JKEERTFSE Journal of Taiwan Fisheries Research, 28 (1): 33-46, 2020

S 1 SR T il 3T B f b 1 PR TR R

IREEEE | . BRNEEE - MRS - fapEE |

UTEBE ST B /KRBT R A e
2 BT BRI R B R ) B e SRR ST

[T

Rz (Makaira nigricans) 221 o S HE B BT fld - R 2 R TER IR RS 2
— o ARIFSEERS R TR A e AR R A e - B S AW AT > BT S B i A B =
PR AR RE R AR R AE VIR A RER o ARWTSEER FIFEET PR EE 2EFE 3 (index of relative importance, IRT)
Sy AT YRR A B R A B R I B - TS R B R I A B N SV R AE AR
TR MR 225 - KU 7R AGHEIRE )08 - TR Bk AE SR KPR FOE - /N 7
MEARE RSB IE/ N ERAEY) - BEHATEESER - ARG - REKBE (RI =
1,144 ~ 806) ; HZFLIHA A~ BEM T (IRI = 1,913 ~ 1,078) 5 RkZFLUEE - fiFFHR T (RI =
2,086 ~ 1,538) ; ZZ=LIUHEHH ~ IEMR T (IRT=1,465 ~ 828) » Z=HifH AR 2252 - 1R RAHHIR
Class 1 (100 - 150 cm) » =EELIGA R4 ~ [Elf% R (IRI=928 ~ 707) 5 Class 2 (151 - 200 cm) LLHE &
¥ BB (IRT=867~623); Class 3 (200 cm L) ) HIZDUHEERE ~ A (IR1=1,735~
821) o AMFSCHER B A BEERAELHE » DRFEERESTHESE L T ERAEHS -

RIS - MBRREEEDS  XNFI1RE  BHERILER - BASYD

B 3

M7 (Makairanigricans) FH Lacepede
1802 LT P RERF U i Hodw 44 > U844
blue marlin - EZFEARE LS RZ ~ FREZAF ~ THE -~ 8
T # - BBEZEAERGEIZH (Perciformes) finn
H (Scombrodei) IFfEfA R} (Istiophoridae) 15
J& (Makaira) - faReyEEIH 2B EIRFR - F5H%E
HRHBIECPIR o BB R A 50 ] e B T B 65
WYINIAT Ry N E R R BT R ARIRY)  1T Ry
(Baker, 1966; Nakamura, 1983) - EEARRAHIEG /A
FERLAY - TS EEL S E R R el
Fieeie I gREs IR B I EBERIK L JET
Z R 2HRE BT R B - 55BN
RS 2R AT R R N HE R R B A 2

HESVEE / ERERAIHIET LS 22 57, TEL: (089)850-
090 ext. 408; FAX: (089)850-092; E-mail: wcchiang@
mail.tfrin.gov.tw

FEAR - g 88k HIRATRE G el B2 H
iR LSRRGS (SR, 1993) -

DA RE Ry B IS B - BN AE DA RE
AR e ohRE R I (Garcia, 2003) » &
A REZIFE AT DRBUAE RER TR R VI At -
TV EERER o BRI R ek
RERM I JHHR IR (Abitia-Cardenas et al.,
2010; Galvan-Magaiia et al., 2013; Rosas-Luis et al.,
2016) - &Ly [ BB R+ A RE R
FRYEE S A B ERIUURE (trophic cascade
effect) i EE NEEAYHMAYIEM (Baum and
Worm 2009; Dambacher €t al., 2010) - {FIEHEH
FRALRANR AERH S I S Y ERE. (Potier et al.,
2007; Olson et al., 2014) - i&3f& H A 75 #F
(stomach content analysis) GBIRERFIFREE MK
(] — St o P A P P 3 % B 40P (Bakeer, 1966
Vaske et al., 2004; Shimose et al., 2010) » 3fi 0] DIfi#
M i R 4 R B 18 e H T Bl R 3 B AR AR
Yz IR A RRTR (Hyslop, 1980) -



34 REEES

TR M fa B R AR RE AT ot B R 3 T SR
( Erdman, 1962; Baker, 1966; Strasburg, 1970; Brock,
1984; Abitia Cardenas et al., 1999; Junior et al., 2004) -
H A PY R R v bt b S R e £ DU (Katsuwonus
pelamis) Fy FZEAHAE} (Shimose et al., 2006) ; pH
A 5 )8 K 2 68 1 ek R B B R B DUALE 65 R
(Auxis spp.) kg R ¥ % (Abitia-Cardenas et al.,
1999; Loor-Andrade et al., 2017; Rosas-Luis et al.,
2017) - SRR R AR RESR - HRYIEmoE
WMIATEAE » SRR IS R e R THRR A R e 1
B 2 SRS R R R R M B R AT R
VIt R - ABiF5E F 2 H AT R FITH B AV 5
MTERET SR SR R i F i R AR R > DUSC IR
fige ' B WE R B R AR i IR T B R
PFZE RS PTR HHAR S A DU AR RESR T AR HE 2 1
SEEH A EH RS - DUOE R I fgi e
EPKEANHZ HEE -

PR T3 {4

— ~ BEARERER

AWFFEE 2017 45 1 HZE 2018 4F 12 A > #%
AR EFRRRT A TS ATy ~ 5501 ~ JRofl
NG AT 2 SR R TR A TRE PR R A - LIRS
£ (RIE®REXE (EFL)  2flliz/NEA7 0 0.1 cm)
(Fig. 1) KefEsE (FEHlmyNEAT © 0.1 ke) » fifalik
gl F R B B > B B AR RIS E
HETTHT -

EFL
Fig. 1 A diagram showing the eye fork length (EFL) for

blue marlin (Makaira nigricans).
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Fig. 2 Fishing grounds of coastal longline and harpoon

fisheries in waters off eastern Taiwan.
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Fig. 3 Size frequency distributions by a LL. " R ‘
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Fig. 4 Samples of blue marlin collected in waters off

eastern Taiwan grouped by stomach content weight
index (SCWI).
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Table 1 Dietary composition of blue marlin in waters off eastern Taiwan. Prey importance metrices shown are
numerical abundance (%N), frequency of occurrence (%FO), mean percentage of weight (%W), index of relative
importance (IRI), and index of relative importance (%IRI)

%N %FO %W IRI %IRI
Cephalopoda 19.1 311 10.1 908 31.7
Clupeidae 2.3 0.8 0.1 2 0.1
Exocoetidae 9.0 10.9 11.0 219 7.6
Beloniformes 1.9 3.4 1.4 11 0.4
Coryphaena hippurus 2.3 5.0 6.9 46 1.6
Decapterus macarellus 6.4 6.7 5.0 77 2.7
Scombridae 8.6 15.1 17.6 396 13.8
Trichiurus lepturus 19.5 10.1 10.6 304 10.6
Auxis rochei rochei 18.0 19.3 12.2 583 20.3
Auxis thazard 6.7 10.9 16.2 250 8.7
Katsuwonus pelamis 1.9 3.4 5.7 26 0.9
Scomber australasicus 3.0 5.9 4.4 44 1.5
Istiophoridae 0.8 1.7 0.5 2 0.1
Tetraodontidae 0.8 1.7 0 1 0.1

Table 2 Dietary composition of blue marlin by season. Prey importance metrices shown are numerical abundance
(%N), frequency of occurrence (%FO), mean percentage of weight (%W), index of relative importance (IRI), and index
of relative importance (%IRI)

Spring Summer

%N %FO %W IRI %IRI %N %FO %W IRI %IRI
Cephalopoda 21.8 28.1 5.9 779 21.7 17.8 37.1 11.3 1,078  26.3
Clupeidae 0 0 0 0 0 4.0 1.6 0.2 7 0.2
Exocoetidae 19.2 23.6 14.9 806 22.5 3.3 8.1 2.9 50 1.2
Beloniformes 1.9 3.4 0.6 9 0.2 0 0 0 0 0
Coryphaena hippurus 4.5 7.9 24.7 229 6.4 3.3 6.5 16.9 130 3.2
Decapterus macarellus 0 0 0 0 0 15.8 22.6 13.0 650 15.9
Scombridae 5.8 9 11.8 158 4.4 2.6 6.5 6.2 57 1.4
Trichiurus lepturus 3.9 1.1 1.1 6 0.2 38.8 27.4 31.0 1,913 46.8
Auxis rochei rochei 30.1 22.5 20.8 1,144 31.9 6.6 11.3 4.1 120 2.9
Auxis thazard 11.5 14.6 19.4 452 12.6 1.3 3.2 7.0 27 0.7
Katsuwonus pelamis 0 0 0 0 0 2.6 4.8 4.3 33 0.8
Scomber australasicus 1.3 1.1 0.8 2 0.1 2.0 4.8 2.2 20 0.5
Istiophoridae 0 0 0 0 0 1.3 3.2 1.0 8 0.2
Tetraodontidae 0 0 0 0 0 0.7 1.6 0.1 1 1.3

Autumn Winter

%N %FO %W IRI %IRI %N %FO %W IRI %IRI
Cephalopoda 8.7 16.7 4.4 217 4.1 24.7 38.9 13 1,465 39.2
Clupeidae 0 0 0 0 0 0 0 0 0 0
Exocoetidae 1.1 2.4 0.2 3 0.1 6.3 5.6 2.9 51 1.4
Beloniformes 1.1 2.4 0.8 5 0.1 1.4 1.4 1 3 0.1
Coryphaena hippurus 2.2 4.8 5.2 35 0.7 4.9 9.7 17.1 215 5.7
Decapterus macarellus ~ 27.1 40.5 24 .4 2,087 39.8 3.5 4.2 2 23 0.6
Scombridae 19.6 35.7 23.5 1,538 29.3 10.6 12.5 8.1 233 6.2
Trichiurus lepturus 5.4 4.8 3 40 0.8 4.2 2.8 0.3 12 0.3
Auxis rochei rochei 7.6 14.3 5.2 182 3.5 15.5 20.8 7.6 481 12.9
Auxis thazard 3.3 4.8 3.6 33 0.6 9.2 13.9 12 293 7.8
Katsuwonus pelamis 2.2 4.8 74 46 0.9 10.6 20.8 29.2 828 22.2
Scomber australasicus 19.6 26.2 20.6 1,052 20 7.8 9.7 5.3 127 3.4
Istiophoridae 1.1 2.4 1.8 7 0.1 1.4 2.8 1.6 8 0.2

Tetraodontidae 1.1 2.4 0 3 0.1 0 0 0 0 0




38 IREHESE
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%N DL S (38.8%) - H Ly HH
(17.8%) » AEEIfEATES = (15.8%) - %FO DIHAE
¥l (37.1%) » HXRFF (27.4%) - GHEIE
B = (22.6%) - %W LIH# fafE (31.0%) -
HX B WRET] (16.9%) - & B 27 & 56 =
(13.0%) = IRT DIF A fumm (1,913) » HRRHEE
¥ (1,078) - SHIEIERIREE = (650) -

3. 8F B-101)

%N DUEFL ~ sHEE R (27.2%) » HARES
BHRAEIEES (19.6%) > BUEHRIESHE = (8.7%) °
%FO LLaH B 2 i (40.5%) > H Ry fi5 #Y
(35.7%) » TEHEMEAI ISR = (26.2%) - %W LIFHIE
ieim (24.4%) » HICREFE (23.5%) » fEIREEAL /S
F= (20.6%)  IRI IGHEIfE B (2,087) > HX Ry
AR (1,538) - fElEfSAIESR = (1,052) -

4. %% (11-1H)

%N DIUH @ B E (24.7%) » HR Ry EE
(15.5%) » TEME RAERI ESE = (10.6%) » %FO X
UH R Fiix s (38.9%) » R Ry IE 8 J% [E] A 8
(20.8%) * JRAEHBALIESE = (13.9%) < %W LU R
5 (29.2%) » HX R REAT] (17.1%) - SHE RN
H= (13.0%) - IRT DABE & 8ifrm (1,465) » HKKy
TR (828) 0 [EIfEME(TEEE = (481)

il one-way ANOSIM HEfTHE » BHRHE Y E 2%
EEE L (%IRD) L FHIAR - REERBURADR AR
YIAE A [F) 2= Hii A B 72 5% (global Test R =
0.951 ; significance level =0.1%) - FI|F] pairwise test
T3 AT = B o ] LR R AR W R R 52 B 7
H (Table 3) -

Table 3 Seasonal dietary composition based on one-
way ANOSIM for blue marlin diet between seasons in
eastern Taiwan waters

Groups R Statistic  p-Level (%)
Global Test Pairwise test 0.951 0.1
Winter vs Spring 0.852 10
Winter vs Summer 1 10
Winter vs Autumn 1 10
Spring vs Summer 1 10
Summer vs Autumn 0.926 10

(D) geRA!
1. Class1 (100 - 150 cm)

%N DU (20.6%) » HZCR ARIEN 2
(15.1%) » [EfEEAERES = (11.9%) « %FO L
S SR (31.0%) » HXRsAHEIE (22.4%) -
EMA RS = (20.7%) © %W LR TG 85 &
(18.5%) » HX RstHEIEE (16.5%) » fERMLIES =
(14.2%) - IRT LASE I8 (928) » HA AR
(707) > [EIfEEAJREE = (497) -

2. Class 2 (151 - 200 cm)

%N DU HERTES (19.2%) » HCh ETEH
(18.9%) » FI#SfARIEH = (14.1%) - %FO DIFHIE
KR (33.5%) » HATS[EIAEHEE (20.7%) » FRAALT
JHEE= (12.8%) © %W DIE & fEfes (20.6%) » £
R IEMR (16.4%) > JRfEERAJEZ = (11.3%) < IRI
LIS S (887) » HATKS[EITEME (623) » JREH
JIRIEER = (245)

3. Class 3 (200 cm BL |)

%N DLERT i (33.3%) - HRHEE
(18.5%) » fEFMIES = (11.1%) » %FO LIBHE2H
B (43.5%) » HRORMEERL (21.7%) - HAERAIE
F= (17.4%) - %W DB MR (21.4%) 0 HX
Rl (19.0%) HFffESF = (13.9%) IRT LL
SEE MR (1,735) HR R A7 AL (821)  fiERIMAL
JEEE= (656) (Table 4) -

W T B S A B AR ARG OF AT - B
i one-way ANOSIM HETTHESE » s i He Rl
BRI %IRT b KRR AR E VI ERG R A
WIRI%E A EHE =B (Global Test R = 0.16
Significance level = 17.3%) (Table 5) -

= BRI

SRR %IRL ZRHEEMTHRE BT » "I H
343 k42 (11 -1 F ; Bray Curtis similarity:
71.9%) ~ 2 (2 -4 H ; Bray Curtis similarity:
69.5%)~EZ= (5 - 7 H ;Bray Curtis similarity: 68.7%)
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Table 4 Dietary composition of blue marlin by grouped length class. Prey importance metrices shown are numerical
abundance (%N), frequency of occurrence (%FO), mean percentage of weight (%W), index of relative importance (IRI),
and % index of relative importance (%IRI)

Class 1 Class 2 Class 3
%N %FO %W IRl %IRI %N %FO %W IRl %IRI %N %FO %W IRl  %IRI
Cephalopoda 20.6 31.0 9.3 928 25.6 19.2 335 7.2 867 30.3 18.5 435 21.4 1735 43.1
Clupeidae 4.8 1.7 0.3 9 0.2 0 0 0 0 0 0 0 0 0 0
Exocoetidae 119 13.8 10.8 313 8.6 79 128 53 169 5.7 9.3 13.0 3.8 171 4.2
Beloniformes 0 0 0 0 0 1.1 24 04 4 0.1 3.7 44 27 28 0.7

Coryphaena hippurus 1.6 1.7 2.1 6 0.2 45 9.8 206 245 83 3.7 87 129 145 3.6
Decapterus macarellus 15.1 22.4 16.5 707 19.5 88 11,6 59 170 5.8 1.9 44 3.1 21 0.5

Scombridae 11.1 19.0 14.2 480 13.2 73 122 92 202 6.8 11.1 21.7 19.0 656 163
Trichiurus lepturus 40 52 36 39 1.1 141 85 60 172 5.8 333 174 139 821 204
Auxis rochei rochei 11.9 20.7 121 497 13.7 189 20.7 1.1 623 21.1 74 87 34 94 24
Auxis thazard 9.5 13.8 185 386 10.6 6.2 104 113 182 6.2 3.7 87 48 74 1.8
Katsuwonus pelamis 0 0 0 0 0 45 98 164 205 6.9 56 13.0 129 241 6.0
Scomber australasicus 7.1 13.8 113 254 7.0 65 79 56 96 33 0 0 0 0 0
Istiophoridae 1.6 3.5 1.3 10 1.2 06 1.2 09 2 0.1 1.9 44 20 17 0.4
Tetraodontidae 0.8 1.7 0.1 2 0.6 03 06 1.1 0.7 0.1 1.3 44 33 20 0.5
Group Average
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|
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Fig. 5 Dendrogram of cluster analysis using monthly values of % index of relative importance for
blue marlin in waters off eastern Taiwan.

Table 5 One-way ANOSIM comparing the blue marlin BAFkZ: (8 - 10 A ; Bray Curtis similarity: 65.5%)
diet among length classes in waters off eastern Taiwan SEPURE (Fig. 5) - A48 nMDS 5347  $RF — HE7e
Groups R Statistic  p-Level(%) Fi] A T 2 B0 P 7 i f A AR (R R R R A 2
Global Test Pairwise test 0.16 17.3 %IRI FHEEAFR (BRJIFRE 0.07) > FE5 R EE R AR
et v Clase.o 055 . R RAE TR F b 2 AR 52 » 3975 60% L
FHMEPRERE (Fig. 6) -
Class.1 vs Class.3 1 10
Class2 vs Class3 1 10 =~ R DI AV £

41 B SR | AR AR P S EL 40 Table 6
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Table 6 Dietary composition of blue marlin by seasons based on the proportion of prey in number of proportion by
season and length

Species Length Spring  Summer  Autumn  Winter  Class N Proportion (%)

Class 1 14 7 4 6 63 33.0

Class 2 25 18 4 28 153 32.9
Cephalopoda Class 3 0 3 0 6 23 28.1

Season N 87 60 40 52

Proportion(%) 31 31.8 16.7 43.5

Class 1 10 2 0 3 63 19.2

Class 2 33 3 0 3 153 20.3
Exocoetidae Class 3 1 0 1 3 23 17.9

Season N 87 60 40 52

Proportion(%) 33.6 7.7 2.4 14.8

Class 1 0 2 0 0 63 3.1

Class 2 7 2 2 6 153 10.0
Coryphaena hippurus ~ Class 3 4 1 0 1 23 20.7

Season N 87 60 40 52

Proportion(%) 11.2 7.7 4.8 11.9

Class 1 0 10 18 4 63 33.7

Class 2 0 16 11 4 153 16.8
Decapterus macarellus  Class 3 0 0 1 0 23 4.2

Season N 87 60 40 52

Proportion(%) 0 30.2 42.9 13.3

Class 1 0 0 0 0 63 0

Class 2 0 2 2 14 153 10.5
Scombridae Class 3 1 0 0 6 23 23.3

Season N 87 60 40 52

Proportion(%) 1.1 3.2 4.8 27.8

Class 1 0 3 1 0 63 6.0

Class 2 0 44 4 5 153 25.7
Trichiurus lepturus Class 3 6 12 0 0 23 43.9

Season N 87 60 40 52

Proportion(%) 6.5 49.6 11.1 8.8

Class 1 5 4 1 4 63 18.2

Class 2 50 6 6 14 153 33.2
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Fig. 6 Nonmetric multidimensional scaling of index of
relative importance (%IRI) by month for blue marlin in
waters off eastern Taiwan. Stress: pressure coefficient.
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and (l1) severed injury.
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Feeding Ecology of Blue Marlin (Makaira nigricans) off Eastern Taiwan
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ABSTRACT

As a top predator, the blue marlin (Makaira nigricans) plays an important ecological and economic role in
pelagic ecosystems. The aim of this study was to explore the feeding ecology of blue marlin and the composition
of their prey species off eastern Taiwan by examining their stomach contents. To understand the feeding habits of
the blue marlin, we used the index of relative importance (IRI) to examine the prey composition. The results
showed that the prey compositions in the stomachs of blue marlin were different among the differing size classes.
The large blue marlin with high mobility preferred to feed on mesopelagic fishes, while the small blue marlin
preferred to feed on small forage fishes. Otherwise, prey IRI values varied across the different seasons. The most
common prey species in spring were Auxis rochel rochei and Exocoetidae (IRT = 1,144 and 806). The most
important prey species in summer were Trichiuridae and Cephalopoda (IRI = 1,913 and 1,078). Carangidae and
Scombridae were the major prey species in autumn (IRI = 2,087 and 1,538), while Cephalopoda and Katsuwonus
pelamis were found most commonly in winter (IRI = 1,465 and 828). The results suggested that the blue marlin is

an opportunistic feeder that feeds on the dominant pelagic fishes in each season.
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