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Fig. 1 Sampling stations in this study
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Fig. 2 Variation in relative biomass of Hexagrammos
otakii in Liaoning offshore
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Tab.1 Monthly variation of body length and weight of Hexagrammos otakii in Liaoning offshore

A N {A+/mm body length & Hi/g body weight MEWEE fatness

month number JuF range  MJ{H(x+SD) mean {U[f range  H{H(x+SD) mean  Ji[fl range IJ{EH(x+SD) mean
5 A May 470 50-209 72.3£27.0° 1.4-154.7 10.0£19.9¢ 0.97-2.18 1.51£0.25¢
6 H June 485 50-275 79.2+30.8¢ 2.0-437.1 14.4+31.1¢ 1.06-2.51 1.67+0.27°
7 H July 416 59-275 114.1£33.9¢ 2.6-446.2 37.7+46.0° 1.24-2.69 1.85+0.25°
8 H August 325 69-305 124.9+38.3° 4.8-581.0 48.1+59.4° 1.21-2.54 1.76+0.24°
9 A September 153 74-262 132.4£39.2% 5.2-394.2 58.1x68.6™ 1.25-2.42 1.78+0.25%
10 A October 197 80-309 136.5£41.9° 6.9-490.4 62.3+80.4° 1.14-2.59 1.7540.22°

e FISVEAE AR R AS W FRoR A A0 (A7 A i 35 2% 5 (P<0.05).

Note: Values in each column with different superscript letters are significantly different (P<0.05).

K 3 RN 5—10 ARRK . (AEd
Moo REANLMBEK . KEHME DN
100.3 mm . 29.8 g, K# KNk i
<150 mm, 5 MEERY 88.17%, 1AK <90 mm 4>

T SRR 48.29%; 1REI<60 g HUAMA G Mgk
1Y 86.90%, 1RHE<20 g BN 1 59.53%.
22 M=%

4 S RPEALMBTIEFRE 5—10 H A5 [H
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Fig. 3 Distribution of body length and weight of Hexagrammos otakii in Liaoning offshore
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Fig. 4 Spatial distribution of relative biomass of Hexagrammos otakii in Liaoning offshore
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KUE7S LA RN 0] 3L ARV P R i 1 Bk X A% 3
R Ra . NSRRI IR E R, RIES
et B —E A B AR R, SR RIS 4k
0 7E 1L AR TS LR Bl o A e /b, HAK B 53
Ay BEUE A DX BUAE B AR e, v AL
R T4 V3 M R g 3 67 P A i A K 3
23 REBEEESERBEEFHXER

10 TSR JZ PR R B AR R anEE 2 BT o
MRS 2SR AE 12.28~23.10 °C, H{EHARA H 4
K5 A, mwEh 8 Hy #hEH ARIRTE 30.63~33.17,

BifEsmm Al 7 H; BRI (pH) . A it
R a ARSI N 7.81~8.56 .6.62~ 8.68 mg/L
3.30~4.99 pg/L.

BRI 2R, BT ER a T H B3
25, HAREHFHFAEA HES, K2
KIEBE 8—9 AW E 2540, HAeAMRIA
F 225 (P<0.05); JEJZE B MK)ZE pH 7 6—7 A
ol 2 5(P>0.05), HARMHSAMIAREER
(P<0.05); JiKJZ2%mAE 7—8 H . 8—9 H L&
225, HAVHEEH Gyl ik 3 25 5(P<0.05)(3R 2).

*k2 ITBEHREEFAEL
Tab.2 Monthly variation of environmental factorsin Liaoning offshore

x£SD
A month BE/C T iR sal pH % /(mg/L) DO 442 a/(ng/L) Chla
5 A May 12.28+3.73¢ 31.70+0.77° 7.81+0.09¢ 8.68+0.83" 4.99+1.87"
6 F June 14.38+5.19¢ 33.03+0.68" 8.54+0.25% 7.79+0.71° 42742.21°
7 A July 20.85+2.48° 33.17+1.47° 8.4140.10° 7.05+0.60° 3.30+7.52°
8 H August 23.10+2.43° 31.16+0.71°% 7.84+0.32% 6.69+0.38% 3.63+3.38°
9 H September 22.99+1.91° 32.28+1.23° 8.56+0.12° 6.62+0.39¢ 4.53+3.11°
10 H October 18.15+1.49° 30.63+1.92¢ 7.95+0.14° 7.72+0.47° 3.56+2.94*

T FPIEE AR R 7m A 6 [BAA7E .35 22 52:(P<0.05).

Note: Values in each column with different superscripts are significantly different (P<0.05).

PR AL S E /A
GAM BRI AT I PEAG I, ir A7 5% e PR 19 VIF
BINT 3, SR A 52 PR 34 Al VR f R A8 o
H 4k step.Gam PREL H sl i i 1) e (i B AD 4L A
b KR (depth)+ 3k B (Sal)+ /K I (T)+ IS it 2 Y
(ST)+H {3 (month)+4E {73 (year), FH GAM f A1
¢ In(Y+1)=a+s(depth)+s(Sal)+s(T)+ST+month+year,
IR B4 7% b A5 6L o DU (ATC) (B M 1087.079, #%IE R2
N 0.585, 1 22 f# B X (cumulative deviance ex-
plained)’y 62.7%. 6 MR RS, JIKZ/KIEM
AEAR X R U 7S Sk £ 1 B U B A S 5 PR S ) (P<
0.05), HAhfE B ALK . FhE . KA
I A5y B0 K 7 2 £ 1 9% U5 3 B i e 5 5
(P<0.001)(5 3).

Kl 5 Bos TIER KRG, . KRR
R Ay AR RIS G IR R
A o KGR XS Rl 7S 2 £ 5% 105 = B8 118 55 W) 5 300 A A
A 25 0 I 1] s e, L I S B B A K R
B, 55 m AT IR B B KA G A BRI T B

oo RUE/ANLAM GRS AR 31.5 DINES,
ZIE A T BRI 2 IR B RZEK R
X R 75 £ 11 B U A B 19 52 0 2 I B K T v
JeTt s E PR S R, 12~22.5 CHY
JEGJZ Il DX 8] g SRl 7N 4R 40 BT R - JE 23 A1 ) v (L
Xo Ml 5 AarhL, RS2 iy G -F R AN R
Ay ARG R BIA R I B35 22 5, 7RI
SRR RN RD A0 Tl (4 2 B SR v, R /N R
G A BB o

* 3 GAM EENSHERH F K
Tab. 3 Result of F test from GAM models fitting

AL 7 AR TR /%
factor relative contribution rate
JK¥R depth 14246  <2x107'¢ 41.01
% Sal 6.966 6.03x10°¢ 11.05
KE T 2317 0.0226 21.14
JEBZEA ST 11.374 5.84x1077 20.10
A1 month 17.246  2.26x10" 6.45
Ay year 6.524 0.0113 0.26
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Fig. 5 Effects of influential factors on relative biomass of Hexagrammos otakii in Liaoning offshore
The solid balck line represents the curve for the fitting relationship between response and predictor, shaded areas indicate 95%
confidence interval, dotted line represents the upper and lower limit of the interval.

3 Wi

31 EYFEHMAERBTEEETH

KIS R T IRy s, 72O
o—11 A meize 10 AhAE 11 A EAPL i
KR MEMR K <150 mm., {AH<60 g, 7] LAY
HARBEAR T R i 2, Hy M FliR .
T X R 0 R R AT RE R (1) & B UiE Uk RE
F1855 0 AR AR LR TRk, R p A
1 S5 A TE 72 B0 75 T £ Ve AR O I e il b e o 2T,
AT G 0 R X L ME LA 3K (2) B ARl e R
TP UK ST 0 B A T S B, (R B IR AT AR
2 BN A B 7, RIS Zefa /N R i 34
kA e

T 7 VSV BT N 25 K T /S 4 A 1) U S

mE sk 7 H. s HL 9O 3 A 12 A, 3
I 5 PRI ACIE . 7= B0 > 1 R S K S A
2 W LA S) A 0, AHIFIE KU 7S 46 £ (1 B U
FEHREIMEKKII0H.7H. 8H.9H. 6
A5 o RS R 5% 2015 454 45 21
FRARL, BRI E B s BRI 10 H L 6 AL 8
H.o5 A3 AN REmFAE] A [R]EE  %E 5 F
JE PR E S . BUORERE AL R B A PRAR
b 255, HETT AL I RS AR F, BPE BE
IR T AR,

PR MR FAC S Y H PR AR AL R B R TN
LR . BHEER . EMENHESA LA
BE R, RE A R AEAE A A W R
Ko MRk MARESKEMR, KiEA%mRARN
RO B X D, BEESR IR, AT



1710 Hh [ K R A

%29 &

Raem b, BFFHFEA SR ERE, N T e
HEBALE, MES 5 AR E; mE 5
KIETHE, HEAEY S, e K, Kik
N PTRBUR AR B T A SR KSR, 0T g
A7 JFJE v Ry S0 R A e 45 Y, it B B
D3 T —Bei (Rl s B RS, RIUE S 2 ik
o RE T AR B IS, JRTE 5—8 H
PIARAR A A 18] 2 B0 AR TR R )l 3k 22 5, L
R ZE AR AR T O ) 34 25 55 0 2, T £ R L
EHSEKEAELM R, £ 0O E 2B AR
Ak
32 AEFEMZENGERERTFHXER

KU 7S 2k A0 0 IR 2 BE A IR 25 0 A R, D4R
T AL IR EE AT R ANkt fi, HE ZH Y%
TEAT 0 ROK X B Bl i a5, 3 AR VS g 3 I B /K IR
AR BEAS R AR 2 1) VS A R X, Y T g Y
X TR HIINER, LT 0 b M0 A A e AR S ),
JEE R T FEA N BE PR PR KU S L 40 il
PREAAZE, FHOGHT E IS 0T S B 3 A — 2 1 et 4,
GAM #5578 3 BH L% U =F J5 78 A [R] IS 5 2 78 ) 2L
A2 5, R TR BT AR 55 2 ARk 2 e A e 1)
UG 7S Z A0 G UR = B B I 1K T JiC o 2B B 2 A Sl b
FUA e [, R ANL R imrkmss, A
FEFEM K /S 26 A0 BE BOK IR A 8~23 ¢ AT
RISAGRE KR, KRR, 7 HIRZE 4K
T 20 CULEGE 2), Kigtnly T HmiiE
(R 2 R 17T 1] m R 0 22 K TR B AR TR K X 5
. AW GAM BRI 7R KUl 7S 2k £ A feods
BIREKIRIXE A 12~22.5 C, 5 FiRBIESE
Flo R /ANLAMAMIT 2 0 Am £, ERILH
PR IR, X — AR 0] A 5 7 A i 4k
14 R J2 /KR AR T 2R A 25 DA O o 20 LV 3
PR 57 B8 7K A s, RS2 /K i B AR 30
RV, HATE AR AR B R o5 kB,
T2 KR G BT 2 B 138 6 R U 7S 4R A0 i 2. AE
Ko CAMRERM, KE7SL M2 TR L
A= W E VR A5 2R AR SRR (IRT>500), 11 7E 1 AR
VB AUAE Sy 32 B Rh Bl 35 F UL A H B (10<IRI<500),
R R R B EO A R T R, K

7 28 RURT 7K IR TG J53 A5 15 1 i - T 2R 30 i
PR EE S RN 2E R, RIEARM R PR T
BT AR BE

B F 8 £, KIS @i 8w K IR E
50m LA, i@ EMEKIEA 8~23 C, i HELE
S 16~32 ARBF5E GAM F 71 i JR 45 A 5 22
FRF: RUE S AT FE S5 KIRTE S5 m LN 2
WA, HAKIERETE 22.9~34.1 Z ],
TR AR T 31.5 A/K IR R IE7S 2k fa BRI = B 1Y
A IRJZKREETE 5.40~28.21 C, ¥+
JE A X KR X 8 12~22.5 °C . KISk
B A K B BT K1, 0.2 A ARG
BB K T B o A e A T PR
PN AN R SRl N EDO NN S G
FIF iz FP AT . KRR EE A ST,
SR R B | A S IR B T, AT
AR 2 ) 4 AR 2R, ShEE R R
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Biological characteristics and spatio-temporal distribution of relative
biomass of Hexagrammos otakii and relationships with the impact
factorsin Liaoning offshore

LIU Xiuze, JI Guang, WANG Xiaolin, DONG Jing, WANG Aiyong, WANG Bin, XU Yanzhao

Liaoning Ocean and Fishery Science Research Institute, Liaoning Key Laboratory of Marine Biological Resources and
Ecology, Dalian Key Laboratory of Conservation of Fishery Resources, Dalian 116023, China

Abstract: Based on the survey data of fishery resources collected from 41 stations in June, July, and September
2019 and May, August, and October 2020 in Liaoning offshore, we analyzed the spatiotemporal distribution of the
relative biomass and biological characteristics of Hexagrammos otakii and examined its relationship with
environmental variables, including water depth, bottom salinity, bottom water temperature, bottom sediment type,
month, and year using a generalized additive model (GAM). The results showed that the relative biomass of H.
otakii was higher in summer and autumn than that in spring and varied greatly among different survey stations,
and the spatial heterogeneity was high. The body length and body weight of H. otakii increased monthly from May
to October, and fatness was higher in summer than that in spring and autumn. These biological indexes showed
significant differences (P<0.05) among different months. The spatiotemporal distribution of relative biomass
showed that H. otakii preferred two sediment types, namely reef and sandy bottoms, and lower water temperature.
The relative biomass of H. otakii in the northern Yellow Sea was higher than that in Liaodong Bay. GAM analysis
indicated that water depth, bottom salinity, bottom water temperature, bottom sediment type, month, and year were
the best explanatory variables affecting the distribution of the relative biomass of H. otakii. The relative biomass
of H. otakii was significantly positively correlated with a water depth of 4.5-55 m, and the relative biomass in
Liaoning Ocean was higher with a salinity of 22.9-31.5 and a bottom water temperature of 12-22.5 °C. The
results of GAM analysis were consistent with the ecological habits of H. otakii. Based on the results, we suggested
that the northern Yellow sea, which has a wider range of reef and sandy bottoms and lower bottom water
temperature, can be used as a suitable area for the stock enhancement of H. ofakii and that the months from May to
June can be used as a suitable release time when the bottom water temperature rises to 12 °C or higher. These
suggested areas and times for stock enhancement of H. ofakii may better guarantee the survival rate and quality of
the released H. otakii population.

Key words. Hexagrammos otakii; temporal and spatial distribution; environmental factors; generalized additive
model (GAM); Liaoning offshore; stock enhancement
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