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Fig. 2 Biomass distribution of Pholis fangi, Syngnatus acus, Thryssa kammalensis and Larimichthys polyactis in the Haizhou Bay
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Fig. 4 The differences in distribution of growth parameters in different areas

LA FE R BB R AR I 5 K 3270 AR 1K il 29 1 35 ol 2365 TR (U B XOBR R L5 K Y 95% WA B AR IX 0]

The shaded gray area represents the 95% simultaneous confidence intervals between L., and K



66 WP 4146
Ui Kzt K1 Rl K1 TR X1 ANt X

200 200 200 A 200 -
g 1501 ~ 1501 150 1 150 - -/’”
£ = 1 E £
R £ E 1 E
2100 32100+ A2100 2100

/ A ¥/ 4 X / e /
0V A cimoso 501 AL C195% 01 A cos% 01 A =5
S ’ —Max. Dens. Af”  —Max. Dens. o L y —Max. Dens. .,"l —Max. Dens|
0 L 0142, L 0 148L
01 2 3 456 01234567 01 2 3 45 6 01 2 3 45 6
£ /a A R/a HE/a iR /a
Ti Rz X 82 Rifi e X2 TR EBRAR X502 AN £ X B2

200 200 200 200

150 150 -
£ 150 -
E £ £
=2 £ £

100 ¥ 100 100
& K &

Pt QH 4 y P 7 / 4
01 & cimosv 50 1 / -C1=95% 301 7 CI=95% 301 - C1=95%
/" —Max. Dens. — Max. Dens. —Max. Dens. —Max. Dens.

0_
01234567
HEhk/a

0 L4
01 2 3 4 5 6

AR /a
K’ s

o /= 0 1/
01 23456 0 1

SRR/

2

3
AER/a

4 5 6

5 A 4 Fi£f12% von Bertalanffy A= 4 5 72 il £k 1 70 A

Fig. 5 The distribution of von Bertalanffy growth function curves of four fish species

TR A 1000 454K T 2R 4 A, Bk (CI=95%) 371 95% Bootstrap 5 [X. 6] JIif X 157 ) A= 1 1 28, K152 48 (Max.Dens. ) 36 7% HE 4 1 e K105
B i ST B 9 A2 K 2

Each panel consists of 1 000 growth curves. The dashed line (C/=95%) represents the growth curve corresponding to the 95% Bootstrap confidence interval.

The heavy line represents the growth curve corresponding to the parameter values with the maximum probability density

*1 BYMEFEXEHPEKSHENGEITER
Tab.1 Estimation of growth parameters by species and areas
LY/ [X 45 L,/mm Kla™
77 Rz 1 182.92+4.33 0.48+0.09
TR 2 185.56+3.48 0.50+0.05
ENGYA 1 213.2848.69 0.74+0.07
ENGYA 2 203.3446.67 0.44+0.06
TR G 1 223.05+6.85 0.26+0.09
TR G 2 125.52:4.49 0.50+0.06
INEE A 1 183.79+0.29 0.29+0.06
/Nt 2 215.00+0.21 0.21+0.03

KARABELES; RIGRAEX 1 EAESH
LAK, S8 LA K WBKA G X E S X2
B2 800 A B A AU T 0.05, — % BT B E 25 5
A b BRAE X 1 B RS 1 LB K, S
BL A K MRS BAS XS X 2 M 225K, JLF iR
HESMS, “HHAREES NEMAEXE 1 $
B X BARAT LB K, S LA K G
A X E] 5 X 2 19 2800046 & BUMNT 0.05, —

YEABEER,
4 e

g M5 R G B8 3T T PR 5 IR BRRR AR A2 22,
52 25 Tt L LA K BT v 7K P B AR S e o, LR %
AR PR 5T AR 1] GE T Z) Bl o A 18 BRI B4 | BESR
PRI o A% 8 1 ik T B0 o 7o 18 3l 5% IR Al R
8T RS B, T2 T VR AR S R SLE A
Mg o270 T £ A A AR v 1 2B 25 R LA Y 2 S AR vl
AE 2l o OB | il B S5 7 T PR 3R R W £ 2K ) o A Bl
A0 A SRR v 45 R B9 25 5 AT BESE R R T R
BEAY R G BB AR A A, T R 0 i ) B R
(T K, DAL R 0 288 A AR AIE ) I 225 S Jo P
TURNT i A2 245 2GR AE LA, 2 4 B3 ) B
HAHREZ L ATEREY, I IR i R
Je o B AN /N Bt B AT AN [ 9 5 o AR A R
A e TN R B R A AL T = B A B S A
X T8 M V5 e S A8 S0 98 S 5 i 7 111 F) 7 5 205 A 2R A AH
APES T, A B 45 SRR, 0T RURE A% 3 067 70
PIAS KRB (1B 6)0 XA AE S K TR I 20 A A
BRHW IR, BIZEHRE 1 KA o3 i fE A~C X

SR
52

B
w

1S4
5



1230 EIRAE WY 4 T 0 28 A4 ICRFE 39 25 18] S5 B

67

119°00°  119°30"  120°00'  120°30'  121°00' 121°30'E
36°00" , , \ , ;
N eS|
% 30 m ES:7)
4 5 6 7 8 9
35930 - 40.m

14 15 16 |17 18 19

25 26 27|28 29 30
D

36 37 38 (39 40 41

o0’ J
35°00 47 48 49|50 51 52

B
53 54 55 56 57|58 59 60 61]62

63 64 65 |66 67 68 69|70

] LI C L_120
34°30 L3 il 3 o9s 7

— — 10 m 3
0 25 50 75 100km RE

34°00’
Pl 6 T R G v e ol A W R v S5 R R 2K
ST EE AR A )R B
Fig. 6 Spatial diagram of clustering of fish community struc-

ture in the Haizhou Bay and its adjacent waters

B0 3 7, FL K GRS FETAAE 20 m DA 2 2 KR4
J A AE D~E XI5 07, KRN 20 m AR . F
LIRS B, K R 5 W T VR A W TR S A 22 S 1Y
IR R Z 30, A [/ A5 i S5 SR AR .
PRI, A A 5 v v M VS T 3550 Sy R L K T A IX
S, AR KRR AR R T 0 AR BRI IR 4 0 Y S M
—E TR LRI T OR [ A Y SR B L BRI DG & AT g X
i 38 K AR

T IR B/ ) VBGF 2 80 A VR B 1 i) 2 ] 5=
P, Xk 2 rf B R A AR R AR LA K S
K, X AT R R A AR RRAE AT 56 . ACHIFSE vh 7 IR == i
TE MV AR AL FAE A — D I A 2 A s X, ST
WEFE R, WIS T IR = SR E R 9 3 A 32 BIK TR 25
R ) S 3 S, TR BT RS 70 km, KK 36 m i)
TR AR ) i 1 DA 12, 3R RE 5 1 I 48 K AT T
SPAEAE BT O BT X B IR B A R
Az v AR 7 07, DT A2 = A AR SR RO, L S L T
X LA A 1 A i DA R R R R A

ARG TE ) VBGF S 5UAREE T 1A 1 1) 25 8] 55 e,
FERA X P A K S K B BENES, MR
K XA B R A 1 K DX LA T R A A K R X ]
A5 A A7 IR BE 0 22 S MR 1 PRI e A OGO R ¥ 35
WWH 2 NGB Bl AR S R, B IR A A
1o, FLA B R E 7 e, T R T AR P A
Koo S35, ARV e S — i I I G 2 20,
SE RT3 BN Tt A2 5 el 9 ¥ e 4 A1 e B S Y PR R
K, QUG AL 2 M 2 F 2 A AR T R X, 7
FRAC T U AE B8 R g X Ar g 2200, A KRt
ZREVZOREERSBEP I EANRE, EHE %

LA A v )R R () RS A, A TR LA 3
(AR R, 7R A RN R o

i Stz B2 1Y) VBGF S 407E 9 A X Sk b B A B 8
(25 5, RETIJRAE X3 2 TP IR AR A A BRAR G L, 5 3
AN IR 1 A S A SR (7 A A R 2 S 1 S R m
REAN A2 LI, 2 TR AR M 22 S =
B o ABIFGE BT AT A Il B IR I A A 9 L
IR I, T R S e A S — Rl N R A
G ShAE R LR K, PR R RS 9 1D A e
Rl . MREAR A KA R A R ] LAE ok B i
FEES R UK X UK T /AR (UK 60~ 117 mm),
AN Tt L S M 2 T v A A A 2 B, — T 1T PT
W TR B EEE T R W /N 2 B4y
A5 73T R T TE 8 5 X A /0, 5 — T ] g O A TR
FH XL B I 11 755 2 (6 m) LA K R4 9 X K IR (RF 20 m)
Ao HT B SRR B, FHARRF 5 K
DX TR A b AT AR K SHUN AL, PR R 80 S Al G 45
B HAFTE R R I 22, 7™ S (AN AR BRI . 1
SESRL 2 BT LA SR R AE T I I B X ATS AT AN 22 (0 4 A
Sy, ATREE T B X B R I B R, R A K
Gy, LB XK BRAR G B, 0L & B T RE U A1
IKGRATHAE L B R

/N VBGE S8R B T B 58 142 ) 52 5 b
ANEEAAE X 1 T B AR LA = Y K, X g
5 L E > M A IR o A A G . AN R — T
2oy AR 1 3R W U I AR 2, AR IR AL R R A
ARCT ST BB, T NI K LA 3 VA R N )
B L7 R iR T8 22—, I T 7 R 3 S A T AR
FEVRHAIE X Y B X, Hb A 0 7= BRIl 18 2 T
TEIX A E XM LA K E XOFN C XA 28 #2350 4y, IR A 4
T AL e /N B 0 A X X Y — S B4 A,
A0 77 O I A A BT A VR Rl R A R B
B, AR AR A K A T i e R e ek B, A
775 3502 K B R L A R A R ), ikt AR
WFIE I R4 ANFT A o T B, X F /N
AP A0 S ke U, pl T R I i Y e, AT
REAE A [ DI A 4 AR AR 2 & T IR — AR, BAS [R) 1Y
DX 350 A AR 1T B SR () — A A A AR T o 4% B B A o
Uie A3 A o PRIt T 330 - B 8 3000 i 1 b 2K R 1, 7 5K
B AfF 5% F A 1 AR HE L DIE 3 5 91 L A9 235 () 7 26 SR B A
S L SESEUTEER2E  IARAF 5
TR SN 25 5 0T BB 48 A7 36 R 1 25 S i = A
(1, MR R AR B A KRR IR I 25 57

BRORE, MM 4 Fh E AR KR SRR



68

M2 4148

B — 7 1978 (R S m b R R RN R K S
Bn a3 o) S B PR R BB WY . X b 22 AT REJE
Az E] b i FRAC AR . BEVE S5 R LUK ) Rl B {0 i
ST 0 25 ST AR 1, AR H AR I A T SR A
XFHE AN, AN B g I 1S R 408 3 v, R ot %o T 3
JURh i 28 A K S 500 22 R) S5 54 17 L 4% Dt PR e L 3
PR P R B, A5 AT A S A T R R R A A 5
PLSRAMABE S B L o i) an— SE R 57 2 SE 7E —
FREE DGR & 38— g 2 A KR &
A 3 IO Y BRAE DL BRI A B4 AR R AR Ak, BT
B TELRE LA K S e o, — e il R
1 A BT A T A 25 0 114 22 5 T RGN AAR 11 A K =
Az —E WS, AR TR A W R HE B, DL R T RHAE
P 0 A R /NS TR R R 4 3 B IR A ROIR B R AR
— B R AR AR 5y — T, PR AR P A R A R AT
], 61 Gy Az [ A SR/ INAH DG F) B8 T 23 44 i fiff
PR PR A K AR RS B, 5 SO IR KR
FEARE,

WS K A VBGF i fifi 119 ELEFAN J5 i AE N
— PR AR A PTG s, T R ) e AR EOHE 2%
U Shy — JEVAE P, B T HEAT DR R A T AR A5 A A KA R
2 RSCEAE T, R TSR A 1 A K SR 22 RN . TR
S Hp AZ R A AR S T PR 3R S, kR R R Y
B AT BEME LASRERL, 51 QA BIF 5T T 2R A 00 9 A B Sk 2
A s ] (1) Bl ) 3 62 22 A7 TR A Bl , X BE T RE 2 S B0

Sk

BAGTEAIR e MR K R — SR SR T
I/ ELEFAN J5 Al 58 A 4 S BN 2 P A g i os el
11 Schwamborn 4514 [ fF 58 2 1, 454 Bootstrap [
ELEFAN J7 % AT DL S g b $FAdy i 450 A Jo o ) AL T
SR A K SHUG T AS & P, 25 ALY AR K S8
B A X ) . AR SCHLR T AR 7 s, X 45 AR AR
HEAT 1000 YK A4 FE A Ol 33028 K S0, DLl /D AR 4
SO FORAEH R BT A AN o

T BB, AR E R VBGF A K S HE R
A5 YR AR KAB LI FE B, IR H] ELEFAN Jy ik ik
FHAER S B R, FErn R B 2K T LT LA
FEARAMRBE A FEME: (1) VBGF A] LU 1Y 404 BT #F
FEW) Tl A KRR 5 (2) BT BIF 5 0 4 2 8 A5 1 ] B
P A KRR IR AT R 3 I AR Ak (3) BRI ST 4
A AR B AR AR SRR I, B 1) 22 5 R B
AMRAEIS ) 22 SEULE I o XS AR A B &
X AR SR = A R R ), 764 Ja I 5 P L A 22
PEATHE— 2 BT . BN, ASHIFSE 85 BT I 5E A 9
Fofr 2 KR AT AE I 2 10 (B A R A W AR A, (R 2
WHoE R, RIS R G Z 85
5 16 77 45 75 T 0 B 36 T (9 22 A0 28 A SRR AE & R
T —E ARk, anfa o/ NRLAR | AR R TR R AR
R, A I BB 9 FP 32 ) B 2% R £ 2 A K A B[] A
25 (6] b A9 AR Ak, DA e i 7 o A AR A L B R
B AL S X A E S R G R .

[1]  von Bertalanffy L. A quantitative theory of organic growth (inquiries on growth laws. Il )[J]. Human Biology, 1938, 10(2): 181-213.

(2] A% @ EEIER M. Jat A E Al REE, 1995: 25-31.

Zhan Bingyi. Fish Stock Assessment[M]. Beijing: China Agriculture Press, 1995: 25-31.
[3] Beverton R J H, Holt S J. On the Dynamics of Exploited Fish Populations[M]. Netherlands: Springer Science & Business Media, 1957:

35-37.

[4] Du Pontavice H, Randon M, Lehuta S, et al. Investigating spatial heterogeneity of von Bertalanffy growth parameters to inform the stock

structuration of common sole, Solea solea, in the Eastern English Channel[J]. Fisheries Research, 2018, 207: 28-36.

[5] Midway S R, Wagner T, Arnott S A, et al. Spatial and temporal variability in growth of southern Flounder (Paralichthys lethostigma)[J].

Fisheries Research, 2015, 167: 323—-332.

[6] Williams A J, Farley J H, Hoyle S D, et al. Spatial and sex-specific variation in growth of albacore tuna (Thunnus alalunga) across the

South Pacific Ocean[J]. PLoS One, 2012, 7(6): €39318.

[7] Randon M, Réveillac E, Rivot E, et al. Could we consider a single stock when spatial sub-units present lasting patterns in growth and
asynchrony in cohort densities? A flatfish case study[J]. Journal of Sea Research, 2018, 142: 91-100.

[8] Punt A E. The performance of a size-structured stock assessment method in the face of spatial heterogeneity in growth[J]. Fisheries Re-

search, 2003, 65(1/3): 391-409.

[9] Lorenzen K. Toward a new paradigm for growth modeling in fisheries stock assessments: embracing plasticity and its consequences[J].

Fisheries Research, 2016, 180: 4—22.

(10] X85, #Ro<HE. /N8 £ Larimichthys polyactisW I —1K T 5¢ R TR ECS 7= OO BEIASS 18] 73 A5 FH OCHERTT 72 (0], ¥4 2441, 2014, 36(6):

124-130.

Liu Yong, Cheng Jiahua. Study on the correlation between spatial distributions of the spawning groups and the power b in length-weight

relation function of small yellow croaker (Larimichthys polyactis)[J]. Haiyang Xuebao, 2014, 36(6): 124—130.


http://dx.doi.org/10.1016/j.fishres.2018.05.009
http://dx.doi.org/10.1016/j.fishres.2015.03.009
http://dx.doi.org/10.1371/journal.pone.0039318
http://dx.doi.org/10.1016/j.seares.2018.09.012
http://dx.doi.org/10.1016/j.fishres.2016.01.006
http://dx.doi.org/10.3969/j.issn.0253&#8722;4193.2014.06.015
http://dx.doi.org/10.3969/j.issn.0253&#8722;4193.2014.06.015
http://dx.doi.org/10.3969/j.issn.0253&#8722;4193.2014.06.015

12 4

FHEEE: WG IN T 4 Fh 2 AR KRR A 2 ) S 69

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

23]

[24]

[25]

[26]

271

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

ISHE, TRIEEE, BEAE, A5 MM T R 2SR A S IR E A RHAE S LG R [I]. DR RE, 2017, 24(6): 1323-1331.

Luan Jing, Xu Binduo, Xue Ying, et al. Size distribution and length-weight relationships in Pholis fangi in Haizhou Bay[J]. Journal of
Fishery Sciences of China, 2017, 24(6): 1323—1331.

Ma Qiuyun, Jiao Yan, Ren Yiping. Linear mixed-effects models to describe length-weight relationships for yellow croaker (Larimichthys
polyactis) along the north coast of China[J]. PLoS One, 2017, 12(2): e0171811.

Ying Yiping, Chen Yong, Lin Longshan, et al. Risks of ignoring fish population spatial structure in fisheries management[J]. Canadian
Journal of Fisheries and Aquatic Sciences, 2011, 68(12): 2101-2120.

Stephenson R L. Stock complexity in fisheries management: a perspective of emerging issues related to population sub-units[J]. Fisheries
Research, 1999, 43(1/3): 247-249.

Xu Binduo, Ren Yiping, Chen Yong, et al. Optimization of stratification scheme for a fishery-independent survey with multiple object-
ives[J]. Acta Oceanologica Sinica, 2015, 34(12): 154-169.

rhie A PR ] 1 R 0 W B A B R R, o R AR A HIZE B <5, GB/T 12763.6-2007, 1A I 56505 1BVEEY
JHEE[S]. LAt s EARE L Rk, 2008,

General Administration of Quality Supervision, Inspection and Quarantine of the People's Republic of China, National Standardization
Management Committee of China. GB/T 12763.6-2007, Specifications for oceanographic survey—Part 6: Marine biological survey[S].
Beijing: Standard Press of China, 2008.

Pauly D, David N. ELEFAN 1, a BASIC program for the objective extraction of growth parameters from length-frequency data[J].
Meeresforschung, 1981, 28: 205-211.

Taylor M H, Mildenberger T K. Extending electronic length frequency analysis in R[J]. Fisheries Management and Ecology, 2017, 24(4):
330-338.

Efron B, Tibshirani R J. An Introduction to the Bootstrap[M]. Boca Raton, FL: Chapman and Hall/CRC, 1993.

Magnusson A, Punt A E, Hilborn R. Measuring uncertainty in fisheries stock assessment: the delta method, bootstrap, and MCMC[J].
Fish and Fisheries, 2013, 14(3): 325-342.

Powers S, Jones P B. Two basic programs to compute Hotelling's T-square statistic[J]. Educational and Psychological Measurement,
1986, 46(3): 663—665.

Mildenberger T K, Taylor M H, Wolff M. TropFishR: an R package for fisheries analysis with length-frequency data[J]. Methods in Eco-
logy and Evolution, 2017, 8(11): 1520—1527.

MRIEHE. BRI LS5 X SRS T T]. MR, 1989(6): 7-15.

Lin Meihua. The submarine geomorphological zones and geomorphological types in the Huanghai Sea[J]. Marine Sciences, 1989(6):
7-15.

T S R R R D1 2. PRI RS SR U I —— LD AR B B ARV L R AR M. b st M AR, 1993.

China gulf Chronicles compilation committee. Compilation Committee of Chinese Bay: IV [M]. Beijing: China Ocean Press, 1993.

TR, SRR, DB, 45, B K AN i AR R 5 ARUT K B G R I BT[], HHTEAAR, 2006, 28(5): 26-34.

Yu Fei, Zhang Zhixin, Diao Xinyuan, et al. Analysis of evolution of the Huanghai Sea Cold Water Mass and its relationship with adja-
cent water masses[J]. Haiyang Xuebao, 2006, 28(5): 26—34.

Hilborn R, Walters C J. Quantitative Fisheries Stock Assessment: Choice, Dynamics and Uncertainty[M]. New York: Springer, 1992.
Quinn T J, Deriso R B. Quantitative Fish Dynamics[M]. New York: Oxford University Press, 1999.

Pikitch E K, Santora C, Babcock E A, et al. Ecosystem-based fishery management[J]. Science, 2004, 305(5682): 346—347.

Fujita T, Inada T, Ishito Y. Depth-gradient structure of the demersal fish community on the continental shelf and upper slope off Sendai
Bay, Japan[J]. Marine Ecology Progress Series, 1995, 118: 13—23.

Connolly S R, Roughgarden J. A latitudinal gradient in northeast Pacific intertidal community structure: evidence for an oceanographic-
ally based synthesis of marine community theory[J]. The American Naturalist, 1998, 151(4): 311-326.

Moranta J, Stefanescu C, Massuti E, et al. Fish community structure and depth-related trends on the continental slope of the Balearic Is-
lands (Algerian Basin, western Mediterranean)[J]. Marine Ecology Progress Series, 1998, 171: 247-259.

ZEML, AR, IRTERR, AR B RIS R XNV T R A R TR S B A 1 s [T]. TP K PERRE, 2015, 22(4): 812-819.

Li Min, Li Zengguang, Xu Binduo, et al. Effects of spatiotemporal and environmental factors on the distribution and abundance of Pholis

fangi in Haizhou Bay using a generalized additive model[J]. Journal of Fishery Sciences of China, 2015, 22(4): 812—819.

Small L F, Menzies D W. Patterns of primary productivity and biomass in a coastal upwelling region[J]. Deep Sea Research Part A.
Oceanographic Research Papers, 1981, 28(2): 123—149.

Ryther J H. Photosynthesis and fish production in the sea[J]. Science, 1969, 166(3901): 72—76.

A5 TR, 35 P ES T IGEM]. 5D AR RHERAE T R, 2015.

Shi Qiong, Fan Mingjun, Zhang Yong. Economic Ichthyography of China[M]. Wuhan: Huazhong University of Science and Technology
Press, 2015.

N R B AR A Y A3 18] A SR SRR T OC R (D], T & P RO, 2013.

Wang Xiaohui. Spatial distribution of dominant fish species in Haizhou Bay and their relationships with environmental factors[D]. Qing-


http://dx.doi.org/10.1371/journal.pone.0171811
http://dx.doi.org/10.1139/f2011&#8722;116
http://dx.doi.org/10.1139/f2011&#8722;116
http://dx.doi.org/10.1007/s13131&#8722;015&#8722;0739&#8722;z
http://dx.doi.org/10.1111/fme.12232
http://dx.doi.org/10.1111/j.1467&#8722;2979.2012.00473.x
http://dx.doi.org/10.1177/0013164486463022
http://dx.doi.org/10.1111/2041&#8722;210X.12791
http://dx.doi.org/10.1111/2041&#8722;210X.12791
http://dx.doi.org/10.1111/2041&#8722;210X.12791
http://dx.doi.org/10.3321/j.issn:0253&#8722;4193.2006.05.003
http://dx.doi.org/10.3321/j.issn:0253&#8722;4193.2006.05.003
http://dx.doi.org/10.3321/j.issn:0253&#8722;4193.2006.05.003
http://dx.doi.org/10.1126/science.1098222
http://dx.doi.org/10.3354/meps118013
http://dx.doi.org/10.1086/286121
http://dx.doi.org/10.3354/meps171247
http://dx.doi.org/10.1016/0198&#8722;0149(81)90086&#8722;8
http://dx.doi.org/10.1016/0198&#8722;0149(81)90086&#8722;8
http://dx.doi.org/10.1126/science.166.3901.72

70 WP 4146

dao: Ocean University of China, 2013.

(371 ARIRAL, BREEAS. /N IRBR 2 A BT D], th KPR, 2009, 16(6): 931-940.
Xu Zhaoli, Chen Jiajie. Analysis on migratory routine of Larimichthys polyactis[J]. Journal of Fishery Sciences of China, 2009, 16(6):
931-940.

[38] Morais P, Daverat F. An Introduction to Fish Migration[M]. Boca Raton: Chemical Rubber Company Press, 2016.

[39] Secor D H. Migration Ecology of Marine Fishes[M]. Baltimore: Johns Hopkins University Press, 2015.

[40] Thresher R E, Koslow J A, Morison A K, et al. Depth-mediated reversal of the effects of climate change on long-term growth rates of ex-
ploited marine fish[J]. Proceedings of the National Academy of Sciences of the United States of America, 2007, 104(18): 7461-7465.

[41] Denit K, Sponaugle S. Growth variation, settlement, and spawning of gray snapper across a latitudinal gradient[J]. Transactions of the
American Fisheries Society, 2004, 133(6): 1339-1355.

[42] Bjornsson B, Steinarsson A, Oddgeirsson M. Optimal temperature for growth and feed conversion of immature cod (Gadus morhua
L.)[J]. ICES Journal of Marine Science, 2001, 58(1): 29-38.

[43] Sinclair A F, Swain D P, Hanson J M. Disentangling the effects of size-selective mortality, density, and temperature on length-at-age[J].
Canadian Journal of Fisheries and Aquatic Sciences, 2002, 59(2): 372—382.

[44] Swain D P, Sinclair A F, Hanson J M. Evolutionary response to size-selective mortality in an exploited fish population[J]. Proceedings of
the Royal Society B: Biological Sciences, 2007, 274(1613): 1015—-1022.

[45] Aikio S, Herczeg G, Kuparinen A, et al. Optimal growth strategies under divergent predation pressure[J]. Journal of Fish Biology, 2013,
82(1): 318-331.

[46] Schwamborn R, Mildenberger T K, Taylor M H. Assessing sources of uncertainty in length-based estimates of body growth in popula-
tions of fishes and macroinvertebrates with bootstrapped ELEFAN[J]. Ecological Modelling, 2019, 393: 37-51.

[47] Stokes T K, Law R. Fishing as an evolutionary force[J]. Marine Ecology Progress Series, 2000, 208: 307-309.

[48] Ernande B, Dieckmann U, Heino M. Adaptive changes in harvested populations: plasticity and evolution of age and size at maturation[J].
Proceedings of the Royal Society B: Biological Sciences, 2004, 271(1537): 415-423.

[49] Law R. Fishing, selection, and phenotypic evolution[J]. ICES Journal of Marine Science, 2000, 57(3): 659—668.

Spatial heterogeneity of growth traits of four fish species in the Haizhou Bay

Wang Kun', Zhang Chongliang', Wang Jing', Ren Yiping

(1. Fisheries College, Ocean University of China, Qingdao 266003, China; 2. Laboratory for Marine Fisheries Science and Food Produc-
tion Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071, China)

Abstract: Growth parameters of fish are commonly assumed homogeneous in traditional fish stock assessment.
However, increasing studies in recent years have shown that the growth of marine fish is characterized by spatial
heterogeneity. To evaluate the spatial heterogeneity of growth traits of the fishes in the Haizhou Bay and its adja-
cent waters, this study analyzed the spatial distribution of 4 fish species and estimated their von Bertalanffy growth
function parameters using otter trawl data collected from 2013 to 2018. We fitted the growth equations for Pholis
fangi, Syngnatus acus, Larimichthys polyactis and Thryssa kammalensis using Electronic Length Frequency Analys-
is method in combination with the Bootstrap and compared the differences in growth parameters between deep- and
shallow-water regions. The results show that growth parameters of the fish species exhibit certain levels of spatial
heterogeneity, in particular Syngnatus acus and Larimichthys polyactis show substantial spatial heterogeneity.
These differences may be attributed to the variations in spatial physical and chemical conditions, community struc-

ture and migration of the species.
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