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Fig. 1 Study area map of Shandong inshore waters
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fill SVM £ i #% %I (Ensemble modeling-SVM),
FEAY I 45 5 78, #H b LIME F1 LB-SPR 45
Al H R ERTE T SPRAGIAEEE .
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AR T B S A e 1 AL 2 B,
2000 4F 22 A5 S B AR SENNVE | F B0 (AR
S REHR) 5 1L AR T W G SR A i B R (.
TR FE 2R X—ERERH 2000 441117
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Tab.1 Fork length distribution and data sources of S. taty in Shandong inshore waters
AT (] JiFEl/mm  HfH/mm  RBEEMm FEAE/R eSO RN He

sampling time range mean dominated range  sample size study area source
1998—1999 75~163 133.5 120~140 321 3EJMVE  Laizhou Bay [24]
1998-05 71~167 131.0  100~160 150 \IZRiE#  Shandong inshore [22]
1998-11 60~170 130.0 90~160 150 11 Z:3E¥#F  Shandong inshore [22]
2000-03—2000-10 65~162 130.8  140~150 308 #H %  Qingdao inshore [25]
2006-05 67~190 128.2 70~85, 115~135 311 11 Z3E¥#F  Shandong inshore [26]
2006-10 60~195 120.6  70~140 284 \IZRiL#  Shandong inshore [26]
2016-10, 2017-01. 12~222 1127 60~160 1402 I 4L Shandong inshore [27]
2017-05. 2017-08
2021-06 78~167 108.8  80~125 120 PNV L2 Foit T o ¥ rhit 1021 7 K

Laizhou Bay and southern Bohai Bay Zhongyuke#102 survey data
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Fig.2 Fork length distribution (red zone) and model fitting of S. taty in Shandong inshore waters

5 H, 20064 5 HEE KO mILEY K, FEINBEAR A DL B SR R N R a3,
BRI R, HAEE2DRBEXKA. Ft 1999, 2000 F1 20214F, 2006 Fl 2017 4F XLk
2021 4F 6 HREA ML XK aAm, HFEH S5BChIE (B 2).
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YK F LIME W 45 5%, HEIFdE &6 T
LIME £544F1 LB-SPR 554 2 Ji], 4] 2 45kl
7 LB-SPR Jf3E—ZR Al 51l SPR. Ensemble
FER i 75 19 1999, 2000 . 2006 . 2017 £ 2021
4E SPR 43 % 0.48. 0.45. 0.68. 0.77 F1 0.47,
BIRTF 0.40, 3B 1L AR 30T 6 5% 60 5% 57 1 0
[E) 7 4 T R 75 . 2021 4F S K 4 1 45+
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= (K 4).
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Fig.3 Spawning potential ratios of S. taty in

Shandong inshore waters
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Fig. 4 Composition of fork length of S. taty in
Shandong inshore waters (SPR=0.40)
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it 3 R ) AN AN 38 35 3h 25 1Y) R 38 AR P,
T4 T U Bl Wt S O R RO R TR
SRRV PR 22 B TN A R KN i S Rl
BER AN SE AN GT IR S A = A s ™, 3R
A YR ALK SO SR | S S0 3 A 2
] €0 2 A AR R D 78 118 DGR R -5 1523 349
Faz P R NG S5 ST A L AR TV O A B O
MRR, AT KIS VS 1R T 7R sh )
P BETE 1998 il 2008 4FAb TN FRARE, oAt
TR DT b K SCRRBEAE 1998—2020 41344k
TR RS A GR 2). XRIIZMM LR
AT 1A A A R R B D TE A AT Y PR S

XA B PR AL RO AL (B 3) SRt T —
PRI AH T 2 58 BE AR R 23 i A% O ™ 51 5 1
TR/ (3% 2) 1T Rl 2= B AR & 6 ™ B 35 FN /5 %))
Yl e R fe S s T IR AN 7

W E S B H 20 42 80 4E104,
ZRPI I R 2 EREZ T, @igany . {7
0 50 RN B BRI, FRBEFP R R B4
B RO, ol B IR 7E S B e ) AR BSR4
WAL EAEH T 2R 2, 1959 4E5] 1982—
1983 AR % R T 54.6%, 3] 1992—1993 4EF
T 61.3%, 1982—2008 4F 11 Z5 At #B /K AL
PSRRI )R S RO IS 3R

T2 FMNEFRADHREERER

Tab.2 Comprehensive health indicators of spawning grounds in Laizhou Bay

b JT—4bI{E  normalized assignment W fahrf35>  index score
index 1998 2008 2014 2020 w 1998 2008 2014 2020
C 0.689 0.644 1.000 0.889 0.017 0.012 0.011 0.017 0.015
C, 1.000 1.000 1.000 1.000 0.035 0.035 0.035 0.035 0.035
Cy 1.000 0.600 0.829 0.657 0.017 0.017 0.010 0.014 0.011
Cy 0.145 0.108 1.000 1.000 0.035 0.005 0.004 0.035 0.035
Cs 1.000 1.000 1.000 1.000 0.050 0.050 0.050 0.050 0.050
Ce 0.968 1.000 1.000 0.987 0.050 0.048 0.050 0.050 0.049
C, 1.000 1.000 1.000 0.954 0.013 0.013 0.013 0.013 0.013
Cy 1.000 1.000 1.000 0.850 0.018 0.018 0.018 0.018 0.015
Cy 0.625 0.100 1.000 1.000 0.016 0.010 0.002 0.016 0.016
Cyy 1.000 1.000 1.000 1.000 0.016 0.016 0.016 0.016 0.016
Cyy 1.000 0.993 0.978 0.914 0.033 0.033 0.033 0.032 0.030
Ciy 0.439 0.439 0.263 0.468 0.143 0.063 0.063 0.038 0.067
Cy3 0.206 0.011 0.210 0.046 0.077 0.016 0.001 0.016 0.004
Ciy 0.181 0.204 0.136 0.226 0.065 0.012 0.013 0.009 0.015
Cis 0.059 0.012 0.065 0.028 0.050 0.003 0.001 0.003 0.001
Cig 1.000 0.549 0.788 1.000 0.074 0.074 0.041 0.058 0.074
Cyy 0.088 0.057 0.022 0.074 0.056 0.005 0.003 0.001 0.004
Cig 0.966 0.444 0.556 1.000 0.063 0.061 0.028 0.035 0.063
Cig 1.000 0.500 0.944 1.000 0.063 0.063 0.032 0.060 0.063
Cy 1.000 0.667 0.733 1.000 0.063 0.063 0.042 0.047 0.063
Cy 0.670 0.917 0.650 0.600 0.044 0.029 0.040 0.029 0.026

e CL VR R C FIHHMEE: C. WRENIFRE: C, R Cs KR Co ¥E: Cp BRWUE: G WF%E: Co. 8
BUA: Cpo 3WEHEBERRER: €. JERIRIEIREG Cp,. MRS . MUNEE: Cy AFREMMEL O AFHEMBIE: Cpo. 7= U BRI L
Cyy. PR L Crg. WIEBMIERIEEG Cpo. FEEEIIAEEG Cop. HITTVERIZEEL Gy B0 IR S B

Notes: C;. species number of phytoplankton; C,. phytoplankton density; Cs. species number of zooplankton; Cy4. zooplankton density; Cs. water
temperature; Cg. salinity; C,. pH; Cy. dissolved oxygen; Cy. inorganic nitrogen; Cy. reactive phosphate; Cy,. exploitation intensity indicator; C),. species
number of eggs; C,5. fish eggs density; C,4. species number of fish larvae and juveniles; C;s. density of fish larvae and juveniles; C,¢. species number of
spawning stock; C,,. density of spawning stock; Cg. number of long-distance migratory species; Cjo9. number of short-distance migratory species; Cs.

number of endemic species; C,;. ratio of core spawning ground area to spawning ground area.
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R ZRE A S 22600,

B TR R B RO AT S, 1971—
1983 4F FA P i AR - i — EH 2 LT, %
PEAE TSI RS, AN 20 th4d 80 4EALTT i
T BRI H A2 (Engraulis japonicus) P i 595 5
EREE, —F LT 56.7%, —ihaE
N AR T B, Bl 1991—1992 4%
i N VS g vl VS v R PR AL T A BE R IR
BB FE " E AR A A X 3k
B GE AL AL T BE A RSN (B TE
PR Z R0 A 2o T A B ) 3 1) St T A T
KA, AWFSE KRB 1999—2021 4F 11 7R 3T Vi
BT EAR LA AL T B AS . HREAET, ¥
AT 5 R AR B0y, IR EAT A4t O
Ferk, T DAREAR R — RSB T A XU, AT
PEVRAE SR BT BT AT LAAS B b 7Y
Iz 6 5 H A 82 R (Engraulidae) FIEERL (Clu-
peidae) O SHE VI AE MR FP 2 A 22 57 )
W ZR IR Ak 7 gy B2, Al B AE
SR EE A R Bt ST AR Sl b T s
PRAF— 2 1 B R R

o R TR 4 2L R T AR I e
AR, FRETE 1995 4F itk 2R i
BATE A S T R B, ] R S EAS T
EROR, Hrh E R B AT . A
AT T Y B A PR 0 R B A A, A
e 1998—2000 4E, 2006 %] 2017 4F %% IR 50 45
SEmgr (K 3), —a R FAEUE T FiRRZE IR
ROR . X R TR ZE IR A B TNl 85 % )
(A5 T A AL B PR 2544 o

VFER B 0 Bt o 0 Sy WU 4 D) £ 3 22
MRz —, PEME TR T — sy
TR, S EH MR E 60 mm, T LA
W /NG (Larimichthys polyactis) %5 %)) %%
P sRARSES WFFERAT, o X R ) 5 AR
FEHITERT 45 mm, Jynl R s lig a0
HAEW AR B kAR S (Loligo beka) .
H A 208 (L. japonica) F1 11 ¥Rl (Oratosquilla
oratoria) %5 1€ B A ARk 7 UK 0 25 RIS 1) i 5k B
R E T, A 14% BERCR
P R BEARIE LS 2 4F 7200, R4S BRI AR
Ay B | o S S S D TN O N2 D g 1)
TS T T A 3 5 3R XU 18 {EL (SPRyge,) 1Y 205 14
(Kl 4), (BHFEPRAAH Head 25 2 MNMEACH TR RS

TESMRAEAL H g e, A3 3h B g3 58 i ¥
SN, BB B L AR I vl AR R s R
PS i VA- WA R S iU SR 1 SN OO Eas i ]
55 9 EL R F R BEAT PR BEE ST, 2 S PR H
RS LB A= 2500 5 2 5 Ak 4

R o [E] AP Bt B 5 I B 0 K B R BT
BYFEEESRAHRELMEL, “F &
1027 Z 2 KA RAEARBR K F % T 8 X
RAIFTE LA REAF AR KA L EARFR
Ho W 2 ) 77 H 48 F BN S .
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Stock assessment of Setipinna taty in Shandong inshore waters based on
length-based model and ensemble model

HAN Qingpeng ', WU Qiang '’, SHAN Xiujuan "*, JIN Xianshi >, SU Chengcheng '
1. Shandong Provincial Key Laboratory of Fishery Resources and Ecological Environment,
National Key Laboratory of Mariculture Biobreeding and Sustainable Goods,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China,
2. Shandong Changdao Fishery Resources National Field Observation and Research Station, Yantai 265800, China

Abstract: Assessing the status of fish stocks is fundamental to the scientific management of fishery resources. Setipinna taty,
an economically and ecologically significant forage species, plays a crucial role within fish communities, and changes in its
stock status can have critical ecological impacts. It is essential that the management of S. taty resources is based on robust sci-
entific analysis of stock status. The data requirements of traditional stock assessment methods have hindered their use in assess-
ing S. taty due to data scarcity. The rapid development of data-limited methods for estimating stock status has made it possible
to achieve a credible assessment of S. faty resources despite the inadequacy of the data to support conventional analysis meth-
ods. In this study, the length-based spawning potential ratio model (LB-SPR), the length-based integrated mixed effects model
(LIME), and Ensemble modeling based on a combination of these two models were used to evaluate the status of S. faty in
Shandong inshore waters in 1999, 2000, 2006, 2017, and 2021. The spawning potential ratio (SPR) estimated by these models
served as a biological reference point (BRP) for this study and as a proxy for maximum sustainable yield (MSY) in the absence
of information on population size. Model results could potentially inform a sustainable fishing harvest strategy that targets a
fishing mortality rate expected to result in 40% of unfished spawning output (known as "SPRy.,"), ensuring risk-averse man-
agement of populations with very low resilience. The SRP of SPR3(, is a threshold below which stocks are often considered
overfished. Both LB-SPR and LIME model results showed that from 1999 to 2021, stock status reached its lowest level in 2000,
then improved to its best state in 2017, before beginning to decline, and by 2021 had fallen to a similar level as that during
1999-2000. The SPR estimates from the LIME model were higher than those of LB-SPR for all years. Ensemble model SPR
estimates were all lower than LIME results, but not all of them occurred between the LIME and LB-SPR results. The ensemble
estimates of SPR from 1999 to 2021 showed an increasing trend (0.48-0.77) followed by a decrease to 0.47, all greater than the
risk-averse value of 0.4. These values implied that the S. taty stock in Shandong inshore waters was in a healthy state
throughout the study period. During the study period, favorable environmental conditions supported the growth and reproduc-
tion of S. taty in Shandong inshore, providing a certain guarantee for the health status of the S. taty resources. However, con-
tinually increasing exploitation intensity and spatial contraction and habitat deterioration of the core spawning and nursery
grounds may adversely affect the stock status in the future. Currently, the S. faty stock in Shandong inshore has just reached full
utilization, yet the fork length compositional structure remains above the population decline risk threshold (SPR,.,). Compres-
sion of this compositional structure nonetheless signals a need for precaution within the context of increasingly complex cli-
matic change and increasing anthropogenic pressure. Considering the key position of S. faty in the Shandong fish community
and its trophic characteristics should motivate fisheries researchers to evaluate the impacts of current commercial mesh net size
of fishing gear and propose reasonable size constraints that can provide an optimal balance between ecological protection and
economic benefit. The present study provides a credible scientific basis for the sustainable utilization of S. tafy resources in
Shandong inshore waters. It is the first public Chinese assessment report on the application of a multi-model combination to
data-limited fishery stocks in China, and could help advance the progress of resource assessment for data-limited stocks
throughout the country.
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