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Fig.2 Scheme of potential investigation stations for
stratified random survey in the Bohai Sea
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Tab.1 Stratum description in the Bohai Sea

JZ Stratum 432538 Description W, Np
A <20m, HMAP, ML PR Fine silt, within Laizhou Bay 0.09 8
B <20m, KRS, SEJINTEILH Fine silt, north of Laizhou Bay 0.11 10
C <20 m, MMPFUKE LU, ¥ Silty claymud, Yellow River estuary 0.05 5
D <20m, AR Ve, SRS Silty claymud, south of Bohai Bay 0.10 9
E >20 m, UM, TS ILER Fine silt, north of Bohai Bay 0.08
F >20m, KE4RHABAS, B P83 Fine silt, Bohai Sea Midwestern 0.13 12
G >20m, KRER/-RHANEE, B ZRE0, $&1 0% Fine sand, Bohai Sea Mideastern, near the strait ~ 0.12 11
H >20 m, REBHIHEBES, THRIEARBIF Coarse silt, southeast of Liaodong Bay 0.08 7
I >20 m, KEBHFFAG LR, LRI VIR #R Clayey ooze, southwest of Liaodong Bay 0.10 9
K >20 m, KEBIAYAP, TAVEH R Fine sand, central Liaodong Bay 0.11 10
L AP BURS +cde, 1L ZR{EJEHR Silty claymud, north of Liaodong Bay 0.05 5

TE: WhAESS h 2B N 255 h 2 SR B Y 5 KL

Note: W, is overall weighting factor of stratum h. N is the total number of units in stratum h
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Tab.2 The distribution of the total sample size among strata
JZ Stratum 60 48
SS SRS 1 SRS 2 SRS 3 SS SRS 1 SRS 2 SRS 3
A 5 5 5 4 3 4 4 3
B 10 10 6 8 10 8 5 7
C 5 5 3 4 4 4 3 4
D 5 5 6 4 3 4 4 3
E 6 6 5 4 3 5 4 3
F 6 6 8 9 6 5 6 8
G 7 7 7 6 7 5 6 3
H 3 3 5 4 3 3 4 3
I 5 5 6 4 3 4 4 3
K 5 5 6 8 4 4 5 7
L 3 3 3 5 2 2 3 4

T SSARFRE SRAE , SRST UK Z BEHLRAE S A7 B BT R (1), SRS2 UK R BEHLR AL 35 4073 B 7 %(2) , SRS3

RT3 2 B HLRAT: 285 5 731 7 %6 (3)

Note: SS represents stationary sampling, and SRS1 represents station allocation scheme (1) in stratified random sampling,

SRS2 represents station allocation scheme (2), SRS3 represents station allocation scheme (3)

®3 TRBMADESRPELFRFEERBMNMI SR

Tab.3 Various group biomass index of groups and species diversity index in different station allocation schemes

A Index %ieﬁ 60 5 11 60 4HJEBEL 123 48 4 48 43 JZBENL 123
value 60 SS 60 SRS 123 48 SS 48 SRS 123

FBER IR R EL()

Biomass index of group

12 Finfish group (FI) 2499.62  2717.08  2532.33(2388.86~2772.34) 274530  2497.65(2120.19~2966.78)
2415.91(2210.27~2585.16) 2534.13(2364.85~2796.73)
2462.78(2219.15~2595.32) 2449.72(2176.08~2609.25)

2% Shrimp group (SH) 1846.19  1922.04  1859.64(1604.81~2029.24)  1968.37  1859.30(1455.93~2312.16)
1804.48(1572.53~1978.07) 1812.97(1541.57~2091.01)
1820.45(1708.25~1980.74) 1776.84(1514.80~1986.00)

f#2 Crab group (CR) 329.78 361.19  340.97(288.83~453.43) 388.89  328.17(279.28~380.67)
319.87(278.72~363.99) 317.45(266.09~370.75)
334.54(295.01~376.61) 306.25(259.48~329.58)

3 JE 2 Cephalopod group (CE) ~ 481.74 48420  483.37(450.10~516.21) 505.19  485.87(414.78~546.83)
486.83(416.83~552.80) 500.80(445.42~543.340
465.60(433.95~493.00) 471.90(412.46~533.16)

HAWB2 Other group (OT) 1211.63 124495  1119.26(715.67~1556.11) 1260.86  1236.230(772.29~1667.08)
1203.04(779.33~1560.10) 1156.68(1519.52~529.61)
1217.13(777.67~1420.02) 1057.72(821.99~1600.45)

Margalef = & FEH8 %1 254.13 241.00  255.96(245.60~262.97) 23258  253.47(242.24~262.97)

Margalef’s richness index (D)

252.67(245.37~257.54)
252.05(243.47~259.87)

251.27(239.76~261.84)
250.33(238.53~261.02)
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Tab.4 Select of individual species for the station scheme optimization
e Ak e M Es mk RN
Types of index Specific index Species codes Present rate (%)  Habitat layer coefﬁciegnt
I2% i Setipinna taty ST 79 rh_FJZ Pelagic 0.5
Class | 521 B85 Cynoglossus joyneri CJ 85 JIK/Z Demersal 1
=70% =Y F1 Portunus trituber culatus PT 81 10~50 m 1
JE JTURE %I Trachysalambria curvirostris TC 88 <30m 0.7
[ ¥R Oratosquilla oratoria 00 94 1
HAH 25 Loligo japonica LJ 94 Ji5)Z Demersal 0.7
IIES f#% Engraulis japonicus EJ 67 th I J2 Pelagic 0.3
Class Tl 4168 Pampus argenteus PA 54 th |2 Pelagic 0.5
50%~70% H 7% Charybdis japonica CA 50 1
nj 4kt Johnius grypotus 1G 60 Ji§ )2 Demersal 0.7
1B i i1 Trichiurus lepturus TL 40 Ji&JZ Demersal 0.7
ClassII fii Scomber japonicus PJ 13 b | JZ Pelagic 0.5
<50% /N ff Larimichthys polyactis LP 4 JI&)Z Demersal 0.7
VEHIPETT % Carcinoplax vestita Ccv 42 1
1 = %F¥F Fenneropenaeus chinensis FC 35 0.7
£ Octopus variabilis oV 17 0.7
7 Rhopilema asculenta ES 10 0.4
BB Sk AL R I T K S
G OMERIZE A B, Gt 17 R GE 4), H (YR
REE == x100% 4)

BRI A 3% T RBHAR=70%, G 6 b,
2 HBR 50%~70%, G14E 4 R, M2 B
<50%, fFE 7 R, TWREEE b, WiEE B Il
ER/N2 W (I

L Zh:Chi/axAhi
b=> | H——xA, )
XA
i=l
L Zh:chi/aqxphi
B=) | = —F—xA 3)

o
T

S Ay
i=1

K, a BB/ BT, Cy R h 25 |
vl K R AR, A R AR D 2R Tl T AR TR
Ny A5 h ZEEAR TR RN L, L oA)ZEEL, AR
h ZWE, q LR, SMEHES RES%
4 2 AL 4E(2005) . WA TE R R OIS R R
PBSmapping (Schnute et al, 2015)i1 5.,

ARWFFE R A AT % 22 (Relative error, REE) FL R
A T (EL A #E T 5 AR 5 5 (Chen, 1996). 3145
nr

vt
% FHAH Xl 22 (Relative Bias, RB) A& )
f 2% (Paloheimo et al, 1996), & AUF .
_Y¢/R-Y!
==
Kb, YRR E . e AR
FRASBEUR Y “FLSC” H, Y A5 | IRBHRAE Bk
THE, RMEBHLEITIRE, A R=100,
1.3.3 ABimitsz FE T Ee AT A TINARL , 3 57 %5
48 1 60 B T RBENLURFERSID R IFF R4 3 Mok
FESE A A B 5 2 AT REHLRAE | B0 7 SEBEHRAFE UKL
9100 ¥R, BRI RHHEE o S50 ECk 48 B SR
FER S BRR A HEE , S0 0k 60 1A s KA
FE BT X A7, DRSS TR S A v B BB

2 ZER545H

21 AREREFEARHBEIIRELLER

MR G IR R B Fp AR SR (R 3)nT LA
B, SOIECN 60 HYRE RRFEAS EIHY 0 T4 SRAH E
VLR 48 HYSE RURMEHHGE T “HS {H; 3 A
SRAE U 3 0 TE J7 58 53 2 B HILSR R ) B R DA 245

RB x100% (5)
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Jr % Margalef 4= 5 BERG R M0 28I ARG E 1
REE( 3)Bt R AL ub i BOsi b midg ok, 70 JZBEHLR AL
REE flR T RURAE, 3 MORAEN 73 Be J7 S 78 1 )2 B
PLRAETTI Y Margalef =5 B8 SORN f1 28 E R
AR REE K T5E mURAE, 0002 PR AT

FIRE . Sk HABRBTE RIS B REE %%
TR FRFE

[ 2k 5 ¥ i REE 7 20%LApy, T2
3 PR R i REE 78 30%AP9, T 25 6 Pt i it REE
TE 35%LAN(GE 5), #Fh2Eye I R BRN 25 0% R 1%

FHXT R 2ZZAER(E 3), 12K, 432 BENLRAE S 43
fit J5 %€ . (SR2)F1J7 % = (SR3) i HL il (Setipinna taty) |
=ik T (Portunus trituberculatus)?%¢J5i & REE 1%
T8 R RE ;M4 W 2175 5 (Cynoglossus joyneri) . [
IRt (Oratosquilla oratoria)%Jiif+ REE, 3 F4 e )7
R R DR & T sk D26, & Fh2k
it REE SRR B0 ZBENLRAE K T SURME .
M2, /Nt (Larimichthys polyactis) . ¢ i [ 15 4%
(Carcinoplax vestita)#i i f& REE 432 RiHLRAE KT
SE S SRAE, A fa(Trichiurus lepturus). f4£f (Scomber
japonicus). [ Xt T (Fenneropenaeus chinensis)& )
SEAH S R KR X AN R SR A 7 2245 R A B U i
REE 2800 i 2 520
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m v OT \ X = v L] ¥
& 2t * 13
151 v A X ° X
Hy Hy A N o
i + 3‘5 101 ° A 4 o e
B 10k N x | B X A o %
E é o> X -?5 o X v
X X ° R g b o v
F A + shA v v
Sre 8 § ¢ & A v v 8
v o ° ° o [e] o
oL I L L L ! I I Q L L L ! ! I I
60SS 60SR1 60SR2 60SR3 48SS 48SR1 48SR2 48SR3 60SS 60SR1 60SR2 60SR3 48SS 48SR1 48SR2 48SR3
Kb B Treatment AbFH Treatment
o EJ A 40 o TL 4
40 - oPA AP
+ CA +LP ® 4
= JG R x CV +
< S 30 oFC m v
< 30 + A ) v OV a o
E A A + Eﬂ = ES &
X + A
Hy o ¢ v
B 20 - + % B oaot" =7 I
= o + 4 A 1) % ¥ I =
Z X % A 6 o o <o
X o o A X v
¥ X 2 « © 8
LA
10 9 108 % o o X
® X ®
x
0 _% | | | Q | | | ? 1 1 1 ? | | |
60SS 60SR1 60SR2 60SR3 48SS 48SR1 48SR2 48SR3 60SS 60SR1 60SR2 60SR3 48SS 48SR1 48SR2 48SR3
AbHE Treatment AbFH Treatment
Bl 3 OREERAEE TS [E] 8 B0 R ) 1R 22

Fig.3 The relative estimation error (REE) for different indices of different sampling

3 bl (i L7 2973 J2 BEPLR AL Margalef 4
W BB REE 22 5800, A JERERT IR AR Boh /26 |
HRZE . RIS K R A RAE G 7 70 L 7 58 —(60SR3
1 48SR3)VHA B/ IR 2E , T HAWSE B PR i 4
R REE TEARAETT PR ER . 1260, sl

s SR

FUEREE B A4 52 (Loligo japonica) % B 75 7 & =
(60SR3 Fil 48SR3) A B/ NIFHRT IR 2, =Pt T
I JTORE X5 B (Trachysalambria curvirostris) % 5 &
REE {UTE 60SR3 J5 Z& HH /N, 2 RAF w1 8K 48 I,
1E 48SR2 Fi1 48SR1 H#g/h, M2, &4 (Engraulis
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Tab.5 Biomass of individual species for the station scheme optimization

BRI Individual species “ELIH 60 FE 15 60 72BN 12 3 48 %E 48 SYJEMEHL 123
“True” value 60 SS 60SRS 123 48 SS 48 SRS123

I 2% Class [
Y S taty 387.11 417.40 382.30 451.24 400.32
375.32 390.61
369.31 386.35
W) 4T 5 175.77 185.54 183.42 193.20 171.25
C. joyneri 172.26 174.69
166.03 166.40
=P 159.45 180.44 160.21 193.47 157.61
P. trituberculatus 154.04 153.68
164.67 140.50
T JTORS o 361.80 393.05 370.85 407.91 353.83
T. curvirostris 345.30 361.07
347.34 353.30
IR O. oratoria 1097.17 1110.27 1107.15 1140.09 1112.45
1079.46 1053.11
1090.19 1032.29
H A #5221 L. japonica 340.55 326.06 340.05 355.15 337.99
333.23 348.93
337.30 341.55

2% Class T
# E. japonicus 214.84 237.19 171.07 251.97 224.56
209.67 227.61
190.83 255.63
8 P. argenteus 264.52 271.42 279.72 263.73 247.27
252.66 268.50
270.85 268.95
H A C. japonica 68.97 70.14 71.28 80.45 70.37
66.71 60.04
63.59 61.67
M5 J. grypotus 79.85 67.83 81.63 73.58 83.14
75.94 81.69
80.09 78.91

M 2% Class1l
W40 T, lepturus 96.61 86.54 93.59 87.09 98.05
94.98 95.62
95.18 83.73
% S japonicus 8.70 7.38 8.49 6.35 7.92
8.29 8.70
9.45 8.87
/N4 L. polyactis 2.10 1.65 2.21 0.91 2.15
2.08 2.03
1.97 1.94
U e 15.19 13.74 15.80 14.46 15.06
. 15.06 16.03
C. vestita 15.25 15.43
Fp [ X R 24.55 25.24 24.67 25.06 24.16
E. chinensis 22.95 24.06
24.44 22.70
K- O. variabilis 9.96 10.30 9.90 12.15 9.18
9.87 10.54
9.53 9.52
Wi R, asculenta 2325.70 2501.49 2037.84 2501.49 2404.59
2335.23 2191.09

2353.74 1941.35
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Sudy on Optimizing Sampling Design of Multi-Objective Fishery-
I ndependent Surveys. A Case Study in the Bohai Sea

HAN Qingpeng'?, SHAN Xiujuanl’m, JIN Xianshi'?, WAN Rong™*,
DING Qi', CHEN Yunlong', YANG Tao'

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs; Shandong
Provincial Key Laboratory of Fishery Resources and Ecological Environment, Yellow Sea Fisheries Research Institute, Chinese
Academy of Fishery Sciences, Qingdao 266071; 2. Laboratory for Marine Fisheries Science and Food Production Processes,

Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071; 3. College of Fisheries, Ocean

University of China, Qingdao 266003; 4. College of Marine Sciences, Shanghai Ocean University, Shanghai  201306)

Abstract Fishery resource surveys are an important basis for the scientific management and
conservation of fishery resources. The representativeness of resource survey stations is particularly
important because there is limited sampling time and space. Optimizing the design of fishery resource
survey stations under limited conditions is always the focus of fishery resources research. Taking the
Bohai Sea as a study area and using a numerical simulation method, this paper analyzed the impact of
species occurrence rate (17 main species were divided into three categories: class I with an occurrence
rate of more than or equal to 70%, class Il with an occurrence rate of 50%~70%, and class Ill with an
occurrence rate of lower than 50%) and habitat water layer on the relative error (REE) of single species
biomasses, explored the influence of the number of stations (48 and 60) on the results of stationary
sampling and stratified random sampling, and further optimized the design of multi-objective fishery
resource surveys in the Bohai Sea. Results showed that the relative errors of biomass for five species in
class I, three species in class I, and six species in class Il were less than 20%, less than 30%, and less
than 35%, respectively. This indicated that the relative error for single species biomasses increased with a
decline in the species occurrence rate, while the habitat water layer had no significant influence on the
REE of species biomasses. As the number of survey station decreased, the accuracy value for stationary
sampling decreased (the REE of biomass indexes for fish, shrimp, crab, and cephalopod increased by
1.1%, 2.5%, 8.4%, and 4.4%, respectively, and the REE of Margalef richness index increased by 3.3%).
Stratified random sampling could compensate for the declining accuracy due to a decrease in the number
of survey stations. For example, the accuracy of the fish biomass index (REE is 4.6%) obtained by
stratified random sampling with 48 survey stations is higher than that obtained by stationary sampling
with 60 survey stations (REE is 7.7%), which could help reduce survey costs and protect low-abundance
species. However, each sampling method could not fully satisfy the multi-objective optimization, and the
accuracy of stratified random sampling was affected by station allocation schemes. Setting survey stations
based on the optimal criterion of sampling cost can obtain a higher accuracy of biomass assessment for
fish, shrimp, crab, cephalopod, and main species such as Setipinna taty, Oratosquilla oratoria, Loligo
japonica, Engraulis japonicus, Johnius grypotus, Carcinoplax vestita, and Fenneropenaeus chinensis, and
could be used as a station design scheme for multi-objective fishery resource surveys in the Bohai Sea.
Key words Bohai Sea; Station design; Multi-objective; Stationary sampling; Stratified random
sampling
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