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JUART G 260 m LA A0 SRS B KR 2
WOR AR, s R B R IR . A
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1 #MEEFE

1.1 #ERE

BRI A 2014 48 8 H(H Z).2014 4F 10 H (B
7). 2015 4F 2 H (&) 2015 4 5 AH(EZ)) &K
P VA VA 3 M 5 VG D A R A VA B L R
19.12°N—23.29°N, 110.70°E—117.21°E, &% K
Rili 2 22 Bl b X (K3 10~200 m), AR T 54
Wrimm, W 9 uhA, At 45 A (E
1), AR T T AR B 82 e
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ARG CEFERAR 5 6 #sr: Ay
W4 ) (GB/T 12763.6—2007),

23°

22°

21°

20°

19°

18°

0

IS E—|

R
South China Sea

50 100 km @ SZEEV 1 sampling site

111° 112° 113°

10°

H 1
Fig. 1

114°

115° 116° 117° 118° E

J AR T R M 5 DR £ v

Sampling sites for the offshore fishery resources survey of Guangdong



578

SR AS: SRAEVCIT XS AR AT i

YR AT R T 983

1.2 E#EFigit

1.2.1 REFEFE  FRMICREE: £ 45 DA
uli S PRI AL E BRI 8, 12, 16, 20, 24,
28, 32, 36, 40, 44, 48 FI 52 PRAEuG AL Al
U A v SR A TR T BE LA AR o 53 )2 BEAILRAE:
KRB BE AR 4 J2(A: <30 m. B: 30~50 m,
C: 50~100 m, D: 100~200 m), HitH A, B, C. D
U EEGY I 100 11, 12 F1 12 4, iKEEJE N

Ul B B REA BE (R 1), i, 7E 36~52 Nuh
SR R, SHBTHEEN C 2R D 2 R4
AR A B — A 3 1 R O

1.2.2  RESFURIEIT WE 15 METHEHRLK,
SR T RIAR(RZE . B & FE). 2 WY
EEK B4 B-F A KGR AR
3WMAFE (R -4 BH-B-R . B-4-F . K-A-R)
4 W/ (B -BK-2-3) o

F1 IREEEVFRAESEHETHEENEAHIZE

Tab.1 Stratum-specific sampling effort allocation in the stratified random sampling design for Guangdong coastal fishery survey

IV ¥5 S8 number of sites
stratum 52 48 44 40 36 32 28 24 20 16 12 8
A 12 11 10 9 8 7 7 6 4 4 3 2
B 13 12 11 10 9 7 7 6 5 4 3 2
C 14(13) 12(13) 11(12) 10(11) 9(10) 9 7 6 5 4 3 2
D 13(14) 13(12) 12(11) 11(10) 1009) 9 7 6 5 4 3 2

T RPAESFRRTE C. D 2 JZ K BEHLIIARE 0l 5 8 dL vl e 55 Y B AL

Note: the brackets in the table indicate that the number of randomly sampled stations in layers C and D may be the number within the

brackets.

1.3 EHURE

A 58 AR 5 R A T R B 2R W R RO < B
570 SR 2 FilRE 7k, i BRAh AR BT 1Yol 8
FU, % s b e 2647 A s el A, Seit
FRE I8 A BT ARG 1Y 2R AR, R E A 1000
W ARG H AL TR AT 19 P R A S A i 3K S )
FREGHAT P, TR SRR A A ) R o R R
K M AR X Af 1% 22 (relative estimation error,
REE)FIAH X} 1l 22 (relative bias, RB)#j i A [A] K Akf
BT YRR B T 0 VR S FORS B B SR AR
Py = B TR0 238 X8 v TR X A 158 2 RO AR
XoJ A 26 248 XoF (B AR /N I SRAE T A B R A T
8o AT R 2R T Vit S RV v R A R (S B
R <S% HAN A T 1~2 A RFE A FL 1 55 0 0
M, BT TS YA B A T 2 FheRAE
oAb Ir %, B TEVEARTERA PR DL AP W DA B )
P&, 38 3 U DX B A A A AR BB A AL
RREARRATE WA
1.4 REFZTTHRTEM

fa 25 W) Fh 3= F FE B I 2R (species  richness
detectability) A & U A I8 A Fr 4845 19 )

P A I B S YRR e, AT
P=S/8""x100%
[, POAYIFP - BRI, S S By E A i
BRI PIFEL, ST PR I LSRR AR
FHXFAt 1112 2% (relative estimation error, REE)
PSP R pRS BE AR T, A 2t R

\/i (Siestimated _ Strue)2 /R
REE =

= Strue % 100%

o, §TC g A XIS Rl R, S0 8
| REERAF I ARAS ) A AL, R B IR L
(AT R 1000 1K),

XTI 22 (relative bias, RB)W] FH T34/ 4 £
A TR B TR B e 8 (A A O, TR =K
T,

R
Z Siestimated /R— Strue
RB ==

e x100%

K5 & XA I
BTV (design effect, D) T i & A [\] %
FEBRTTRICR, How LU SR BEHLRAE R 3, 1T 5
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‘_}SRS (é)
X, V() TR R A E R ARE BT A Y
72, Vs (0) FmMRIREAR T, {7 S pEHLAEE
(SRSl I 22 . #5 D>1, R SH7RFES T
AR TR T 7 S AL RE, BOAS R 25, 77
De<1, WM YL T A B HLAMAE, D,
AN, REERUR AT

BRI | A TR 25 . A R 22 A F Ak
NAATEIAE R BT HilfAT; RA ¢ g TAE ¢
SR % T W E RSB (P<0.05) 6

2 ZEREHSW

2.1 BZEMEAR

PO A SR M A W) 420 B, SRR 2 4
24 H 119 B 240 J&, HHREZ 258 . Bk Z= 295
P &ZE 219 Fl . AZE 238 B, DO A L A
SOV R B 2% L BBy R 2R CE IR OK & 2 f
(Nemipterus bathybius) . 3% ¥ i (Malakichthys
griseus) . % B KIREH(Priacanthus macracanthus)
K (Acropoma japonicum) . % ik Wi (Saurida
tumbil) . V& Iy fli(Thamnaconus hypargyreus) .
5 K 85 (Caranx  equula) . F7 % 1 (Trachurus
Jjaponicus) . | B8 (Psenopsis anomala) . i fa

D =

&

(Trichiurus japonicus) . —. ¥ AL V5 8 (Evynnis
cardinalis) . 5 T % ¥ i (Champsodon
atridorsalis) . 2B AR (Upeneus bensasi). 7548
fik (Polynemus sextarius) . Wi I8 % (Decapterus
maruadsi) . 18% % YW (Acropoma hanedai) . H.ff
Hfili (Alutera monoceros) A1 H A 4 2 fi
(Nemipterus japonicus). BRI /N T 5%
Wil fk)n, HZ 157 M BkZFE 176 M. A 93
ft. 2= 123 Fh, PUFEIL 250 i

2.2 YMEFTEHRNE

221 £ TEISFRRAELGD, YR EEE
PR A 47 it SR A i 80 H: 1) 398 T g8 T v (18 2)
A Al DI, YRR R R R b T
B, BEE uh RS, b T T

ZZo t KRR ES SR BR, 42 BENLRAL 30 % 18 3%
T T T B BE LR AR (P<0.05) o Wy b = & 8 454 0 SR i
B RAERR A 2k . M RS T,
AFETHEG P RESORAAEZES: —4F 1 KR
R, RERORERAE;, —4F 2 UCRHERE, B Rk
BRI, —5F 3 UCRHERT, H-RK-2FE-Bk-FH
HERMEAE

—AF 4 YR, WM RZIRF] 90%, 53)7H
TR PARE NI R BT 44 A0k 5, A5 E5K 80%, uh S
Bl 28 A, —4F 3 YCREE, 5T 80%1%
W, - ME - R ET 36 1, MiE-4-
F K- -F AT 44 DU —4F 2 UCRFE, 27
FA TO%IRMR, H-FALA Bl S 8uw >, M
36 4, HAhH G HAT 44 1>,
222 HIBEwEEM  HIRWHAME, WA
FIH) b T R PR, R 3 — S Y R T 2%,
Hor oy 2 B AL R AR b T 3 38 265 T B B AL R A PR
(F 3)o —4FRAE 1 IRAT, BRI R, 3R
MK 60%, RAFu SALTT 16 4~ RAE 2 KA,
BB A MHN R, HIEE 80%, KAf
AT 20 N RAE 3 REF, H-Rk-HEAA
B R e, FMRIE 90%, KA AT 24
A Z T, —4EREE 4 R, B33 B iR,
PRI 25K 90%, RAFEu AT 20 1>,
2.3 HEXMEITHRE
23.1 W™ FEISHORERT, YR EE
PRI 2 1) REE {15 347 Bifi SR A 3 150 5004 385 0 T 36 7 ik
ANEL 4), PR SR /DR, REE (6T B B A
XFRCPR, Bt s s AR 3, H R R T
%, AHFS BT, BEA SRS 3 REE {6
BT

432 BEAILRAE RN {87 5 A LA BE 1) REE {E Y B
i ARG I B T . Y IZBEPLRAE Y REE
(ELTE SR A 0l i B /D Bf 55 7 PR B LR A 22 SR 3
8, R B A SRR S s AN, T Y 2% S
KN SRAESR A58 1, 2 F1 3 IRE, Bk,
BB, H-RK-2 I -FK-F 1) REE {HAHX &N
232 FIR%mEM  HRFA RIS, REE AV
TREH TR, B —EE )5 2% (Kl 5). 7EAE
[F] 81 5 4 Ok Rl SSESR T, A JEBEALR AR
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Fig. 8 Design effects of different sampling methods
Panels a and b show the trends of design effects of different combinations of seasons and sample sizes, respectively.
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Effects of sampling design on fish species richness estimation in
Guangdong coastal waters
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Abstract: Accurate assessment of marine biodiversity is fundamental to fisheries management and ecological
conservation. Optimizing sampling design is crucial for improving the estimation precision of species richness as
an essential biodiversity indicator. Based on seasonal bottom trawl survey data collected from August 2014 to May
2015 in the coastal waters of Guangdong, this study employed computer-simulated resampling techniques to
compare the effects of simple random sampling (SRS) and stratified random sampling (StRS) on the estimation of
fishery species richness under varying numbers of sampling sites and frequencies. The results showed that the
species detection rate increased rapidly with the addition of sampling sites when their number was low, and the
increasing rate gradually slowed as the number of sites increased. To achieve a 90% species detection rate, 44
sampling sites were required for year-round seasonal sampling; for an 80% detection rate, the minimum number of
sites needed was 36, with the summer-autumn-winter or summer-autumn-spring seasonal combinations being the
most efficient. Both the absolute values of relative estimation error (REE) and relative bias (RB) decreased as the
number of sampling sites increased. StRS exhibited significantly lower absolute REE and RB values than SRS
(P<0.05). After excluding rare species, the number of sites required to achieve a 90% detection rate decreased to
20, and the absolute REE and RB values also declined, indicating that rare species increased sampling variability.
The design effects (D.) of 15 stratified sampling combinations were all below 1, demonstrating that StRS had
higher sampling efficiency in Guangdong coastal fisheries surveys, particularly when the number of sampling sites
was limited. This study provides a scientific basis for optimizing sampling designs in Guangdong coastal fisheries
surveys, and suggests selecting site numbers and seasonal combinations based on monitoring precision
requirements and cost constraints.

Key words: fisheries survey; simple random sampling; stratified random sampling; species richness; Guangdong
coastal waters
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