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%1 Simrad EY60 E#X 2%
MEREUEXSH
Main technical parameters setting
of Simrad EY60

Tab. 1

ZH% &/ kHz value

i ARZH technical parameter

70 120
ST /W transmitting power 800 500
ik 9 B /ms pulse width 0.512 0.512
FRIMEFE/m detection range 1000 800
WhEATIE25/dB gain of the converter 27.00 27
YAIRIE S E/(°) longitudinal beam angle 7.00 7.00
H88 )30 HOFA /() horizontal beam angle 7.00 7.00
i % $5/(dB/m?) absorption coefficient 0.018 0.045
7518/(m/s) sound velocity 1535 1535
WA AT R £f1/dB beam equivalent solid angle 21 21

Map of navigation route and sampling site
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m), ZJ¥(Lon). £5E (Lat) 3 1T FIAFIEIL
A 21y AR IE 17 A I, 22w gk
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Tab. 2 List and grouping of all factors

iES ¥§§E . HT4# name Wil unit £ note
group factor abbreviation

. water depth JKIR water depth m

ilEﬂ. ? X 2% longitude °

spatial factor v 40 latitude .
SS W RELE surface salinity %2 surface
BS WIREL B bottom salinity JIKJZ bottom
ST W FRIRE surface temperature T )2 surface
BT TR E bottom temperature C JiEJZ bottom
TRA B E W transparency m )2 surface
CHL N2 Z R E chlorophyll concentration mg/m® )2 surface
N2MO WASREER7E 0 m A9 JE NO; 0 m concentration mg/L 2% )2 surface
N2M10 WASFRERAE 10 m AU JF NO3 10 m concentration mg/L )2 surface
N2M20 WAHBRER7E 20 m BYHE NO; 20 m concentration mg/L Ji$ )2 bottom

DR T N3MO HIRELTE 0 m BUHESE NO3 0 m concentration mg/L 2% )2 surface

; N3M10 EERERTE 10 m ¥ JF NO3 10 m concentration mg/L )2 surface

primary factor N3M20 IR EEFE 20 m I NO35 20 m concentration mg/L Ji5JZ bottom
N4MO BEERTE 0 m B9 NHZ 0 m concentration mg/L 2% )2 surface
N4M10 BEERTE 10 m YHEEE NHZ 10 m concentration mg/L )2 surface
N4M20 S ERAE 20 m ¥ JE NH; 20 m concentration mg/L Ji5JZ bottom
PO WEREELZE 0 m A¥)E PO3 0 m concentration mg/L 22 surface
P10 WEREELZE 10 m A9k )E PO3 10 m concentration mg/L )2 surface
P20 BERRELTE 20 m YW EE PO 20 m concentration mg/L Ji5JZ bottom
Si0 TEBRELAE 0 m B E SiO% 0 m concentration mg/L )2 surface
Sil0 HEHEEL7E 10 m AUV ¥ SiO% 10 m concentration mg/L 2% )2 surface
Si20 TERRERZE 20 m A9V JE SiO3 20 m concentration mg/L  JiJZ bottom
DS FIEEL ¥ 225 salinity difference between surface and bottom layers ppt

AT DT FRIR L 22 5 temperature difference between surface and bottom layers T

derived factor N2D010 W AHERELAE 0 m Al 10 m Ay i mg/L

concentration difference between NO; 0 m and 10 m

(f$%% to be continued)
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(8 2 Tab. 2 continued)

e W45

group factor abbreviation

T4 W name

PAA unit

%71 note

N2D020

N2D1020

N3DO010

N3D020

N3D1020

N4DO010

N4D020

AT

derived factors N4D1020
P010
P020
P1020
Si010

Si020

Si1020

WAHER R TE 0 m 1 20 m A B 22

concentration difference between NO; 0 m and 20 m
W AHERERAE 10 m Fl 20 m AY ¥k 22

concentration difference between NO, 10 m and 20 m
HERERTE O m A1 10 m (R¥E i 22

concentration difference between NO3; 0 m and 10 m
HFREETE O m A1 20 m Mk JE 22

concentration difference between NO3 0 m and 20 m
AR ERTE 10 m 1 20 m YV FE 25

concentration difference between NO3 10 m and 20 m
EEERAE O m Al 10 m (¥R JEE 22

concentration difference between NH; 0 m and 10 m
BZERTE 0 m A1 20 m AYIRIE 2

concentration difference between NH; 0 m and 20 m
BEERTE 10 m F 20 m BV 2%

concentration difference between NHi 10 m and 20 m
BERRERTE O m AT 10 m BOIR 22

concentration difference between PO 0 m and 10 m

BERRERTE O m Al 20 m AWK 2%
concentration difference between PO3 0 m and 20 m
BERRELAE 10 m 1 20 m (YR 22
concentration difference between PO; 10 m and 20 m
REFRERTE O m Al 10 m (W BF 25
concentration difference between SiO? 0 m and 10 m
FERRERTE 0 m 1 20 m (R i 22
concentration difference between SiO3” 0 m and 20 m

HERRERTE 10 m A 20 m B HRJE 2%

concentration difference between SiO3 10 m and 20 m

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L
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Wrinife . AR5, DI ZREE 4 5 A8 4R 1Y 43
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K (n_estimators) FI T FEZS (subsample) 551
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PRl 7~ ) A R i R (B DTk ) o b, AR
GER R T AR AT ik . i ABEEET
FES N S5 45 21 09 R EBUE 2 50K 5% B R AIE,
AN T DB VA AL, XM O IR AR IR B
T R SRR

Bt H# AR Python3.7, fXH5°A Scikit-learn H
R S a2 4 21 R g <7 6 R A B TR
1.6 FEYMETFEEUER

SRy ik G DR B 1k 2 S 6 A A 4 R o M 1) Al
R0 PR A B P S vk AR B AL R AR T o v R
% BT AR B A A AT X R IE A, DAt
| 7 5 M) IS - 2 Al 2R ) 7S A R 22 R W K
BRI ER . LRI R TTIRE 50%. 80%. 95%
RO, R 4 AELEEEY, SRR
PUgk, Hhs—gohEE R SR, By
R RALER

2 HERE5HW
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B2 v, 430 2R B L AT () B R0 97 {8 35 A 7 1]
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Fig. 2 The distribution of fishery resource density difference between bottom layer and surface layer
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Tab. 3 Classification and statistics of catch weight and quantity

FhZE fishery species

i 8 /K2 habitat layer Wi /kg weight (& number

538 (Pneumatophorus japonicus, Rastrelliger kanagurta) *2 17.166 165
825 (Ariomma indica, Psenopsis anomala) surface layer 603.075 8292
W% (Decapterus maruadsi) 774.339 23597
Y54t (Trachurus japonicus) 937.429 25117
VT 2 (Sardinella aurita, Sardinella jussieu) 290.454 23600
WittJs (Tentoriceps cristatus, Trichiurus haumela, Trichiurus TRz 237.824 3399
nanhaiensis, Trichiurus brevis) near-bottom layer
B #58 T 1 fili (Navodon xanthopterus) 276.389 13139
Fii a2 (Argyrosomus aneus, Argyrosomus macrocephalus, 151.949 9170
Argyrosomus pawak, Argyrosomus argentatus)
W2 (Saurida undosquamis, Saurida tumbil, Saurida elongata) 206.032 2786
TRKIRANUGH (Evynnis cardinalis) 784.218 26980
KHREWE (Priacanthus macracanthus, Priacanthus tayenus) 269.555 8107
&2k ta2s (Nemipterus virgatus, Nemipterus bathybius, 412.087 9362
Nemipterus oveni, Nemipterus japonicus, Nemipterus nemurus)
4RI (Upeneus bensasi, Upeneus sulphureus, Upeneus 116.327 4250
moluccensis, Parupeneus chrysopleuron)
T35 (Siganus oramin, Siganus fuscescens) 66.004 7241
KGRI (Acropoma japonicum, Acropoma hanedai) 414.008 8343
BIIAR LI (Loligo edulis) HRIEIRR, RIaER 233.187 6234
P LW (Loligo chinensis) near-bottom layer during 43.991 1339
HAsk JE2 (other cephalopods) the day, surface layer at night 1280.103 269370
HABPEALFFZE (other species of assessment) KEBArER)ZE 3524.761 195051
near-bottom layer (almost)
F4 BRYUSESIU
Tab. 4 Stratified statistics of catch
E=13 0, Klr S5 4 0,
Wi KJZ habitat layer A4 EF/(m*/nmi®) NASC  # H/kg weight & number EEE%H:M’ BB F T HE%
weight percentage number percentage
FJZ surface 43.39 3401.10 219243 0.32 0.34
)i )2 near-bottom 106.00 7237.79 426299 0.68 0.66
5000 0.9 3500
09
0sh 4500 0sl 13000
) 4000 ’
0.7} 3500 +42500
0.6 & 077
& 3000, 42000 &
0.5+ 2500 g 0.6 =
041 2000 11500
03+ “;’J 1500 05 : 11000
02l & 1000 -
I 1 I I 1 I 1 I 1 I 500 0.4 L L L 500
O P I NS TSNS S WERBBEARTIEE  REMLAR AR e ElE|
LR NN N N N S XGBoost random forest linear regression

BURE A 80E number of sampling points

B3 R TRIREAS s 500 R A B Aof 2 T
L (XGBoost)HEAT B IS FR il A= 1y 75 24 9 3 2% 5+
5 41 MR T R R BUR L) &
MSE (% {0 5] i, 55 28) 25 4k
Fig. 3 At different sample points, the changes in R’
(dotted black square) and MSE (solid blue dot) between the

Bottom-Surface fishery resource density and 41
abiotic factors using XGBoost

HARIA B modeling algorithm
K4 BRI (2100 A ), B BRAR B4R THE v |
FEBLARAR . etk BUH M S5, R ALY #5%
2R 41 FAREY N TR RP (BEATHREL)

S MSE (i (o[855 40) % fk
Fig.4 When the optimal sample size is 2100 points, the
changes in R (dotted black square) and MSE (solid blue dot)
between the bottom-surface fishery resource density and 41
abiotic factors, after modeling and parameter tuning by
xgboost, random forest and linear regression
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Fig. 5 Correlation between acousitic density difference of bottom-surface fishert and 41 abiotic
factors based on XGBoost or random forest
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Fig. 6 Relationship between abiotic factor contribution rate threshold and model effect R* with full data set
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Fig. 7 Comprehensive ranking of the importance

of 41 abiotic factors

Green, blue, yellow and red represent the first level to the fourth
level respectively, and the cumulative contribution rate ranges
are 0%—50%, 50%—-80%, 80%—95%, 95%—100%, respectively.
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Difference in the fishery resource density between the bottom and
surface layers and an analysis of multiple types of related factor
importance in the Northern South China Sea
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Abstract: This study aims to analyze the differences in acoustic density of fishery resources between surface and
bottom layers (surface mixed layer and bottom cold water layer) in the northern South China Sea and to explore
the relationship between these differences and 41 abiotic factors. This research provides a scientific basis for the
effective management and conservation of fishery resources in the northern South China Sea. The northern
offshore area of the South China Sea is a crucial traditional fishing ground and an important spawning and feeding
ground for marine fish. In recent years, fishery resources in this region have shown significant declines in age, size,
and quality, attracting significant attention from both academia and fishery management authorities. Fishery
acoustic methods were employed, using a Simrad EY60 split-beam scientific echosounder to collect acoustic data
in the northern South China Sea. Acoustic data were analyzed using the Echoview fishery acoustic data processing
system to calculate the acoustic density (NASC) of surface and bottom layers. Extreme Gradient Boosting
(XGBoost) and Random Forest algorithms were utilized to model the influence of 41 abiotic factors on the
differences in acoustic density and to assess the importance of these factors. Results indicated that the bottom
layer had significantly higher acoustic density than the surface layer, with mean values of 106.00 m?*/nmi? and
43.39 m?*mnmi?, respectively. Both XGBoost and Random Forest models performed similarly, with temperature
factors (bottom 2 m temperature, surface-bottom temperature difference, and surface 2 m temperature) and water
depth identified as the most critical factors affecting acoustic density differences. The negative value region,
where surface density exceeds bottom density, is primarily distributed around Hainan Island. The study concluded
that temperature and water depth are the primary factors influencing the distribution differences of fishery
resources, while human activities may also contribute by altering the concentrations of factors such as phosphate
and chlorophyll. Additionally, the discussion highlights the implications of these findings for fisheries
management, suggesting that targeted measures to monitor and regulate temperature and nutrient levels could
significantly improve resource sustainability. The analysis underscores the importance of incorporating advanced
machine learning algorithms in marine resource assessment to enhance the accuracy and reliability of
environmental impact evaluations. These findings provide vital scientific insights for the management and
conservation of fishery resources in the northern South China Sea, offering a comprehensive understanding of the
environmental factors that drive spatial distribution patterns in marine ecosystems. This research thus lays a
foundation for future studies aiming to mitigate the impacts of climate change and human activities on marine
biodiversity and resource availability.
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