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Fig. 1 Stations map of fishery resources survey in the offshore
waters of southern Zhejiang in 2019
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Tab.1 Thenumber of Bombay duck samples analyzed in
each season and each size class

RE4/mm  HFE 2E B&E &% a7

size class spring summer autumn  winter total
<120 0 0 63(17)  1(1) 64(18)
120-140 0 43) 50(4) 20(19)  74(26)
140-160 10)  17(8)  79(16) 28(18) 125(42)
160-180 39(11)  45(17) 60(13) 40(15) 184(56)
180-200 64(13) 72(18) 53(12) 14(3)  203(46)
=200 23(7) 44(11)  28(4) 5(0)  100(22)
Mittotal  127(31) 182(57) 333(66) 108(56) 750(210)

TE: 55 R s R0
Note: The number of empty stomachs were recorded in parenthesis.
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Tab. 2 Diet composition of Bombay duck in the offshore waters of southern Zhejiang in 2019

(EEET IS Fis dERigia R R B DO RS C T G
prey item W% N% F% IRI%
11125 pisces 87.17 59.40 59.45 82.29
TR B P Thryssa kammalensis 431 0.26 0.33 0.05
)l Setipinna tenuifilis 1.24 0.10 0.15 +
J¢ 3k fi. Har padon nehereus 14.45 11.91 15.20 13.91
-+ B 4T 1 Benthosema pterotum 21.42 23.47 28.08 43.74
7 [C R % Bregmaceros meclellandi 0.37 0.09 0.19 +
7Nk i Hexagrammos otakii 0.02 0.01 0.02 +
41l 4 K% Apogon lineantus 24.82 12.08 16.62 21.28
% 7 % Decapterus maruadsi 0.03 0.02 0.03 +

(4% to be continued)
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(8% 2 Tab. 2 continued)

(VRS iER AHCE S HEESP AR MR AU 43 L
prey item W% N% F% IRI%
#i1% £5 Champsodon capensis 0.62 0.33 0.81 0.03
i 1 Trichiurus japonicus 1.81 1.58 2.76 0.32
B G HE /NN £ Stol ephor us commer sonnii 3.96 3.20 3.23 0.80
$i Fe AR IR 52 £51. Odontamblyopus |acepedii 2.84 1.46 1.76 0.26
/NH; i Larimichthys polyactis 7.35 2.20 4.67 1.55
K¢ FG 4 4. Johnius belangerii 0.43 0.51 1.44 0.05
7518 Sk Polydactylus sextarius 0.23 0.04 0.07 +
7N 224 BB IR B2 /1 Amblychaeturichthys hexanema 2.08 1.00 1.38 0.15
KGR Acropoma japonicum 0.21 0.12 0.25 +
ANTH] BRI 24 unidentified pisces 1.00 1.01 1.96 0.14
¥R Decapoda 9.81 28.51 28.95 15.77
FRAE4EHENT Solenocera crassicornis 0.41 0.16 0.46 +
2035 )i %} i Parapenaeopsistenella 0.10 0.63 0.07 +
3 [ R U Metapenaeopsis dalei 0.01 0.01 0.05 +
[ B AR Acetes chinensis 4.17 15.90 19.14 13.33
4% Eptochela gracilis 0.71 5.55 6.52 1.42
H AL HF Alpheus japonicus 0.12 0.16 0.46 +
ZRIFLTIF Plesionika izumiae 0.50 0.32 0.38 0.01
Ji JE 5 X% IR Atypopenaeus stenodactylus 131 0.77 0.78 0.06
WA 25 i IF Heterocarpoides levicarina 0.37 0.97 1.60 0.07
ARA[PEAIFZE unidentified Decapoda 2.11 4.04 4.07 0.87
W 4F2% Euphausiacea 0.17 3.49 451 0.57
KB Euphausia pacifica 0.17 3.49 451 0.57
M /£ Stomatopoda 0.46 3.04 4.81 0.58
¥R Oratosquilla oratoria 0.46 3.04 4.81 0.58
f#3% crabs 112 0.72 0.94 0.04
¥ FEhE Charybdis bimaculata 1.09 0.51 0.61 0.03
=JEtR T Portunus trituberculatus 0.03 0.17 0.22 +
AN A2 unidentified crabs + 0.03 0.11 +
3k £ 2 Cephalopoda 0.90 0.44 0.98 0.03
H 150 Sepiolida sp. 0.06 0.02 0.07 +
Z 4054 i 2 i, Abralia multihamata 0.63 0.36 0.78 0.03
H A4 51 Loligo japonica 0.15 0.05 0.12 +
AATHEA kL £ 28 unidentified Cephal opoda 0.06 0.01 0.02 +
/£ 2% Gastropoda + 0.10 0.15 +
JE 1% Bullacta exarata + 0.10 0.15 +
¥t A 25 Amphipoda 0.27 3.66 6.03 0.70
#JUF Gammaridea sp. 0.11 0.34 0.27 +
04 88 Themisto gracilipes 0.15 3.33 5.78 0.70
% FE2 Polychaeta + 0.01 0.06 +
% 12 Cumacea + 0.03 0.04 +
HAb% others 0.09 0.63 0.47 0.01

" FoR HBLE BT & /T 0.01%.

Note: “+” indicates that it has occurred and the percentage was lower than 0.01%.
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Tab.3 Major diet composition of Bombay duck in each season

TR 2 spring X ZF summer FkZ% autumn 27 winter
prey item Who No F% IRI% W% N F% IRI% Wb No F% IRI% W% N% F% IRI%

a5 pisces 83.70 71.99 72.64 92.66 81.82 53.84 61.99 61.46 91.27 61.94 6157 87.20 76.56 42.81 22.97 78.30

Jo sk 068 068 011 + 2048 14.38 14.37 19.04 14.35 1332 19.88 13.23 1381 747 079 0.62

Harpadon nehereus

L BRkT 2349 3413 36,52 60.85 347 982 855 432 2244 2550 3517 40.56 61.01 34.72 21.96 77.64

Benthosema pterotum

Y 25 RALA 579 612 626 216 359 395 841 241 3934 17.82 2369 3258 071 016 0.21 0.01

Apogon lineantus

JNEER - - - - 2711 868 1868 2542 190 035 065 003 - - - -

Larimichthys polyactis
HF2% Decapoda 1362 1059 12.03 357 12.06 3585 36.38 3595 6.45 25.07 30.31 10.68 23.25 52.46 17.54 21.24

EeTESEEYN 052 193 257 018 452 2815 2758 3427 414 1288 2002 820 7.36 1910 792 7.74

Acetes chinensis

PHEZLA + 012 065 + 059 235 357 040 097 841 948 214 - — - -

Eptochela gracilis
I3 Euphausiacea - - - — 002 040 029 + 0.27 506 710 091 011 463 262 046
17 /£ 2 Stomatopoda 011 148 489 022 08 566 735 182 042 270 449 034 - - - -
K crabs + 034 119 001 477 223 267 071 005 029 037 + - - - -
3k /22 Cephalopoda 126 033 093 002 - - - - 130 067 148 005 008 010 021 +
Jii 22 Gastropoda 006 106 160 005 - - - - - - - - - - - -
¥ifi /£ 2 Amphipoda 019 720 1184 234 047 202 114 005 024 427 786 082 - - - -
£ 2% Polychaeta 0.03 012 065 + - - - - - - - - - - - -
3% 2% Cumacea - 033 040 + - - - - - - - - - - - -
A2k others 103 656 509 112 - - - - - - - - - _ - _

e Fon B E T B F 0.01%; <= R LAl 0.

Note: “+” indicates that it has occurred and the percentage is lower than 0.01%,; “—"indicates that the percentage is 0.
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Fig. 2 The percentage weight (W%) for prey groups of
Bombay duck in each size class
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242 BREEMEKMNTWE NEEKA R
iR E R TS R, SR KA ks
RAFAVEE K 22.00%~35.14% ., H 1, <120 mm {4
K425 B &Ry 28.13%; 120~140 mm (A K 425
R, N 35.14%; LG ek fazs B R R AR K Y
KRR, =200 mm B4 5 HRBEAMK, B
22.00%, J¥ 3kt 45K 21 S 34 1 AR S K ke
Floh 2.24%~8.50%, V34 8 1 i+ H b 1A K 3 <
2 F T3, 160~180 mm DL AR K41 1 g Sk fa -
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Tab.4 The percentage weight (W%) for prey groups and major prey species of Bombay duck in each size class
R &4 /mm size class
prey item <120 120-140 140-160 160-180 180-200 =200
1% pisces 79.27 76.61 81.60 89.89 79.47 90.81
Je 3kt Harpadon nehereus 6.02 9.64 10.88 22.82 14.23 5.70
£ 24T 44 Benthosema pterotum 27.11 28.40 23.36 21.58 20.10 17.80
2 2 K26 Apogon lineantus 42.13 31.78 28.08 22.10 8.11 10.40
/NE{ £ Larimichthys polyactis - - 2.70 7.58 11.96 34.40
#RJE Decapoda 18.95 22.09 15.17 6.93 14.13 8.10
Hr[E B I Acetes chinensis 8.51 8.11 9.55 4.47 6.71 2.28
40 % U Eptochela gracilis 3.62 0.79 0.95 0.34 0.46 0.09
W UFZE Euphausiacea 0.64 0.09 0.83 0.20 0.12 +
1 /£ 2% Stomatopoda 0.75 0.89 1.81 1.01 0.72 0.02
&5 crabs - - 0.19 + 3.87 -
3k /2 Cephalopoda 0.07 - 0.25 1.10 1.30 0.06
Jig /2 Gastropoda - - - 0.23 - -
¥ /£ 2% Amphipoda 0.31 0.32 0.14 0.63 0.39 0.11
% F2% Polychaeta - - - 0.02 - -
$E 1 ZE Cumacea - - - - + -
HAth others - - - - + 0.89

VE: 4" R I BLER 7 LU /N T 0.01%; <= FaR Ll 0.
Note: “+” indicates that it has occurred and the percentage is lower than 0.01%,; “—"indicates that the percentage is 0.
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Abstract: In the study of fish biology, stomach content analysis is the most common and important method to
evaluate the feeding habits of fish species. In a fishery independent survey, stomach samples were generally col-
lected randomly at different stations. The feeding habits of a predator within a certain area were estimated by cal-
culating the arithmetic mean value of the predator’s diet information from different stations. This method is simple
but ignores the spatial variation of the predator. Based on a fishery resources survey in the offshore waters of
southern Zhejiang, atotal of 750 stomach samples from Bombay ducks (Harpadon nehereus) were collected from
March to November, 2019. Combined with the catch per unit effort (CPUE) difference in H. nehereus at different
stations, the diet composition, feeding intensity, seasonal variation, and ontogenetic shift of H. nehereus were
examined. Since each haul provided us with a group or “cluster” of H. nehereus for a given station, as in a cluster
sampling design, this study introduces “ cluster sampling estimators’ to calculate the feeding habits of H. nehereus.
The results showed that the prey items of H. nehereus included 11 prey categories and more than 40 prey species,
with the index of relative importance percentage indicating that fishes (IRI%=82.29%) and shrimps (IRI%=
15.77%) were the dominant prey categories. Other categories included cephalopods, crabs, euphausiids, stomato-
pods, amphipods, etc. The dominant prey species were Benthosema pterotum, Apogon lineantus, H. nehereus, and
Acetes chinensis. The main prey items were similar to those found in previous studies from the Yangtze River es-
tuary, Yellow Sea, and other areas in the East China Sea; however, the dominant prey species varied in different
sea areas. Obvious seasonal variations were indicated for the feeding habits of H. nehereus in this study: whereas
fish were the most important prey group in all seasons, with higher than 85% for IRI% in spring and autumn, the
proportion of shrimp consumed by H. nehereus in summer and winter was higher than that in other seasons. The
seasonal variation in prey abundance among habitats is one of the main reasons for the seasonal variation in fish
feeding habits. The feeding intensity of H. nehereus was higher in spring and autumn and the lowest in winter. The
ontogenetic shift of H. nehereus was revealed in this study. With the increase in the body length of H. nehereus, its
main prey items transitioned from small-sized items (such as small shrimp) to large-sized items (such as fish). This
feeding characteristic is in accordance with the “optimal foraging theory.” With the development of feeding organs,
the predation ability of H. nehereus is greatly enhanced, with the phenomenon of cannibalism mainly occurring in
the larger group.

Key words. Harpadon nehereus; feeding habits; weighting average; stomach content analysis; the offshore waters
of southern Zhejiang
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