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B 7 (Iength-weight relationships model, LWR)!'®,

ks BHA: 2020-01-06; 1&3T HEA: 2020-02-17.
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Iz, HEEALNBEE — a2 4 7R 1 R
RSk, AT LA B B HLAS B 0 v e s Y
BEIEPY I Ma ZEB 50 5l FH MR A S 0
fid fiff(Lophius litulon)F1/Nig fii(Larimichthys polyactis)
AR TR B G R AT SY, R BRI R O
FRAEA R 215 B AN [A) (%) R AR T S A7 TR R 0 3 22
o MTARR R . AREE . BN EEM
SO i oy I AR SIS K e KA, FEIX
FER R ST, W6 A S A KGO vl e & A=
B, P, AR 2018 4F 10 H % 2019
4 3 A TEAR TSN R AL 0 A S BRI AR 2
B, 0T i o 5 2R RN A A AR Y A KRR R
TImrge, (AL MR G B o B A S 40 5 I i)
RAMSEZ A REAAAE R G &R, LU i B
(R PPl 45 B K PR AP 2 B BHE ST 2 22 4R 408 o

1 #R5FZ%

1.1 HiERIE

2018 4F 10 H & 2019 4 3 A H&EHZFCHns
23712 S5Hpidin 23713 SUEAVE L Ha R, 787
Gl I T RCHE AR, SR FH ML R IE 1 7 ik
XA A A W S S B R TR, HL UCRAEEL
30 B, 6 N iR 367 B ik A S EE
A, REEXANE 1 FR, BEAGHE iR BES 0] 5L
B, KaMaE, XM K (fork length) il
R FE (body weight)#EA Tl & o K BRI &2, K
B2 1 mm; RERAHBE PRI, KBiE 1 g.
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Fig. 1 Fishing area of Scomberomorus niphonius
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2 FEE ) 43 SN R A 4 0 A S 5 SRR
TR B BE PR AE 2, XA 0 B S Rk
A ETT KS-£ 56 (Kolmogorov-Smirnov  test),
IR G IERAM M, KMt KI5 6] 1 1 4%
ARV A A XK AR 1Y 25 5

R AL 2303 A PR AF 98 R AR I 4L, 4
] #4350 20 mm F1 100 g £ HlAH AR,
ERP K AR EL, THEREA %,

I HI AR F 7 2 53 BT (ANOVA) Rl 2 5 L
F(LSD ) PIXEAS ) A 3 i st Tt UK 1 22 ek
RS, JEXFAS[R) 1 501 0 A 5 S Y 22 R iR AT
g, DA AT A ] PR X6 i A S A K S ]

FIFL R AP gy W R AT LR

W=aL®
b, W (g); L XK (mm); a & 5AFHF,
b 25 HUE K SE R AR T ) . S T ) Al
PR5E 5 18] 3 AR EERY KB,

AMFFE Al FH A RN R G R AR (length-weight
relationship model, LWR) ) HATA 1 9 N2k
IRA 1 (linear mixed model, LMM)Xfifi i 5 15,
L) A FA B DGR (£ 2), Hd 94> LMM £
RIS TR A Gy o ASFEVER B BEHLSON, LIR
TP B[] S A 2 R IR X 1 A S A K s,
M F RS0 PAl 25 D SRR DG R 2 i
PP SR DL 3% 5 e D (Bayesian Informa-
tion Criterion, BIC) b A AR R A FE 4, [R]HRH A
477 H1% 22 (root mean square error, RMSE)K H|
Wr e AT . 1O AR 25 /DN, U 4l Sk
B 25 S8/, BULA D0 BRAR .

P A B A R R BR A RO “Imed”
R SE R BlE R A Excel 2019 #il
SPSS24.0 i fFikAT

2 HERE5HH

21 XKMEZHRK

KS-Ki 55 (Kolmogorov-Smirnov test)Z 5 AJ 1,
ARG s T 5 AR AT A IE S50 A5 (P>0.05) o £
A KFEF A 366~780 mm, -1 XKk 456.33 mm,
LKA K 420~500 mm, 5 4%k 72.75%,
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[K 2 7 2243 H7 (one-way  ANOVA)KGH, £ H 443 [i]
WS S KA B 22 S (P<0.01), Hidr, 3
AWK E R, b 473.56 mm; HKCh 11
HF12 A, 4508 467.52 mm il 464.24mm; 1 F
AL, 4 439.94 mm (& 2), 2t K56, M5
P A B AT 1 2 25 5 (P<0.01), MEPEMA SR
JEFEN 368~584 mm, fL#HHN 420~480 mm, &
ME 63.96%, XA N 445.93 mm; HEMESK
NG A 366~780 mm, fEHH K 420~500 mm,
Hi B 72.33%, UK 464.55 mm (& 3).
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Fig. 2 Distribution of fork length of Scomberomorus
niphonius in different months

10 11

KS-£ 55 (Kolmogorov-Smirnov test)%h 53,
RN W A S BAR AT G IE S 041 (P>0.05) .
IR R 407~3366 g, “F-¥1kHEH 759.85 ¢, 1
PARTE Ly 500~900 g, (5K 75.48%. HHR
7 2257 F1 (one-way ANOVA)KIS:, £ H 3 18] 5 15,
Thge R T BE A 3 P25 5 (P<0.01), Hh, 12 1

RE YR, N 897.02 g HWE 11 A, A
833.49 g; 2 AHAK, H 667.21 g (K 4). & t KL,
O 1 5 P e A R A B 3 25 R (P<0.01),
W PEAS R IR VL B 407~1789 g, fREAH R
500~800 g, 5.4 68.33%, F-HIAE N 701.12 g;
HEPEAMAIR BN 423~3366 g, L34 N 600~
900 g, .EEL 60.19%, F-I1AREH 806.32 g (K 5).
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Fig. 3 Distribution of fork length of Scomberomorus
niphonius of different sexes
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Fig. 4 Distribution of weight of Scomberomorus
niphonius in different months
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Fig. 5 Distribution of weight of Scomberomorus niphonius of different sexes
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22 XKMEESHSH

A1 TR TE)H 0 2R 165 /M 5 o5 5 5 S AR
Pifrfe gt 22 5, HOME . MM K A
P Ae g 22 5, B 98 XA ) ) AN ] )
1 W A5 T B SR RN AR B O R A AT IR (B 6,
1),

AN T P ) e e SR M AR B 6 R
W= 5x10°L**7? (Re=0.7585, n=161, P<0.01)
W= 2x10°L>%%° (Re=0.8458, n=206, P<0.01)

SRR SC R A A 45 R R, RGN

W T K AR O R BT B B B R 22 5

MAEERDRE, MR a [EHESR, HPE a
H<GVAR a (E<MErE a fE; 1 b (W 52k, HE
PE b <k b (H<tErE b . MWARAGEE, a
fEfE 1 Aok, 11 AR 2 ARz, 10 A&/, b {H

A5 534 il s B 10 H>3 A>11 A>2 A>
12 A=1 H(FE 2).a {EHM b {EAH:52 20 4
S5 0.0000409 F1 0.22893, 1iii a {HAM b {HAYH
Py 22 I F43 90K 0.0000521 Fi1 0.26950, 5 A i+t
(i) 25 5 LM i) 22 5 K
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Fig. 6 The relationship between fork length and weight of
Scomberomor us niphonius of different sexes
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Tab. 1 The relationship between fork length and weight of Scomberomorus niphonius in different months
A 5 month NACHUAE S R FEAR B/ FIERBR P
fork length-weight relationship number/ind coefficient of determination
10 A Oct. W 5 =4x1076L319% 65 0.9071 0.001
11 A Nov. W 5 =2x107L3%% 69 0.7497 0.001
12 A Dec. Wi, n=7x107624% 49 0.9400 0.001
1 F Jan. W, 1=0.0001L%*%*% 62 0.8724 0.001
2 H Feb. W, =2x107L2#40 68 0.8420 0.001
3 H Mar. W; y=1x107L29133 54 0.8937 0.001
-
2.3 EBIEEE 3 itig

AR T 1A LA (generalized
linear model, GLM)F1 9 4~Z 1R & 45 % (linear
mixed model, LMM) i XK AR R (R 2),
Hrr 94~ LMM #8153 e 1T AR T 435 T
KT a5 R BAEKSE b BEALAUN FIA R
PRI T 2540 B a 5 A K A8 %k b B -
SERIRWY, B TR 25 5 1% BE AL, B ST I 2k
1RGN EA H 65 4508, RMSE fH°h 0.085,
INTHET H A5y 25 5 I BRER LSO (A8 (RMSE=0.178);
Ml BIC HW S5 Z M. e E05E &M, Ml
Aoy 2% 7 Y BE LN BRI T — ) LWR AL
AL, IR R R S EAEAEE A A ) E A B AL
BN

A D S TR W R M P R i 2 £
2, AR, AR R TR E] 1 RIS
HR B, 45 H O RIS 5 S K A R,
Horp 3 A XK PHEE G, 1 AR, XKERH
el KRG, FSK mES MHE T 20 T2 80
SRR, P4 KK 466~598 mm; 20 HH4E 90
AEARUS P KR 574 mm; 21 #2897 (2006
—2008 4F)PH) FH KK 582 mm, K 2016—
2017 4E 1Y 554 mm!"®! ARG ALK 456.33 mm,
X AT LA U B AR T A1 i S B A RN AL B
WA R EEE S 2 S S K S
R ZR, 2018 4F 10 A & 2019 4F 3 A {4 K15



%8 BRERAF: FET MR GR35 w H 8 SRR EE O R 0y H ] S Pl 22 72 957
#2 BEEDEXKHAELREROMNE MRIER
Tab. 2 Fitting effect index of fork length-weight relationship models of Scomberomorus niphonius

i o A HEE I e
model B model BENE iR
abbreviation log-transformed BIC RMSE
WLR W=ax P InW=Ina+bxInL -519.70  0.342
S.I W=axexp(ReS.I)xL" InW=(Ina+ReS.I)+bxInL -513.85  0.085
S.S Weax| (brResS) InW=Ina+(b+ReS.S)xInL -513.86  0.085
S.1&S W=axexp(ReS.[)xL ®ResS) InW=(Ina+ReS.I)+(b+ReS.S)xInL -507.96  0.085
M.I W=axexp(ReM.I)xL° InW=(Ina+ReM.I)+bxInL —645.37 0.178
M.S We=ax | ORe M) InW=Ina+(b+ReM.S)xInL —645.33  0.178
M.I&S W=axexp(ReM.I)xL**ReMS) InW=(Ina+ReM.I)+(b+ReM.S)xInL -639.43  0.178
S&M.I W=axexp(ReS.I)xexp(ReM.I)xL" InW=(Ina+ReS.I+ReM.I)+bxInL —631.01  0.148
S&M.S W=gx L (DFReS STReM.S) InW=Ina+(b+ReS.S+ReM.S)xInL —631.16  0.148
S&M.I&S We=axexp(ReS.I)xexp(ReM.S)xLORSHRMS)  1n\we(Ina+ReS.I+ ReM.S)+(b+ReS.I+ReM.I)xInL —622.55  0.130

e AR . SHIBAAS, SI. S.S. S.I&S. M.I. M.S. M.I&S. S&M.I, S&M.S Hl S&M.I&S 435l A #HE Ina (1 51

BB, /RHE b I PE B BENLON . B Ina SR b (9 SIBEHLEON . AR Ina 19 7 By BENLON . RH2 b 19T B BERLBON . BUEE In(a)
LR b B9 G REHLAN . HEE Ina AR5 T G BENLAONE . R b BRSNS 5 BENLAON, DLZARER Ina SRR b it 5 1 6 RE

HLALY.

Note: The first column shows the abbreviations of models detailed in the second and third columns. S.I, S.S, S.I&S, M.I, M.S, M.1&S, S&M.I,
S&M.S and S&M.I&S indicate random effects on intercept (Ina) in sexual difference, random effects on slope(b) in sexual difference, random
effects on intercept (Ina) and slope(b) in sexual difference, random effects on intercept (Ina) in months, random effects on slope(b) in months,
random effects on intercept (Ina) and slope(b) in months, random effects on intercept (Ina) fin sexual difference and months, random effects
on slope (b) in sexual difference and months, and random effects on intercept (Ina) and slope(b) in sexual difference and months, respectively.

AW T B R 2R 1~3 e, 155 a7 e /N Ak
AL LS

4 LMM (S&M.I&S)H 45 R, 2018 4F 10 A
£ 2019 4 3 A REINE S DA T a
(0.0002~0.0006) Bt {E .2 /IN T 1999 4F Shoji 25!
5T 21 0.002115, #R45 JinP g, #a D
5 S A KB b ol 3.209 (3.160~3.259), Patnaik
DSe, kP REAE K S5 b L ETE
2.5~4.0, iHHAE 2~3.5, AHFITH 0 S A
KZ%50 b 45118 (2.66398~2.89070) 14 47 . 715 ]
W, #H%:F Fishbase ML HEN . FEAERK S b
T8 B.(2.77734) /T 3, UAHA I o H fig 52 PR
T UG AR, BEE B3, TR =
TG AR 3R R L AR A 10 H I R A:
KZ%b (3.1054) KT 3, BFHIES#EMEK, i
12 AR H 53 AE K SEb (2.5406) 1%, KBk
12 F AR L IR A T AR A A At Ay
B AR o T R B R, S
ER BB ZEF SRR T4 5 5V K8,
F Lt 2 PR Y T W 5 I IR Y

F, KW 8—11 H ¥k s DB T Ha i b B,
H O A5 5 By 3 248 8 X4 H AR g (Engraulis
japonicus) ) ZE IR FEEAE 8—10 H ey, 11 HJEH
AR i T 4y 76 4300 e B0 A 5 PR W e = i S
W RN 12 H BRAE 1A S SET I A
Wyite, R M, FLEREAR R R, HAER
EYEZ, ASRAIEHE R EAR, X — 25 et ] i
AT 5T o Sl AR K S0 b (HI AR
BRI 30000 Fhfa A AR B 5 RN
AP MR LMM (SI&S)IIZERL, MM 5 it
WS DE KRR A B EES, AEDEN
W A . ASHIFSE M SRR A L5078 - 1)
5 U W A A ) L A B (D s 1.49)1),
BA A AR 2 T MEE AR, B AR T 4
AT LA R IR, WA A e £ 1 I 3 B T M £
X — 4% 5L 5 % 4k a1 (Oreochroms mossambcus) 2 |
7 31 111 (Pelteobagr us fulvidraco)*AH 1 . % Rl gt
EAAIE NN R, WA AR
AR, TR DG SE PR R M R ik 22 5, XA s Gl
[E] A K 22 S B TR s, B AR gk L
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F7AE —FlOMEPE D 18] A9 22 [ 3k, 1IN FoxO4, %
PR A E X JUL A 4 8 % LA 40 Ak EL A o
VERL, PRI E S A K g s 14 i
T A K T M, 2 T O S £ X T
GH. IGF-1, IGF-2 fkikfifEER 8™, K
7T FT DAHEI, A () 0 e s A Kl 2 T
fES5 N IE R Rk A . bAb, 15 A5 ok A
R R T M 4 R T RE S AR K S A
FC | SRS T AL AN AR SRS 2 R T AR R AR

LMM (S&M.I&SH A [ 45 5 i 7, 5 i Eh
N AR S R A ) S ) A R 2R
BT —Mr LWR B SRRt A= 2
(14 572 S 1 FRT BRI LWR A0 3 A 2 2[R - [m]
PRI, ik 22 DR A2 4 R ) A A T A B ) A 92
LRPEIR AR RDKE A 03 RN S04 Sk B ML R % S8 A
B — R R AR A | A B A TR ) A AR
KA, BeAh, MR AR T —Fh R
J5 B RAN AR B BRI,k S AR T RE I I UL
2t FAWEIE K% 5 T IR F 50 A BEALRLN,
TR A LRI AR (R v, R X FE 40 % 18
BT M7 A R i S A K
M, 4 T HAIF 5 A A S AR A KRR IE A AR
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Abstract: Scomberomorus niphonius is an important economic fish species from coastal China. It is also one of the
few large-scale catch species that maintain a high yield in China. Studies have shown that the relationship between
fork length and body weight differs between seasons and areas. To better understand the seasonal and sexual
variations in relationships between the fork length and weight (W=aL") of S. niphonius, we used the trawl survey
data at the East China Sea fishing grounds from October 2018 to March 2019 and constructed a generalized linear
model and nine linear mixed models. Based on the collected 367 S. niphonius samples, the relationship between
fork length and body weight (W=aL®) is obtained, in which the estimated mean value of condition factor a is
3.022x107, and the estimated mean value of allometric growth parameter b is 2.794. Both the Bayesian Informa-
tion Criterion (BIC) value and the root mean square error (RMSE) value indicated that the most complex linear
mixed model (i.e. month and gender have random effects on both parameters a and b) had the best performance.
According to the results of the difference analysis between the best model and the generalized linear model, the
relationship between the fork length and weight of S. niphonius varied significantly between seasons and sexes
(P<0.01). In the best model, b was higher in October and November (feeding period) and lower in December and
January (overwintering period), while a was the opposite. For sexual differences, b was higher in males and lower
in females. It can be concluded that the relationship between the fork length and weight of S. niphonius was sig-
nificantly affected by season and sex. The linear mixed model allows the easier combination of season and sex,
which would be of great value in the heterogeneity studies of fish life history traits.
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