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Tab.1 Catch and CPUE data of jack mackerel fisheries in the South East Pacific from 1997 to 2014
e IR /1000t TG EOILCPUE/ (Vtrip) A WEHEI L # 35 E/1000 t AHEHER . CPUE/ (t/h)
catch of costal CPUE of costal catch of high CPUE of high

year purse seine fisheries purse seine fisheries seas trawl fisheries seas trawl fisheries
1997 2917.06 0.69 0

1998 161291 0.62 0

1999 1219.69 0.70 0.01 3.14

2000 1234.30 0.80 232 3.57

2001 1649.93 0.89 20.09 3.97

2002 1518.99 0.89 76.26 3.95

2003 1421.30 0.86 158.20 3.81

2004 1451.60 0.80 295.44 3.56

2005 1430.43 0.70 243.57 3.10

2006 1379.94 0.59 362.63 2.61

2007 1302.78 0.50 438.82 2.21

2008 896.11 0.39 406.99 1.74

2009 834.93 0.34 371.92 1.50

2010 464.81 0.28 239.59 1.27

2011 247.30 0.27 60.89 1.22

2012 227.46 0.31 39.92 1.37

2013 231.36 0.36 41.18 1.60

2014 271.13 0.42 58.95 1.88
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Tab.2 CVs of CPUE and biomass for the assessing model

B4 model CPUEMZZ 5+ #41 CV of CPUE FU AR R HCV of biomass
fRARZ V7 low error assessing model 0.3 0.1
R ZE PRI ZY high error assessing model 0.5 0.2
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Fig. 1

Observed and estimated CPUE of the operating model from 1997 to 2014

(a) the purse seine fisheries in the coastal waters; (b) the tralw fisheries in the high seas
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Tab.3 Estimated “true” and simulated model parameters and BRPs by

the operating model and the assessing models respectively

LA model r K/1000t  Bjg;/1000t g 9> Bumsy/1000t  Fygy
FEEREA] operating model 0.391 25244 5705 0.001 73 0.000 80 12 622 0.196
AR Z P B low error assessing model 0.413 24959 5576 0.001 74 0.000 83 12479 0.206
IR ZE VP high error assessing model 0.442 24906 5333 0.0175 0.000 81 12 453 0.221
14 000 14 o [ PRG35 22 PPl A1 5 (141 4).
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Fig.2 The “true” population dynamics for the

jack mackerel stock in the South East Pacific from
1997 to 2014
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Fig. 3 Box plots of relative error (RE) of By;gy and Fygy
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Fig. 4 Box plots of relative error (RE) of biomass and instantaneous fishing mortality

F4 BERBEMITARETNAI2015—2024F £ & FIRKR
Tab. 4 Predicted status of jack mackerel stock from 2015 to 2024 by the operating model and assessing models

7 model PR HCR Biooa/Busy  P(Bag2s>Busy) B24 /1000t TACy05/1000 t TAC;054/ 1000 t
BERR 0.5F,014 (0.071) 1.145 - 14 454 212 1035
operating model

0.75F 9,4 (0.106) 0.971 - 12253 308 1294
Fao14 (0.142) 0.821 - 10 360 398 1431
1.25F,914 (0.177) 0.693 - 8748 482 1480
LR A A TR
VR 2 Pl B 0.5F 5014 (0.073) 1.168 0.87 14713 215 1107
low error assessing model
0.75F 4 (0.109) 0.997 0.50 12 391 311 1356
Fa014 (0.146) 0.838 0.13 10 460 400 1478
1.25F,914 (0.182) 0.707 0.01 8788 485 1507
TR S LA TR
R PPAL R 0.5F 5014 (0.074) 1296 0.81 15929 217 1177
high error assessing model
0.75F 914 (0.111) 1.110 0.63 13 542 316 1460
Fao14 (0.148) 0.943 0.43 11433 411 1649
1.25F 5914 (0.185) 0.815 0.26 10 052 496 1716

3B RI T I AY20154E FI20244E TAC, 20244 FRIR 22 WAL B (F4).
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Fig. 5 Projections of biomass trajectories for jack mackerel during
2015—2024 by the low error assessing model
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Fig. 6 Projections of biomass trajectories for jack mackerel during

2015—2024 by the high error assessing model
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Tab.S Predicted status of jack mackerel stock from 2015 to 2024 by the operating model when using

the multiple level fishing mortality rate of 2014 estimated by the assessing models.

47451 U K Y5 source of HCR

W EHIFMHCR  Bao2a/Bumsy P(B2g2s>Bumsy) Bagaa /1000t TAC,015/1000 t TAC,004 /1000 t

AR Z PF4 15 low error assessing model 0.5F 014 (0.073)
0.75F 14 (0.109)
Fa014 (0.146)
1.25F 0,4 (0.182)

iR ZE VP 5 high error assessing model 0.5F514 (0.074)
0.75F 014 (0.111)
F014 (0.148)

1.25F 9,4 (0.185)

1.134

0.956

0.804

0.675

1.128

0.949

0.796

0.667

0.93 14310 219 1055
0.30 12 067 317 1311
0.01 10 148 409 1441
0 8524 495 1469
0.86 14 239 222 1065
0.40 11975 321 1319
0.19 10 044 414 1431
0.08 8415 501 1446

FhBESh S 45 LW, 1997—20144F, W EIT
K FBysy, WHEA T ERMATRE; M1997-
201 14F, HHBIFET- REII K TFysy, 4550 E
—H K, 20124F LG, MBI T-REA KR
FusyPh T o AtZedr, REFEFEDE. M.
i (R 5 R R IR S TR R A 2R B ORCF R T
EHE RN O (RS W T LB T Bl vt i e P
65 79 [ 1 BT P BA (3R 1) o D7 B2 9 T BB )
Wl I RFZE R BT &, AR R o
IR 1997 —201 14 [6] Bf 4b F & B 4l 55
(overfished) I 1F i 52 12 & 4 57 (overfishing)iX i f
FE R AR D B2 B IR . AR AR i RT3
%, SPREMOT20104F5d 3 1 | R a2k
VI B A B e, R A% R N 7R 201 AR R AT 3 £
R i PR E 7R 20 104F e 3R FE 10 60%, 20124 I i
F i 1 — A5 B SE A% [ 20 1 24F 47 5 f 7 F AN A5 ot
20104F#940%, )5, SPREMOIE #1747
St TACH BRI, WISPRFMOM AE 201 5447 5
B TACHA60 T, A UL, TACH] B i & 37 K3l
5 1 1Y 40 DS 20 1 1A J5 88 1) 477 6 f0 B R 3G G
WBEIPET RECT By E 2 A

5 SPREMOMIFAL G5 AR L, HAFEREA Y AR
A T3 7 S 0 U e R B P8 T R B AT (] AR
B SR — B, WA O AR EIR I B S AR IR
{HLAF B8 5 1) 2 WP AR, 32 22 5P AT fE S Al
FH A AP S S BRUR [/ A ¢ . B T 0 [H) &R 51 Y
CPUEX#E 52 S W] 10 iy i IR s A8 Ak, sk A 1 47
S 30 1 80 U L R AR S A T Y S 8

http://www.scxuebao.cn

r. KZEA[EERYP>3, SPREMOE FH 9 J2 ¥ Ak 41
% 20 1% S8 T Y (statistical catch-at-age model), £
EoRfa SANFE R OC AR L MR O R S R
TREZAN TR, Z28E . S5WER. BT
Wil B A B 1R 22 Hh A I S E 1 LI R 22
&1 O7 BN AR R 22 DL X B AR BT AR AR O
0 -Fh 78 6 OC R S HCh 3 & SPREMO % IR 1
Aili 235 AT R 1 1Y RS AR T R Y
BEUR S SRS, i AR e AR A R T
RUTT Al AR 25 4 A& TR ) A7 5 0 9E PR T R R
. SRR SIS, X R LA R B T
RE T 4f, (H VAL 25 R 10 M 22 AT BB AR . M R #K
IR, BE R gh AR T R R TR R T
W T RPRE AR R A S5 4 Sk A TR G
R CHM RS S ME B Z B B ge™, (HiZmsiRl
T8 T 0l A8 S 7T 8 LA 18 235 AL B 4%
H T YR gy A A A L v AR A D U
Rpmr, Heitms . iHRR S, WA
Z R EAL, RIEE T T 52 2% i Bl i Bl A A
R, B S ST IR T T RS, S
SRR BRI T IR LA, DA B RLA 2 0 i
7 A 2 S 1A D PR B H X v o A L A B e 2
AN R A 3 A A T PR A R LA
WhoE e . BT E M BRI E M AT
AN P AE 2 il B IR AT ST T A BT
12 T AN 0 2 X vl B 5 VA 2 el A S T
AT, GiReeves " HFFY 1 4 I 45 2E 1% 25 X B¢ I
HOAVE BRI 2 5 Chen®E U BIHL T X 50



54 ARFEE, AF: AR ROT PR SE A BT RITA 5  B4  LU AR SLAT 815

PN KA R A W) 2 7%l I AT T
WAL s Guan$ PY. CaoF PV HIELHL T [F] Fh
T 45 A6 B JHC A2 48t 238 XoF R VG VA 5 R K VG el A
A KFBRIPAG Y FE 00 o 7R B AL 45 55
A E RGO, W BRI R . W
PR SR A e e 2R IE ., AT
FE AT UL N 152 255 R 3k 15 25 X6 8 AP S £ B )
TEAS A SR e e, A S50 5 T SC PR Y 1 3R
FCPUESUE , S BRI BRI 1« B9 i AT
St A REShAS Bl , SRS AR B R A A
SEIMABENLR 22, A TPAGBIRY o 5 4 i
TR S a5 A X 15 2 1 TR R

A BEPLLIN 152 22 Fnad iR 225 s, WR U A .
Bisy B AR AR 107 4 455 5L T R AU Py B £, H
FEHLIRZ AL, BRFEE. BMSY%ﬁE’fﬁ\ 8558
T F BN F sy BT A O 72 2 o B R (1 3181 4)
TP RM R R EE SHEGE AT RESE£A
AWy 2 22 AT IR Y, T AN 8
MIAFTE , AT RE 23 X5 B¢ J50IR B0 1 1 A8 152 1 S OB
AT IE T R A Py B A7, WO A 3 25 A
SRy A5 5 ORE O K s T 2 Y R A BB sy AR A
W, R S5\ O BEIR O 20 B SO A
IR BIME KT o 33X B F AE B R RO 5 AT T
REEIREY¥SH AN RAE S R, B TH
FIAT S 0 B I A B T s T RS HA
2% I ZEREAR T R, DR DA A8 2 X ] 477 S
1 PEOIR B0 A S e B B ROIR B —

U A >k U A o 45 e 0 B B S AR AR 2
il 2 vl B R A R Y G RRE , H TORB E E

20 000

- — B
S ., simulated value e’
S 2 15000 {— fitly 7.
=g Lo theoretical value _ __ 2 e
) SISE B P :
22 10000 { T ey Lo gE
&
50001 _.2=
0 . . r
2015 2017 2019 2021 2023 2025
4 year
(@)

M AEAE, X 3 Ff sl 245 A8 Ak 1) 3000 23 77 76 M 22
R SR AT RE v b A B RE A R 00 BE
it AT 6 O o T R k4 Bk Az it PO, (i
il A2 YO A B it 2 200 2 R P SRR A 11 KL
B, JFEHE = ARTT T TR R A T 2 SR
N, 2017202448 RIS AMAEGE P& . AR TR
JE A 5 Bysy I I . AETACK B e fli, HBEHLIRZE
e, XA AR EMZ g K, W EIRE
B Bysy /K P I RE R A AR K, il A FRAEAE AN
B Pk B HL AR 2 Bl = (s . Ele. &
4)o BT by A S T U)o AT A ) il 5
PO TS R BOWE AN, TR T AY TR A B
i, 30l 5 B A N R Ok B RCR O i T AR
il E TS A TAC, 25 R AT e S 208 R AT 5 %%
=N S BT N N 1 et S N G N
4),  H T BEATL UL 5 22 e B i 22 R L B0 i
MV B N S R RURS S R AE Y, AL,
AT AT T e R e A P < T s IR AT
REARR XU, L S 3 il 5% 35 A m S R 5
MaX— AR %, T 2014453 B FE T- R E050%
(0.5F5014) 45 B Tt e 1 o

B Bl 4 P R 8 T 0.5F 014, AR AR 7Y 45
HAG T A92015—2024 4 & TACRI N 4 J5 SR
B 4 BEAE i, WN20154F A TAC(HE) M 215T
5217 F t(FR4) WATBETUAL TH190.5F 5 UH
O3 AR AR R RY , HR AR AR TN Y 45 AT BE IR
T S TACEE IR AE S B T Iy 5 1 9 IR Kl J2:
L fey g Xof 45 R il A AR AR AT . 2015—20244F
e BRI R AL, (HEE RS, 762023

20 000

— L .-
hay ?En’l’l\ﬂ{aﬁted value et et
1) 1= ZEN X 4
§ ] 15 000 the(l)cretlcal value -~
= O A e A Ul e - -
B 510000 T e g2 -
= B
4 - =2
= 5000 | 77"
0 . . . .
2015 2017 2019 2021 2023 2025
4 year
(b)

7 RAKRETFERE@MSRETEEEOMS T HRHENREBHETREH,
BRAEEETUNA2015—204F KB ERE

2k R 7R BRI R K 80% B A5 X 1]

Fig.7 The predicted biomass from 2015 to 2024 by the operating model when using the best fishing mortality

estimated by (a) the low error assessing model,and (b) the high error assessing model

dash lines are the 80% the 80% confidence intervals of biomass

http://www.scxuebao.cn



816 ko

40 %

FEABELFIBysy/K V5 TACHH =, W20154
TACHE A A 219 T-tu 222 T, & T HAHIE
MESAE, AT, hFREILRZEMSRERZED
FETE, 20144F B 0T RECPE DL =, B il
SE [ FHS R 6 TACT T B (TACH) B8 (5
R AU ) T 9% Y88 ot AR T 9030 (e Rk 1 308
AR FRLRIE), FREMLIR 25 HOR TACH ¥ 5
5 H U R 22 (K

it AT R0 5% 25 0 e At 05 25 2 AN e k1) L
S HL G R G0, el B R B RS 5T S P A
UL ) 5 2 R0 UL I 152 2 X6 ¥ sl B U BT AAE B Y
S 1) F T B U AR S R TR
ARBEHL T UEF CPUEL M 152 22 FN il F 5% U i 1) i
T 158 25 o 48 I A S £ 9 VR A Bl K el A5 R 1) 5
M) o it BRI 152 22 et e 15 2 X280 AR A 5 o b
Bl i BRURVEAR AN LY A T R R
RN By B A0 A7 1 97 855 56 T R BUOR F gy B 155
il X D7 s G UECAR O 0 W AR, A A
Jit 73] 386 A B 500 RN TACHY 7 1) 2 8, (i A5l
BEHLC R XU 3G D . TR A, AR
fi % SPRFMOZE 11 9 8 R 477 5 £ i 3K o5 5¢ 4= L
S, DRI TR A G 6 A B O 5% 25 X R A O £
GEURPEAR A LA R, A AR M BE S RE A8
fif TR

SE R :

[1] Cardenas L, Silva, A X. Magoulas A, et al. Genetic
population structure in the Chilean jack mackerel,
Trachurus murphyi (Nichols) across the South-eastern
Pacific Ocean [J]. Fisheries Research, 2009, 100(2): 109-
115.

[2] Arcos DF, Cubillos L A, and Nuifiez S P. The jack
mackerel fishery and El Nifio 1997-98 effects of Chile
[J]. Progress in Oceanography, 2001, 49(1): 597-617.

[3] Cubillos L A, Paramo J, Ruiz P, et al. The spatial
structure of the oceanic spawning of jack mackerel
(Trachurus murphyi) off central Chile (1998-2001) [J].
Fisheries Research, 2008, 90(1-3): 261-270.

[41  FRE ARMRSE. RT3 Ml (M]. Jbat: P EAR
HipRAL, 2011,

Zhang M, Zou X R. Oceanic jack mackerel fisheries
[M]. Beijing: China Agriculture Press, 2011 (in
Chinese).

[5] South Pacific Regional Fisheries Management

http://www.scxuebao.cn

[10]

(1]

[12]

[13]

Organization (SPRFMO). Report of the science working
group [R]. Port Vila: The tenth Science Working Group
of SPRFMO, 19-23 September 2011, Vanuatu. 2011.
SPRFMO. The second report of the Scientific
Committee [R]. Honolulu: The second Scientific
Committee Meeting of SPRFMO, 1-7 October 2014,
USA. 2011.

Evseenko S A. Reproduction of the Peruvian jack
mackerel, Trachurus symmetricus murphyi, in the
southern Pacific [J]. Journal of Ichthyology, 1987, 27:
151-160.

Kochin P N. Age determination and estimate of growth
rate for the Peruvian jack mackerel, Trachurus
symmetricus murphyi [J]. Journal of Ichthyology, 1994,
34(3): 39-50.

TR, AR, 2R, . AR T A K A R R
Ty B S LRV I R BT SRR 51 B (7], K=
%, 2005, 29(3): 386-391.

Zhang M, Zou X R, Ji X H, et al. Discussion on
exploratory fishing of Chilean jack mackerel (Trachurus
murphyi) in the open sea of the southeast Pacific and
prospect of its commercial exploitation [J]. Journal of
Fisheries of China, 2005, 29(3): 386-391 (in Chinese).
ARFTHE, TR, ARIGESR, A, AR P KT Vo A il R R AT S
AR S ERKMTT (1], BilRE RS SR, 2010,
19(1): 61-67.

Zou L J, Zhang M, Zou X R, et al. Age and growth of
Chilean jack mackerel (Trachurus murphyi) in the high
sea waters of southeast Pacific [J]. Journal of Shanghai
Ocean University, 2010, 19(1): 61-67 (in Chinese).

JOR, TRER, ARIESR, S5, ZR g KTV R R 4 O £ B L
KEMAR WG [1]. LR YR, 2012,
21(5): 892-898.

Zhou B, Zhang M, Zou X R, et al. Histological
observation on the ovary development of Chilean jack
mackerel (Trachurus murphyi) in the southeast Pacific
Ocean [J]. Journal of Shanghai Ocean University, 2012,
21(5): 892-898 (in Chinese).

Vasquez S, Correa-Ramirez M, Parada C, ef al. 2013.
The influence of oceanographic processes on jack
mackerel (Trachurus murphyi) larval distribution and
population structure [J]. ICES Journal of Marine
Science, 2013, 70 (6): 1097-1107.

Li G, Zou X R, Chen X J, et al. Standardization of



54

ARFEE, AF: AR ROT PR SE A BT RITA 5  B4  LU AR SLAT 817

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

CPUE for Chilean jack mackerel (Trachurus murphyi)
from Chinese trawl fleets in the high seas of the
Southeast Pacific Ocean [J]. Journal of Ocean University
of China, 2013, 12(3): 441-451.

Zhu G P, Zhang M, Ashford J, et al. Does life history
connectivity explain distributions of Chilean jack
mackerel Trachurus murphyi caught in international
waters prior to decline of the southeastern Pacific fishery
[J]. Fisheries Research, 2014, 151: 20-25.

Caddy J F, Mahon R. Reference points for fisheries
management [M]. FAO Fisheries Technical Paper, No.
347, Rome, 1995.

Chen Y, Paloheimo J E. Can a more realistic model error
structure improve parameter estimation in modeling the
dynamics of fish populations [J]. Fisheries Research,
1998, 38(1): 9-17.

Chen Y, Xu L X, Chen X J, et al. A simulation study of
impacts of at-sea discarding and bycatch on the
estimation of biological reference points F( ; and F,,
[J]. Fisheries Research, 2007, 85(1-2): 14-22.

Reeves S A. A simulation study of the implications of
age-reading errors for stock assessment and management
advice [J]. ICES Journal of Marine Science, 2003, 60(2):
314-328.

Punt A E, and Donovan G P. Developing management
procedures that are robust to uncertainty: lessons from
the International Whaling Commission [J]. ICES Journal
of Marine Science, 2007, 64(4): 603-612.

Deroba J J, Butterworth D S, Methot R D, et al.
Simulation testing the robustness of stock assessment
models to error: some results from the ICES strategic
initiative on stock assessment methods [J]. ICES Journal
of Marine Science, 2015, 72(1): 19-30.

Li G, Zou X R. National report of China to the 2014
SPRFMO science committee [R].Honolulu: The second
scientific committee meeting of SPRFMO, 1-7 October
2014, USA.2014.

Hilborn R, Walters C J. Quantitative fisheries stock
assessment choice, dynamics and uncertainty [M].
Boston: Kluwer Academic Publishers, 2001.

Haddon M. Modelling and quantitative methods in
fisheries (second edition) [M]. Boca Raton, London,
New York: CRC Press, 2011.

Jiao Y, Chen Y. An application of generalized linear

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

model in production model and sequential population
analysis [J]. Fisheries Research, 2004, 70(2-3): 367-376.

Punt A E, Szuwalski C. How well can Fygy and Bygy be
estimated using empirical measures of surplus
production [J]. Fisheries Research, 2012, 134-136: 113-
124.

Prager M H. A suite of extensions to a nonequilibrium
surplus-production model [J]. Fishery Bulletin, 1994,
92(3):74-89.

Punt A E, and Hilborn R. BAYES-SA: Bayesian stock
assessment methods in fisheries. User's manual [J]. FAO
Computerized Information Series (Fisheries), No.12,
Rome, FAO.2001.

N, BT %, BOCIL. FE T DU TE 2R . SRR
PR TEAL S PRAENE K2 A [J]. 7K 224k, 2010,
34(5): 740-750.

Li G, Chen X J, Guan W J. Stock assessment and risk
analysis of the alternative management strategies for
Chub mackerel (Scomber japonicus) in the East China
Sea and Yellow Sea using a bayesian approach [J].
Journal of Fisheries of China, 2010, 34 (5): 740-750 (in
Chinese).

Sullivan K J. The estimation of parameters of the
multispecies production model [R]. ICES Marine
Science Symposia, 1991,193:185-193.

Cao J, Truesdell S B, Chen Y, ef al. Impacts of seasonal
stock mixing on the assessment of Atlantic cod in the
Gulf of Maine [J]. ICES Journal of Marine Science,
2014, 71 (6): 1443-1457.

Guan W J, Cao J, Chen Y, et al. Impacts of population
and fishery spatial structures on fishery stock assessment
[J]. Canadian Journal of Fisheries and Aquatic Sciences,
2013, 70(8): 1178-1189.

SPRFMO. 2011 interim measures for pelagic fisheries
[R]. Colombia The second session of the preparatory
conference for the establishment of the commission of
the South Pacific Regional Fisheries Management
Organization. Cali, 24-28 January. 2011.

SPRFMO. Commission report of the third meeting of the
commission of the South Pacific Regional Fisheries
Management Organization [R]. Auckland, New Zealand,
2-6 February, 2015.

Cooper A B. A guide to fisheries stock assessment: from

data to recommendations [M]. University of New

http://www.scxuebao.cn



818 ko R 40 %

Hampshire, Sea Grant College Program, 2006. approach to fisheries management: How this is taken

[35] Ludwig D, Walters C J. A robust method for parameter into account by tuna regional fisheries management

estimation from catch and effort data [J]. Canadian organisations (RFMOs) [J]. Marine Policy, 2013,

Journal of Fisheries and Aquatic Sciences, 1989, 46(1): 38(2):397-406

37-44.
[40] Linton B C, and Bence J R. Evaluating methods for

[36] FAO Code of conduct for responsible fisheries [M].
Rome: FAO. 1995.

estimating process and observation error variances in

. . . . statistical catch-at-age analysis [J]. Fisheries Research,
[37]  Sethi S A. Risk management for fisheries [J]. Fish and

Fisheries, 2010, 11(4): 341-365. 2008, 94(1): 26-35.

[38] FAO. Precautionary approach to capture fisheries and [41] Deroba J J, and Schueller A M. Performance of stock

species introductions [M]. FAO Technial Guidelines for assessments with misspecified age- and time-varying
Responsible Fisheries No. 2, Rome: FAO. 1996. natural mortality [J]. Fisheries Research, 2013, 146(5):
[39] Bruyn P, Murua H, and Aranda M. The precautionary 27-40.

Stock assessment and harvest control rules simulation for jack mackerel
(Trachurus murphyi) in the southeast Pacific

ZOU Lijin"***, ZOU Xiaorong"*>**, GUAN Wenjiang">**, ZHANG Min">**, LI Gang">*>*"

(1. College of Marine Science, Shanghai Ocean University, Shanghai 201306, China;

2. National Engineering Research Center for Oceanic Fisheries, Shanghai Ocean University, Shanghai 201306, China;
3. Collaborative Innovation Center for Distant-water Fisheries, Shanghai Ocean University, Shanghai 201306, China;
4. Scientific Observing and Experimental Station of Oceanic Fishery Resources, Ministry of Agriculture,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: Observation errors and process errors are the main source for the uncertainties of the biomass dynamics
model. These errors are harmful to fisheries management because they can lead to biased estimation for some key
management quantities such as biomass, fishing mortality and their related biological reference points. Simulation
approach has been widely used to examine the effects of observed and process errors and evaluate the ability of the
stock assessment model for providing robust catch advice. In this study, we use simulation approach to examine
and quantify the impacts of observation and process errors on the population dynamics, assessment and
management of Chilean jack mackerel in the southeast Pacific. Based on the biomass dynamics model and real
catch and catch per unit fishing effort (CPUE) data, the operating model was built to describe the “true” population
dynamics and fisheries for jack mackerel stock, and generate “true” time-series CPUE data. Assuming errors in
CPUE has lognormal distribution, 100 sets of simulated time-series CPUE data were generated respectively by
adding low level and high level random errors to the “true” CPUE. The assessing model was also based on the
biomass dynamics model but low and high level process errors were added by setting low and high coefficient of
variation, CV. We refer to the assessing model as “high” error when both observed and process errors were subject
to high level and “low” error when both errors were subject to low level. Relative errors (RE) of biomass, fishing
mortality, Bygy and Fy;gy were used to measure the disparity between the operating model and assessment model.
Constant fishing mortality rate was considered as harvest control rules. Four constant fishing mortality scenarios
with current level (F,y14) and at 1.25, 0.75 and 0.5 were input to operating model and assessing models to do
projections respectively. The results of the projections of the operating and assessing models were compared to

analyze the impacts of random observed and process errors on the “true” and simulated population dynamics. The
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management advice derived from the assessing models, i.e., values of a certain level of F,(;4 estimated by the
assessing models, was employed to the “true” population and the projections were done again to predicted biomass
and total allowable catch (TAC). We refer to these predicted biomass and TAC as the theoretical biomass and
TAC. The “true” population dynamics and fisheries showed that jack mackerel biomass was less than 50% Bygy
during the period of 1997-2014 while fishing mortality rate was greater than Fy;qy except the last three years. The
estimated parameters instantaneous growth rate r and hatchability coefficient q by assessing model were greater
than those by operating model, but carry capacity K and biomass of the first year (B;q9;7) were smaller than that by
the operating model. Median REs of biomass and By;qy were negative while median REs of fishing mortality rate
and Fy;qy were positive, and absolute value of these median REs were proportional to the error level. These results
indicated that By,gy and time-series biomass were overestimated, and Fy,gy as well as time-series fishing mortality
rate were underestimated because of the observed and process errors, and the degree of over- or under- estimation
related to the error level. The projections of operating and assessing models showed that simulated biomass trend
in the future ten years (from 2015 to 2024) will increase for all the four fishing mortality rate scenarios, but the
increase rate or the recovery rate of jack mackerel biomass will decrease with the fishing mortality rate increasing,
i.e., the stock needs more time to reach the level of Bygy. The predicted biomass and TAC in future by the
assessing model were overestimated when compared to the “true” future biomass predicted by the operating model.
Furthermore, the predicted annual TAC, biomass and the 80% confidence intervals of biomass by the high error
assessing model were greater than those predicted by the low error assessing model. When the values of the four
level F,q;4 estimated by the lower and high error assessing models were input to the operating model, the predicted
theoretical biomass, ratio between biomass and Bygy and TAC in future ten years were less than their simulated
and “true” values. The projection results of low and high error assessing model indicated that the fishing mortality
rate was set to 0.5F,;4 (equal to 0.073 and 0.074 for the low and high error assessing model respectively) in future
was best for the jack mackerel stock. Under this fishing mortality rate (0.073 and 0.074), jack mackerel biomass is
lower than the simulated and “true” biomass. Although the theoretical value will still increase, the rate of increase
will be slow and the stock can recover until the year of 2023. On the other side, the theoretical TAC which means
the actual catch for the fisheries, are higher than the expected TAC (i.e., the simulated TAC). Moreover, the higher
the error level is, the bigger differences between the theoretical and simulated biomass and TAC are, and this can

result in the increase of risk that the jack mackerel stock will be overfished with overfishing.
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