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Estimating the impact of global warming on the neon flying squid
by using forecast OGCMs

Haruka Nisuikawa® ", Yoichi Ismikawa', Yusuke Tanaka' and Toshiyuki Awan'

21004 F CTOT A A 51 (Ommastrephes bartramii) FEIRYGIZ BT 5 BREiA B %, SMEAEICE S 2 BUFHI S R IV D53
KAEEETNVHEILE 70 Y 27 b (CMIP3) OB F ) HIIESCHEBET VO I 2L — ¥ 3 Y#ERE ATk
L7z, AffEfrofia @777 %) ZRABERET— 4 20 BEMICHEE L. ZofE, 201zt
THEISEAL LU, I OMREDIMIMNT 5 2 LAVRE SNz, EIRY COMEORINI X ) & S B3 % gk
EH5HL00, WMIELIZX D NEREOZILITER L T inizd, BAEO TS TH 5 /I CoMERERHIZON
TIEE S % 504 - MV LETH 5.

The stock and migration ecology of the neon flying squid (Ommastrephes bartramii) winter—spring cohort depends on
the feeding environment in the spawning grounds. Since the spawning grounds are confined by a sea surface tempera-
ture range of 21 to 25°C, the spawning grounds will shift in location with global warming. For that reason, estimation
of the feeding environment temporal variation in the new spawning grounds is necessary to present a vision for the fu-
ture fisheries. There are many climate models that have been used to simulate the future climates in the Coupled Model
Intercomparison Project Phases 3 (CMIP3). In this study, we used three different emissions scenarios (B1, A1B, and
A2) and models from three different modeling groups (MIROC3.2 (hires), CGCM3.1 (T47) and CSIRO-MK3.0) to
estimate the feeding environment in the spawning grounds. We estimated the chlorophyll-a concentration, as an index
of feeding environment, in an indirect way by using physical parameters of each model, hence these models did not
output the forage, i.e., particulate organic matter and zooplankton. In our study, all simulations showed that the chloro-
phyll-a concentration in the spawning grounds increases continuously through the 21st century due to the spawning
grounds northward shift. The better feeding condition strongly suggests an increase in stock, however, it also retains
the possibility that the migration ecology will change. So, the flourishing of the neon flying squid may not link to the
catch increase in the current fishing grounds.
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7 H A I (Ommastrephes bartramii) X HEZGH 2 & AT 122
JCTERTAHNEED A A TH D, K EERERIASE
FREINRE L AR EIIRE ISR E B (Yatsuetal, 1997,
1998; Ichii et al., 2009). FEIIIZHERI KR (LLF SST &583)
AI21°C 7> 5 25°C & 72 % {38 THi b (Bower, 1994), 4
BEEIIREL 15 IS AR IR CAE T h, HFICHER
FCIb LU TR L2, AFICHOEINSGICRE S TRS
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(Ichii et al., 2004, Fig. 1).

HADT 7 A4 AOHMIEE L LA DEH, LBFEFEIN
TE & KR PEIRBE % X 512 5-8 H b R h i cfrb
HEA Hiak, BEIINNESE L OLABRBENEE NG E LT
I 3HOFEIMTITDNDZEAL A TH D, 7272 LTHA
HERAT) PEIAL B H D HMOZL LTI ANV AL A
(Todarodes pacificus) b HFELTH Y, HAMOIRE L H
MixEZELTCELLEZRNRETINERET D720, Gl
RS E O TN 5 THEITKE .

AHEZEFEINFE DG IR EIL, 140-160°E, 21°C<SST<25°C
DL TEFF D Chl-alg A E < % 5 L3 5 @i
% % (Nishikawa etal., 2014). Chl-a#EEOBINET H 4 7
HefF ot (FbY SR -8WT T~ 27 b v (Uchikawa et
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Figure 1. Schematic diagram showing the winter—spring
spawning grounds, summer feeding grounds, Japanese fish-
ing grounds, and the migration routes of the neon flying
squid.

al., 2009)) DOWHMNZD7%7A3% DT (Nishikawa et al., 2015),
W OEBRENERBELB OB E 7o > TO B HEMRD D
5.

HEAF O BEEE B X VG RRIIA0E - BB oM R % R
{ZTHZENERHENTWS (Chen et al., 2007; Nishikawa
etal,2015). REZEIE T 2 BFM AL (IPCC) D
S REHI S BT, ImER R R BREO N AR &
ZOMo NBRFREIOMAE LI L > TlEZ &L
Sl Y AT A OUBRLASE X T A TREMEARD TEW &
Miamfrr 5tz (IPCC,2013). 2 LT, BEF M2 HIRE
RRAADPIREZ B RKRIH L& LTy, SHBETE
B bE e S e A E N TW A, TiE, BRI
PHEITTHETHANIEI RDDIESL S BRI
LB WmEOKREEALIC X b, HEREEL T oI 3
T5EFHEINTWDS (Steinacher et al., 2010). —J5 CTHi
BAFICAERT A~ s alis &g, BRIk X Y AR EEE
WAL OB REREIIRT 5720, BEENG LA
WRKTHLEEZLNTWS (Polovinaetal,2011). D% 1)
WA OB LT, IRBEALIZE D5k X 2 ik
D EAERBOIMIC L A HOMME VS, HKT 8%
FIZTEFHRENTVS,

FEIRG S KT BLE S, WLIE % O R BRI ATE i 12
W R RIET T WA WABRFHENREOY G, TOELLO
BN RKEVPTRHEROGHE - ERIE b TL 57
A9, FTRWZETIE, WEOWRBILFIS I 2L —
va VEERE R, I oAb k& EINY T o Lo
WHOEEAEEE L Craa7 4 Vg (LLFChla & 30F)
WEEAHEE L, BUEL OKE M L T21004E F TOEIR
wmAEBEHEE L7z

T2 tHE
AL T E 7V DOREED S Chl-alREZHEET 5720,
AW TRBIEOWFE TR SN EAEIEE (LU TMLD

LRLT) & Chl-a BT DM 2 BAE VT, FHl
EFIVIC & o THERE S 172 MLD Z2 [ 45045 D288 ) 5 133k
D Chl-a BT ATZAL & KD 72
BEEFRETIVORE
BB LOEEZHET HBICIE, BRI ELOFNET
VOKEREH T v v I VERRITH 2 L TTloR
et KRS &5 (eg,Itoetal,2013). L2xL, Auf
FETIRAFTIITE KO ICHFAET 2220
MLF & Chl-a #5045 O 22 2 BAMRICIER L, 1RBRIL T
HWETINVDMLD 2* 5 Chl-a it EE X HEET 5720, B %
MLF 2 @) 2 M ICHBR L E TV 2 R ET 2 LEND
5. IPCCEHEIRMBET VALK 70 Y = 7 b (CMIP3)
D2BETIVDIHE, 20004ED MLF O FBEIFER S I
7z, MIROC3.2 (hires) (5 Jiti #% B4 : CCSR and JAMSTEC,
A IRAREE £ 02 %03, LT AR, CGCM3.1 (T47)
(Canadian Centre for Climate Modelling and Analysis, 1.9 J& X
1.95), CSIRO-Mk3.0 (CSIRO Atmospheric Research, 0.8
FEX19F) O3ETFTNVEBINLZ. EINGILR E 72 5 SST
21°C S5 AR 9 140-160°F - # B2 232000 4F-AX 2 & 2090 4F
A2 T T oAb FEEE 2 IRBRALAET HE OIREE L 35 &,
BIRL 72320 7T NVIFRIBILETOHE T2 5 3%FH
10%FH, 2FHTH-72 (Fig. 5).
ZEFIVDINA T ZNZDWT, 2000FELDKEF VD
FEYN I T HEE (140-160°E, 21°C<SST<25°C O #i PH 2 I
SN IS o O OFEEE) & MLF B0 (140—
160°E T35 L 72 SMLF & NMLF O 1 i) Oz, AL
Tay s rofEL L7282 A, MIROC3.2 (hires) O
i, 1-SHOMMEEEE/LLTT Y 7 bz,
0.16-1.37 3 KT BIEMDH - /2. CGCM3.1 (T47) DY
HEWKRTEHEMNTAARDY, Ft7usy s o
#13-0.25-097 [ CTd - 72. CSIRO-MK3.0 DA, HixS
HEEAER T A , 1.792. 12 THh - 7=
BT E 7V DR FAZIRBEAL AT APE S ) H12 D
AE$ 5. 2 CTARIETIE, HERESD 2 wBL, HhiE
FEDAIB, £2\WVA2D3YF ) FOfEE%E w7z (IPCC,
2000). 7272 L MIROC3.2 (hires) X7V 4 A2123E0<
AT TR T, ERIHEHLZY 32— 3
VHERIZSOTH 5.
BWAEDOMLD * Chl-aigET—4%
BIED MLD & Chl-a i 5345 O 221 70 BIAR 2 < 5 1224
725 T, 7 — % [k 2 5 2 MOVE/MRLCOM-WNP
(Usui et al., 2006) (2 & 2 MLD 7 — % L2 (MODIS) (2
& % Chl-a Bl 7 — % % F v CHEE L72. MOVE/MRL.COM-
WNIZL BRI a %27 MY - KRR 0.1,
MODIS D 7 — # 13 ¥ « KPR km T, L 72
WX 2003 4E 22 5 20104ECTdh H. MLD I > & 56 B A3
0.125kg m> ¥ %R E L € L 72. MOVE/MRLCOM-
WNP (L3 18 5 B R Kl - 3507 Lol 7 — & 2 WML L C
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WA, WHOMIZIFIZEM T -7 E—FKLTw5
EEE(EICK > T EL 7-FEIE TO Chl-a B EH#E
—fIZ Chl-a X IICATS B E LR T 5. L L, 8L
DT A HEFEFEEINY (140-160°E, 20-27°N) DLl
fEES % B G ERE (140-180°E, 30-35°N) D —#R T
PG BRI AR 2 T WA TR A 2D A % 2 3] L, k
FDOChl-al2EDPEKL B2 EMS5NT W5 (Yasuda
and Watanabe, 2007). L7225 C7 h A h OBAEDFEIIY;
B I ONE RO IR & 7 B AL VE S5 R g T
&, 29 LD Chl-aiEEEANLIC N2 > CHIFF WIS 5 &
BRSO v IRBEALASHEST L 72856, TIRBRIS O TR
BEATHIELHVELDT, RO Chl-ailfif % H:E
T D BT REIN Y & FAEBRIK & OMIM AL E A EEE L 2 5 72
595, F2, FEBEEORTHHHIE VR A E I 155°E BL
THICTER SN Wiz (Okaetal, 2012), Chl-a ks
A IR HARIE L T B R D 5.

Z 2 TARWIE T, ®MIZ1-5 H D MOVE/MRL.COM-
WNP {2 & 420032010 4£ -3 MLD 7 — ¥ &£ MODIS 12 &
% 2003-2010 4 ¥ Chl-a i E T — % % W, FAG 5
S ORI E 2 FeHe L U2 1T & O Chl-a BT
oA 77— AR L7z, PR BRI o> R b3 (2 (X B IE 72 1R
HFE7a Y PR ENL20, EORGE 7Ty b (DL
TSMLF &529) &dboiaE 71~ b (DUFNMLF & i
) OB ZFIEBREMEOIE L Lz, HAREICBW
T Chl-a i AL 04 77— Z VB3 5 854, SMLF LM &
NMLF LUt & 7 % % T O Chl-a #2 B 13 Z L Z L SMLF &
NMLEF 7 5 O A & f gk % o0 1c U 72 BEAR R 12 PR L,
SMLF & NMLF @ S22 & 3 % #E B Chl-a i B 13 SMLF-
NMLF [ OWsr % KD 729 2 TZ DN % B M I TAD
L7z

29 LTRD72BAED MLF-Chl-a i O BIR &, Kbz
fEFMY I 2= a VHEROMLD 77— 22 H8E L7z
21004E F TOKAE - & H OMLF LB 2 M ad b,
3k D A PG A 2 R BE RIS 380 B Chl-a 20745 2 HEE L
oo B, SHCRZ LEARSHELRD, MLFOBIIH
W27 %720, 5SHOMLEMLE X4 HOME T L 72,
RBI, BIEBLTIE TV O SST T — % 7 & I &
%ﬁmL YER L 7z Chl-a il EE /XA & B S LG DR T,
B L2 BIT2EET L DChlaigEL2HEE L
7z.

BEALICKZEEEXIEDIRE

FoORFETHRE LT LWIEIIEIC BT 5 Chl-a LB 12
LI & BIRA RIS X o TIRBAJEDCT § 2 %
EMRBIET, WIEE To7:. BHIEDT 74 7 ORI
TlE, &HFEFOChl-a 2 REHOMHBOLETHTE S
720, MAZEOMLDICIKAET LI EBRIEINTNS
(Nishikawa et al., 2015). FZBIZ 140-160°E, SMLF D 07
DI BT L7102 HMLD & 1-5 H @ Chl-a i

Hr i, BB

Table 1. Coefficients of determination, p values (z-test) and the
regression lines between the autumn—winter MLD (m) ver-
sus the monthly Chl-a concentration (mg-m™) in the region
0-7° south of SMLF and between the winter MLD (m) ver-
sus the seasonal Chl-a concentration (mg-m™) in the region
between SMLF and NMLF. R? denotes the coefficient of de-
termination, and P denotes the probability value. Between
SMLF and NMLF, January—March value is subtracted from
Yasuda and Watanabe (2007) and April-May value is sub-
tracted from Nishikawa and Yasuda (2008).

R P Regression line
0-7° south of SMLF
January 0.49 0.05 Chl-a=0.000451XMLD+0.061324
February 0.81 0.002 Chl-a=0.000878XMLD—0.016454
March 0.74 0.006 Chl-a=0.000875XMLD—0.023207
April 0.61 0.02 Chl-a=0.000481xMLD+0.02894
May 0.67 0.01 Chl-¢=0.000315XMLD+0.015363
Between SMLF and NMLF

January—March 0.35 0.003 Chl-a=—0.0016XMLD+0.7724
April-May 0.77 0.001 Chl-a=0.0026XMLD+0.0192

FED RN ITA B R EOMBIBRA S D, MG E 2] e
TdH % (Table 1). FH O BIGFEM % HWT, :@ﬁﬁw
THIELIC L > T102 HOREEIEIL L 2560, &
LR mLt@MEF®m&$%ﬁ&%ot.mu

DEACTREEE, 2000 FR OG54 DA HEHE L 72,
SMLF & NMLF O [ © Fi{§ B3 T &, 4% & ZF D Chl-a
WL AFEMLDOMICHE A TEOMHBMERTEH D,
ZNENORIFERDLATHIEL RO LN TV LD T
(Yasuda and Watanabe, 2007; Nishikawa and Yasuda, 2008),
ZOfEE W CTREEERILOE ZHE L7

VLo Chl-a i FEE Fig 2l F &bz, DLUFT
&, PEURYChl-aRFEIZH T8 - |RETLIIHEH SN, 1-5
H O REYY Chl-a 5 FE % FEIR S 438 T3 L 7oA & K47
DARFEIHOHRIZOVTIREZINMZ 5. B, Kf
72T L 72 IRBE L 7V 13 2001 4E A 5 21004E £ T
DOFWEAT > TWD I, 2000448 & 5 o 72354132001
EDS5210EFTERT. ZOMDERIZDONT D AR
Th5s.

L2 FDIREH

REFFETIZ, HEFIN - ¥ F U IS X BN O -
MLF D#EE - HE5E L 72 BEIRY; Chl-a i BEDHERIZ DWW T b
LY FE#R LY FoOBHIZIEZ Mann—Kendall test
(Hirsch et al., 1982) % JH\v>, EHEX X 95% I2i%E L 7-.
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MOVE/MRI.COM-WNP (MLD), MIROC3.2(hires), CGCM3.1(T47), for MIROC3.2(hires), CGCM3.1(T47),
MODIS Terra/Aqua(Chl-a) CSIRO-Mk3.0 CSIRO-Mk3.0
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Figure 2. Charts explaining the estimation of the Chl-a concentration. The northward shift of the spawning grounds is shown in the
white charts and shoaling of the mixed layer is shown in the gray charts. In the final step (striped chart) both influences are com-
bined.
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Figure 3. (a) Distribution of the F ebruary MLD, the locations of the SMLF and NMLF, and the SST 21°C contour line averaged from
2003 to 2010. The SST contour lines correspond to the northern limit of the spawning grounds. MLD and SST data are from MOVE/
MRI.COM-WNP. (b) Distribution of the February satellite Chl-a concentrations averaged from 2003 to 2010.
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Table 2. Differences in the latitude of the gravity center of the spawning grounds (GCSG), SMLF, and NMLF between 2001 and 2100.
The units are latitudinal degrees. The latitudes shifted north unless a minus sign is used to indicate that latitudes shifted south over

il & A,

Hr i, BB

time. * denotes that we can detect the northward trend from 2001 to 2100 with a 95% confidence limit.

Jan-GCSG Feb-GCSG Mar-GCSG Apr-GCSG May-GCSG
Bl MIROC 3.78 * 3.11 % 2.88 * 291 * 424 %
CGCM 137 * 127 * 0.82 * 0.98 * 1.1 *
CSIRO 145 * 1.13 * 0.86 * 0.73 * 0.76 *
AlB MIROC 5.08 * 455 * 431 * 467 * 5.39 *
CGCM 3.6 * 3.06 * 26 * 2.56 * 3.18 *
CSIRO 1.87 * 1.68 * 1.66 * 1.81 * 2.04 *
A2 CGCM 496 * 461 * 3.96 * 3.65 * 3.96 *
CSIRO 2.55 * 247 * 25 * 23 * 2.84 *
Jan-SMLF Feb-SMLF Mar-SMLF Apr-SMLF
Bl MIROC 0.31 0.58 0.67 * 0.64 *
CGCM —-0.15 —-0.04 —-0.49 0.59 *
CSIRO 0.42 * 0.24 * 0.08 * -0.19
AIB MIROC 0.19 * 032 * 025 * 037 *
CGCM 0.19 0.19 0.11 1.06 *
CSIRO -0.31 * —0.45 * —-0.28 0.22
A2 CGCM 047 * 0.51 * 0.45 * 0.14 *
CSIRO 0.1 0.23 0.29 * 0.94
Jan-NMLF Feb-NMLF Mar-NMLF Apr-NMLF
Bl MIROC —-0.35 0 0.17 —-0.35
CGCM 0.01 —-0.06 —-0.23 0.01 *
CSIRO 0.1 * —0.18 * 0.09 * —-0.01
AlIB MIROC -0.05 * 0.05 * 0.18 * 0.5 *
CGCM 0.15 0.15 * 0.22 * 031 *
CSIRO —-0.05 0.07 * 0.11 * 0.26 *
A2 CGCM 0.36 * 0.29 * 0.15 * 0.14 *
CSIRO 0.18 * 0.39 * 041 * 034 *

Figure 5. Differences in the latitude of the northern limit (defined as SST 21°C) of the spawning grounds from the 2000s to 2090s in 23
CMIP3 models for scenario A1B. The black bars are the models used in this study.
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BEEEICLIENGELEGET7OL FO#R

WIZ, BIEBETHY I 2L — 3 v oI
FLEMLFELOHERIZOVWTHRNRS., ¥FYF, EF
VEMDLT, §XTOYIal—3 g VERTM0%
MU TG EOYE LT 2R VLY R LR, £
OBEHEIIBBOLRIED L, KKTSEX 572 (Table
2). THITH LSMLF D ¥4, MIROC3.2 (hires) ® 3 F
1) F AIBRCGCM3.1 (T47) ¥ F U+ A2TlED ML
YRR SNZA, — 75 T21004E 0 SMLF H.[r 752001 4E
IO TLTWRrYr—23 50, 1-2H ®CSIRO-
Mk3.0, ¥F VA AIBTIEEW IO ML ¥ FARRIE S .
7272 LdE I LA FIZL A, 2001 5 5 21004E F TO
BEHEEZIZIZIEDTE, BINSELOBE L D /ASn
(Table 2). NMLF O35 & 13 bR L AT 253\ 2 F 1) & A2
TIZAL LD ML Y AR SNAS, SMLF A EE2001 £ 5
21004F F TOBBIMEIZIZIT1IELDT E/NEH 572 (Table
2). Db edal, ERLENTF)ARETVICEIST

38 1 I 1 I 1 I 1 | 1

34 1 NMLF - oo mee

32 R EE R
B 30 |~
2 28 SMLF=——— -
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Figure 6. Time-series of the 10-year running mean in the lati-
tude of the GCSG, SMLF and NMLF (solid lines) in Febru-
ary from 2005 to 2095, which was simulated by Scenario
A1B of MIROC3.2 (hires). Gray dots denote the spawning

BBEICIE E LT DIz L, MLFIZEIZH TV ED S
Zwd, LLEL T DT NTHsE ZORAE LA
SMLF D E 2 & % FEPRI 1 21 4 12 MLF (2 H850T -+ @M
THIE e ol Bl XK IRELIETT O F W MI-
ROC3.2 (hires) D F 1) F AIBOBA, 2 H DEINSE L
132000 4EALIZIZ SMLF & 9 6 BERIIZ & o 7225, 2090 4E4R1C
F2EE TIED Wz, ZORERE, 21004122 H O pEIRY; 0
34% AYSMLF & NMLF I F 7= TR BRI B L 72
(Fig. 6).

EEICKIREEREDHR
FEIRHE\Z BT B HERE Chl-a i L, BEINY 0 102 H P
MLD 252000 SIS AT m AL L 72 2% JTEICHiIE 9 5.
YFUFABITEAD ML Y FHR SN DIZMIROC3.2
(hires) D¥FED AT, 21004E 12132000 4EM L 1) 15 miE
GREPRILLTwz (Fig.7a). 51+ AIBTIETXT
DEFNTEILD ML ¥ FR SN/ (Fig. 7b). 2020 4F
FTIREDET VORI D KER <, 2020 FF R DLRE,
MIROC3.2 (hires) DEALEEEEIZM D E T IV D 3FEFEEELC
%0, 21004 O RTOERAGEREEIZ MIROC3.2 (hires) D
¥4y 18 m, CGCM3.1 (T47) & CSIRO-MK3.0 Tld4mTdH -
7z (Fig. 7b). % 7z, 2070 4 X VL%, MIROC3.2 (hires) &
CGCM3.1 (T47) TIEERALERE QBN AHE 2 BHIIZ D 5 72
bDODEL D Z Ex % h o 72H, CSIRO-MK3.0 Tl
2090 4E AR LLBE, MLD A3 < 7 2 12 - 7= (Fig. 7b).
¥F ) FA2TIE, CGCM3.1 (T47), CSIRO-MK3.0 & 3
2100 4F DI 2 T20005FA L D 9miR L L7z, T oflix
FUAAIBOR2ETH S (Fig.7¢). &8, LHLHLODE
TN THRILOHEATIIHI TR A o 72, CSIRO-MK3.0 D
A3 2030 48122000 448 & D IRETE AR L % A G H
bh7z (Fig. 7c).

FEDRIZ Chl-aiBE DH#TE

DLl ofR 2012, I Chl-a i OHER 2 e L 7-.
EOYFIF, EOEFNMIIBWTD, FEIIYY Chl-aifs
W M % 7R L7z (Fig. 8). 20054E 9 MIROC3.2 (hires),
CGCM3.1 (T47), CSIRO-Mk3.0 DR Chl-a I3 &
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Figure 7. Time-series of the 10-year running mean difference in the autumn—winter MLD from the 2000s for all

simulations.
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