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HAEAZ RRE A& e, NEH#TEEN . ERRXIA, KRR AL ENRBEED RN X
BEMERENEIONKHE TERRER XARSER X BEX BXORELSE,
RMAREFFELT AN REEFHARERET RN AFARRE LD S EL A FM
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Py E BT I B B AR AT Py R
JH DNA $ A %58 B A i e sg Mg
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$ 0 AR SRR B A ) BT ik FI DNA K IE i
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Ik 1 5 5 SR A LU AR A8 S Ay N Tl XV
1 (37°13" N, 122°36" E) [l K U/ 4 fa 482 )&
(1), WA R, 8 AR P 24 h, T
YR H AH [F] B ] BLUSCH . SR 4 BT B 0 A R
FEBEZE T A K R AL [ R0 43 2 4 A BT
(2010 43 H—5 J) . H (2010 426 H—8 H) .
FKZE (2010 4F 9 H—11 H) FI & 2 (2010 4 12
A—2011 42 H ), & F Wk > 30 B iy
B W 2H ORI 15 B 0 B BE AR K8 Ak, 2120 mm g [H]
Bk 11 A K 4. <60.60 ~79 .80 ~99 100 ~
119 120 ~ 139,140 ~ 159,160 ~ 179,180 ~ 199
200 ~219 220 ~239 fl >239 mm 4.

®1 FHERBXEARZEHERER
Tab.1 Sampling information of H. otakii in

Lidao Rongcheng

fA K /mm standard length

At Bkt

month number TIME + bR TR TE R
mean + SD range
2010-03 5 158.7 +44.6 118 ~227
2010-04 15 135.9 £20.1 103 ~170
2010-05 18 110.8 £7.0 95 ~121
2010-06 21 146.8 £39.0 99 ~215
2010-07 75 110.3 £32.0 57 ~245
2010-08 69 119.4 £31.5 63 ~198
2010-09 70 118.0 £33.5 69 ~ 182
2010-10 78 133.1+£25.6 80 ~ 192
2010-11 90 123.5 £30.4 75 ~192
2010-12 23 96.5 £31.9 72 ~174
2012-02 18 88.8 +12.8 67 ~111
BT total 482 120.3 £32.3 57 ~245
1.2 BEWoHm

EHS % Hyslop ™ B KR = W17 5 & )
ST, B S  E TRANT

(1) BE G S35 U5 L JEAT IR I (LK )
1.0 mm) AR B (W, 2 B 0 UE 0 3 4L 5 )
0.1 @) 28 LA W2 0 i L 0 0052 46 15 45 48 OF 4
BB

(2) B & W4 BT I, R4 B 0 0 0 Bk
WA N 0 ~4 900 9, B R 1 9, 1 b
HORC<1/2) W2 B, 0 hBER(=1/2)
953 9, B A BRIk 4 R,
e Y L R . R R A
YIRS R

(3) BT Motic AL #188 T #4755 , R T

AEAHF TH A 28 22 5 B e I 2 2R B oe, 20 8K
SO H AT A RS SN B SR B AL
oo AMMARB R EH AL TR B B B W) R 28, X
HEBERE G148, 3+ 7F Sartorius BT125D 5 %% i,
TR CRi# %] 0. 000 01 g) b FRER, FR & AR 0
BHEY) R T A K 7 S ATREN T o A R A YT
oA 5e B ARGk %, R T IE B O S E
FIRE . XA EE TR, B S EARE
HER 258 198 T 95% LBV W h ¥ YRR A7, AT
T DNA KB % E o
1.3 FEEHWEER

PR R S Y 98 AR A IR A 0 L
(M%) AT (N% ) BIA (F% ) FIAE X
TEAEARBOA ST L (IRI% ) 7 4 AN

BE TR A ) o

EAHYS M%) = 100
T H A ( ) T x
(1)
. FEE R A K
A~ FH(N% ) = 100
PRI NG ) = et
(2)
W (F% ) = %’»’Hﬂéa%%f%?ﬁ@& < 100
BE
(3)
IRI = F% x (N% + M%) (4)
IRI
IRI% = x 100 (5)
SIRI

PR R B S (0 ~ 4 9%) A1 A9 AR KOk
Fon , B R BB AT
2 B S B o
B AR (%) = 100
0L AR (%) T
(6)

1.4 DNA £EBETEERED

DNA 35 53] 5 3 SBURH X 58 & (1 A i
HAZ) 100 mg, 85 1 K MG e s —
S5 AR B L [ 41 DNA 4 Cuk 4 o AR5 75 1

P B E LRk iA DNA CO 1 R [H F BT 41,
Hovp e 28 A0 O AE A AT 514 F1OR1 F1 F2 (R2,
N 2 i i 514 Leo1490 \Heo2198 (£ 2)

25 pL PCR JZ W 1& % : Taq i 0. 25 wL,DNA
Bt 1 pL, B R 5 ¥)45 1 pl,dNTP 2 pL,10 x
PCR buffer 2.5 pL, £ B F /K 17.25 uL, PCR Jx
N 25 94 CHiAS P 5 min, 94 CTAFPE 45 5,52 C
Bk 455,72 TIEM 45 s, 3 35 kL, R J5 72 €
FEAf 10 min,
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£2 PCR3|#EE
Tab.2 Information of PCR primers

iz LN 5144 Fx ElE7 2]

prey items primer names primer sequences
Fl1 TCAACCAACCACAAAGACATTGGCAC
S Rl TAGACTTCTGGGTGGCCAAAGAATCA
pisces F2 TCGACTAATCATAAAGATATCGGCAC
R2 ACTTCAGGGTGACCGAAGAATCAGAA

I % Lco1490 GGTCAAATCATAAAGATATTGG

decapoda and crabs Hco2198 TAAACTTCAGGGTGACCAAAAAATCA

I 2 WL PCR =W #EAT 1. 5% Bl W5 BE I
KA, 5 P e iR & ) B R A% AT [l Wi RN
afifl, Z 5 ik W oS W AT O SRR DU ) o

i3 4 fit J§ DNASTAR #% 1} {3
(DNASTAR Inc. ,Madison, USA) X}l 15 ¢ 51| gt
7 % 58 AN L AR GE 5 3 &b NCBI /) BLAST 47
JF B Ho A 53 40, (4 71T MEGA 4. 0 #g 7 45 45 ¢
F RO OB AL O K2P #EAY ) | 5 31 53 35t 1%
PR
1.5 HESH

>R Primer 5.0 B4 XA R 444 4119 £ 9 21
ST BT LI R A (M%) 1
bR HE 3 BT A K A S O AR e 4, 15 3] Bray-
Curtis Al A ¥R BE™ 0 BHEHE K F RN o =
0.05,

% F SPSS 17. 0 #k {4 43 % ¥ 47 Kruskal-
Wallis 3f 2 $0 Bk ¥R 6 36 ( nonparametric rank test)
FI-R J5 K 5 ( chi-square test) ok 73 A7 ik £ 78 2 B
AR AR

2 4

2.1 _YMARK

BEREH], Rk S Lt AEwAa 10
R, Hh R R R E R B YR (IRI% =
55.61% ) IR W Z £ (IRI% =28.56% ) M2
(IRI% =8.04% ) i3 (IRI% =2.86% ) &%
(IRI% =1.28% ) ML (IRI% =1.25% ) ,
TR Y SERER IRI% < 1% s NS BT , BE
BB EEWA 25 F, Kb b REZ
(IRI% = 24.83% ), . X & H A& 82 ( Engraulis
Jjaponicus) | 11 XF Wk ( Oratosquilla oratoria) . £ 1¢
¥ ( Gelidium amansii ) Fl B 71 % ( Gracilaria

asiatica) 2 (£ 3) .

WEBEASN (M%) T HET , 5B
R b B B K, O 47 69% , oIk O £ B K
(22.46% ) HF25(14.01% ) FIAE25(8.31% ), H:
AR A BB TR H I <5% o #AEA
S (N% ) 1T HEY , 2 B KK E, 8 29.87% ,H
W #126 (26.42% ) i HEE (14. 47% ) FEF 2
(11.01% ) , HABFERVE VB N0 20 b <5%

P A (F% ) AT HF 7, 2R 0y ) 204
i, N 43.53% , R A 2 B FEILIF
8 B MG ES D RARIE R A R E Y
KRB <5% .

R R g PR AR LW, K
Ve 7~ 26 A0 5 B DR A W) 2 T A A0 W) S 1) 2 3 A
ko WRZAE DY 2 rp 2 R i 2 R TR AE ) 2R B
M% (G 11.46% ~43.11% , B
WA A, RikSL AR T EERE
(29.08% ) MZEHK(19.21% ) , B BT &7 Lo
AR R KA 25 (49.10% ) 5 K
FRHEMRNA HLIE B 2 FE R KM
(59.72% ) ; 54 BEZEBRNA H B F R
FAH (50. 15% ), i 5 — B g 2% (12. 53%)
(£4),

B AR AR K g T AL KU 7S fa iy
WA BB A R WA, K <80 mm 1y
KU 7S 2k 3 240 1 0F 25 (36. 98% ) Fil g &2 2
(2.65% ) ;80 ~119 mm By RNt FEHEE
L EH(23.76% ~30.20% ) 1)L (24.72% ~
34.42% ) FIHF2E (15.07% ~25.39% ) & (K K >
119 mm ) K J /N 2 fa & 2 8 g %
(26.30% ~52.34% ) UF S FE R 5 —F
el (%5) .
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Tab.3 Dietary composition of H. otakii in Lidao Rongcheng

TR A prey items IR1% M% N% F%
W2k algae 2.86 0.53 14.47 22.35
63 Gelidium amansii 1.20 0.15 4.72 8.24
H YL Gracilaria asiatica 1.11 0.15 4.72 7.65
i X3¢ Chondrus ocellatus 0.14 0.05 1.89 2.35
W 2% 1 Sargassum kjellmanianum 0.41 0.18 3.14 4.12
W EL 2 seagrass 0.98 0.32 4.72 6.47
Joit R} Zosteraceae 0.98 0.32 4.72 6.47
i1 2% pisces 55.61 47.69 26.42 43.53
Wi ¥~ 101 J& Liparis sp. 0.04 1.88 0.31 0.59
IG% 45 MR . fA. Tridentiger obscurus 0.03 1.56 0.31 0.59
KN Hexagrammos otakii 0.03 1.44 0.31 0.59
H A8 Engraulis japonicus 4.35 9.16 6.29 9.41
A A £ 28 unidentified fishes 51.17 33.65 19.18 32.35
#F2% decapoda 8.04 14.01 11.01 17.06
E 38 K¥E IR Palaemon macrodactylus 0.25 3.74 0.94 1.76
B HE A EF Crangon affinis 0.07 1.44 0.63 1.18
Anf HEAEFZE unidentified decapoda 7.72 8.82 9.43 14.12
1 £ 2% stomatopoda 1.25 3.96 3.14 5.88
O WR s Oratosquilla oratoria 1.25 3.96 3.14 5.88
i J£ 2& amphipoda 0.01 0.07 0.63 0.59
B UR Ampithoe sp. 0.01 0.07 0.63 0.59
2% crabs 1.28 8.31 4.40 7.06
W45 27 5 % Pagurus pectinatus 0.02 0.75 0.31 0.59
DU 4 L% Pugettia quadridens 0.01 0.26 0.31 0.59
45 G 5% Hapalogaster dentata 0.04 1.82 0.31 0.59
Ji % Bl Xanthidae sp. 0.01 0.07 0.31 0.59
KT BN 2 unidentified crabs 1.20 5.40 3.14 4.71
i )£ 2& castropoda 0.71 0.58 3.46 5.88
KM Chlorostoma rustica 0.71 0.58 3.46 5.88
% £ 2% polychaeta 28.56 22.46 29.87 34.12
KUP A Lumbrineris sp. 3.73 20.42 3.14 5.29
ANATHE\ 7P % unidentified sandworms 24.83 2.04 26.73 28.82
111 G fish eggs 0.72 3.63 2.20 4.12
KNkt Hexagrammos otakii 0.58 2.90 1.75 3.29
B3kt Hexagrammos agrammus 0.14 0.74 0.45 0.82

R4 RRERBREAZGEMENLBFEET L (M%) WETEL

Tab.4 Seasonal variations in mass percentage( M % ) of prey groups for H. otakii in Lidao Rongcheng

1HB 2 H#E prey group # 7 spring K7 summer k2 autumn & 7% winter

R algae 0.11 0.56 0.65 0.27
1 S seagrass - 0.56 0.07 1.34
1125 pisces 5.15 49.10 59.72 -
iF2& decapoda 43.11 31.45 11.46 34.10
I1 /£ 2% stomatopoda 3.34 8.34 - -
i J£ 2% amphipoda - - - 1.60
%2 crabs 29.08 2.53 7.90 12.53
1 JE 25 castropoda - 1.11 0.25 -
% 2% polychaeta 19.21 6.35 11.10 50.15
L G fish eggs - - 8.85 -

I =" REL (TR

Notes: “ - ”indicates the ratio is zero( same as below)
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RS REELRAREAZREENENEBEET S (M%) BERNEL

Tab.5 Ontogenetic variations in mass percentage ( M % ) of prey groups for H. otakii in Lidao Rongcheng

K 24H/mm size classes

TR
prey group <60 60 ~ 80 ~ 100 ~ 120 ~ 140 ~ 160 ~ 180 ~ 200 ~ 220 ~ 5239
79 99 119 139 159 179 199 219 239

W EE2E algae 2.02 1.07 0.43 0.39 0.37 0.58 1.06 0.29 0.39 - -
W 52K seagrass 0.98 - - 0.66 0.26 0.31 0.20 0.62 - - -
£ 2% pisces - - 29.57 10.45 44.96 52.34 43.60 46.35 46.00 48.77 70.08
#F2% decapoda 16.35 36.98 15.07 25.39 12.89 17.50 16.65 15.18 13.40 20.34 8.85
I /&% stomatopoda - - 24.72 34.42 3.52 4.10 - - - - -
i J£ 2% amphipoda - 2.65 - - - - - - - - -
f# 2K crabs - - - 3.00 6.16 7.17 9.56 14.51 18.73 5.61 9.82
M /L 25 castropoda - - - 1.93 0.26 0.60 0.40 - - - -
% £ 2% polychaeta 80. 65 59.30 30.20 23.76 29.27 12.03 21.37 12.17 21.48 25.28 11.25
£ i) fish eggs - - - - 2.31 5.37 7.16 10. 88 - - -

RENIB R SLar 11 AMERKA 5N
3 KR4, 51 HREK <80 mm A&, AHBITE R
B 80.53% 545 2 A& 80 ~ 119 mm, A &I 1
FEHR T5.60% ;55 3 H A > 119 mm A4~ {E,
AHALPE R Bl 80.82% (K 1)

2.2 BREE

KU 7S LR A0 1) 2 AR F o BE LA 3 T o LL
BN 22.2% AR 2 92 (21.5% ) .1 4%
(20.3% ) 4 2% (19.3% ) F1 0 2% (16.8% ) , & 4
I M R B 5. T6%

395 BEBREGEY TN REAROEAR
N0t £5  BEAYREMLHI G, B EEYN 0 Yy L
ggggig B (33.33%), BEZE 4 B0 RS
—(:ég?g-éwﬁa (34.00% ) , Bk 2= 3 Hdme i (27.73% ) , %75 0 2%

<60 e (48.78% ) 4 DF o 1 G b Ll i
15% . 2=/ R0 H)MFEHLRMAERASLE
(X =3.615,P >0.05) , ¥ B 13l 7 Kb =15
922 (622 57t . 3% (x° = 65.882,P <0.05), F
Py RS R R R, AR R
B KFEMEFRZ AT R (E2),

40 60 80
Bray-curtistH LT R %
Bray-curtis similarity
Bl REESREAZESEK
HEWABRHRES W
Fig.1 Cluster analysis by each size class of dietary

composition for H. otakii in Lidao Rongcheng

C0 B9 2222 13 mm4 —e— THEWHRE

100 10
<
2 80r 18 _ug)
X g
R % 2
=S gor 16 K2
RE TS
ho -5 =
‘%E 40 F 14 B 8
o FE
& 2 &2
] g
= 20F 12 g
0 . . . 0
= kS *ZE X7
spring summer autumn winter

B2 REERXEAEZETHERABERENERSRAESLHNETER

Fg.2 Seasonal variations in mean stomach fullness index and feeding level percentage of H. ofakii in Lidao Rongcheng
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BABAMAKG T KEAREAEE  P<0.05), <80 mm {AK 41 i £ 9 8 5 i,

95 15 Bt AR A8 AL B B, < 80 mm A& K ZH Y 0 2% [
191l F5c 755 (39. 02% ) ,80 ~99 mm KK ZH 1 1 Z b
) 5 8 (43.53% ) , 100 ~ 119 mm £ K 4 11 2 2%
Ll A9 B 11 (29.25% ), i 180 ~ 199 mm A4 41 11y
3 G0N 4 LIRS 3R 46.15% o 75 R K
KA ZERAREE (Y =8,P>0.05), F% EH i
W 7R BB A K i AR Mk 25 A B (xT = 52. 251,

160 ~ 179 mm A2 B B SR R AR (I 3) o
2.3 ETDNAZEBHRERNKEEMEY

HUIE 25 22 70 B ik X B & Wy 347 o0 A 48 2
Ja AR E] 6 Ff A T AR A MR A, B AR 3 A
2 Fffa BN 1 FHEESE (K 6) o I DNA %iE
W RE AT M A 45 R W &T 4 i o

C0 B3l @2 3 mmd4 —e— THEWIHRE

100 - 510
5
<& 80r 18 E
5B oy
T2 gok le Y=
ﬁa Ee
o =
FE 40} {48
Lz a2
®Z 50l |, 7 g
) 8§
=]
0 . . 1 ) 0
LOOQ /qu \\Q \o, \c)q \/[\°) \o,o, W@ %\0,
N & & D\Q/ @/ & e 7
NEENCEEEN N NN
A& / mm
body length

3 RBERAREALZETHERBRENERERESILEERKNTL

Fig.3 Ontogenetic variations in mean stomach fullness index and

feeding level percentage of H. otakii in Lidao Rongcheng

x6 ETHSESWENMDNALZEBHEELER

Tab.6 The results of identification based on morphological analysis and DNA barcoding

number

morphological analysis

DNA ZFE %
DNA barcoding

ST PEA f unidentified fish

ST PEA f unidentified fish

AT PEA f unidentified fish

A A HEIA £GP unidentified fish eggs

Al RN Y unidentified fish eggs

ANA] PEIA %S unidentified crab

Wi ¥ 441 )& ( Liparis sp. )

KAkt ( Hexagrammos otakii)

5% % WR 5% f4 ( Tridentiger obscurus)

3k £ ( Hexagrammos agrammus)

KU /St ( Hexagrammos otakii)

5 %} ( Xanthidae sp. )

http : // www. scxuebao. cn
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83 1
JQ354186 | Liparis rutteri
GU440375 | Liparis florae
r HQ712557
1001 HM421805

‘ Liparis gibbus

|
0.01
|HM180625
|JQ738555 Hexagrammos otakii
B2
HM180614 | Hexagrammos agrammus
0.005
FEdh3
100] JQ343913 Tridentiger obscurus
1 HQs36534
- KF642927 | . . . .
| KF642980 Tridentiger trigonocephahalus
|
0.02
81— FEih4
HM180613 | Hexagrammos agrammus
IHM180614
100jAB755151 ‘ 1. §
TAR755150 | Hexagrammos octogrammus
0.005
81— FEMhS
L HM180612 | Hexagrammos otakii
HM180626
100 Eggj 14 3:54; Hexagrammos stelleri
—_
0.005
1007 Q348871 Monodaeus couchii

11Q348878
i HM750963 | Cranaothus deforgesi

HM750956 | Calvactaea tumida

100,HM750976
'HM750977

FEm6

Etisus dentatus

—_—
0.02

E4 EFCOIFFIMEFERL~6TN
1HIEfh B B X R
#5033 B 1000 YkCEE il AR 2 AT AR B R T 50% 19 3¢
Fig.4 Neighbor-joining tree for COI sequences of
samples 1 — 6 and related species

Bootstrap supports of >50% from 1000 replicates are shown

XA L YR 3 co 1 )y 4K 578 bp,
BLAST 43 #f AH L P &% & (91% ) 1 J& Liparis
rutteri, ~ # ¥ 5] JQ354186 ( L. rutteri) .
GU440375 ( L. florae ) . HQ712557 FI HM421805
(L. gibbus) JEAT HEXT, SHERL 14388 4% B0 5 43 J31)
4 0.102.0.144 0. 155 F10. 155, 4P XAZM T
LR 1 5 JQ354186 e R Oh — X, 5
GU440375 F1 HQ712557 .HM421805 )/ X B N
— X &b, M N R R A

(Liparis sp. ) ,

X 2 P18 3 Co 1 7 % K 652 bp,
BLAST 4 #7 #H 1 T & & (100% ) ) J&
Hexagrammos otakii, | #% J¥ % HMI180625 Fil
JQ738555( H. otakii) ,HM180614 ( H. agrammus)
HEAT L XF, 5 A 2 s AL BE 25 4 i 0.0 Fi
0.043, 4R AWM WoR , #4215 HM180625 Fi
JQ738555 HN— 3o UK E FE M 2 J2 RIS
i

XERES 3 P S E] co 1 F 3K 657 bp,
BLAST 75 #r AU P B 55 (99 % ) (1) 2 I 45 1T % f1
( Tridentiger obscurus) , T # ¢ 51 JQ343913 I
HQ536534 ( T. obscurus) .KF642979 F1 KF642980
(T. trigonocephalus) t X}, 54 i 3 148t 1% R &5
S350 0.,0.002.,0. 161 1 0. 159, 484 56 R i
NLEESR 3 45 JQ343913 F1 HQ536534 B oy —
o PN E R il 3 2 I8 45 R R

XERE §h 4 P74 3 COo 1)¥ ¥ K 652 bp,
BLAST 3 8 AU 5% 51 (99% ) ) /& Hexagrammos
agrammus, | # 7 %] HM180613 F11 HM180614 ( H.
agrammus ), AB755151 f1  AB755152 ( H.
octogrammus) H X, 54 & 4 19 552 1% B0 85 43 00 ok
0.002.0.002.0.048 F110.048, 4Bz &M B~ , k8
it 4 5 HMI180613 F1 HM180614 R h— X, Kk
ERE I 4 R Bk,

XFE a5 § 315 8 Co 1 J¥ %K 655 bp,
BLAST 7 #r A L ¥ & & (99% ) W 2
Hexagrammos otakii, F 2% J¥ %) HMI180612 #i
HM180626 ( H. otakii) . GU440341 F1 HQ712458
(H. stelleri) JE4T LA, 5 FEdh 5 1Y 358 4% B 85 23 5l
> 0.006.0.002.0.041 F10.041, 4B4EX AW T
8L FERR 5 5 HMI180612 Fll HM180626 3o — 7
P ERE fh S JE RiE /SR

STRE 6 53 co 1 ¥ 5] K 578 bp,
BLAST 4387 #H L1 % 15 (86 % ) 1 42 Cranaothus
deforgesi, T # ¥ ¥ JQ348871 FI JQ348878
(Monodaeus couchii) . HM750963 ( C. deforgesi) .
HM750956 ( Calvactaea tumida) ., HM750976 Fi
HM750977 ( Etisus dentatus) JF47 b %, 585 6
{138 {4 B 85 43 5 0. 176.0. 176 .0. 163 .0. 167 .
0.171F10. 171, LB AWM BIR, 5 6 5EA]
Bh—3o HIE, AE R 6 2 B BB i — Fb
Xanthidae sp. ,
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¥R
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3 ihg

BYERN

R 7 26t v [ 9 i 2 A B b 22 IR
A0 A g f 20O AR S v S R B K
YNkt TRME ZEHK MK EEE B
FUR SRR 9. Kwak 45 B 58 & 9L, 6
BRE RIS EZ I AN |, WAk
ZHBEALEHRMEA, LIS PR R, MR
By A iR, RS 2 iy iR Yy 2R A7 28
T, 025 [ 48 B il ( Sebastiscus marmoratus) | F1 Vit
AJE [ Z AT L (Caprellidea sp. ) | o 32 2R A=
Yo @R RGNS 2t T E AR AR O N A
EFiIL - ne i I E R Tl 1 N I N
WLt g mEEY SRRz, I F
SV, A DG A TR A= P 8 A 2 R L ) 25
e o (i) G S, b P A 0 1 o 2K AR A B i AR Ak, B
WA AR,

ARTFTEH, KU 7S 4R A0 & W AL A7 7E B %
25 AR RS TE DU 2 rp 24 2 B 32 R R A
Yy AR AEAN [F) 22719 L, DR Ul /S 4% £ Pl S £ 11 A
YA TR R EE A SE B B4, ol , %o A 2 1y
BB FEE PRS2 E A KRR T &,
TERHAE W T 06 32 i 1S 22, DR O ox £ 2 0 B 2 82
LR M M ZERWEEERE D
LT, ME " ERE BRI AL OGRS
DAHRZE #26 i  EFI AR 2R 3 KA T DL |
WA 3, 2 BRAER T LIS 2 # WA 2
HEEAREN R AKEAE 12 A2 HZEHE
R, 3—5 A % i K" . KN g
g =N T LR N SR e R KR
BRI AL A ARG R BN, SR A
B R /S Lt B, M RS A A B0 2R 5 2 4%
BRI, A FE KU /S 4 0 O Fn B Sk fa fn
B M £ R O R 2 A £ B B A T 4P SR A £
AN E BRI S 1 SR T M B £ Bk, 8 23 45 o fE
R B

R 7 26 £ 1) B P i A A [m) i A A, &) £
F R L2 A L S A S ) 3 AR
SO AT R NS IR R TN R e T
PR AL 2R RSN 1R 2R S5 /N B DREHAE W, Bl
R, OB XA W R, RS 1l B AN W) K 2
PR AR ), DR IR 40 £ 025 | IR 28 R 88 28 25 5 R

3.1

LR HC I3 N X AF A Gerking ™ 42 H 1« B
FEER B IR - Bl A 0 28 AR AN W7 30 o, G4l £ R
Ty bt Z 3, 23 RA] BE A B K R A P L) gK
135 Z (i Re i, (6] Bt A R T 08/ AN R AR A 1R
] F) £ e 4 o
3.2 BREE

KA LME R S AR
SRR ARATE B, BB I LB Sk o i B
28 R BRI F B 3R P R R B Sk A 2y
SEYTHATTREEALBEEY . MMy
RUEANLAMRERER S, 2FENEHEN
16.8% ,3 S0 12 o Bl Je a7 35 B 100 &R Bk
5.76% .

R AR I KU 7S 2k e I B £ o i 2 1 R
K kA4, &EZKETHE, HR Y 95

B RUESZ A 2, BT DR 5 B A

B0 BRAC R A 2, B A /KR R AIG, AR AR
Yy % vk b | BT LB 5 B AR A R IR, ML B R U
AN AL T ER I A R X AT RE 5 RIS
2R A0 1) BEHH 1 ) 7 B b TR e A O, B W S 1
FORIE SOITEG T dh s Kk A, R
S LB, AR R R AR, A
RPN (PR K <80 mm) 4 £ 38 J¥F fie i, IF
B A 38 T RS 1R B L AR 160 ~ 179 mm B 4% £
S IG5 B R K AR Y 1D 3% T 4
X W0 A B B A K U N 2 R R AR
B i BN W B B AR A DA P AR K T g o £
T L 22 1 TR AR 0 2 R A A Bl R R
N HE . LT L, KU N R fa B SR R 1 A
AN ERE PN E s R R R R S SRS NS R N
) A K R B B R
3.3 DNA EHBESSWHH PN

Hebert 2" X fu, 45 5 #E 301 9 71 645 HE sh 4
13 320 M Fl k) CO T 3 R 51 kA7 B 440
S I T L Zh AT LA Sk, 98 % 1y W ol 3k A% B B 2%
SAEFHN 0 ~2% , Fia] P2 22 F Al ik 11.3%
Ward 27 7 f4 2% DNA 4 J& 7% 8F 58 0 B T
3.5% 1 R Bl b o3 A 7K 1 FLRR .

il DNA ZIB M K72t 6 MR A
PR IEAT S 4 NS B R 1 A RE 1A
YRR, XPEESL 2 ~5 19 CO T 741 384T BLAST
SYBT, EIAT AR AR L Tdent =99% 1 4 3 Rl , 41 4
KAWL ARG U L P 3R g — 3, FL 35t A% I B 30 2

http : // www. scxuebao. cn



9 LR, 45 RNAR B R e 7 2k i B A S

1407

FEFP AT, ] LI S BIRh . SRS 1AL A
BRI L. rutteri(1dent =91% ) , AR 3K A E
5 L. rutteri 2R h— , 15 L. florae 1 L. gibbus
RA—3, H G L rutteri 13845 JE % 2 0. 102, i
L. rutteri 5 L. florae FI L. gibbus B F 8] 15 1% B 25
S92k 0. 135 A1 0. 112 B BAE iy 1 2 — R 1~ 81
Liparis sp. , 5 F¢ & 6 AH L 1L 5 99 Fh 2 C
deforgesi(1dent = 86% ) , H. 5 C. deforgesi 1] i 1%
PHES S 0.163, 1M C. deforgesi 5 C. tumida #1 E.
dentatus (1) i) 3% 4% BE B 43 3] 4 0. 168 F10. 166, it
HIAE A 6 Jd EFLAY — b Xanthidae sp.

DNA XML &YW i Z % 58
— T B AR A D IO R R i A ZU R AT
UERE T, Co 1 R BE IR, A 2% 148
SR XA AR DNA J7 815 55 =, % e dE ]
)T, Co T B AT DL # e 95% 1) ) Fl
PEATHER S5 7 S A DU S S R B R R
i, 255 G R e AR . B, 2R IR AR W) Rl 36
K2 Wi Hbrfh 25 T 5 DNA s 2 ¥
G B X 58 1L, i S MERR 5 B AT 9 B A R T
It DNA 50 i o 7778 — & Ja IR .

RMEE FLEREALEFIRES S, B
WEREITRGREAZ AT SO E T4
EUEL R

CE e

[ 1] Nakabo T. Fishes of Japan with pictorial keys to the

Second Edition. Tokai
University Press,2000:624 - 625. [ k. H A
PEFFEMR SO FE. 8 TR, R )il K
H R At ,2000:624 - 625. ]

[2] Mecklenburg C W,

species [ M ]. Tokyo:

Eschmeyer W  N. Family
Hexagrammidae Gill 1889 — greenlings[ J]. California
Academy of Sciences, Annotated Checklists of Fishes,
2003,3(1):1 - 11.

[ 3] Jin X B. Fauna Sinica, Osteichthyes, Scorpaeniformes
[ M]. Beijing: Science Press,2006:550 - 561. [ 4%
e v E S A e H . db et B2 R
#t,2006:550 - 561. ]

[4] LeilJ L. Marine fish culture theory and techniques
[M]. Beijing : China Agriculture Press,2005:731 —
744, [HRSEFR. WK MR FRF IS S HOR. L at .k
[ Al iR AL, 2005 :731 - 744. ]

[5] PanL,Hu F W,Gao F X, et al. Study of artificial

[6]

[7]

[8]

[9]

[10]

[12]

[13]

breeding and seedling culture technique for greenling
Hexagrammos otakii[ J]. Marine Sciences, 2012, 36
(12):39 —44. [ 75, 50 4 30, & RUAE, 5. RS
gt N TS R B HOR W) AT A WAL
2012,36(12) :39 —44. ]

Wu Z X, Zhang L, Zhang X M, et al. Nekton
community structure and its relationship with main
environmental variables in Lidao artificial reef zones
of Rongcheng [ J]. Acta Ecologica Sinica, 2012, 32
(21):6737 - 6746. [ % &4, K&, 5k H g, 5. %
AR N I DX 3 Dk Sl W B AR A S
B T 0k RS, 2012,32 (21):
6737 - 6746. |

Kanamoto Z. On the ecology of Hexagrammid fish
V. Food items of Agrammus agrammus( Temminck et
Schlegel) and Hexagrammos otakii Jordan et Starks
sampled from different habitats around a small reef
[J]. Japanese Journal of Ecology, 1979, 29.
265 -271.

Deng J Y, Jiang W M, Yang J M, et al. Species
interaction and food web of major predatory species
in the Bohai Sea[ J]. Journal of Fishery Sciences of
China,1997,4(4):1 -7. [ X5, Z TR a4 W,
S i R AR YR G R L M 5.
JKPEREA 1997 ,4(4) 11 =7, ]

Deng J Y,Meng T X,Ren S M. Food web of fishes
in Bohai Sea [ J]. Acta Ecologica Sinica, 1986, 6
(4):356 - 364. [ XS5, & B, A B IR B
KAV KRRV LR, LR, 1986,6(4):
356 -364. ]

Ye Q. Feeding habits of greenling from coastal
waters off Qingdao[ J]. Transactions of Oceanology
and Limnology,1992,4(7) .50 - 55. [ 3. & 5T
T B PG 7S 2 £ P ) T 5 96 3 T T J 4R L 1992, 4
(7):50 -55. ]

Yang J M. A study on food and trophic levels of
Bohai Sea fish [ J ]. Modern Fisheries Information,
2011,16(10) :10 — 19. [ ¥ 22 W #hif £ 35 i £ 14
HE S ot oe. Bk {5 B, 2001, 16 (10) :
10 - 19. ]

Kwak S,Baeck G, Klumpp D. Comparative feeding
ecology of two sympatric greenling species,
Hexagrammos otakii and Hexagrammos agrammus in
eelgrass Zostera marina beds [ J]. Environmental
Biology of Fishes,2005,74(2) :129 - 140.

Tong Y H,Guo X W. Feeding competition between
two rockfish Sebastes schlegeli and Hexagrammos

otakii[ J]. Journal of Fishery Sciences of China,

http : // www. scxuebao. cn



1408

7K

= AR

38 &

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[24]

2009,16(4) ;541 — 549, [ # K fl, 5525 5. W f 45
TR B Y 52 SE B AP [ K ™ B 22,2009, 16
(4):541 -549. ]

Wang K, Zhang S Y, Wang Z H, et al. Dietary
composition and food competition of six main fish
species in rocky reef habitat off Gouqi Island[J].
Chinese Journal of Applied Ecology,2012,23(2)
536 -544. [ YL, By, ERE, . MIAC A 1
AEFEEARNETYWAR L ETY S N AS
#4,2012,23(2) :536 - 544. ]

Tautz D, Arctander P, Minelli A, et al. DNA points
the way ahead in taxonomy [ J]. Nature, 2002, 418
(6897) :479.

Zhang H,Zhang Y ,Zhang Z H,et al. DNA barcodes
of eight species in genus Sebastes[ J]. Biochemical
Systematics and Ecology,2013,48 .45 - 50.

Hoss M, Kohn M, Pdidbo S, er al. Excrement analysis
by PCR[J]. Nature,1992,359(6392) :199.

Reed J, Tollit D. Microsatellite markers allow species
discrimination from faecal and recognizable manatees
on the Atlantic coast of Florida| M] /O’ shea T J,
Ackerman B B, Percival H F. eds. Population Biology
of the Florida Manatee. Washington, D C.
Information and Technology Report 1,1995.289.
Deagle B E,Tollit D J,Jarman S N, ef al. Molecular
scatology as a tool to study diet: Analysis of prey
DNA in scats from captive Steller sea lions [ J].
Molecular Ecology,2005,14(6) ;1831 - 1842.

Hong Q Q. Feeding habits of Lateolabrax maculatus
inYangtze River estuary. [ D ]. Shanghai: East China
University of Science and Technology, 2012 34 -
39 [ by Iy VL 1 b [ AR B B S oy T A
FAEBMES ERN . B RRE T R,
201234 -39. ]

Su J X. Ichthyology and marine fish aquaculture
[M]. Beijing: China Agriculture Press,2005:271 —
323. [t R S KM SR, dta . E
A H p AL, 2005 :271 - 323, ]

Hyslop E J. Stomach contents analysis—a review of
methods and their application [ J]. Journal of Fish
Biology,1980,17(4) :411 —429.

Chen D G. Fisheries resource in biology [ M ].
Beijing: China Agriculture Press, 19971 - 100. [ &
N A A R/ e i | A S ES e A e
1997 :1 - 100. ]

Cortés E. A critical review of methods of studying
fish feeding based on analysis of stomach contents:

application to elasmobranch fishes [ J ]. Canadian

[26]

[27]

[28]

[29]

[30]

[32]

Journal of Fisheries and Aquatic Sciences, 1997, 54
(3):726 -738.
Tamura K, Dudley J, Nei MEGA 4.

Molecular evolutionary genetics analysis ( MEGA )

M, et al.

software version 4. 0 [ J].
Evolution,2007,24(8) :1596 — 1599.

Clarke K R, Gorley R N. PRIMER v5 ; User Manual/
Tutorial [ M ].
Primer-E Limited,2001.

Schafer L N, Platell M E, Valesini

Molecular Biology and

Plymouth Marine Laboratory, UK:

F J, etal
Comparisons between the influence of habitat type,
season and body size on the dietary compositions of
fish species in nearshore marine waters[ J]. Journal
of Experimental Marine Biology and Ecology,2002,
278(1) .67 -92.

Williams A, Koslow J A, Terauds A, et al. Feeding
ecology of five fishes from the mid-slope
micronekton community off southern Tasmania[J].
Marine Biology,2001,139(6) ;1177 - 1192.

Lin L S. Study on feeding habit and trophic level of
redlip croaker in Changjiang esturary [ J ]. Marine
Fisheries, 2007 ,29(1) :44 —48. [ Mk 1. KT 103
/B R PR R IR O AT i iR, 2007, 29
(1) .44 —48. ]

Fujita T, Kitagawa D,Okuyama Y, et al. Diets of the
demersal fishes on the shelf off Iwate, northern Japan
[J]. Marine Biology,1995,123(2) ;219 -233.
Zhang B,Li Z Y,Jin X S. Functional groups of fish
assemblages and their major species in the Bohai Sea
[J]. Journal of Fisheries of China, 2012,36 (1)
64 —72. [ BRI, 8 X, & w L. iR
REAE 2 H 2 b 28, K = A 42,2012, 36 (1)
64 -72. ]

Chen D G. Fishery ecology in Yellow Sea and Bohai
Sea[ M |. Beijing: China Ocean Press, 1991373 -
376. [ BRJCII. B ih o il A 25 2. b At 9 R
41,1991.373 -376. ]

Munehara H, Miura T. Non-intentional filial egg
cannibalism by the guarding male of Hexagrammos
otakii ( Pisces: Hexagramidae ) [ J]. Journal of
Ethology,1995,13(2) :191 - 193.

Munehara H, Kanamoto Z, Miura T. Spawning
behavior and interspecific breeding in three Japanese
greenlings ( Hexagrammidae ) [ J ]. Ichthyological
Research,2000,47(3) :287 —-292.

Gerking S D. Feedingecology of fish [ M ].
Diego; Academic Press, 1994 .416.

Hebert P D N, Ratnasingham S, de Waard J R.

San

http : // www. scxuebao. cn



9 LR, 45 RNAR B R e 7 2k i B A S 1409

Barcoding animal life; Cytochrome ¢ oxidase subunit of life data system ( www. barcodinglife. org) [ J].

1 divergences among closely related species [ J]. Molecular Ecology Notes,2007,7(3) :355 - 364.

Proceedings of the Royal Society of London Series [39] Ward R D, Costa F O, Holmes B H, et al. DNA

B,2003,270( Suppl. ) :96 - 99. barcoding of shared fish species from the North
[37] Ward R D,Hanner R, Hebert P D N. The campaign Atlantic and Australasia; Minimal divergence for

to DNA barcode all fishes, FISH-BOL[ J]. Journal of most taxa, but Zeus faber and Lepidopus caudatus

Fish Biology,2009,74(2) :329 -356. each probably constitute two species [ J]. Aquatic
[38] Ratnasingham S,Hebert P D N. BOLD: The barcode Biology,2008,3(1) ;71 - 78.

Feeding ecology of Hexagrammos otakii in Lidao Rongcheng

JI Dongping' , BIAN Xiaodong®, SONG Na', GAO Tianxiang'"
(1. Institute of Evolution and Marine Biodiversity ,Ocean University of China,Qingdao 266003, China
2. Yellow Sea Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Qingdao 266071 ,China)

Abstract; The studies on feeding ecology of fish are the basis for understanding the function of the whole
community and ecosystem, and they will also contribute to the fisheries management. DNA barcoding is a
new way to study the stomach contents, and it will also improve accuracy of the results on dietary
composition by combining with morphological analysis. Hexagrammos otakii is an important commercial fish
and possesses potential in aquaculture industry. Stomach contents analysis of H. otakii was investigated based
on 482 individuals collected monthly from the shore reef of Lidao Rongcheng between March 2010 and
February 2011. The main results were as follows: H. otakii was the demersal-feeding fish. Among the 10 prey
groups, fish was the dominant prey group, and they also included polychaeta, decapoda, algae, crabs and
stomatopoda, etc. The dietary composition had obvious seasonal variations:decapoda was the important prey
group in every season, crabs and polychaeta in spring, fish in summer and autumn, and polychaeta were
mostly in winter. The dietary composition also had obvious ontogenetic variations: < 80 mm SL preyed on
decapoda and amphipoda;80 — 119 mm SL preyed on polychaeta, stomatopoda larvae and decapoda; > 119
mm SL preyed on fish, decapoda and crabs. The feeding intensity had obvious seasonal variations, with
highest in summer and lowest in winter. The feeding intensity also had obvious ontogenetic variations,
reached the highest feeding intensity in < 80 mm SL, then decreased with increasing standard length, and
gradually increased after > 180 mm SL. Six samples could be identified based on DNA barcoding, among
which, four samples were identified as species, other two samples were identified as genus and family
respectively.

Key words: Hexagrammos otakii; feeding ecology; stomach contents analysis; DNA barcoding;
Lidao Rongcheng
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