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Fig. 1 Sketch map sampling station in the Beibu Gulf

The black line is the national borderline and the blue
line is the provincial borderline.
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Tab. 1 Statistical parameters of standard deviational ellipse (SDE) of Trichiurus haumela
stock density in summer in the Beibu Gulf
0y year  HLZJE/(C) centerx  HLERE/(°) centery K Hli/km xstddist  JE%l/km ystddist  AL/10°%km? area %% £/(°) rotation
2006 107.96 19.60 144.93 313.68 14.28 29.68
2007 108.10 19.40 116.86 276.45 10.15 34.49
2008 108.55 19.91 92.85 239.80 6.99 37.13
2009 107.47 19.15 145.53 268.42 12.27 42.38
2010 108.15 19.66 122.28 243.32 9.35 25.17
2011 107.74 18.49 90.57 231.97 6.60 23.28
2012 107.67 18.96 147.91 303.17 14.09 20.39
2013 108.38 19.79 111.89 296.90 10.43 30.78
2014 108.18 19.38 92.01 275.97 7.98 22.74
2015 108.40 19.70 112.99 293.24 10.41 30.02
2016 107.67 18.18 104.51 162.22 5.33 39.22
2017 107.51 19.32 148.49 223.35 10.42 16.53
2018 107.60 18.62 87.49 215.86 5.93 1.05

Note: Centerx denotes longitudinal center of SDE; centery denotes latitudinale center of SDE; xstddist denotes major axis of SDE;
ystddist denotes minor axis of SDE; area denotes the area of SDE; rotation denotes the rotation of SDE.

R2 20062018 XF I EHEREZENREEZEHESH

Tab. 2 Statistical parameters of standard deviational ellipse (SDE) of Trichiurus haumela

stock density in winter in the Beibu Gulf

Ay year  FOLZEPE/(C) centerx  HLLZ /() centery K fili/km xstddist  JEHli/km ystddist B FH/10°km*area 5 £4/(°) rotation
2006 107.55 19.18 118.68 256.65 9.57 46.89
2007 107.70 19.09 139.23 300.55 13.15 28.77
2008 107.82 19.19 133.52 310.33 13.02 31.42
2009 108.65 20.00 101.55 362.41 11.56 33.20
2010 107.95 19.46 113.87 354.25 12.67 25.44
2011 107.92 19.08 195.72 286.62 17.62 12.27
2012 107.89 18.64 151.62 265.92 12.67 36.27
2013 107.50 18.69 154.80 219.72 10.69 31.60
2014 107.98 18.82 1942.44 120.18 12.10 24.25
2015 107.55 18.46 111.35 226.92 7.94 6.64
2016 107.63 18.53 109.50 304.97 10.49 2391
2017 107.74 19.03 150.98 280.97 13.33 31.59
2018 107.96 18.57 151.40 185.20 8.81 27.76

Note: Centerx denotes longitudinal center of SDE; centery denotes latitudinale center of SDE; xstddist denotes major axis of SDE;
ystddist denotes minor axis of SDE; area denotes the area of SDE; rotation denotes the rotation of SDE.
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Fig. 2

Interannual variation of areas and gravity centers of standard deviational ellipse (SDE)

of Trichiurus haumela stock density in summer and winter in the Beibu Gulf in 2006-2018
a. the SDE in summer; b. the SDE in winter; c. interannual change of center of gravity of stock density;
d. interannual change of the SDE in summer and winter.
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Tab. 3 Statistical parameters of standard deviational ellipse (SDE) of Trichiurus haumela stock
density in the Beibu Gulf in the four seasons in 2006

&% legend
12006
312007
12008
12009
12010
12011
12012
2013
2014
12015
12016
12017
12018

Z15 season  HLLZJE/(°) centerx  HLLEEJE/(C) centery K A/km xstddist 4G % /km ystddist 1 £L/10* km? area  ¥%1/(°) rotation
# 72 spring 107.96 19.41 127.70 269.50 10.81 48.43
B 7 summer 107.96 19.60 144.93 313.68 14.28 29.68
#Z autumn 107.98 19.39 137.59 328.97 14.22 29.68
K75 winter 107.55 19.18 118.68 256.65 9.57 46.89

Note: Centerx denotes longitudinal center of SDE; centery denotes latitudinale center of SDE; xstddist denotes major axis of SDE;
ystddist denotes minor axis of SDE; area denotes the area of SDE; rotation denotes the rotation of SDE.
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Fig. 3 Seasonal variation of standard deviational ellipse areas and gravity centers of Trichiurus haumela
stock density in the Beibu Gulf in 2006
a. The SDE in four seasons; b. Seasonal changes of the gravity center of stock density.
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Tab. 4 Multicollinearity test of spatial and environmental
factors based on variance inflation factor (VIF)

K factor VIF
5% lat 4.11
22 lon 2.23
JK depth 438
B IEE distance 1.69
4% % a Chl-a 2.75
153K L5 {6 SSTA 2.10

FHOC, 38 3ok 21 4006 T A% B A 455 2800 T 5 | R 1) 4
oA AR A BB B BT 0o A (B 22)
HIH4E R a AHEM(=0.400, P=0.043), 54)F
(r=0.295, P=0.143) ., KIK(=-0.302, P=0.134)F1if}

FEIK IR 5 HH (r=—0.279, P=0.167)JCH X1 (K 6).
FOAMLEER a XJar )2 (8] 0 A% /A 52 i, H
R85 75 HOE R
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cardinalis) 83557 1) 53 A5 35 0 PG R 2R AL 1) 252
VU i —ZR b 1] 14 53 AT A Jmy S R A6V 104 T IS 1 5%
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Tab.5 The variables and deviance analysis for the general additive models

FEAL P 5 B% 20 22 SRR/ % WK R MFEEE TN

model factor residual deviance explained deviance adjusted R*  #EJ] AIC  ¥&IF GCV
lg(density)~season 1803.76 4.46 0.04 3091.30 2.10
lg(density)~season+s(lon) 1742.77 7.69 0.07 3073.17 2.06
lg(density)~season+s(lon)+s(depth) 1665.41 11.80 0.11 3035.98 1.97
lg(density)~season+ s(lon)+ s(depth)+ s(Chl-a) 1613.89 14.50 0.13 3022.98 1.94
lg(density)~season+ s(lon)+ s(depth)+ s(Chl-a)+ s(SSTA) 1581.78 16.20 0.14 3014.77 1.92




873 [A] SR B A ARAAIE

1653

511 S JLERIEHE
a
2 (—
1 —
) =
S ol 4
g B
=L <
P<0.001
2L
—3 L0 0 0 OO O OO OO | N (o
1065 107.0 107.5 108.0 108.5 109.0 109.5
Z:FE/(°) longitude
C
2 —
~~ 1 B
=N o
< Z
d 0 .
= p
= a
w11 P=0.002 <
_2 -
RSN | TN [l Il
3% 1 4 5 6

2 3
H-4¢Za Chl-a

b

2 —

1 —

O -
_1 —

P<0.001
_2 —
-3
20 40 60 80
7K¥/m depth
d

2 —

1 —

0 _/\/\
-1 P=0.004
2L

L1000 U000 Y N AU L0 1|

-1 0 1

WFOKIRR ¥ {E SSTA

-2

4 PREEIR Xy 0 % 5 85 B2 S0 1) SCAT insE A 4y A
a. 2 (Lon); b. /K¥(depth); c. M43 a (Chl-a); d. HERIKL S HEH(SSTA). BB ER 95%
AR DAL, x %88 0 2R R B SR
Fig. 4 Generalized additive models analysis of the effects of environment factors on density of Trichiurus haumela

a. Longitude (lon); b. Depth (depth); c. Chlorophyll a concentration (Chl-a); d. Sea surface temperature anomaly (SSTA).
The shaded areas represent 95% confidence intervals. The vertical short lines on x-axis represent the data point density.
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Fig. 5 Interannual variation of Trichiurus haumela

stock density in the Beibu Gulf
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Fig. 6 Influence of environment factors on distribution of Trichiurus haumela in the Beibu Gulf
a. Longitude (lon); b. Depth (depth); c. Chlorophyll a concentration (Chl-a); d. Sea surface temperature anomaly.
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Spatial aggregation and dispersion characteristics of Trichiurus haumela
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Abstract: Trichiurus haumela is an important economic fish in China. It is widely distributed in the South China
Sea, which is one of the main producing areas of 7. haumela in China. At present, the cognition of the distribution
pattern of 7 haumela is still insufficient. This study was conducted to provide reference for scientific management
and sustainable utilization of T haumela stock in this area based on the data of 7. haumela in 2006 to 2018. The
standard deviational ellipse (SDE) was adopted to analyze the spatial distribution of 7. haumela stocks. A
Generalized Additive Model (GAM) was used to study the relationship between 7. haumela stocks and enviro-
nmental factors, including chlorophylla concentration, sea surface temperature anomaly, water depth, offshore
distance, longitude, and latitude. It provides scientific and technological support for sustainable utilization and
protection of T haumela stocks in the Beibu Gulf. The density of 7. haumela stocks in the Beibu Gulf showed an
aggregation phenomenon, and the distribution direction of the fishing ground was southwest to northeast due to the
influence of the seafloor landform. The fishing ground of 7. haumela in spring and winter was located more to the
east than that in summer and autumn. In summer, the center of gravity of the fishery moved from southwest to
northeast, which moved in a large area in the Beibu Gulf each year. In winter, the center of gravity of the fishing
ground moved from south to north, and all moved to Changhua offshore fishing ground. The center of gravity of
the 7. haumela fishing ground in winter is more northeast than that in summer. Spring and autumn are the main
spawning seasons of 7. haumela, and the center of gravity of the fishing ground is located in the south of the
nightingale fishing ground in the middle of summer and winter. The results showed that the decrease in the density
of T haumela stock in the Beibu Gulf was the main reason for the gradual agglomeration of its spatial distribution.
Chlorophyll a had an effect on the density and spatial distribution of 7. haumela stock, while depth, longitude, and
surface temperature anomaly had an effect on the density of 7. haumela stock but had no direct effect on its spatial
distribution.

Key words: Trichiurus haumela; spatial distribution; environmental factor; standard deviation ellipse; generalized
additive model; Beibu Gulf
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