE DA Z LD, ~TF Vv« AT —T A (MSA) EFEEN D) %l
E L7z, KED MSA OHIEICL Y FHCT 7 A DMEIZB T 2 REEFEOMLAES, s+
FEf O AWIZEE L, PO RE H 5\ WIEARE O TR F# 5T Bz (Rutecki et
al,2016), AARIX, AMDOT 1979 05 1994 £ F T, B KIEFREIXZMFHECH I L
S, BRI D AT R 2 TP TOWE | 1986 ELIET T 2 DHEEA H H A4
#OR U 7=(Sigler & Lunsford, 2001), AWIZETHES72T T ABE, 7V 2a— % VR, ~—
U 7Wgnx 27 OEAE, 20 KEREIZZERE THRESNT DO TH D,

1976 FEDK[E 0 200 #EH EEZ ORER . FMEAM OB B XTI L, 1980 £
D, TAM B b — Va7 B EREORE R T L 72 (Sony, 2014),
KENZ, MSA Db & 8 DOAZEE FEZ B4 (Fishery Management Councils) % % & L, F
FHIRIBIE S S BEL L SEDOR I 2 AT 7o, KEOWMREDO A U 7 4 =7 M
5T b TIOR3 8 % B 2 (Pacific Fishery Management Council) 23, 77 A 7
BPHT Y 2=y YHIBEOR—=Y 7O T 7 AH TR EERETRLAS
(North Pacific Fishery Management Council) 3% . S4L7z, LIt%, 12 BT E|(FMP: Fishery
Management Plan)lZfi > T, ¥ ¥ 7 2 G KAZ FHiICFIH T & 2 L 9 TR
HHITE, 2006 FI2, FIROBIZE b0, BEEHEZB SR AHREHTNERE S

. BHEFE OIS ERD, gk LIRS RAEE A2 LD L 9 1272 > 72(Marino 2017), & D
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BT, 2010 FURCKE A OIRERIX, 2 77 b UHIE THER L TV 5 (FAO, 2017),
XUHTONMME, N=V W, TV 2= VEIENST T AR, T AR
D, KEOWEREY S PNPE Y T A A=T I SHICEDOAF IO

T A N=TINE T, KREEMD S Z DS ORI 2 > TIA < 489 % (Jordan & Gilbert,

1881; Kobayashi 1957; Hart, 1973; Parrish, 1973; McFarlane & Beamish, 1983a; Wolotira et al., 1993),
¥ 47 OESIT. RKEBLODFZOWHETIE, L5001 ANrb 4 HLHESH

TV % (Mason et al. 1983; Fujiwara & Hankin, 1988b; Macewicz & Hunter, 1994; Moser et al.,

1994), ¥ %7 O vigfald, £EI124 B3 5 (Kendall & Matarese, 1987; Doyle etal., 1994) .,

B\IIM A OEIEICBEN L, 1-2 MAITEE AR IZ A D (Rutecki & Varosi, 1997a; 1997b), 3-4

AR BKTR 200 m IO FEORBEM EICAER L, xS ns L oicis

(McFarlane & Beamish, 1983b; McFarlane & Nagata, 1988; Wing, 1997), kfai%, & 52 200m

ik Z A ORI ~FEE) L, 1200m 8k 2. 2 KRR 2R3 2 (Miller & Lee, 1972; Low

etal., 1976; Mason et al., 1983; Umeda et al., 1983; McFarlane & Saunders, 1997) , Kodolov (1976)

IF7K1% 1900 m F£ T, Beamish et al. (1980) 1F/Ki% 2740 m IZF%E L= TX ¥ 7 03 ffE S

NieZ &z@EL, LVRVWKIRETOEEDHER SN TWD, FMPEOHEILIZEHF &

FTIZAEET 5 (Maloney,2004) . ¥ ¥ ZIXEREEICAR L, BHHHE 0 LAZD

DKL B O JEE Z 472 (Alverson et al., 1964)

T T1E, IEFOTRED N —1 > ZHlgD bk 55 UL ZERO T, KWl T
FEII L T 5 &35 2 51TV 5 (Kimura et al, 1998),

FHEORERIT, FEREERET — 2% LIZET /UL L7 von Bertalanffy &= (von
Bertalanffy, 1938) 23 —fiXHJIC AV STV D, ¥ ¥ F128BVTH, von Bertalanffy iR 4
AW THCE %2k L7z (Beamish & Chilton, 1982; Echave etal., 2012; Head et al., 2014) , Kimura
etal. (1993) 1%, A=A OBLFRE SR 4 f - T von Bertalanffy iRz K72,

F X7 ORPIEEEZALNICTT 572010, MR (Kimura et al., 1998), FHER 72 &

DOIEEFHIE(Phillips et al., 1954), ZE(L7H9 )7 {5(Tuyuki & Roberts, 1969), DNA DAL
5



J7 1(Tripp-Valdez et al., 2012; Jasonowicz et al., 2016), %/k i (Kabata et al., 1988; Whitaker &
McFarlane, 1997)DAFFEM TN T E 7, Lax L, H—REER ODEECRIER D7 PR/ fE
RII/BLATHRYY,

X X T IE, HBRAIZ IR IS 4340 U, KBRS & 106 o REEMIAR 12 2T R AV VKT
JEIZAER L, REICEWERED O A ORIT~ER OS2I 720, ZOME., EIAERE,
FEECOWTARIZR Z L3 %0,

FHERICIREZR BT 51013, BIROBIREA fRIT L, &IRAZFMT 5 2 L2208, %t
GATEDEIIE R A LD D ORI OE —BRE L 222 (A - T8I, 2015), KE DT 7 2
S OPEIE SR O v & T OGIFFHEIE, BT T VDI, SN B DA R
W (HEDAERRIZ 62 BEABIER . MERED MR 2 R R L ORI %S5 (K E) ASLZE T
& % (Hanselman et al., 2019),

L, @ SE DM (scale), H A (otolith), filZH (opercular bone), FHEH (vertebra), 75
fig Dl (spine) 72 £ O A4 - T, EROF#AE 21T > TV 5 (Vitale et al., 2019),

X &7 Tld, 2 CECH AR E A2 WA EITHIL T & 7= (Pruter, 1954; Kennedy &
Pletcher, 1968; Sasaki etal., 1975; Maeda, 1982), Z A5 OWETIL, MSCHEARE D OEE
L, RKTH 202 % 5 2 Lid7ed o7, 1982 45, Beamish & Chiton (1982)IZ L -
TH AR D> D OFRAE ORGR, R # 2 45 7% & HiE L,

Z 4% T Beamish & Chiton (1982) <° Kastelle et al. (1994)IZ & > T2 & T DEHHZ O
THRAE S AL, BRI AR TE 2 > CRET D 2 & 03— & 7o o To, BEWTI ARl A TR &
ST, FUFXTIFINETULICRFMOM L RoTe, LMLARNRE, HADBEHAIZ X
> THELCLEEEMODAEN EORERDN, 27 OAEMINREE 0 X5 B4 5 7
IO ICER TV o T,

KL OT—=2D 56 1984 LA Y 7 4 V=T KK CTIESNF ¥ T DT — 21T,
BEICHE INT=T — X Th 5D, 1982 475 1985 FT/MT TT T A B AKIBIZ I 5 H KA

JEIE A MR TR S N B 2 - - B EHERLHAFHIT — 2 0L IIRERTH D,
6



XU HTWEDORKIRKIE & T2 TlE, 1980 AL L BH LWHADSMZ bivl, &
VRETAMG D FobfE & 72 2 Fthn - B - PEDN - SREEICBI L CL S E TR L7e T — & & FfiRfT L .
INETORMR LB LB OHETD 2 2 RKmXOHEE LT,

B1ETIE, T7I7AAKE (T I7ADE, 7V a—x LB, X—U 7)) oI
SNIZHAEM, REFEHETE EMBTEFERETCIED 2 SOFIEIC L HFEHAEIC O
Tim Uz, B2 B TIX, 7 7 AWKBD BHAZ A, 2 DOERAEEICOWT, BEAFH
B2 D, AEFHOEZE L L2E R AR e, F3IETIE, ALV 74 =T OHEAZ A
7= 2 OO TEED D OB EEROFEIZHOWT, BAFHIME, EE, K - REEADT —
B ESbE TR Lz, H4= T, dbh Y 7 =7 KSR B, PEI, pREvE
i L EMARIZOWT, B 5 BECTIET 7 ALK LD U 7 4 V=T O EIZOW Tk
L. % 6 mCIET 7 ANAKILEILA V7 4 =T KIED 4 Wiplkod BAFHANED &R/ EEZ D

WTIRETZ N2 T2,



FTITE TIRAUB. TV)a—rx HE _R=V U THOXUFEFTD

ZODEREBEEEIC L AERO LB

11 #5

BOFENIL, B (B, Fa. B30 (CHDR 2 IR 2 miil & T 0 I E 217
S TWD, X2 TOEMRETEIL. 1980 FAE TIIHESH A ORE 2 HNEEZIT> TV
7= (Pruter, 1954; Kennedy & Pletcher, 1968; Maeda & Hankin, 1983; Fujiwara, 1985; Sasaki
1985) . il CF M A - 7oA E Tl mEnFERD 20 a2 2 Z &3 ho Tz,

Beamish & Chilton (1982)1%, EHREMTHEIIC L 0 FEBETE EZITV, Iemlinld 45 ma itk L
Tz EERIB T DX X TI2AFTT TV A 7Y A(OTC) 2L~ T, fHli%D OTC ~—
7 > BRI Blav, Bk B £ TOFEEE OTC ~— 7 LI O’ —E L,
MO FEI T D Z L2 MAE LTz, ¥ & 713, CH AR CHESNIEREIV T LK
FHmfaTH D Z &2 5T 7=, Beamish & McFarlane (2000)i%. A2 X 2 4EHA E
IZE D EEEIE 100 AR D LA Lz,

KETHE, ¥4 7 E2EUDEADFRET~ =27 VEER L, ¥4 7 OH AR
TR S AT MmO T EIC DWW TEEL < Ff U72(Anderi, 2012), ¥ % 7 D X 9 e R
ORAE R 208 U Al e 123, BAMm 28R+ L — ke b BFaRm4
o 7oA EEIXIZ E A EEb R o T,

HA R OFERAEE L, BT FEERE E I A_EE PIAAE H T, iR O R F i T
W2 FER IR S 4u, HIFHER S TH D Z & Bl ST 5 (Fujiwara, 1985),

RETE, TIAAE, TV a—vx L 0E R=Y U JWOX X T DHEAZMEN, B
FFRI &AW D OETEFE LD X D ITHRRD DN, 2 FIEORER KL LB L, Ha

RN & DA EFR ORI OV TRES LT,



1.2. %KL J5 ik
ARAFFETRE S 7o HATE, 1982 026 1985 AT AT T If S 4L7z B KR IEFISIE X MR A C
BREINTEZLOTH D, AL, BET AL 9 HITHT Tirbiviz, R, Fig2
\RT K DT, AERTFEEDT T A 7D 5 EIX (South Eastern, Yakutat, Kodiak, Chirikof,
Shumagin), 7 U = — % U FI G D 2 #EX (east Aleutian Islands, west Aleutian Islands) |
ZHUTR—1V » 7HED 4 YEX (Region I 25 Region IV) (2431 CTHEfi Siui-, &k,
e 2 U2 AL, 2 R (FL: Fork length) 1 cm = & (28 K 10 EASy O AR O B4 (i E-A sagitta)

DEEE S, 70% = F LT v a—L & ANT=3 o 7 WIS ShvT-,

- . 50"N—
Aleutian Islands

180°wW 170" W 160° W 150" W 1407 W
L 1 1 1 | 1 1 1 1 Il 1

Fig. 2. Approximate sablefish collection area of northern Pacific Ocean is shown in darkened area
indicating 100 and 1000 meter isobaths. This map is adopted from Sasaki (1985) and
modified by author.

FRIZ & o 7o TEEE K FEEMFZEITIC RS SN HAREARZ D 2T, BRI
OB PFIRHTHT O FEREE T, 1985 40 5 1988 AT T THIMA EIEE 21T o 7o, FlaE
X, HERERL. 1 ¢ mAIBDOERINC 10 T >OHEAD AT T AfiinG, 5 HoFE A
EALEICH U7z, i L7=EA1E, Fig3d O HAEAKICH 5 L 51, BHADEED B %

(Posterior) {53 D i DO 2 it e [ 2 A #n A & 1 (surface aging method) ) & H-fa O i



(Ventral ] External 7> & Internal {357) 2 BRGE S & TPl 2 Fede THD TR BERE T i - in 23 7

5 (DI SR an A Bk & 7 5) (section aging method)] O 2 J5iE% i > CH A OFHA

ExATo T, HAaRMm & HWa D OB E SNV Fna E K mE# (surface age) &K

BRI 4F fif(section age) & L7z, [REFMIMAEE] & TR EEE © 2 SOHFlA

EEITILULTO XS IC L TIT o7,

Q) FHEMAETE: BAI1X 70%TF LT L a—WZoT BB ICEREEZIT-o 72,

FAZBOBTE RO LT, KEANTYy—VICEE, KEEEZY T, 538 14 50156
60 15 D EIRPAMER CHEEREOF 24 % 7= (Maeda & Hankin, 1983), L Tld,
B 5 \ZHIFE P REZR i DEX D Ak LT, HIFE rIREZREB /0T < 0l T & 2%

WG A X, EOEPRICFE o DdH D REED D & LT, FEERIRICHTE L,

NUCLEUS
DORSAL
» @
S S
2 x
L
w =
= n
< 0O
< o
VENTRAL | EXTERNAL
INTERNAL

Fig. 3. Typical right side of otolith of sablefish showing structure and position used in age
determination and measurements. Section annuli are counted in the interior ventral potion.
This picture is adopted from Fujiwara (1985).

b) TR A E S DI - RBEE A A BRI LT R In A EIE L, T O — R —

O H D T X IKEEWFED (Fisheries and Oceans Canada)® Pacific Biological
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Station Tl 141 TV % J7 112 % U 7= (Beamish & Chilton, 1982), 241, Pacific Biological
Station ¢ Aging Laboratory ¢> Doris Chilton B (4#) 7> & BT F A & 7 ko fgis
T, £T. BAORLTHY , #ilma 7 v a—nT U7 OK TRV, BREEH
Zo b E S TR+ RIS HRELC EE U, RRBEE A 2 B o 7o 12 SO,

53R 14 5005 60 5D ERBRWF TEE T o712,

13, #R
Table 1 (2, MEKERI - HEsdil] - AR AEE(N), R R HIPA(FL Range), fie/l & e KD
KA & BNTHI R 284, Table 1 2989 K 212, Gt 14666 17 OFEREE 21T -
ToRE AR, BETIE ARG T, MET 1-56 %, HET 1-52 ORI Th o 72, RKiEFmIT, T 1-19
ik, HET 1-16 IOHP T - 7o, RAMBrHEERIL, RimFlm &V &simicdEshi,
Table 1. Sample size(N), range of fork length (FL) in cm, range of section and surface age of sablefish

by sex, using otoliths collected through US-Japan joint bottom longline survey in Gulf of
Alaska, Aleutian Islands, and Bering Sea in northern Pacific Ocean from 1982 through 1985.

Female Male
Area Year
N Rangle_(cm) Section Surface N Rangle_(cm) Section Surface
1982 1195 40-106 2-55 2-18 875 38-88 1-49 1-11
Gulf of 1983 1152 39-99 2-51 2-17 836 40-82 1-46 1-11
Alaska 1984 942 43-99 3-42 2-12 738 41-80 2-32 2-11
1985 1157 41-101 2-40 2-19 869 40-84 2-46 2-16
1982 378 46-101 2-53 2-11 273 45-88 3-50 2-13
Aleutian 1983 410 43-105 2-52 2-14 287 37-81 2-50 2-11
Islands 1984 418 44-99 2-50 2-16 291 43-79 2-52 2-10
1985 423 44-107 2-56 2-10 292 45-77 2-47 2-9
1982 439 43-106 2-43 2-10 360 45-78 2-45 2-12
. 1983 641 38-105 1-48 2-10 505 37-75 1-40 1-11
Bering Sea
1984 600 44-99 2-48 2-11 457 44-85 2-40 2-10
1985 619 40-92 2-54 1-13 509 43-80 2-39 2-10
Total 8374 38-107 1-56 1-19 6292 37-88 1-52 1-16

131  RimtEis & BT DZ=
FE A & RTINS L AR EFI O 2T, I X o TRE BN <, Fig.4 12—

BlELTI984 DT T ANE, TV a—x 85, NX—1U 2 T 2 REW A &

11



FKE AT D7 L BT AR OB 2R, 3R e &0, (IFMEREE B2, BT AR O
IR, FEIIRE < Ro T,

Gulf of Alaska Aleutian Islands Bering Sea

—e—Female
«0--Male

Lo a2aMwesE o N®©o =

3 85 7 9 1 13 15

Age Difference (Section -Surface)

Section Age (year)

Fig. 4. An Example of Age difference (section age — surface age) along section age from Gulf of Alaska
(left), Aleutian Islands (middle), and Bering Sea (right) in 1984.

1.3.2. REF#R & ST 4R D ML

FRHEAFHD & BT EC K 2 IILRIE, B EFR O 2R, FIC L > TREAENITAR
<. Fig5 12, —#il& LT 1984 0D 3 gt od 2 i dF-in & BT i A i | oo 3 2 ARl ak 22 7R
o RIEFMTIL 5-6 KO B —2 700 | MW FEmRmHNK TIL 4-5 MmN —7 Lo
Tz, 1984 FEDOREFMTIL, 10 sl EOHBIEII D727z, N—V U 7 TIE, &
FAFEERLA T R L7z L 912, MR AR C 8V T 10 s EL LD ERE R D22 b o 7z,
7V 2=y USROS, 10 U Lo EBROBIE N L o7, T T A
BB OREWTEAERILRIE, X—U > WL TV 2 — v VB HER O T AL B A &
o T,
1.33. ZHEOFHO—HKEE

FK ATl & BT O 22231 I OFFHICAD5E .  2 Tl 2 FIEIC K 2 AEF# N

—ET 5D LEFRT D, Table2 (T, MEMER « AR - BB E TR — BT 2FE (%) &€

12



a0

30

20

10

40

%Frequency

40

30

20

10

30

20

10

Surface Age

Gulf of Alaska

mFemale
OMale

o

Aleutian Islands

mFemale
OMale

Bering Sea

mFemale
OMale

Llin

1 3 5 7 9 1113 1517 19 21 23 25 27 29

Surface Age (year)

Section age

mFemale
OMale

mFemale
OMale

mFemale
OMale

| | | | S ™
13 5§ 7 9 11131517 19 21 23 25 27 29

Section Age (year)

Fig. 5. An Example of Age composition based on surface age (left) and section age (right)
from Gulf of Alaska (upper), Aleutian Islands (middle), and Bering Sea (lower) in
1984.
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Table 2. Percent of agreement between surface age and section age within -1 and 1 years, using
otolith collected in Gulf of Alaska (GOA), Aleutian Islands (Al), and Bering Sea from
1982 to 1985. Number of individuals is shown in the parenthesis.

Year Female Male

GOA Al BS GOA Al BS
1982 53.1 (635) 34.9 (132) 72.4 (318) 57.7 (445) 34.4 (100) 70.3 (212)
1983 57.3 (660) 45.6 (187) 78.3 (502) 63.0 (500) 43.6 (129) 75.4 (362)
1984 64.1 (604) 49.0 (205) 77.3 (464) 63.4 (454) 48.5 (140) 69.0 (292)
1985 52.5 (608) 41.1 (174) 69.5 (430) 51.4 (455) 38.4 (131) 61.1 (303)
Total 56.4 (2507) 42.8 (698) 74.6 (1714) 55.9 (1854) 43.7 (500) 63.8 (1169)

DAL Z RS, Table2 IZ K D & MEREL =V U 7 C—BHIG R <. LN 75%
L 64%E RO TN, TITARE, ZLTCT Va—vx lEE, BRI o,
TV a—x UHIET, M 43%, HET 4% D —HEIEGTH -7,

AT T A L et 3 2 VB - MERERINC . 1982 4R 1985 AE D E-H)4E i — K& % Fig. 6
T, TIANE, TV 2= UHIE, N—U U MO 3MEEOMREE b, 2 SO
AEE CHE SV, BETEFHD 6 7% £ TIRIT 100% B LT\, DI, 700
12-13 G TR —EEIS 3D Uiz, 6 mibik ., BBrim a2 R miFin L 0 K& <
BE I,

il 6 mE T—HT DEEARDR IR 2 R R e ORATIa s o9 5 -4
B X E#% Fig. 7T\ XA %, 3WHROMBEZNZN, 1 ZFFRC XD REEEZR LT,

AWFE T, BELIZHAE%E Table 1 IR LIZEY . 7T ADE, TV a— % F5E,
R—U U IYEO 4 EROGFHAESIT, METIX 8374 fEIK, HETIX 6292 A TH Tz, 20
DFEEETE THE SN AFHEERD 6 7% £ TORFE IS 13, HE T 52%(4328 814),

HETIX 55% (3436 fER) & 7a o7,

14 B%
KIFFRTIZ, TIZADE, 7YV a—v ¥ LA X—U VI TRESNEF VT OH
AxE AT, REFRAEE & BT EREEED 2 DOFETHEREZEE LTz, BRI
Beamish & Chiton (1982)1%, FEFRAIRAEF E T R TV A 7 U 3B A VRERT R O 00 % FEE
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L7-, &BHIZKastelleetal. (1994) 1%, BAICEHEENDHT VU L (Ra-226) 2T 58 (Pb-
10) DR ZRES 2 HESTHRIFAL e FE O BAHRIE (Radiometric)iEIC & - T, F ¥ 7 13KkH
MATHDLZ L ERGE LT, ZNODOFRIZE > T, Fr-¥ 7%, HEARKImNIZ X 2Fm
EEE > THRIREZRET D2 N ERoTc, KEICKB T DX ¥ 7 OFAEIL
REWT IR 2 B2 5 2 & AL 72 o> T\ D (Anderi, 2012) , K [E o> ekt 365 B B4 T,
R TR0 % 66 VB JREEME 22 LTV % (Haltuch et al., 2019; Hanselman et al., 2019) ,
AKETIX, 2 DOHETHE LFHmA L L, 0% 7 BHaoRmFmdEiEORA
([ZOWTHRS LTz, REFEAEEL, B EERAERIC R TES TH D, 6K ETD
BRI LT, 2 FIBIC D EEFRDIZE K LT, 2N ETROFRICHT DR
HIFER L L DR AR Uiz, £72 6 sl TORBAFRELRE ST, Mg 12 50%%
WX, TNOEBET DL, XX T OEERREREE U PR EITITRRAEZ 9 D5,

RAAD IR L TREFREEEZE D Z L3, ATHDLLEZXD,
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B2E TIRAIE, TVa—vx 5B, RV LV ITEBOX L FTHAD
2ODEREEECLIBECEHRELEARE

2.1 S
A T, 1982 FE7~ 5 1985 £E.0D 4 FE[H 0 HOKILRIEIT A A CINES Nz, 77 A0
BTV a—vx A5, X=U U TOT T AMMEHRIBIT X 2T DOHEALHEN, £
I & BRI 3 U DA A E AT o7, 6 ez DG HailrmEimictin., &E
FRARE 0D T EBPA LN o7, RETIT, AL BAROFREE VT,

2 TTEDEEFMDOAZDERN Z Gt LT,

2.2 #PBbE TGk

A E M - 7o HATEAR, Flo B AaRmERmACE & BaBlmm S A E A OV T
X, 1 EESR,

HAFHHEIE L LT, B 2(Otolith radius) & H A E(Otolith thickness)iZ DU TEHAI L 72,
HA ¥ (nuclear)?)» 1% ¥ (Posterior) 80D HSMaod iR DFHANE 2 A8 & Lz, AR,
HA o5 Uil L, B A1 EMI(Ventral) Il O fe k305 C—FEWER o & 5l L 72
(Fig. 3), aHHIZ. FEEBEMBEO FT. FHIMEEZ 14 5ICEE L, #ilvA 7 nA—4—
THHI L. O.U. (Ocular Unit) Citdk L 7=,

FlEE LT, SFHAEZFNL, FAREOFEREEC LT, TO%, HAT0E
Z 05 H T o ot MmN L2 2 KO IS TEAM = RICEEICSICCREEL .,

AREZFHA L7, &&ZIC, BT OFImEE 21T 7o,

23 R
ARG Tl - 7o MERER » HEHER - BN 2 FETEE LS U4 7 BHaid, A5k 14666

EEr T o7z, FAEL(N), B X EHiPH(FL Range), 7% -#n(Surface age) & BAMT i F
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fin(Section age) Df/N& KR, Table 1 IZ/R L72i@Y Th D,
2.3.1.

RITEE T, 3 DOUHEA ., MEHER BN & REFRO £ FEFEFEOMEME R T2 &
& L, Fig,4 12 1984 FFOFZDHI 2R LTz, 6 % E TiX 2 DOEEFMOMERITIZIE
—E L ZNLME, BEAED O ZE AR I S OB AR N L7z,

2.3.2. KW & B R D%

X F T O il & B ROBRE . R T & ZER] - MERERIZ 51 T Fig. 8 5
Fig. 10 |ZIX/"d°%, Fig. 8 1X7 7 A B, Fig. 9137V 2— ¥ L FIk, Fig. 10 (FT~_—1V >~
TWZBTHERERT, T AL, 7V a—vxhlE, X—U 7D 3Mkox %
T ORERIE, S5 6% BWETITRAMICHKE L, 107%2 A, % 80 cm FL Aiff%. Mk
13 65-70 cm FL 72 HaRIFSIMEL T o7, MEEE B, 10 LR D, KE RIERIE 2 £ -
Tz,

2.3.3. BAEHEME & R XEROBIK

Fig. 11127 7 A, Fig. 12127V 2 — ¢ HllE, Fig. 1312X—U 7D, 1982 i
D 1985 FE DRI - MERERI DB R & BAEROBREA RT, MEE b, Wkic Lo &
NS B IRRITHRT 2 BAERICIIRERIERH Y | RO & b R WEBRIIC KR
LTCuwe,

XU X TORXE—HAREOBGRE, WHERI AR - MERERIIZ 4317 T Fig. 14 7°5 Fig. 16
T, RRICHT 2 HA RO E & 8720 | #HET 75-85 cm FL, #ET 65-75 cm FL TH
TETHML ., FREBEE R E TH o7z, METIZ 80 em FL AiitcA> 5. HEIE 65-70 cm FL
AR THERIISET 2~ BARIFERZHE LTV,

2.3.4. I EAFENE & BEWTE A e oo Btk

Fig. 172, ¥, AR5, MERERNZ -2 Boq 88 & Blrm Rl O BIR 2R3, 5305 6

R E T, RIS ERE T 205, 7B, KRB 20 o7z, BA¥EETmo

piF (T, Fig8 205 Fig. 10 1R 4R — AR BIFRICEI kiR 2 L. RIS, MO Ba e
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Fig. 8. Fork length-section age relationships for female (left) and male
(right) of sablefish, sample collected in Gulf of Alaska from
1982(top) to 1985(bottom).

20



110
90
70

50 |
Male

30

110

90 |

~
o

w
o

w
=]

-
-y
o

Fork Length (cm)

e,
Qe X
s
l{%

(] 8:

..: ' d

50

90

70

50 |

? 0 20 40 60 0 zlo 4Io slo
Section Age (year)

Fig. 9. Fork length-section age relationships for female (left) and male
(right) of sablefish, sample collected in Aleutian Islands from
1982(top) to 1985(bottom).

21



110

9 | *
® * . . .
70 s * o
. '.
o .
o Femal [
emaile M
ale
1982
30 :
10
9 | ¢

~
o

w
o

-
© =
=3 o

~
o

Fork Length (cm)

50

30

90 | e 'S
L]
F ]
70 |'s "‘.'.'-.' *
L ]
L]

50 |y

Female Male

1985

30

0 2I0 40 GID 0 2I0 4ID 6I0
Section Age (year)

Fig. 10. Fork length-section age relationships for female (left) and male
(right) of sablefish, sample collected in Bering Sea from 1982(top)
to 1985(bottom).

22



Otolith Radius (O.U.)

Fig. 11.

70

6.0 |

5.0

40

3.0

2.0

70 ¢

6.0 |

50 |

4.0

30 |
Male

2.0

70

60 |

50

4.0

3.0

Male

2.0

70
6.0 |

»
50 | ke

4.0 |

3.0

Female
1985
35 45 55 65 75 B85 95 105 35 45 55 65 75 85 95 105

Fork Length (cm

2.0

Otolith radius-Fork length relationships for female (left) and male
(right) of sablefish, sample collected in Gulf of Alaska from 1982
(top) to 1985(bottom).

23



Otolith Radius (0.U.)

Fig. 12.

70

6.0 |
50 |
40 t
30 |
Male
2.0
7.0
60 | *
[ ]
o s
b ® o
40 |
30 e
Female Male
1983
2.0 . .
7.0
6.0 | e T
* ® :
%e o ?
50 I ”ﬁ ool
3
40 |
[ ]
3.0 |
o Female Male
1984
2.0 L L 1
7.0
[ ]
6.0 L] -
e % .
%, 0, ™
L) .
5.0
‘.o
4.0
3.0
Female Male
1985
20 L o, L FEY
35 45 55 75 85 95 105 35 45 55 65 75 85 95 105

Fork Length (cm

Otolith radius-Fork length relationships for female (left) and male
(right) of sablefish, sample collected in Gulf of Aleutian Islands from
1982(top) to 1985(bottom).

24



Otolith Radius (0.U.)

Fig. 13.

70 r

6.0 |

50 |

4.0

3.0
Male

2.0

70

6.0

5.0 |

4.0

3.0 |

2.0

70 ¢

60 .

50 } [}

4.0

3.0 |

Female Male

1984

2.0

70
6.0 [ ]
e o
5.0 | ee @
o o
4.0 |

3.0

Female
198
65 75 85 95 105 35 45 55 65 75 85 95 105
Fork Length (cm

Otolith radius-Fork length relationships for female (left) and male

(right) of sablefish, sample collected in Being Sea from 1982(top) to
1985(bottom).

2.0

35 45 55

25



25

20 (]
L
o ® o
° «ee e
oeecmmes ¢ e emes
1.5 O GEEDADED & ¢ N &
. (e ) e
X X conEEEEEND o
SIS & GDGEENS ¢ ¢
o 0 GONNEENEEN 1)
1.0 S © GUENENNENDS & 000 UENNDS
— - *
e RN
—— . L]
05 | e
Female Male
1982
0.0 a
25
20 |
g
e oo e [}
— -em ee e .
. C L [
1.5 (X X o scemm
D SOD SEEED 000 o0 e
. L SIS
] e -  cummm—
o ©  CONNNNNNENEDSS ¢ - ¢ CENN——
1.0 omf ]
~ — SIS
GRS ¢ ¢ e
e rx IR
w X (Y] L
w 05 | ee -
@ Female Male
e oo 1983
o 25 r
o —
I-c 20
. .
'C 1.5 .m.. .o. e e0®@
wied © aneoe son seme o0
u — oGNNENe o * GEhE
— o 0 o0 GEEEED 00 o ——
o (X )
1.0 - ——x - cUNNEEED ¢
whd R o X — X1
L] ]
O K] [
XX I
05 O - [
Female Male
1984
0.0 L
25
.
20 + .
° @ .
cem @mee e ° L)
o o omme o
18 2] o-.. * ¢
)
00  CENENNNENNDS 0 CEEEENDS
e "m. L] © 00 SN
1.0 (] m: el
—_— re—Y
—. L ] NN &
_. r X
05 | Y
Female Male
0.0 L 1935 . . . . )
35 45 55 65 75 85 95 105 35 45 55 65 75 85 95 4105

Fork Length (cm

Fig. 14. Otolith thickness-Fork length relationships for female (left) and male
(right) of sablefish, sample collected in Gulf of Alaska from
1982(top) to 1985(bottom).



Male

Male
Male

1982

" 'l
L ]
L
. ° - .*
1]
Y LI =™ H =
. 4110 £ m -n £
p3d ] 1Y O~ o
[ —.- TR (S
[ ..
: __. “ ._
e 3
8o

25
20 |
15 |
1.0 |
05 |
0.0

25
20 |

w e
. P

15
1.0
05

] o e n
o o o o

(*N"0) ssauyd1yl Y030

Male
55 65 75 85 95 105

45

35

Fork Length (cm)
Fig. 15. Otolith thickness-Fork length relationships for female (left) and
27

1984
1985
55 65 75 85 95 105

45

35
male (right) of sablefish, sample collected in Aleutian Islands from

1982(top) to 1985(bottom).

25
20
1.5
10 |
05 |
0.0



25
20 t L .
.
.
1.5 [ (X ]
esse oo eed
com o0 o 000 o
*  memes L] o oo
1.0 ._o * @ e
(X con oam
- R
05 | o ® e - emes o
' Female o Male
1982
0.0 4
25
20
[ ] .' -
: 15 o o o
- ome
. O X * o®
L ] -eee o
O . -— ° omm
1.0 X e
—’ - GRS ¢ cumENED B
e e
r———x © SIS ¢
w 0.5 | ea» ¢ - e
(/)] ' Female Male
D 1983
: 0.0 L
=<
(&) 25 ¢
o —
L
I_ 20 |
L .
vid 15 oo see® o csms o
o — oume
— e [ ] e menee
o 00 SIS [ ] _—
1.0 AEDOENEED 000 S SEDEDED
wid [y [
e X
1 1
O 05 L [ — X 30
: .. Female Male
1984
0.0 - -
25 ¢
20 |
o
o
[ )
1.5 . ] (XX
[ o 000 00
o @ oEnEn
wmes o L)
200 B 00 X
1.0 L 0 GEENEEEDS
D G e
i ———
7
05 | O:-O. . | -.—o-
. Female Male
1985
0.0 —_— —
35 45 55 65 75 85 95 105 3 45 55 65 75 85 95 105

Fork Length (cm)

Fig. 16. Otolith thickness-Fork length relationships for female (left) and
male (right) of sablefish, sample collected in Being Sea from
1982(top) to 1985(bottom).

28



5.0

Gulf of Alaska Aleutian Islands Bering Sea
45 1982
O
4.0
OeoNg ©
35 o0
30 ¢
. —e—Female
--O--Male
25 Lo . e e e
5.0
— 45
ol 4.0
' 35
0
3
m 25
m 5.0
L
wid 45
—_—
g 4.0
35
]
m ——Female
3.0
m ~o-Male
| 9
m 25
2 5.0
45 1985
o}
4.0 :
35
3.0
25
1 3 5 7 9 1 13 15 1 3 5 7 9 1 13 15 1 3 5 7 9 1 13 15

Section Age (year)

Fig. 17. Mean otolith radius and section age relationship for female and male sablefish,
using otolith collected in Gulf of Alaska (left), Aleutian Islands (middle), and
Bering Sea (right) in northern Pacific Ocean from 1982(top) to 1985(bottom).

29



T DERIE, HEZHE L RE o7,

SR H AT AR & AT T AR oD BAERIRIARIZ . Fig. 18 (ZAERI, MERERIIF-E) H AR & B
FlnOBRZ KR T 5, BRI, EATEAECHERIC K> TABIESH 525, Mk Ii2iF
ITEARAY R R 27 LT, 4 8-9 IUARE, P H AR OEBIRE < o HA =3

HARTEL o Tno T,

24, BE

TIANE. TV a—x LEE, R— ) IR X T H A ORI & R
DFEL, 6 AL BEIBT M ORIV, REAFR & OEITRE o Tz,

1982 4ED 5 1985 45D 3 YHE N DDV TANDF 2D Z &%, HEWTEER 5-6 M E T
BXEOMREITRN DRZRRAICHREITHE L Tholz (Figs. 8-10), 2L THES
TWALX X TORE/\Z— LIl L TV /= (Beamish & Chilton, 1982; Sigler et al., 1997;
Head et al., 2014) ,

Hpg— R XEE, BERERZRd (Figs. 11-13), Fig17 12733 X 512, Ha 5
DRERIE, BXERERIZ 5-6 5% Z A0 bEi{k LTz, D7, HAEET m~O ROk
(X, K2 BE T D BRI OF RO 2 #E Lz, — T BEAIRZ, KRR Ofikic
BIfR7e <. FEOHINCIEWIZIZTEMRN 2R 4 L. (Fig. 18), ¥ ¥ 7D 2 DOF it
BRI L D BEEFROZEL, HaPREFAREDOHREDEWNGETNIELEZILOND,

XU T D2 ODFMEFEILEC L DEEFHBOAET, T I AN, X—=V 7, 7V =
=y VHERE T TR, kBN T34 N =T OXF U TICBNTHRBEOREND 5
(Fujiwara & Hankin ,1988a), > % 7 O B AR mAFHEAE L & B P E1EIC L 2 EE
PR OFEL, TAVEE CIHSE LT D,

Beamish (1979)(%. Pacific hake (Merlucclus productus)\\Z-o\N T, FHE4FER & BT AFE# O 7T
SN, BEREAR EFAEOREDENDLAE L TWD A LTV 5, Mugiya (1974)

I, =~ A(Salmo gairdnerii irideus)® . Trie (1960)I%> 1 7 F (Argyrosomus argentatus) <°>A
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A% (Lateolabrax japonicus)D HEA K EIZHOWT, BAEESH~DOKEITHMLT 22 & %
WELTWD,

ZOXIICHADKEDENE, ¥ X TDORRLTEDMOBAFEIZONTS, [FEROE®R
ERHD,

S ORGEFER A E 217 2 120%, B LTV DENE L < AFIIIZBI TV D &
9 #iFiE(Validation) <° A & & 4 72 4F i O FE £ (Precession) (2D W THsT L 22 1P uid 72 & 722 0
(Beamish & Fournier, 1981; Beamish & McFarlane, 1983b; Campana, 2001), AH#FZE T, HIFE L
ToRmAL D 1 AR B CIZA S 4L 2 EHER IR R LR 22 0 o T BAE OBLRIN DA D & |
AETE S ARRO A B ET 2121, B X 5B EEITAEDTH D,

XUHTD 2 DOOEEIEZ L DFEMAITIREL R DLDIE 7 %L Th 5, Mason et al.
(1983) X, HFHKEMDF X D 50%pAE % 5 AR EHEEL TWD, ThbOf
RO | IR OWGEIT, HERBADEEBENE 2 b b, A, 2 DOEEEIC X DHEHZEIT,

PERREAZ & D TR 2 D H D,
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FB3IE W) THN=T OXF T OEEFRE~DRER CRADE

3.1. =
TIZARE. TV a—Tx UHE, RONR—1U v ZEORIZZMBIC L > TS =¥
X T DHAEALE S T2 2 DOFEAEE S (Ria&EE & R FEHAEE) IRV EEINT
DAL L TCEOERFICTHOWTEH 1 mEF 2 ETHE L LTz, 6 a2 5 & FElAEN K

S RDERE LT, MRAREAREICHEL JITT I LRRS, £/, ¥4 7

ﬁ

L, FHROEIN & & HIZEED DI E ORI ~OBE N HE LTV 2  (Alverson, 1960;
Beamish & McFarlane, 1983a; Umeda et al., 1983; Methot, 1994) .
AETIE, BBV 7V =T OF X TIZONT, AR E TR Z 0T, EFEIO

A2DER Z it LTz,

3.2. B E TR

3.2.1. EAELE

BV ZAN=2T Oa—Y B EREETDH, XX TEEGLRMAZIRET HIER o
— VBRI RAN L, 7 — X IR A AT o 7o, FERIC K o TREEA A L. SUNTRIE O R WK
THENMTON, LBV 74 =T 02—V A, 39°50-41°30'N ORI CHEEMNTTH
iz (Fig. 19), ESIE Mo — L OEEROFEEPKR LB Z R LT, Iz ¥
F137 v % BT, BEMISREMEEIC KV EAZ R Lz, Sl L7 2 213, A
X% em HALTHEAI L 72, SMBLD» B MEREFH 28 HR 72 ) o> T BAE L . Mason etal. (1983)
(ZHE > TAETR ) B MERE & BV 2451 LU Rk (Immature) & plif(Mature)lZ 53 1 72, S
1 R DORFAZEIR L, o 7 VHICRE L, Y 74 =T WNERF N RV MEOWFSE

IZFEBIR o7, 1984 44 A9 D 8 AT CTIE ST — & 1%, KR L I8 E

AN 3 K8 (Zone 1: =300, Zone 2: =600, Zone 3: =1100 m)IZ/0 1 oMz D 7=,

33



| | |
125°W 124°
- 420N o
A E\‘
gadn 24 CRESCENT CITY
R T
= ke
bt - ‘-l.l
Z N
~
o5
L 410 e
a0 T
= EUREKA
@)
[l
= NORTHERN
j CALIFORNIA
-40° oy .
hY
v
S
%\ (@ FORTBRAG
L
|5

Fig. 19. Approximate sablefish sample collection area off northern California
(shaded area). Dotted lines show 100 and 500 fathoms. One fathom is
approximately 1.8 meter.

3.2.2. EEE E BRI
B R L2 BRI L2 T, 2 FEIC K DR & BEAshll(Ba R s BalE)
Z{To77, 1984 £ 4 AD 8 AICHESNIZXF AT 0N, M 305 Ak, & 416 EEKDE

Ft 21 RSy O BA T, 2 DOFRAETE & At e & e o7z,

3.3. fER
FERTIE, B A A SRR LT B OISR | MERER] oD fa R R 2 U R 2 B MR 2217
o7z, Table 3 (ZHEMER] - KIRJE = &\ AR TSR, BRI, HA R mFH & R 4
W2 T AL T & P L R 22 AR T, HARE) D O EFHMEIL, #T 1-

17 5%, HET1-16 W Th o7z, FMTmOAEFEmEAEIT, T 12, HETI25mTH-
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Table 3. Sample number, Size range, means ages, rages of ages, and standard deviation of age
assignments from Surface aging and Section aging by depth zone, using sablefish caught
by bottom otter trawl vessels in northern California from April, 1984 to August 1984.

Depth Sample Size Surface Age Section Age

Sex Zone™! No Range(cm) Mean Range Standard Mean Range Standard
Deviation Deviation

Female Zone 1 93 37-73 3.58 1-8 1.54 3.47 1-8 1.59

Zone 2 143 40-90 5.37 2-15 2.56 6.06 2-22 3.81

Zone 3 69 47-85 8.06 3-17 2.89 9.83 3-20 4.25

All Zone 305 37-90 5.43 1-17 2.88 6.12 1-22 4.10

Male Zone 1 64 38-66 3.50 1-10 1.83 3.42 1-11 2.06

Zone 2 181 43-73 5.46 2-16 2.64 6.69 2-24 4.21

Zone 3 171 45-73 6.78 3-13 2.32 8.49 3-25 3.75

All Zone 416 38-73 5.70 1-16 2.64 6.89 1-25 4.16

72 KIEJE Zone 1 T, MEHEL HIZMAEIEDOFEEFHOIRIXIZIEFR L Ch -7, Zone2 &
Zone 3 Ti&, I OIEIIRE < 7poTz, ARRBIETIE, Zone1 XY Zone2 & Zone 3
TREL DT,
3.3.1. BBEIE L BXE,HEETE S

MERER] - TREEDINZ B SRR 2 plife & R DOEIG %, Fig. 20 I d, Utk b &,
HERE & B R DV Zone 1 726 Zone 2, Zone 3 RS 72 D122V TC, FADEIGITIE 2 7,
MEREE $12 60 enZ @iz H5F ¥ T THRMANHET 2, ML & BXEN 45 cnld |
DR 2R DOEIG NG 2 T2,

Fig.21 12, MERERI] - PREE R AT A7 125 - 2 st & R D EIG 2”7, R

OFEESH DOIAAEIL. MElX. Zone 1 T 2-3 k. Zone 2 T 3 i, Zone 3 T4 % C. HEIL.

K

Zones 1, 2, 3 ORMEIL2, 3. 3k CTholz, HAD Zone 1. 2. 3 OEMMEIL, MET S,
6. 7%k, HET T, 6, 10/ Tdh-o7=, Zonel & Zone 2 THEMPHIL TWDHLZALHD
P, R - B E BT, TREES O THEE M O BRI ORI < 7o 72,

3.3.2. BX& L EkEmaEn

Fig.22 12, MEMER « /KERBI 2 & 0T, ARk - a2 X U CREBT 4RI+ 5 B X R & @
BfRZ RS, X701, ML HIC5-6 2 AF TRRICKE L, ZOBKERIELOX

ZFFo TRERIFHE L T o7z, Zonel TIX, 6-7 ik £ TOFFMORIRIT, KES O
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Fig. 20. Frequency of immature and mature sablefish for female (left) and male (right) against fork length
from three depth zones, using sample collected from northern California in 1984. Shaded area
and open area indicate immature and mature fish with sample number in parentheses,
respectively.
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Fig. 21. Frequency of immature and mature sablefish for female (left) and male (right) against section age from
three depth zones, using sample collected from northern California in 1984. Shaded area and open area
indicate immature and mature fish, respectively.
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Fig. 22. Sablefish fork length-section age relationship for female (left) and male (right) from three
depth zones, using sample collected in northern California from April to August, 1984. Open
circle and closed circle indicate immature and mature fish, respectively.
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Fig. 26 (ZIREERI - MERERNC AR - BfaZ XBI L TR E & HAEORREZ R, Zonel
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Fig. 23. Age difference between otolith section and surface age against fork length for female (left) and
male (right) of sablefish from three depth zones, using sample collected in northern California
from April to August, 1984. Open circle and closed circle indicate immature fand mature fish,
respectively.
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Fig. 24. Age difference between otolith section and surface age against section age for female (left) and
male (right) of sablefish from three depth zones, using sample collected in northern California
from April to August, 1984. Open circle and closed circle indicate immature fish and mature
fish, respectively.
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Fig. 25. Sablefish otolith radius-fork length relationship for female (left) and male (right) from three depth
zones, using sample collected from northern California in 1984. Open circle and closed circle

indicate show immature fish and mature fish, respectively.
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Fig. 26. Sablefish otolith thickness-fork length relationship for female (left) and male (right) from three
depth zones, using sample collected from northern California in 1984. Open circle and closed
circle indicate immature fish and mature fish, respectively.
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o HAZRE LT, REES NI H A2, R gk & s aEiEzefi- 7o
FAEDRER. 77 AHE, X=V 7, 7V a—T v HIBREEC, L) 74 1=
TIZBWTH AEFMIEZNE LT,

AT, FAPREFABEDOHMENRR D Z LT, FlENNLZ AW LN, B
FERFTMA~OREIL, BYXER L HBIBIRICH D | BRE O LI BRI~
DR HHL L T oo, HARIE, WARICBEIRR R Uiz, £ ORER. Bk i &
KEFHOZT, BWTEEROBEINZHENRE S RoTWo Tz,

INET, FUETOME~ORIBENTHE S 40TV 5 (Alverson, 1960; Beamish &
McFarlane, 1983a; Umeda et al., 1983; Methot, 1994), Rij# CTiX, MERkEZ, KkED$iLT 25
DRI NI, AT, BRBMERE A, EENCAEFROZE LB LT,
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Fig. 27. Sablefish otolith radius-section age relationship for female (left) and male (right) from three
depth zones, using sample collected from northern California in 1984. Open circle and closed
circle indicate immature fish and mature fish, respectively.
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Fig. 28. Sablefish otolith thickness-section age relationship for female (left) and male (right) from three
depth zones, using sample collected from northern California in 1984. Open circle and closed
circle indicate immature fish and mature fish, respectively.
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Fig. 29. Sablefish otolith ratio (Otolith radius/Otolith thickness) - section age relationship
for female (a) and male (b) from three depth zones, using sample collected from
northern California in 1984. Closed circle, open circle, and closed triangle
indicate zone 1, zone 2 and zone 3, respectively.
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M L7z #7013, em BL CRXERZFHHI L, FHIIL7=F & Z13, BAE L. Mason et
al. (1984)(ZHE V>, G~ DIERIRCRRERVE 2 B KB LTz, FidE D7, RRFHIILT-
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L. Zar (1974)Z5E > T, MEDOHLIN B 2R 50% D i FEARTLIZ DOV TH EKUE 5% TLE R E
(log-likelihood ratio test) & 33 = 72 > 7=,
R B OIS T AF 5 12 )9~ DD R EAEIA 1T, L F D v ¥ 25 ¢ 7 %5 /L (Berkson, 1953)
Y TIIHT,
P(X) = 1/(14+EXP-(A+BX)) (4.1)
ZITE, B OIWVIFREXESY X L L, POIFRXE R OHEERICRS Lo lEl G ch
%, Gunderson (1977){Z1¢ > C logit transformation % fi > T MEHERINZ X T A — X —ZHEE L,

50% VAR & 50% VL 2SRk 8 7=,

4.3. ®ER

1984 42 1 A2 8 H £ T 12 [MOffiiE . 7155 BOF ¥ T i shiz, S
X E TG 2181 RORXE., M AJERORELZEEZ L, 4 A7D 8 HITHEH L
T2 HA 1579 fERD 5 6. 721 B8RS O HAAEWT i & 8Ol E 21T - 7o, KRB H
AR & BEM A Table 4 (TR, AAER FIX. Table 3 IRTIEY TH 2,
4.3.1. REOKIRITHT 5 BEERFRH 2 72 » OFREREK

1984 4F 1 H7n D 8 HITHT TRARRHT GLER U 7R ETREE I 1T D BERER (b v — L i
DN B AN K 2 Bt 2 £ TORFM) &R AZ S L2, REICKTT 5 1 RS-
0D DX H TR A RS (Fig. 30), 7KiE 1000 m ##iz 2562 RE . RENELS 8D
\ZHE>T 1 IRFHY 720 OfEREITZ < o7z,
4.3.2. RERIDREA & BADYEL

Table 5 {ORT & 512, AADMELLOREIBEDORER, AR - TREERI DR O MEREIC
w0 BB ST, BRADHED 5 2FIEITERET 37% L 720 | MEDOEIG D7) -T2, Zone
1 TEAE SN BUTFER T D 700D, Zones 1-3 & RS 72 D206V, HED (58 D EIATE 70%,
43%. 31% & L, Zone 3 DHED A DEIGITZ o T2,

Table 6 C., KA DML ZRT, LEIMMBTEOMRE, 2K Z1E UM 1:1 ofER & 1372
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Table 4. Number of male and female sablefish sampled, number of fish for which otoliths were
removed, and number of fish for which otoliths were aged, by depth (m). Samples were
obtained from commercial otter trawl vessels in northern California from January through
August 1984.

Sex Zone Depth Total sampled Otoliths Otoliths aged
(m) removed
Female 1 =300 177 177 93
2 301-600 582 289 143
3 601< 534 282 69
1-3 Female Total 1233 688 305
Male 1 =300 77 70 64
2 301-600 425 239 181
3 601< 1046 582 171
1-3 Male Total 1548 891 416
Total 2781 1579 721
5 80
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Fig. 30. Number of sablefish per one-hour towing from on-board trawl vessels in

northern California from January to August 1984.
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Table 5. Percentage of female sablefish among mature fish sampled by month and depth zone of
capture. Numbers in parentheses indicate sample size. Asterisks denote log-likelihood ration
test results that rejected null hypothesis of 50% female proportion at the 5% significant level.
Samples were collected by commercial otter trawl vessels in northern California from

January through August 1984.

Month of Capture

Depth (m) Jan Feb Mar Apr May Jun Jul Aug Total
0-300 - 0 - 74%* 0 - - 56 70*
(Zone 1) 0) €1y (0) © (40)
301- 600 79* 67 72% 39* 52 - 27 0 43
(Zone 2) (24) (6) (112)  (101) (85) (15) €)) (344)
601-1100 34* - - 25% 41 33* 40 26* 31*
(Zone 3) (342) (353) (82) (343)  (23) (136) (1279
Total 37* 67 72%* 31* 47 33* 34 27* 37*

(366) (6)  (112) (485  (167) (343) (38)  (146) (1663)

Table 6. Percentage of female sablefish among immature fish sampled by month and depth zone of
capture. Numbers in parentheses indicate sample size. Asterisks denote log-likelihood ration
test results that rejected null hypothesis of 50% female proportion at the 5% significant level.
Samples were collected by commercial otter trawl vessels in northern California from

January through August 1984.

Month of Capture

Depth (m) Jan Feb Mar Apr May Jun Jul Aug Total
0-300 - 0 - 56 0 - - 58 58
(Zome 1) (0) 41 (0) (113)  (154)
301- 600 69% 47 50 62%* 56 - 54 60 59%
(Zone 2) (167) (5% (154) (162) (59) (26) (40) (663)
601-1100 46 - - 43 64 26* 62 41 46
(Zone 3) (183) (16) (33) 39) 13) a7 (301)
Total 57* 47 50 60* 59 26* 56 54 55%

(3500 (55  (154)  (219) 92)  (39)  (39) (170) (1118)

BIRmoT=, 1 ANS 8 ADEAR 15 D5 H 12 DHFAITHW T, MEREOMERIE 1:1 TH -
77

Table 5 & Table 6 @ H BIORE A & A DOMEDOE S % Xrd 5 (Fig. 31), itk b L,
RERAIZBNT, 6 H 2R MEOEIAIEIE 50%1T < TEE L MEHITIFIE 111 THoTz,

FARIZIWNT, 2 A0S 3 HIZIR D MREITHEICR Y . oo A TR > Tuve,
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Fig. 31. Monthly percent female for matured and immatured sablefish, using
samples collected by commercial otter trawl vessels in northern
California from January through August of 1984.
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I SNT-F 7T OREIZHT D2HEOEIS % Fig. 32 12~ 7, MEORIE, KREITKTRT
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Fig. 32. Percent sablefish female as a function of fish fork length, using

samples collected by commercial otter trawl vessels in northern
California from January through August of 1984. Numbers next
to data points indicate number fish examined for sex.
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Fig. 33. Percent of examined sablefish female that were spent plotted
against date of collection, using commercial otter trawl
vessels in northern California from January through August
of 1984.

4.3.5. 50%pAER L BRRCGE iR

JE R K OEINT I 5 1 03 2 BREAVEI A 1T Logistic BREVEHAR %24 TIX o 7= 5 % | Fig. 34
(R, o, HEE 50%AEMAR & 50& VRl A4 Table 7 (2777, 50%AMEMAR & 50%5KL
PRI, TN EHMET 53.5em & 4.95 5%, MET49.6cm & 4457 ThH -7, MEREL B 50%

FRAMA R B OF 50% R Im IR, MEDMAR & 4T, fEx BlRl-> Tz,
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Fig. 34. Proportion mature versus fork length (above) and age (below) of

sablefish, using samples collected by commercial otter trawl vessels
from April through August, 1984 in northern California.

Table 7. Predicted size (FL) and age at 50% maturity for females and
males sablefish, using logistic model*. Samples were
collected from three depth zone in northern California from
January through August 1984.

Sex Size at 50% (cm) Section Age at 50% (Year)
Females 53.5 4.95
Males 49.6 4.45
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44. BE

Phillips & Imamura (1954)iX, 71 U 7 A V=T IRFEDX 2 X T OMEOAEFENR OB D, B
GIZ 12 AS 4 A, BEIFE—2131 AS 2 A & L7z, Masonetal. (1983) 1%, XD
TIVT 4y an BV NOFXH T OEIMIE. 1 Anb 4 AT, ©—2 A 1 A
D2 H & Ui, MEOAFEMROFMM ERIFIEIC £ 2 & KEBEEEHOX 2 Z13, 12
A5 3 FIZog TEIR AR, 2 AZEI e —2 & L7z (Guzman et al., 2017), AGH
BAERTIE, LBV 7 A =T OF X T OREIMIT 1 A%END 2 HOBEIZE—2 1
HET DI ENRBIN, WY THN=T DO T HKIEOX X7 DREIRINE 12 A 4
AZAETT, l APD 2 ANEIIOY—2 LEZ bib,

X AT OPEIZ OV T, Masonetal. (1983)i%, 11 A5 3 21T HMfElErIE, 3:1 T,
MELZAR > T 7o, Sasaki (1985)1%, 777 A IR DJEIL % MEFHA OFE R T, HERELIZIZIE
L1 MG L7z, — ., AU 7 HV=THHROX & T OMIE, HECR- Tz (Haltuch
etal,2019), AFFFETIL, RAf & AU/ T TRFT L. REEOMERIE, 1Z1F 1:1 THho
7o —J5. pifIE. PEDREIO 2 A & 3 A oMERERIT 2 A T2:1, 3 Ai32.6:1 LHED RN R
<. ZOMDAITHONTIE, HEORIGRE D >T, Y T AER DL
WO IERH D000 LW, EIICE T 2MOEIG R mno72Z LIk, ¥4 7 ORI
TN H DR H D EEZ DD, EINHOITENCET 545 % OFANIFENLET
H D,

ABFZED BRI D fe/ N A 21, HEE & 612 44 cm FL AT T, oS & —H LT
7= (Maeda & Hankin, 1983; Sasaki, 1985).,

HETE ST ED 50% VAR 1L 53.5 cm FL Tdh >7-, Head er al. 2014) 1L, VU 74 /L
=7 Cape Mendocino 725 U 2 > b AT TOKIETIE, HED 50%EVA R 1 54.6
cm FL, Macewicz & Hunter (1994)134 L = M7 OMED 50%A KX 54.8 cm FL & #ii5 L
7z & BT Parks & Shaw (1987)1%, MED 50%p AR % 55.3-56.3 cm FL & )t L7z, Mason

etal. (1983)I%. 1 F Z /K DMED 50%pHIAR X, 1980 4EDH 7L TlE 58 cm FL, 1981
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ETO2emFL EHEE LT, T 7 ANE LT U 2 —3 % VAT D HED 50%RAVR R 1T,

65cm FL T& - 7=(Sasaki, 1985), 7V 74 /L=TMnbH I b MOX & T 1%, KHF5E
%5 OMED 50%R AR 54-56 cm FL OHIH T o7z, B F KB HILDT T A A1 D>
5TV 2= ¥ UHIRBITHT THED 50%mMAVERIZ. KEDOH Y 74 VL=T b U b

IMIZHEART, REDNoT,
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FTSE TIAIB, TVa—Txy, X=V 7, kW) 731 =TI128BIT 5

XU FTDRE

5.1. f5

BEOMEL S TIOLHHAL LT, BERA, no2x7 0 v 7 T~y e g
B D (M, 1985), HlFaNo> 72272, von Bertalanffy(1938)i%, flED A H =X L& EfE LI-H
a7 L=, von Vertalanffy & 20%, Beverton & Holt (1957)DMASEDAIE £ T /LITE
ANENTz, T—F ~DETION R L BIRFHEE T V~DMMIABES e Z L v H Y | von
Vertalanffy & XA B O R E % flalk 325 OBV 5 LTV S (Ricker 1975),

XX TIZBN T, TS F(Kennedy & Pletcher, 1968; Kimura et al., 1993), fif « H
1 # 1 (Pruter, 1954; Maeda, 1982; Sasaki 1985), H A #ill7 i (Beamish & Chilton 1982;
McFarlane & Beamish, 1983a; Echave et al., 2012) 75 D4 & (KK T — 4% % ffi > T von
Vertalanffy fliEHA~Y TIONINTE T,

ARFETIE, 1984 FFOT T AR, 7TV a—x 8B, X—=V 7, ko) 74+1=
T O AWHKOF L F T ORI ARG T DR R T — # &5 T, von Vertalanffy iR

ZRDT,

5.2. MKk L Fik
WET—5, BARSE, U CTHEBTEFREEIECOWTIL, 25 1 =L 3 =Tk~ 7zl
D CThHodH, 1984 FDOT FZANE, TV a— x5, X—=U 7, kB 7+10=7T
D A YEIR O FEWT AR IS % T 5 e LER(FL) 7 — & Z v von Vertalanffy pi R XA R D7,
von Bertalanffy &%,
l= Lo (1 —e K&-10) (5.1)
Thd, L, Tt OREDIKETH D, Lo Ko to X, RTA—=F—Th D, Lo 1%, Flip

Wt DR E L o ERFICHRICET A HER FORREE TH A, KT, REHE T, KK
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EVRHIA ORI RV A, SURICRR I T D, 01X, 120 DD, FERRY R T
H D,

FEWT IR AR 20 7% £ TSRS T 2 E¥IRE DT — & i 572, von Bertalanffy &0 3
DDOIRT A —H—DOHEETNEIL, Walford(1946) DEZEK 1D Lok K &R, Walford D IE
X TR 7= L& f# - 7= Ricker Plot (Ricker 1975)(2 L ¥ | to Z3KD7=, Zh 6D HETHTE
ENTZ3 DDORT A—F—ZEHIE L L., Kimura(1980) i £:#(likelihood method)(Z & > T

WERHEZ L, Lo K, to OFREBIRHEEM E LT,

53. ®ER

1984 FE D 2 45 O 4 Wk OREWT AR ln 30 1% E TlIxHE T DR ET — & ZMERER]IZ Fig.
BICRT, TIANBOREEZRD L, ML S 700 8 ZANbHik LTz, ZD%
M T 65-90 cm FL, T 60-80 cm FL O HI1E W iFA i - 7=

1984 DX & T OMERERNT 4 WD G T 2 R RT — 212, 1-20 s OHEKT
i Al 26 L C von Bertalanffy fR A Y Tldsd 7o, FRBICKIST 57 — 2 #3 L EH D
Bt DIV X E OB 7 T, FLETHE L7z 35D /3T A — % —Dffi% Table 8 (TR
F, Fig. 36 |2, FMICKIET 2R ET — & LHEE LT2/8T7 A —Z —% {572 von
Bertalanffy i Hif & 797,

Table 8 (Z/RT L D12, MED Lot HED Lok W KE VW, HED Lod, 77 ABBELT Y 2
— ¥ U TIX80 em FL 28z, _—V 7 TIL 74 ecm FL &0 LSS HEE ST,
TED LA Z DWW T HRBEOMEAI A A AL, TTADBE LTV 2—3 % U FHJE Tl 69 cm FL,
N=V 7 TIIP LIS 67em FL ThoTo, b Y 740 =T KBTI, L&, HET
67cmFL, HET60ecmFL Thotz, LWV 7 H/NV=T D Lolt, 7 7 A AKBIZHA/NS D

ST,
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Fig. 35. Plots of length-at-age for female (left) and male (right) of sablefish from Gulf of
Alaska(a), Aleutian Islands (b), Bering Sea (c) and Northern California (d) in 1984.
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Fig. 36. Average length-at-age plots for female (left) and
male (right) of sablefish from Gulf of Alaska(a),
Aleutian Islands (b), Bering Sea (¢) and northern
California (d) in 1984 with estimated von
Bertalanffy growth curves.
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Table 8. Estimated parameters (L., K, and tp) of von Bertalanffy growth curve with aging sample
number (n) for sablefish, using average length-at-age data in Gulf of Alaska, Aleutian
Islands, Bering Sea, and Northern California in 1984. Estimated age range from 1 to 20
years. Number of data is used more than three data points at age.

Female Male
Area
Loo K t() N Loo K t0 n
Gulf of Alaska 81.09 0.186 -2.286 942 69.53 0.262 -1.369 738
Aleutian Islands 80.25 0.218 -1.526 418 69.69 0.174 -3.930 291
Bering Sea 7444  0.254 -1.842 600 67.57 0.247 -2.602 457
Northern California 67.44 0312 -1.170 305 60.37 0.283 -2.358 416
5.4, B

T IR, TV a—Tx A, X—=U 7, Ab Y T =T O 4 YEED HINE X
Nz B OREWE AR 269 5 B X2, von Bertalanffy % & 20% 24 Cld® 7=, Table 8 (2
RLTEEY . T AR, TV a—vx LA, =1 U 7MORKRIER LiL, k) 7
FN=T KD Ll K& SHEE SN, Fig. 351275 X 912, Fiis 10 mRE» 5 alE
DRIE L, KEOLLIXY NRED ST,

Maeda (1982)72%, BV 7 4V =T OFX ¥ T O BAREFEEIZHIET 2K E 2 AVHEE
L 7= von Bertalanffy XD Loix, MET 87 ecm FL, T 72 ecm FL THh 7=, AHFFETIL,
E A RRBT ARl i L7 R R 2 D CHEE L7 Lot 1T 67 em FL, /T 69cm FL C,
RESBVEST-HEEM L 72572, Maeda (1982)1%, K& 7efl k% & CHARE & - 72
back-calculation 1T 572, Back-calculation %9 % & &, KR DOREWEKNDEL , FHAMK
BEBI&EHIT D Z LI 5, Ml CAE S o/ Mo Sz | REFRAEE TS
e LT SRRV EEND, ZOD, AFED L. LV IZKELSHEESHLEZOT

(T2 EHERIT 5,
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TN TAN=TWNOX L ETD Lold, TT7ABE, TV 2=y 85, =1 7Y
DT FANKIBEDF L ZTD Ll NS hole, H4ETELE L, WV T4 10=T
D S0%RAREIR, T A KIBORERER LY /NS Dotz KEIASERT ¥
5T DRLBME R E DR ALIC & 53BN OW T, Headetal. (2014) (3, VEEERET, IASEE,
BIRBE R LI BRSNLTWAO TRV E LTW5, Begg & Walman (1999) (%, —ii%
HIZ, RCHAEPE R EDAETE R OREIL, REFHBIO—2fEEL LTEDILTWD & LT
WD, RESRCHEMAR DT, 7 CRBEN OHBLRREW R D) BARDJHIC L - TR

DIEWR D, S%OMIEEFFOZ &2 D,
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FBOE TIANE, TVa—vx HE X—VV 7, LIV 7H+A1=T0

X ¥ T OB OB X 5 R D TR

6.1. #EE

INET, FUZTORBHEEZWMEICT D200, xR FiEBRHVb TS, ¥
5T OFERS—FHE OFEMI7ZR KR &2 2812, 7 7 A 71 R T (Alaska population) (—— U > 7,
TV a—y HE T T ABBERC T Z DN 7 —"—BAERKI) & 76 5 R (West
coast population) (/N2 7 —/N—DFHIKIEN B KE D 0 b AL TN, B T x v
=TINERETAF D "N B 75U =T MoK &RES2RBEIHITONDZ &
DRI S 72 (Kimura et al., 1998; Maloney & Sigler, 2008), 20 Al =05, 23 2 fif
Br> 7 b ORIABRESZZ20 | SR EA O AZFH L A5 (2T T & 28T (Otolith
shape analysis) ORISR EATZ, Z OTEREMAT 1T, MFEOEIME 2 MiE T 201781 %
X 91272 o 72 (Jonsdottir et al., 2002; Schulz-Mirbach et al., 2008; Stransky et al., 2008; Treinen-
Crespo et al., 2012; Orlov & Afanasyev, 2013; Valentin et al., 2014), KFETiZ, 77 ANE, 7
Va—vx Ul X=U o 7 bh ) 7 =T TRESNEX U X T OFAREA D

PR LIRS OFHIMED . REEHBIOF R0 LD DNE S InaiEt L,

6.2. k& ik
TIARE. TV 2=y X=U 7O EANEICHOWTEE 1 &, V) 740
=T OHANEIZOWTIIE 3 BIDR~/2@Y Th o, HaOBKmFimdEE s o0 T
X, B 1 EICEEE UTe, 2 2 BICH AL HAROFHINZ OWTE & iz, BRURFEE
WFZEFTEIRAEATER NS BNTT ZABE, 7V 2 —> % VB, X—1U 71O EARE E
AT & HAFH AT o7, bl ) 7 40 =7 O B AR EGR A E & FazHnx, Y
T A IV=T ISR AN TRV MR B W TENE L7,

MBI i 5 721z, RHllS B At (BAPE-HAE) v, Bl Simc
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SIST 2 BALOVE 257 U RIS T 27— 2083 U EH D & DIZONTD I,

VA A R Uiz, ST E A & BRI AR 1 EARAIBAER 23 8 1 | D 2 k0 D 20 I
ECORMTEYFEMRZ Y TLHZ, N— Ly FOSEE—MERE (Bartlett’s test of
homogeneity of variance) & 4543 HT(ANCOVA: analysis of covariance) DFEEHFNT I, A

IKYE 5% T1T>7- (Snedecor & Cochran 1980) .

6.3. fER

1984 T T AN, TV a—vx G, N—U 2 7ifECHE S ARIERIEIT X
MR A CUEE SIVZMED X & 7 O HA 1960 A, 1984 4EIZILN Y 74 V=T DJES| & k
o — LR B ERER S T MED B 305 A, A it 2265 fE{A 5y ORI Al A E 21T 720,
Z DR X FHiPH & A EFIHEIPE 2 Table 9 (2~ 7, AE S AV AF R, 1-50 7% OHEPH
Thole, WY 7+ V=T OFRREEFHIL, 22 ThoT,

Fig. 37 |2 4 K OREWT R4l & W B At & oBR 2 ~d, Bakhid, FEmictiovh e
K 7poife, Flin & PR HAITEMBRICH Y | BEUREREZ Y TIDz, ZORER% Table
10 1289, 4 7S E BRBEREIE 09 2z, FEFICEWHBIBEA H - 72,

4 WS DIENFEAR O 3 R DY) — VA M5 2 72912 Bartlett’s test 17> 72, ZDfER. 47
B — T D &0 ) IRERSUITERI S N2 (2 = 9.227, df=3), 4 #HED 6 SO AE
(2T, BT Ok % 7R3 (Table 11), Table 11 OF RS RT XL DT, 7T ADE,
TV a— ¥ LG, N—U o ZORIFERICIT, ARERENRH SR T, —T7.

BV 7N =T OEYFESL, RO 3R EGERENH ST,

6.4. B
WA BT 51203, BIRZBOHEN THLARBEEZHOMNIZ LR TIIE R 5720, £ o4

T3, TV 2=y HlE N=U TN G SN D T =T N OAEHRAEIS
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Table 9. Sample sizes and ranges of fork length (cm) of sablefish age and otolith measurements, ranges
of age assignments from the section aging methods for sablefish collected by bottom longline
in the Gulf of Alaska, Aleutian Islands, and Bering Sea in 1984 and by bottom otter trawl in

northern California in 1984.

Female otolith ages and measurements

Area Sample Size Length Range (cm) Section age range (year)
Gulf of Alaska 942 43-99 3-42
Aleutian Islands 418 46-106 2-48
Bering Sea 600 44-99 2-50
Northern California 305 37-90 1-22
Total 2265 37-106 1-50
5.4
m
3 O
£ 5.0 - Female
- O
o o ®
= Q
Fa6 o= Q
0 U B 0O
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4.2 O 0
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3.0
0 ) 10 15 20

Section Age (year)

Fig. 37. Mean otolith ration (otolith radius/otolith thickness)-age relationship of female
sablefish, using otolith collected in Northern California, Gulf of Alaska,
Bering Sea and Aleutian Islands in 1984.
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Table 10. Slopes, intercepts, and correlation coefficients (r) for regression lines relating mean otolith
ratio (radius/thickness) to section age for female sablefish, using otoliths collected in the
Gulf of Alaska, Aleutian area, Bering Sea, and northern California in 1984.

Female
Area Slope Intercept R
Gulf of Alaska -0.070 5.010 -0.962
Bring Sea -0.074 4.992 -0.912
Aleutian Islands -0.077 4.992 -0.910
Northern California -0.096 4.969 -0.909

Table 11. Summary of comparison of slope and intercepts of regression line for otolith ratio (otolith
radius/otolith thickness) to section age for female sablefish, using otoliths collected in the
Gulf of Alaska, Bering Sea, Aleutian Islands, and Northern California in 1984.

Hypothesis Test Slope Intercept

Statistics df Result statistics df Result
Northern California vs Gulf of Alaska F 2.045 1,29 Accept 20.907 1,31  Reject
Northern California vs Bering Sea F 0.207 1,25 Accept 13.436 1,27 Reject
Northern California vs Aleutian Islands F 0.934 1,27 Accept 14.251 1,29  Reject
Gulf of Alaska vs Bering Sea F 1.176 1,28 Accept 0.077 1,30  Accept
Gulf of Alaska vs Aleutian Islands F 0.627 1,30 Accept 1.323 1,32 Accept
Bering Sea vs Aleutian Islands F 0.250 1,26 Accept 0.218 1,28  Accept

Jis < 34 % (Sasaki 1985), ZILE T, XU ¥ T OEFEMEEH LM T 572002, Eilkhk
TMUSMT S, IEFHE, AP J71E. DNA OBEFITE, FAERZEOWIEATTHI
72 (Phillips et al., 1954; Tuyuki & Roberts, 1969; Whitaker & McFarlane, 1997; Tripp-Valdez et al.,
2012; Jasonowicz et al., 2016) . Hi—REEDEECREED O RAGHERRIL T TR,

AR — T — 2 RN T L. (777 2 1 Fff(Alaska population) | & P55 58
(west-coast population)] DK X< 2 REECDT BN D Z EAUREE X7 (Kimura et al., 1998;
Maloney and Sigler, 2008), K[E TiL, #F ¥ O HIBRRIREEN O, 7 7 A R L EER
BT, TRENOREFREBRTY V¥ 7 OEIFEFHE 21T > TV % (Johnson et al.,
2016; Hanselman et al., 2019),

WA, TERE T 2 ISR CTE 2 £ 912720 | HaOBHERIEREIHT IR S 41, BRx

ORI HE e FiEE LTEbILTWb, filziX, =~ 7 2. Trachurus
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trachurus (Abuanza et al., 2008), % 7. Gadus morhus (Stransky et al., 2008), F£7=7 1 7 4 /b
=7 ~A U Sardinops sagax (Javor et al. 2011)DZEED R DI,

RETIL, FUFTMOHA (B HATE) & BB o BIER & /047 L 72 f5 5.
TIANE, TV a—x HE N—U MO T T AR E AT ) T v =T o
AL TR 72 > T /2, Kimuraetal. (1998) <° Maloney & Sigler (2008) 23R4 2 X 52, M
ADRZD V72T D DI, BARMEKEDOEIL, REORBAE L T\ B2 615,
S, FUZTOEADRES 23D T, RO 2D, EIRFHIOEARTH %

REEZH SN L TODRITIER B 720,
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B1E REEBZE

—MRETIE, BB A T CovD, EEE IR AR T 5, BIREIC 138k~ 72 &R
BREET ARMEDIL TV D, 1950 RIS, BIFRFHIET /L & U THEERE B A DR ORE
AEPEE T /L(Schaefer, 1954) TlE, JESRAZRIE R - N EOHE N OILKFEDOAE 2 7D
BN Z1T o7z, Flogd—n vy XOEMAZEHT 57252, Beverton & Holt (1957)1 34 s
BmELE L THREOEFE R ZTT UL LI, Uk, B atRloRBICE D, BERf
S A M TR T L ME DTS, KRE DM KIK(EEZ) DX > &
T TIE MR E TG EAT 5 7 7 ABRFET TADAX T ET VERGEE L, 2hvh:
J& & X472 SS (Stock Synthesis) £ 7 /LA WE RG22 1T > TY % (Haltuch etal., 2019) , =
DETNEZENTITIE, Fo ¥ 7 0ER - B NHERONETT — 213 7%mD Z & | Fin— K&

BIfR, PESNERBICEAT 24 EmfEdiT., 7 MICAN TR E L TRATH S,

7.1. EELH# DB

AL T, FTFF T THEDNL TV D EMAEIEDORT 21T o7z, ¥ ¥ T ORmF
AL E A L BT A E VA KD AEFI A RFT L. 6 E TOAmAICE L T, 2o
DEFEIEIC L DFMmZAENMT L A LR REFEEEZ - IERTFROANMEZ R L
Too HAGHAME (AL AR 226, FENEC 2B RZHRE L, BFa¥EEs Ba
EORMEDENC LY | 2 FIEC L D2EEFMICENELD L EWLNI LI, 7T AD
K(A_—=V 7, TV 2a— % LR, 77 ARE ROV 7 4= KL v He
A ISWAKIBIZ W T, FEAREDOBEWIC K VFERmENECD Z B nholz, kU 7
AV =TIATBNT, BEFS & HAFHIME « REE - A DT —Z 25 8 Tt L7z 2],
U H T OB D AT Eh 7S, B BB T710 & BRIED R 5 R & HE L, Fii =%
RELTHZEBH LN T,

INFETOMRERAT D L. Beamish & Chilton (1982) M W HAE L= L 912, FoF

T CIEE AR 2 > THEBEE 232 Z LRI N D, FHETIE, A% 7 F 79
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A7V BRSO, BRI SN A28l L, BakbmicA Eno AT
7Y% A 7 U (OTC)D~ — 7 LAtk DU & i/ & il £ COFEN —HT 52 L %
AR L. HAREMrm O’ 1 I8 1 BRSNS 2L 2REELT, ZORER, ¥ 77
X, B HE AR D EE SIVFR T 20 a2 0o 72, 40 a2 5 RFHFmMA
THDHIENRHLNIR -T2, TD%, Kastelle et al. (1994) 1T, BFAICEEND T VT A
(Ra-226) 12513 %5 8 (Pb-210) D =% HIE T 5 K 5341 (Radiometric)i#1Z & - T, Beamish
& Chilton(1982) 23 L 7=l L [AIRRIC, XU X T IIEHFMATHD Z L2 MFELT=,
AT LT O, BE LTV omE L ABAIICENTHWD & W) REE
(Validation) P2 i & U 72 4 i O K5 (Precession) (2 D W THERT L 722 1 LiE 72 & 72\ \(Beamish
& Fournier, 1981; Beamish & McFarlane, 1983b; Campana, 2001), A& Tl, HIFE L 72 fimfl A3
1 FJEEI TR S 4 5 B R REE IR R 0 o 7o, RO HAREDOBANGT 5 &
FRRFAIZ BTN L D AEEITAR TH D EE R D,

%1%, Doris Chilton &V | T F#E & EIE DR E 2 0T 1o, AWFTED b AT i AF i
X, 55 Th ol

% < OFFET H AR 4 68 > 7oA E 23T 4L TV S, Munk (2001) (%, SCHERFHA )
SALE AT R T 2 48 FOD K DO AR lnE O — R A ERk L. B atiWm 2t -
e B EFENIL, 20 E Bz HMFENE L, FUXTEEDT 100 waliz 2R HE S
NTWND, IHIT, EAZIT TIE RS, ANRNTFRREFEZ v~ 7 EOFMRICK LT,
H AT RE ) % > CHEIRAS 23 T AL T B (Farley et al. 2006, Shimose & Ishihara 2015),
ElAEZFE L BT LERER, 6 E COREMmAICEL T, BFARmEZHE-72AES A
BBTHDLILER LT, TOHMBIT, 1) 2O00ETEEICLDFMENTEA LR, 2)
2 ODEEFMITKIET D TN ENDEREN MM L HIXITR TR 2R L, BAREE
filf 5 & LT, REFEHEAE OWEMRIE, B F il d e I i 5 Th 5 LiZ, Fiin
6 ik £ COFERFLALIC 58 HEIG DY 50% &2 D, & DOHITRAAD LD L EETTRE W,
XA TIE MBI SHEREEIRITEEL < | BRRE L. AESIR 2 BIEE 35 2 & THIRIY %, Mason
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etal. (1983) IZHEZIE, AFEARDETEAR OB G, PERISCRGAE 2 435 Z LIRS T
H D, 6L T DR Z S BICERERE CIEZE., 6 a2z 2 EMERIzIx, FM
DI DAEERT AR EIE 2 5 2 & T, X0 2RI, < DEEDEMREEZITH 2 &

MAREIZ /2 DD TIX RN EE X D,

7.2. AlIR & AR UM

TIANE, TV a—x A, X=V 7, bB ) TV =T OXHTITONT
von Bertalanffy iRz D /8T A — 4% —ZHfEE L, Table 8 (Z/R L7, AFED Table 12 1285 =
NECTORERRBRRIC, TT AN, TV a—Tx LA, =1 v THOEME DX
VBT DEREREEL)NT, AEEEOILD Y 74 L=T D Lok 0 RE S HEESN TV,

BV 7 4 =T OMED 50%E PR 1L, Table 7 DY | 53.5cm & HEE Sz, AED
Table 13 12" 3 L 912, HED 50%pAVAR I K E W Tl 55 cm 225 60 cm  (Parks &
Show, 1987; Hunter et al., 1989; Macewicz & Hunter, 1994; Head et al., 2014), %7 Z Puifg/51% 52
cm 72>5 58 cm (Mason et al., 1983; McFarlane & Beamish ,1990), 7 7 A %1 /KI# CTlZ 65-67 cm
(Sasaki , 1985) & &KL THE/Ae D, B FFLUALD 50%EMARIZH T, BV 741 =
T D 50%MEA RIS HEE STV D,

Headetal. 2014) (X, ¥ ¥ 7 ORESCRBMIHIEZENH D Z EWE L, Z OISRz 111
PEGRA: IR EIRE . R DOITB KB SRR TH D L HEHI L TV %, Sounders
etal. (1997) X, FRIHEENR < 722 L ABKIRIZEL 720 . B OBRECRE S RICEE
L, #HENELDEEZ TN,

PEEEIZ DUV TIE, Table4 & Table 5. % L C Fig. 31 {Z 3 X 912, KA T, ABNZH
THKEINC AT, MEREERIE 1:1 EATE LI A2, JEEIZO W T, —E'T,

EHAM 2 U T, MEgE I 1:1.7 S HES R L T,
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Table 12. Parameter estimates for von Bertalanffy growth curve from past studies of female
sablefish by location and year.

Location Year Lo K to Citation

Gulf of Alaska (US) 1981-1993 75.0 0.263 —2.00  Echave etal. (2012)

Gulf of Alaska (US) 1996-2004 80.1 0.223 —1.92  Echave etal. (2012)
Gulf of Alaska (US) 1987-1991 86.7 0.106 -6.15  Kimura et al (1993)

West coast of Vancouver )

Islands (Canada) 1979-1980 81.4 0.249 -0.77  McFarlane & Beamish (1983a)
U.S. West Coast 1971-1993 61.0 0.499 —0.81  Kimura et al. (1993)

U.S. West Coast 2003-2008 63.7 0.365 -1.28  Head et al. (2014)

Table 13. Length 50% maturity of sablefish by locations and sampling period.

Locations Year Lso(cm)  Citation

US. Gulf of Alaska Summer 1979-1981 65.0 Sasaki (1985)

U.S. Aleutian Islands Summer 1979-1981 65.0 Sasaki (1985)

U.S. Bering Sea Summer 1979-1981 67.0 Sasaki (1985)

Canada-British Colombia Sep. to May 1979-1980, Dec 1981 583 Mason et al. (1983)
Canada-British Colombia 1982-1984 52.7 McFarlane & Beamish (1990)
U.S.-Washington and Oregon 1985 55.3 Parks & Show (1987)

U.S, Oregon Nov.-Dec. 1988 54.8 Macewics & Hunter (1994)
U.S. California Oct. 1986 60.2 Hunter et al. (1989)

XX T OEIMNE, KEBLOI X OmEETIE, | A0S 4 ADFEIIT, 2 AN
E—27Zd D & & TV % (Fujiwara & Hankin, 1988b; Macewicz & Hunter, 1994; Mason
et al., 1983; Moser et al., 1994), PEJR/KIEIL, 250m LIE & #A & 41TV % (Shubnikov 1963;
Kodolov 1968; Osada & Gaillet 1975; Hunter et. Al. 1989)

Mason et al. (1983) 1%, 1 H®PEINHARTD 11 A & 12 AIZH T #¥EiE+ Queen Charlotte
Islands, Queen Charlotte Sound, Vancouver Islands @ 3 #HEIZ351F 5, MEDFEIS DS 64%., 78%.

81% T, HEAN LB L CTU 7=, Mason et al. (1983)iL, X2 ¥ T OMEEIE, AT 1:1
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ThHDHN, YEEHONZ L 0IE, EAREIE > 7= F(trap)B B L 56 DT, HENEREDZD
OE L, KON L0 Z I NTZ72OTH D EHERI L TWD,

AWFFETIE 11 AR ON2 ADT —2 1372005, Fig. 31 127D X o9, FEI#ID 2 Ann 3
A OVEIIMEZ R > TR Y . ZOMmo A TIHHEICH > T\ 2, (FEERE DS v A XA (Beryx
splendens) (]KTT, 2005)°F 7 7 U T3 D A L jb—H(Merluccius capensis) (Botha, 1986) T, FESN
HNCHEDPELE N & < 725 LW O WEDH D, AFETIEL, EARDELELHD VIS 2, 14F

Zol U7z fiASROR TIRR WA, PEINIIOBFEITENC BIFR T2 L HEHITE %,

7.3. BIRHEE

XU TIE, RO, TRAVERTE I 24 Bk a2 A3 5720, LBV C
HE B\ R R R M T LT faFE T H D (Kimura et al. 1998), % O fEF 1L, Beamish &
McFarlane(1983a, 1988), Wespestad(1983) . Maloney & Heifetz(1997)%%: (%, ¥ % 7 13 5§
Wiz EFEY, BERORERD D Z L AR LT, —JTlX, Bracken(1983), Dark(1983).
Heifetz & Fujioka(1991)% (%, JAVVEHRZ BB LI —RBECTH DL L 2R LT,

Table 14 (27”9 XK D2, ARFRGRLSMT & TRERHGE, 07 T51E, DNA OBIRTH)
ik, FHAEREOHIEN THONTE 7= (Phillips et al., 1954; Tuyuki & Roberts, 1969; Whitaker
& McFarlane, 1997; Tripp-Valdez et al., 2012; Jasonowicz et al., 2016;) , FEak ST O fk R IR,
JEHKEFED X 77 03 R BER OEECRER /e D0 IR FE RITHE O Ty,

Kimuraetal. (1998) (%, MFEREE & GO TR REZEE L, 77 A0, 7V =2
— BN, R—=U U TWEOT T AAKIBEOX L F T X, I T ER T, TV b
YIS TN T x =T MNOKEVERFIZEET 225, 1ZE A EIET 7 A KN DR

WZEEESTVD EHREL TS, SR, KEWHEOXT X TI2O50ThH, 7
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Table 14. Previous stock structure studies on sablefish in northeast Pacific Ocean.

Citation Area Method Result
Phillips et al. (1954) Alaska-California meristic (counts of annal rays, multiple
dorsal spines, dorsal rays, gill
rakers, vertebrae counts)
Sasaki (1985) northeast Pacific Ocean meristic single
Tuyuki & Roberts (1969) Gulf of Alaska-Oregon biochemical (Muscle protein single
polymorphism)
Jasonowicz et al. (2016) west coat of US genetic single

Tripp-Valdez et al (2012)

the Bering Sea, Gulf of
Alaska, offshore Oregon,
and offshore the mid-Baja
California Peninsula

geometric morphometrics (14
landmarks), mitochondrial
DNA (fragment of COI gene),
and nuclear DNA (four
microsatellite loci)

mix results
(multiple: allele
frequencies of
microsatellites,
FST values, and
single: mtDNA)

Kabata et al. (1988) west coast of Canada parasite inconclusive
Whitaker & McFarlane (1997)
Gao et al. (2004) Washington and Oregon otolith microchemistry inconclusive
coast
Low et al. (1976) northeast Pacific Ocean tagging multiple
Wespestad et al. (1983), northeast Pacific Ocean tagging multiple
Bracken (1982) Gulf of Alaska tagging single
Gharrett et al. (1983) northeast Pacific Ocean tagging multiple
Dark(1983) Washington-California tagging multiple
Sasaki (1985) northeast Pacific Ocean tagging single
Kimura et al. (1998) offshore northeast Pacific ~ tagging two populations

waters

T AANKIEA~DEEETH D b DD, % ALKEPFEMFFENIZE EE->TVD Z & aflE L,
CORERIZEESE X"V T, TV 2= % LA, T ITANBER T X O
—N—BIE K E TCOX U H T &% 77 A1 %8 (Alaskapopulation) |, /3> 7 —/N—DFg
AR KRKET S oM, AN, BV T AV =TINERT AT ad/ N5 Y
T V=TT TCOX T % [P 7REE (west-coast population)] &, K& < 2 RHEZSy
ToNHZ EERBLT,

AR DORRER 50%ARE, HAREDMBFERTIX, 77 A KK L KE GO
KR & DRNZZEN S 7-, Kimuraetal. (1998) 23RS % K 912, BALORZN D720 L
FTDRBIE, R 50%AAR, S HICHAMEREDZEIT, REORHEEZI L THWDHLER
bhvd,

TR, B OB TGRS TE D X H1T72 0 | Bk 72 RO REEHBNCFI S
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TV (Abuanzaetal., 2008, Stransky etal., 2008), 5%, ¥ ¥ 72 HEAREDHT 2
W, KD R TR D D Z L A HERT S,
KEDAKIBUZ SN T RIEH S 7RI 2R RGBT B2
FHEBNT T AN KR E VR RKIEIC T b D DT, [7 T A A% & T RRRE
T CENENDOREEREZ B PEIRGHG 21TV, IREE B A D Tu 5 (Hanselman et

al., 2017; Johnson et al., 2016),

7.4, EABELIZBELT

XU H T3 100 % &l Z D A2 % 5 (Beamish & McFarlane 2000)i# ¥ . 10 %2 # 2 HEH
NG| AT DEREOSHNIRE 2%, BIAIE, MERERIC Z 00 X 9 7emsinllEd 5 F
VH T ORE R E KD DA FRICHGT 5T — 2 BED D Ll b L HAERE 5
RE LTI B0, Fio, F U7 71E, NSRRI 2 5%, b U 7 41
=7 T, REAOHBNERVKIETH D D125 LT, EBRITIEVKIRTEL 25 (Fig.
20 & Fig.21), Fig.30 \R"$ X 912, EH b —/LOTEEICRT 5 1 BRYS 72 0 ofasER

IREDRLS IR DI TN %, 2O XD ITIRIBEI 21TV, ZTOBENEDLF
2T OFEARTREUS bIER 20 O WER D 5,

ZOEIT, FUXTOEARFEIC DT> To, ARBKEIZLDZEBNEZEFERE LARWE | E

LWEERHi 2N RN & B2 D,

7.5. EBRREEEEBEOXGA

LR FLEf3EZ B2 (NPFC: North Pacific Fisheries Commission) 1%, ALK FEEOWEEA-fE
Ru R Lo, SRRKIEIC R T D IZEEIR O KR e R A7 M OFsfee AT RE 72 DR %
HiNE T 5 TEREEIZB T 2 AMOHEEGIRORAF R OE BT 2549 (LR
FEFIIRATRA) ITHEAD W TRRAL ST e PRI T 5, ALRTRIRE G TR IR T SR

FINL 2012 42 A 24 BICEIRE ., A EE OHERRH XY 180 H% D 201547 A 19 H
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WCHEB U=, BAIL, 2013 427 H 16 BIZHERE L1z, ZORKOFIZ, 75V I RE A,
X URAEIRETNZ, U T HEENTWD, KFFRIL. kDO X ¥ T &R 2Rz

AT 2PN TN RO SR & 70D 2 & 2 Wi 2,
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EE

X > X 7 (Anoplopoma fimbria)iL, KIEWEWRFEDO Y 7+ V=T MhbF LA, U v
FANERTT T 2ARE TV 2a—2 % LG, N—U TRV AKBIC AR L, SRER

ZHREDD 1000 m LARE TIRIAV, ¥4 7 EFERIES O XM L 72 2 EGHE 0729
(iR, e, R, R, REFEOERESLE LT D,

AW TIL, T T ANKIB(T ZABE, 7TV a—T ¥ FlE, =V 7)., kbl 7
FINE=T DXRETOEARFA)E ., REFEEECER S M ORI S -l
w IR D ITiE) &R Al A E AT IR OB 2 3R D T1E) D 2 A THIRAE 21T -
72

Ferinix, RMT 19 %, BENTH T 56 iR Th o7, REFEM & BRI, 6% E TIE
E—BT 508, 7L ECIEBWm AR OGN LY RESEES N, Lo T, RimFnd
EIET, AR N SROERE ST ) 2 LB TE RV, KEO RV LTITE
IR EVE T, Al A EOBEE S H Y . L0 L OEEROERT — 2 OIWNEL AL T 5,

TODFREEIE DT AT, FIAERNL TH D BRI & HAIET N & O

DEWICERT 2, AL, REOBMINCIET 5, Bz, BaERIE, KRR
BIACICPEVBOE L, Bl OFm oG Z2 L < 35, —F5 . FAETIE, REICERA<
FERICPENINT . 370 b AT 2% 8 U CEMEE 21T 5 (I3 OBl s A
BThDHI LRG0T, TOHFAMREDEWI L > TAL 2B EFROZEIL, 77 AHK
WAL U 7 v =7 KBTI A B LD,

BV T HN=T OXHT % PRE L RRE R A O CEEFE O A R LTz, B
MR TIE, RN L BRIV, BAERAMA~OMEIFE L. BALh(EAF
BIHAR)BHEIN L, BEFMOZITZEAEET RN o7, RS 2D L. ADOHIG ) H
2 SRR RS L. BAEROMR bR I8t Lz, —F . BAREE, K
FICBR<#mL, BFakkzd S¥, 2ok, REMES RV RanE ks L,

BIEFMEN LD RS oo bEZBND,
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ARFFE T, B2 OMRGEIL TE 2D o723, FHn 20-30 FFA MR HF 4T D K
5 I RHAIONWTIL, FAMBmOBE/ I SN S, Fllk T£< & 50 5 Hm A
(% <VEREA) IZOWTEREFHEEITANTH D,

BV 7 =T TOFERER, Logistic &7 /L &M\ 50%EVAE « 4Elh 2 HEE L 7-fb
B, ZNZMETS3.5em 5.0 5%, HET49.6cm + 45T, BT HRLT T A A KIKD 50%/k
BRRAZ RTINS D o 72, FEINEENIE 2 A Th o 7o, MEHEHIE, KRR T 1:1 TH o 7273,
FRACTIE 1:1.7 EHECAR > Tz, ARNCAD &2 AXD 3 A OpfotEiix, #EZF - T
BY., TOMOA TIHBER-> T e, ZOZ Eid, XX T OREIMTENCAT D OBIR AN
boHLEZOBND,

TIARE, TV 2= G, X=V T, bW T =T O 4EEOX T
DR E R N— T 07 g RERTHT 5 &, 77 ADKED 3 kL 0dbh ) 7+
=T DRKEELo) 13hShotz, S5IT, 41T, B (HaER/EAE) LK
W T AR O BEGR & el L 7o, B HIE, AFMR AR BRI LT, BRI AR & B
HOBMRZEIFESE L U, LOHOTICEY . 4 SORYFERZ I Lz, ZO/RE, 77
AW TV a—x UHE, XU 7T, MEIICEERZEDR R, ZThb D 31
WEdbh V7 =T CIEE A EEN B &,

KE DK FFEAKIE DX % Z7 Tk, 77 A0 L KREERE R ORBILORHEIC ST TE
BEEHBAMTHON TN D, b LT 7 ABAKIEEID U 7 4 =7 KB R AL DR DD 720
ET DL S0%REVARR, ., £ L CHAKOREDEWL, FEALOREEOENE LTE
2 OND, HFAGREMRHITIZ, M R ORI DN TR Y . F4 T OREEHBIO
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