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1 #MHERE

1.1 HEFRIE

W5 R SRR SRR H 2015 4F 11 H—2018 4F
11 H 76 W7 7T 5 5B 1 5%, (120.5°E~123.5°E, 27°N~
29°N) A IR MR A (1 1), B4 3 ARI(&Z). S
H@&EZ). 8 HEZ). 11 H®E) iRk, it
RAFE 13 AU o V5] A i Ay 30 T DR 750 B X A G i
RVEMD A, PO R JE R A 52k . I L 4
K298 95 m, VEMVA TS24k 5 B R e i
A9k 7.5 m A 40 m, FIHEE K 3.18 kt, T
HiiE A 0.89 ho AHFFEARYE (TR AL ) [
X 45 i A7 6 O ¥t 5 v 1 i ) 6 1 AT B ATL IRORE
B30 2, ZvKEEA 7RG 12 28 S0 28 P i BRI VR
B HETEYFENE, LR XK (mm), &K
(mm) ., K (g). 4ifi(g), MHHFEYHEE . H

W, KR B IR E) 1.0 mm F1 0.1 g AHF
REPFEERES 1134 B, HbHES 210 B, B

748 B, FkZE 176 )8, A WA il B ik 65 FE AR
(F 1), vk 103 BB, Mtk 275 B, HAW 756 B
MEHEAS 3
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Fig. 1 Trawl stations of fisheries resources survey in the
inshore waters of southern Zhejiang
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Tab.1 Sample size of Decapterus maruadsi in

different years and seasonsin theinshore
waters of southern Zhejiang

Ay year 4 winter

# spring X summer #k autumn

2015 - - - 44
2016 0 64 116 32
2017 0 107 504 33
2018 0 39 128 67

TEMREEROE, AN SOR TR PR B0 i B (36 2)
AR 7 T g PR SR A A v 3 SR B IBORE LU 1A 5 4
W ¥k B LA 3 nmile/h S REHE, SRR T 40 i
AR (g/h), BRAFAITUCHY i B 65 53 5 K
(% 3),

x2 WIEMEHERSTAEEHH
FEHINEHIE(GRE)
Tab. 2 Average environmental data (temperature) of

Decapterus maruadsi in different seasonsin the
inshore waters of southern Zhejiang

T
. S 447 7k VEL T
Bt SR KR Ei/]\ﬁ Hiz‘ij(ﬁ P22
average .. . standard
season minimum maximum ..
temperature deviation
% spring 21.24 11.40 25.20 3.74
H summer 28.79 23.10 33.60 1.53
B autumn 21.31 18.60 23.60 1.31
* 3 WIEEBEEEE SR EER
AEETHREZE
Tab. 3 Abundance index of Decapterus maruadsi in
different years and seasonsin theinshore
waters of southern Zhejiang
g/h
4y year # spring X summer K autumn
2015 8833
2016 1952 8448 2725
2017 13553 33584 3588
2018 5850 9559 7526

12 £KBFUERERREHAR

W 5 5 1 SR A H G R R bR OGRSk
FRWl w=al’, Kb L 2RI K, WA
MR . S8 a WAEKRT, S8 RMFE K,
SR IERAS AR, M b=3 0, FmizaIi g
MUK a2, HARIE B A AR A K I OR,
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H3 AL . 55, B AR A R A
Mop<3 B, N FEHIER, KK R TIAE
P3N, X4 p>3 B, SHIE R, (RE M
PF K g

R PEIR ARV AR T (linear mixed-effects model,
LMEM)J& — M e PR AL 47 i, 48 7EA Y v [ 5
FIREALRON 5 AR 2R R, HFRAR AN

Y=pX+Z0+¢ (D)
Ao, YR R [ i, X ORI S R, B2
AN 4 Jm Z800) i ([ 500, Z S&REAL0N )
VR RE, & iz m e,

AR SCARE FH 28 1 TR A 550 oy A TR A 3 1 () 6 (1)
SR 5 R I IV 22 5, Ao F=T A
AR AVE R ZE a BREALALN, 7 41~ LMEM
RN e | ISR R R ) 7 N A RS S R
XU 1 =A ) P BEBLON o AR PR R 2
TR AR, ME RS SAERKERD
FKF, it R B “Imed”, “Matrix”, “nlme”
T A P AR AR A oA 021

155 Y 40 G R — A A b A5 B A o )
(Akaike information criterion, AIC), ¥JJ7 iR 2
(root mean square error, RMSE)%5 4 7 3 ffif #2221
AIC “H HIRFIME AL G RUR, AIC BI{E BN,
MR LA SO R G, AR

AIC=(2k-2M)/n 2
Kb, n WHEAG, NP ERRIh S8R R, M
HXTECIAAE P, RMSE % FIFE LA R 3T 4
fEtr. RMSE X258 B LB iiusk, mT Dl o U8
DB B Z 0] 59 22, RMSE /), A5 f) 480
BRI
1.3 BRFETHHIE

HARIET R A M 20 S e d B 1 AR 0 s 340
Z—, HIEXRBNFE S, Sl 5
PPAL AN AT Sk i B 28 2400 B bR Bt A AR BE T
REIT L A AN, A CE F“Pauly™® |
“Pauly update”™ | “Jensen”®!, “Hoenig”*®! #I
“Lorenzen” "5 2 %t i [ 65 (19 [ SR 9E T R Bk A7
TR AT . RER O ik A A T A A
KSH, R (Amax) « WA (L) FILE K
RE(KFEER 4)o FBEASCA IR T AH SR

TR SR IUE RSP FTEIRGE 4), IHKDE
AR By 25 2 AOR A T W BB B AR AET R R
R4 FREBHBERSHHESH

Tab. 4 Population parameters of Decapterus
maruads in different waters

[X 18 area K Lo Awx T SRR
reference
B4 South China Sea  0.360 33.1 5 253 [91
#iff East ChinaSea 0264 352 5 - [28]
#i§ East China Sea 0240 340 - - [29]
Z%ifF East China Sea 0276 361 - - [30]
B4 South China Sea  0.500 239 — 262 [3]

H: L. Wi (cm); K: von Bertalanffy 77 2 #1194k K R %0 T
HIRBLIELE (C); Amax: BORAFHE ().

Note: L-: asymptotic length (cm); K: body growth rate parameter of
von Bertalanffy growth curve; 7: mean environmental temperature
(°C); Amax: maximum observed age (longevity).

“Pauly” 2 4 2> 2N T2, 7R B AS B 1 15
IR REASAR I R e [ AR AE T R B2, (HORRE Ok
I Sk BEFIRMLAEYN ARET R
B, 2015 4F 25 OB AR, kBRI R R
FEIFA BT BRI T R BN A 80 i, M
H T “Pauly update”Z8 5 AP, Jensen™ il & T
Beverton-Holt = i s 15 48 2 i 7 £5(E, $#2hvT
FIH von Bertalanffy £+ 5 K (HRALE A K5
T- R “Hoenig” 215 /A s AEBCE 5 4L T R &R
N0 BTGB R 283 2R B A A i 0, i
Lorenzen (1996) 7 27T fa (A V-2 i Wye(g)
TR ARIET- R, HAKN:

M =3xW 08 3)
K, Wyed B SR XTN BRTE (g), H K&
HRFRRAG o ASTRIEAS FAEG . AS R Z715 FIAS [H]
PR 5, KA T ARIET REN

2 HRE5HMH

TERAEM 1134 Bk RS, S0 SRS F A
45.0~247.0 mm, LHXKHHK 124.0~128.1 mm,
Hi B 8.73% (3% 5) BSR4 1 K B 65 - S
Kk, HOEE 2, K4 800 i R 2 LK
/e MARTRISEGY R E, 2018 4 RAE 1) i B 65 X
Kedek, HURE 2016 4F, 2017 430 2] 19 i 157 65
MEX K m/NE 2. 3),



1430

[ R

%27 %

x5 HMIEEEBERBXKSH
Tab.5 Fork length distribution of Decapterus maruads
in theinshore waters of southern Zhejiang

mm
A ht BOME ROk P
variable minimum maximum mean
A total 45.0 247.0 126.1
HEPE male 82.0 220.0 148.4
HEPE female 76.0 247.0 149.2

S AR IS R 0.7~206.6 g, TRV N
27.4~30.7 g, i B 7.76% (3 6). KT RN
W RS ARA R R, HREE E, HEFHAF
1% 4 15 65 1A B A /N o }Mﬂﬁli%‘ﬂé%, 2018 4E%
AR 1Y R BB T R R, HOROE 2016 45, 2017 4R 11
W RS AR E N 4. K 5),

FH GLM X V1 A v 3 0% 15 6% 1) A R
AT, B b WE R 3.17, R
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KFE, a {H1E 2018 @mjt, HKIE 2015 A1 2016
AE, T 2017 SFde/Ne MWORTRIPEGDRE, et
PERZRAE . o [EHFEG . 0 REN 257
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BH 25715 119 22 5 UM I RTAR AR 1 R (3R 8).
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Fig. 2 Fork length distribution of female (left) and male (right) Decapterus maruads in the inshore waters of southern Zhejiang
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Variations with years and seasons of fork length of Decapterus maruads in the inshore waters of southern Zhejiang
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Tab. 6 Body weight distribution of Decapterus maruads
in the inshore waters of southern Zhejiang

g
75 it Fe/ME SPN ] FHME
variable minimum maximum mean
MA total 0.7 206.6 29.1
{4 male 6.0 139.0 46.0
HEPE female 4.0 206.6 46.1

RAMIVER . T FARG 19 22 80/, PR
RF 200 mm FEERIES, =55 MIAE{) ) 22 5 AR X
B o i B B8 R H I SR A B KRR B,
AR T M F A AL TEARDT IR JE A AR 1)
F, O [ 5 A o B SO Y KRR e AL, (H
TE 2018 4 1A H Fift SR 8 38 1 A B R o ETE
AR RIS, SR AR E R K

JHF frequency

0 50

100 150 200
A& /g body weight

REF XK (E 7)o

ARSCR A 1 A8 AS TR S8 ORN A 53 4 FH AN [] 5 i
THA I R 6% 3 SR T R %0(F 10), i Lorenzen
D7 BSRAFANF AR 1Y HARBET - R 9)o 2015—
2018 4E HARFET- R BN 1.22, AEZK AN
HARFET 2 50(0.36~1.41)22 5785k, Horb Lorenzen
AN A ARAET R BCEMEA.16) TP % (1.18)
LN, FRMEZE N 0.13, ARET ZEILTF K
AHRNZES, FHFETHEFBEKEE ).

3 itig

A SCE KR 5 B (W=aLl”) KBS 5L
ah5.01x10° S5 b HF 3.17, XEART XA
SRR A KR B AL i 25 3, e —
SETERE b T AR R A KR P ARESE
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250, gl observation £7 WIEBEEEES X KEEL R
— #F LR predicted curve MEER K EEM ISR
200 - Tab.7 Alternative models and their AIC and root
gb mean squared error (RMSE) for length-weight
a; 150 F relationships of Decapterus maruadsin the
2 inshore water s of southern Zhejiang
o
o G SiE e A RMSE/
o0 - T AIC
e 100 model abbreviations model %
= GLM W=alL? -564.19 18.82
0 S. W=[axexp(ReS)]L" ~575.86  18.63
G. W=[axexp(ReG)]L" -566.80 18.73
M {/mm fork length S.G. W=[axexp(ReS.G)]L’ -578.15 18.56
Bl 6 T 6 S T A S.Y. W=[axexp(ReS.Y)]L"  -580.32 18.53
S . b
Fig. 6 Length-weight relationship of Decapterus maruads in GY. =laxexp(ReG.Y)]L —S78.44 1854
the inshore waters of southern Zhejiang G.Y.S. W=[axexp(ReG.Y.S)]L" -582.74 18.46
W S.. Goo Y43EN Ina 2T PR BIRIAR 053 (1) BE AL .

iz FHR & 00 B B A 90 [ 62 AR R SR 1Y
ZAT ARG R 2E R R, T AR A SR
ON R, MRS AN B L AR AR R SR A
T, 2018 ARk FERE e R, 2017 AF H B R T i/
XF 1971—1987 4F (15 R 5K K R 5 O R Y
AT R, EREBIERN, S8 a A
B3 Bl HE 85 K (1.652%107°~1.062x107°), TiZ%L b

Note: The first column shows the abbreviations of models detailed
in the second and third columns. S., G., Y., S.G.,S.Y., G.Y., G.Y.S.
indicate random effects on Ina from seasons, genders, years, sea-
sons and genders, seasons and years, genders and years, and from
seasons and years and genders, respectively.

MR IR ARV R iy 25 51 M Bl 5
PRI FNAE () 25 5 BB RS UR B . AN
SRR IERIGH o HIEEH 6.15x10°~6.47x%

-

AR AL L d D, 7 2.947~3.1845 Z[H], SRS 107, 5 SOk AR V0 S0 R 5 00 F 5% 45 SR AR 4%
K ASCRIBSEa H5.01x10°, B b H3.17, (G 1), AW o (BT, S0
TESCRRAF 5T 25 S 10 0% shiE Bl 2 9 N 00.32x10°°, 3% Al fE T JLAE R 4 F A R 2
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Fig. 7 Variations with years (4), seasons (B) and genders (C) of length-weight relationships for
Decapterus maruads in the inshore waters of southern Zhejiang
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®8 HIEEBEHERSRMAELERES N MEE
(BREM. THMEINEVLE) RS a i fbitE
Tab.8 Estimatesof parameter ain thelinear mixed
effect model (including random effects from year, season
and sex) for Decapterus maruadsin the inshore
waters of southern Zhejiang

F9 IEMEHERSARER. EHFEINFS
PREFFZ A Lorenzen (1996) A EHEARET ZH
Tab. 9 Average body weight of Decapterus maruadsin
different years, seasons and gendersin theinshore

water s of southern Zhejiang and the natural mortality es-
timated by L orenzen (1996) method

, S a WAGTHE A/ H#R3ET
Al ffect = 4 Tt
WWET effec estimate of parameter a A R T mm $i’]ﬁ;ﬁ&/g EX4
. mean bo
2015 6.30x10°° variable mean fork weight y natural mor-
. length tality
g 2016 6.22x10
) 2015 155.18 44.14 1.01
year 2017 6.18x10°¢
A 2016 126.33 22.99 1.22
2018 6.45x10°°
. year 2017 122.10 20.64 1.26
% spri 6.24x10"
- HE spring 2018 131.19 25.92 1.18
P —6
year DO autumn 6.47>10 . %7 spring 107.35 13.72 1.41
= o 6 =+
K% summer 6.15x10 " HE cummer 12577 22.67 122
o - K season
WEMEA 7} unidentified 6.15x10°° FkZ autumn  149.54 39.25 1.04
i 3] N N
g2 etk female 6.36x107° pER| BEME female 149.17 38.94 1.05
gender A
WP male 6.35x10°° gender [Pk male 148.42 38.32 1.05
® 10 EFFAELAANARSHERSEARARTRETELER
Tab. 10 The natural mortality estimates for Decapterus maruads using different approachesin different areas
AR LR Zi A2 7R East China Sea F§i South China Sea
formula name empirical formula 1982—198312%0 19841281 1980—19835%  1997—1999)  2011—2012"!
Pauly'®*! M=0.9849L .. 0270 gO-6343 704634 0.85 0.62
Pauly update!®*! M=4.118L. "3 K" 0.45 0.48 0.49 0.62 0.87
Jensen?”! M=1.5K 0.36 0.40 0.41 0.54 0.75
Hoenig*! M=4.3/A ax 0.86 0.86

i Lot Wi AK (cm); K: von Bertalanffy J5 2 i 94 K R T F8IRERIRE(C); Amax: TAULINAE A (FF 4.

Note: L.: asymptotic length (cm); K: body growth rate parameter of von Bertalanffy growth curve; 7: mean environmental temperature ('C);

Amax: observed maximum age (longevity).

x®1 AREH. TRIBHERSHIXKHEXRZFSH a 558 bHE
Tab. 11 Thevaluesof the parametersa and b in length-weight relationships of
Decapterus maruads in different years and different areas

WFFE H /5, area RRERT ] year a b SCHRSEVR reference
MRS . HISIRME the south-Fujian coast and Taiwan bank 1971—1980 8.695%x10° 3.0837 [10]
MIF§ . G5 the south-Fujian coast and Taiwan bank 1981—1987 5.112x10°° 3.1775 [10]
WiV Zhejiang offshore waters 1980—1983 1.652x10°° 2.9470 [30]
MRS . 575 7%ME the south-Fujian coast and Taiwan bank 1982—1983 4.447x10°° 3.1845 [29]
[E . B %4435 central Fujian and east-Fujian fishing ground 1984 1.062x107° 3.0293 [28]

AR SR EMFE XK ZMET, o EBCR, &
K, 2018 4ERKZ= 1 R 65 (W IR B 05 K, 2017 4F
BEERELR/D, XA EBRE BT 2018 45k
ZE RSP A KR ER T 2017 4FE 2, Wiilm
TV SR W 65 1 7 B A, 7R O Y e i TR 2

15~22 °C, LA 16~18 CHAERY, MIRWTm it
WA B JE A RS, 2018 AFERKERYEY KIS R
20 °C, 2017 4FEH Z=F-HKIRZ N 28 °C, 2018 4F
Bk K T S A W R BB 7= 0, e R ALK,
B LS E a BITES K .
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PR A R AR R [ R 8 S B
R, BEAL SR RE % S5 e AS () 5040 ok VR A B2 i
REMSIE T . Mo AR A 22 SRR Ok
WA EA 24 R AR 22 5 AR R D A RUR
A, BERE o MY | M FNAE A 1 25 AR
ok, HET, TRA RN AR R il A W2 5 v
WFoE 7w T, R SIEPE ] 2016—
2017 4F L1 AR 2 5 1) YR 466 190 398 2 s T 9 1 B A e
PR KRR G R a8 e, Ma 250552 2008
AEF 2011—2015 AF 8 R 4R O B0 % /N B £
) A B IO G B 5 A B 28 S B e R A T T ISR X
P4 BLZ ] 2008—2010 4F Y XU 9 504 6k /)
B R KR C R A ] S R PEDFSY; Braceini 4§
712 FHYR A 50w R AL R e, Bt
SR A IREE R 22 S, PR S AT B e
AL B s K22 R R IRIN . AREZ R,
BHLR S A TR B 1 22 7 5 4 K B M DA O
(16321 3 i o B 5 K R A PR S B2 WA A KR BE IR 7
(a H)AEZAF B, GRS 5KE &ML S
WA KZESR

KU 2 A K P B B A BREE R T, R[St g O
A K T B B B e B R S K, A R E
P, KR TH s I R VR A 7 R e el
WA 0 28 B B KR S — 5 Y, FE IS ELIR B P,
SEAN R A K R T R B T R, AR
TP TR SR BT I A B, 2018 AERKZEAY K T
A W R 5 BT 2R PUA S 2 K Al
Bihe, SR R K AR LR R W b o VT R
S 2 i [P 05 T L PR Y, IR A A AR
FRKZE B0 5 AR W T AT R, 253 5—9 H,
100 05 B 65 Ve IR AN SR T, AR S AU,
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Abstract: Japanese scad (Decapterus maruadsi), a warm water pelagic fish, is an important economic species in
China. Based on a quarterly bottom trawl survey in offshore waters of southern Zhejiang from 2015 to 2018, this
study explored the length-weight relationships, growth heterogeneity, and natural mortality of Japanese scad. A
total of 1,134 individuals were measured, with fork length (L) ranging from 45.0 to 247.0 mm and body weight ()
ranging from 0.7 to 206.6 g. The length-weight relationship was revealed to be W=5.01 x 10°L*'7 for Japanese
scad in the inshore waters of southern Zhejiang. A linear mixed effect model considering the random effects from
season, gender, and year performed the best, with the lowest AIC and RMSE values. Results from the best model
indicated that 1) individuals collected in the autumn tended to gain more weight than those collected in spring and
summer at the same length; 2) individuals collected in 2018 grew with better condition, whereas those in 2017 and
2018 gained less weight at the same length; 3) there was no substantial differences between female and male
Japanese scad. Therefore, year and season significantly influenced Japanese scad growth in the inshore waters of
southern Zhejiang with the best growth condition in autumn 2018. Based on several empirical equations including
Pauly, Pauly update, Jensen, Hoenig and Lorenzen methods, this study estimated the natural mortality for Japanese
scad, which ranged from 0.36 to 1.41. This study exhibited that season and year significantly influenced the
length-weight relationships of Japanese scad and the results could provide important information and knowledge
for further study and fishery management for this important species in the coast waters of China.

Key words. Decapterus maruadsi; mixed effects model; length-weight relationship; natural mortality; offshore
waters of southern Zhejiang
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