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Feeding ecology of Thunnus obesus in the western Atlantic Ocean

ZHU Guo-ping, ZHOU Ying-qi, XU Liu-xiong, JIANG Wen-xin
(College of Marine Science and Technology, Shanghai Fisheries University, Shanghai 200090, China)

Abstract: Observation on feeding ecology was conducted based on the data of Thunnus obesus captured by
tuna longline fishery in the western Atlantic Ocean from August, 2004 to March, 2005. The food items in
stomach content of Thunnus obesus consist of Sardina pilchardus, Loligo pealei, Penaeus japonicus, Brama
brama, Alepisaurus ferox , etc. However, these have a significant monthly variation, Sardina pilchardus is
the majority of prey (mean = 55.77% ) in each month and followed by Loligo pealei. The significant
monthly variation of mean stomach fullness and percentage of Thunnus obesus with empty stomach have been
observed. In the group of their fork lengths ( FLs) less than 100 cm, the percentage of empty stomach is
decreasing with the FL increasing; when their FLs fall into 100 — 150 cm, the percentage of empty stomach
is increasing sluggishly ; and when their FLs greater than 150 cm, the percentage of empty stomach shows
an insignificant variation, mean stomach fullness has a decreasing trend with the FL increasing. Mean

stomach fullness has a decreasing trend basically with the increasing of FLs, and monthly mean stomach
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fullness varies unremarkably and mostly remain to 0.35 - 0.40. Percentage weight of Sardina pilchardus in

major prey groups of each FL class of Thunnus obesus is kept on the level of 50% and more. Monthly

Shannon-Weiner diversity index H' of Thunnus obesus has an insignificant variation and maintains on the
index H' level of 1.6. The index H’is quite stable at the FL in 90 — 160 cm, and decreasing if the FL is

longer than 160 cm.

Key words: western Atlantic Ocean; Thunnus obesus; feeding ecology; fork length; Shannon-Weiner

diversity index H'
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1.1 #HRkE

FES T 2004 429 H % 2005 4E 3 AELH K
PEPGZRIEIR (18°30'W, 09°35'N ~39°12'W, 05°
46'S) (B 1), HWEM I EAK™BAFFEE
FemamlBHRAFMFEIR3 5 M IRE 1
27, JEEE, LN E 780 B KR &M, Hh
WM 315 B (25 H 108 &) , it 465 B (% H 65
B). FRBEK(TFEBXK) EED 85 ~206
cm, F A EPER R YE Y 85 ~ 206 cm, MEPEIAK
YEEEA 90 ~189 cm, M EAEE A 1 cm, FE5 HI{EK
H(LE)EER 12 ~128 kg, H A #EE A E i FE
15 ~128 kg, MEPEIATE T 12 ~ 128 kg, &
WEN1 kg, RTRGEM, BEYAIHEDT R
IRIFZ BOCHR [ 14 - 15 ] 3#4TR 5, R R B2 X E F)
ARSI,

10° N

40°

W

35° W 30° W 25° W 20° W

B 1 BUREfIE (18°30'W, 09°35'N ~39°12'W, 05°46'S)
Fig. 1 Sampling locations (18°30'W, 09°35'N —39°12'W, 05 °46'S)
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IRI= (BERE A + A4 x H I
) x10* (5)
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A s HEBEDFE P, N EE A ER Y+
BT 5 BN 0E 4 oo R TR B0 HY X T A E R
MR, EFHATHRAXBNEYESHMTE
g

AW ST SPSS 13. 0, % 3K
HEEBGRNGITIRE, EF TR EEIEET
ZHIN

2 4R

2.1 R¥WAR

R AL PHREE SRR, RV 7Y HR K A AR
SHRAFTEFEAEMEA DT A 66 IFR. 5
iy WL £R | LR R £ RK DT MR SR AT
Wk LR RS 13 FERLERE, b e R
RFFN RSP RE, WK 1. iR 1 ATLUE
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*1 AAFEBKRECENRTWAHRN
Tab.1 The species fed by Thunnus obesus in the western Atlantic Ocean

TR HEHSH(%) MEES (%) IR (%) AEXS AR (% )

prey items w N F IRI
YW T # Sardina pilchardus 56.98 37.59 81.95 72.78
£ Loligo pealei 11.70 18.53 40. 40 11.47
LA 21 Alepisaurus ferox 12. 45 15.57 33.94 8.93
545} Brama brama 7.48 9. 26 20. 20 3.18
Z&4a other fishes 5.33 7.90 17.22 2.14
HZX}UF Penaeus japonicus 2.43 6.91 15.07 1.32
0% Sepia officinalis 1.65 2.35 5.13 0.15
481 Scomber japonicus 1.31 0. 46 0.99 0. 02
MWk Pycnogonids 0.28 0.76 1.66 0.02
-+ B A Scomberomorus sinensis 0.14 0. 30 0.66 +
“KfA Exocoetus volitans 0.18 0.23 0.55 +
it Coryphaena hippurus 0. 04 0.08 0.17 +
#kJ1 44 Cololabis saira 0.03 0.08 0.17 +

0 +7 3R <0.01%
Notes: “ + ”indicates <0.01%
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2.2 BREEMEWAHARNAMEK

KR St - XM s 48 Born = B 2 #0E B
BHA G, DHE PR ER(E2) ., =
BERM 8 A MM, = 12 A H kB g(E, R
JEXBEE T, & A ZEZEABENHE (Y =
21.54,P <0.001), {HER 9 AMHLISN, &£ AHH
PR B S A K, A E4EHRR7E 0. 35 ~
0.40ZJd] (* =6.17,P <0.001) ,

KHR E:A6 A 1) & 4 e A A B 828 1k
HERASGR2) WERER YT a2 KRE
e EEEEAR, LI AhEsEs (b

m EEHE/%
" peggélt ;i‘ §fmpty stomachs e
= - ? 2 ﬁf;‘ B Q
é 40; mean stomach fullness index :O' 50 E
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& ® 0.20 5%
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g o ) 0 B3
8 Y78 9 10 11 12 §
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K2 KREHETIHRREEEE A HHFEEHTEL
iz B R (BRFRIRERE)
Fig.2 Monthly mean stomachs fullness index and
percent of empty stomachs of Thunnus obesus in
the western Atlantic Ocean
(' Vertical bars indicate S. E. )

68.22% ) , 34K 55. 77% , Ho YR 2tk fa 7L B £
5 DL ERSS
2.3 BREEMIWARNEKEK

LA K/NTF 100 cm B, BEE AR R0,
SEHRBRESE TREEE(E 3) ; HikKE 100 ~
150 cm B, BEE R K B3I, A L2 FEH
EFES H AR KT 150 cm B, 2 B FREAK
AL HAR (' =23.53,P >0.001) , {HZ,
LK KT 100 cm B, F-H T B A (R K 1
A R T R, A K R, 284
IS T2 (y* =13.00,P >0.001) ,

W FHZE /% percent of empty stomachs
—O- SRS mean stomach fullness index

—
(=3

(= ele ool

ey

o
=
(o7}

o o
o o
N

-

A /%
percent of empty stomachs
[N

. JL 0
70 ~ 91 ~ 111 ~ 131 ~ 151 ~ 171 ~ 191 ~ 201 ~
80 100 120 140 160 180 200 210

X4 /em  fork length classes

SERMHIRE
mean stomach fullness index

&3 kﬁ#ﬁﬁﬁkﬂﬁﬁ*&ﬁﬁw&ﬂﬂzi@@?ﬁ%ﬁ
ZHR(BRFTIRERE)
Fig.3 Mean stomachs fullness index and percent of
empty stomachs for each fork length class
of Thunnus obesus in the western
Atlantic Ocean ( Vertical bars indicate S. E. )

®2 AREREFEEMXFEEFSILNABGEL
Fig. 2 Monthly variation in the percentage weight for major prey groups to

the diets of Thunnus obesus in the western Atlantic Ocean %
| . %4 H 1y sampling months

BRI prey items 8 9 10 11 12 1 2 3
YW T # Sardina pilchardus 45. 24 68. 22 59. 88 47.70 56. 40 58. 74 62. 23 47.74
i Loligo pealei 14. 29 11.14 9.48 14. 26 10. 30 11.04 7.69 17.70
FkJI4 Cololabis saira + + + + + + 0.67 +
5,4 Brama brama 16. 02 1.13 9.42 7.98 7.27 8.38 5.01 11.73
0% Sepia officinalis 7.36 2.34 1.55 2.70 0.33 0.40 0.67 +
WL Alepisaurus ferox 14. 07 2.94 5.36 17. 36 16. 81 18.05 20. 72 17.70
Kt Exocoetus volitans + + + + 0.33 0.48 + 1.03
WMk Pycnogonids + + 0.58 0.70 + + + +
& B A Scomberomorus sinensis + + + + + + 0.33 2.06
it Coryphaena hippurus + 0.23 + + + + + +
481 Scomber japonicus + + + 4.27 3.36 + + +
H A%} F Penaeus japonicus 2.16 2.07 3.76 2.40 2.82 1.45 0.33 2.06
&4 other fishes 0.87 11.93 9.97 2.63 2.39 1.45 2.34 +

0 +7 3R <0.01%
Notes: “ + ”indicates <0.01%
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Tab. 3 Variation in the percentage weight for major prey groups to the diets
of each fork length class of Thunnus obesus in the western Atlantic Ocean %
XK (cm) fork length classes
TRIRNZE prey items 91~ 101~ 111~ 121~ 131~ 141~ 151~ 161~ 171~ 181~ 191~ 201~
100 110 120 130 140 150 160 170 180 190 200 210
YT 44 Sardina pilchardus 56.0 60.9 55.4 56.6 58.2 55.4 43.6 75.7 58.9 60.3 5.2 55.3
i 4f1 Loligo pealei 10.5 11.0 11.7 10.8 14.5 11.6 15.4 6.2 9.7 15.6 15.5 13.2
K TJ 4 Cololabis saira + + + 0.1 + + + + + + + +
545 Brama brama 14.3 5.0 3.6 8.6 3.6 9.6 14.2 4.0 7.7 6.7 3.1 +
0% Sepia officinalis 1.7 0.2 2.6 0.5 2.4 1.6 2.7 3.6 2.6 + 1.6 +
LI Alepisaurus ferox 9.9 14.5 13.6 13.5 11.9 12.4 11.4 5.0 16.3 8.4 17.1 7.9
“KfA Exocoetus volitans + 0.3 0.4 + + + 1.4 + + + + +
HEMIWR Pycnogonids + + 0.3 0.2 0.6 0.7 + + + + + +
-+ B 1 Scomberomorus sinensis + 0.5 + 0.2 + + + + + + + +
i Coryphaena hippurus + + + + + 0.2 + + + + + +
41 Scomber japonicus + + 1.3 1.1 1.3 2.8 4.8 + + + + +
HZAX}UF Penaeus japonicus 1.4 2.5 3.1 2.6 2.7 2.4 1.3 1.8 0.3 5.6 11.6 +
Z £ other fishes 6.2 5.2 8.0 5.7 4.9 3.5 5.1 3.8 4.4 3.4 + 23.7
H:“ +7FEmR<0.01%
Notes: “ + ”indicates <0.01%
KIR&Ae 1 BEYHBR Y T afel 2.0¢ _
Ny s, =
F,HPRERKAY T AEEF 5 HLELR LHE 1.6+
50% B | JOR RS, 4 LR ABEEA AR 10
N = -
YERTE 10% ~15% , WALl 2 | 2 f7 LA R MRS 7E K 0.8
EE_{E\*&/@%%%*&&%—%%[:EEO 0.4 :
2.4 EREMNESEEE ool

KPGFEVE R HR S48 1 R ) A 2507
TEEFRAHBHA BB, &AhNES
VTEREERA FAERREL 6 £A(E4), BS5 B
THESNMIEEHEARKARKEL(F=3.59,P>
0.05) ,f&K 4 80 ~90 cm B [ 4= A7 8 EEE /N5
ZRKAE 90 ~160 cm 2 [ ET, A= 25058 BE A BA
B MR KT 160 cm B, FEE (R K 3
I, SRR RA R TREE

3 it

3.1 RYARKEERE

BHEBOT , PR ER A ER Y A2
R BLIR B 4 4 Bk Rl 4 25 M B R
T B H B 4 AR BRI AR . AR R
F— 25080, LA 3 E 4 EL 4 60% St
1, BVEEDRLA W 1yt BUATIR 4 L 4 i 3 60%
By EZMBEXNR ., HE4 TR, KGFEEE
KRS ANEFEREMNE AL (S
63.57% ) KV RIREMRAUV T A R4
R Rk BN E™ | Keisuke Satoh'?!
% SHOYO-MARU S fify 2002 4E7E K PGV

8 9 10 1 12 1
A4 month
K4 RAEHETEHRRER A% A Shannon-
Weiner ZHMEFE 8 (BRI IREIRZE)
Fig. 4 Monthly Shannon-Weiner diversity index H'
of Thunnus obesus in the western Atlantic
Ocean ( Vertical bars indicate S. E. )
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Fig. 5 Shannon-Weiner diversity index H’' calculated
for each fork length classes of Thunnus obesus in the
western Atlantic Ocean ( Vertical bars indicate S. E. )
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SRR S0 R A 4 R B A Sk R AN
Tk AU B S ERPIR SIS B M
L, R E BRI 25 (IRT =84. 9% ) kR
HK(IRI=11.6% ) FIHEFHK(IRI=1.4% ) (F1),
3.2 BAEMATL

Frédéric 2% kIR 446 @ i & B A (L4777
BFEE (EKIR A R A BE A 5y L E HRT R
IEEREGEIRE, AmEREREA B, REE
K ] B A % 25 5 M AR A e T AR R B
AT, IR B T 7K SR EF 4 R A i A
ARG ER Z AR A, o N PR B 38 PR AT R
SRR fL R — R LIS . AT, &

H Oy KIR et )25 18 2R P ST 2 3h 2
BR o BRI A 7 B 98 2 B0 BR 1) LLA , 1R A=
YrEg oA S AR R — R W E E B R
To HABIFIFBA X RAR GAR 1 B SRR3R BE
11974, UL S B R RIA T RIREA M
B A LN, X — R BEE— P AT,
3.3 BREERKHTL

MEEARNAERET  AREK, D&Z#ix
BEE , SRR Y R A0 BRI 2 Bl
ZMigER. BRIEEEEEKEL, Bk
FHBE AR EY R E YR BES I, XX T
AT BT R A B R ™ o A
FEH MK <100 em B, 25 B R P BB K >
100 cm fi, 25 B REAR, BARRIREA KR, NEY
FABERE, WTRERA AN R BN AE, F
Bz H R LRERTRA (B 3) . X — it
AT LA SH0 3 48 0% Al A8 B OB, anFEE 4
KA, P37 35 16 B3 fh i 1) AR X B P AR
HRZS (I 3) o

®4 AEFEHARESLERWHESEHE(HABIBSLEK)

Tab.4 Ecological groups of the food items of Thunnus obesus in the western Atlantic Ocean

%o

PRIFRE B E 2 HE 4L, H AR
prey items percentage of frequency ecological group
YT # Sardina pilchardus 37.59 £42 pisces
i Loligo pealei 18.53 3k £ 2§ cephalopods
WL Alepisaurus ferox Lowe 15.57 412} pisces
94} Brama brama 9.26 412} pisces
Z&4h other fishes 7.90 AR BN unidentified
H ZAX}UF Penaeus japonicus 6.91 H 522K crustacean
0% Sepia officinalis Linnaeus 2.35 3k /£ cephalopods
i1 Scomber japonicus 0.46 412} pisces
Wk Pycnogonids 0.76 H 522K crustacean
-+ B Scomberomorus sinensis 0.30 412k pisces
“K£A Exocoetus volitans Linnaeus 0.23 412} pisces
#H#% Coryphaena hippurus 0.08 412 pisces
#kJ14a Cololabis saira 0.08 442 pisces
3.4 BRESFMRNEEH MEBAH B3 7 T A BF 5T A AT 4R 7E 4k 48 33

TSR ATERFEASREH ER R K
IR (E 6) , WL KR &t AR LS ¥ T
FMREMESREMAA TR EZNE L.
WG X E KRR AT WE 4, Bl T
52 3 A PR 9 B A R, WO AR S BT
BTG E SRR AT R R P R AR
SFHEEAS FERIRE & S5 2 E LR E

7, T B R B P v B Al g X, B R
BERHE, BEEPTT TR —P WA, KRIREA A
MR B A EET T B RBE S HEE M
o 75N BIFERM, ERHEY) KR B R AR 28
I, X THEREA Y SHEE (KIRewH)
Z IR E R RIEFEE, FI, P )
FRORHER 1, TRA DT R IR &40 £ 5 38
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Fig. 6 Schematic map of trophic level of tuna species in the oceanic ecosystem
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