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Seasonal and interannual variability in crude fat content and
condition factor of chub mackerel Scomber japonicus captured
from waters off northeastern Japan during 2012-2017

Akihiko Yatsu' ", Kiyotaka Takanasni', Kazuyoshi WaTanaBe! and Osamu Honpa'

T HNKCEER ORI & & (Fo) &M (Cf) OFMZLERELHERNZIHS2IT 5720, BLRELIER (%
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BEBR SN FelZDWT20164F & 2017 FE ISV IEORIEDEDO b, TORKNEZEL L.
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In order to elucidate factors affecting seasonal and interannual variability in crude fat content (Fc) and condition factor
(Cf) of the Pacific stock of chub mackerel Scomber japonicus, we examined Fc and Cf in relation to fork length (F1),
capture date (Cd, number of days elapsed from January 1st in each year) and year. We measured Fc, Fl and body
weight of 2,085 individuals of chub mackerel (21-42 cm F1) captured by purse seine fleets from waters off northeast-
ern Japan during 2012-2017. Fc and Cf were high from September to January, and slightly decreased in February. Dur-
ing March—August, when sample size was small, Fc was lower than in February, and Cf level was close to that in Feb-
ruary. Non-linear relationships were detected between Cf and Fc, between Fl and Fc, and between F1 and Cf. The best
GAM model in terms of AIC, with Fc or Cf as a response variable, and year (categorical variable), Cd and FI (spline
functions regardless of their independent or simultaneous usages) as explanatory variables, effects of year were statis-
tically significant. Potential causes of strong positive effects of 2016 and 2017 on Fc were discussed.

Key words: chub mackerel, crude fat content, condition factor, fork length, GAM, interannual variability, seasonal
variability
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AERRTE I A BEAS 12082 L3 SN RIBAERTETH D,
WEDENDZE L L, 201540 2553 L UV 20164F D 3%
il L C oMY o 3R I1X 1970 45 LU C R AR E % R
L7z (FHEED, 2018). < B 8 KEFRBEII IR AT E K F
IR R O TEIEMWME oM L, Hmid7-8K T,
WAEDOM E RBEAOEFT LI TOL ) THD (Il
2014; i1 Ei3 2, 2018). Hef Qo —iEf, 3O KIMBIT B
T4 UL E) 13 FEIC3-5 BICHHE R S AL Bk & TR
9 5. MEAUTFRF IR EIR TR B O i 8



WEENEZ, SAEE, eI, Al B

BB TIRIC )L < A L, ARSI S - fEfU
R SN [P e g T B B & I N =5 % B N %
LEBEOIRR - MEEH L, TORBMIIEINL, R
IR - e, ISR TS 5.
P - BRATRIIRM - R E BIEEL, BEFEEPOICER
=FE - i TR T 5.

WEROREN &R (%, UTRREVD) &, AF
o< N, BHROE KN (= Y28Scomber austral-
asicus), YEWHT O~ 7 ¥ Trachurus japonicus 2 7 H b
Doederleinia berycoides TiZ7°7 » Fan& L TOAlifE % K &
CEAT A GEIN - IR, 2007 ; ZA)EA, 2008; il -
A, 2010; FH - (LN, 2014). ITFICRT L H11E, <3
NWRPFHERBEORNEIIFHRRLRICL DV RE S EHT
b, THIMAT, BYEOZE IV O miiifEIc K
ELHBT L0, ARANEEEORSIEEND. IR
i OWMEHEIESNDL T TORMIX, VY2 AL —ik
R EDALEMHHETIRIHU L2 BT 20120 L, Tk
WA TIRIEEE TIRIZRIE TH 5 (K1, 2016).
B, FIRELAKMERERY (2013) AFIREMTH LN
RO OWERFZ Y v 7 2 L —F L0 m 5
METHIR L ZA, MEFRDOEITI% DT TH- 7.

Y NKEEREE O BRI O F AL T & OF
JEATOMENDH L (sl - A1, 2010; /8, 2012; F5
EA, 2017). TROHOWMBICL B L, 1H2 S EINKY
(B3-5H) WCMIFTETL, 6-7HICHREME -7 8H
POMIML, 10 =222 THLETIT L7225,
A2 ecom Kl ClE LR OZBRIZ NS o7z Tz,
20102015 4F D 811 H 12\ Ji 2 T & 72 4R 5 300~
400 g (BRHLE29-32cmBif2I1CHY) O~ H VKRR
ORI #1E 201042 5 2012 4F 2T THA L, Z0fkid
Bl 7z (REIEA, 2017).

HFHEB Y DR R OB & ARE ORI RV BIR % R
A, MFHEDOBBRIWIC—ETIERL, BELREDRY
i, fFOERREZEICIVEHT LI L L R W
(H, 2016). ¥ NIPHERIEONEM R, FREH T
RBXEPREVIEESOVERMIIEEML 2w &, [
U A ZTIE6-THL D911 HTEWI L HME SN T
Wo (EREEA, 2016). MEGEE & IRMiEORRIE < N
SHBRRAETASNTBY, 40, SHBLXUSHUAT
EAHBIASER A2 5 7225, JEAEIC BV IR E D O g & %
g $ 52 EIWEETH o772 (LK, 2013). LaL, <
PSRRI O MR R & M B2 o) 4R 28 B R i 2 & Wi i
B OMRZ RSB L2830 3 m s Tune v,

Z T, RESCTR~ SRR O i & B
DFEMEL L RAELZHZHLNIT LI LR HBE L.
T3, 20122017 DTS AT HICEERED» S
AT TE SIS E D S R R Vv, TS
HAHEC X D IR AWE L7z, 2 L CiRlhm & e

ZowC, BRE, f#H (FFEO1HI1HE»S 0T
TORMHE) B X OWHE L OBREHFR. 2ol
XD, RRBEOIRILE & MR 028 B) K R IR 22 B %
WokEr, 77 v MMz Sffli~o Rk, S 3O IE
2 (1Q) il B (http://www.jfa.maff.go.jp/j/kanri/other/attach/
pdf/arikata-4.pdf, 2018 4£ 6 H 15 H) ® & & T O
KEREWCETHIEPPFTES.

MEEFE

st U7 30kHE, 35-42°N, 140-145°E T ML D
20122017 4F i S, FB AT KB Sz )2 L
$£20.9-423 cm, HHEII-1,181 gD 2,085 A TH - 72 (Ta-
ble ). T, HIEHREHLINISKET S hizas, i
BARIIAKICE DRI —EREIR N Tz eEz o
5. B, 38HICHET =3P wHliiE, OZ o
W sfECifgEs L, ABBIIKRGEINE I \PD %
W2l @QZoMMICEEETHES NI NEZ
ELZZ LIS, b, MUHICEEME TEMICLY
W SN WTR IR L RiE OBk HE L7z
2%, MURBLETY EEMTHZRE ORI AR
WA H 722 Lo, KWL TIEEERD S 137230k
L o7z, K SN2 N KEERBED R LE,
REBLCRGEOMER, 1HH2YVELRBRLXELZS
N—=F2B LI L5632 (CFH248)2) 1oV T
Tor:. RIROMWER, K—& 7 IVHLE RV HrE
& (FQA-NIRGUN, ¥ 7VHitk (b)) #8) 2 HwvTirw,
WAL (0] & AR O I I B 2SR R D ZE R D Ji
i L AFR O W IATE - RI, 2016) EBIEF DR EII AR
BEOL—HF—X w27 VIilhtorz, HHLZEREIZ
720, 740, 772, 900, 948 nm, 5 IE [ (X 150 ms T, AR
Y TVRRE () oMt HO L 0%

Table 1. Number of individuals examined by year and month.

2012 2013 2014 2015 2016 2017 Total

Jan 55 132 82 269
Feb 104 53 15 172
Mar 17 17
Apr 0
May 26 33 59
Jun 19 19
Jul 0
Aug 0
Sep 37 63 25 125
Oct 28 123 108 77 32 20 388

Nov 74 56 117 138 107 144 636
Dec 40 128 54 73 46 59 400

Total 179 529 532 403 185 257 2,085
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Table 2. Results of analyses of deviance between linear and spline models for three com-
binations of condition factor, fat content and fork length.

Model  Residual Df Residual deviance Df Deviance  F value p

Condition factor and fat content

Linear 2,083 27,210

Spline 2,078 26,742 5.200 469 7.009 <0.001
Fork length and fat content

Linear 2,083 49,893

Spline 2,076 48,653 6.822 1,240 7.761 <0.001
Fork length and condition factor

Linear 2,083 2,365

Spline 2,076 2,306 6.706 59 7.891 <0.001

L7z, 1THOWEICBT S AFy YEEE3EE L, 4bh
AR TGP R ET S ETUMEEZHEYR L %
B, AEEIZI2MWETE, ARAPSETHSmmETO
EEZzRT LI TwDE GEIN - I, 2007). F 72,
B 1 1000 AR H () /J2 LK (em)3 & LCHH L7z
AT 7)) —Y 7 b2 7R (ver. 3.3.1) &M
W 13U, SEoF—y 2T, O & B
O, QRAEEBHEOMER ORLEENHEED
BERIZOWT, —BALBIERIRE TV & FL (A 7T 4
V) BTN a5 AT (analysis of deviance; 4%, 2010)
Xk L728 2 A, BAELBE (residual deviance) (&
WINS FEILET VO HIAEITNES L, BTUTF A
Kool (Table2). F7, BELE, BB X O E
DOFEHEACIIEIE TH > 2720 (Fig. 1), WELHKE L
THRWG = F 723G, HAKE LRI R EHEH B
XML (7 T) A NVER) vz —RbnkEe T
IV (GAM) (2 X B0 %2 4T - 72, GAM D & ks RO R,
AICIZ X BRI £13 Woods (2006) 3 X U4 (2017)
WZhE- 7z, B EBIZIEDEREZ & % 720 Gamma 774
REL, V7 BEiZlogE v, FEH LSS X =5 —
E—#fbrz ez - NYF—3v 3 ¥ (GCV) ZHHEL LT
WL GER -4, 2007). F72, S HOGAMAHICE
WTI, 20DETFTNVEREL. ETIVITERERIEL
HHENIMEADAT T4 YK, EFV2TERAELH
BHORBEZRRICER LA T T4 v Bks (fEH,
RBEE) &Mz (Woods, 2006).
i=2017

log(w) = a + s(Cd) + s(FI) + Z Bicli)

i=2013

(EFIV1)

i=2017

log(u) = a + s(Cd, FI) + Z picli)

i=2013

(EFIV2)

ZIT, pBELEBOFIME WFE), « 3, gl
PREL cl3h 7T AVER, CdiZHEH, FLIIRIE,

HEEE, sIEATI94 VEBTHS. hTT) INEREE
BRIZK Z2HMICB VT, MRS E LTHE (20124F)
DREZEaDfiE LTWAE D, REOYHIL, HESH
TBAEDOLICa e MAELAEL %2 5.

% 2
HEARORLE, WL X OEEEoZhzh e if#Ed
OBREENB L OEIERRADAT T4 VHlifRE LB
Fig. 1IC/R L7z, 7B, F— P HoNRHIEEICED
%87 %75 (Table 1), JBE LR OBRICY TIX
WIZAT T4 VHBIIERHIC L 2883 o7 IR
L EHEDORAT T4 VI ECEISTIA»S2H
AT THA L, 9ALREZ2 AIC L TEAKETIZIZE
EL TV, 38 HIEHABPD LR WIZD AT T4 il
DEFEREY. LaL, AR ohs5-6 Aoz
F2H XD A BBLREAKETH 720123 L, M
2 H ORI Do 7.

MG & R, R R &R, BRI OB
BRZENICFig 21R L2, WFhoMAEETHIESD X
B, EOMBY»H B LI IHZ 5725 mido X HIg,
WEN D IEMIEBRICH 572 (Table2). kb, BIEL
Peli&E DB T, 28 cm Bl LK T20164E & 2017 4F
DR AMUAE X ) S iiamas i o7z (Fig. 2B). il
BISHT 2 IR ORhE B X ORI IR 5 R
TLEDOE % Fig. 3R L7z, JRITEA~OIEGE oS
STIRT, MEMGEEAT10-14 D IZAT 25 OEMIRTH -
72, TR~ ORLEDOREILIT em FHEZ B EATY
POATHYIZEAL TWz28, 30 cm AT & 33 em 3k
LM SR S, A LAY O —KTIE %o
7o, IEHEANORLEORE S 37 em fHE £ TIEA EATY
DHEMBIRT, ZORBRIZIFZIFEL Lo

AICIZEED S B HGRIROFE R, Hmdd X U023 B Ik
LENTHZETVOFHMER L TV OBYVEICHET 24
Gt % Table 31R L7z, JRITED L WM EDET V1 &
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Figure 1. Relationships between capture date and fork length (A), crude fat content (B) and condition factor (C), with fitted spline
curves during 2012-2017. Colors of thin spline curves correspond to those of year symbols. Black thick curve is fitted for pooled data.
No spline curve was fitted to 2012 and 2016 owing to the data limitations.
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Figure 2. Relationships between condition factor and crude fat content (A), fork length and crude fat content (B), and fork length and
condition factor (C) during 2012—2017. Year symbols and colors are same as those of Figure 1.
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Figure 3. Effects of condition factor on crude fat content (A), and effects of fork length on crude fat content (B), and condition factor
(C) during 2012-2017. Dots indicate data points. Rug plots on the x-axes indicate the observations. Spline curves and their 95% con-
fidence intervals (broken curves) are derived from GAM results. Estimated degrees of freedom are shown in parentheses (y-axes).

Table 3.

Statistically significant explanatory variables (indicated by “+”) and statistical evaluations of the best and second-best GAM

model 1 and model 2 for crude fat content and condition factor in terms of AIC.

Response variable: Crude fat content

Response variable: Condition factor

Explanatory Model 1 Model 2 Model 1 Model 2
variable

Best 2nd best Best 2nd best Best 2nd best Best 2nd best
Intercept + + + + + + + +
Year + + + +
s (Cd) + + i i
s (F1) + + + +
s (Cd, FI) + + + +
Adjusted R? 0.532 0.494 0.499 0.481 0.478 0.464 0.483 0.471
Deviance explained 57% 52% 57% 51% 49% 48% 50% 49%
Degree of freedom 22 17 33 29 21 16 30 26
log likelihood —5,803 =5,929 —5,803 —5,940 —2,805 —2,834 —2,788 -2,813
AIC 11,651 11,895 11,674 11,939 5,654 5,700 5,637 5,679

Cd: Capture date, FI: fork length, s: spline function

2L, Wi o ZDIMEDRREGLET NV TH o 7.
FEOMPEZELET VI E 20K TIE, BHETIZET
V1, MBGEEE T E TV 2% & SN72A, AIC DT
INE D o7z (Table3). TN HHJET — AW, Bl
EDEF VDS DFEEDQ-Q T T v F EFRAEDGHAT %
ME L7z 25, EFVOERLEIMERI N T2 v
FHOIBELERDOREr — 2B WTH LIS 5%
FHEE A =MoL ME  (approximate significance of smooth
terms; Woods, 2006) 1% 0.0001 Kiili T - 72, FRiE~DE
DRNFAIL20134F & 2015 F 2 BR S MEATICHE R TH D, 2016
EL2017TEDY (a+p) 122012-20154FEDY R L HFHL
CKED o7 (Table 4 ). BEGEANDEORFIL 2015 4F
ERERMAINICAERETH Y, HEOYR IR RIZERE

CWEBRALS%h o7 (Table 4 T).

Wi, s GAMER, BAE) OIELERIHT 2%
Fig. 4 DEEMIC X WG L7z, RiB~OIEORFIE, &+
HiZzBUTRAENPREVWEIEEPo72. —F, RBIALEIC
X569, 13, 45 HICE TR, 7 kN (F
DRNEDEAR), 8-9 HIZBAHT 2 FWME L RO SN,
72720, BRME QEORRA ) 3/NMEERIZ ER (9
H), KEMfEEKIZEELS (10H) Booh, 2ok, ki
EHOEDORRIT 12 A FTERRL MWD Lz —F, G
ANOEORFEIE, OFHiz@ L TRAEIRKEVITEREL,
QOFHEAIRAEIC22D 5T, 1H2 52 HoM/MA
FTWA L2k, Be»IcZLL 22, 9 I Z R
L7z BRI & 72 5 720 2 9 F LLBE 0 IR AME 1R) 13
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Table 4. Estimated parameters and their statistical evaluations of
the best GAM model 1 for crude fat content (top panel) and
the best GAM model 2 for condition factor (bottom panel).

Expla.natory Estimate Std. error ¢ value p
variable
Intercept (o) 2.536 0.022 113.360 0.000
p (2013) 0.003 0.026 0.105 0916
p (2014) 0.102 0.026 3.892 0.000
p (2015) 0.026 0.028 0.936 0.349
p (2016) 0.305 0.032 9.651 0.000
p (2017) 0.329 0.029 11.196 0.000
Exp la'natory Estimate Std. error ¢ value p
variable
Intercept () 2.491 0.006 412.933 0.000
$(2013) 0.031 0.007 4367 0.000
p (2014) 0.030 0.007 4.261 0.000
p (2015) 0.012 0.007 1.563 0.118
p (2016) 0.034 0.008 3.965 0.000
£(2017) 0.046 0.008 5.793 0.000

Crude fat content
s (Capture date, fork length, 26.78 )

R, AW B

W TH AHMEGEEALIC BT A I 3-5H) 120
7 AEREROB R E iR oY, BIUOREHTHLE
FRZR I = B2 © i ph Ak b nl 5 3 % AR i 4R I L B
THLEZLNTWS (- Al 2010, LR A, 2016;
H_E(E2y, 2018). A BN S 72l E0FEZ1L (Fig. 1B)
1, 3-8 HOREA Ao 72hs, < HINKEERBEICD
WCHEERY v 7 AL =Tl Sz EomA (h
Al - A0, 2010; /L, 2012; FREIE A, 2017) LEEE LT
W7z, EHEE D (2016) &, 20032011 4E D E D 5 =
MEICBIAEMEEZR R X ETHKTS2L67TH LD
-1 HOFAE Mo 72 &2y L7zAs, RIFETIE6-7
HORKDPIEZEAE LD o720 (Fig. 1C), I3 K #
ThHo7.

—7J, 200943 A-20104E2 I ICKBIF I~
PR EIETR O A (B E27.5em Pl E) T, il
BORMMIZSH () 31 H (M) RS, I
4-5H) TRIKEZRE o7 (HE, 2013). b
DT Ehs, BPEOFMHELD REED 2 VX LD
BB REDH S, 72, Lok Sh<
FoNTIE, H IO N EE & R [ O Pearson ) AH B4R £L
OHPAIZ-023 GH) 225088 (11H) FTHICX Y £H
L7cbod, 4-5)] GEIRM) L8 HZRZ, 067088 &%
RMVIEOMB /R L7z (A, 2013). LA L, A%
A CTHBONGE L RIFEOMBERE L 25, §
NRTOH CTHEEAEINT 2 & i b Bind 2 15micd
D, BB X 2 AR R A BB OMESFKN L b7,

- A (2010) 1F, RUONKERRBEOEKEICE
JBMRMIEOBIMGME LT, EINM O T & KA MO 5

Condition factor
s (Capture date, fork length, 23.73)
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Figure 4. Effects of isotropic smooth (equally smoothing functions) of capture date and fork length on crude fat content (A) and condi-
tion factor (B) during 2012-2017 based on the GAM model 2. Dots indicate data points. Estimated degrees of freedom are shown in

parentheses.

24—



SO Bk & LI O 24 & REA )

WHREIEZIAETAZ LR L. VKRR ED
50% B R LR 1 19702007 4E (R BE DK HE I 0 & T K
2 &) OB, BEMRERELZHICLD 27-33cm
TEALL, FHMIE30emBETH - 72 (9%, 2010).
F 72, 2005-20144F (AKHER]) 128152 1T I3 A
BF, 50% MHAAER L 25, 100% W ASERIL3 K TH Y
2011-20144E128B1F 5 1,2, 3O TFHREXRIZEhTh
#130cm, 33 cm,35ecm TH - 72 (H EIF2, 2018). = h
WAL, 20154E DL 1, 2, 37RO WAI T Z 2 0%,
30% & 90% & X, 20154ED 27K A L 2016 4ED 3% A (W
D 2013 4EMAE) DOTFHRARIEENENH28 ecm &Y
30ecmTH o7z (HEIFD, 2017,2018). 20728, 4
OB D ) B 2014FE LT, B E3Sem & 30 cm R
WEFNZENEA L REAEREL TR EEZOLND
A3, 2015 4E LAREIZ 30 em Rl ORI b R h % CIRAEL
TWAHILIHEEPLETH L.

F i & MGG 1 XA & & FRBIEMARIE & i T
otz (Fig.4). 72720, 9-12 HINGNE & iR Ay /N
fEfRIT &2BNIHEm - WA L, KEERIT SR e L CHER
LTw/ o2 bid, OBEFIERMADSTEREINY O
B, R B SR L & T A A
W CETHET 52 &, @ERFIIERBMO A
XmEICbmET 52 & (%, 2010; )13, 2014) 12
P, 720 EEREESM0 Mt AR R 00 sE 2 SOWE L 72T ek
ERELTWDS,

FERFE & A 4 XDRELXE)

KIEIZ2 (2017) 12& % &, JUAMT2010-20154E0 811
F A S 721K 300400 g (B L 29-32 ecm Fi £ 124
) DITERD T NKTFERIIOVWTY v 7 AL =
TE L72IRMiEIE, 20104F 20 5 2012 4F DRI 19% 2»
5#13% FTIRTF L, ZD#H2015FEDR 16%~ L1412
FE L7, RFEOREET—5 09 5, BEIEH (2017)
ETH UARE & HEPHIC B % 294 84K % JH v T 2012-2017
EOEFIMZ ROz L 2 A, JHIZ9, 12,14,13,18,17% T
otz WEOIRNREORFELEIZ, 20154 % B & A5
2= L, 20134E2 HEOIMEIIZ S > 72 FFIZ, 20164F &
2017 SEDFH MR EIE 2015 5FE LT L D F L & 0o 72

UK LT, 2013-20154F O 4F i HI AR B ISR T )2
Ho72H (HEEFA, 2018), Z OREA T EMIEFEER G
T TIEHMTEY, 54 - NSO Z0IC X %8Rk
B DAL~ A T ¥ (Sardinops melanostictus) 4
WX BHDOBAEVPGHEOMAEOHREL SN TWw5 (http//
www.jfa.maff.go.jp/j/suisin/s_kouiki/taiheiyo/attach/pdf/index-
46.pdf, 20184E7 A 17 H). 20164 LARE D AEBIAE I A E
MEMIZ T ZREEIN TRV, 2013 ERDOBEDE
ML 2016 4F DIRE B i < W REMEATE W & S, 2013 4FE MR
D35 (20164F) B L U4 (20174F) OFHEREIC
VB S 7 3 A B X DN 4R AR E o S il

PEBFEETHICH LN TWS (HEED, 2018). —7,
20164F & 2017 S DIEGGEEIIMAE LA TH 72, TD X H I,
2013 4E LUK R AL E & N O RAEZ B R - T
Wiz, FO7, RRERImMEOEE X =X AL
BEFOA D Z A LRER L 2T AV X —ORGIeh Rz
LU FetEA R SNz, BlzIE, HilTH 5 2013 M
201647 A CEIRFEAGIC B 2 04ER) 1233 (BX
E#30cem) &0 BHRIIERFTIAL, 20184EFKIC
FETHERAL-EENE-0 (HEEFA,, 2018), 2016
FEL2017THEERFICEMF LA VT -2 RliE LT
HERL, MR LD S BAEEE)~EEMIHRY ) 720]
REVED D 5.

2016 4F & 2017 4F O PR i 85320122015 4F 12 RZE 20 5
RN AR D 720, 20164F & 2017 FE DK & fBRBIICD
WCHGET L 72, 20162017 4E 14 H O < Y3 504 ds A2 300 v
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