HEDKFERE2E 2018 £ 11 B, 25(6): 1299-1307

Journal of Fishery Sciences of China

DOI: 10.3724/SP.J.1118.2018.18165

ETHMRESUNERENERIFERKEEXZNNZTER

#ES, A= xkEn, FEAL -1

L R ETEFEREK 240, IR 755 266003;

2. INARBKAEYBBESFR AL, IR MG 264003;

3. 95 BEEER S S HOR EZ SRR R S Y M d EIRES R, INAR R 266237
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JEFBIE /N E AR K R E SRR T
LRAVEIR A RN AR, AR v 2 TR [ A4
VT B BEAILARN .

B g (Lophius litulon) & A [= )ik . B
ARG —Fp B LTS, AR HAl o5 i g 4
36 220100 Bt 2 v el B R R O, X
2GRN IR DA, I 5T DA SR 27 5 L AOR ik
X387 PR R YR VT T AR I SRR AE B Y,
Je R 28 25 RO IS A%, 2 gl
F 5T T B8 IAF r bl 0 T ) A L L PR K~
KA PRI IR S A TR SRR 1 AT B AR
1, 151 LWR (8 BEU R4 ] 22 5 Mg 1L 251
AR T 2002 4 7R X B AR AR AL AR | R EE 4
B R —RE R | B YRR SIS
SERRAE, BRIT IR IS T AR . B
TR AE IS 5 AR K AR SCHRAE 7E 1L 2R 30 i 0F
A7 B T 9 YRS i I 9 A R, T R ) (R K
—RE S RIEATIIGE, I8 M TR A 2500 55 7
OYMT T H A 22 5, DU O R 28 0 B IR A A
ol S BRI R S

1 MRE5FE
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B SR S R H 7R LR R (R DT
IR (2016 4E 10 H). 242017 4£ 1 ). #2017
45 A (2017 4F 8 H )4 275 Y i Hi I 3 25
AR 4 TR, BT A R A
FHIA, 351 118 Nufifir, HorpAfy 116 A ubfife =/
— TR PR A B H b, LTt 1416 B2 B BREHREE
(R 1)o MR ZE R FUKER, AR R 6 4>
AKIFE 1), Hrft AL B A1 C XA F 36°48'N LI,
D. E Fl F Xfii T 36°48'N LAB§. A f1 D XAbTF
K 30 m A A /K IR, B A E X ALTF 30~50 m 7K
TRZ[E], C Al F XA FI/KIE 50 m AIRMKI, 4

A 220 kW AR, IKHE A 1380 Hx
4.67 cm, i TR EEEZY 7.53 m, FEZY 15 m.
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J&, SEHEAT R RIRAE, SRJE A I SR = AT AR
W, Hrp AR R E 3 51 2] 0.1 em Al
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Fig. 1 Survey map of Lophiuslitulon in Shandong coastal waters
The depth of A and D areas is less than 30 m, the depth of B and E
areas is 30—50 m, and the depth of C and F areas is greater than 50 m.

® 1 WHRLEHRRE RS HAKENEARE
Tab.1 Samplesizeof Lophiuslitulon in different
seasons and regionsin Shandong coastal waters

Kk *hZE &7 HE HZ SR

region autumn winter spring summer total
A - 16 238 26 280

B 33 95 83 72 283

C 41 34 33 4 112

D 21 55 50 11 137

E 23 100 12 51 186

F 128 90 33 167 418
B total 246 390 449 331 1416

TE: A FIl D XAL TR 30 m AR AY/KIE, B Al E XK 30~
50 m, C Fl F XALF/KIE 50 m LAVRIY/KEL, UL 1.

Note: The depth of A and D areas is less than 30 m, the depth of B
and E areas is 30~50 m, and the depth of C and F areas is deeper
than 50 m, as shown in Fig. 1 for details.
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Arp, W R (), L MK (em), a 241 HF.
b 2AEKSE, # b<3, WRIRHAE ALK M,
A IEWE R TR, BB T, # b=3, WK%
HAER; A b>3, WIFRIRHEE KA, it
LN NS IV N RN N

AR SCAd )T 2P 4 AU (generalized linear
model, GLM)F 9 1~ LMEM £ 4 sk R 4 K — {4 &

KFR(F2), Hix 94 LMEM #EI7ES % a sl b
B A K B R AR B R LAY b A S A
il . LMEM FERDEL K 381235 i 2 mi /B350 a
b BYREHLELN, LA B AR R G &R A B 28
22 SN i) F ORGSR DA I 2S DR 7 X S s R R —
TRE R EYE . Fra B A b o R AR 2
R B 1 “Imed T8 ¥ d 3k 58 ),

%2 WHRIEDEEEEEK -5 E X RER IS WRIER(AIC)F R X EIER T 154K (RMSE #1 R?)
Tab. 2 Fitting effect index (AIC) and cross validation evaluation indices (RM SE and R?) of length-weight
relationship models of Lophius litulon in Shandong coastal waters

BRGHS
model #7 model 84 log-transformed AIC RMSE R
abbreviations

GLM W=axL"b In(W)=In(a)+bxIn(L) 784 1.348 0.002
T.I W=[axexp(ReT.I)]xL"b In(W)= [In(a)+ReT.I]+bxIn(L) 758 0.308 0.898
T.S W=axLA(b+ReT.S) In(W)=In(a)+(b+ReT.S)xIn(L) 760 0.304 0.899
T.I&S W=[axexp(ReT.I)]xL"(b+ReT.S) In(W)=[In(a)+ReT.I]+(b+ReT.S)xIn(L) 747 0.318 0.891
R.I W=[axexp(ReR.I)]xL"b In(W)=[In(a)+ReR.I]+bxIn(L) 679 0.31 0.894
R.S W=axL"(b+ReR.S) In(W)=In(a)+(b+ReR.S)xIn(L) 706 0.304 0.901
R.I&S W=[axexp(ReR.I)]xLA(b+ReR.S) In(W)=[In(a)+ReR.I]+(b+ReR.SxIn(L) 468 0.29 0.906
R&T.I W=[axexp(ReR.I)xexp(ReT.I)]xL b In(W)=[In(a)+ReR.I+ReT.I]+bxIn(L) 666 0.31 0.898
R&T.S W=axLA(b+ReR.S+ReT.S) In(W)=In(a)+(b+ReR.S+ReT.S)xIn(L) 695 0.299 0.903
R&T.1&S W=[axexp(ReR.I)xexp(ReT.I)]x In(W)=[In(a)+ReR.I+ReT.I]+ 439 0.278 0.913

LA(b+ReR.S+ReT.S)

(b+ReR.S+ReT.S)xIn(L)

W P . SHIREIMSEE T1, T.S, T.I&S. RI, RS, RI&S. R&T.I. R&T.S Fll R&T.I&S 4351 g A HE In(a)iy 235 BEHLAL
N R b ETTRELRN . BUEE In(@) 5 AHR b IFETTREHLAUN . B In(@) B K EEENLSUN . BHR b i KIREENLEUY . B In(a)
5EPR b Bk BEYLEN . #REE In(a) 2T Sk AL . AR b A2 S5 KRNI, LRI In(a) S5 AR b #9237 5K,

BEHLAL o

Note: The first column shows the abbreviations of models detailed in the second and third columns. T.I, T.S, T.I&S, R.I, R.S, R.I&S, R&T.I,
R&T.S fil R&T.I&S indicate random effects on intercept [In(@)] from seasons, random effects on slope(b) from seasons, random effects on

intercept [In(a)] and slope(b) from seasons, random effects on intercept [In(a)] from regions, random effects on slope(b) from regions, ran-
dom effects on intercept [In(a)] and slope(b) from regions, random effects on intercept [In(a)] from seasons and regions, random effects on
slope(b) from seasons and regions, and random effects on intercept [In(a)] and slope(b) from seasons and regions, respectively.

) 5 {5 S & #E W] (Akaike Information
criterion, AIC) FL#% 10 NBIRL (K401 & FE B, HAF K
I, DU R B AL R T R T PR AR
Y[ T e, A5 FH 38 LB HIE, Bl AL 4
80% Y 4l #4) AR Y, SR S5 FH A ST A A A Sy o8 4%
20% FAECH R AT TN, O TN A RN B S R A T
FEAESS, HAE 100 WK, BeJafs s A i v gk
AL 25 08 FE 7 iR 2% RMSE (root mean
square error) Fll R & 2 K (RY) HI W e 1 & (A AR
PR RZE AT T 0, Yo RECHIZIE T 1, W
B (1) TR 5 R o Y LS A, RIS
P B A

2 #EREHSW

21 EEERHEKMNEESH

LU R 30T 96 LG VR 8 A i 45 95 B 1) A K
Bl 1.1~48.3 em(F& 2), P KK 22.67 cm, 1
PR R 20~30 e AR [l 4.19~3478.67 g,
SR N 339.54 g, IEHRE LA 0~500 go
T 53 7 20 R 4R 1) Bt S R A R (D 3), Hvko2:
R BRI EAR, 204 3] ) o et A B
NG AX AT TE KR 30 m LA TR 18 7K ok 8 et A~ A e K
HR R AR AEZKIR 30 m AT 50 m 22 (] K 38k 4,
MK 50 m DATR 7K B8 A fe /0N o 1] S 7K TR 1)
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Fig. 3 Seasonal and regional variations of body length and body weight of Lophius litulon in Shandong coastal waters

R, ACTREAMARER, BRI 7 BUBEERTE A B Al

C X735 A D

E Fl F X A9 A K o

22 FRGBEXENNZTER

16 10 MR LMEM(R&T.I&S)IF) AIC {H
/MR 2), K 439, B[R] EEEA 7K SR 2560
AN SR B ATL AR 1) 2 PR YR A5 00 07 A5 R T B e

TR R 5 R P E RO B AT o 38 SCRHIE 1) 45
W F W A ) RMSE 3% T 0, R &JEIET
1, BRI (R 2). XM, a fil b 1)
[ 5 SOV AN THE A B2 0.0477 12,7729, 5%
K BE NN B a Al ETEFE N 0.0089~
0.9384, b Al HME YL HI Ky 1.8773~3.2813(1% 4 A).
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Fig. 4 Variations of a and b among seasons and regions from the LMEM(R&T.1&S)
LMEM (R&T.I&S) is a linear mixed-effects model with random effects on parameter a and b from seasons and regions.
A estimates of parameter a and b with random effects from seasons and regions;
B: temporal variations of a and b; C: spatial variations of a and b.

LMEM(R&T.I&S) A 4 1 45 S i s, i fg ol
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FW], LMEM(R&T.I&S)H GLM P51 2% F Al
35 (P<0.01), RPN FK 800 B itk 1 — (&
KAREAW R EZW, 7 LMEM(R&T.I&S)FH !
H, MNAFZETSRE, a BfEHFERRK, HIKEK
TR, MR/, b HAEEERK, HikE
ZFEMME, MEFER/N. MAFKEKE, afd
B KNI & B>C>D>A>F>E, b {l 5tz .
HRFE, SR afHER, b AR/, 1ia. b{H
KRR A W B A . a [HA b {E A 7K 8]
Z LR 5 0.3435 i1 0.9637, T a {EL A1 b {E
fR 25 22 L 43900 R 0.0974 1 0.4402, A 7K
WESHETEFRE 4),

FEMRE 0~30 om (1) EE st rb (8] 5), MR Y 4
TRK I REN, FERK KT 30 em B, {(KE
T2 22 AR, PRI R EI K RERE TS
FoAh 215 B B AR, I A2 2 2= 4 2240+ 40 4
Bl B DX B Rty A J 49 K R 5 H Al b X B
AN, WA X F XHLILFES. 7 30~50
em MERKTT, £ 21 0 PR EE 1Y K R/ P A
HSESHF 25 7K PR FE 1 AR/ NI 2
E>F>A>D>C>B, %455 b (HAYH] 25 22 7 B
.

3 itig

31 HERAK-FEXRZRMRZTER
PG LMEM(R&T.I&S) 45 F, i 44~Z 5 fll



1304 Hh [ K R A

%258

3000 — % autumn A
— & winter
2500~ spring
& summer .
S 2000 o
[}
3
>
€ 1500
O
L0
#1000 |-
%
500
0 o 1 1 !

A /g body weight
S
[=3
(=]

##:4/cm body length

» ] 1 1
10 15 20 25 30 35 40 45

2000

—
W
(=3
S

500 |

N _ ! I
10 20 30 40
&K /cm body length

Pl S LR S0 v BBl AN ] 240 (A) K R (B) B A R R FE G A 22 57

Fig. 5 Variations of length-weight relationships for Lophius litulon among seasons (A) and regions (B) in Shandong coastal waters
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Linear mixed-effects models for estimating spatiotemporal variations
of length—weight relationships for Lophius litulon
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Abstract: In order to provide data support for stock assessment and fishery management of Lophius litulon, the
spatiotemporal variations of the length—weight relationships for this species were studied, based on the survey data
from the bottom-trawl surveys in Shandong coastal waters in the four seasons: autumn (October 2016), winter
(January 2017), spring (May 2017) and summer (August 2017). One generalized linear model and 9 linear mixed
effect models were constructed to study the length-weight relationships (W= aL®) and their spatiotemporal varia-
tions. According to the principle of minimum AIC value, the most complex linear mixed effect model (i.e. regions
and seasons have random effects on parameter a and b) was the best. Cross validation results showed that the pre-
diction effect of this model is the most reliable one among the 10 candidate models. F-test between the best model
and the generalized linear model revealed that the spatiotemporal variations of the length-weight relationships
were significant (P<0.01). In the best model, the a value of the individuals in spring was the largest, followed by
autumn and winter, and finally summer; the trend of the b value was opposite of the a estimates. The estimates for
a increased with latitude, without an obvious trend for depth, which might be resulted from limited sample size.
The fixed value of b (2.77) was less than 3, indicating the negative allometric growth pattern of L. litulon. The
fatness was negatively related to length and tended towards a slender body. This study showed that season and
latitude have significant influences on the length-weight relationships of L. litulon. The mixed effect model could
reflect the heterogeneity of regions and seasons in a single model more accurately and conveniently, which could
be applied to more heterogeneity studies of fish life history traits.

Key words: Shandong coastal waters; Lophius litulon; length-weight relationships; linear mixed-effects model;
spatiotemporal variations
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