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Abstract: The Eastern Pacific Ocean (EPO) is the main operating area for global tuna fisheries, and the impact of tuna
fishing in EPO on bycatch shark populations has always been highly concerned by the international community. Based on the
productivity vulnerability analysis (PSA), we conducted an ecological risk assessment on eight shark species caught in the East
Pacific longline fishing industry, and performed a sensitivity analysis on the attributes used in PSA. The results show that the
productivity index ranged from 1.40 to 2.20, the highest being blacktip shark (Carcharhinus limbatus). The susceptibility index
ranged from 2.17 to 2.83, the highest being shortfin mako shark (Isurus oxyrinchus). The vulnerability score ranged from 1.55 to

2.31, the highest being bigeye thresher shark (Alopias superciliosus). Ecological risk assessments indicate that oceanic whitetip
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shark (C. longimanus), shortfin mako shark and bigeye thresher shark were at a high risk, while blacktip shark, silky shark (C. fal-

ciformis), blue shark (Prionace glauca), longfin mako (I. paucus) and scalloped hammerhead (Sphyrna lewini) were at a medium

risk. The results of sensitivity analysis indicate that reproductive strategy, areal overlap and aggregation behavior had the greatest

influences on the species vulnerability scores, with Root Mean Squared Error (RMSE) values being 0.210 1, 0.128 8 and 0.090 1,

respectively. To sum up, C. longimanus, I. oxyrinchus and A. superciliosus are the priority species in the EPO for further data col-

lection, assessment and management, so as to reduce the impact of fishing activities on their population.

Keywords: Shark; Vulnerability; Ecological risk; Longline; Eastern Pacific Ocean
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Fig. 1 Distribution of total fishing effort in tuna longline fishery in Eastern Pacific Ocean during 20142023
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Table 1 Attributes and scoring criteria for productivity indexes of longline fishery in Eastern Pacific Ocean
T 1% (147) Hr@2 1) = (3 4)
Productivity Low (1 point) Moderate (2 points) High (3 points)
R Maximum size/cm >350 >200, <350 <200
H K R HL VB growth coefficient <0.1 0.1~0.3 >0.3
%54 ) Fecundity <10 10~200 000 >200 000
I KM% Reproductive strategy =4 1~3 0
JAAF Y Age at first maturity =7.0 =2.7,<7.0 <2.7
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Table 2 Attributes and scoring criteria for susceptibility indexes of longline fishery in Eastern Pacific Ocean
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Table 3 Scores of attributes of productivity and susceptibility indexes of bycatch shark species in Eastern Pacific Ocean

A7 RupisE KRS RIRKREE pREE  KERE  BUgHE KFE KIUSE
Productivity I oxyrinchus I paucus A. superciliosus C. falciformis C. longimanus C. limbatus P. glauca  S. lewini
FRMAK Maximum size 1 1 1 2 1 2 1 1
H KRB VB growth coefficient 1 1 1 1 1 2 2 1
HH 71 Fecundity 1 1 1 1 1 1 2 2
I R ME Reproductive strategy 3 3 3 3 3 3 3 3
JRAFY Age at first maturity 2 2 1 2 1 3 2 2
ZiPitk Susceptibility
T /K- EH A Areal overlap 3 2 3 1 1 1 2 2
42 AN A

VARG RE)) i 3 3 3 3 3 3 3 3
Seasonal availability
EREAT M Aggregation behavior 2 1 2 2 2 2 2 2

y YRR By B AR
WHOERIL SRR , ) \ , , , ,
Encounterability
W ELEREME Gear selectivity 3 2 3 2 3 2 3 3
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YR RSO T \ , , , , , ) )

Post-capture mortality
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2.5
2.0
1.5
1.0
0.5

0

4{H Score

SMA LMA BTH FAL OCS CCL BSH SPL
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BSH. K5 % SPL. BfRXUE % -

SMA. Shortfin mako shark (I. oxyrinchus); LMA. Longfin

mako (I. paucus); BTH. Bigeye thresher shark (A. superciliosus);
FAL. Silky shark (C. falciformis); OCS. Oceanic whitetip

shark (C. longimanus); CCL. Blacktip shark (C. limbatus);

BSH. Blue shark (P. glauca); SPL. Scalloped hammerhead

(S. lewini).
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Fig. 2 Productivity and susceptibility scores for shark species
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Table 4 Species vulnerability scores and risk category of
bycatch sharks in Eastern Pacific Ocean

Wk Ja st o4 JRUBS: Z31]
Species name Vulnerability ~ Risk category

RN %, 1. oxyrinchus 2.30 55
KAEHTE 1 paucus 1.82 h
KIRK & A. superciliosus 2.31 =
Wtk F& C. falciformis 1.79 G
KMEF & C. longimanus 2.19 =
HhiE R C. limbatus 1.55 h

T P. glauca 1.80 Hh
PRERBUEE S. lewini 1.92 R
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B3 ZRACF: 8 g il PSA KU 15 X0 i
Fig. 3 Risk index distribution for productivity-susceptibility
analysis of eight shark species in Eastern Pacific Ocean

2.3 HEMLSWER

SURANE A3 BT 28 S WL R 4. TEMURE S AT,
SRMBIR 11 AN JEME Lo BT P 45 T X I 55 0 4y
B2 FE R, RMSE {EUER =5 19 4 28 B LX)
TG 555 Pk A B e R, AR R, EE R
W . FPREK V3T B RN BEAT S X i 55 1 4
ook, RMSE {H43 %124 0.210 1. 0.128 8 Fll
0.090 1, %K% i H 2k £ J& 75 i RMSE {H 5% /)
(0.051 2), 3 ¥ EL e 8 M Xk A i 55 1 o Bl
M 5 /1> o

AR, A RIEEBR 11 4 P A5 I 55 P 43 4
) EBRIEATRRIE (K 5), grayfhZEn T
0.243 1~0.393 0, HrhEEREKIAKEN Z, &K
N BRI ER . EeEMET, KEBESE . SRR
LRI R TR 1 PSA KU 25 4 ) 5 Ry vh XL
W, Bl bR @ rE i, HMEE a5y IR
J& T KU (43508 2.105 1, 2.002 7 F12.121 3),
T 7E 4 @ PR W rh OB 1y PRl g e, L
PSA XUSFE E1 T FRAE)E TR (1.420 9). 2R
% . RIRKRERE . K68 & MK &K%
RAELBR A RS 5 2R T B R 5 A
[], 9 HH Sl 1) 555 1 43 85032 B T e s

B

025
0.20 r
0.15
0.10 &

BITRRZE

Root mean squared error

0.05 r

L

K F RS tm AO SA AB E GS PCS
%8 PE Attritute removed

‘max

) - A KAKRS: B 257 RS EHEN; tm. &
PEERS: AO. TR E SR SA WA IR0 11 AB. SR HF
179 E RO R L S A E SRR GS. i H L FEE; PCS.
VRIRE U R

L. Maximum size; K. VB growth coefficient; F. Fecundity; RS. Rep-
roductive strategy; tm. Age at first maturity; AO. Areal overlap;
SA. Seasonal availability; AB. Aggregation behavior; E. Encounterability;
GS. Gear selectivity; PCS. Post-capture mortality.

Bla 11 DRPERRUM AR KPR RE g £l
PSA FHRSERINT Y RMSE {6

Fig.4 RMSE values after sequentially removing 11 attributes
from productivity susceptibility analysis of Eastern Pacific
Ocean longline fishing industry

3 hE

3.1 FAXRFF S FEELETRXKE

ARWFFEHLT PSA X} 2014—2023 4 7R K V-1 4
SREIL TR Y 8 Rt T A AR A, B AE
o 7R S S e R Y e 55 MRS AR A
Griffiths 251" 2047 T 1954—2015 4F A 45 4 46 0
26 A AU 0 2T N BY T il AR A Y I 55
P AP TR EE 2R IR T TATTC 24
THEHRIE, (B SABEAIR I, Griffiths 55 78
HAFFE R AR AT 2 44l WL i sk ) BIAE A T
TANFE . ABRORBER AR AT e, ARBFCRATS
A A ) A= 7 ) B Gy B PR AR BOR s SCHIF e 551k o
SRR, Wy AR R A R e Ak T v KURS AR
&, HRIRKEEM XK REE K&, X5 Grif-
fiths 25171 FIAYT AR AU T4 R —20. X
— IR T AR M G | AR KRGS
TSR NRE AR RS ERIRKER
TR BRI A3 200 7 W00 N 8 ik, HA R
A 10~12 B R 1~2 B 4. iR sh
REIR, ZA BB, RUEEMRIRKER
FER 53 DA B 2500 R T 70% F96%,
R A B SRR B (International Union for
Conservation of Nature, IUCN) 433|31A “Wifs” Fi
“OyfE” W, SR, AWRITIE K IR SR B A
T BRSO A5 T Griffiths 5510 1y



55 4 9 RS AT PR RELE B Ml e &t My b i) A 25 KU Al 61

SMA
3
SPL LMA
BSH BTH
CCL FAL
OCS
—— FFRAE Upper limit T FR1H Lower limit e 554 7354 Vulnerability

SMA. RWfiE % ; LMA. Kt&fif%; BTH. KIRKE%; FAL #ikE%E; OCS. K#gFH&; CCL. &

BEF A BSH. K75%; SPL. BRIRXUE %,

SMA. Shortfin mako shark (I. oxyrinchus); LMA. Longfin mako (I. paucus); BTH. Bigeye thresher shark
(A. superciliosus); FAL. Silky shark (C. falciformis); OCS. Oceanic whitetip shark (C. longimanus); CCL.
Blacktip shark (C. limbatus); BSH. Blue shark (P. glauca); SPL. Scalloped hammerhead (S. lewini).

K5 BTk LR AR IR 1 PSA FHEH k]

Fig. 5 Radar map of productivity susceptibility analysis score estimated with full attributes and with one attribute removed
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