e
ol

x‘

\%f} HOKKAIDO UNIVERSITY
¥

gbobobooooboooboobobobobobooooboooboobaobo

Title
TAKEYA, YUHEI; TAKATSU, TETSUYA; YAMANAKA, TOMOYUKI; SHIBATA, YASUTOKI; NAKAYA,
Author(s)
MITSUHIRO
Citation NIPPON SUISAN GAKKAISHI, 83(1), 9-17
https://doi.org/10.2331/suisan.16-00041
Issue Date 2017-01-15
Doc URL http://hdl.handle.net/2115/68111
Rights ©2017000000D0000DO0O;®© 2017 The Japanese Society of Fisheries Science
Type article (author version)

File Information

160831 TakeyaEtAL.pdf

®

Instructions for use

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP



https://eprints.lib.hokudai.ac.jp/dspace/about.en.jsp

10

15

20

H AR EMHSIZ 3BT 5% 7 0 ar O RS — I L D4 i & EVE D IRGEE

T T ANV XT Ay DO ER — I KD E

e, 120 i, 8 (L lz, La SRR, ¢ R 5

L(Hgh) B AR IR E AN o 2 — K ERR B BT ZERT, 2AbEE R R K R
e, “ALEE KRR EREIFIERE, 4 (EIWF) K PERITSE - BOA B AL XK PE

WFZEAT, SALiEE K 22K PESH]
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Lophius Ilitulon off Aomori Prefecture, northern Japan

YUHEI TAKEYA,1.2* TETSUYA TAKATSU,3 TOoMOYUKI YAMANAKA,.2

YASUTOKI SHIBATA4 AND MITSUHIRO NAKAYA5

1Aomori1 Prefectural Industrial Technology Research Center Fisheries
Institute, Hiranai, Aomori 039-3381, 2Graduate School of Fisheries Sciences,
Hokkaido University, Hakodate, Hokkaido 041-8611, ?Faculty of Fisheries
Sciences, Hokkaido University, Hakodate, Hokkaido 041-8611, 41bohoku
National Fisheries Research Institute, Japan Fisheries Research and
Fducation Agency, Hachinohe, Aomori 031-0841, Japan, °Faculty of

Fisheries, Hokkaido University, Hakodate, Hokkaido 041-8611, Japan




* Tel: +81-017-755-2155, Fax: +81-017-755—-2156, E-mail:
yuuhei_takeya@aomori-itc.or.jp

aHLETJE « (M) R BRORF SZBRBE R MK EERS S T JEFT (Research Institute of
Environment, Agriculture and Fisheries, Osaka Prefecture, Misaki, Osaka

559-0311, Japan)



HHRE R OERICB TR 7 av0EEE I LA ERE EEDOREE
VIH - (B BRACGRAF ALK BE ), st (AEKBEAK),
LA 2 (5 ARKKABIF) , 28 20T (K PERERE S KAIF),

A (AERIK)

B RARRJEEERIC R T 5% 7 ay OB RS —IC LD F i A E B A REL T,
HHESE — RO IRMHE Ol 2 =y F o 7L T 1%, AF L7 —TY L,
FRPMEE T CHIHEEBR O MBI LD BB LIRS R, REHR RO
BOREEE D ) B LTz, [RBRWTIENICIE, 1S 2 AKOAREH (16 AL 11-12 A)

10 PRSI TV, FEES —BIC L 2F A I T T HET 2L Db DX b i A B4
FDINSL, BT A D BB B AL 722 e0aD, BRI I A E 1 L)

ELT,

F—U—RT Ay, FEE, R ERAE

15



10

15

20

Yellow goosefish Lophius Ilitulon is an economically valuable fish species
around Japan. The aim of present study was to evaluate a suitable
age-determination technique for yellow goosefish using the illicium.
Specimens of yellow goosefish were collected by commercial boats and
research vessels from the Sea of Japan, Tsugaru Strait and the Pacific Ocean
off Aomori Prefecture from November, 2013 to March, 2016 using bottom gill,
set and trawl nets. Each specimen was measured and sexed, and the illicium
and 8th vertebra were removed in the laboratory. The epidermis of each
illicium was removed after boiling, and the illicia were dried, whereas each
the 8th vertebra was boiled and sectioned. We found that the best ageing
method was a count of opaque zones in the illicia. This was facilitated using
the cross-sectioned illicia that had been etched with 1 mol/LL HCI for 30 s,
stained with methylene blue for 4 h and viewed under transmitted and
incident light. Opaque zones form twice per year (mainly during June and
November—December) in the illicia. Age determination using opaque zones in
the illicia was more accurate than that using opaque zones in the vertebral
centra. Because the illicia of yellow goosefish are easy to collect and
manipulate for age determination and the growth rate estimated using the
illicia and tagging experiments is similar, this method of age determination

may be useful for these fish in this region.
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x 7 27 Lophius litulon |3 B A JELZVEEIZ A< AR L, FE T R ERSE DO B
HENGHETHD, EEOVREIZBITLT avEoEE KGO RER) R 4
A LIRS R, Z ORI FEREITEAEIZHY, FARRTH 2009 4£ET
DA 900 b HITRS 2014 40D 332 RATETHAL TS (AL, £FHK),
KL OF 7o amiE, KET DS 2001-2011 ORI EL T 7= HETR
IR EE ) OXITRFEE L TIREX DR ESIVTIY, 2012 455 LU kD B0/ 7
Tho NEIRE PRS- 3l O T CRAE ARSI TND, V5, HERIRIEHEH
IBEOX T L avOflifsix, EmfREHTHs 11-2 HIZHIRL T, B Ths 5-6
HIZ&<, EIEH EARSHARMREN GO TWD, BOREREBORITITNE,
T ZOAERE 3R T ONER DD, 20T, K OFX 7 a2 onTix
ZAVETIC, B AT 25 R A G720 DT 4 AT 27 BEB R /A A m
YN EDTREIMTONTND, 2L, RUHKOFEREE SRR R EIIRTETH
%

R FWEDFT oy TIEHFHEEHER (LT, THEMR ) LKD) Ol A rhilsh
THEY, 1 FI2 1 ROEWBIE I SEERDBHEESNLTND, 357, A AR
VEHER CIEHERERAUE 1 RIS 2 AR SN DL DO LHEESI TN D, Y E-
DR RS RO HDEM AR R, FAEHR CERR MM OHEE LI AR
857 X/NESW, 27 avLFEBO Angler Lophius piscatorius & Blackbellied
angler Lophius budegassa %, H g% — M GEIRZEE) 2 Wit FIED R E
TR, & 1 RITEER T, BEOMEIL 1 FI2 1 ARSI, 9L1L, 7

AVZOWTIRTIEHERER — iz TR A S XV oMl T FE s T
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IR, RWFFENL, 7 2 ay O R — IS L DH e F i E IR ML T D72,
TG 5 — RO ALEECBIRIE R E AR LT, Sk DR IR 272 E 2 HEIR IS

FOF A E R R EHRL, P E L CORMEZREELTZ,

PR T iR

RABL T avid, 2013 4 11 A0S 2016 4F 3 A ECTOHAM, F AR R0
O B AR, EERGAELE, RFEEICIUT, RIS I KOV IR S, ThA R A
3, IKPERIE - BB B AL XK FERF SR T IR CE R A - T L (692 ) B8 K UMHE
FIRSTATBOE N G AR IR PEEH A2 2 — K ER G A ms - AL (65 h)
LD E R — Lz Lo TEBN (Fig. 1), BEAITHRE L TS SRICRIBIRY, fi7
%, 2 (Total length LA T TL &350 ;1 mm BAL) ORIEEHHRIZITV, g
B RIB L OFHEF DHF 8 HERZ LT,

206 EIROIFHES — ik (B 1-fH % Appendix table 1) (22 C, AL THEIBHL T
TR ERBRER, BRE RS (Fig. 2), UL T ORE IV,

T HE S — RO REWT T O BT, 5 RO LB TR R R (R B | 0
SMERDER) ORI IER R ER 2 B3 A B AT, —BL QWG IdZ 0 EE, 2
Bl D FEATFERD A —BDLGEITHD 1 BIEEARVZIT, 3 B H &F— O @itk
EARUIZ i REHE L CERALE, 3 BlIOFREN T X TR —BOBHAITA
WHETII 2D 2T, ENENOHA DI, 2 B UL EORIFRZ 2T TiT o7z,

THER IS DA EICIT, 166 RO 8 HE(R (BB 1-f+4% Appendix table 2) %

Fiv 7=, Yoneda et al¥ D EIZHE>TH 8 HERZENG TR L%, EiH DK

Fig. 1




(I LC, IO OIMrm A B L2 LT,

EEE—BRONE EEF BT, Rt (Fig. 2 @ posterior end) 735 5 mm §°
DTIRF UG (Specifix-20, Struers L, o ~—2) (@ #L, JEX 0.25 mm
ORI IR 25 8E D AR ISR AL AR S 2 B I (B — /" X7 h— 24 SP1600, Leica

5 Biosystems fE#, K1) TOIMHLT,

BHEE — DO D 31 ARSI HONT, =y F U 7 HLEEEL T 1 mol/L DRI 30
FORTENE, WO LER L TS LR S K (0.1(w/v)%) , AT /L Ly REE
1%(0.1(w/)%), 72— 1810.1(wiv)%), AT 07— 0.1(w/v)%), 7
N T T N —R(0.1(wiv)%) D 5 FEOD A YL AN 4 REFIRIE R, KBEL T, OFE

10 T, FYtaklopH %, BT AEMA pH A—4— (SK-640PH, (BF) feikit & an il
A, B THIE L, £/, U0 HUEBM OFIEIC L DRt O e 21T 72, &5
Z2NS 31 R EE T A8 EKIZDUVNT, AF LT L — AL BRE U AE T I 12 DU T
FRTAMSE (SZH10, AV ARt H, B AR) OFEH DV NETESHE T Tt
BT VNI AT (DP21, AV AR SR, AAR) CHEEREZL Titlnis

15 He#RL, Nz Ci# & — @ e GRS SRICRLHD) TR R T3 1T o7,

RERAHHREEAOKREE 55— EHARIZ DWW T, BRiBICB TR B
DA EELIZ RN DWW TREEL 72, S EE S — RO R0l TIE, A B 2342 R
IS NADZ LT 72, —EBIR X TS NVDERF DI RD LTI EN D, %

WERDIBEZ 80%ITTEIN TWDIG B E%ilHY, BXLE 20-80% TSI T

20 WAEEEARTEER, 20% KA N7 LEL TR LT,

FERBEOTRASBVE DHEICI o TELLIREDHRE HIEF —BEHEEKIZS

Fig. 2
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W, FEITEE L L CORDMEDMRGEL, HEIERITRELT 20 EIROIEAREZ O
T, KFEBIEOM A E BT 28BN 3 L EOFATF 3 N A, B, C BWENT
TSI U CARBARER OF A B EITV, #ERE R U, A B OEEEL
T, AR EE3NR I CVEF =T —3R Average percent error (APE) %, FEARE
I OEEROFHME mean CV L ¥ T —3% 4548 Index of average

percent error (JAPE)9 %, LI FORICXOR DT,

\/i <Xij _Xj)2
cviln =15 E=L 00 mean CV[%] —iicv
/ X. ’ o= N i’

APE [%] = iZX”'—X"‘ 100 PE = L3 apE, .
’ RS X, ’ N

J J=1

ZIT RIFHAINE RWFFE TIE AR TORETIE 3 A, B R0E H O T
X2 N), NIFIEATEDOME AR (20 18A) , X3 j& B OFEARO 118l H O g

DOFLEE, XiiZ j 3 B OO R ER RS2 TR T, CVITHEYE
w722 FEIfE X, THEI> TWDTs, R g A Belin B S22 DB T o g
INFRECTd D, £z, mean CVE IAPENL, HEATE (5 EH — W EHEIR) DFEHH D
(EE ST HEOHAHRIEIETHY, AR FH IR S D B DEAREF To L
WA ATRE T D, Tz, ZHBITHWZ 20 EIRICHOWT, BlZ2E A X B, Bxt C, A
%t C DE~T 22T, Campana et al.l0|ZL7=h > T B — ki L OHERZ 4L
TN TR WSNTAGEHGTEOFIEZ, F—FHHEI LK, 7ryhLT
U7z, 7B A BB E L, 282, ERIRZ 2200 T2 RIEi R0 & TV, 2[E0D

DB R =B O EITHD 1 BFARVZEATV, G5B A—B L%
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RBEPHEEL CTOMHTIT A, 3 BEIOFTME T X TR B DOGE I
TITHWRD 0T, FA TR E OFEEENIIRE T, MANLL THiA IR -7,
FREROHEEE 5 R TR T R AR RS — RO OB ZEICIY, 1 4
Dt IO FEME 121 18, HE 76 (8K, &5F 197 [EIRDERAE 21T o7, MMk
IAB DB BIOHEE LR 2RO T — 2% HW T, R/ ZRIEIZIY,
von Bertalanffy il & eZ D FFHHEHE T Uiz, MEEZ AL TR REHEEL
TR, BMERERNCHEE TEDIEE + 7R EE L TIIARD 212720 TH D, fEbTIZI
Microsoft Excel DYV /1 3—fgREZ IV, T 5-RIT ¢ iE THIELTZ, 708, TR
B & U AR IR BB I 15 B 00 i B A L= AT O IR & A TN TR
BRA TR LIRS R, B EZOFRORRITA 5 mm Th-o7elen b, 4 0 5% D
RN 5 mm ZWOERICY LSRR IS E ENDHKI S DOEE R E L THEE
LTc, &z, RFEEOIVEITIRFEBEMIZ 5-6 A I AT LZENZNTENDL (TR
My, KFEF), 6 A 1 BZFHME A LREL, 6 HNDEEAERE A £TO H $E/Mis Ll

T OREE G TR I AL TV,

fE R
T HE S — BB E OB TR X DMmBCHI R BLOAEE 15 & 55 — BT i
UL K DMm A HI IR DL O E %, Table 1 1R, 37, B, GIVHL
SHIZ T RES —BROMWTE) A £, sk ORE TSN 23, EIHOLB LT
Zi 7 FER B S 72U VR I AT O i 3O TR THY (Appendix fig. 1a),

MERIC L IR N EE ThH o7, myF 7%, e dimL o3 g

Table 1
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OFREMMNPIEH LU TREHRDFEEL TODEE 0378 5172 (Appendix fig. 1b),
DT, Ty F UV ABRRN IR CE R o T FEE L= ARG b Bl sz, &
Tz, AF L7V —EHRIC 4 BRFRIEL TY AL, ik TYEAIRZ el it L7 (281
SBLTRER, BELEARZHENER RS TRESASTVMEHI R ZED LN,
HRLL <2 o7= (Fig. 3, Appendix fig. 1c), 7VHV UL LR S ¥ (Appendix
fig. 2b) , AF L1~ K% (Appendix fig. 2¢), 7 ¥k — I ¥ (Appendix
fig. 2d), 7/ 77 —AHR (Appendix fig. 2f) ICLA YA T, BB BIO
REWIH DN IE—RRICY SN, BEPRHINDLZE Ty F 7L I2 T D
H D (Appendix fig. 1b) L L TIRERL 9K g7z, 72720, AT LU 7V —TAIR
(2B (Fig. 3, Appendix fig. 2e) IFE L NTARNDEITA U7, AL
FHOAN O pHITTNEN, TUFV LR ST pH 6.6, AT /L1y Rk pH 5.9,
TR IR pH 1.8, AFL U7 —iRik pH 4.1, TV T U7 IV —IRik
pH 4.8 Tho7=, &b pH DMt RUIZT B —IUBIRIC K DYt , Ytz
P2 Kz A DL, TEH — BRI TR Ol L7,

Ty F U TRBREATF L T ) — e b LB DA N A RRGE T D71, ROFEEZ
MDD DFEARIZHOUWNT, N AR OFHE0R Rzt Uiz (Fig. 4) . B2
R D FARBAMBEO F i L O HE A B DR T Bl A2 Wz, £ O
R, BLAEAR T 7 EARIE, ARALEROIRTE THiMw 2 LD TEIRD 27228 CRALEE 0 A
ELTIIR), %13 1-6 KO RNEAR ARSI, £z, TRV D 24 fEIKIZOU
Th, B B OEARIIRAIE O DL, NEHHE 1-T KL GHES .

HEEF ROV H UM LORFREFFROIEE —yF L 7 UBLATL

10

Fig. 3

Fig. 4
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T — YU ST, T IESS IR B2 O R, 475 mm TL O AL &5
—HRDIE, RITITEWEEZLORERH 1RO 5 (Appendix fig. 3), Rt
MICIE, 3 1wl L TR I THIRICEZ RSO R A E 03 8D bz
P, MhosEEiT I Fstedaks 72572 (Fig. 3, Appendix fig. 3).

Rt (Posterior end) 25 5 mm Z EDOAHT I O I HE AN EIHFEIL, BIhnb0

HREED i DUEE D 7alle B 27~ LTz (Fig. 5) o —J7, MRITMAF T, AT (base

of illicium) 2330 % 78\ (Appendix fig. 3a), i DOMERN R EE TH-7-, 1E-TC,

LU OBIZETIE, PSS T DSl 23 iR T& TR IR D LB VS D Hi A ¥ &
LMD 7R MRIED D 10 mm OFIPADI G, B AN 2 78 - TR Sy O8I I
Wz,

BRI LS N L DT ER — BRI OB SR ROME 15 &5 — Wi
BIER 9 DB, SHRBAMBIOFE I LV L OB R i L= 25, 48 fElfk
H 26 BRIV TR BB — B L7 (Fig. 6), — 77, 11EARTIZVEHDED 573
R 3 AL, W 11 EERTIRZEE DO TR K 4 REFGEAHABSIL
(CVET.0%), BIELT, %EOET 6 K, BT 10 KEFHBSNTAFEATIL
(Appendix fig. 4a), BIEICIZIBN Ty F o 7 UBIZ Lo TRSE A2 o721 W
O RAFICHATEDTH E- T, BHOBHF IR0 SN LI EIZE-T
AFERH LGRS T, BTHOLIVS ZFA IO T, WS, BHET 10 K,
BT 8 REFAMONIAFATIE, HIETHRE TEOEELZ 2 KOAREN
WY, BT TIIRY 1 AORGEHHF LRSI T, BIHOELVE D R<HA b

Tz (Appendix fig. 4b),

11

Fig. 5

Fig. 6
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A FOFEWNZE DI DB AL, BIAITOLVOFAFN 2 BHLT 3
[F] DA BN Lo TIRALHNZIESH T 8 A, FBRIET 12 ALFE A M- HEATIX
(Appendix fig. 4c), i 2 4 DOFEAFIXTILEI, THEHET 8 ARL 11 AR, Fild:
T O ARE 12 REFEAIY, FiATAZL > TG ORREE D355\ A1 W45 & Bt A LS
RN AN BT,

UL, ZHHDRWEAR THHE I H OYBIRIE EVICL L0000 Gefal, R
B DR 72 Y B LD A B DL, BN LS e O % TR
BRI HZE TP TE, BARRNTIE, A FRRVEZIDEIIHR~DYLEAD
JiN B T T LA, R ORENMIEALEBLL RN RBHE~DO Y@L X
BITEBINTRATRE R, ZNENDHDOSMEIMSI L TR LA LV EENR
BT NEL 72272 (CVEL.T%) o T TLL T O B — T 852 T3, Bt s
VDT H R 2 SO DR AT T,

EHEE —RBL B X OHEGBIDICBIT AR EAR O HBRH HES s L
OMEARFRIDIZ 1T DR E I O HBLSRIFERE A 1L > TRe 572 (Fig. 7)., HHESH
—RD 6 H O —21%, Sl AR TERIEARZ GO T 96% % ~LT-1%, 7T-10 A
121 35-42% F TIK TL, 11-12 AIZIEH O 96-100%%7~L72, 3—4 A IZi% 0-9%
(AR F L7z, DI FES —OBKDIZIE, 4 2 BIRBHE O MBS BRSNT,

HEMRIE 6 A1Z 100%% /R LT-1%, 9-10 AL 47-54%FTIKFL, 11 HIZ 783%E T
ERLZ#IT 5 HET 7-31%%7RLT, 16> THEARDRZIZIZS, 4 2 BIAREHH O
BB ST,

FEMEEREORIE 20 [EADWEEF —BEHEARIZOWT, 3 ADFEA T

12

Fig. 7
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AT HEAHD 24T o7 (Table 2), &S —WD IAPE1X 5.2%, mean CViX 6.9%
R LTz, — 75, MERTI% TAPE X 17.4%, mean CVi% 23.7%% 7R, 55—k
IR TR =T — %, BERIEOWTRL E, SRR E XKD o7, iz,
W 31T D RE I O Felm ki a Lk U 7o #5520 iR X 3 [alFEt 60 [E0FRITD
56 17 ENE—BL 7oA, 1S — & i U CHER TIT 18 RIS 1-7 A%<, Wi
25 [B]28 1-6 AV 7al5HE STz, 60 [EIOFRITT, MERIZIFESE — Bt~ TRl
F15) 0.22 AR TpEHEL T,

A FOMEIC LD el AA L LT A R, I HESE — Tl 20 fEkDSH, A Xt
B T 11 fE{k (IJAPE=4.5%, mean CV=6.3%), B %} C T 10 {f{k (IAPE=5.3%,
mean CV=7.6%), A xt C T 15 {f{Kk (JAPE=2.4%, mean CV=3.4%) 73—
(Table 2; Fig. 8), Rl w2k L T4 O VA Relm s iU 155 95%(5 H X FH
IEERELTH0.31 AERLT,

HEIRTIE 20 R DS H, At B T 1 {l{4& (IAPE=17.8%, mean CV=25.2%), B
%f CC 1A (IAPE=16.4%, mean CV=23.2%), A%} C T 5 fl{& (IAPE=10.1%,
mean CV=14.3%) 73 —EL (Fig. 8), Ai# mtliti|Zxt L e FAFeim i B0 15
% 95%EH X TR LL T0.67 KERL, TEH —MEVS KED T,

BERX FEEEOk RS, MHEAZD von Bertalanffy miERaHEEL7-
(Fig. 9),

TL¢= 955(1—e-0-199(¢+ 0.0269) (2=0.707 n=197, p<0.001)

ZIT TLATEARLOE R %R 52K (mm), ¢13Fzerd,

13

Table 2

Fig. 8

Fig. 9
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Z &

X7 Ay OFEFRLE, IBIENMEE OB EE 1B REETHE T MO L
92, 0122015 457 H 8 AICH AR A ARMEIFA OB T, il A lobig
FENFLS, AOENERLLT ML EKERZ LB 2515 59 mm TL OHEFAH
BRAESNT=, ZOMEEOE FER —BROBIWIE L, FIRITENFIEL, ZOIMUIC
Fr72 BT O fmtnsiBo bz (Fig. 10) . 22k KO FEIRIZB VT,
RICMITIE, 5 1 e L TR TE TH RIS 2R DL AR NG #2538 5
7= (Appendix fig. 5a) ., IT#xfET&H5 Angler & Blackbellied angler TlE, Z0Dkk
725 1 dmlIE ERIOE SN DEE 2 b TERY, &Kl (benthic ring) EEFREIIL
TWD, 8% T aviZzonTh, ZORFHOE 1 mdEEREE 2 DI,

F7, BITMD AN D> TREHE TR L, RIc <O Wil 2@ %2
SNIZHRATRE A A B TR Otmil i34 T CIH L7z (Appendix fig. 3), 2D LD
O, WEESH —MOME I, NERFOBIZITERLAIR ThLEHERINT-, — 77,
RN UT T E D& T AN E L 2 BN N B Ch D REH T DD D
D EECdh o7 (Appendix fig. 3a), fE> TEIVHLEBALIE, MOTMIZIEH O E
Es, EEANIE KSR OONLETOHM N EY) THY, FFIZR T D
10 mm O#FPH TR O FEAEEL1 D72 (Fig. 5)

Duarte et al.®?|%, ¥ T 5 Angler & Blackbellied angler T3, i — ik
DRI I 2 FEARBAER OB L TR T2 7 IEIC IV Fin A E CELZ LA L T
Wo, =R T Ay O, RO RERTE TIEANE B Ok 03 A BRI ARG

SINDN, Ty F T RBB L OAT L7 )L — YL LB Z Lo T, ARNids B4 B I

14

Fig. 10
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IR T DL TE, B IEIL, FRBEMEI OB B2 LBl 4
I HIET, TyF VBRI Lo TYEDOFEE DIV E I O g Ak LTz
DA ABIN CIRR T DI S E PEBRL, BREEL CEAR RSB EZ R LS L, &V
EREICEHTTEDEB 2 B,

Campana et al13|%, < DEMAEICETDI%EIE, IAPE R 5.5%, CVURHT
22D mean CV)1S T.6% CEMIILTNZEZMEL TS, AL THE L7

—RRIZ LD E TlX, IAPED5.2%, mean CVI6.9%&Z b0 E% TlH]
STZZENG, M faFEE O ERIDEE TEMCTELFIETHHEE X DI,

Peabody'? 1%, ZEIRMAFHEEI O — 01T, ZEIEM OB CRH K ESLES
NDZ LN L TR B SR SNAZ L2 WAL TS, T ravOiEs —
kL ORE I E HBLET, 6 ABLO11-12 H LFEIZ 2 FOE— 7 N FELI-ZE
D, HETE — OB B D REWIRIE, D7aKes YAk IR
RSN DEMIPE CTho M, —J7, HERORBIHEUT, 5 HEH —hk
ERITHLGENLoTeD, RESERLGELH T, HERRILIZB TR E
OB 6-11 A £CHfEL TALNZ, 6 HE 11 AICHEILTZ 2 OB —2
I, HHES ML ISR DR EFAFE OB 6 H & 11-12 JIJIHEIL TERY,
DA T2 T e D, TREF —REFIERIC, £ 2 ARSI HFEIEE T
HAHEMED DD, ZHUE, Yoneda et al3 | ZLDH L FHEFER T L ay DEDHT-DHER
1 REWVOHE LITERRDHE R ThH o7, HEARDARE TR A 113 AR R 8 10 i
B CIIKIEAME T LA S 10-12 H LEEIRE] (56 H) ITHRY 9752800, Wi

3 BRI LT W Y T 55 0L B2 BND, —J5, 3 18 [ 3HERD

15
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EAlE 1 R 2 RIS ATREME A RIEL TV D, ZILHDEW T, Yoneda et
all® NS LT B YRR L ORI C IO THEIEL TOBLEARRES, 110 R R 19
SHFRRNE 2 ORRICEN 2 EEBEIL COAEEREEOAIE R OE LD
DIRDOHIS LI\, R IAFTE R O IEL, 4% b BT LD 42 B0
AE L DENEEBREL T, MEET DU ENHDTEAD,

5 55— AR T T 81 2212 35-5< von Bertalanffy U, ASHE C 520 L 7- K2 i i
it AL RDAFD IV AR R R (T RIE), RIEF) el Uiz, B i A
1%, 2005-2013 FEOHM, AifpEin FORIMEEICL o TERBLIF 7 ravilo
WTRELLUIEEZREL, EHIZT A7 X7 %ML C 2,493 {H {42 i
LT, 128 EFREFHLT-, DT —2DH5h, ik OFHELO KB PR 57
DTN O I ETO BN 1 FLLETHY, 0 o2 EDOENT —2 0385 34 {#
£ (300-600 mm TL) (23T B4 M EEI R RIE, 97.858.8 mm/4F (= HEHE(R
) Th-olz, —J7, ZO42E 300 mm 55 600 mm ([CELETOVHLERIT, E
50 von Bertalanffy s R O E 5L, 1.87 05 4.95 O D 3.08 H-fH]
(2 300 mm OHIN, 7205 97.5 mm/FLHEESNTZ (Fig. 9), 2O, g
BRI REE L TR THLZ LD RIBINT, 72720, FHFERmEEICB T2
FDIEL &M B -7, Ziud, Yoneda et al¥ 35 L QWD FEES T ay
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DHIVTWDDS, HAAEELRRD, R A XD R B L HE S ST DR DM T
LW HZEY, FREEEL QI RE T THLERE SN TND, 19 KD
oufyP¥® Makaira mazara OFAEIZIE, EEICHBLT2F@mA Ao T
72h3, BRACS R B R CAEER & Al O KB EEL WSV RIER B D, 20 e T~ R
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b7, VRO T ARSIV TN, 22—, HARRE DRI IS
X7y OWREF —BRICEDERA TN, BETORIICH KR SND 5 Kl 5z
DNDLEFTEDORERT DRSNS, R AX~OW RO REL THINTH
%, Fiz, FHEB LD O L0H 3 A MR AN NEL, IEE —IC LD I E
iti RATAR AR D R B REFABIL T2 80h, B FlmdEiELfIEL
77

T AR I JE OV C IS R TR DX 7 o ay s, KAMAIZE E
ETEG IS TWD, £z, HERIZAREZIEN - fEHI L2 W RV F i A E TERV O
WXL T, WRESS — BRI T &Iz, ERRE L OB E BRI iE, Bl
ETIIKRGEREL THREMITMEZ BB T 5D TITRWEDZETH D, FEEE, K

WFZETHWAERAL DD, 109 BRSO IFFEF — IR B I OEMRE T — 213
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Fig. 1 Locations of the three sampling areas (shaded) for yellow goosefish
Lophius Iitulon off Aomori Prefecture. J: The Sea of Japan; T: Tsugaru
Strait and P: Pacific Ocean.

Fig. 2 Photographs of (a) a fresh illicium and (b) boiled illicium with the
epidermis removed from the yellow goosefish Lophius Iitulon. Scale bar:
10 mm. The closed triangle indicates the region 5 mm from the posterior
end.

Fig. 3 Photograph of the cross-sectioned illicium following etching and
stained with methylene blue for 4 h obtained from an individual yellow
goosefish Lophius litulon (683 mm total length (TL)) collected from the
Sea of Japan off Aomori Prefecture on 10 June 2015. Scale bar: 200 um.

Fig. 4 Relationship between the number of opaque zones in cross-sectioned
illicia from the yellow goosefish Lophius Ilitulon that had been untreated
or etched and stained with methylene blue. Each value indicates the
number of individuals at that point. n= 31.

Fig. 5 Relationship between the difference in the number of opaque zones at
5 mm from the posterior end and various other distances and the distance
of each section from the posterior end in the same illicium from yellow
goosefish Lophius Iitulon. Each plotted point corresponds to a particular
illicium, with data from 10 of 31 specimens being shown. No difference
was found between the number of opaque zones within 10 mm of the

posterior end.
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Fig. 6 Relationship between the number of opaque zones in the illicia of
yellow goosefish Lophius litulon under incident and transmitted light. n=
40.
Fig. 7 The percentage occurrence of opaque edges in the illicia (upper) and
5 vertebral centra (lower) of the yellow goosefish Lophius Iitulon. The black,
grey and white bars indicate >80% of the edge opaque, 20-80% of the edge
opaque and <20% of the edge opaque inclusive of the translucent edge
(0%), respectively. n: number of fish examined.
Fig. 8 Bias in the determination of age by three readers using the illicium
10 and vertebral centrum of the yellow goosefish Lophius Ilitulon. Each error
bar represents the 95% confidence interval about the mean age assigned
by one reader for all fish that were assigned a given age by a second
reader. A total of 20 fish were examined.
Fig. 9 The von Bertalanffy growth curve of both sexes combined and the
15 relationship between the estimated age using tagging experiments and
the total length (TL) for the yellow goosefish Lophius litulon. Open circles
and triangles indicate female (n = 112) and male (2 = 74) individuals,
respectively. Closed circles with a solid line indicate mean ages estimated
at 300 mm and 600 mm TL based on tagging experiment data obtained
20 from individuals that had been recaptured across more than 1 year
(Takeya et al unpublished).
Fig. 10 Photograph of the cross-sectioned illicium obtained from the smallest
specimen of yellow goosefish Lophius litulon (59 mm TL). This specimen
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was collected from the Sea of Japan off Aomori Prefecture on 8 August

2015. Scale bar: 10 um.

Appendix fig. 1 Photographs of the cross-sectioned illicium from an

5 individual yellow goosefish Lophius Ilitulon (475 mm TL) collected from

the Sea of Japan off Aomori Prefecture on 18 November 2014. (a)

Untreated, (b) etched with 1 mol/LL HC] for 30s and (c¢) stained with
methylene blue for 4 h following etching. Scale bar: 200 um.

Appendix fig. 2 Photographs of the cross-sectioned illicium following etching

10 of an individual yellow goosefish Lophius litulon (683 mm TL) collected
from the Sea of Japan off Aomori Prefecture on 10 June 2015. (a)
Unstained, (b) stained with alizarin red S for 4 h, (c) stained with methyl
red for 4h, (d) stained with acetocarmine for 2h, (e) stained with
methylene blue for 4 h and (f) stained with alcian blue for 4 h. Scale bar:

15 200 pm.

Appendix fig. 3 Cross-sections of the illicium of a yellow goosefish Lophius
litulon (475 mm TL) collected from the Sea of Japan off Aomori Prefecture
on 9 June 2014 at different positions. This specimen was etched in
1 mol/L HC1 and stained with methylene blue. Sections are shown at (a)

20 5 mm, (b) 15 mm, (¢) 25 mm, (d) 35 mm, (e) 45 mm and (f) 55 mm from the
posterior end. The arrows in (a) and (b) indicate the square ring that was
formed at the time of settlement. These images were taken using a

microscope with incident light. Scale bar: 200 um.
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Appendix fig. 4 Photographs of the cross-sectioned illicia from the yellow

goosefish Lophius litulon collected (a) from the Sea of Japan off Aomori
Prefecture on 12 February 2015, (b) the Pacific Ocean on 17 February
2015 and (c) the Sea of Japan on 9 June 2015. Left and right photographs
were taken under incident and transmitted light, respectively. The open
red, black and white triangles indicate the opaque zones of illicia that had
been etched and were depressed and translucent, had been stained

insufficiently or were indistinguishable, respectively. Scale bar: 200 um.

Appendix fig. 5 Photographs of (a) the cross-sectioned illicium and (b)

vertebral centrum from a yellow goosefish Lophius Ilitulon (728 mm TL)
collected from Tsugaru Strait off Aomori Prefecture on 14 December, 2015.
Open triangles indicate opaque zones. Closed triangles indicate doubtful
and uncounted transparent zones. This specimen i1s an example and the
obtained data are exclusive of the present study. Scale bar: (a) 200 pm, (b)

5 mm.
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Table 1. The verification of the visibility of a ring like structure in the cross-sectioned illicium by etching and

staining

Etching Stain

Staining Stain
time (h)

pH

Verification

Unetched

Ring like structure was visible but unclear. Number of opaque zones
in rings could not be counted in some specimens.

Unstained

After etching, transparent zones were eluted and opaque zones were
bulged. Opaque zones that were invisible before etching became
visible; however, the contrast was weak between opaque and
transparent zones.

Methylene blue
Etched

4.1

Opaque zones bulged, tended to be stained and became more
distinguishable from transparent zones. Some deep eluted
transparent zones were only slightly stained but were
distinguishable from opaque zones.

Alizarin red S
Methyl red
Acetocarmine

Alcian blue

AN

Do

4

6.6
5.9
1.8
4.8

Opaque zones were stained approximately equally; however, because
of the emphasised shadow, the etched and stained cross-sectioned
illicium was more visible than only etched illicium. However, the
difference of the contrast did not occur in specimens stained by
methylene blue.

* Acetocarmine staining showed the most acidity, and the illicium fell off resin after >2 h of staining.



Table 2. Raw counts by three readers of the number of opaque zones in the illicium and
vertebral centrum in the yellow goosefish Lophius litulon

Ilicium Vertbral centrum
Fish Reader Reader Reader APFE cv Fish Reader Reader Reader APE cv
nr A B C (%) (%) nr A B C (%) (%)
1 12 9 12 12.1 15.7 1 10 12 13 9.5 13.1
2 14 14 14 0.0 0.0 2 8 12 10 13.3 20.0
3 8 9 8 5.3 6.9 3 6 9 6 19.0 24.7
4 8 11 8 14.8 19.2 4 6 12 7 29.3 38.6
5 2 2 2 0.0 0.0 5 2 3 2 19.0 24.7
6 11 11 11 0.0 0.0 6 10 7 10 14.8 19.2
7 5 6 5 8.3 10.8 7 5 7 6 11.1 16.7
8 5 4 4 10.3 13.3 8 5 5 4 9.5 12.4
9 12 9 12 12.1 15.7 9 10 9 11 6.7 10.0
10 7 8 6 9.5 14.3 10 7 12 13 22.9 30.1
11 13 11 13 7.2 9.4 11 13 9 13 15.2 19.8
12 5 5 5 0.0 0.0 12 5 3 7 26.7 40.0
13 3 3 3 0.0 0.0 13 3 4 4 12.1 15.7
14 5 5 6 8.3 10.8 14 5 4 7 20.8 28.6
15 5 5 5 0.0 0.0 15 5 8 4 27.5 36.7
16 4 4 5 10.3 13.3 16 2 4 3 22.2 33.3
17 9 9 9 0.0 0.0 17 9 8 12 16.1 21.5
18 12 11 10 6.1 9.1 18 9 7 10 12.8 17.6
19 8 8 8 0.0 0.0 19 7 11 10 16.7 22.3
20 6 6 6 0.0 0.0 20 5 8 5 22.2 28.9
IAPE mean CV IAPE mean CV

5.2 6.9 17.4 23.7




Abbendix table 1. Characteristics of the yellow goosefish Lophius litulon specimens in which the illicium was examined

Number of fish examied

Sampling Th;a§2?1 of Tsugaru Strait Pacific Ocean Range of total length (mm)

month Trawl net  Bottom set net Gill net Trawl net Trawl net

F* M* F* M* F* M* F* M* M*

Nov., 2013 1 362 — 367
Jan., 2014 1 418
Apr. 1 1 512 445
May 1 509
June 7 6 4 780 1,070 327 — 750
July 1 4 225 225 205 — 555
Oct. 2 2 1 3 179 431 177 — 490
Nov. 4 1 235 438 475
Jan., 2015 1 19 412 1,140
Feb. 1 12 3 535 870 386 — 610
Mar. 9 1 500 880 600
Apr. 4 4 1 225 860 230 — 400
May 4 7 3 1 4 239 855 428 — 644
June 4 2 2 250 350 295 — 711
July 1 3 2 1 200 872 286 — 573
Sep. 7 3 4 6 291 634 282 — 424
Oct. 1 2 358 581 342 — 342
Nov. 2 1 6 170 635 160 — 415
Dec. 6 330 395 315 — 394

Total 32 30 2 0 55 13 7 14 29 170 1,140 160 — 750

*F: female, M: male.



Abbendix table 2. Characteristics of the yellow goosefish Lophius litulon specimens in which the vertebral centrum was examined

Number of fish examied

Sampling Th;af)Zi of Tsugaru Strait Pacific Ocean Range of total length (mm)
month Trawl net  Bottom set net Gill net Trawl net Trawl net Total
F* M* F* M* F* M* F* M* F* M* F* M*
Jan., 2014 1 1 418
Apr. 1 1 512
May 1 1 509
June 7 7 327 — 566
July 1 2 3 225 — 225 205 — 482
Oct. 1 3 6 3 13 179 — 431 177 — 471
Nov. 4 1 5 235 — 438 475
Jan., 2015 1 1 412
Feb. 1 6 3 10 540 — 631 386 — 610
Apr. 1 3 8 2 14 235 — 1,013 230 — 672
May 3 1 7 3 1 15 270 — 1,105 489 — 644
June 4 3 7 610 — 680 600 — 700
July 1 3 2 1 7 200 — 872 286 — 573
Sep. 7 2 4 6 19 291 — 634 282 — 424
Nov. 2 1 4 6 13 170 — 635 160 — 415
Dec. 6 9 15 330 — 395 315 — 394
Jan., 2016 9 11 20 340 — 410 292 — 415
Mar. 11 3 14 576 — 755 560 — 634
Total 21 22 10 2 19 6 6 10 35 35 166 170 — 1,105 160 — 700

*F: female, M: male.
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