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Fig. 1 Location of Furongdao artificial reefs and investigation sites
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2014—20174E 34 354942 , 5 4% wli v e 3R 1) &
AP I N31.9%, X K 68T % CPUEN
287.84+254.95 g/(netxd), FkZE A3 600.22+1 816.96
g/(netxd), AEME X F 2% CPUE #363.82+630.16
g/(netxd), #kZ= K1 017.43£1 205.38 g/(netxd), H
KR 25 R W, 2=l X AR #E X CPUE2:
SRR EF=0862, P=0.362), FkZfE X CPUE
BEE TIEMX (F=12.660, P<0.001), Z3IEHf
X 143,535 (F12) o il X 2 1) 44 95 Bl R 205~500
mm, REAEHEE H270~275 mm, K= TLE N
110.84~1 755.53 g, A J5T it 34545 210.84~260.84
g(#13), AEME X B2 1A KA Fl H225~465 mm, A&
B FI A 148.00-1 455.31 g(1K4)., Tl X RN AR X
KK ERAEEFE=0.076, P=0.785), {HIKK
R 350 mm A B8 35 B IR AR A X (1K 4) . ik X R
ZMEH Ta=2.450x10"°, A KF5%b = 2.878(FH %
FHR =0910), KK (45).

N = R & J5 250 B A K Pearson A 54 43
Mol R &R % N T 58 CPUE ., “EH KK Y%
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(P <0.01, 1), #2732 22 3] 4F
BYEI (P < 0.001, 1), AT faffE. AGHXE
IR K 5200 3 . (P> 0.05, # 1), Pearson
SrHT R, CPUES KR . W4 . sEsFEE .
TRIFRE F R . RIS AR i AR OGP < 0.05,
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Fig.2 Seasonal variation of CPUE

1. spring, 2014; 2. autum, 2014; 3. spring, 2015; 4. autum, 2015; 5.
spring, 2016; 6. autum, 2016; 7. spring, 2017; 8. autum, 2017
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Fig.3 Standard length and body weight frequency distribution of L. haematocheila in Furongdao artificial reef area
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Fig. 5 Relationship between standard length and body
%] EREL < % F
4 REBATERXIIFRREKSHHEL weight of L. haematocheila in Furongdao

Fig. 4 Boxplot of standard length of L. haematocheila artificial reef area

in Furongdao artificial reef area and the natural area

®1 ZRERESN
Tab.1 Results of three-way ANOVA

Wi 7 4% A& H R ¥ F value P value
response variable independent variables degree of freedom mean Sq.
CPUE EfY year 3 12289017 6.819 <0.001%#*
J#3  month 1 91230 128 50.622 <0.0017%**
NTfaff  artificial reefs 1 26 409 143 14.654 <0.001%***
Ffrx A year<month 3 9768 734 5.420 0.002%*
RSN S Ay year 3 23432 14.124 <0.001***
mean standard length A4 month 1 5084 3,064 0.094
ANTLfafE  artificial reefs 1 1337 0.806 0.349
< A4} yearxmonth 2 4877 2.940 0.074

VE: ®HP<0.001, **#340.001<P<0.01
Notes: *** represents P<0.001; ** represents 0.001<P<0.01.

FOME R 7K IR 5 AN TR m 3, o), HAE R AR X (] 5),
% B A A SR BE K IR T = i, ELAE AR X H Gaussian GAM A5 71 i 1 48 1 b 7K I Fn &k
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%R 2 PearsontHX 151

Tab.2 Results of Pearson correlation test

IEEKF environmental factors

o L2 R
response variable KR e peas el (R ESy FHEYEE  FHENEE FESEYE
temperature Salinity DO P Bacillariophyta  Phytoplankton Zooplankton Zooplankton
CPUE —0.552%%** 0.029 0.313* —0.116  0.670%** 0.669%** —0.249 0.519%**
SFEEfAC
0.211 0.210 —0.401* —0.001 —0.452* —0.454* —0.124 —0.197
mean standard length
T HE K PearsontSE REL *250.01< P<0.05, **+4P<0.001
Notes: Figures represent Pearson correlation coefficients. * represents 0.01< P<0.05; *** represents P<0.001
%3 CPUERYDelta GAME it 5!
Tab.3 Optimal Delta GAM for CPUE
FEAE TR SRR R % RIERE R ALC IKE T Pal
number of samples _ deviance explained  R-sq. (adjusted) ¢ driving factors value
Binomial GAM 56 58.50 0.621 43.235 /K s(temperature) 0.017*
ANTfaffE  artificial reef 0.008**
HEET  intercept 0.263
Gaussian GAM 29 63.90 0.550 519.707 /K s(temperature) <0.001***
HEET  intercept <0.001%%**

SRR *90.01< P<0.05, **90.001<P<0.01, ***}yP<0.001.
Notes: s represents cubic regression spline, * represents 0.01< P<0.05; ** represents 0.001<P<0.01; *** represents P<0.001.

A, AICCfHf MK, AL IEDE ZEH0.419, 5%
ZEfR R N 51.0%, ART A A28 A6 & /K I By A
RI(FR3), PRE B AR A 15 K A A5 2R A
A Gaussian GAMg LAY . Gaussian GAMEz {5 5
AIFW], CPUEAZ /KRR &2 (P <0.01, #£3),
oK IRAR T8 °CHE, CPUERE /K I 19 FF v i 3
hn, 2K KT8 °CHt, CPUERH /K iR A 7 &5 ifii
FEAR (1% 6).

W FH 1E 25 Q-Q& Hl Shapiro-Wilk K 36 36 I A%
RIFR 22 IESE, BWIGAMELR . IEZQ-QE %
B Binomial GAMA % Fl1Gaussian GAM 55 A 5% 72
FARFFE LS (7, E8). Shapiro-Wilk# K
R, BARIGR 22456 1IE 254340 (Binomial GAM, w=
0.970, P=0.177>0.05; Gaussian GAM, w=0.982,
P=10.901>0.05).

23 FREFIRTEEKF N

v Gaussian GAM #5581 73 B - ¥ R K 5 45
PRI~ A I 0 DG 3R, e DB AL 485 2R /R 8 P I R K
2 BNk AR S ) A B I 2 (R4, 1K19),
2k R /N T 3%10° AS/m’i, SR YR K B A
B LT R R, MESTRE; R REK
Wit V7 17 20 ) = B S i S 2R R A # (1819), X
R o B DL B R A AT G . Q-QIEI R
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SR HR 25 FEARLSF A 1IE A 401 (8110),  Shapiro-Wilk
e R IR 2245 A IEAS i (w= 0963, P=0.552),

3 iR

TRl 2 5 8 2R A3 A ) B AR B R, X
K AR AP H GAMAR R 43 A 15 M V5 /)N B 0 43 AT
FRIERBL, Afy. fiE . KEX /NS CPUER
M J8 3 o TR 75 55 B0V G AMUSE 78 4 36 M 7 R
W 7N 26 Al (Hexagrammos otakii) ) 43 A5 F ik, 1IEHA
A6y o KRN B 5 e H A A 1Y) 32 2 A B
F, FREIFAR XS H AR W SN . A
AR X e PR S AR, XA 6 AR ) 4
A Z B K . EhBE . pH. DORYSZ MU,
% )& T T AR M A R W R T R K
WL RCIR K 38 A A, X R S N LT
B, 3R AR AR X8R = B 52 0 I AN B

25 FLAEBITF2010—201 14F X 3% M 75 7 vk 3h
YIREE B 2T R A R B, R 201044 ZE 4 )
WA LT, 78 H T AR R A IRk
PEFARN . W45 D00 BT R 3 7K 3 5% Y5
WAERY, BARETRE, FRERM. KB
N LA X CPUER B Bk R | T/ 1 HE
i, HGAMABI AL SRR W BE & KRB s, 88
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Fig. 6 Influence of predictor factors on CPUE
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x4 FHEKHGAMRMRIRE
Tab. 4 Optimal GAM for mean standard length

IRIE P F 5
R-sq. (adjusted)

SRS

number of samples

SREMRER/ %

deviance explained

Xz
AlCc f} rlib A P value
driving factors

29 86.20 0.793

T FEIE  s(Bacillariophyta) <0.001%**
306.088 TN A s(Zooplankton) <0.001%***
HEETN  intercept <0.001*%*

e SRR AL+ P<0.001.
Note: s represents cubic regression spline; *** represents £<0.001.
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Fig. 9 Influence of predictor factors on mean standard length
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HE B AE X 50 mAb . Topping®: "%} 21 H 8 (Lutjanus
campechanus)TE N T il X 1% 3l 0 [Fl #1152 sh Rk
WFIE R W], 30% 10 #1258 3% 43 A1 76 1 25 i X 30
mya A, JF K5I R R IE A G, B4R
oA R DY L Y, X B CPUEE iy T 3E il
X, H20154E8kZ . 20164F K AR 1k X 5 R Al 1k
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R R 48 350 mm i % 3228 1 AL RE X,

Fik 9 o B R R i B2 T B AR R Y G I T
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At 300 R) — M A A B2, AS TR A A ) B 25 S A
AN, BEEEWREATEESR, KK 7200~249 mm
(A BR AR B0 B B R, K 250~399 mm ) B2 5% £ R
JE#:200~249 mmigAI%, 4K K T400 mmf 62 4%
BRI B REAL, SR K EUE AT N . 62 3
J&E R BRI 22 BUAE TS 38 B i R, L Bl A7 08
KM FEAREY, 02 741K K 4210 mm, R E R
JERER, HERMWE R, B REE
%, FE R il XA X R iR R K
A5 Ak S 205~500 mm, 3X A fi 2 1 R 1
AR I ik 98 = B T AR AT ) S AL

BRI M GAMBE AL ZE SRR B, 1Rz sh i &
JEJE R K SN F, RIS YR B
SR 5 CPUER A — @ M, (HIFE iR K Y
KHER . BRI, 9209 FE IR EY
VRV S A O TR AR, R AR T 1S mmi)
B RHE W LIRS o £, R K 15~45 mmiY
% 0 LA VR Ui sl ) T g A o8 L IR R 200
mm (4 82 R A ) B LRI O T, RIS
Pyt B S AR I T A a0 B K
P Y 2 A8 T BE S SRR 5 K i £ 0 1)
O3 AR TR S T B RAR R Kb . AR
M, FEEEK K TF400 mmig s iy, Ry £
JERI/INF260 A /m’, TR S F B 1800 ~/m’
AL, BF AR R T270 mm,

4 Zhik

ARHFFE BT T 3N 5 5 N T fa il [X 6%
CPUEL PR KB A B R A8 fk, A T faff
R B X R R R A —E . 2014—20174F
BT, BAEHEX 0504 32 B2 BN T A |
K. R shY . U, R
fift S . pHITAER W 8R40 A (1) G SR R 22 . BRTE N
TAMEX H AR R TR, BEEKRP
Fher, 82 H B R AL ; CPUERE KR M
TSGR R, FEAES °Cik Bl & &
{E; BESEFEE/NT3x10° N/m'i), 827 Bk K B
FEBE R LA R R, RSB TRE; oI
Bt V7 Ui 20 4 = 4 i 2 IR AR

EEpaE
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Distribution characteristics of Liza haematocheila and its relationship with
environmental factors in Furongdao artificial reef zones, Laizhou Bay, China

WANG Xinmeng ', SHENG Huaxiang ', LIU Shude’, FANG Guangjie ',
YU Haolin', TANG Yanli ", LIANG Zhenlin’

(1. College of Fisheries, Ocean University of China, Qingdao 266003, China;
2. Shandong Hydrobios Resources Conservation and Management Center, Yantai 264003, China;
3. Marine College, Shandong University, Weihai 264209, China)

Abstract: Abundance of Liza haematocheila has declined rapidly since the 1980 s in Bohai Sea, due to the
increasing fishing pressure caused by the change of fishery methods. Furongdao artificial reefs (ARs), located in
Laizhou Bay, has provided a good habitat for L. haematocheila, making it one of the major fish resources in the
AR area. In order to explore the response of L. haematocheila to environmental factors, the effect of environmental
factors, artificial reefs, food abundance on CPUE and mean standard length of L. haematocheila were analyzed
using GAM model. L. haematocheila were collected by trammels survey of Furongdao ARs during 2014-2017.
The results showed that there was no significant difference between average CPUE values of artificial reef area and
natural area in spring (P = 0.362), however, the CPUE in AR area is 3.53 times CPUE in the control area in the
autumn. Three-way ANOVA showed that CPUE is significantly affected by year, month, artificial reefs and
interaction effect of year and month (P < 0.01). Average length was affected by year (P < 0.01). Results of Delta
GAM showed that the probability that L. haematocheila occurs was significantly influenced by temperature and
whether the site is in the AR area. The probability of presence is higher in AR area than in the natural area. As
temperature increases, probability of presence decreases. CPUE increases when temperature is below 8 °C and
then decreases. Mean standard length of L. haematocheila is influenced by abundance of Bacillariophyta and
zooplankton. When abundance of Bacillariophyta is smaller than 3x10° cells/m’, mean standard length decreases
with the increase of the abundance of Bacillariophyta, and then tends to stabilize change. Mean standard length
decreases with abundance of zooplankton rises. In conclusion, L. haematocheila is mainly distributed in the AR
area at low temperature, and large fish is mainly distributed in the area with low abundance of Bacillariophyta and

zooplankton.
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Corresponding author: TANG Yanli. E-mail: tangyanli@ouc.edu.cn

Funding projects: Project of Scientific and Technological Innovation of Marine and Fisheries in Shandong
(2017HYCX007)

http://www.scxuebao.cn


http://www.scxuebao.cn

