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Fig.1 Fishery resources survey sites in the southern Zhejiang coastal area
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x1 HIEMELESREBEARDETMERNERYE
Tab.1 Sample size of Pampus echinogaster in different
seasons and years in the offshore waters

of southern Zhejiang ==
G0 &% 5 HE BKE AW

Year Winter Spring Summer Autumn  Total
2016 24 22 786 61 893
2017 22 227 253 99 601
2018 39 81 314 52 486
ST Total 85 330 1353 212 1980
1.2 HiEsh
BB 110 S - 1A 5 06 R HIFRAE B0 R

W=al' (1)
A WO R, g3 L K, mmsa 5 4F I
TL0 HERSE B b =3, TR N EE
A b >3 IRz A G K 20 I 5 3
RIS i F5 R X S B R R, £ AR 8 A A G
Ar b <3, MIRI7RZ AN 7 7 g, B3 AH
KA B K P, AT S T AR
RBFZE R LR P55 ( generalized hnear
model, GLM) F1 9 2 M 1k 3 25 i A Y ( LMEM )
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X B SCA A B i O R BT A . A, AR
AT B (R 2) 0 HIRGTE 9 A
LMEM #58Y rfr | 43 55 AR 48 2= 19 AR 0y % A= 2
Ba,b ANF R, X GRS - ﬁiﬁ%iﬁg

SERUESEAT 04T o d3 AR S EMEN (akaike
information criterion, AIC) 73 FbA¢ 10 /A
AR, ATC B8N, DAL E A R R L5 TR T2
B RS, SRR 5 H % 22 (root mean square
error, RMSE) Wiz i 51, HA #4230 0, i W]
AR PERE AL . BT BRI HE L)
B M ¥ R M4 ( Version 3. 6. 1)
“lmed” ) B FAL .

2 4k
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LB BRAE 1 980 F2, HLA ot i i [ Oy
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Fig.2 Fork length and body mass distribution of Pampus echinogaster

in the offshore waters of southern Zhejiang
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K - L 2018 AERAE A SR SRR A A AR, 1R 5
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{HZ°k 115 mm,
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Fig.3 Seasonal and annual variations of Pampus echinogaster body mass

and fork length distribution in the offshore waters of southern Zhejiang

2.2 BRENHXK-EREXR

XoF WL P 0 TR RAE TR 11 1 980 Je e i A
A AT A3 T, A B SRR il 1) SR - BT 1 R R
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Fig.4 Fork length-mass relationship
of Pampus echinogaster in the
offshore waters of southern Zhejiang
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K351 x 107, EMAFRZ, FFRAN, N FRZ KRN, H2.955(F 5a)
7.49 x10°°; b (HAER TR, N 3. 249, X FHIE

x2 HIEMEERBENK-AREXAEERALSHR
Tab.2 Fork length-mass relationship of Pampus echinogaster in

the offshore waters of southern Zhejiang and its fitting effect

ESIERE] L X%

Modeﬁ%ahbéﬁ\ztions Y\Tide] Tlog—{ﬁlﬁo{r{rﬁned AlC RMSE
GLM W =alt InW =1Ina + bInL -1528 0.164
Y. I W=[axexp(ReY.B) L InW =[Ina + ReY.B] +bInL -1607 0.160
Y. S W=axLlReYe InW =1na + (b +ReY. C) xInL -1604 0.160

Y. I&S W=[axexp(ReY.B) ]L!*ReY-C InW=[1Ina +ReY.B] + (b +ReY.C) xInL -1629 0.159
S.1 W="[axexp(ReS. B) ]L+ReY-C InW = [ Ina + ReS. B] + bInL -1540 0.163
S.S W=axL*RsC InW =1Ina + (b +ReS. C) xInL -1538 0.163

S.1&S W=[axexp(ReS.B) ]Ll*RSC InW = (Ina + ReS. B) + (b +ReB. C) xInL -1567 0.161

S&Y. 1 W=[axexp(ReS.B) ] xexp(ReY.B) InW = (Ina + ReS. B + ReY. B) + bInL -1642 0.158

S&Y. S W =aq x L0+ReS CrRev.C InW =1Ina + (b +ReS. C +ReY. C) xInL -1636  0.159

sav s LSRRI i e o

TE 5305 = ZHIERI A S . o, Y. T80 Ina AR OYBERLSON s Y. SRR b ARG BEPLALN 5 Y. 1&S 8EE Ina FIREE b 1H4F
OyBELALN 5 S. T:AREE Ina (YZEATHAHLALN 3 S. SR b IYZETTRENLAKN 5 S. 1&S:BEE Ina FIFIER b (YZETFEHLAN ; S&Y. T: U Ina
2T S AR BRSO s S&Y. S REER b (YT AR M BENLALN ; S&Y. 1&S: #EE Ina SRIER b 1925 ARG (I BEHLSON o

Notes: The first column is an abbreviation for the second and third column models. Y. I;random effects on intercept Ina of years; Y. S: random
effects on slope b of years; Y. I&S: random effect on intercept Ina and slope b of years;S. I: random effects on intercept Inaof seasons; S. S:
random effects on slope b of seasons; S.1&S: random effect on intercept Ina and slope b of seasons; S&Y. I: random effects on intercept Ina of
seasons and years; S&Y. S: random effects on slope b of seasons and years; S&Y. I&S: random effects on intercept Ina and slope b of seasons and

years.
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Fig.5 Seasonal and annual variationin a and b values in LMEM (S&Y. I&S)
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Fig.6 Annual (a,b) and seasonal (c,d) variations of Pampus echinogaster fork
length-mass relationship in the offshore waters of southern Zhejiang
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Linear mixed-effect models for heterogeneity analysis of fork length-mass
relationships for Pampus echinogaster

WANG Yangnan', HAN Dongyan'** | MA Qiuyun'??, GAO Chunxia'”>"*, TIAN Siquan'”, TANG Jiu®
(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. National Engineering Research
Center for Oceanic Fisheries, Shanghai 201306, China; 3. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries
Resources ,Ministry of Education, Shanghai 201306, China; 4. Zhejiang Mariculture Research Institute, Wenzhou 325000,
Zhejiang , China)

Abstract; This study is conducted based on the bottom trawl surveys in the Wenzhou-Taizhou area, off the
waters of the southern Zhejiang. Survey data were collected from 2016 —2018 in all four seasons: Early March
(winter) , May (spring), August ( summer), and November (autumn). The generalized linear model
(GLM) and 9 linear mixed-effect models (LMEM) were used to analyze the fork length-mass relationship ( W
= al’) and its heterogeneity for Pampus echinogaster. The results showed that the fork length of Pampus
echinogaster in this region was from 53. 00 mm to 238. 00 mm, with an average fork length of 128. 54 mm.
The dominant fork length group was from 110. 00 mm to 160. 00 mm. The mass range was from 3. 80 g to
420.50 g, with an average mass of 63.61 g. The dominant body mass group was from 60.00 g to 180.00 g.
According to the Akaike Information Criterion ( AIC) , the best fitting model was the model with a combination
of both seasonal and yearly random effects on the growth parameters a and b of Pampus echinogaster. The root-
mean-square error results also showed that this model had the best effect. In the optimal model, the fixed
value of parameter a was 1.75 x 107, and the fixed value of parameter b was 3.083, which indicates that
Pampus echinogaster follows a positive allometric growth and presents better condition. The results of the
optimal linear mixed model showed that the largest value of a was recorded in autumn, followed by summer
and winter, and the smallest in spring; opposite trend was obtained for parameter b. From different years, the
value of a was the largest in 2016, followed by 2018 and 2017; the value of b was the largest in 2017,
followed by 2018 and 2016. The annual and seasonal impact on the fork length-mass relationship of Pampus
echinogaster is analyzed through the mixed effect model. It shows that the year and the season have significant
effects on the fork length-mass relationship of Pampus echinogaster, and that the model has important
reference value in the study of the heterogeneity for the fork length-mass relationship of Pampuse chinogaster ,
and provides a scientific basis for the rational development and management of its resources.

Key words: offshore waters of southern Zhejiang; Pampus echinogaster; fork length-mass relationship;

heterogeneity ; linear mixed-effect model
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