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Fig. 1 Survey areas in Haizhou Bay and its adjacent waters
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Fig. 2 Change in otolith increment of in Pholis fangi
Haizhou Bay with different ages
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Table 1 Variation of otolith increment of Pholis fangi

at different ages

e/ HAOMEER/mm  SPHE/mm R BRARE%
0 0.194~0.399 0.327 0.028 8.68
1 0.124~0.283 0.204 0.036 17.77
2 0.093~0.211 0.151 0.030 19.81
3 0.090~0.146 0.116 0.025 21.15
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Fig.3 Age and Year effects of the intrinsic model
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Interannual variation of otolith increment are estimated by the Year random effect in the best intrinsic model, and the gray area is estimated value+SE
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Table 3 Results of multicollinearity test of factors

¥ LA wE HZ T X%

JEE ) T 1.041 4.048 2.356 6.145 3.280
UESS ST 2282 2.403 2.250 2.280 2.496
T2 2233 2.146 1.080 4.174 1.568
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Table 4 Results of best extrinsic models screening

Ry B B LY AlCc R
0% Model 1 BT 46735 0229
Model 2 SprBT + Chl + Den —470.49 0.283
Model 3 SumBT + SumBT? —467.59  0.247
Model 4 AutBT + AutBT? + Chl -469.39 0275
Model 5 WinBT + Chl + Den -473.10 0301
1 Model 6 BT -349.98  0.025
Model 7 SprBT -34924  0.017
Model 8 SumBT -34923  0.017
Model 9 Den+Chl -348.16  0.029
Model 10 WinBT —348.46  0.009

E: BT, SprBT, SumBT. AutBT, WinBT. ChlflDensy HI{tFE 424F
FHRIR . FRETHIRR . ERFHRE . BETHIRR . &2 FHIK
T MR SRR

¥ A B3 5 W RN (p<0.05); 1 7E 1 & AT A
(Model 6~10) H1, FREZPRFXF 1 3% HoA7 38 0 1 0l 3%
R (p>0.05). BRI, T K= 83 0 B 3 i A K
R AZ B PR R A S S, 1 B 1 A
BN 322232 3] [ B AE I A T 24

T 42 4 57 3 )i A B Model 1 Al Model 6 H, Ji§
AT 1°C, & 330 B H- A H E 1N 14.49%, 1 #
Hf 38> 13.83% ([ 4), B b 7 [ = 83 7 0 % %
1 1% s BT %) A A S X R 3 ) i 7 A7 A — R 25 5

TE 2515 IS IR A B Model 2~ 5 v, 0 2% - 14 i I
XoF O U A 1 i 08 52 0 00 A AE — E 22 5, 0 I H-f

Model 1
034F
a
£ 032
£
i
=
1o
)
£ 430
028} | i j i
14.0 144 14.8 152
AT R ERE/C

b i A 2 VSR R A 2R IR 0 T R RS o, B
25 JFC il FIRK 2 JEC Il 1 R T S8 B s b (L S) .
TR 25 B O % B A 1 o A7 AE — 2 1 TN, B A 1
B R Y TR (1 5). ek ER A
Xt Ot A 38 2k 114 5 MR R0 A AR AR ) £ AE 25 5, TR
I Model 2 1 Model 5 7, 0 & B A7 3 B 42 R &
f b FH T U 20 5 ZERE S Model 4 H, 0 % - A7 14 5 [ -
SRR R BT (& 5).

4 g

NI S aR AR b T D RS OITR L BINE Y
FE T 1M 7 K 5 R AE 20132018 4 2F K FE 1Y 4R
B 22 57 Je HoA: Kt A LR BT R g i 18 . 25 SR SR A
Vg N TS 7 [C = WA 7E — 8 A K AR 5 [ B2 A
TE 20132018 4 P 1 A5 < 3 i o A 52 A0 PR 19 7 32
J7 Bz R AE O W I 3 1) A o B A2 RS IR A 52 il
B, 2 BN Z W £ 1H A% R B 24 0 8
T A7 T 1 0% e G A Kl B 37 P 358 R 25 A 19 5% 1) 458
AN, FEEZF H B A BRI

TE 20132018 4F [N, J7 [G 2 i (4 A= K i 2 A I
AR Ak, 2016-2018 4F (19 4= K 3 FEAH 3L T 20132015
AR, X 5 AW i ] ELEFAN J7 15 T vRAR 1 45
RN —F . IR A KA T fg 5 H Al
NI B A RIS B B VIR . 1
I Y B P e B A X B T DA A £ 2K ) R A
AR £, SR 28 A A K, 1T Gao A1 1Y
W55 F W, 20162018 4 B 1 B 37 HH B4 KRR B 1) g
AR R, 1X 5 AW 5T 2016-2018 4F 7 [C 2 i A4 K
FERS RIS 3 R — B SO, TS 1A A I Ay 2t

Model 6
b

0.24 +
=)
£
<

0.22
o
Jusg
&

0.20

14‘0 14..4 ]4‘8 15..2
BRI RIZRE/C

Bl 4 AR 2R IR X J7 IR 25 0 FE A 38 6 09 52 )

Fig. 4 Effect of annual average bottom temperature on otolith increment of Pholis fangi



MHEEd 4545

58
Model 2 Model 2 Model 2
036 4 036 034 [
g 0.34 £ 0.34 = 0.33
£ £ £
i i i
0.32 0.32
= 0.32 = =
& T q
= = i
0.30 0.31
0.30
0.28 0.30
9.5 10.0 10.5 11.0 2.7 2.8 2.9 3.0 3.1 0 500 1000 1500 2000
EERERE/C MR AR (ug L) P25 B /ind.
Model 3 Model 4 Model 4
0341 ¢4 e 045+ ¢
0.40
g 0.32 £ g 040
E £ 0% E
= < =
0.30
1T 0.30 e 1z 0.35
= = iz
0.25
0.28 0.30
0.20
20.0 20.5 21.0 21.5 20.0 20.5 21.0 21.5 22.0 225 2.7 2.8 29 3.0 3.1
HZERZRE/C B RZ R C MR A R/ (ng L)
Model 5 Model 5 Model 5
036 [ o 036 034 [
0.34 0.34 0.33
g =) =)
£ £ £
i) i i
m 0.32 e 0.32 0.32
= & &
0.30 0.30 0.31
0.28 0.28 0.30
70 72 74 7.6 7.8 8.0 8.2 2.7 2.8 2.9 3.0 3.1 0 500 1000 1500 2000
AZRZWE/C PR AR/ (ug L) P B /ind.

B 5 BB F X5 R 8 0 1 A 3 it 9 52 )

Fig. 5 Effect of environmental factors on otolith increment of Pholis fangi at age 0
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Growth dynamics of Pholis fangi in Haizhou Bay and influencing
factors explored by mixed-effect models
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100125, China; 5. Marine Development Bureau in Qingdao West Coast New Area, Qingdao 266400, China)

Abstract: According to the Pholis fangi otoliths collected from bottom-trawl surveys in Haizhou Bay during from
2015 to 2019, linear mixed-effects model (LMEM) was used to study the interannual variation of growth rate of P.
fangi from 2013 to 2018 and assess the response of the growth of P. fangi at different ages to external environment-
al factors such as bottom temperature, chlorophyll content and population density. The results showed that the oto-
lith increment of P. fangi differed significantly between ages, with the mean otolith increment of 0.327 mm at 0
year old, significantly higher than that at another ages. The random-effects showed that the growth rate of P. fangi
showed an increasing trend from 2013 to 2015, with a fluctuating trend from 2016 to 2018. The main factors affect-
ing the growth of P. fangi at 0 year old were bottom temperature and population density. The growth rate increased
and then decreased with the increase of bottom temperature, and decreased with the increase of population density.
The effect of environmental factors on the growth rate of P. fangi at 1 year old were not significant, reflecting the
ability of adults to adapt to the environment. This study provided insight into the growth dynamics of fish in re-

sponse to biotic and abiotic factors, which will help to cope with the impact of climate change on fishery ecosystems.

Key words: Pholis fangi; otolith; environmental factors; growth rate; linear mixed-effects model; Haizhou Bay
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