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ISEAB IR BT HAA KA i O R A 23 S e, LAY
TR FL B 7 588 A ) = R 14 BALAR , S el 4 B
FIBEIRA 5 BT RARPERL 7545

B ik

1.1 HHERiE

B AR RBTREdEE B 2016 4 10 H
12017 41 7.5 H .8 HAE AR R4 7 (el
RURJECHE P A, PRI 35.0°N ~38.5°N Al
119°E~124°E  HL35% 8 99 MNMEA VAL (K 1) o P
PRI 220 kW fY B4 e , HC D) 1 5K 9 B R
EERA 15 m 1753 m, 2R M HEH 17 mm, I
Al 57 4 ]85 1 h 353 h 3 kn 4 AT
K 949 & B R BB AL i F 2R 255 B, H &
254 &, Bk ZE 289 B, & 151 B (R 1), Wik
WA R 3 K (BT 1), P TIXOK IR
930 m LA, ITIX K%K 30 ~50 m, X KRN
50 m DAV, 4% MR A ATEEE 6 &R0 VAR
Yrifr) (GB/T 12763.6—2007) HEATHE S YU 73
Frsmise"" ARSI E] 0.1 cm , (A5 RIS
% 0.01 g, CHFTA K B 81 2K

Wi
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E
gk VAl B
E Shandong Province
ﬂ&( ooooo )
€ et - I
6°F NEFT L ... . .
..... Yellow Sea
B .ol
o td n n n n n
119“ 120° 121° 122° 123° 124° E

28 Longitude

[ IR A KR35k 30 m LA, 30~ 50 m,50 m LA,
The depth of area | is less than 30 m, the depth of area II is 30-50
m, and the depth of area [l is deeper than 50 m.
B1 LWHREBEREEAELM
Fig.1 Survey station of Conger myriaster in the
coastal waters of Shandong Province
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*1 UFREBGERTBERABSFVMKFENELLEE
Tab.1 Sample size of Conger myriaster in different

seasons and regions in the coastal waters of

Shandong Province )2
IR HE kS T & S
Region Spring  Summer  Autumn  Winter Total
1 30 82 100 65 277
I 112 140 174 86 512
11| 113 32 15 - 160
S Total 255 254 289 151 949

e LI XA K B9 530 2 30 m LA, 30~ 50 m, 50 m L)
WTEILE 1,

Notes: Area | with a water depth of less than 30 m, area I with @
water depth of 30-50 m, and area Ill with a water depth more than 50
m ( see more details in Fig.1).

1.2 HRSH
12,1 K- EC R
R A8 A= ) 27 D0 B4 0 B 1) 2R T R B
BT A Z T AN A o i Y R A3 S
o P s S8, B R ASs T ENTZ
() 4 22 e . 2 P AR B OC R T R H0r
fFoR .
W =al' (1)
s W ok B SR AR BT &L, g5 L o B R B8 1Y
B emsa R RAFH T, 0 AR HAERK S Y
b< 3, BEHI AR 5 Sl AR, BB £ R R,
MRS TR, BB TA0H ;2 b=3, L M iR 5 45
HAK ;2 >3, LB MR B E S K, RIBE
PR B, I BT
KA Fulton ARASHE%L K 41
K= (W/L') x 100 (2)
K W5 LA 1, B ZT 25 88
75 25307, iz F] Surferl3 #RAFHI/E 4 A~ Z=15
ANARNE 185 B 1 2 ) 3 A
1.2.2 LARIRA AT
LM TR A R R A (1) A8 AR 28 4 N A A
[F] 7 BR I, 16 W LA A 22 A il B[] 0 25 (] 46 LA
TR A B BRI AR A 1A
2 M5 A ( generalized linear model, GLM) I
9 2R IR A & N B B ((linear mixed-effects
model, LMEM ) S #ffi i A B 7% 68 A+ 5 1K it i
MIICFR o ZeMEIR A RO AR AL FH 2= 755 F K S8y
SCUE R ZH a b W REALZON , >k [ B A RS
bR SRR E DGR 2 225, 91 LMEM



34 ZEMERE, A5 < LR AT B O

i A KA i O 2R B U 25 S 731

BAITEZ B o B b J2 5 A0 & /K Sl al 22 7y 7= 4k
149 BB ML A0 4 52 M b 189S [, A AR LA 25 4 4
T AR, BRI AR R-4.0.2 B
o lmed ™ B FF @ 5 T, O A
isSingular PR B — 20 1 o 52 AL JE A5 ) B 2ot 40
BUER

FI A5 3t {5 U2 f #fE ] (akaike Information
criterion, AIC) fifi ik LA Y, YEHL AIC Hx /MR
PRI e AR ALY L 59 A, AR SR A8
I R YAk A5 AR Y T PR e, B AL il B 80% 1Y
Bl e A 2R 4 Ay 20% 0 5 E 4E 1l I
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Fig.2 Distribution of body length frequency of Conger myriaster in different

seasons in the coastal waters of Shandong Province
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B3 LWHKEBEREBEETHEREBMESME
Fig.3 Distribution of body mass frequency of Conger myriaster in different

seasons in the coastal waters of Shandong Province

R3 LFEEERTFBENIETEREREER
Tab.3 Results of the ¢ test for body mass

of Conger myriaster in each season in

%2 WREBERSBENFHHK RBER
Tab.2 Results of the ¢ test for body length
of Conger myriaster in each season in the

coastal waters of Shandong Province the coastal waters of Shandong Province

= HE FES T g =1 HE FES T s
Season Spring Summer Autumn Winter Season Spring Summer Autumn Winter
B B B _ _ B _ _ B _
Spring Spring
Eé -0.05 - - - Eé -2.47" - - -
Summer Summer
S
LS 0.53 0.56 - - S 0.71 1.73 - -
Autumn Autumn
\.% 11.99* ** 11.29*** 11.66*** - s 972" "™ 11.43"** 959"~ -
Winter Winter

VE: % .P<0.05; % * *.P<0.001,

H.o# % % .P<0.001,
Notes; * .P<0.05; * % *.P<0.001.

Notes: * * % .P<0.001.
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2.2 BB R R E L

A 2 LR I T B B ) P 2 5 5
0.120£0.015 9, %y 0.143£0.020 0, Fk %=
0.1502+0.053 4,475 0.119°9 +0.012 1, ¢

*4

gAY, SRk 2 0 U A A 14 A 96 88 8 = i T
FATMIR(P<0.01) , W3R 4. NI, LR
B2 B A8 R A 2 T () I T R R A R 2

(E4),

LWHREBERTEINIFVIEHRE (RRER

Tab.4 Results of the ¢ test for condition factor of Conger myriaster in each

season in the coastal waters of Shandong Province

Bt = HF hE X7
Season Spring Summer Autumn Winter
#Z Spring - _ _ _
HZ Summer -11.15"* " - - -
FZE Autumn -5.12*"" 757 - -
&7 Winter 3.22%" 16.08 " * * 10.21** " -
TE: # %.P<0.01; % * x.P<0.001,
Notes: * *.P<0.01; % % %.P<0.001.
- P

| FF

Spring

WA

Shandong Province

R
‘ Yellow Sea

118.00° 119.00° 120.00°

Condition factor

0.144
0. 142
0. 140
0.138
0. 136

i
Yellow Sea

121.00° 122. 00° 123.00° 124.00° E

%4 Latitude

118.00° 119.00° 120.00° 121.00° 122.00° 123.00° 124.00° E
N
i .
Bohai Sea 38.50
38.00°
N *=F 37.50°

Autumn

37.00°
R4 .
Shandong Province 36. 50
36.00°

118.00° 119.00° 120.00° 121.00° 122.00° 123.00° 124.00° E

35.50°
35.00°

£F

Winter

Shandong Province

£ F Longitude

i

Bohai Sea

IRE

RifE
Yellow Sea

118.00° 119.00° 120.00° 121.00° 122.00° 123.00° 124.00° E

B4 LWKREEBERTEENFTFHLHERNREZL

Fig.4 Seasonal variation of relative fatness of Conger myriaster in the coastal waters of Shandong Province
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T
bax
R
1
=i

734 i

£ J%l“ R/ T 20 em (R S) AR =AY 1T T B 8 ) o i 4
Bh g 2T AR B 2E R BN MR R T RHMAILPFES . HERKKT 40 em B, HAE
20 cm HT,,JZIS RS SRR, AR B KRR LR B FSKFE>LF>
20~40 cm i, B F AR RARPIR R THM  FF 7m0 ERRh: XS TX>TIX,

x5 LWHREBERTBERK-KREXREDL

Tab.5 Length-weight relationship models of Conger myriaster in the coastal waters of Shandong Province

B B XHRE I w e
Model abbreviations Model Log-transformed
GLM W=axLb InW=1Ina+bXInL -929 0.969
T.I W=[axexp(ReT.l) ] xL"b InW=(Ina+ReT.1) +bxInL -1095 0.975
T8 W=axI*(b+ReT.S) InW=Ina+( b+ReT.S) xInL ~1090 0.974
T.I&S W=[axexp(ReT.I) ]xXL"(b+ReT.S) InW=(Ina+ReT.T) +(b+ReT.S) XInL - -
R.I W=_[axexp(ReR.I) ] XL InW=(Ina+ReR.1) +bXInL -918 0.969
R.S W=axL"(b+ReR.S) InW=1Ina+(b+ReR.S) XInL -916 0.969
RIS W= axexp( ReR.1) ] x[*( b+ReR.S) InW=(Ina+ReR.T) +( b+ReR.S) xInL, ~939 0.970
R&T.I W=[ axexp(ReR.I) xexp( ReT.I) ] xLb InW=(Ina+ReR.I+ReT.1) +bXInL -1098 0.975
R&T.S W=axL"( b+ReR.S+ReT.S) InW=1Ina+(b+ReR.S+ReT.S) XInL -1092 0.974
R&T.I&S W=[axexp(ReR.I) xexp( ReT.T) ] x InW=(Ina+ReR.I+ReT.1) + _ _
L"(b+ReR.S+ReT.S) (b+ReR.S+ReT.S) xInL

W5 3 = AR B T.1 S8 a (21T BEHLBONE ; B T.S S 2400 b (2T BEATLAAON ; B T.1&S S8« 5241
b W ZETT BENLON ;B RT NS4 a B/KIBBEHLEON ; BT R.S S 2850 b B /K BEALAON ; B R.I&S S KL o 5250 b (/K BEALAL
N AL R&T.T B a (2745 5K RRALSON ; BEAL R&T.S RpB 4 b 1775 5K BBEHLAN ; B4 R&T.1&S HS4L o F1 b (T 5K
BBEHLALN . =7 i AR,

Notes: 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 and R&T.I&S indicate random effects on intercept (Ilna) from seasons, random effects on slope (b) from seasons, random effects on
intercept (Ina) and slope(b) from seasons, random effects on intercept (Ina) from regions, random effects on slope(b) from regions, random
effects on intercept (Ina) 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. “~" is the overfit model.
500 | — % Spring 500 | — I
¥ Summer |
— # Autumn m
& Winter
400 400
w0 w0
~ ~
wn n
wm |7]
8 300 | 8 300 |
> >
9 =)
5] 5]
M @
g} 200 | g 200 |
=S 1=
# #
100 | 100
0 . . . . . 0 . . . . .
20 30 40 50 60 20 30 40 50 60
{4 Body length/cm {4 Body length/cm
(a) AEFVHRK-FRERR (b) ARAIBAEK-FRERR
Seasonal variations of length-mass relationships Regional variations of length-mass relationships

ES WHRKEBERFTEEARSFTHAKENERK-EREXRER
Fig.5 Variations of length-mass relationships for Conger myriaster among seasons

and regions in the coastal waters of Shandong Province
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Length-weight relationship and spatio-temporal heterogeneity of Conger
myriaster in the coastal waters of Shandong Province

LI Yamin"?, MU Xiuxia'?, ZHANG Chongliang' >, DING Zhaocheng®, JI Yupeng"”, REN Yiping' "’

(1. Fisheries College, Ocean University of China, Qingdao 266003, Shandong, China; 2. Field Observation and Research
Station of Haizhou Bay Fishery Ecosystem, Ministry of Education, Qingdao 266003, Shandong, China; 3. Laboratoray for
Marine Fishery Science and Food Production Processes, (Qingdao National Laboraiory for Marine Science and Technology,
Qingdao 266071, Shandong, China; 4. Fishery Administration Supervision and Management Station of Rizhao Shanhaitian
Tourist Resort, Rizhao 276800, Shandong, China)

Abstract; In order to understand the length and weight characteristics of Conger myriaster in the coastal water
of Shandong Province, this study analyzed the seasonal and spatial variations in the body length, weight and
relative condition factors of C. myriaster based on bottom trawl surveys of fishery resources conducted in
October, 2016 and January, May, and August, 2017. We used the linear mixed-effects model to illustrate the
spatio-temporal heterogeneity in the relationships between body length and weight. The results showed that the
average body length and weight were significantly smaller in winter than those in other seasons (P<0.05),
and the relative condition factor in summer was significantly higher than that in other seasons (P<0.05).
Linear mixed effect models revealed that seasons and areas significantly influenced the parameter a in length-
weight relationships of C. myriaster. In the optimal model, the parameter b had a fixed value of 3.27 and the
parameter a ranged from 4.78x107* to 5.68x10 *among seasons and areas, with the largest value in summer,
followed by autumn and winter, and the lowest in spring. Meanwhile, a had the largest value in area [l
(depth>50 m) , followed by area | (depth<30 m) and area II (30 m<depth<50 m) by sequence. The
spatiotemporal variations in fish length and weight as well as their relationships may be attributed to the
migration, feeding intensity, and prey availability. We suggest that the spatiotemporal heterogeneity should be
fully considered in fisheries stock assessment to achieve accurate parameter estimations.

Key words: Conger myriaster; length-weight relationship; linear mixed effect model; relative condition

factor; temporal and spatial heterogeneity
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