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Fig. 1 Sampling stations of bottom trawl survey in the Yellow River estuary
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Tab.1 Coefficient of variation of relative abundance
indices of selected species/groups in four seasons in the

Yellow River estuary

e 8H 10H 2 5A

species Aug. Oct. Feb. May
R v 21 g 1.700  0.449 1015 0.880
Cynoglossus joyneri
75 Kz 2,015 1.504  0.206
Pholis fangi
Eg=tiN ] 1.834  0.849 0411  0.800
Chaeturichthys stigmatias
Mo 2505 0410  0.621 0.241
Loligo sp.
H A 2.351 1.404 1.922 2.430
Charybdis japonica
[ i gy 1.238 0.761 1.081 1.441
Oratosquilla oratoria
Mg £ ¢ 1.820 0931 1.035

small-sized fish species in
Clupeidae and Engraulidae
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Calculating the abundance index true values (¥"*) with original data

‘

BEEWTIEC 10, K W 1%

Setting the initial number of transect at 10 and reducing it in turn

.

X SEHAE A R R, A5 BRI B AR R, =1 000
Calculating the "estimated" values ( st"m‘“ed) with simulated data by
resampling the original data with replacement for 1 000 times

'

WIREAR AL T REE. RB. CV
Calculating performance indices (REE,RB,CV) of abundance index with
the estimates

!

HE 100 R, AT TR A

Repeating for 100 times to get the distribution of each performance index

l

ANTR) 25 AN [ Fe R R 2 W T e pe A
Optimizing survey transect number of different fish species in
different seasons
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Fig. 2 Flowchart of the computer simulation to optimize the numbers of transect for the cluster sampling with

abundance index as a survey objective
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Fig. 3 Changes of relative estimation errors of abundance indices with transect numbers in four seasons

1. Cynoglossus joyneri; 2. Pholis fangi; 3. Oratosquilla oratoria; 4. Chaeturichthys stigmatias; 5. Loligo sp.; 6. Charybdis japonica; 7. small-sized fish

species in Clupeidae and Engraulidae
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Fig.4 Changes of relative biases (RB) of abundance indices with transect numbers in different seasons

1. Cynoglossus joyneri; 2. Pholis fangi; 3. Oratosquilla oratoria; 4. Chaeturichthys stigmatias; 5. Loligo sp.; 6. Charybdis japonica; 7. small-sized fish

species in Clupeidae and Engraulidae

HARE & T, FTREAS— & H T HAh B r .
Bln, e, X w0 K A0 AT gk e il e
PR G HEAT R A, 98 2 OB T Z50CA O RV AT il I A
TWE(E6), Mt IR, FRIFEMA . &Y
21 i R e £ 2 4 2 R IR O AT R A
I, W A5k 6 BV AT I A T L, A T K
OB 6B, I BT I 5 AU REEH -39 FEL
8.14%~40.76% 111 59.95%~46.98%, 2 B ik /D k¢
A TEATY IR T LA™ A A OO 1 00 ORG B B A T
B[R] — o A [) 2 40 ¢ U A A8 A T BT
o 325 DRI TS0 AN A ], e ) 21 68 i 5 T T
BOh A~ T Bl £ 2 A A A 2R v i A
Wr 4 6(1416)

A EATE R, T A E Y a4y
i b AEESR, WMaEEARRIIAEEZER. 1
FRA, H ARSI R B THE B REE(H L
g BEf0 2 A L AR AP S I AR AR RO,
WWHEZ , H7~101(&3, KE6), Hinfh3mn
T B4 25 (6] 43 A1 A8 5 RS HREE(A % PIAH G,

http://www.scxuebao.cn

7 W T BORH R A LR, A8 TR A0 AR AR S R B
. HREBMESLM S, R T SRR 50X e
IR (15 7)o

SRR IR 22 R EORIE T H bR Bk 5
RO, FC A Ty 22 0T DLy A R 1 ] 5 22 FHRE
J7 2%, N FH Bootstrap B Al A5 32 7 Jh BRI 4
BN, X H ARSI AR O B AL, i
IRl R R RO R T R R TR )
ZL 5 Y U A RS A ARG, X T RE R E 5 H
Boi o A 0 I R 22 SRR G, TR
2 AR G FNATE 5T X IR B S T, IRE A
EWE . RAE . BEHCRBUCRE G, AE W ]
WA 22 SR, H e R A S G T R
FEXTCFPAE O, RERER AR A RBOR TR, AT
K FH P B B A R B 3 R A AR R T A
T O AMFE T 3RO T 2 A Sl VIR I A
B A3 38 1) R A B T B AR . R B
WE B ROR . HARBEIR IR 25 010 . PR A
SRAE LA | il o 2 E A DL ) 9 A X B


http://www.scxuebao.cn

6 4 TR, A BT i BT I PO 9 A SR A T T 0T U A A T B 5 1513

1 2 3 4 5 6 7
2.0 4 &
1.5 1 . . &
1.0 L . Tl <
0.5 ‘... "' “"‘-_ =1 I.____‘ .'_' E
Te-see—4| bt L T 2 ®ete—o_| * ——o_ o]
o 1251 3
S 1.00 1 5
< R . -+ =
- & 075 i \d o
X 3 L ) d '. -
S £0501 . - .. m
ﬁ B 0259 e, _ Tesagy|  SSuves sa [ITT] e | I S =
R wn i,
o £
8315 G : .
2 104 8, . % 2
8 S Tl T v,
© 0.5 1 ‘..__“. £l PO "-,__._ _..'_—---_ - D(E
2.0 .
1.5 1 " Py =
10, - K =
051 “w-a____ Totea Pv., $eas T ee =
[\ IR 0.7 <757 1) INSNNNN | e | =2 757 Y9 | NSRRI | R
246810 246810 246810 246810 246810 246810 246 810

Hh i £
transect numbers
5 TRFEHEETHNERRZR(CVEREHREHROE WL
1. W) 555 2. 07 IR Y5 3. FUUR 5 4. OF RESR R fa s 5.4 S I 6. H A48 7. e fif i 5%
Fig. 5 Changes of coefficients of variation of abundance indices with transect numbers in four seasons

1. Cynoglossus joyneri; 2. Pholis fangi; 3. Oratosquilla oratoria; 4. Chaeturichthys stigmatias; 5. Loligo sp.; 6. Charybdis japonica; 7. small-sized fish

species in Clupeidae and Engraulidae
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Fig. 6 Accuracy change rate of REE with sample size

1. Cynoglossus joyneri; 2. Chaeturichthys stigmatias; 3. small-sized fish species in Clupeidae and Engraulidae; 4. Pholis fangi; 5. Oratosquilla oratoria,

6. Charybdis japonica; 7. Loligo sp. The horizontal line represents ACR equal to 4
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Effects of sampling transect number on estimation of abundance index for
bottom trawl surveys of fisheries resources in the Yellow River estuary

MENG Xinxiang ', WANG Jing', ZHANG Chongliang ",
XUE Ying ’, XU Binduo ", REN Yiping "

(1. College of Fisheries, Ocean University of China, Qingdao 266003, China;
2. Laboratory for Marine Fishery Science and Food Production Processes, Pilot National Laboratory for
Marine Science and Technology (Qingdao), Qingdao 266237, China)

Abstract: Fishery-independent survey is commonly used for collecting high quality biological and ecological data
and provides vital parameters for fish stock assessment and management. For fishery-independent surveys, low
cost and high precision as a result of reduced sample size may lead to a much greater reduction of survey mortality
for the already depleted fishery populations and the ecosystem of fragile estuarine habitats, so that optimization of
sampling design is essential for acquiring cost-effective sampling efforts. Computer simulation is usually applied
to evaluating sampling designs in identifying an optimal sampling effort to achieve the goals of a survey program.
In this study, the effect of sample size on estimation of abundance index was examined for fishery species
including Cynoglossus joyneri, Pholis fangi, Chaeturichthys stigmatias, Loligo sp., Oratosquilla oratoria,
Charybdis japonica and small-sized fish species in Clupeidae and Engraulidae in a cluster sampling survey based
on the data collected from bottom trawl surveys conducted in August, October 2013 and February, May 2014 in
the Yellow River estuary and its adjacent waters. The relative estimation error (REE), relative bias (RB),
coefficient of variation (CV), and accuracy change rate (ACR) were used to measure the performances (accuracy
and precision) of different sampling efforts. In general, these indices including REE, CV and ACR showed similar
trends, decreasing with sample size initially and then becoming stable after certain sample sizes during all the four
seasons. Most of RB did not show consistently increasing or increasing trends with sampling size. The absolute
value of RB of C. japonica, O. oratoria and P. fangi etc showed an obvious increase when the sample size reduced
from 3 to 1. The optimal sampling efforts were different for the selected species because the target species had
different spatial variabilities. The effects of reducing sampling effort on the precision of abundance index
estimation were low when the species had low spatial variabilities. Therefore, the optimal sampling effort for
multiple species fishery resources surveys should consider the spatial and temporal distribution patterns of the

target species.
Key words: abundance index; sampling effort; computer simulation; Yellow River estuary
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