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Fig. 1 The locations of sampling sites
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2.1 BEIRMAR

ARV A B A g B RS 9 H 21 B
30 )@ 35 AP (£ 1), Hit3673 B H A, 58N (Scom-
bridae)JS Ak A B3R 64.08% . HILF}(Das-
yatidae) 5 8.39%, %& UK E&EF(Alopiidae).
ht 14 % Bl (Pseudocarchariidae) . &l (Lamnidae) .
H.% Bl (Carcharhinidae) i 7.81%; #¢ % £l (Gemp-
ylidae) i 3.68%, Ji %} (Istiophoridae)di 2.64%,
HAfhFP2E 5 13.40%.
211 GEIRMBF XA R RN S B4
UCHITIRT (R D) &BL, H R PR HR 4 £ 1 2 18
S M 2 U AR A P Y 48 X SR (IR1>>1000),
AR RE L L 55.62%; HEFAT WAl fiL(Makaira
nigricans), KIESMA(T alalunga). PR EE
(Carcharhinus falciformis). Wil (A4lepisaurus
ferox) I il (Pteroplatytrygon violacea) 5 Ffi, i
REEGE 26.16%; & WAA BE S H fa(Lampris
guttatus) . MR & 5 1j(Taractichthys steinda-
chneri). F8iWg G (Lepidocybium flavobrunneum)

59 fih waIREBELY 14.15%; —FAE KIBK R
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Tab.1 Composition of species caught by pelagic longlinein tropical WCPO
H order Bl family J& genus i species éf)i }bﬁ‘? ﬁﬁl‘fijf‘éﬁ
A H s iRl Lophotidae )8 Lophotus Mg 57t L. capellei LOP 1 0.01
Lampriformes Afakl Lampridae A )8 Lampris BEA A L. guttatus LAG 21 14.07
Mg Bl Trachipteridae HMUEMIE Trachipterus WICHLEE M T fukuzakii TRP 3 0.1
[5AE 2 45Rl Bramidae KBS 58 Taractichthys — MRBKEE 565 T. steindachneri TST 91 73.15
Perciformes it Bl Coryphaenidaec )R Coryphaena itk C. hippurus DOL 21 4.2
ISRl Gempylidae Yikhe#5 8 Promethichthys 2iHEREES P. prometheus PRP 2 0.05
RIS AE 6 TR Ruvettus PR dE g R, pretiosus OIL 4 0.18
BRIl R Nesiarchus ToHEE N, nasutus NEN 1 0.01
SIS R Lepidocybium — SHUIEHS L. flavobrunneum LEC 67 48.81
WESJR Gempylus Bt G. serpens GES 61 33.36
%%} Carangidae JikfiiJE Elagatis ikt E. bipinnulata RRU 1 0.01
5 i} Bramidae %M J& Taractes k5 T. rubescens TCR 56 43.39
iRl Istiophoridae PUSEREf0 )8 Tetrapturus /N PUEE Tt T. angustirostris  SSP 8 1.07
FOUEEHEE T audax MLS 1 0.04
WfE Makaira WA M. nigricans BUM 73 160.9
g Istiophorus SEEgRtE L 1 platypterus SFA 14 4.28
ENEAR R Istiompax ENEM 0 1 indica BLM 1 0.18
#fa Rl Xiphiidae B0 )&/ Xiphias 40 X. gladius SWO 64 62.54
#%5FL Scombridae S fiJE Thunnus KIR&AE T obesus BET 1123 7778.21
WHESARA T albacores YFT 920  4386.15
KtgEAem T alalunga ALB 183  234.47
Jfk J&  Acanthocybium Y IRHIER A. solandri WAH 61 51.43
i J® Katsuwonus ik fti K. pelamis SKJ 67 92.1
fit#} Sphyraenidae fit )& Sphyraena Kfit S. barracuda GBA 14 2.47
ReH KEEFR Alopiidae KREEJE Alopias KIRKEE A superciliosus BTH 12 1.21
Lamniformes BE B 015 £ 2 WIS P. kamoharai PSK 1 00
Pseudocarchariidae Pseudocarcharias
&%} Lamnidae W58 Isurus RS 1 oxyrinchus SMA 2 0.05
K AEES % 1 paucus LMA 32 10.35
HEZH HZFl Carcharhinidae H&J& Carcharhinus PR E & C. falciformis FAL 190 239.63
Carcharhiniformes KEEFHE C. longimanus OoCs 13 2.95
A0 ZE (R % 7)) sharks (unidentified) 37
%46 H LM fa Rl Alepisauridae WM )8 Alepisaurus WL A. ferox ALX 207 475.8
Aulopiformes
piAs| 48R Molidae B4t E Mola B4l M. mola MOX 1 0.01
Tetraodontiformes
o H Tesudines faFl Cheloniidae M faJE Lepidochelys Wit L. olivacea LKV 5 0.28
)% H Rajiformes #@65FL Myliobatidae  fif &S Manta U @ ;M. birostris RMB 1 0.01
fig i H il Dasyatidae FLHLJE Pteroplatytrygon SRH#L P. violacea PLS 308 605.02
Myliobatiformes

212 GEIRKRST  WRAR P EM . EE
FhATH WA (16 i) B 3R K R 22 S R (A 2),
Ho b O % (Acanthocybium  solandri)F-2 )35k

% (Alopias superciliosus) . /N U & Jift a1 (Tetra-
pturus angustirostris) . K&F(Sphyraena barracuda)

6 Fh, WARREEL 2.23%,
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Fig. 2 The depth ranges for 16 main species caught by pelagic longline in tropical WCPO
Species’s names are shown in table 1.

2.2 CPUE ©7%

I A H AR AP 2 CPUE 5 (3.05+
1.74) ind/ T4, HrpHR 446 4 FIE g 446 f CPUE
4394 (1.66+0.89) ind/T-44 F1(1.39+1.45) ind/T-44;
AP 272 CPUE H(2.52+1.27) ind/ T4 .

Bz IR SRS M B, KER 44t 5 B 6

St KRN 24 CPUE 22 0] A FETE 1B 35 1Y AH
KRFR, HEGE S0 5HAMFZE CPUE fA7EN
i IEA 56 R (7=0.339, P<0.001),
221 BESE K 3a Bos TAREHER R
FhE A2 CPUE, AXEE I KIR 446 fh
() CPUE M 9 HIFIR FB4F 2 H B Wi AR A
B EE 4 M £ ) CPUE M 5-10 H 2 BRI
P M IF R, Hfif2E CPUE 78 10-12
A5k, Ha A AxT e o

GLMM & 4R (K 2) R, HAHERZ)R K
R4t CPUE HA M W& %0 (P=0.001), H
FIE )% #6E 44t CPUE EA IR 1 35 50

(P=0.067); T HAHX HestiFh2E CPUE WA W3
S AR Fh 2 CPUE B H AH Y 43 A5 430 W A 3b
&l 3¢ FIEl 3d s (B 5226 % CPUE A 1A,
BLRIR 95%E A5 X [H]), R KR4 CPUE
FETE A B BUE =, AR H B BAIC, B S
CPUE 7¢ 5% H W Bedse i, iAe 5% H B BEsAR.
222 ZESM  KEXAFEFMIE CPUE 48 EA
W S A 5 (6 2, P<0.001), [l /K R 38 fin Ak
iR 4464 CPUE B in % 250~300 m 7K =, Pl
JR B HT R, g4k th CPUE T840 i 7E /K IR
50~150 m /KJZ, 1) FK RGN Z 8T R, I
iR CPUE HBLTERER K2 (50~200 m), Bf)5
WA, {HLE 350~400 m 7K )2 XA FrEE & (K 4).,
23 ERFMRZHEMN

W FRAN S ZREESE R H D A1 J 4350 R (1.78+
0.28). (2.530.60)F1(0.79+0.09).,
231 HEHESH 52T B A AR
Sa)i/N, Horp PRI 7E 1 A e R —E R LT
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F3  CPUE BfHs [l 53 i
a: FEH OB, by o Al d: 43l m KR . FE 68 46 A I 9 CPUE Bl H #7315 .
Fig.3 Temporal distribution of CPUEs of different species
a: based on month; b, ¢ and d: based on lunar phases for Thunnus obesus, Thunnus albacores and bycatches, respectively.
*k 2 #EIKWAE CPUE EMZEERN GLMM MEER
Tab. 2 Output of GLMM fit for realtionship between CPUEs and temporal and spatial factors
faff species [FIHZ %X coefficients HERMH estimated FrifEiR standard error P
M intercept yo 9.14x10" 6.76x1072 <0.001
Jel 446 i KT depth 7, -8.24x10™* 2.22x10°* <0.001
T. obesus A cos(wt) 7, -1.17x107" 3.61x1072 0.001
lunar phase sin(w?) ys 5.25%1072 3.59x1072 0.144
UL intercept yo 1.32 1.01x10™" <0.001
Tt A £ KB depth y, -3.20x107 2.59x10°* <0.001
T. albacores HAR cos(wf) 12 ~5.88x1072 4.04x1072 0.145
lunar phase sin(w?) 73 7.43%1072 4.09x1072 0.067
#HE intercept yo 1.93 7.29%1072 <0.001
el o Fp K depth y, —4.03x107 2.16x107 <0.001
by catch A cos(wr) 72 1.14x10°7° 3.34x10°7 0.973
lunar phase sin(w?) 3 5.20x1072 3.33x1072 0.118
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CPUE/[ind/(x10%)] CPUE/[ind/(x10%)] CPUE/[ind/(x10%)]
9 ! 2 3 2 o 1 2 3 4 ° 9 ! 2 3 3

st = | — st — | A 125} H[

g; N E; st o[ E; 175 =

g 25} H H 4§ st H| F— § 25¢ [ H .

g5t ] s st - g osp - f]H

§§ st — [ E% st [H Eﬁ st [
3sp—— [ H 315t H wsp— [ H
a5t | 4251 | 425t |

a: KRG fh; b WIELM ;o Heglifamp.

b

Kl 4 CPUE FE/KIEM 5345

Fig. 4 Distribution of CPUEs of different species according to depth

a: Thunnus obesus; b: Thunnus. albacores; c: by catches.

S5t a — Shannon-Weinerf&$(H' 5 [ — Shannon-Weinerf&4{H'
- - - Margaleff§ 5D - - - Margaleff§$(D
------ Pieloutg %/ . ------ Piclou#g%kJ
4 . L
5 // \\‘__/’\\ // \\ 5 4
: | SN 3
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154 Q 7 N
3 5 N e
& R N
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0 1 1 1 1 1 1 1 1 1 1 J
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H 4% month
&l 5
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R 2 A 4 R BB I 8] 1) 73 A1

a: H4r; b AR
Fig. 5 Temporal distribution of diversity indices
a: according to months; b: according to lunar phases.

I D 7E 1 MK, GLMM #1545k 3)&
B, I AEXS Z M8 B AR AEAE 52 AN [
HAAETN W Z AR 50 1 il 5b B .

232 ZTESDTHE  KIEX H DA BE N
(3 4, P<0.001), FHIKIRFE WG FEIE 2500 2 42
FEEE AR IS h A ) E R, N EU
1 5K G5 2 (F] 6a FIE] 6b)ANXER H, Bk B
H'F D B 25 /K URYG iz i/, BV 28 f=F 5
FRFEARAG; KRR J T 50, R AKX a3k
[ A4 2 A1 A 28 S0 2 B A2 e R K (81 6e); {HL i

REAR CPUE X} J EA R 835 A9 52 I (P<0.001)
tig

TR W VR PR EE AT LA 43R P AN AS ] A 9 b 2L X
B, BT B B RE T I (BR ) TR SRR A8 /N BT
THE PR B DX Ol b v AR 3, HE TP B R 5
SR T ST VR TR b A B 2 R B B2 i
IR IR AT X E b X — X e, % 4 44 i 3R Fh s 4t
9 H 218} 30 J& 35 Fh, Pyfpam BRI AP
PEEN PR AR AT P P i X A 4 B o vy,

3
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Tab. 3 Output of GLMM fit for realtionship between biodiversity indexes and temporal and spatial factors
RS p— 5K KR water depth 5HA MR lunar phase
2&2? coefficients LT B R P LIEC AR (R
estimated standard error estimated standard error
M intercept y4 2.45 1.73x10™" <0.001 1.80 8.60x1072 <0.001
JKTE depth ys -3.61x107° 7.90x107* <0.001 - - -
H H A1 cos(w?) s - - - 4.16x10°7 1.01x10™" 0.68
lunar phase sin(w?) 7 - - - 2.33x107? 9.93x1072 0.815
CPUE g -2.67x107* 2.68x1072 0.324 -3.55x107° 1.30x107? 0.787
M intercept y4 3.68 3.35%x10" <0.001 235 1.79x10™" <0.001
JKTE depth ys —-6.32x107° 1.53x107* <0.001 - - -
D H A1 cos(w?) s - - - 1.41x107 2.16x10™ 0.948
lunar phase sin(w?) 7 - - - 4.24x107? 2.13x107" 0.843
CPUE 5 —2.94x107? 5.20x1072 0.574 3.19x1072 2.78x107? 0.254
M intercept y4 7.86x10"" 6.91x1072 <0.001 9.52x10"" 2.71x107? <0.001
JKIE depth ys 3.22x107° 3.22x107 0.921 - - -
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Fig. 6 Distribution of diversity index according to depth
a: Shannon-Wiener H’; b, Margalef D; c, Pielou J.
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Abstract: Composition and species diversity of catches caught by pelagic longline fishing in the tropical Western
and Central Pacific Ocean (WCPO, 2°03'—11°17'S 163°14'—173°35'E) during May 2018 and Mar 2019 were

analyzed. The generalized linear mixed model (GLMM) and circle statistics methods were used to assess the
effects of temporal and spatial factors, such as water depth and lunar phase, on the catch composition and species
diversity. The results showed that: (1) the total number of catches was 3673, and catches consist of 35 species, in
30 genera, 21 families, and 9 orders. According to index of relative importance (IRI), bigeye tuna (Thunnus obesus)
and yellowfin tuna (Thunnus albacores) are dominant species, while blue marlin (Makaira nigricans), albacore
(Thunnus alalunga), silky shark (Carcharhinus falciformis), long-snouted lancetfish (Alepisaurus ferox), and
pelagic stingray (Pteroplatytrygon violacea) are important species. (2) The CPUEs of bigeye tuna, yellowfin tuna,
and bycatch species were (1.66+0.89), (1.39£1.45), and (2.52+1.27) ind/1000 hooks, respectively. The Shannon-
Wiener (H'), Margalef (D) and Pielou (J) indices were (1.78+0.28), (2.5340.60), and (0.79+0.09), respectively. (3)
The GLMM model fit indicated that the lunar phase (cosine) had an extremely significant effect on the CPUE of
bigeye tuna (P=0.001, higher CPUE in full moon and lower in new moon), and the lunar phase (sine) had a
marginal effect on the CPUE of yellowfin tuna (higher CPUE in the first quarter and lower in the last quarter lunar
phase). As for bycatch species, no significant effect of lunar phase on CPUE was detected. Water depth had a
highly significant effect on CPUEs (P<0.001). (4) No significant effect of lunar phase on species diversity indices
was detected. However, water depth significantly influences the Shannon-Weiner index (H") and Margalef index
(D) (P<0.001). The results revealed that the high richness of species and complexity of community in the tropical
WCPO would provide good community tolerance to environmental changes and fishing activities.

Key words. pelagic longline; catch composition; species diversity; CPUE; water depth; lunar phase; tropical
western and central Pacific Ocean
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