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Fig.l1. Yearly changes in catch of the yellowtail in six sea regions of Japan. Solid
lines show long—term trends of yearly catches, drawn by the third order spline

function.
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Fig.2. Yearly changes in catch of the adult yellpwtail in setnet fisheries at Tosa Bay (solid
circles) , Sagami Bay (open circles) , and Tsushima and Goto Islands (solid tria-
ngles) . Broken, solid and dotted lines show regression to those at Tosa Bay, Sag-
ami Bay and Tsushima and Goto Islands, respectively.
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Fig.3. Yearly changes in catch of the (-year-old yellowtail in setnet fisheries at Toyama
Pref. (solid triangles) , Ishikawa Pref. (solid circles) , and Fukui Pref. (open

circle) . Dotted, broken and solid lines show regression to those at Toyama Pref.,
Ishikawa Pref. and Fukui Pref., respectively.
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Fig.5. Average age—compositions of the yellowtail sampled along northern, central anc
southern parts of the Pacific coast of Japan during the period from 1964 to 1966
(Tokai Reg. Fish, Lab., 1967, 1969) .
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Fig.7. Average age—compositions of the yellowtail sampled in two areas of the Japan Sea,
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bﬁﬁmﬁﬁ?%,Oﬁ%uﬁgéemﬁﬁT&k%mﬁTL.ﬁﬁﬁ%ﬁ@oﬁﬁ?ﬂ%?én
THhODMEE THE LIcAED 1 AL 2RAXXEREEYTHT, 3ROB T L AB ML
EMEEXHMT 5, AR ETREY B LB EREROMYEET 2, W50 TH S,

LirL, B0 | ETAXRIHRRRO 7Y OREBHE B BT LILER, Edosx@EoEE
REHLITOFERLBREM L TEC B ENRRB S hic, £2T, AECIHAH CECRER 5
LT T B ABORBADEFEC KT 5B X — V2 ESREROBRER»ORE TS,

E28 BACAVWTEREH

Y+ DT VIO TURIIT5E, 19765 % X U198 L&IF T bh o€ ¥+ 2 DERK
MOBFMER AV (W, 1977; JER, 1984) . h&E»HEER - 0RADT Y ko T,
19845F L1985 FIC BRI WA BRI CIrbh A ES B OB M (LR - &b, 1985 Hil - 4t
R, 1986) , 1982FICEIE CTbh EZKKOBHER (hn#E, 1983) , I X 19845 (£
- BTTbh cEE3BIR OB HER (K%, 1987) #FA LA, 1EARDOT VK ounTid, 19884
AMALER TIT b CBEESBIROBMER (U4 - H1l, 1990) & 198945 & TiThh 1 E#K
HOBMES (Il - Fil, 1990) XAV, ks, RRADEE X — v OEROEBICHE SE
L BRF T 5100, 1960FRLIFTDO 0RAD 7 Y ic o\ T, 19645, 196748 % X UN19684Ric g
ETITbh EBRROBRER (L, 1978) AV, ZhbORKME, KFKEAR, Kik
B, BHER, BERADGKER I OERc L OREH%Fig. 9 &Table 1RL1,

o, BEBERAOBRMER, OHE S KT ) OEEER LR L OBRRYRET 50, A
AR AREPFRET HRT LT3 EBHEINERR ] ©100m BAR KSR &6 AEXEEF
LEMMBFEITLTWBGEK (geonagnetic electrokinetograph, BERLFES) , BT (bathythern-
ograph, HIKREE) BRRRARY A (Fig.11) ,
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Table 1. Data of tagging experiment of the yellowtail carried out in the Japan Sea and the East China Sea during the period from
1964 to 1989.

No. of ) Release Total no.
tagging Locality Date Body size in Age Total no. of of fish Remarks
experiment fork length (cm) fish released |recaptured

1 Sado Island 19—25 Nov. 1964 - 0 174 44 | Watanabe (1978)

2 Sado Island 2—5 Dec. 1967 - 0 169 99 | Watanabe (1978)

3 Sado Island 11—16 Dec. 1968 — 0 169 4 Watanabe (1978)

4 38°N, 134 E 25 July 1975 8.0—14.5 0 300 2 Uchino (1977)

5 36° N, 133" 30 'E 21 July 1976 12.5—19.0 0 500 7 Uchino (1977)

6 36" 40 "N, 133" 30 'E 22 July 1976 12.5—19.0 0 500 11 Uchino (1977)

7 37° 20 °N,133° 30 “E 22 July 1976 12.5—19.0 0 500 2 Uchino (1977)

8 38° N,133° 30 'E 22 July 1976 12.5—19.0 0 500 4 Uchino (1977)

9 Toyama Bay 25—26 Aug. 1982 24.5 (average) 0 961 233 Kato (1983)

10 Toyama Bay 26 Sep. 1982 31.1 (average) 0 969 212 Kato (1983)

11 Toyama Bay 25—26 Oct. 1982 34.0 (average) 0 970 186 Kato (1983)

12 Toyama Bay 17—18 Nov. 1982 34.3 (average) 0 968 181 | Kato (1983)

13 37° N,132° 38 'E 2 Aug. 1983 13.0—14.0 0 551 1 Kitazawa (1984)

14 37° 30 °N,132° 30 ‘E 2 Aug. 1983 13.0—14.0 0 757 1 |Kitazawa (1984)

15 38° N,132° 30 'E 2 Aug. 1983 13.0—14.0 0 760 1 Kitazawa (1984)

16 Shimane Pen.: 30 Aug. 1984 15.0—23.0 0 836 12 |Kitazawa & Murayama. (1985)
17 Hinomisaki Cape 20 Sep. 1984 21.0—27.0 0 995 79 Kitazawa & Murayama (1985)
18 Hinomisake Cape 6 Nov. 1984 26.0—34.0 0 558 41 Kitazawa & Murayama (1985)
19 Hinomisake Cape 18 Oct, 1985 29.0—37.0 0 108 1 Murayama & Kitazawa (1986)
20 Hinomisake Cape 28 Oct. 1985 31.0—40.0 0 418 10 |Murayama & Kitazawa (1986)
21 Sado Island 31 Aug. 1984 24.8 (average) 0 391 42 Ohtsuka (1987)
22 Sado Island 5 Oct. 1984 29.1 (average) 0 600 159 Ohtsuka (1987)
23 33° 40 'N,129°E 10 June 1988 44.8 (average) 1 593 73 Yamamoto & Murayama (1990)
24 33" 29 °N,129° 16° E 28 June 1988 48.0 (average) 1 1180 9 Yamamoto & Murayama (1990)
25 Tsushima Islands 12 Oct. 1989 49.0—73.0 1,2 954 78 Hiyama & Murayama (1990)
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Fig.9. Locations of releasing of tagged yellowtails, dealt with in the present work., Nu-
merals 1 to 25 are correspondent to the number of tagging experime_nt in, Table 1.
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Fig.10. Locations of releases and recaptures of the —year—old yellowtail (Mojako) in
1975, 1976 and 1982 (Uchino, 1977; Kitazawa, 1984) .
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Fig.1l. Temperature ('C) at a depth of 100m in July, 1976. Arrows show current vectors
(Japan Sea Reg. Fish, Res. Lab., 1977, Maritime Safety Agency, 1977) .
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Fig.12. Recapture regions.

JOEESE T8 A, 98, 10AR ICNACKK S hi ORBOBFHER ¥R Lic (Fig. 13~Fig.
16) , EHiEEROR TR, KHEFELLOBED 2 » FRKHEB SR BB R LTH S, ik,
JRIBLATE & B RE 4 B DAL Tl S -k 7 h » 1,

8 A BRI THOR S h B AR & 2 O RBE O THii Xh T3 (Fig.13) .
o, MABFCHRABR T2EFIH I T2, BB THRIRShBHRIXEEA EVREBAT
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Fig.13. Relationship between release and recapture regions of the 0—year—old yellowtail in
tagging experiments carried out in August in 1982, 1983 and 1984 in the Japan Sea
(Kato, 1983; Kitazawa and Murayama, 1985; Ohtsuka, 1987) . Locations of regions
A—H are shown in Fig.12. Numerals in parentheses, (9) , (16) ,and (21) , rep-
resent location numbers of releasing shown in Fig.9. Numerals in circles are numbers
of recaptures.
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Fig.14. Relationship between release and recapture regions of the 0—year—old yellowtail in
tagging experiments carried out in September in 1982 and 1984 in the Japan Sea(Ka-
to, 1983; Kitazawa and Murayama, 1985) . Numerals and symbols are the same as
in Fig.13.
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Fig.15. Relationship between release and recapture regions of the 0—year—old yellowtail in
tagging experiments carried out in October in 1982, 1984 and 1985 in the Japan Sea
(Kato, 1983; Murayama and Kitazawa, 1986; Ohtsuka, 1987) . Numerals and sym-

bols are the same as in Fig.13.
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Fig.16. Relationship between release and recapture regions of the 0—year—old yellowtail in
tagging experiments carried out in November in 1982 in the Japan Sea (Kato, 1983;
Kitazawa and Murayama, 1985) . Numerals and symbols are the sme as in Fig.13.
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Fig.17. Locations of releases and recaptures of the 1—year—old yellowtail released in June
in 1988 (Yamamoto and Murayama, 1990) . Numerals 23 and 24 indicate releasing
stations. Numerals in circles are numbers of recaptures.
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Fig.18. Locations of release and recaptures of the 1—year—old yellowtail released in Octo-
ber in 1989 (Hiyama and Murayama, 1990) . A numeral 25 indicate the releasing
station. Numerals in circles and double circles show numbers of recaptures in the
same year of release and in the next year of relase, respectively.
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Fig.19. Relationship between release and recapture regions of the 0—year—old yellowtail in
tagging experiments carried out in November and December in 1964, 1967 and 1968
off Sado Island (Watanabe, 1978) . Numerals and symbols are the same as in Fig,
13.
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Fig.20. Temperature (‘C) ata depth of 100m in November, 1964 (A) , 1967 (B) ,
1968 (C) ,1982 (D) and 1984 (E) (Japan Sea Reg. Fish. Res. Lab., 1964,

1967, 1968, 1982, 1984) .
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Map of sampling regions of the yellowtail for age estimatiom. Numerals 1—8 show
No.8 show the location of the

,/locations where the fish specimen were collected.
culture farm of the yellowtail (see Table 2) .
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Table 2. Sampling regions and number of the fish specimen for age estimation. Locations of
sampling regions are shown in Fig.21.

No. of specimen
Sampling region

1987 1988 1989
1 East China Sea — — 10
2 around Goto Islands - - 11
3 around Tsushima Islands — 2 41
4 off Western part of San’in Coast 106 178 ‘118
5 around Oki Islands 14 80 102
6 off Hyogo Pref. - 2 -=
7 Toyama Bay — 15 80

""""""" 8 cultured fish in Goto Islands. = LT

Mlichlzo Tk (Table 2) , BRBRBRGR, #E, AHBEERES X OCENEWER VIR
L, =% (1960) i Lichio THHEBTEITHGY AV, 1L, S1THEARBLEECILES
L6HEMR T LIRSS 18MEGE 2 IV 1o, $RER L7-HMEE A5, Munekiyo et al.(1982) 1o LAt THY
E2ATAa— N LB VT Y ARER LI, V7Y 25 bOREI FEREE (AL

Fig.22. Longitudinal section of vertebral centrum of the yellowtail for age estimation. R is
total radius of centrum, and Yi is radius of the 1—th ring. Broken lines show in-
ner edges of opaque zones.
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Fig.23. An example of replica of vertebral centrum of the yellowtail impressed from a spec-
imen measuring 684mm in fork length, caught on 7 December 1989 off the Tsushima
Islands. This figure is an example having two rings. Arrows show outer edges of
opaque zone,
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Fig.24. Seasonal change of marginal growth (R —Ti) of vertebral centrum of the yellowtail,
Solid lines show trends of seasonal growth fitted to marginal growth by the third or-
der spline function.
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Fig.25. Comparison of growth curves of the yellowtail among some different fishing—grounds
of Tsushima Warm Current area. Broken, dotted and solid lines show growth curves
given by Mitani (1960) , Kawai (1967) and Koto (1985)_, respectively.
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Fig.26. Relationship between total radius of centrum and fork length of the yellowtail,
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Fig.27. Frequency distributions of radius of the first ring (r,) formed on the vertebral
centrum of the yellowtail, sampled in the Japan Sea (left) and off Kyushu (ri-

ght) .
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Fig.28. Frequency distributions of radius of the second ring (r,) formed on the vertebral
centrum of the yellowtail, sampled in the Japan Sea (left) and off Kyushu (ri-
ght) .




KT, BEROHENS 1ERL 2ERAD, F1RLFE 2HOBESMICOVL TR L3S
M L2 HD0E S PRFART S, B, AGRIUBR A CHEIE, 38, BREREA
Witk LORE SRR THDZ EnbRig2lkRmLiz1E 2, 3, 4, 5O 4ERCHT -,
T, HAEVT Y HONGCHTERRDON L EHEAHET 2004 ALURETH h, BITRKER T
Anb12A ¥ TEVCRREE ¥7RT, IHi, MRHBEIBERIh oW ESE2S, PETd
ZNTHETHRS, T TIHEEbIFTA4ANSLTAETEBTHM, 8 Anb12A T THHEY,

Table 3. Definition of growth stage of the yellowtail.

Growth Definition of Age Period

stage growth stage
| : transitional stage April —  July
I growing stage 1 August —  December
il resting stage January' —  July-
v transitional stage April —  July
\' growing stage 2 August —  December
V resﬁng stage January —  July

Table 4. 12 categories of A,B,C,D,E,F, G,H, I, J, K and L, classified on the basis of

growth patterns in formation of radius of the first ring (r;) and the second

ring (rp) . Details of categories are shown in Fig.30. Growth stage | to
V  are defined in Table 3. Locations of sampling region 1)’ to’5) are shown
in Fig.2l. ' '
Sampling region
Growth 1) East China Sea 3) Tsushima 4) Western part of 5) Oki Islands
stage and 2) Goto Islands Islands San’ in coast
I ' D
I B E I
il F : J
G K
C L
Vi A H

BIOBEOLIANG TAE CRERNE L (Table 3) , HWKLBRBFIC L > TRE SRS
RGORE v 1 LT &, BENERRS Kk > BBl A B 5100, B 1EYHETS
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Fig.29. Frequency distributions of radius of the

first ring (r,) formed on the vertebral
centrum of the yellowtail, sampled from
the Tsushima Warm Current region. Le-
tters A—L are corresponding to the cat-
egories in Table 4. N shows the sample
size,
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Fig.30. Frequency distributions of radius of

the second ring (r,) formed on the
vertebral centrum of the yellowtail.
Symbols are the same as in Fig.29.
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Table 5. Grouping of the categories, obtained by analysis of frequency distribution

of radius of ring. Growth stages and sampling regions for categories A to
L are shown in Table 4.

First group D, G, K
Second group B,E,F,H, I, ], L
Third group A, C

Table 6. Average radiuses (mm) of rings, r; and r,, formed on the vertebral centrum

of the yellowtail for each group shown in Table 5 and in Wakasa Bay.

Group ry Ty
First group 7.12 11.64
Second group 7.43 12.36
Third group 8.12 13.06
Wakasa Bay * 7.07 11.60

* After Nishioka et al. (1985) .
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Fig.31. Locations for obtaining relationship between water temperature and monthly growth
rate of the yellowtail. The three locations were selected on the viewpoint of growth
of the yellowtail in the Tsushima Warm Current region.
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Fig.32. Relationship between Water temperature ('C) and monthly growth rate of the yo-
ung yellowtail (<3kg) . A solid line is fitted to water temperature by the third or-
der polynomial function. Data are from Harada (1965) .
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Fig.33. Relationship between water temperature ('C) and monthly growth rate of the ad-

ult yellowtail (=3kg) . A solid line is fitted to water temperature by the third or-
der polynomial function. Data are from Harada (1965) .

B, KET &7 Y OMREG L OBFRERAT %, Fig.32&Fig. BKMADFEE LHAD
BELOoKE L AMBRELOBFRY EALhR LI, ok, Fig.32LFig. 330FEHF KB T o
W 3KRDERIEAE LI D TH S, ZhHOERMBIIESITOKE, HEKE 5% TH
RIFBETHo, ChbDOEURMKE L VRBALRADABKERG=( (T, th¥h
W< 3kgDBF £ (T) =2.10—2.04X107'T

+1.23X10°3T2—2,21X107*T?
W=3kgls f(T) =2.37—2.55X107!T (4)
+1.54X10°2T 2~2.87X10™*T ?
EFREIRB, 5L, FEHE (1965) KRN IMCUTIRe? ABORENMEILT S E4#EL
Twb, bz, 2RAUETRERKENICIKIcS &, BEM2 » ARESHT S L
T3, FowmELD Lic, FRORKRERTOABMBRRROFHEYHET S &1.01358 75,
BEozenb, RADIT>4CTHIZTHEREL, UCLUTTRAMBREREY 1 &L, %
fo, W=3kgTid, KRPVI6CEBI AL ZOT AT AMMKERER1.0135& L1,

wiz, EIE, MR\ I OREHC ST 5 1ZAD0 5 AolERI K LHEEGE Wk Table
TRt i, Fig. M EE3WB kT 2 BFHREKET (KRB, 1985) 23, EFLHK
FIREHRC X 5KEZIDIVY, XFLEFOLARIKEC, BRBILB TR, 7)o ARKE
Enl e aKRI4CUTOANLALG 5 AT THRVCTWS, Zhick L, A TilKiEs 14
CLUF D Bixisye,

—42 —



Table 7. Average fork length and body weight Wo in May of 1 age of the yellowtails caught
at three fishing grounds in the Tsushima Warm Current region..

Fishing—ground Fork length (mm) Body weight (g)
off Goto Islands 434 1,188.
off Cape Kawajiri 392 869
Toyama Bay 310 427
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Fig.34. Monthly changes of surface water temperature (°C) at three locations (shown in
Fig.31) in the Japan Sea and the East China Sea (Naganuma, 1985) .
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Fig.35. Seasonal growth of the yellowtail at some diffirent fishing—grounds of Tsushima
Warm Current region. Thin broken line, for the fish in the Pacific Ocean, given by
Koto (1985) ; thin solid line, for the fish in Wakasa Bay, given by Mitani (1960) ;
thick solid line, for the fish off Goto Islands; thick broken line, for the fish off Cape
Kawajiri; and dotted line, for the fish in Toyama Bay. Latter three curves are esti-
mated on the basis of the feeding experiment of the yellowtail.
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Fig.36. Relationship between fork length (mm) and gonad weight (g) of the yellowtail
caught in April, May and June, 1987 to 1989, in the Tsushima Warm Current region.
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AR, SRGOERRGR, hE, LHRERES IOCENESYER ZEHE LA (Table 8) .

Table 8. Number of the yellowtail sampled from catches at the Fukuoka and the
Nagasaki Markets by distant—waters purse—seine fisheries in the East

China Sea.
Sampling date No. of Number of the
fishing block *’ yellowtail sampled
________________ 1989 Aprt 486 10

250 1
451 20

1990 April 464 10
465 10
507 30
421 20

%) These blocks are authorized by the Fisheries Agency of Japan.
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tRa (Fd, 1989) ,
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Table 9. Records of juvenile stage of the yellowtail ("sojako™ in Japanese) caught in coastal waters around Japan.

Spamning season”™

Resarks

Sampling date Mean of  Age®
Locality Year Nonth 1. L. (am) {days)
Yamaguchi Pref. 1987-1989 late in May to early in June 50.3 56
Nagasaki Pref. 1987-1989 late in April to mid-May 43.3 51
Kagoshina Pref. 1978-1981 early to late in April e 32
Miyazaki Pref. 1974-1980 nmid- to late in April 0.3 2
Kochi Pref. 1978-1980 mid-April 29 &
Takayama Pref.  1967-1968 early to late in April 2.4 33
Kie Pref. 1966-1968 mid- to late in April 5 38

late in March to early in April
early in March to early in April
nid-February to mid-March

early in march to mid-March
late in February

pid-February to mid-Harch

data by Yasaguchi Pref. Open-Sea Fish. Exp. St.(umpublished)
data by Nagasaki Pref. Fish. Exp. St. (unpublished)

Japan Farming Fisheries Association (1980, 1981, 1982)
Japan Farming Fisheries Association (1980, 1981, 1982)
Japan Farwing Fisheries Association (1980, 1981, 1982)

Tokai Reg. Fish. Res. Lab. (1969)

late in February to early in Narch Tokai Reg. Fish. Res. Lab. (1969)

*) Age and spaming season were both obtained by back calculation from Nurayama’s growth equation (1989).
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Table 10. Number of GEK data, dealt with the present work, in 1953 to 1984 for analysis
of ocean currents in the East China Sea. Data are from Japan Oceanographic

Data Center in Tokyo. Locations of squares A, B, C, D, E and F are shown in

Fig 41.
Square Feb. Mar, Apr. May June
A 18 20 0 34 8
B 110 62 K71 68 20
C 22 8 4 30 15
D 89 31 26 70 51
E 28 9 4 27 6
F 89 32 35 52 61
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