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Tab.1 Composition and biological characteristics of main fishery speciesin the South China Sea
P P CES) Uitiedl BN o R BE/C I 2H
number Chinese name (scientific name) functional group trophic level optimum temperature  thermal group
1 #(1lisha elongata) MP 3.79 27.9 B KTl
2 L% fa (Lactarius lactarius) MP 3.97 27.6 g K A
3 #5RL ' (Scombridae) MP 426 213 2K Fh
4 i #% (Rastrelliger kanagurta) MP 3.19 27.3 % sk Fh
5 fi;(Scomber japonicus) MP 3.38 20.7 1% 7K i
6 S {4 3P i3 f5% (Rastrel liger brachysoma) MP 2.72 272 I 7K i
7 {4 & #7fi% (Carangoi des talamparoides) MP 4.40 28.1 15 7K b
8 % [C |5l fi%(Decapterus russelli) MP 3.68 23.2 Wz 7K Fif
9 B 15 T 5 (Scomberomor us guttatus) MP 4.28 28.2 i 7K A
10 K AR A % (Decapter us macrosoma) MP 3.40 273 % 7K Filr
11 K H % (Megal aspis cordyla) MP 4.39 27.5 15 7K Fb
12 J AE 8% (Auxis thazard) MP 4.37 22.0 1% 7K i
13 AR U1 fi%(Selar crumenophthal mus) MP 3.81 27.9 % 7K Fi
14 58} ? (Carangidae) MP 4.05 16.0 W AKFR
15 R M £ (Scomber australasi cus) MP 423 18.7 R K F
16 7k 71 411 (Col ol abis saira) MP 3.71 8.0 KRR
17 &7 T fa(Sardinella lemuru) SP 2.48 27.8 Kl
18 J6 1% % (Anodontostoma chacunda) SP 3.00 28.3 15 7K b
19 AE % (Clupanodon thrissa) SP 3.01 27.4 i 7K Fi
20 %% /NYP T f0 (Sardinella fimbriata) SP 2.70 28.6 i /K Fif
21 23wy |5 8 filk (Dussumieria acuta) SP 3.40 28.8 g 7K A
22 fifiRl * (Clupeidae) SP 3.16 20.0 % 7K Fir
23 2R} * (Engraulidae) SP 3.25 22.4 g K Fif
24 1% 151 5 (Decapter us mar uadsi) SP 3.40 28.0 I 7K Fifr
25 47 4N % (Sel aroides leptol epis) SP 3.84 28.6 g K A
26 P £i& % 111 (Cypsel urus poecil opter us) SP 3.40 28.5 g K A
27 fi(Engraulis japonicus) SP 3.14 18.4 R AKFR
28 {1 B f4 J& (Epinephel us) MR 3.84 27.0 1% 7K Fib
29 BEBEH B (Lutjanus johnii) MR 4.20 28.2 I 7K i
30 TRz M8 7 (Lutjanus mal abaricus) MR 4.48 27.5 15 7K b
31 i 5% 171 (Mene macul ata) MR 3.45 24.4 % K Fh
32 J 8 KR % (Priacanthus macracanthus) MR 3.80 24.4 g 7K A
33 2R i (Lutjanus quinquelineatus) MR 3.68 28.2 g 7K A
34 P2 {4k #11 (Atrobucca nibe) MD 3.03 24.5 1% 7K Fih
35 4 % ff1 (Nemipterus virgatus) MD 3.99 28.1 15 7K Fb
36 fifi(Miichthys miiuy) MD 3.50 21.9 I 7K Fifr
37 fi% (Liza haematocheil a) MD 2.50 22.4 g K A
38 Ef1 & 4 J 111 (Platycephal us indicus) MD 3.60 26.5 i 7K A
39 2 I i (Saurida tumbil) MD 4.40 27.9 I /K Fift
40 fiff J& (Mugil ) MD 2.26 25.5 % K A
41 A E fBF (Sciaenidae) MD 3.76 23.0 I 7K i
42 5 EL(Ariidae) MD 3.48 27.5 I 7K i

(f¥2% to be continued)
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(8t 1 Tab. 1 continued)

B ThCA () irgdl BEIRN Heil R/ C TE R 2H

item Chinese name (scientific name) functional group trophic level optimum temperature  thermal group
43 7INHR £ {11 (Chelidoni chthys spinosus) MD 3.44 19.3 TR 7K A
44 #5E H ¢ (Perciformes) MD 3.53 16.2 K Fh
45 FL B 75 B8 (Conger myriaster) MD 3.98 8.8 KR
46 H 4 B I} (Acetes japonicus) S 2.70 28.2 i 7K A
47 7 #£ ITF (Fenneropenaeus merguiensis) S 3.00 28.0 & 7K At
48 XtiFRL 7 (Penaeidae) S 3.31 21.0 g 7K Fi
49 B 19 X% T (Penaeus monodon) S 2.60 28.1 15 7K Fb
50 EfJ & W %} R (Fenneropenaeus indicus) S 2.70 28.3 i 7K Fi
51 H A R (Mar supenaeus japonicus) S 2.70 28.0 i 7K Fi
52 £ B XTI (Penaeus penicillatus) S 2.70 23.6 i K A
53 J& JTUHR (Trachysalambria curvirostris) S 2.70 27.1 1% 7K b
54 1 [ % ¥F (Fenneropenaeus chinensis) S 2.70 15.6 HRAKFR

e 1 R AR HERR R RN BT R B R SE (RIS EREG | i | RTACPIERES | BES L BNER). 2. b IyESFLC HERR R SR R (4
FUAFEE, BICEE . KAEBRES, KP6s JRIRMES . ER6E . 4WH05). 3. R AR T HER R AR TR iR 2 (6. 4
/NS T f, TR AR5 BB N T M QW RIIEEE). 4. P A ER CHERR R AR TR R RN (U 8R). 5. Ry AR e iR
F AR R E R (IR GG . ). 6. RPIHIE B CHBR RPN TR ARSI AL . SR AR, B ABEa)E . BRI
. SRR, IR, FMRCIRGY, WA, S40 . A arlh). 7. R R IRRC AR AR BT E AR S (BN AR B
POLINN Eﬂﬁﬁﬂﬁﬁﬂ: HAXTIR K BXTHF . IR, P EXTIF). ShRgdisr2h, MP AR Pl 26038 SPAUR/IN b FE 626 MR
AR RUA R, MD URTRURJR M3 S fURIFE. il e G REE, RhevH . B BT HEERFR AR BT g B2k,

Note: In the table, species from Scombridae have been excluded, including Rastrelliger kanagurta, Scomber japonicus, Rastrelliger
brachysoma, Scomberomorus guttatus, and Scomber australasicus. Species from Carangidae have been excluded, including
Carangoides talamparoides, Decapterus russelli, Decapterus macrosoma, Megalaspis cordyla, Selar crumenophthal mus, Decapterus
maruadsi, and Selaroides leptolepis. Species from Clupeidae have been excluded, including llisha elongata, Sardinella lemuru,
Anodontostoma chacunda, Clupanodon thrissa, Sardinella fimbriata, and Dussumieria acuta. Species from Engraulidae have been
excluded, including Engraulis japonicus. Species from Sciaenidae have been excluded, including Atrobucca nibe, and Miichthys
miiuy. Species from Perciformes have been excluded, including Lactarius lactarius, Scombridae, Auxis thazard, Carangidae,
Epinephelus, Lutjanus johnii, Lutjanus malabaricus, Mene maculata, Priacanthus macracanthus, Lutjanus quinguelineatus,
Nemipterus virgatus, and Sciaenidae. Species from Penaeidae have been excluded, including Fenneropenaeus merguiensis, Penaeus
monodon, Fenneropenaeus indicus, Marsupenaeus japonicus, Penaeus penicillatus, Trachysalambria curvirostris, and
Fenneropenaeus chinensis. In the classification of the functional group, MP represents medium pelagic species; SP represents small
pelagic species; MR represents medium reef assoc; fish, MD represents medium demersal species; S represents shrimps. In order to
avoid duplication of information, the orders, families and genera in the table have been excluded from the corresponding species in
the table.

AEMEIAR Ak, H b PR AR R Ml T i D\ SV A 2SO, P 4438 R (mean temperature of the
BV 2R = (O FE M B R, B PR S Fn catch, MTC)ME& AT Cheung %21, & I T4
P E SO i BABRSEAN TS RGN BERE L, A&

%Zi’J'_‘?%ﬂ&(mean trophic level, MTL)# /& BFF2R MTL ., FiB Al MTC /-y il A28 R 250
Pauly 0T 1008 43tk R RA A RG py  PICRIHREG MRS BRI AL 1950—
T AT 0 A e g 201 TP A RGO R AR LR
BRI PSS K, 1T R i S s

BRI AR fia :

25 F G S O B LA T AR 1 LU, - " -

n
i B H5 8 (fishing-in-balance index, FiB)iEj;iE 2.CiyxTL,

5 5% S T AR T, LU M“F*E;f_ M
AT FR KT 40 2 5 B2 BT 1 4 5 55 9 o
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AR B R g, Zead 22l o0 A, A58 e 20 0%
W 1 &2 10, Huber NIMREORE N 1,
B E MK E N 0.05, H K STARS Hi
“prewhitening” J5 ¥ X 5] [8] F7 71 v () [ AH OGP
17 kb8, STARS W42 H] EXCEL i
Visual Basic for Application (VBA)ZIRESE (T 2k
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K FE o3 B 5 e R AR S R G A
H T BRI o ASBIFFE R P SIUIRC- P R S0 )
(Kaiser-Harris criterion), ~R4¢/RK %A £ % (Cattell
scree test) MIF-47 43 # (parallel analysis)ffi iE 3 i
GBI, TR R R o A,
RPN R 18 5 “psych™ i 58 1

% H BT A5 (cumulative sum, CuSum)3g
F B E 5437154 . MTL, MTC & FiB 1284k
R BT e P A Ch v AL B0 )
iz B R) PP 51 ) g S 20, Gt 2k n] LA EDUL b )
JE I 8] 7 ) B 1 A2 A 00, 1 0 (e 5 57

A E/ L LBL b L

KT £ 5t FIH M (multivariate regression
tree, MRT) 1 B[] 58 28 40 #1732 20 J4) 187 g v Y
7 RO S IR AR A e ) 5 B FEARIE ST v,
SEAE Ny e — I RS B, JEE 22 T Il AR O A A
U AH I A B E) 7 R, A I T R R e 4
Oy RN T4, DMEREAS TR N T 2 5) .
A, A5 R H B B (Bootstrap) X i [H] 5 25
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Fig. 7 Temporal clustering analysis of fishery ecosystem in the South China Sea
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Abstract: Recent evidence suggests that climate change affects the biodiversity, structure, and function of marine
ecosystems, a phenomenon known as marine ecosystem transition. Climate change is expected to increase the
frequency of regime shift phenomena, and it often interacts with fishing, contributing to these shifts in marine
ecosystems. The ecosystem of the South China Sea lies at the intersection of the north-south air flow, with the
Pacific Ocean to the east and the Indian Ocean to the west. It is located at the confluence of Walker Circulation
patterns influenced by the Indian and Pacific oceans and is the most complex region in the global climate system
and the most sensitive region for large-scale air-sea interaction. Currently, most studies on the response of the
fishery ecosystem to climate change in the South China Sea focus on the species level, with a few studies on the
fishery ecosystem. Therefore, this study examined the long-term changes in the fishery ecosystem structure in the
South China Sea. The study aimed to explore the dominant and main driving factors that promote these long-term
changes and support the management and sustainable development of fishery resources within this ecosystem.
This study obtained catch data of each species in the South China Sea fishery ecosystem from 1950 to 2019 based
on Sea Around US and screened and preprocessed the data. The nutrient levels for various species were obtained
from the preprocessed biodiversity database in Sea Around US and were categorized into five functional groups:
medium pelagics, small pelagics, medium demersals, shrimps, and medium reef assoc. fish based on previous
studies. The optimum temperatures for these species were sourced from previous studies, FishBase and
SeaLifeBase, and were classified into three thermal groups: warm-, temperate-, and cold-water species. Using the
catch data of different functional and thermal groups, the long-term change characteristics of fishery ecosystem
structure in the South China Sea from 1950 to 2019 were systematically determined by multivariate statistical
analysis (serial T-test, cumulative sum method, principal component analysis, and temporal cluster analysis), to
determine the occurrence of regime shifts. The results showed that the catch in the South China Sea gradually
increased, with China’s catch accounting for the largest portion. Since 1981, the number and power of motorized
fishing vessels in the South China Sea have increased steadily and stabilized after 1990, whereas the number and
tonnage of non-motorized fishing vessels have notably decreased. The regime shift of the fishery ecosystem in the
South China Sea occurred in the mid-1980s, mid-1990s, and early 2010s, effectively reflecting the fishing
conditions of those periods. However, climate change is a notable contributor to regime shifts in fishery
ecosystems. In future studies, factors such as climate change and fishing should be considered comprehensively to
explore the leading factors affecting changes in the South China Sea fishery ecosystem and provide a basis for
formulating fishery management policies.
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