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(1. SR FARME) v, IR SR 264300; 2. BIEEHERE WBERLE2BE, BIE 2013065 3. (L ARl
P4, IWZR BFm 250000)

# E. KH%E (Prionace glauca) J&H P K -1 4 46 0 SE 4R 24 a0l 32 52 (1) Hedli ¢ R, HAfedl & 00 1 B0 4
BEIRPTAN A B A AR S R, AR R IR E AR f0 0l [ R ER 51 2012—2018 A2 B4 , FI ] Tweedie-GAM
WAL A3 H T R B B R i S ) s B 3R IR B R B Al B 3 1 56 3R, IR 58 SUIG TE ] 35k F A5 0 11y
T k55 2 SR AT E R e A S B R T T AT . AR R, A BRI RE R 51.6% ; S {E 4
B G NE BR E E R EE  BE URHE T  EE E BR BE In i SRR AIG, M SR E RO T 19 B SR
I R BT 3 A 1) I 1) S Y A AR AR 2RSS B X AR B A 3457 (10°S ~ 5°N) |, R K 35
T TR AR R B SRR, Z AR, WA B R A A A T e R R
FERE (=015 mg/m’ ) BRBRIR IS =29.5 C) e AR Bem . [, A9 & B T R B el i 5
TR A R B ST IR B AT OISR T 2 RS THE . AR B3, gl
PO AT E 4 £ b S S BUNIE T 20, AR il 7E i AN 178°E RAUZR AL B it fif 50 , I3 H e dis
SRR ) PR T I DA T 3 5 I 5 SR 1 K sl S (UR el B i A SRR 0 3, SR e R R LR A
R A BT i

EHEE: KREE; Heflitt; Tweedie-GAM; 44 fE 4R 4

RESES: S932.4 MERERERD: A

K ¥ % (Prionace glauca) |32 734 T K-
T RPG T R B R A A el R il e T e, 2 T
PTG, HAE R LIRS RS h
BE B LTI A S R 1 4 I R
s, Har RE&C gt A A KRR KR
( International Union for Conservation of Nature,
TUCN) B ey ab o AR Al f 2l 28 £ il i
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estimators ) fl BE AP I &R 73 i) Fedili B . 7EHeHl
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SR EEAE) IR OL R, W] R 43 )R Ak T i
H HERAG TR ol B ] TR A B XM R
[t &R A5 1 (stratified ratio estimators) EL 4% 72 W
I S 22 A il A Hedr ot 3K B A R L E
&, HRATHE RS RS = 5555 ) &
ZIITFEAERT LS R R e 32
] 25 18] RS AR 7 2 i, S %5 i 2
] 2R PR OC F AN B 2, JUHE: Y a4 b i) U 30
IR AR, R LR AG T = Al S N A 2
DHEEE R RR T L TR A vk
REME LR 25 B 22 DR 28 X Sedm 12 i 52 ), AT 42
E A HE A R

T~ P #55 Y ( generalized additive model,
GAM) SR JHF- 1 R BT 5 i 2 5040 v ey 197 42 2 5
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11 HiEFRR
LLT ARkt

A b b SR 5T v (o] < A £ A0 288 4 il L
25T (2012—2018 45) , LAY ], 2R W%
IAARES S RGN AE- %N S W O cE (A AR
(ZREBEE) ] (RARIR ) T # 8 AR $4TT
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Fig.1 Observed sets distribution of tuna
longline fisheries in the Western and Central
Pacific Ocean from 2012 to 2018

http: //www. shhydxxb. com

1.1.2 B8

KGa FLEANED B2, FICRHRER
SR 2R 43 o 1 VF PR B HHE R U T NOAA
Ocean Watch Central Pacific Node ( https://
oceanwatch. pifsc. noaa. gov/doc.html) . H i1, /3
T /i (sea surface temperature , Foop , B4 : °C ) LA
KA, 2 053 BEFN S km 4R a ik
J ( chlorophyll, F,, . , B0y :mg/m’ ) B4 L H 4 &
1, 25183 BEA g 4 ko s ¥EF- T BESF-F (sea level
anomaly , Fi, , 5037 . m ) LK 0 JEI I, 25 6] 4 B R
20 km, PEFEG BRGNS 25 07 H fe 45 T 1 s Y
IS B AE by 2 5 AR I BT A T S8 B 35
FHIE

1.2 SiAE

1.2.1 A5 o3Hr

MR K & S F R 2 WA E, R
Tweedie-GAM #& #4 xf K 5 % 51 44 Y e 41l £ i
(bycatch, B) 5 3 W K+ Z [a] /) O¢ & #F 47 &
IO R A B [N A A B A L
JE(F,) EE(F, ) Z=T75 (season, F..) FIUH
(lunar,F,,..) , AOG5e R A AHAS AL T 284k, 76 A
PIRLA A5 B, W A B 22 B R K I AR
P HSEEERT 4R 3 AN B AT 1—5 H A 26—
30 {4 L1,6—10 Hf121—25 [ 3% 12,11—20
H ol L3 30BN : Fgr F 1 F % AL A
B EPRERIC AR R H R e 3 MR,
LG T RIHIRIS TR (F ) T SRR (F,,, ) FILE
EEH%0 (hooks between floats, Fy , & 8 H T18/R
VR o

IR A XA E AT R

g(B)=factor(F,,,, ) Hactor(F,, ) +s(F,, )+
s(Fi ) +s(Fag) +s(F ) +s(Fg ) +s(Fy0) +
S(F o) +5(Fipe ) +& (1)
g RRHR R s S HARSL T HES T e
BRI,

Tweedie-GAM P HERLSEL p K Tweedie 4K
AL ) tweedie. profile pRIA SR, 1 2 R & AY
Bl IR Tweedie SERY /3 ATSEHY

FIATT 22 B K- A -7 ( variance inflation factor,
VIF) X AL e HEA TR L , — A VIF>4 BT fE
FEL TN . B FZ A 1] A Bk AT R T
T, o 3 B R 1B 5 5L T o AR B #E W ( akaike
information criterion, AIC) | F %46 3F4% R

lunar
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i
1.2.2 e B ser 7 dr
Z ik & T AF %7 1E ( receiver operating

characteristic, ROC) 12k A Al b A9 48 5 P AT
AR BRI EBURMEZH 1. ROC 148 5 % A 5 22 1] 1Y
AR 2R T 1 L (area under the curve, AUC) ,
AT LA R T4 450 5 1% 8 A4 BE AN R 1. AUC
H400.5,0.6) & A6 A 1 I &8R- A4, [ 0.6,
0.7) FRBORE 2, [0.7,0.8) RRFOR T AE,
[0.8,0.9) RARBCRELF, [0.9, 1] FmBOREK
2 AUC (BRI 1, 520 R 2545 100 £ 2 4
R e Al T AR DGR BOR

(] ] A% 456 08 43 )22 O SR AG THIE X R &

AT AT, LV LB B, PPN B T i
DRSS e R TR AR A Al AE 4R Y
T p T R P S 0 A AR AR L O 2 22
S, 221 A ] 5 A5 P i A BA [ K 6% 46 0
( Thunnus alalunga) s A F1 K AR 446 i ( Thunnus
obesus ) fi B ] 22 8] ) U 3R 2H WA AL A7 7R 3R Y 22
S DRI, 0 B R R A AT A R A K
B (R 1) AR
R, = Bh,o/Eh,o (2)
B/l,u,; =R, % Eh,u,i (3)
b 2R R 0 BN 23 5 u SR AR
TRy 50 Refs o DU R AR, R/ T4 B
D R E A8 N o, T

*1 ABERWEREIERERSBEXUNGREE
Tab.1 Stratified basis for estimating blue shark bycatch

and the number of observed sets for each stratum

s BA H—FEE(1—-3H) W (4—6 ) H=FR(T—9H) HEUZERE(10—12 )
Fleets Season 1( Jan.— Mar. ) Season 2( Apr.— Jun.) Season 3 ( Jul.— Sep.) Season 4( Oct.— Dec.)
[ 4 10 A B
Albacore fleet 24 429 346
RHR A6 £ A 360 365 519 742

Bigeye tuna fleet

PSR 5347 R HI 32 SCIUE Y 7 v, 28 3Ly
HEYRECH 200 X, B BEHLIE I 80% Y $4 AR
WLIECAE | SR IG5 F T He A Tk R R i 75 A
ST A% 20% BB UCHY AT &, B K TN 45 2R 5
WM SR T L. PR T iR 2E (oot mean
square error, Ry ) Fb A W A A O ik 22 R Y 22
5o Rysg BT O, I3 BAS 310 0 00 I {22 1]
122 S/, B WA TR B 7 Ry T
AR

> (B, - B,)’
Ry = (4)

n

X on FREARGR B, N5 i MTHE, B, 05
i AULINEL .
AT (53 TR TE R-3.5.3 i 5 hilk A7

2 4k

2.1 EFEMEAERAERE

il 1 VIF JEE 8 Xt e R 0 i [N AT 2
LEPERGR (K 2) . AR BN, RF MRS
10 M8 B VIF (/N 4, 8582 g
ERC LI EIh S S EeR s R HIDNCE &
Y Tweedie 370 HEEASEL P M1.39, 1<P<
2, IS B IAAN A o
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x2 BMEFHESEHLERE
Tab.2 Test of multicollinearity of factors
ERS e
Fm A ¥ = HAM TFHEIFIGEE 2 )% TG RERR ERIEEY  FURRE B {E
Factor Season  Lunar Time Latitude Longitude Hooks HBF SST/C Chl.a/ .
s SLA/m
(mg/m”)
J5 20
Jik A7 1.423  1.011 1.114 2.572 1.276 1.273 3.049 1.480 1.316 1.131
VIF

I ALC SNl 38 1 32 A [l e s
ffE Tweedie-GAM FEFY K 44520 IR 1~ A9 AH 2 250
3% 3 Firn . BRI & 5 215 A~ 1 R

ELZ AN T A T 1, SRBR i 22 i B3 O 51.468%,
Forh i 2 iR BRI A -y HE 44400 (38.238% )
FUTEZS W] NZR 2B (4.313% ) FIZEJE (3.460% )

£3 GAMEABSERKEEDT

Tab.3 Summary analysis of deviance for generalized additive models
RN T . - B2 K R 2 o
Cumulative of influencing factors Cumulative of deviance explained/% Deviance explained/%

s( BAEEH% HBF) <0.001 0.233 38.238 38.238 5410.718
+s( £ Longitude) <0.001 0.455 44.247 6.009 5318.765
+s( 45 & Latitude) <0.001 0.513 47.707 3.460 5269.577
+s (VIR JE SST) <0.001 0.523 49.491 1.784 5217.992
+s( %0 Hooks) <0.001 0.507 50.928 1.437 5201.688
+s(M42E a JREWKE Chla) 0.011 0.519 51.197 0.269 5201.153
+factor( H #H Lunar) -

factor( H A Lunar) 1.2 0.449 0.540 51.360 0.163 5200.697

factor( H #f Lunar) L3 0.005
+s( T FF 4RI (A] Time) 0.328 0.544 51.468 0.108 5200.571
+s (VT -1 SLA) 0.618 0.544 51.490 0.022 5202.432
+factor( Z=77 Season) -

factor(1 Season) 2 0730 550 51.616 0.126 5207.914

factor( Z=75 Season) 3 0.202

factor( Z=77 Season)4 0.136

22 BETESAETERBEZEANXER
S PR X T VG R T Y A 4 A Yl B
WK el A & 2 FiR .

b 2s A b SR R, B K T B e Y
R ERAEE, B2 HME W (RN
0.163%) , L3 [y Be e & 2% = T L2 F1 L1 By
BLTES E b, SR Ol il B 7E RS B (10°S ~
5°N) Mg daf 2 S Wl 2 P AR AR A /IN B T S B i )
PRI AR B 7R 2R b AR S B R T T AR
BE(E 2),

PR DR - v 5 W e K ) R T 3 T IR B AE
25.0~29.5 C ], FLEY U SR 5 W %5 1 R IR 1 T
MRS, Z )5 (>29.5 °C) Bl 25 Tk B 1) = 1
8 LR I 2 3R o R MR B, o O W B A 1Y
(E3ERRAN/ € S N PO R AT ER L [ER
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PR A R A B2 (B 2) o

(RBSES AR TESU RN S Rl
P BRSO T S B 2l e AR A A e, B B KL
15~ 19 I, e i B, ELAR 2R8I/,
20~ 24 W RFE T RE, O 25~35 PR BUE TR T
WEFR B s T PR 5 B A U R AR e o
B AE AR R /DI (1 000~2 000) 28
PEHS NS 3%, B AR T S B
HE (2 000 ~ 3 000 ) , SHefii e frY 38 i1 4 28 o o
%, 24 BT S B i 3 000 22 Jim , %) Ffedili i
FRSEMA AN S5 PR P - 3 < A 2 i 48 9 3
T ETFRIS ]2 00:00 ~ 1200, Herb 22 % v 4
Hr7E 02:00 ~ 10: 00 JF 43 44, 40 73 H7 25 2R
7S 5 BRI T AR I ) 0 B U SHE B 14 52 0 O A 2
F(F£3,H2),
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Fig.2 Effects of different factors on the bycatch per set of blue shark
in the Western and Central Pacific tuna longline fishery
2.3 MR {E53901 20 2.102 A1 1.501 ([ 3) o R THefh
ROC 742 ik7s , AUC {HR T 0.7(0.749) ,  Tweedie-GAM Y {4 V- G A £ FE A8 £ MV K
IR TR ROR 45 T T A A S RO B R T R R

X EAELE R BN, 53 2 R AT AL T fliThs
Tweedie-GAM [ K3 B FHe Al BB 09 Rys: 14
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Fig.3 Comparison of R, of different
bycatch estimation methods
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FHPERR M, vl WF 524 18 5 ] HBF T Rl
KAV IR BE (— BNy, HBF /b f5 R B AR X
B) BT HBE 5 i g5 H A —
VRV IR BEA RIS 5% Bl it 5
KT MO I (3 B AR R AR 5
Vet HBE SR A QAN [ 4 0 Z A1 ML TR S Y
Ze5¢ o AXET HARRY, & 0o K 2888, HBF
B SR 2 1 e £ e R g R A
FEH HBF 1 52 Wi R 75 4 4 el 1 A 32 22 1A
R, WERE T R RRAE, JCH R B HBF (=
20) , Hofedli i 2% 1 e

HARIE R R 22 1) P it 2R 3 0 FE 28 3R 1
BHEYRA B ShI) ~I 1, AL E KR
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3.3 ETFRMAEANFHETNRNE

STOCK 4511 36t Z2 A~ il i He 4 49y o 3 3¢
SN (=N R e N T WL N 2 & it DL
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Study on the factors influencing the bycatch of Prionace glauca in Western
and Central Pacific longline fisheries from 2012 to 2018

YANG Junyong', WU Feng’, DU Ruogian’
(1. Rongcheng Fisheries Technology Promotion Station, Rongcheng 264300, Shandong, China; 2. College of Marine Sciences,
Shanghai Ocean University, Shanghai 201306, China; 3. Shandong Overseas Fisheries Associatic, Jinan 250000, Shandong,China)

Abstract: Estimation of bycatch of the blue shark ( Prionace glauca,BSH), a major bycatch shark in the
Pacific tuna longline fishery, is a current focus of stock assessment and management. Based on the data
collected during the 2012-2018 survey in the Pacific Ocean by national observers of tuna longline fisheries, the
relationship between the bycatch of BSH and spatiotemporal, environmental, and operational variables was
analyzed using the Tweedie-GAM model. The performances of the model-based approach and the stratified ratio
estimation method on bycatch estimation were compared using cross-validation. The results showed that the
number of hooks per basket ( HBF), longitude, and latitude were the most influential variables, and the
cumulative deviance explained by the optimal model was 51.6%. The bycatch fluctuated and decreased with the
increase of HBF, and decreased significantly when HBF was more than 19. The spatial distribution of bycatch
showed significant latitudinal and longitudinal increasing patterns, as it was lower and uniformly distributed in
low latitude areas (10°S—5°N), and higher in eastern areas than in western areas. Regarding the temporal
distribution,, we found that the seasonal difference of bycatch was not significant, but the bycatch of fishing sets
operating on a full moon day increased significantly due to the influence of moonlight brightness. Also, relatively
high chlorophyll concentration ( =0.15 mg/m’) or worm waters ( =29.5 °C) was associated with high bycatch.
There was no significant linear relationship between the bycatch and the number of hooks per set. The results
demonstrated that the model-based bycatch estimation method was superior to the stratified ratio estimation
method. To reduce the bycatch of BSH, it is recommended that the HBF of longline fisheries in the Western and
Central Pacific should not be less than 20. The number of fishing vessels operating in the mid-latitudes and
waters east of 178°E should be controlled, and their implementation of bycatch mitigation measures should be
monitored in a focused manner. To improve the accuracy of estimating the total bycatch of BSH or similar
stocks, subsequent studies are suggested to adopt model-based estimation methods.

Key words: Prionace glauca; bycatch; Tweedie-GAM; tuna longline
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