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Fig. 1 Map of bottom trawl survey stations of fishery

resources in coastal waters of Shandong
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Tab.1 Natural mortality estimators for O. oratoria

Tk AN MASH HARBET: 2% SCHR
methods equation input parameter M reference
1 1gM=-0.006 6-0.279 0 1gL . +0.654 3 1g K+0.463 4 1g T L,=19.87, K=0.62, 1.09 [18]
T=14.92
2 M=4.6/T .« Tnax=4 1.15 [19]
3 M=InP/T,,\ 7"=4, P=0.05 0.75 [20]
4 M=3K/("* 1) K=0.62, Tp.—4 1.19 [21]
5 M=bK/[" " Tm0—] b=2.88, K=0.62, 1.27 [21]
Tnax=4> 1=—0.59
~1.01
M =431 (10— In 0.05
6 K=0.62, t,=—0.59 1.00 [22]
7 M=e" #0810 T Tnax=4 1.08 [23]
8 M=1.5K K=0.62 0.93 [24]

T LA A (em), KREKER@), TAKIL(CC), PR ERIFRIIME, pRELEKSHL,

IR KA R AR

Notes: L, indicates asymptotic length (cm), K indicates growth coefficient (a™'), T indicates temperature (°C), P is the proportion surviving to maximum
age, b indicates allometric growth parameters, ¢, is the theory age at zero length
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Fig.2 Length-weight relationships of O. oratoria in
coastal waters of Shandong

[
()}
T

A /em
body length
=)

W
T

09 10 11 12 01 02 03 04 05 06 07 08 09
2016 2017
EE)

month

B3 WHEEOMENEKMESBNER
ELEFANT5 AT & 804 K%k
FEJE B 3 7n 2 3 ELEFANTS v M HO AR KA 43 A, BBAE SRR
IEVEME (T3P HME), BRSSO E KT 8 31 B,
2k R s K 2R
Fig. 3 Length frequency distributions and growth
curves estimated by ELEFAN of O. oratoria in
coastal waters of Shandong

Histogram indicates the length-frequency distribution restructured by
ELEFAN, black column and white column indicated positive peak
(above running average) and negative peak (below running average),

respectively, dotted lines indicated growth curves
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Tab. 2 Biological reference points for O. oratoria based on different natural mortality
T3
methods M Fcur YPRcur Fmax YPRmax FO.I YPRO.I
1 1.09 2.14 3.76 1.98 3.76 0.95 3.44
2 1.15 2.09 3.53 2.14 3.53 1.00 3.22
3 0.75 2.49 542 1.25 5.85 0.73 5.47
4 1.19 2.05 3.38 2.26 3.38 1.03 3.07
5 1.27 1.96 3.07 2.55 3.09 1.10 2.80
6 1.00 2.24 4.17 1.74 4.20 0.88 3.87
7 1.08 2.15 3.80 1.95 3.81 0.94 3.49
8 0.93 2.31 4.49 1.58 4.59 0.83 4.25
B
A 1.06 2.18 3.90 1.88 3.92 0.92 3.59
mean value
e 1~80rBIR R R IR 8Fh Al 57 1%
Notes: 1-8 represent eight estimators respectively in Tab.1
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Fig. 6 Relationship of yield-per-recruitment with
fishing mortality based on different natural mortality

Biological reference points Fj | and F,,,, are presented in dotted lines

and broken lines, respectively
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Fig. 7 Relationship of yield-per-recruitment with length
at first capture based on different fishing pressure

Solid lines, dotted lines and broken lines indicate maintaining current
fishing pressure, Fy ; and F,,,, respectively. Ls, indicates the current

body length at first capture
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Tab.3 Growth parameters of O. oratoria from different areas

X 13
Earfa a b LOO (cm) K (a 1) 1‘0 rslielﬁrtnce
111 %:(2016—2017)  Shandong 0.014 5 2.88 19.87(BL) 0.62 -0.59 AHFT  this study
WHL(1996) Zhejiang 0.0156 291 [4]
2 9%(2004—2005)  Liaoning 0.020 6 @ 2.86 Q [28]
0.0175& 2953
#is  Hongkong 19.1(TL) 0.75 -0.16 [29]

i: BLAKK, TL.&K
Notes: BL. body length, TL. total length
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Yield per recruitment evaluation of Oratosquilla oratoria in
coastal waters of Shandong

LIU Yiwen ', ZHANG Chongliang ", LIU Shude’, WANG Sijie’, REN Yiping "’

(1. College of Fisheries, Ocean University of China, Qingdao 266003, China;
2. Shandong Hydrobios Resources Conservation and Management Center, Yantai 264003, China;
3. Laboratory for Marine Fisheries Science and Food Production Processes,

Qingdao National Laboratory for Marine Science and Technology, Qingdao 266237, China)

Abstract: In order to complement the basic biological information of Oratosquilla oratoria and provide managers
with scientific guidance and theoretical basis, based on the size composition data of O. oratoria obtained from
fishery independent surveys from 2016 to 2017 in coastal waters of Shandong Peninsula, this study estimated the
growth and mortality parameters of O. oratoria. A length-structure yield per recruitment model was used to assess
the population dynamics and management strategy of the species. A total of 5 028 individuals were caught, from
which the length-weight relationship was derived as #=0.014 5L**, showing a negative allometric growth pattern.
Asymptotic body length and growth coefficient estimated by ELEFAN were L..=19.87 cm and K=0.62 a™',
respectively. The growth rate of O. oratoria showed remarkable seasonal oscillation, the highest in October and
the lowest in April, and the amplitude of the seasonal oscillation (C) was 0.76. The total mortality (Z) estimated by
length-converted catch curve was 3.24 a', and the natural mortality (M) estimated by several estimators ranged
from 0.75 to 1.27 a™'. Accordingly, the fishing mortality (F) ranged from 1.96 to 2.49 a”', and the mean
exploitation rate was 0.67. Results of YPR model showed that with the F increasing, YPR tended to increase at first,
and then decrease. Biological reference points F, ; and F,,,, were 0.92 a' and 1.88 a', respectively. This study
shows that O. oratoria stock is over-exploited. In order to maintain stock and fishery of O. oratoria, fishing
pressure needs to be reduced and length at first capture should be increased.

Key words: Oratosquilla oratoria; yield per recruitment; biological reference point; seasonal growth; coastal

waters of Shandong
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