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Fig. 1 Map of bottom trawl survey areas in Haizhou

Bay and adjacent waters
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PR AR R 0 5 25 b S MR S B, il F AR IR T
fli GAM #5309 . &1k, Hrh GAM 3Rk
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AT 4 R B R B ALY, F BRI I O R E A
[FIACE s SO HR SO AT, R AR
n il Wi (x,-—)?) (xj—)?)

Global Moran’s I = — 5
* PO (xi— ;)
= (7

(6)

A, xS RIIER S, x IR 2E A B,
n HUSAEEL, w oA AR AR M CY Al g X
HARSEI, AR 1, RZH 0).

oA TR K H] delta J7 25 500 R Ul 75 26
GRS A, TN A5 5K A PSRRI,

Z; ~ Bernoulli (m;) (8)

R E K7 2: 2 E /) sponsored by China Society of Fisheries

Ai ~ Normal () 9)
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RS TR SR ) %o e AL I i AR e AR B, P A AH
T A5 3] e 2L T I 3K o

K FH 28 SCIUE T3 26 A AR 0 0000 1 8 144 7 A
B, MR e 80% 1E A IR 4R, HiA
20% YE R BGAELE , A0 B 4SS 20 30 0 F B SR 2 (]
MM CR, ZE B ER 300 K.

18 2 W T R A 7 FVYCOM™” (finite-volume
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VR P T Ak 2R Ul 7S 4 A0 0 TR o A B AR PR AR 1k
Wi W, 2014 4F A0 X i 3K i 5 Ik, o 0.141 kg/h;
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R1 BNEREXREAEEEINERENERET L

Tab.1 Interannual variations of relative catch rate of

H. otakii in Haizhou Bay kg/h

0y Sl FEn |

year mean range

2013 0.245 0.094~1.833
2014 0.141 0.087~0.750
2015 0.265 0.070~3.844
2016 0.302 0.036~1.776
2017 0.153 0.086~0.992
2018 1.048 0.082~6.179
2019 0.165 0.040~1.580

W YO FE A R ME i KIS 2R ) B I AR R v 3R
Notes: the minimum value indicates the minimum relative catch rate for
stations where H. otakii is present.
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Fig. 2 Spatial distribution of relative catches of

H. otakii in Haizhou Bay
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AR AR ZS TS T, A5 H A5 245 346
B PRy E S, HEEEHDT . KR 22.11%)>
IR (12.98%)>JK#E (0.09%).

GAM Z5 £ W, £ IEE N 71 EZMHET
He KR (31.80%)>IK I (9.20%)>JiK £k (0.20%),
S v KR IS TR X T 7S £ A 1) 52 T .
(P<0.05), EREEXH MGG (P=0.430) (3 3).

FRIBR 2212 Wi R R, B 25 B AU 40 GAM %
ZEMST R, AR A IEA M (B 3-a, b). W
TR 70 1) 3 2 2 [] 19 DG 2 B I 30 A 8008 o i 14
Wk T 0, Horp i s SR 5 24 25 1) S v RN
ML SR (K] 3-c, d).

2.3 MREEFRNRIESREE ST

A ZS LT AT GAM 43T Rk /S 4o i 5 4%
R TR, PIFBIRL 25 S AH0T, AAE
BTN AL 25 5, R UE 7S S o AE X U 1 Bl
FHARBHE mmiEn, 78 10~25 m A8, 7
25~38 m AHXF B U i Bl K R A A i, 38 m
AR B R Z G e e (K 4-a, b), HAH
XGRS 2K IR G s i B IG, GAM 25
RER, 17.5~21.0 °C, T RSB 2 AT N
BEWY (& 4-c, d), 7F 20~25 °C [T a5
%o )2 ER XTI 7S 4R A AR 9 IR i Y R
WIS /NFARIR AR Z IR, R 26~32, W
5 KR A AER 5 Y EAH M (K] 4-e, D)o
24 BZEEFKiEANZE S HIIEM

KPS AR 023 A S5 e s, 25 (13K
N7 ) PR AL DX AT TV Y AR R ek, AR (5
SRR 0.1 BIBEE) M 30.32 km, Jr2o?
J90.02 (5, 3= 4), 23[R0 B bR HE 25 76 A BURE
5 S T 7 BRI, 3 R Sl 5 o A

*2 NZREXERFEEM

Tab.2 Importance of influential factors estimated by spatio-temporal model

B ity bIc ADIC {5 2 1% i T
model structrue dev expained term importance
M1 a+1() 79.49 — 35.17 f (depth) 22.11
f(SBT) 12.98
f(SBS) 0.09
M2 a+f()+& 76.42 -3.07 41.31 & 6.14
M3 a+f()+w+6& 67.67 —8.75 65.50 Wy 24.19

1: DICHRZ S SN, ADIC HfmZ (5 BAENIAR LR, £ (-) =1 (SBS) +/2(SBT) + 3 (depth), — A4k,

Notes: DIC is the deviation information criterion, and ADIC is the variation of the deviation information criterion,

f(-) =f1(SBS) + /2 (SBT) + f3 (depth) , —. unchanged.
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*3 GAMERTEZEN"
Tab.3 Importance of influential factors estimated by GAM

B T 1 PIE L e RiHRE R AEE

added factor degree of freedom P value accumulation of dev explanation importance
KR depth 4.562 <0.001 78.58 —37.85 31.80 31.80
J&IE  sea bottom temperature 2.966 0.006 67.91 -10.67 41.00 9.20
JK#h  sea bottom salinity 1 0.430 69.20 1.29 41.20 0.20

e AICHARAE BAEN, AAICH 7RIS S B &

Notes: AIC is Akaike information criterion, AAIC is the change of Akaike information criterion.
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Fig.3 Comparison of model residual diagnostic plots bettween spatial-temproal model (a, ¢) and GAM (b, d)

(a) (b) the QQ plots, (c) (d) the Moran’s index correlograms.
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Fig. 4 Effects of environmental factors on relative abundance of H. otakii in Haizhou Bay

(a), (c) and (e) are the results of spatial-temproal model; (b), (d) and (f) are the results of GAM; the solid black line represents the curve for the fitting
relationship between response and predictor, and shaded areas indicate 95% confidence intervals.
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Tab.4 Estimated parameter values and

confidence interval from spatio-temporal model

\ XA
B 24 fliTHE confidence interval
type parameter  estimated values

5% 95%

FA] time o 0.014 0.001 0.036
P1 —0.118 -0.646 0.376

s 0.342 0.134 0.588

2%[6] space o] 0.021 0.013 0.041
Jt H /km 30.324 1.493 80.301

A others o, 0.078 0.058 0.104
o 0.084 0.003 0.164

0.2

;1% 0.1

X o

o=

g 0
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i
year
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Fig. 6 Temporal effects on relative abundance of
H. otakii in Haizhou Bay

The solid black line represents the fitting temporal random effect, and

shaded areas indicate 95% confidence intervals.
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Fig. 7 Result of cross validation test for
spatial-temporal model

The gray lines are linear regression lines of cross validations, the dashed
line is the mean of cross validation results, and the solid line is the

unbiased estimate; values in parentheses are standard deviations.
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Modeling distribution of Hexagrammos otakii in Haizhou Bay based on
spatio-temporal species distribution models

ZHAO Wei ',  REN Yiping "**, XU Binduo ?, XUE Ying ?, ZHANG Chongliang **

(1. Fisheries College, Ocean University of China, Qingdao 266003, China;
2. Field Observation and Research Station of Haizhou Bay Fishery Ecosystem, Ministry of Education,
Ocean University of China, Qingdao 266003, China,
3. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for
Marine Science and Technology (Qingdao), Qingdao 266237, China)

Abstract: To understand the spatio-temporal distribution characteristics of Hexagrammos otakii in Haizhou Bay
and its influencing factors, a spatio-temporal species distribution model was constructed based on the bottom
trawl fishery resource surveys and environmental observation data conducted in Haizhou Bay from autumn
2013-2019 and used to analyze the relationship between its distribution and environmental factors. The resid-
ual independence and heterogeneity of the model were compared with those of the generalized additive model
(GAM) by residual analysis, and the prediction performance of the model was tested by cross-validation, and
finally the distribution was predicted and the habitat suitability index (HSI) and the center of gravity of
resource distribution were calculated by the delta method. The deviation explanation rate of the spatio-tem-
poral model was 65.50%, and model analysis showed that the most important environmental factor influen-
cing the distribution of H. otakii was water depth (22.11%), followed by bottom water temperature (12.98%),
while bottom salinity (0.09%) had less influence. There was a positive correlation between water depth and its dis-
tribution, a negative correlation between bottom water temperature and its distribution, and a weak positive linear
relationship between bottom salinity and its distribution. The residual independence and heterogeneity of the spati-
otemporal model was stronger than that of GAM, with a cross-validation regression line slope of 0.90+0.38. The
model predictions showed that H. otakii mainly distributed in the sea area north of 34.5°N and east of 120.0°E. its
high HSI value area tended to shrink year by year, and the center of gravity of resource distribution was shifting to
the northeastern sea area, which might be the result of the combined effect of climate change and fishing pressure.
This study analyzes the spatio-temporal distribution of H. otakii in Haizhou Bay, which is important for under-
standing the distribution dynamics of H. otakii and scientific fisheries management.

Key words: Hexagrammos otakii; spatio-temporal species distribution model; environmental factors; Gauss
Markov random field; spatio-temporal autocorrelation; Haizhou Bay
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