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pmol) 7% 0.8 wL, DNA 47 10 ng/pL, % ddH,0 %=
20 pLo PCR A2 :95 CHIAEYE S min, 95 ‘CAR
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B A 43 R AS TR B0 I AL, AR A e el 21 8 15 8
FAREAR R 3K AL, 43518 160~219 mm
340~399 mm F1400~459 mm ([&] 1a) ; H 22 i K
2 1 S 349 B R i A R %) 34 o T 44 K (R
1b),
2.2 EEENFFT

15 J& 22 fa R AR 11 il a0 P e 146 2 - Lk
PR N 312 bp W7 51 723 721 2%, Hop A
BTN 646 980 4%, 43 )& 6241~ OTU . A 741
B =5 55 556 5%, AR 43 152 %%, 37 5
0 (48 248+3 946) 5% . K BRTERESE R iR Ui
Yy TR AR AR AR R T A4 59 220,
43 )E 804~ OTU., i F 1 £k T 158 HH R AR 114 00 5
TR A, FLAT IR LI AN R AR AR
YA E R e AR R (R
2) @R AR A RUT 9 8k © 387 6 159, B
FE b W) A 5 FE R BN AE 99.9% LA L, WY
45 TR RENS B S S W 22 11 S LR R

http://www.shhydxxb.com



902 S I N

S ! 33 %

Fi% Frequency
S = N W A N
—
[9%)

O S N Al
N N o o
W > o ®
K41 Mantle length group/mm
(a) il 434 Distribution of mantle length

v
%

——

W
T

PR Ao
Mean feeding intensity
—_ )

(=

P

N N N o o
S S
JAK:4H Mantle length group/mm
(b) FHHE 58 F Average feeding intensity

1 REFREKSHNEHERRE

Fig.1 Distribution of mantle length and average feeding intensity of Ommastrephes bartramii
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Fig. 2 Rarefaction curve of each sample
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FEEY ARG A Sk RS RS
Y4, 285k vey 3 e I A T 380 PE R A 65 Fil
B 6ITI1422 H3TR SR . 10 28KF I,
ARSI T TRE R ST TR = B A, SR
19535 90.60% , FoAx (5 H R /IMRIR R 5 s>
FIRE S T I>HOK BT T>ES W], )R
IKF b BR 210 B A 1 A0 S5 PR A 4 2 9 0T T
(Nematoscelis) LAAN , LA FEAS (A S5} 38 5y
B —Fh a2k R (E 3) . WFIKERAE Ul
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v T 1 (Sardinops sagax) . H A& JN 5 I
(Onychoteuthis borealijaponica) . At 77 Il & 2 i
(Gonatopsis  borealis) w5 W (Watasenia
scintillans ) AU F R R, AR 2 B2 A B
RERHE s KV PR WU (Euphausia pacifica) B AR
X BE R, 5L BRI AR A Ol 53.33%; R IR AT
. (Notoscopelus caudispinosus) . K VG ¥ KA biff £
(Magnisudis atlantica ) FXF £ FEE &  (HAUFLET
BAKEARF(E D).
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Fig.3 Food composition in a single sample (on Genus level)
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Tab.1 Top 20 prey species with percentage of relative abundance in the stomach contents of Ommastrephes bartramii

PR AR H R HEr
Prey species Percentage of abundance/% Occurrence rate/% Rank

VP T £ Sardinops sagax 24.900 73.33 1

F A TS Onychoteuthis borealijaponica 7.678 13.33 2
A6 75 5055 5 K Gonatopsis borealis 6.490 13.33 3

4 Watasenia scintillans 5.115 20.00 4
JE AN L HRAF Nematoscelis gracilis 4.862 6.67 5

FERRTS KT 111 Notoscopelus caudispinosus 4.558 6.67 6
KPGHERAR M 16 Magnisudis atlantica 3.747 6.67 7

H A 4T 1 Notoscopelus japonicus 2.639 13.33 8

KARFRAT 11 Symbolophorus californiensis 1.091 13.33 9

WU 2 J Discoconchoecia spp. 0.735 6.67 10
I EC T PR3 Orthoconchoecia haddoni 0.648 6.67 11
RKAFWEIF Euphausia diomedeae 0.507 6.67 12
ZERIAET L Pseudosagitta lyra 0.384 6.67 13
KA Euphausia pacifica 0.351 53.33 14
B LT £ Stenobrachius leucopsarus 0.349 13.33 15
KIEH: Conchoecia magna 0.336 6.67 16
A L WEIF )& Nematoscelis spp. 0.327 6.67 17
W3k /K F Candacia bipinnata 0.317 13.33 18
Nematoscelis difficilis 0.193 13.33 19
BIBFUR Euphausia recurva 0.163 13.33 20

xfmfaEmm

B EHON T R MR

(Myctophidae) . i £l (Clupeidae) . ¥4 iy 1 #}
(Sternoptychidae ) 5 , H ALy T fa AR XS 4252 4 L

AT fa

T, FUOR RO T

RPEHER R B AR H A
(Notoscopelus japonicus) . £ & #5 kT 4

(Symbolophorus californiensts ) o BLANAE A FX
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A 1Y) 40 25 H 1 (Lestidiops ringens) . H X 2 i
(Brama japonica) . H A4 (Scomber japonicus) 5%
B 2510 (Sigmops gracilis) S50 . sk
JE SR T2 HAS S W AL J7 4008 2 k|
B A, HOR R R 6 i (Eucleoteuthis
luminosa) \¥Y LR (Onykia spp.) 55 . FKfa)] 1z
BB IR S Y DRL, AW o A B A R 2 A
2 B KB MK EEE BRIFE B
Z i 2R A 8 FIT U s e (3R 2)  BEAC 4T
[ N B ST SRR i~ K7/ B3 S vy e S R
& W K % Bl (Aetideidae) | BN /K & F}
(Calocalanidae) .3k 7K #& £l (Candaciidae ) \ EH
K & Ft (Eucalanidae) . % ¥ /K & Ff
(Clausocalanidae) | K I 7K # B} (Metridinidae ) 421
PIK &L (Calanidae) F53L 128 19 Fl . X3k
K % (Candacia bipinnata) . 4l & th ¥ /K &%
(Pseudocalanus newmani ) {3 BUSTCRAR XS 8085 . A
JE2 £ 2R W 52 B (Halocyprididae ) , £ 7 2%
5 7% % (Conchoecilla daphnoides VE6 N, K
K £ 2 FLK BB (Pandeidae) 0L K BERY
(Diphyidae) . BR7/K£:EL (Sphaeronectidae ) A F-7K
Bl (Rhopalonematidae) . #f # /K Bt
(Campanulariidae) |, 1 5 7K &1 8} (Stomolophidae ) |
Hor R K BERE Y B (20% ) By o MK Bk
FAUHE KK £ FL (Eurhamphaeidae) | ¢ K £1F}
(Bolinopsidae ) Al i 7K 1 £} (Pleurobrachiidae) -
L R R WRIR (Limacina helicina) 522 WEIZ
(Clio cuspidata) 2 D™¥#, k2 2K IFFsh

Py DR ) SR X 3 BE 3 ) R 48.28% . 41.59% Fil
9.95%(El475) . TEIFIEsh PR, BRI A
o AR X = BB, MR K 6.24% .2.05% (&l 4
o
2.4 AEXRBREZEIERERSME
2.4, 1 AS[E K 20 22 40 A 45 i

WE5E % P, 160~219 mm JIi K 20 5% 10 = 5 4%
BRI A S (1 5) , He b 0 4 5 5 0 3
i (L 6) . Fifi 2 - Ao 38 i, 2 fo PEoRE 4
0 Rk R A LIS . 340~399 mm I 20
F A0 T BB 10255 400~459 mm i K 20 2 a4
PR S 2, S R PR R TR
(K5), AEFREE. I, 400~459 mm i K 24
FaEWha s 2Ry (ES), kg
G ST G FE A A o A A e T AR R S
(E6).
2.4.2 OTUKY2R

e MK R 97% B OTU A ge it , 1551
TR AR 804~ OTU. i T ELAK AR &
AREFOE WP EERENER
S R0, SR Venn B 34K 41 OTU 1Y
2R B E O AT T, A5 R R 3 IR 40
FAu A OTUs 441 5400~459 mm i 4H 52 10 45
£ OTUs % 2, 15 24 OTUs % 50% ; 340~399 mm fIfi
K 20 F1 400~459 mm i< 240 2 45 OTUs £ T
160~219 mm i 2H #11 340~399 mm i 20 22 f11. 1)
A5 0TUs, 340~399 mm i 41 F1 400~459 mm fiF
KA Z2 b T AR B B FRIRAE (K 7).

®2 AKFFEZETEEMYM

Tab.2 Summary of prey species of Ommastrephes bartramii in Northwest Pacific Ocean

TR R Prey species

THHEIFP Prey species

16 /£ 2 Copepod
JE 7K EF} Aetideidae
Jii FE UMK % Euchirella curticauda
KAl /K # Undeuchaeta major
P K #F B} Calocalanidae
FEAE N /K % Calocalanus contractus
AN /K % Calocalanus tenuis
-3k /K% B} Candaciidae
W3k 7K % Candacia bipinnata
HATKEF} Eucalanidae
JInN EATIK % Eucalanus californicus
KK FEF} Metridinidae
J1§ 98 FL 17K 3 Pleuromamma abdominalis

S L 1K Pleuromamma gracilis

HERFL 47K B Pleuromamma piseki
PiKFEF Calanidae

ik [CHE P /K 3% Cosmocalanus darwinii
AP /K ZF} Clausocalanidae

5GP K% Clausocalanus arcuicornis

W HAGPTIKE Clausocalanus lividus

RIEVPTIKF Clausocalanus parapergens

2 WP IKE Pseudocalanus newmani
P K FF} Paracalanidae

/NI IK 2 Paracalanus parvus

UFTIK & )& Paracalanus spp.

Paracalanus tropicus
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A2

TR B Prey species

TR FR Prey species

[ /K FF} Oncaeidae
Oncaea scottodicarloi
KHEEIKEF} Oithonidae
UK SEBIIKE Oithona similis
WiUFZE Euphausiacea
BEEFRL Euphausiidae
KVHBEUR Euphausia pacifica
LMHEER Euphausia recurva
KHWENF Euphausia diomedeae
A FEBEF B Nematoscelis spp.
I8 A L WU Nematoscelis gracilis
Nematoscelis difficilis
35 S 2 Amphipoda
Hyperiidae
T PER I, Parathemisto pacifica
THAEIFD Prey species
KARRRLT £ Symbolophorus californiensis
F R LT £ Electrona risso
¥ M £6. %} Sternoptychidae
PGt Polyipnus ruggeri
*e I 46 ) Sternoptyx spp.
Gl Gonostomatidae
B e R Sigmops gracilis
iR} Clupeidae
VDT 101 Sardinops sagax
1485} Bramidae
H A 58} Brama japonica
i} Scombridae
H A& Scomber japonicus
P 0 R} Paralepididae
45 H . Lestidiops ringens
M2 Ostracoda
Wi 4 B Halocyprididae
YA 1T Conchoecilla daphnoides
WL & Disconchoecia spp.
K Conchoecia magna
JRJF V7 Metaconchoecia acuta
K5 175 Metaconchoecia longiseta
M & BV Orthoconchoecia haddoni
B2 Chaetognatha
i HUB Sagittidae
ZERN T, Pseudosagitta lyra
KBS Medusa
T H K B} Pandeidae

Larsonia pterophylla
KUK EERL Diphyidae
HEMR I % KB Lensia conoidea
BR7K P Sphaeronectidae
Sphaeronectes koellikeri
T K R} Rhopalonematidae
Fa AR T 7K B Rhopalonema velatum
g KR Campanulariidae
Campanularia tulipifera
B SEMUK S Clytia folleata
157K £48} Stomolophidae
157K £ )& Stomolophus spp.
Hizk £:3 Ctenophora
I 7K £} Bolinopsidae
15k 7K £ & Bolinopsis spp.
Mgi 7k £} Pleurobrachiidae
RERIKEEJE Hormiphora spp.
KIRIK BB} Eurhamphaeidae
Deiopea spp.
FLIE 2 Pteropoda
WEIRA} Limacinidae
YRR Limacina helicina
BEHRIZR} Cliidae
IR Clio cuspidata
12 Fish
$T 5 R} Myctophidae
W IR ST 58 # Protomyctophum thompsoni
B LT 46 Stenobrachius leucopsarus
YRR Prey species
K VG RAR B 6 Magnisudis atlantica
3k /2§ Cephalopoda
B R} Enoploteuthidae
W5 0 Watasenia scintillans
% I6Z2 Mt Eucleoteuthis luminosa
59 Gonatidae
AL T7 IS 20K Gonatopsis borealis
AR Ommastrephidae
F At Ommastrephes bartramii
JEHEL Onychoteuthidae
H AR Onychoteuthis borealijaponica
PEE WS Onykia spp.
HoAth Others
= BLIFHEE Polyclinidae
K 8 1 ¥E & Aplidium spp.
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Fig.4 Proportion of relative abundance of each prey group
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Fig.5 Mean relative abundance ratio of various preys items in different mantle length groups
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90
400459 mm s droroa 10
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4341 ] Distribution ratio/% 160 ~ 219 mm
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The solid circles represent the species of Class level, the size of the circles represents the average relative abundance of the species.
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Fig. 6 Distribution ratio of prey species among different groups (on Class level)
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340 ~ 399 mm

400 ~ 459 mm

E7 AERKA+FOTUsHENFIFER(FEE)
Fig.7 Distribution of OTUs in mantle length groups
(Venn diagram)

3 e
3.1 S

WFoE R PY AL R R Ak Sk
SRR R Z M sy . AR A XS R
AR AR W , 22 0 3R B HH XHELVD T RN AT 8 f R
28 E B R, VD T AR E R T
(24.90% ) F1 H BRI (73.33% ) e e, T SE (B
FE0 BB %R 53.33% . AN, HAS RS g b
5 POLBE 5 Wk B IRl A 28 0 2 5 £ Y 32 4R
X4, X5 WATANABE 2555} b K F- 3 3
BT a R — B PR R L R
H Gk RE KW, RaAH LR T A FEL
8 i 5 B R B IR R BRAE R 7 ) R
FARRAT #1 | H AL, I 2L KT A6 4 B 5 R
(Gonatidae) [ PIFIBEAG . LA, PARRY "1 & B
S8 B B I T R i ) R EDRHE R K |
BRI AL, Sk R 2RIk R ik S R
(Enoploteuthidae ) F1JTCE, IR (Onychoteuthidae) .
VST AR AR E D) S RO, X 5 LA
FER R ERE R o7 N [ e B S S S B | B R A )
PG G IR KT G B 1 S S 8 A 43 B s, 4D
T AR PG AE V-1 2Rk sl 0 £ B SE T
T A B S LU AR . PEARCY 451
GRS = PO TRz it NG E o A =3
SRETS o AR Hoh 2t DT ket
oI TR — s o TEARETE T, R I X
VDT 0 AR B PR, X S P LTV i 4
VDTt A R B DL R e UYD T A
B —BEA G ST ARy LM
I5c DRy 2R AR AR R R KT
FEEARRT 42 5 bk 8.589% , 7E fa S IR 1 1

Rt SRR RIEKERE 200 m DT 1945
ANIKIZ I By, AR ] 0 3 28 g K R R ¢
0 VLT 58 £0 R} 0 2485 7% 8 B A B0 3 L Y v B A
RUFT RE 2 2 M B AT M R0 2 E R H 2
— o b L O R L OV AL AR W B 7
AN 2 B AT 23 IO AU AR 3 B8 28 1 % 1Y R
A I K R S A R b 0L R G
A R 4 R B T b O LS S R Y A R o A
o

ABFFELE R R | B AR AR SR X R
L (6.24% ) TE P Sh W R R B K (1 4) , B 26
ST (2.05%) 7 HLEE — (F 4) B 2R FRR
Zo WEEREAE TR S R B — i L
HA7, X 5 B R4 R — 2 bah, K
1) T B 2N (0 8 5 18 8 (Aplidium spp.) , #5%
RN RBAL TR AR, TS fmRHa 2 G
W G ZE KK B SR MRS A R AE Y &
SRR 2 e B A A R R Y
B, SRR E R RN A AE AR 0B H Y aie
DR RGP e 38 2 0 A o 40 531 22 #
HEARB B % .
3.2 BREFNFEST

A5 S BRI B W ERE 32 I AE 160~
219 mm il K20 2 14, 340~399 mm ,400~459 mm
Al K 2L 22 £ 45 B 0 2R Sk 2 2 Y EL A K 160~
219 mm JAH 41 22, X 5 DAAE (AR 58 45 21—
o AR R KR R s g H e,
X5 R A YRR PR Sk R R U2 4h K
B B ) A AR i 5 14 48 3R 40 It vt S8 A i 1R
BT R 224 5. Rl A i B, 22 fa f
] T B E IR m B LU 2 A K AR
WK o Z 0k A A AR, 7 e i A A A
BB, AT S B A B B AR G
g, DNTTKE 785 37 4 Jo AR 2 % 3 O o 1108 92 )
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Preliminary analysis of the feeding habits of Ommastrephes bartramii in the
high sea of Northwest Pacific Ocean based on high—throughput sequencing

WANG Xin', LIU Bilin"***, HE Junjie', SONG Linwei'

(1. College of Marine Living Resource Sciences and Management , Shanghai Ocean University , Shanghai 201306, China ;
2. National Engineering Research Center for Oceanic Fisheries, Shanghai 201306, China; 3. Key Laboratory of Sustainable
Exploitation of Oceanic Fisheries Resources, Ministry of Education, Shanghai 201306, China; 4. Key Laboratory of Sustainable
Utilization of Oceanic Fisheries, Ministry of Agriculture and Rural Affairs , Shanghai 201306, China)

Abstract: In order to understand the feeding habits of Ommastrephes bartramii and explore its position in the
food web and ecological function, we analyzed the food composition of 15 Ommastrephes bartramii samples
which were collected in the high sea of Northwest Pacific Ocean using high-throughput sequencing. The
results showed that there were 646 980 high-quality sequences in 15 samples, a total of 624 operational
taxonomic units (OTUs) were obtained through cluster analysis. A total of 65 food species, belonging to 6
phyla, 11 classes, 22 orders, 37 families and 51 genera, were detected by screening and comparison.
Ommastrephes bartramii fed mainly on cephalopods, fishes, and a variety of zooplanktons (including
Euphausiid, Ostracod, Medusae, etc. ). The dominant prey species included Sardinops sagax,
Onychoteuthis borealijaponica, Gonatopsis borealis, Watasenia scintillans, Notoscopelus caudispinosus, etc.
In conclusion, the feeding range of Ommastrephes bartramii was wide, and the food species were related to
the natural preys in the sea area. Furthermore, Ommastrephes bartramii showed different feeding preferences
among different mantle length groups. The analysis of the whole composition of stomach contents of
Ommastrephes bartramii plays an important role in digging out the relationship between feeding and life
history, such as growth, migration and reproduction. This provides a scientific basis for the sustainable
development and conservation of Ommastrephes bartramii resources from the perspective of ecosystem.

Key words: Ommastrephes bartramii; feeding habits; high-throughput sequencing; Northwest Pacific

Ocean; stomach content
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