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Fig.1 Locations of blue sharks caught by longline observer
trips in the Indian Ocean (2012-2019)
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®1 GIMEBREBEMBTEMAREBSEE
Tab.1 Explanatory variables, types and
values in the GLM model

B h o B
Variable Type Value

PES Sex 20 AR TP/ P

XK Fork length/cm JUR S 100~341

fif 6] Time/ year A 2012—2019

2 & Longitude LA 40°E~90°E

L Latitude RIS 17°N~11°S

I Hook depth/m  JEZEAR 202.1~297.2
H XMt/

4257 Hook type He A BIE 5/
ik A/ T £

No.3.8/No.4.0/No.4.2/
- ¥ K Wl AR
HIH RN Hook size A No.4.5/No.4.8

1.3 HBZHEMESNE

Hosmer I Lemeshow M348 5638 % FH T —JC
BRI AR A LA RS kT
PE N AR A2 T AERRE i1 28 (receiver operating
characteristic curve, ROC) T A9 1] X ( area under
curve, AUC ) J&ffif £ — 73 JEBIARIIL 45 1) — AP ITAN
FebRt 7 Ead kRS SURAIE , DI R X 4
FET R A K. B T AR A g T —
TCIEHY A 2R 1Y 28 U AR 25 Al 1103 SR A 1R 58,
S IR SR IR FE A BE AL S Bk S FHEAS, K
JEURER 1 ASFREAANE Ry 55 UE R 42, JF 00 FH 3 42
() k-1 ADFREANE DN B G R M R, 38
M UER R E L kUK, B kST REARARE T 1
UAER B E B4 4, AR 5E k=10, &5 it
ROC {4 ™ iy 1 AR LA KB AU 1 95% A7 IX 1],
AUC W HUEVE N AE 0.5 Al 1 2Z[H], 24 AUC B4
T 1.0 B, A AT R 78RR 4T 0.5 B DU
MAE F7 A%, AN ICRL M A
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21 HREETE

WIRATHTI 778 B K E &, ST %
H13.4% , o, 56% Sy HEvES A MEYE Y 4R AE
T8N 12.8% ;44% F et EPE 0 B i st T
BN 14% o WEPEREAST- 2 XK kg 208 em (SD =
29) , HEPEREARSE Y XK R 213.6 em (SD=30.7)
RO K5 R M HEREAS (B SR TR AN AR 1B
2227 (chi-square=0.23,df=1,P=0.63) , {H¥%
e F i Ao PR AR I 2RI e R, MRS
VE R iR As B F T EES7 GLM B4 AR
22 HIEETRHEMEE

VIF #5562 B, 52 [ & () VIF {535 /hF
10, T W BIRL ARG AIC 0] J5 3% A5 WA, i
Ve &S PR 21 B35 (P<0.05) By S A A0 | 5%
M A1 2R X A5 AR ) i 22 A e L 2 N5 B A LI
TR GLM B rh R 8 1 K AR IR B
TARLE | 44 B S Y I A4 B R /INER G K7 e 1Y)
PIREAET R AT WA, Horh, 5 dR oK 1Y) AR
R R XK B B RN R 3R 4
AR B AR AE B AR R T g R T /N
W, B8R 2B EN LR, RIKBESRS
ISR LA B0 25 SR AR I . B 5 SR VB B
RS2 AHARIUREE 5 246 B 22 B AR, 450
(S R 2R A2 i 3 K . AR AR A A
KRB B, HEESHAERN R EENDE
(%3),
2.3 HEBHEMERELER

28 32 5% 22 43 BT A T P2 e PR B R T — 2
BOd s, B B A, 2K R I 2 X e A
MRS HAE A RE R, DR T DA e 2 f1 A5 75
HOHIBR o IS BLIRT fE AR R A A BT 0 B
FHUT B, Hosmer 1 Lemeshow iR AG 46421 &
PREE , T AR A X2 2y 18.569 (P =0.017) , fill A%E
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IR AL A (B X K 2.841 (P =0.944)
T EL A A A2 I AR (3 ) B ) A5 3] 4
T, i AR RS2 AUC Sy 0.738,95% {5 X ]

4(0.602,0.856) 5 il A 58 ELI i 154 A f) -F- 2 AUC
0791, EAF X [H] 24 (0.680,0.894) , AUC K, 45
RUERfA8 R, BRI IR g

R2 HBEGIMEASHAFTEHHBATRMNREESR
Tab.2 Deviation table of the simple GLM model to analyze the hooking mortality of blue shark

2 e % FAHIE  WARE  BALGE W
Parameter df Deviance Resid.df Resid. Dev LRT P
Null 777 612.00
#J7 Hook type 3 84.743 774 527.26 84.743 <0.05
MK Fork length 1 5.675 771 520.42 10.794 <0.05
EE K /)N Hook size 4 1.162 772 526.09 13.743 <0.05
IR Depth 1 11.592 770 508.83 10.483 <0.05
i Latitude 1 23.028 769 485.80 65.090 <0.05
®3 GLM BEMAZELR&ZMEZHSHHITNEEE
Tab.3 Parameter estimation and significance of each influencing
factor after adding the interaction term to the GLM model
Eiaie FEES FrifER 22 VA L BEE
Variable Estimate Std. Error 7 value P
HHE Intercept -6.162 3.479 -1.771 0.077
T Male -3.679 1.830 -2.011 <0.05
H X448 {1144 Japanese tuna hook -4.458 0.856 -5.211 <0.01
557044 Korean type hook -1.902 0.945 -2.012 <0.05
JEW 44 Olecranon type hook -5.486 1.134 -4.838 <0.01
XA Fork length -0.018 0.006 -2.888 <0.01
15K/ No.4.0 -1.337 0.540 -2.477 <0.05
KN No.4.5 2.163 1.550 1.395 0.163
AR Depth 0.047 0.015 3.117 <0.01
ARG Latitude -0.343 0.589 -0.583 0.560
e . UK Male; Fork length 0.019 0.009 2.107 <0.05
H 2 4 145 iR £5 )& Japanese tuna hook ; Latitude -0.341 0.134 -2.545 <0.05
04 IR LESE Korean type hook ; Latitude -0.086 0.129 -0.671 0.502
JE WSS 3R 45 B Olecranon type hook ; Latitude -0.474 0.159 -2.974 <0.01
VR AR LB Depth; Latitude 0.003 0.003 1.034 0.301

2.4 FMEHIE TR

T A B SE TR UL 2~ 4, AT
SEH IR B I AT I R R Y B 46 AT T R
(11.5% ) Wi T HEVE (9.5% ) , LI 2a; #HHAET:
FRBESCR IR N, WL 2b o A E S RUATS IR J2:
XFRT B AL T R R e KA R T H
A 0 ) 00 5 W 0 4 R 114 2 4l A6 T R 0 (L
H9.5% 1 8.2% , fift 1[5 1E ) A1 5t 3 0 41l 2K 1) 49
FHAET AWM 35 50.2% F120.8% (1K 2¢) o #Y
BRI T, 8 No.4.5 £ 54 19 B4 4l 58 T 5 il
{Eik 47.8% ,No.3.8 , No.4.2 Fl No.4.8 £4£H £ HHIFE
TR N 9.5% , No.4.0 44944 (43 SE T 2R
IEAL A 2.7% (18 2d) o AFRREE D5 T, AN [l 2K
TREZIPET AL T 1.40% ~ 12.86% (5] 2¢) o 252

J7 1T, TN ES AR s 2 il 3R AR AL, S AL
TR (K 26) , 2 7.7% ~ 13.1% . ER/NT5
T, FRARAE T30 Bl SR DR st/ (B AE 14531 5 S
KA (K 3) o HEEMARSE TR Y
SRR/ N BB SARIG A, LTSRS/ M TR Y
HAF SET- R PP RRLERF AL 11.5% Fe A7 s WEPEA
PRI EL I 0 T 38 B S B R s/, ¥ 1.1% ~
43.3% . BT RS H AR I 7R , 25 B
SHAET S B 52 WE) 2 A R 99 4 2 1 114 22 S5 T AN ]
(1 4) o A B W SA I, 75 B BR A SR S T
i AR BB, FHTAE T AU, A 3 Fhgl
T 5B A B AT IR B 8 T AR AE R
B, B A S AL T3 BAT SR A R K 4
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The solid black line indicates the predicted change in mortality, the gray shaded area indicates the 95% confidence interval of this effect factor,
and the short bars at the top and bottom indicate the number of Dead and Alive blue shark samples respectively.
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Fig.2 Predicted effects of various influencing factors on the mortality rate of blue sharks
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The solid black line indicates the predicted change in mortality, the gray shaded area indicates the 95% confidence interval of this effect factor,
and the short bars at the top and bottom indicate the number of Dead and Alive blue shark samples respectively.
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Fig.3 Predictive effects of the interaction term between sex and fork length on At-haulback mortality of blue sharks
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The solid black line indicates the predicted change in mortality, the gray shaded area indicates the 95% confidence interval of this effect factor,
and the short bars at the top and bottom indicate the number of Dead and Alive blue shark samples respectively.
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Fig.4 Predictive effects of the interaction term between hook type and latitude on At-haulback mortality of blue sharks
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Evaluating at-haulback mortality of blue shark ( Prionace glauca) in the
Indian Ocean longline fishery based on GLM model

DING Bo'"?, GENG Zhe"***, ZHU Jiangfeng'****

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of Sustainable
Exploitation of Oceanic Fisheries Resources, Ministry of Education, Shanghai 201306, China; 3. Key Laboratory of Oceanic
Fisheries Exploration, Minisiry of Agriculture and Rural Affairs, Shanghai 201306, China; 4. National Engineering Research
Center for Oceanic Fisheries,Shanghai 201306, China)

Abstract: The blue shark ( Prionace glauca) is a main bycatch shark species in the tuna longline fishery.
Based on the data of 778 blue sharks from 1 272 fishing sets recorded by Chinese tuna longline observers in
the Indian Ocean from 2012 to 2019, a generalized linear model ( GLM) was applied to analyze the at-
haulback mortality (i.e., the mortality rate when fish was captured and hauled back to the deck) and
potential influencing factors of blue shark. The results were shown as follows: The overall at-haulback
mortality of blue shark was 13.4%, and the at-haulback mortality of males was higher than that of females.
Among the potential influencing variables, hook type, hook size, individual size, capture depth and capture
latitude had significant influences on the survival status of blue sharks, and the impacts of hook type and
capture latitude were the greatest. The interaction between hook type and latitude, as well as between gender
and fork length also greatly contributed to at-haulback mortality. When using olecranon hooks, the more
northerly being caught, the lower mortality rate was observed; for the other three hook types, the more
northerly being caught, the higher mortality rate was observed. The larger the female blue shark was, the
lower the mortality rate was observed; however, there was no clear pattern between the mortality rate of male
blue shark and their individual size. This study can provide scientific information for reducing the estimated
fishing mortality of blue shark and promoting the sustainable use of resources in this fishery.

Key words: blue shark; tuna longline; mortality; GLM; Indian Ocean
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