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Relationship between the environmental factors and the CPUE ( catch per unit effort ) of
Pseudocarcharias kamoharai in tropical Atlantic Ocean based on the GAM-Tweedie model.
WANG Hao-zhan', DAI Xiao-jie'**** | GUAN Wen-jiang'>**, FAN Yong-chao' (' College of
Marine Sciences, Shanghai Ocean University , Shanghai 201306, China; >National Engineering Re-
search Center for Oceanic Fisheries, Shanghai Ocean University, Shanghai 201306, China; > Minis-
try of Education Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Shanghai

Ocean University, Shanghai 201306, China; *Collaborative Innovation Center for Distant Water
Fisheries, Shanghai 201306, China).

Abstract: Crocodile shark ( Pseudocarcharias kamoharai) is an important by-catch species of tropi-
cal Atlantic tuna longline fishery. The research on the relationship between the CPUE ( catch per
unit effort) and environmental factors can provide basic data for resource protection and manage-
ment of this important species. Based on the Tweedie distribution theory, and the data of 1085 croco-
dile sharks collected by the national observers of longline fishery from 2009 to 2015 in the tropical
Atlantic Ocean (6.38° S—14.92° N, 42.03°-18.53° W), the GAM-Tweedie model was estab-
lished, and the temporal and spatial effects of CPUE as well as the relationship with environmental
factors were analyzed. The results showed the explained cumulative deviance of the crocodile
shark’ s CPUE to be 40.2%. The spatio-temporal factors ( year, month, longitude, latitude) all had
significant effects (P<0.05) on the crocodile shark CPUE. The environmental factors such as sea
surface height, chlorophyll a concentration, weather code, sea surface salinity and sea level pres-
sure all had significant effects on CPUE ( P<0.05). However, the Beaufort wind force and lunar
calendar did not have significant effects on the CPUE ( P>0.05). Significant correlation ( P<0.05)
was observed at different latitudes and in months between the sea surface temperature and CPUE.
The standardized CPUE of the crocodile shark in 2009-2015 showed a fluctuating increase trend.

Key words: Pseudocarcharias kamoharai; generalized additive model ( GAM) ; Tweedie distribu-
tion; the tropical Atlantic Ocean; longline fishery.
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L4k 15 & ( Pseudocarcharias kamoharai) & J& T
& B U B R R R, B4 i G
eIz oA T B R R Y
FIN TSR /NI i £ 22 AR I PG 7 4
iR RN AN PSS AUINUE & K7/ R N S SR
ST AR, 5 g, AR A A5
SARRATBR D AR AL AR (0 T , X
B RGN E MR E W EEMER .
WA, HF IR e & 0, e 2 — T R L
&, BA e e Ny ) AR 5 B 2R,
BB R I A SR e 1+ q R 1L T RN e N A s B
B\ A SN EME &S S fE LM Es™ %
SRR B GE )8/ TR R AR R AR
1R85 5 (International Union for Conservation of Na-
ture , TUCN) #2 45 Compagno %5 ({31 | B 20K 0 4k
W e I fE R

15 20 Tl R B0 2R IR AR H D FIA
UL — Mt (H IR T SE AR FRAR 22 SE 2 B L AT
FE A R AR Y SUHE D5 L 2009 4R
A WEE GUROE o LSRR B TR P TR Al £
SEZR B P E A FE R 2 MR R 2
— MK T 5 — MR 8 28——K 35 % ( Prionace
glauca) ') X EEARAL T BE S Wt T AU 15 T R TR R 1)
R IR Z [ N Ahaf 2 X A TS X DL
W R AHDCHT T EE AR PR - R o
FEE BRI ) 2 A S A W g X A
HEW B A S T ROC R LR IR DAL
[RIF 5T 3E % A BR.{X Romanov 55"*' HR4E 1950—2005
AT SR T 1 228 VA S 20 424 vl UL 53 FRBIE 5 18 A
e, VRS T DL A e Y S BE AN A0, ) AP AR R,
i 4R AN B ARt Rh A FE T BRI IR e H
TR R P ] 25 5 Wi S0 147 8 1) SHeA o

FEF R LB (generalized linear mo-

F1 REXEFHELERFBW PR ZUEMREBRR

del, GLM ) 43 BT $U4 #fE 145 % BRL A5 41 95 %% 07k ¥ 4R o
(CPUE) 5¥BEN TR R D SR 1T 4 14 & CPUE
H—suggm AT 22 A R AR R XS e A
GLM AT DI g | SCAT AR ( generalized addi-
tive model, GAM ) J& GLM #H {4 S 5 fb ¥ g | R
FHA- i pREF ST AR et OC R | RERS R IR R 258, B
AR 4E & CPUE S50 T & &R,
PSR e B A B AR R B TR A
Wb GRS ISR GAM IR R AT AL
P o e PRAR LRSS M A 35k T 2L 0 UL A
% CPUE 5 ¥ 855 & R W IE R IF 3 T M L 0F 5T 45
ROV RS RE V] GAM B MR [ K 7 T SE
4B B 2E ISR 51 7 AR BRI , F GAM A%
RIWFSE T 4V 1 3 A1 S FL 5 R 28 i A BE 1A
TAEMOCR , B TE I AU & 1 B8 U5 AR Sl I 58 F T
JEB IR TR TAE RS %

1 #RERZE

1.1 Kk

L1 1l Bds AU & ol Eodls ok B 3R 446
i GELE YL LEE B7 2009—2015 4F /e #viy K 74
IR (6.33° S—17.43° N, 18.25°—42.03° W) ## i}
RAER 989 A5 YR AY e £ (36 1) X Se a0
5 (2 2) AFML I A AR i (ind ) 5595 (hooks ) |
PEMP AV B L R IR I ( weather code, WC) | 1 2 T 5L
[ sea surface temperature, SST (°C) ] . ¥ 2% i <&
[ sea level pressure, SLP (Pa) ] ¥ ( Beaufort wind
force scale, BF) F14¢ JJj H (lunar calendar, LUN) ; /E
MR AL I 55 7 T2 IR 56 ] 5 o S 448 B L
LMY AR R 00" fRETEILF; 017
24107 Roam NG T = BN HEARF KA,
“99" R F HAl KA A g ALl SR, <17 &
“107 43 AR TN EE TR &0 m” B« IR &

Table 1 Observer reports on the tropical Atlantic longline fishery trips

IHiR H ey e R SR 43 B2 U 2231/ € AR
Start date End date Longitude range Latitude range Observed numbers Sample size
of trips (ind)
2009-11-12 2010-05-17 31.01°—40.93° W 5.92° N—15.03° N 146 27
2010-10-22 2011-03-08 22.00°—39.93° W 6.08° S—13.98° N 166 147
2011-11-38 2012-03-14 27.00°—38.63° W 4.58° N—15.17° N 188 507
2012-11-12 2013-02-06 26.55°—42.03° W 5.00° N—17.43° N 133 132
2013-11-11 2014-04-15 18.57°—38.58° W 6.33° S—13.30° N 226 552
2014-10-29 2014-12-21 21.03°—29.97° W 2.48° 5—6.38° S 50 40
2015-09-04 2015-12-18 18.25°—32.88° W 5.98° S—9.42° N 80 156
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Table 2 Range of environmental data related to tropical Atlantic crocodile shark bycatch

WP IR R a IR R AN VT T YL R TR0 KA MR R
SSH (m) CHL SSS SST SLP WC BF LUN
(x107 kg » m™3) (C) (x10° Pa)
AR LG -0.295~0.029 0.1~3.2 34.52~36.48 23.5~29.2 100.8~101.9 1~9 1~8 1~30
Range

SSH: Sea surface height; CHL: Chlorophyll concentration; SSS: Sea surface salinity; SST: Sea surface temperature; SLP: Sea level pressure; WC;
Weather code; BF; Beaufort wind force scale; LUN: Lunar calendar. T [A] The same below.

TR, TR 8.7 m ZE 47" 55 10 FPAS[R] A9 TR L.
1. 1.2 K SCIAEE B 1RO ERF (sea surface sa-
linity,SSS) | F T M 2% % a ¥ & [ chlorophyll con-
centration, CHL (kg + m™) ] VA 1A & & [ sea surface
height, SSH ('m ) ] M\ 3 [ [ 52 ifg 3 F K3 B R
( National Oceanic and Atmospheric Administration,
NOAA) 19 ocean watch P ¥ (http://oceanwatch. pif-
sc.noaa.gov/) NE(F2).
1.2 Tweedie FEAIFHL
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CPUE=U/f (1)
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PR B 1 O A AR 22 n i e K B
A A A E B AL EOR O B FIR ] 2
i #MZ (multiple imputation , MI) . 25 5 47 b 2 i 1 A8
EHCIBS - SUNIFI SR €/ N 5 Sy R o
ZAGERAIIR R | PR IX LR 5 43 0 A T 4T, B
Je X 33K S AT 5 B HEA T I AL B AR SRR B
SR BEATL A 10 AR AT LA/ Kb LR 2K {1 3 1l A 2
Y, R 2 AN AL BB S EE |, T
I R E T A mice PRETEL > SR,
1. 2. 2 Tweedie JEM AT IR IR 25 F - Tweedie 2853
A5 LT GE T2 5K Tweedie 75 1984 4F EER T
SETRECHIAT W o3 A vh— SRR IR RO 0 A, — i ]
Tw, (0,¢) KR, It I 22 REL V() = w5821
&0 WHES G o IS e (- ,0)

U[1,+0 ].Tweedie 220 45 T JLA~H WL E B4y
fip=0.1.2.3 43555 0 F IS 5040 AN 534 A
34315 R 5 453 A AE 1 <p<2 B, MR Too, (6,
@) E—ANE AP

H1F CPUE BiH AR/ ( FEEIE WA
A ), T AR 5% B o 50 it FHORT 00 25 70 A1 5
AT, 5340 . F X SEHE 25 B pRBOR AP E I
$edl , R A Z50%) CPUE SR 2% %) 550 547 A 107 1) Ak
1M Tweedie 2553 B G 400G CPUE fETERZE
THAYNE O, 58— DA 5 2R 1 5. B T X gtk
FUEATFEH Tweedie S3 i BT HAB 75> AL
WFFT R IUSE K % CPUE S9eIk BUR FREAR T , ik
Tweedie ZM At HAE R B RE 0 N

1
fly:0,0,p)= a(yzso,p)eXp{—Md(y:@,p)}

(2)
K. 0 HHIESEG o NS EGp NEBSELd
(y:0,p) FEAR 2.
1.2.3 GAM # B F1 GAM-Tweedie 15 &1 [ 4 37
GAM F)—fBRik B>,

6() =By + X flx)+ elu=EQ/X) ] (3)

2 PRAI () MEK ZR PREL(link function ) , 4% SCHE
FRECH A ARXTEL B, S BIREE T £, (x, ) K
R g () 555 i AMRREAS HOC R T3 pR AL, T 58
b SRS AL 1) 9 sl A5 ¥ A5 3, AR5 R
FESOT IS ;e IRZEI, B FLHR I8 25 1) 1
B AUAE T & CPUE 48 1 73 41 O Tweedie 28
IrAi  PUEEST IY GAM-Tweedie 1525 51160,
CPUE~Tw,(8,¢)
w=E(CPUE) (4)
In(u) = XB+s(factors)
1.0 K Tweedie ZE53Hi B I FLIE S50 @ R 4T HK
S8 u=E(CPUE) 3 CPUE Ky R(Y ; fig B s 2 v
X MR 12 T8 R AR B i B= (B,
By, By ) MR I T4 A5 5 i R B N NG



6 1) TR . BT Tweedie-GAM ALY [ BAGHT R P 400 147 3 SR04 B 55 ) ek A b 5 PRIGE IR 1 19 5 3% 2027

280 s N B IRFESTE M s factors A& AL &H
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PRECHE I TS 2 B 25 FASE [+ %F CPUE 521 iR 4%
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Tweedie 747 % & pRECTY p (8, 15 H KT ELER
PRBUIAEL , X3 I07 Y p (EL B Ry 5l Y p (51077
1. 2. 4 GAM BRI UGB FIITAY  GAM-Tweedie 57
H i ] T HERISR (quasi-likelihood ) A1, — A9 (E L
HEN 140 AIC ( Akaike information criterion ) /i &
VENBERIDEM bR, PR AR SCak T 38 A HERISR Ak
T Q-AIC ( quasi-AIC) E Shy B TR o B A o 1200 AR
A VPRI TR R 1 B E M (P<0.05) K B
AR FEHLIZ AN A GAM FE RS | 45 3140 5 A R A4 %4
A R GAM #5701 Q-AIC {H fe /N Ry e
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M), — S XoF 2 0 Y A1 R T 5 K B R B IR (A
TR A% 4 ] fext CPUE MIS2mAR 3. 3T
XHUHE G % CPUE MRS T R R MHERH B, A
SCHEXS AN 1 2 AR B R AT i — 20 B 50 B, X TR R R
SN R0 SST 26 B LA 4y, BRh itk A7 558 oy
At it i), 8 id GAM-Tweedie #5551 R #{F:
TS bR MEAL ) CPUE , X 48 4 14 % 9% TRUIR 25 AR
TR 53T

BAE A B 848 AreGIS 10.2 . Microsoft Excel
2013 .R-3.3.1 #l SPSS 22.0.

2 ERE5SH

2.1 Mt CPUE 73 4i

H ] 4 £ SE 2 ) Y ZE AT R PR VR R AL X
B 6.33° S—17.43° N, 18.25°—42.03° W, H:th
89% ) 2.5°x2.5° BAA i [X N 2445 $OL4HE K ) 40 i
RO 15 i AR TR AR L 2.5°—0° S,22.5°—25°
W H12.5°—10° N,25°—30° W X I (& 1).
2.2 B

XIHET Tweedie 284341 ) CPUE 1R 1 fb 5k 22
(AT A GG, 76 GAM BRI 5% 2% QQ &
(B 2) Al sR 2 (AR P TR AL LI 2
MR MR ARG AL 1) 22 — L2/ IN s 25 3 0
PRI Ay DA TR0 A5 4 114 55 (R XoF 7 19 o0 {25 A 1

B AR, GAM R (4 43 A {15 15 L 45 A .
2.3 BRI EVE N AR

R4 Q-AIC & p-value SEPERAEAIRIRY 451
8ROy A2 A SSS SSH CHL . SLP \WC ¥
oy B VEAR B SST BF . LUN AR i 5745 B AR 4 4%
K1Y p HFFEATEERE, KW AR ENERZE, Q-
AIC /B A B GAM A (36 3) 5 S5c A A5 AU St
CPUE 1) S 2= R 40.2%.

WIF A Tweedie FPEYHAE p 54 1.136.
2.4 &N CPUE BYSENR I R

M A4 S CPUE 5 B[] 850 1) 56 &R (1] 3a . b) AT
LI ARG AE 2009—2010 4F B2 TE U ¢ & il
TE 2011—2013 4FHEA LR IFF 42, 78 2014—2015 4F
B T SO AE 1—9 H B WA, 75 9—12 H
BT A [N D5 T (Bl 3e.d) , & ETE 24°—
34° W 544 X CPUE 271 1 [n] F Wl # 2%, LAt
Yyl m i 43 S SE AR 3 37.5° W R 19° W, 5
& S CPUE 2800 & &R, 5 PR ARV 7 ] i e 3
TS X 1A K H AR 350N, 544 LCPUERY G

WEA
« «  x Cape Verde
15°N|
X
10°N FERIF B
LA ® . Sierra Leone
onl o000
x00® CPUEAME
R PSK CPUE distribution
0°Np @ o (ind per 1000 hooks)
P x 0.00
oSt 0.01~1.00
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Fig.1 2009-2015 CPUE cumulative distribution of the croco-
dile shark in the longline fishery in the tropical Atlantic Ocean.

5
4
= 3r
’Hﬂé 2 T
x & -
&8
®E |
é 0
—1}
2+
-2 -1 0 1 2 3 4
BB Theoretical quantiles

B 2 Tweedie 155 i) 43 5% 25 Q0 A
Fig.2 Quantile-quantile (QQ) plot of the deviance residuals in

Tweedie model.
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Table 3 Summary analysis of deviance for generalized additive models ( GAM) and the optimal GAM model
Fhn s e R p{H PeiE AL SR 2 1) T g e g 2 131 Q-AIC 1
Cumulative of p-value R? Cumulative of Deviance explained Q-AIC value
influencing factors deviance explained (%) (%)
+4F (+Year) < 2x10716" * 0.096 15.2 15.2 2677.46
+H (+Month) 2.61x10710* * 0.142 21.0 5.8 2597.86
+22 % (+Lon) 9.99x107%* * 0.204 26.4 5.4 2532.30
+45 3 (+Lat) 2.94x1070" * 0.204 27.3 0.9 2519.40
-+ 1777 725 JEE ( +SSH) 1.45%x10710* 0.287 35.2 7.9 2421.29
+F3 Chl a ¥ (+CHL) 1.55x107%* * 0.326 37.2 2.0 2395.89
+RA(+WC) 5.09x1077" * 0.340 38.7 1.5 2370.22
+IREFRERBE (+SSS) 0.000264 * * 0.366 39.7 1.0 2353.78
T KSR (+SLP) 0.025200 * 0.382 40.2 0.6 2351.15
+4¢ 7 (+LUN) 0.175873 0.381 40.8 0.5 2348.44
-+ (+BF) 0.235581 0.381 41.0 0.2 2349.28
+IEFR K (+SST) 0.450308 0.380 41.2 0.2 2350.77

Lon: Longitude; Lat: Latitude. T[d] The same below. * P<0.05; # * P<0.01.

FRAFAEAT 2V, SO T 208 (LR 20 B bl 21 Y
FARIE BLIFHE) 2 s S EEAE 11° NSRBI Ee/IMA, LUtk

Syt AR R AL 5 T & 15° N AT 1° S B IERLN.
K FH GAM - Tweedie 1% %I %} #1] 4 {4 % CPUE 5
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Fig.3 Effects of different environmental factors on Pseudocarcharias kamoharai CPUE of longline fishery derived from the GAM analy-

sis in the tropical Atlantic Ocean.
Lon: Longitude; Lat: Latitude; SSH: Sea surface height; CHL; Chlorophyll a concentration; WC; Weather code; SSS: Sea surface salinity; SLP: Sea

level pressure; LUN: Lunar calendar; BF: Beaufort wind force scale; SST: Sea surface temperature. | [fi] The same below.



6 1) TR . BT Tweedie-GAM ALY [ BAGHT R P 400 147 3 SR04 B 55 ) ek A b 5 PRIGE IR 1 19 5 3% 2029
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SLP (fi# Bt 2253 WA 7.9% .2.0% . 1.5% . 1.0% F
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(0.2%).SLP 544 X CPUE f¥ 56 2ty 1 A 5% (K
3i),95% {7 X [a] fe /0 Ak 1) R A R 101.51%10°
Pa, 16 R FE X I, L4 6 & 2 0 i 2 KRN
101.51x10° PaZe A7 i X 381 LUN 544 X CPUE )&
FRHUALTH 14—16 H R 5L LA 4 5, -
FHRAMKKR, FLEARMEMKEER(E 3)).
BF 5 CPUE W2 E M HEHLEAF I (/NIRRT ) 1Y
CPUE JEA (47 V52, MG L 3 22 B (R TR DA )
CPUE 5 BF R B A9 Tk 56 (1 3k) .SST 544
L CPUE MK Z N . AF 23.5~25 C XAl N & &L 1E
FHOE; 7E 25 ~ 26 °C X 8] N CPUE 35 3l Fc K {H; 76
26~28.8 CIX[H] N 2 A COC R (Kl 31).
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Fig.4 Sea surface temperature and CPUE change trend at dif-

ferent latitudes.

20 SST ] 275
—o—CUPE

1.6 127.0
B =
B 12f {2655

0.8 126.0

04 . . . . . . 25.5

10 11 12 1 2 3 4
B 4 Month

5 AFAGHERILE S CPUE KRS
Fig.5 Sea surface temperature and CPUE change trend at dif-
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