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Studies on recovery and reconstruction from
the Great East Japan Earthquake on March 11, 2011
in the coastal fisheries of lIwate Prefecture,
Pacific coast of northeastern Japan

Tomoaki Goto

Iwate Prefecture has been known as a famous fishing ground for various coastal fisheries, (such as seaweed and bi-
valve aquacultures, set-net, and squid jigging), operating in the Kuroshio—Oyashio mixed water region of the north-
western Pacific waters. Most of them were seriously damaged due to the huge tsunami generated by the Great East Ja-
pan Earthquake which occurred on March 11, 2011. As the first step of my aquatic biological studies, I carried out
comparative morphology of the carpet shark order Orectolobiformes to reconstruct the cladistic classification concern-
ing the functional roles of the morphological variability. My principal works on fisheries oceanography have been con-
ducted on the stock assessments and fisheries management of various demersal fishes and the potential problems to
sustainable fisheries, like marine debris or ghost-fishing, based on field surveys and statistics. Such studies have been
basically continuous since the 2011 disaster for the sustainable reconstruction of fisheries with additional emergency
works for rapid recovery in the coastal fisheries. Many gill-nets were left in the continental shelf for a long time due to
loss of the operating tools by the 2011 disaster, and many demersal fish were possibly dead by ghost-fishing during the
non-operational period. Many land-based marine debris accumulated on the seafloor of the continental slope off Sanri-
ku waters were much increased due to the tsunami but the abundance was decreased gradually by offshore transport or
fishing activity. The post-carthquake surveys suggested that some fundamental problems shared by most of the coastal
fisheries had continued from the pre-earthquake period to the post-earthquake fisheries, while most of the coastal fish-
eries recovered rapidly from the disaster. In addition, the socio-economic status has been unstable caused by decreases
of some dominant fish stocks, such as chum salmon, Oncorhynchus keta, Pacific saury, Cololabis saira, and Japanese
common squid, Todarodes pacificus. According to these studies, stamina and ability to adapt to the fluctuations of envi-
ronment and stock should be needed for the true reconstruction from the 2011 disaster in the coastal fisheries operated

in the Sanriku waters.
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7o, ORISR L, KEREZEICBT 2 HEBRS L o
B OEEW AR L-FHERSEEOREE L2242 H
LDABRZITITIEY, RENMKTH S LFKIZ, Foi]
EfMEHAHENTHL. KELKDSFEIREMLAE5IRD
o THDBE, HIZHZ BB TOMBIKEENDFG LI
R BRI =27, BlYOREERIZ EOREFRKT
ETVLONHAHMAZELIEITTWRIRETHS. L
L, KRERFEEED DT> TEIKEREFEEX—) ¥
ZYXbM (LF, MLET5) A L7720 Oh0RER,
IKEEMPER e~ OPeATwm L [ R ETT— & b WA F
BEOWEICBIT2RHAAKEL S OHIH - HEOBIR L
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T L HEANOERR ZORENYP L L DFOHIZE E 5
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biformes (Z 124 ¥ FRFEDRIBIRIZ 54§ 5 40 TR EED
Y AENPOSHERENDL TNV —TT, T XTIV X Rhincodon
typus X° % F ¥ Orectolobus japonicus 7 E ¥ B 72 4 X % &
tr (Fig. 1). ZOWEICE - T, T ¥ I 7 FAHFHIRAA
R AT 5 HRMEET, RMBRE KB L2508
PO ENSLZ L (Fig.1) 2xRL, [FYY 7% AHD
W, SRR, B L OGEICHET A% &L
T 1998 A 2w X &2 $2 i L 72 (Goto, 2001). AMFZEIC
BWT, A=A MV TOWMEHEL L LT TH T F AR
D1FFEZFTLEL 72130, WL DD OGO W THH
FI % HHET % 1T o 72 (Goto and Nakaya, 1996; Goto and
Last, 2002; Goto, 2008). F 7z, 7 v ¥ 7 i, o
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Figure 1. Phylogenetic tree of the order Orectolobiformes inferred from cladistic analysis based on the comparative morphology and the

fossil records.
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AL N L, T OREREIY B ENZ BUIR & [ 7 F 78
AT o7z EDRER, 7 T H ¥ A Cirrhoscyllium japonicum
D7 OIS BIE D W TZ O ER 22 £ 52
L 72132 (Gotoetal., 1994), IEIZRESM Tk & KIKREHE
CORBR - it fiE 35 & OVRIEIR RUEAK I AE) T OATE %2
HOWTIZKR—=V v M+ ¥ ¥ —7 Hemiscyllium ocellatum O
BATRD) L3 EDTERED B H (Goto etal,, 1999) B LU~
S 71 % 4 A B} Parascylliidae O 8 o> £ 3 & W5 | 3 £ o> BY il
(Gotoetal,2013) WL L7 20 k) RO RE
L, £ DROIKERFEFH 2EIE T & L TRWIZHK
VoTWah,

EFRAFEREOFME L &

1997 FEITETFIITE B 2 dr U S, RBGCE & 5 Bl
WEDOMYB & o 7. FRTEFEHISEOH LTI, W
7oy 7 EEYEE & HI12, ¥ T H L A Pleuronectes
yokohamae R 7 A F X Hexagrammos otakii & i & BR%h S
R 2 S RE L, BHEER & & RIS R S &
BEVIOMANEREGOEB I IHHI LIl ho7 Z
D2EMIE, BFROKEEZHD L) Iz, &
BRI T 2 BB ik & Tk, 26123 A
BERICEZ 70 AR ZOWH S QAT 52 L 25T
&, MEOBY;ZHE L 2235 KD 2 BFEOWIER ¥ 1 )V
DWIAED LT,

ARG IR EE PRI FE D BE & BV 72D 1E, 1999 4F 12 %
FWRIKBEHAM £ > & — SRR~ ORB %2 e o Th
5TH 5. WIERITHERER M S T2 w2 gslg
FOFHMDIE A, EEHE~DY 7 Oncorhynchus keta D AHE
FRUEEIRICE T A DY L o7z, WEERIE, KF
BERE IS L - GRiR A 2 2512, BESHTH 558
FOHRREZEHL, NI THRWfTbh Tl te—
WIHEZBRGTLET I E & Lz 303, ALK KENZE
Frb IR = S A D & 15753 6 i & & ofek &1
(27, 2000,2003) L, BTORABEBUEREHEE DO A
EE R, ZOREBICEY, aFEMEIAT MY YT
Gadus chalcogramma IR V-HRHE 01 A DO T S & L TR
BELCTWa AN, HBEOWKE FRICIZEIIZ O KA D
I e A & 7 B 2 L AUR Sz BRIC2004 SRR
&, B O Z B0 RDNE SR T d 5 2000 4F
WBEORBMEOTENE 2o TWD Z EARENT: (Fig.
2; TR, 2005). C oA REMEEDOE=5) ¥ 7
WL, IhE THEWANERIA TS THo72F T
Sebastolobus macrochir DAEREFWN A 2155 Z LB TE
7z (1RHE, 2004a). 512, HE PO —VREOE[ICDH
720, Ay FANOWET I ORANTIC R o722 L0 b,
P — VA THRA LT I O L & o s % 2003
EHSBMH L (151, 2006a). O MAE, BAED
W—=F L LTHRWTED, KREXKZROWFET I OHREHE
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Figure 2. Seasonal changes in catch and CPUE of walleye pol-
lock, Gadus chalcogramma, by bottom trawl fisheries in
Iwate Prefecture from March to July (A) and distributions of
densities in juvenile (left) and adult (right) walleye pollock
estimated from bottom trawl survey conducted by R/V
Iwate-maru in April, 2004 (B). Modified from Goto (2005).

RISV, FHEC, o) MiiE, chFcael
MAHAG Tdh o 720 LTOMRET IMEICOWTOMRBOE
REHEIZ D REDDOVT VB, 1999 4E 7 6 24E [, HRTHEFE
KA G & K E TR geinin T G (BLRIR K 5)
DT 2 A1F 2 DO KB WARDOMERME R Y AT A2 L 72
EEMNTOMBEOTEBIE 21T, EEMICBIT L7
O WHERFTEIC D WTH ST L7z (B - kil 2000).
C OWFZEIE, EBEMEHESCH T IZ oW THI#MERSL 2 LAt
TE, TOBROKA RINFUSENEISH T2V T 5,
2000 4F LR, AT BCHR R AERE BRF L1242 L T 723 AR
OEIREHM & RIS A0 bH) e ek, b
F X Paralichthys olivaceus, 7 A4 F X, =3 vA, 75i
= Erimacrus isenbeckii, 3 A % 3 Entroctopus dofleini 7% &%
OB OEIFEHM & E BT 202 H Y552 &
Elpolz. KIS, BORISEN QML U TR R
B O HEEAED SN TWwze T 2220w Tid, W
Rl CaARIZ2, 1998) % KWREIC T Il 5 mIUER M T B
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D, FHEOREIFMEHIN TV 22T, K&k - i
R OEREZDE T LD E LTVPAIL X 2 EFFi 24T -
729 Z CHW RO 217 - 72, ZORHE, KIKER
DMAEFH I OW BB L Z T Twb EE bR,
AN THEENE KRB R OIMADA 72 WIS RO IR LT
BRE LTHIRETE2—0, ZVEICIEEERFN 3T
BEERMNICZ T WD H 5 2 AR E iz (Fig. 3;
%, 2006b,2007a). T TIZATHN TV % AR & ff
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Figure 3. Relationships between spawning stock biomass (SSB)
and total stock in number at age 1 including wild and hatchery-
reared fish (above), and total recruits and hatchery-reared
stock in number at age 1 (below) estimated from VPA for

Japanese flounder in Iwate Prefecture. Modified from Goto
(2007a).

BURIC & A BIRERRROFFMO—BE LT, VPAILKLS
BREHEEICINZ, FilEH2> S HER T COFHifinE=
) v 7 A, RIREIROMAZB) & TR ownshs
DEEZBIBL T2 OREEIE 2, 2006, 2007; £ T 2
2010). HFETIE, b I X 0T T Iz 12 M Iz % T
LTWbIens, HREROEHENZ LIRS 2720,
BRI 21T o 72, ZOfE, AFRIATO v 7 A &JHIX
12D TFIREBICE b0 L K& IABE L
THBER T EE TET LD 0NA,Z LRI NT
(P20 - R2 AR, 2015). ZNOOREIE, ATFECHELE
HHENTWVD T A N T ARG O TG 5L & & IR 3
FEIEH SR TWAE. 512, ATFETIIL I 2 1TH<
NRKAEHOWERT IS L 2BREN L ED L7720, faffiz
BR L CAERNEORE BT 2T TE /2. 20—
BRELT, ZBERRICERT 27 A F X OEYFIFEES
A= DR S Uz (B, 2004b; 12113 A,
2007,2008a). Z N5 DFERICFE DTV TIHRELAHDOE R
B A2 AT o 7oA R, HSERIC X B B EMN R EIFEB M
S OBIBRGALEIHE T O VTV 5.
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2006 4 LLRE, AEED L 9 1A TFRBFICKEO T F £ >
7 Zh kL, EEMEEICERREEE L L
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CIRD T 5 EDFHAE S, 3 CICIURIERIZRED
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HEh MO LI & Bl 247, B SEE ISR Lkl
72, 2B, JKELFPHEIEDRIN S AL &7 E KA

Figure 4. Bycatch giant jellyfish, Nemopilema nomurai, in set-net in Iwate Prefecture (A) and the removal scene from set-net using

additional net “Makuri-ami” (B).
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KA BRI AOWMN 2RO YRR OB A Z I
MF 7202, BRI R G OMA R PIBAE S A
ET Y HASHEH FXAL L L ICEBOMYE v
T I3 RHM 5 Lz (BBIE, 2007b, c; BIEIZ ),
2008b). & HIZ, 2008 FELIKE, BFICKEDOF Y IXT T
7 Aurelia limbata X BL L TEEMICK X 2 EZ L7256
FTEHICARY, MM PRI ZE=FY) Y 7ITEDOW
THWRGKE TIC L 248 HE 0 Ok ER & %2 - T
WBHZEERRL, MEEIFOPIT (R, 2012a).
2008 - DLRE, H F IR ORI IC BT 2 IO RV ZEH)
12DV, ZOREILIREZ G L. AFRTIX, EE
TR ICARERE K E AR L2555 b TR
E LR KIER R L TV B —J, W) ITLES
N AN SE ClI 37 L O BIRAE) & s KEDOH)
25—, MO TRa 2 b4 S AW ER A
ZRIFLTWD Z EAURIE S L7 (Goto, 2010).

RAFKBEXER
2011 AEDKEHNC X BRI X o THTEKERM £ ~
Z—IZ1BRIEL T TRAL, ZITPEITDL ) e
1L Ké- 72 (B, 2016). wAD1 7 HELIZFA4 754
COBIAT ST v, VY L ATREER S 2, 1E
WTHIEFEAEALLRWIRRT, BEBrh-ddpCch’
RONAIERETH o7, ZD X ) RIRMT, HMiEHIHR
TfEREBHLVOMALERL D) T L bz &
FDIHENKRE D720, HEOHBET SEEECIZE
DZELRDEE) h, BTl - K EER OBREHB~D
W ERATER RIS TWd. ZOERISTLTT S
TEFTICA L Lo, AFROMEOEHMEZ 4 X —
VLA LKERBEFEAML 2 AL E LTHERORE 2
Bz, TR L TRIHFRESA, A BHIA, HHR
T EAEIDE L OZBOBRKL Hih v TR E HW 721
B, Al S R 7 WFIEE A S TIT - TV B LY ML
RIEINZRE T A FHEL A AL I LD TE .
FFECII BRI OKEESE % MRkt 3 % T TOMBRN 218
HAEEE S, 47 RAYDIRE, B R AR i A & I
WCERSEDT S L7z (288, 2012b; (&, 2013). ZiEHE
T E A LW TR R EREREENAE LS
05, A S OKIEE ZF CTRAEMIC X 2582/
T W AT o TokE R, KR TR R E 2 B & 9
IRIIEFED SN holz. ThEHDMEETIE, 2Ok
MWEZEH T2 LX) 6 HUBEOBERBIIH 2
bl lbhrotz, —J, MRMREEICOWTIE, FhE
o TW210 M VR OL S EBEIZL DR L, E
SEFEAERF IR R A TSR S T 72 B Ll it 2ot
FOFEFFHPIGNESNL ol FIT, AEM
ZWEH L CZofEo—H2 B L, H¥EHICHAEZRT
B MAEIT - 72 FERERAIC R RS S i

R D ZHMFF LT T e RBEEZONLIEND, 22
THEONTF— 2 EZHVCIT—A 74 vV V7L B
BAOHBEELR L. ZOME, HE S 72 EHHEE,
WAHHER DD bINTHL D, —HBARTIIERED
KOG EIZ L ) b N2 EREI DR R nT & Z2RIET
DRSNS (1R, 2012¢). F72, HAEMZEIGHL
7o T X O AAE AT, HSER IO LRt &
1o/, BEBERIZFOTFEIHM I TV b,
IR R 2243 PICES/ICES 26 4512 X % SR T M0 Bh 1Y 70 SR A
BV TRV > 72,

REAXKRBXEZOHE

BRBIOKEBEFZZMLR TN TH 4 #0 K L7220
SEEM LML, W5 BN aEHo T Tlds
<, BB CRRMN ZIEEOFBEEZ X252 LT
botz. TOD, BHEOIREE % BT I O
mERITVDOD, BEHIDPOIT->TELEZSY Y ¥ IEdk
OB TH I L L B BROGETEN
BWZETHo7270%, BEFD2OIEH L T8 e
MU RIS Z OB Z2H 5T 59 2 & THEE~DTEH
Z#IZZ ) 7T TERZ TNLOFRERHENS, £ L O
SR R B BN KA OKHELL EORBZMERF L T2 2
LARENT: (TR - KA, 2012). K bo—VilfET
(&, RHHT & QA HIRBGNICB T 2 EEHRO T IO
A L BB R S NS L7z, BRI HIIN U 22k H ok
DUFIE T I NZFEM L2 & O & 20T e h3 5 B S CTHER
L Tw 72 (Fig. 5; Goto and Shibata, 2015) 4%, P4 %
WO EOTF AR Sz, dbE RSB ERIZE S
DN SRBESRWETIONA L ZNEFAT S 2
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Figure 5. Comparison of log transformed mean CPUE (items
km™) of marine debris collected from bottom trawl surveys in
2003, 2004 and 2011. Modified from Goto and Shibata (2015).

— 341 —



TR AW

S DERZENIIEZHo TW2 72 &, ERERIICE
HHEWEEZ DL LTWAEFY I AT X OEHREDO—
A & 2 & 72 5 72 (Shibata et al., 2015).

BEELDAT S e T AFHMARRE L LTiTo Tk
B L BB OV Y A v M2 X B AFERERNEIL, K
LRGN ZET R M S A GHIERF SR, A
MEZESADTEOT, Hib= ¥4 = v AT S
DOBRANTER_TAH L L), FHEE KBEOHE
AN HAKEF IR & 2% L mELEAIg L2475
TWwb., —WiT 5 EREGEOMBEMIIKE ZELIZRD S
NV, R THHEOERIKE { Eb > 72 KEBE T
&, EEAEAL, WY EOIREAREY B A R
L72—)7C, BAEFEE PO E T WIRERF AL
722 EHIRENT (Gotoetal,2017). F7z, WHAKERK
#%, WINOBIIBWTH L T A YRAOF KA
7213, KEBE TIX 2013412~ T L A CHRBAERTE &
RONDRBEERIMADTED SNz (#H, 2013b,2014).

LoL, WHEOL I X TIRERE, RO MEEE LS
B oKIZ» TR HEORTAALNTEY, 73
HOQARICHELZITTOALREEIRBRIN TS
(EMIE7>, 2015; Tamada et al., 2016).

BED O 3R L TR O ERME CTHEDTHM &
N5 LI hoferh, RIEICBIT 2EEBRITETE
b2 IEL SRR L, S%oBnz FillT 5 2 L5 %DM
KRBT E 2, RGN T — 7 2 W7o AR
RIEDEHM 24T - 72, Z OFGR, K EED G 12 13
BRI FHEALETH 5 2 &, SERE R < Husk
B CHBEREEICREREEIE L TWDL I EARENT
(Table 1; 41§, 2013a). Z D, 2013 4EEEICEM S N7zl
¥ VYT AEONT, TOL) BIRMO—EBIFEKIC X
LRI TRL, BRSO TW AL RAREY
RHREATEE S & v ) FHELIC X o THAMEAL L7z 2 & 258ed TiF
EWY Lho7e (1B, 2015). FofFFMLELT, AN
A A J1 Todarodes pacificus & Ext 4 & 3 A /NEL A8 1 it

Table 1. The rating of change from the mean values in 2008-2010 of catch or landing, number of boats and CPUE in 2011 and 2012. The
level of the changes was categorized into the seven grades (after Goto, 2013a).

Catch/Landing N. boats CPUE
Gear/Species Area
2011 2012 2011 2012 2011 2012
Coastal fishery
Haliotis discus hannai ED DC
Strongylocentrotus spp. ED ED
Bottom trawl North DC ED IC CD DC DC
Middle IC IC DC IC EI IC
South MD EI DC IC CI EI
Set-net North CD DC CD DC IC DC
Middle IC CD DC DC CI CD
South ED CD ED CD IC DC
Bottom gillnet North CI CD CD CD EIl DC
Middle CD CD ED ED CI EI
South IC CD ED ED EI IC
Pot North MD DC CD CD EI CI
Middle MD IC CD DC EI CI
South ED CD ED ED EI CI
Squid jigging North IC DC DC DC CI MD
Middle MD ED ED ED EIl IC
South CD CD ED ED CI CI
Stick-held dip net for Pacific saury North EI CI CI IC CI IC
Middle CD CD ED ED EI IC
South CD CD ED CD EI CI
Boat seine for Pacific krill Middle ED CD ED CD MD MD
South ED CD ED DC IC DC

Moderate (MD): greater than —5.0% and less than +5.0%; increase (IC) and decrease (DC): equal to or greater than +5.0% and equal to
or less than —5.0%, respectively; considerable increase (CI) and decrease (CD): equal to or greater than 30.0% and equal to or less than
—30.0%, respectively; extreme increase (EI) and decrease (ED): equal to or greater than 50.0% and equal to or less than —50.0%, respec-

tively.
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EIZOoWT, HERFIT -y 2 HEPSRELZEZ A,
HFREORMER 228 L LoD, HAZRERN (i
RAAN) BB LI X o THRAED & EEE 4 G Rk HE
ELTRHE L 72 SE O FEEAVRIE E 7z (Goto, 2010). &2
T, ZEEERICB I 2N RIEOHEBIZIZHETE TS
WD EEDO R THENKREVEEZ, ANVALIE
RO ZREM BV 5 KL B OIHR 2 KD T
&7z (EEUTH, 2015). F 7z, RIEFICES Y HHEEOIMN
Lo TWBATRAZTICBWT, Mz E T 5
WEDW Y & FIH L7z 6 REEL R ER L L HIED
TWwh. ZORDHAICIE=FETHRASHREREES A,
I ER PRI RES A, KIELFEWFERT EE A A,
HAL BEAEPZLOFICBEH L T2, H¥EL
farish, B R E o THED B 72 2 R AR
72 ZATH5D.

BhIZ

IhET, BTEKEHMEY Y —CTETREZ 74—V F
E L% 18I O o THDTEL. ZONEER, 7
Iy RFgEL V) L DIE, WICHBGLmEEVLRR
SHEDTELDLDODVRLTHS. fito T, KR 1244
RMifE & 0 b, MEERGORCMBLERP 2 L v SRR
WCHEZAZERBRELLELTTOTEA20, WHHA
TEHIILZIChlzoTWAE—FT, ZOWTNLFH
TTWA LISV w., ZOXHRpT, WHAKESK
&, AFROKEX(OALLT, RHHFOEHIZL>TH
WRGEMRN E oz, BERIAT - TEWEHE, T
NLZENFTTOBYNOFATE 2L T, 8
oWl ENFZTKEHEFIEE & W) VN HE LD
NBZZ6N5D, FLTENZEDIHICL THIGITE
LT HNEV) e LDl Bkl 0o EDTE .
ZOWFEE D TV IS, RHAKER L, HFEL W)
EEZOLOORENZEEN Z WW7ET sy —=v 7 - R
AP ThholbBMT LI otz T FTHRE
BTHEDTE A EH L EFORERSLT L L —HL
TWRWHT, IR 4 EZLLTEBY, ZNUlfk-T
P RAN AL A7 OMIRERTET LKEERL KX
CEAEL T a. FRICHRISE, FmmERL 25720
W20 X9 BREAITHEIS T 2 LT, HELIZED
72OOMET LA FICOTEDTHEHEEZ T
B, INRESEICE ST, BN RS 7 VARG TS
DT, ZASHEIS L9 5z RN 28151257 -
TEDY AT AERIZDIzo TELEMICE 2 5 2 & )i
BN R MEE L2 5 ) A TROEELZZ T
b. ZIZT, 20165EENS, ATRFIHE S NIKE Y
ATFAFA—AEEERTILEERD, ZoTF—<I2dE
EEXLRPOMELLEFOFERETEDTVWEWEEZT
Wh, BUE, ThETOMRICMZ, EEMcBTL70

< 79 Thunnus orientalis 45 Wi F O R IE N BEBAR B FE R 3 —
O v 23 T KX Ascidiella aspersa D REfFEI 72 &2 b WF5E
HPAZ L, ALUORHAKRBE L OBEHICHIKTE 5
IIIBDTWEw, FHERLEAL, EHE L om
K] OFT, FERETHERI SNLD S KEEIRNE
DB MR ORURZ: SUSINEALDSH 52 H T, i, A, f,
WO 7 N T3 e BRI L ShTnrnZ &
RHERFERL BTV D (FH, 1983). i+ D7EFIC
B9 2R I3 8L H LT, INOLEAERNICOREE
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