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2614257 F 4, H 32 RO S 113,15 mx
83.99 m, 4 X W H H20 mm, F 4 #i # ~3.0n
mile/h, FFESHEIESE] 1 h 2247, AR A 2L35 26
Al 7, Hevh & BLAR SO £ 5 067 A7 74 (B 1),
T Sr FRFEAIL ER W — 8 Bt Y A SO R S v

/3
Bohai Sea

TS
Shandong 5

1] 5] Legand

LER D

Sampling station

34°

i 7
Liaoning

\@V &

2l
Ny
ensurua
*®

&

Yellow Sea

T
120° 122°

T T
124° 126° 128°E

BT a5t i O o7

Fig. 1 Sampling stations for Liparis tanakae
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FIFA VKA R VR A . B SRR 2R 1Y
Y TEAEFRR G N R T, R R T RE R B R, AR
T 2 1) R A e VAR A S AN, T DR B
0.00 001 g 1) L FRF-FR et HSE bR ot o, FRE AT 56
DEACKH R E YR I K R AT R T, R4
ML RIREMA TS &0, X T8 Shise
PRAF BN TR R R A I K B e T
TRAFSEHE IR A PR ST i (46 H BE R )
(1 B it) F12s 18 i (LB )5 0 RE BT ) LADE
FHERESERKPLER,

1.3 HEUESH
FHT VPR DR F 2R R EOh o [ 4 b R
A AT BUR L, BT X 3 B AT ST
TFRT — ARG PEREEL, BT S8 %L (RD:
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ARG TR 5 (IR19%) H°
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G B E SRR OISR ) $e IR G 5 BEHLHE
SUCLAE, LhgiZb o TR HE P A [R] 3 ) 1R 225 98
Je  HZHEE SR RO 5 2B SR A )
FRCZ RIS ZR . ISR Z o) T2 A,
RIARE S S R RERSI AT LR
1.4 BE3EXTA 4347 (Canonical correspondence analysis,
CCA)

JLFE R 53 B (CCA) & — AR L 2 o0 1 42
T BE 53 A1 J7 3%, & J2& B X I 43 BT (Correspondence
analysis, CA) B4 B *F-3] (Reciprocal averaging, RA)
BBk AR AR 2, EAE CA L RA FIZ el 45
ek, fE— PTG SRR S B D A 7 (]
U, DT T 200 il A AT A% 5 5 B A5 DR = 22 T 1) O
R CCA TLHBTE X G REREE AT~ el —HE
Jy I B PR AT DA B LA BT TZ A O 2R o

ABIFSE R X R 3 A T A Sl £ %
B RAS i (Explanatory variables) 2 [H]fE 2
CCA ZER 2B A R R R, 12
BB, AT IR 12 Fh S SR A
6 MR i (B M) MR GRS KR (A2

IIVERZEL O TR A RISERT A s, 25
R BN T 5% RIS . R T AR DR A AL
FOPIREE (R RS2, MR IMNESEL
TR b B 22501 R RS R e R X A
lg o+ 1) Feffe . R MIFTZE L7 (Forward stepwise
selection) X RF MR AL S T8N , B — 2D ARR
JH Monte-Carlo & #46; 55 748 f 1) 8 34 (B4 7999 IR i
PUE ), IFLAP<0.051F 0y W bR, W HFE Prid
JHEAE CANOCO 4.5 EATI85, HEFP 45 AP A —if
BASRECRBUFIE (Biplot) ' F7R

2 HBRE5SH

21 BWERK

HORSE NGO 7 £ ke i 97 2, Hoh 22 B 10 )2,
2 HE R 10.3%, FEA IR TEFEAE 164 ~ 481 mm
Z[a], PR K R (301.747.2) mm, BE G 14 1 T i
T [ 76 69 ~ 1442 g 22 [1], V- B 4K JiT i iy (501.8+
34.1) g, HEI2FLUE ), B & A A Al 3 im, &2
Py SR8 I R A RSOk 1] T A
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Fig.2  Cumulative prey curve for Liparis tanakae
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sinensis)\ 7 F& P J& 4. (Chaeturichthys stigmatias). 6 T
R (Latreutes anoplonyx). ¥ [% 7% %F (Metapenaeopsis
dalei), & [ A & UF (Palaemon gravieri) F1 /)N ¥ i1
(Larimichthys polyactis) 55 (1), M55 £ 19 1H L 26
FERE , 722K (85.89%) MY A 41 HAH X B SR 454K
I AR 1126 (5.64%) FILBH (4.17%); X583

(0.18%) FH Kz 18 (0.06%) FiF ik Lo 85 Ai% . 4
PR A ECA 43 LU HE P I 25 R 5 Z AR L, #53%
[t A 43 e HE Y 8 28 T o 9 L A 2 (41.94%);
W T 5762 (36.51%) 18 5P (16.78%); XL 562K
(0.74%) F1 ik Kz 5 4 (0.36%) 415 Ky U B AH K A 9
(F1).

R1IHEEBUFHIIMFERORWEK

Tab. 1 Food composition of Liparis tanakae in north Yellow Sea during autumn %
TR BB Hh IR o SERa T 53 HOAHX R4
Prey item Weight percentage  Occurence frequency  Number percentage IRI
a2 Pisces 41.94 47.50 8.62 5.64
X JBUF I i Chaeturichthys stigmatias 10.57 5.00 1.75 0.72
EHR A Cleisthenes herzensteini 5.59 1.25 0.11 0.08
K7Lt Hexagrammos otakii 391 1.25 0.11 0.06
/NI £ Larimichthys polyactis 3.87 5.00 0.76 0.27
RUFIE Syngnathus acus 2.38 3.75 1.09 0.15
K43t Zoarces elongatus 1.32 1.25 0.11 0.02
J7 R Enedrias fangi 1.26 1.25 0.11 0.02
R G £ Johnius grypotus 0.94 8.75 0.87 0.19
figt Engraulis japonicus 0.64 1.25 0.11 0.01
Yl 25 KM Apogon lineatus 0.42 2.50 0.22 0.02
sINKEAL L Cottiusculus gonez 0.19 2.50 0.22 0.01
ATHEA G2 Unidentified fish speceis 10.85 25.00 3.16 4.09
H15E2 Crustacea 36.51 88.75 89.87 85.89
WRE Decapoda 35.77 87.50 89.65 85.86
BHERUF Crangon affinis 26.99 71.25 54.48 67.82
B IS U Palaemon gravieri 2.86 6.25 1.53 0.32
AR Eualus sinensis 2.66 48.75 25.44 16.01
HLLCIRIF Metapenaeopsis dalei 1.98 10.00 1.42 0.40
J& JTUF Trachypenaeus curvirostris 0.34 1.25 0.11 0.01
TEHLUF Latreutes anoplonyx 0.31 15.00 2.73 0.53
EEIAGE IR Alpheus distinguendus 0.15 2.50 0.22 0.01
NEENF Leptochela gracilis 0.05 1.25 0.11 +
H AEL IR Alpheus japonicus 0.02 1.25 0.22 +
PETT SERIT Latreutes planirostris 0.01 1.25 0.11 +
ANATHEAIRZE Unidentified shrimps 0.40 17.50 3.28 0.77
[ /£ 2% Stomatopoda 0.74 2.50 0.22 0.03
[RS; Oratosquilla oratoria 0.74 2.50 0.22 0.03
111911 Fish eggs 16.78 21.25 - 4.17
W5EZ Bivalvia 0.74 10.00 0.76 0.18
PR 2% Echinodermata 0.36 10.00 0.55 0.06
¥ F& Ophiuroidea 0.22 7.50 0.33 0.05
AL Asteroidea 0.14 2.50 0.22 0.01
AHTHEMEEL Unidentified preys 3.86 53.75 2.62 4.07

TSI EORTTE AR A SN 7 2R B 7 LU B %L <0.01%.

Note: The number of fish eggs was not included in the total number of preys; “+" indicates IRI<0.01%.
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WFFEIE 2 30, 7E I A3 B R St oA 17 R A0S
Tt ARt O T LR A0 B £ 2 B A
WAL Y 15 0l 07, 22 880 1 A B 32 08 RS
2841 (Hexagrammos otakii) INFADN , BRSO
B 0O AN EOLE 10 ~ 3 367422 06), SE 44 4 2 11
B (13424395.4) A,

22 CCAHFESR
7 CCAHEF I v (181 3), BREE  F A A i Sk Y

HARBSOR, BB KRR A YR i i
BT R A AN, BB gk SHEF e M FoRix
IR S HEF AR DG OE RIS 247 3k =2 a1 1Y)
e KM 2 IR R T Z RIA SR KN, e
FRRR/IN RE OGRS 17 3k T 1) O ) s 12 A I
TR s AT T LIS — RS S RS A
LRI T H Lk, T HZ GBI T G AAE ST
AT, F R A 52 T IE A SRR, b F
T — Uit U R SR R R I SR DGR HE
J7 ]2 (R EE B Pl LR AL P REALAR R

CCAHEFF 2 H7 R 45 3 7%, 115 24 HE 5 il A
TEAELS3 510 0.563 F10.085, — % LRI fit B 4 i 5
il TS ht 22 6] 56 2R 11 84.0%., TERT 2N HE B8, &
WAL 5 i A7 B 22 () A R 56 2 8043 1 0.869 I
0.588. Monte-Carlo #4655 2 W] , 75 6 i B8
IKIR BRE R RIA KX 4 S R4 A
SR (P<<0.05), T 1 1) AR i 20 DU 8 A 2 R )
(P>0.05), FlH, 76— AEHEP R el 22 RS

FEYEHE P B AR R R B B T LR
HH 2 KT B ) B I 52 i i K5 HC VR O 4 B A
s MBS S WA AR (813), HR4ER
R SHET R I AT LR SRR IR S5 —fh
FIEF AL/, RT3k 270 o 5 50 —HE Pl A DGk
B, FLA3 0 S TE AR SR AR DG T A4 A28 B T 5
S e M N, X 24 i 55 T HE R Y
FROGMERCR, HI R AR R, EHF IR RS
PR IS 5 A i AR A A B A Sk A E R mT LA
B KGN B e BRI : AR
JE BRI AN SO F bR TR O, T eI

i DK S TR BRI R h A2 R
ISR R . PR RN 28 B X SO £ B3 £ A
i) = BRI : MRS F B E TRZ
J2 (Ophiuroidea) 1% [CAEFHF, 1/ MA B 4H S5
00 3= AR /N R TG 4l €6 (Johnius grypotus)
IV I i R A5 R 05 FE R AT I AR (R 22 i
B TR, B+ B TR 2 rie R I
T RN T AT p £0, 1 P F0 i, (R 22 AR ) vl
), W0 F B B/ INE A R [ Gt IS AR R R
TURSIEREY) (813),
23 FEEMNEYEKSHEIFFaERHXR

AL FE 2 PR R Z R A ), SR L
K GBI R DGR, A BLAN SO ¥ 45
A R IR ARV LR 16.5 ~ 64.5 mm, AR K
207430 ~ 39 mm, P (40.5+1.50) mm; £
FAE LRI PR KL L 18.0 ~ 29.0 mm, fE A K
ZHJ220 ~ 29 mm, FHEAK A (23.1£0.75) mm,

Pearson A1/ A R W], F I AR IR 5 A 8006+
PR Z A 2 IR AR E (r.=0.326, P<0.05), T+
K L2 SRR 5 A SO AR 2[RI & AR DG G
# (r=0219, P>0.05), ABFFELIR T 2R R E
YA 52080 R4 1 R, 45 R R I
IR (r=—0.372, P<0.01) AL RER (r=—0.799,
P<0.01) 5408000 ¥4 1Y L A8 5 4RS00 - fa 44
R Z (A S 2 B SARH OGO &%, BB G 40 S0 1
FRK IR, % HRIE TG (B 4),
24 BRESHKHXFR

388 58 [0 U9 43 A & 3, A SO £ B R B A (W)
Fzs R (w) YRR (L) 324 50E K,
HRAXWTFIIR:

W=0.783 1" (R°=0.820 3, P<0.01,n=33)

w=0.458 8" (R*=0.8999, P<0.01,n=33)

3 g

31 ALiTFaNEWEK
TEAHZE H , FKZR L 8V 0 4R SO 1 £ R 2L
8 (FE IR MR 2208, 8RNI 3h
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Fig. 3 CCA ordination diagram of food composition of Liparis tanakae and explanatory variables
1. Crangon affinis; 2. Eualus sinensis; 3. Latreutes anoplonyx; 4. Palaemon gravieri; 5. Other shrimps; 6. Chaeturichthys stigmatias; 7. Larimichthys

polyactis; 8. Johnius grypotus; 9. Other fishes; 10. Fish eggs; 11. Ophiuroidea; 12. Bivalvia.
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Fig. 4  Prey length and prey/predator length ratio plotted against Liparis tanakae length
A1, A2: Crangon affinis, n=>58; B1, B2: Eualus sinensis, n=21.
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Py 0 28, AR SR AR W R AR I L2
AR IRAE P R AR a4 35 TR UAR IR 1985-
1986 4B I Bk}, & AN STt S 2L
(Engraulis japonicus) F1E 6 45 4 £, H BT & 7 4
43 3 h 32.6% F120.0%. K56 kI AR i
TRV S SO0 AT Sh ) B R f0 28, B LU
B REABUR & (Tt B 0 H o 3N 38.6% F131.7%),
FEAE A e BB I R SV S 40 SO0 £ 7 Bk
T FELUP AN & B R IR A i 2 H
VEREA= Wy, FL oo 1 43 L6 A3 0K 57.7% F 15.9% . T
FEARTGE A A AR RN S e 4 BT o A o
43 HA3 1 R 26.99% F10.64% . 1 ] L, 55 LLFERY
WS AH EL, B0 AN SO 7 ) A & AR TR
FIARAL SR A P B0 T I A R B S .
i, SR B R A BRI S AR O PR R Y
PN SR N N SRR 1k & ¥/ L e DR
LM BTt B L ATER Y, — 5 R T
i B T T Uk BB T ES IS 2 R T LA A 4%
AR RIS S e A SO0 -0 S5 2 28 T R
Ty T PR R AR AR ) R T v, R SERT R,
FERIRF I BURAR K, R B U B A2 K2 a2
(9 EEDREY L AR HUREZE T R R 22
W SR SO f B PRI AR A A —E B S
AHFFE I8 K B, F B (R RN f0) 7E 4N
U B A —E R L i HAR g
(R AN SO0 400 B o 7 T A Ve LR A 1453
o RULALAMAN I FLEAEKTEO-11H), &
(B R A UM O, 2 K5 OIAH B Bk etk B
S oy N R 11778V NI = s e v 835 o=
EEFEIZ— 0 TS T A R
AR H IR, PR e % RN 2 i
B AR B T AE 2 0 LB URR N 70 7 AR BRI 52
AR, 38 % BRATE £ £ B Y 40 SO0 7 £ 15 2 H At A
H I FE ARG . Segers 25 BIFSE & IR, ALY K
VUPESEE (Clupea harengus) B B 5P 9K S5 H & H:
MR A ) 22 /DA G ZR , A PR P 8 22 ) £
B AR /L, 3 B RV VR B A VA L i mT i

PR O T A SR N, X — S S S 1y
TSI & 1. EAR PRI — S, i T AT
FEAAE VAL A I 17 R AN S0 -t 2 BN, AN
HEBRA IR B R R 3R, PR B 20 S0 - f.%0) #1 B )
TEIEA R — DR ABISE
32 BRERIEMEWHANERN

R UL, BEE A RS, 028 BRI T e b
THE AR R P, AT R BR AR5 RE
DAAME i T B M AE RO AE I, 1IX — BRI “fef:
FEEFIS” (Optimal foraging theory) AR N .3
B, AR AR S 2 S fa A 2 ) 52 e 25 1Y
TERRDG, BB B A K AT EREE IR
IR AR NS R, X5 Fe A A B PRI A
FFo MR RIS ARSI 5t i A 2 [
FRIMOCICR Xl e A AR TP A2 22 SR IR YA
TRA/ IV G TR E A SO - £ 0] & ) A B AN 52 T
R REST B 2. AWFFT0 KB, A R AR FI
AL RIS AN SO T A 1 H A S AR SO 1 f A
RZ A R A ARG G R, X RIAT B
MBI R E R R, B Tl MABOR
BEEVEY) (B ZARN TH A SRS Bl s
A W R AR SRR S PR TR/ N B T /N Y X
AIRES A AR P X 2 PR A P A A ST R 45
AxKo
33 BRESHKHMXR

TEAWEFE P, A0SO~ £ 1% 15 a5 & A As o
SRR AN R BOE I, oAb~ 1 R A5
HERILEIE ", Carlson 28 5 1, B 0251k
KA, EXTRE AT R Bz e . R, st
Wi~ B R B 05 B B Y R R R OR A KC
GG E T MBSO ) 5 ST R R 2S 8 b
TR B B O R, KA B T 0 40 200 11 )
FERET P E R R R TS H K
34 HMEWMARMEERE

SR RLIIAT (CCA) RERFFTEXS G FNERFE IR 53
ARTER—HEP & o] DL B e AT =2 T Y 6
F A B THE R PR R Xt 2R B i 52, IS
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MR A SR M T — M TR ABF5ER,
IR LS A3 B A IX 4728 S RS - # 1)
E WAL RAT 35 ) TP 30 R i s DU A
WERW, Horp R A A S R A YR
2SI Ko TR I AT AR BOR Y 25
() S e, DAL 0 0 2J8 P 5 £t SR 2 it 36 5L T Bk
AR A AR 2R A 3 A0 AR AR At 2 52 i AN 2
Wi ) — A FER R X2 B )
A REH, A E HiaseE , e ae iz iy
5t , WhIR 2 R A R IR E I AP R AN R/ NESR 1Y
A5 Solmundsson'* ¥ F CCA W57 K B i 3
T 8% (Reinhardtius hippoglossoides) B9 5% £ 4= 23 1t
KB A A AT R 1 R e AR A A
Ro T AR, AT RIS AR, 4
JRIE TR AT Z RIS T4 SO 1t % £~
PERSEN

Bk BR B AR U Ao KT AR 0T A R AT A
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Preliminary study on feeding ecology of Liparis tanakae in north
Yellow Sea

XUE Ying, XU Binduo, GAO Tianxiang, QIU Tianlong, LIN Longshan
(Fisheries College , Ocean University of China, Qingdao 266003, China )

Abstract: Based upon survey data collected from north Yellow Sea during autumn in 2007, feeding ecology of
Liparis tanakae was investigated. The results showed that shrimps and demersal fishes were the most important preys
of L. tanakae, which indicated that L. tanakae could be classified as a benthic carnivorous predator. At the species
level, Crangon affinis was the most important prey species. At one station in the north part of this investigating area,
large amounts of eggs of Hexagrammos otakii were found in the stomachs of L. tanakae. The ordination technique of
canonical correspondence analysis (CCA ) was applied to study the association of available explanatory variables to
the diet composition of L. tanakae. Depth, longitude, latitude and size were four important variables and significantly
affected the diet composition of L. tanakae (P <0.05), whereas sex and gonad maturity stage had no significant
impacts on diet composition (P>0.05). A strong positive relationship was found between the body lengths of
Crangon affinis and L. tanakae (r=0.326, P<0.05), whereas no significant correlation was found between the
body lengths of Eualus sinensis and L. tanakae (r=0.219, P>0.05). The length ratios between the two preys and L.
tanakae both had significant positive relationship with the body length of L. tanakae ( C. affinis: r=—0.372, P<0.01;
E. sinensis: r= —0.799, P<0.01) . Regression analysis showed there were exponential relationship between stomach
weight with contents, empty stomach weight and body length of L. tanakae. [ Journal of Fishery Sciences of China,
2010,17(5): 1066-1074 |
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