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FEE AR 1958—2010 448 Z H Wit |l 96 JRUESHE 190 TR 25 A5 10 AN SO T £40.( Liparis tanakae ) A2 91280808 , % 4 AR TR 4R 0 8] 3
TR A SO 0.9 25 (] 43 A0 AR SO B B AR AR AR T S G R L S R IE R AR PR AR AL AT T 200 . 45 SR B . Sl S0 00 A BTG
AL F o A FEIL AR B — M 50 m ZEVRER AT , 7R 30 HP R 1958—1959 4F4E Hh 43 A 75 HL 1 A , 1985 AF- 4345 v FBl B . b
K, 1993—1994 4FF1 1999 AFH A4 X3 & A= JbFs , 7= X AR HP 7 36°N AL, 2005 4F F 3§ B 2 8 A8 P R, 2010 4F £ 2
A B KRB (35.5—36.5°N, 123.5 —124.5°F) FIVT. I8 B AMEE (33.5—34.5°N, 123—124°F) [P A~ X 38, H BRLASE 2R 1)
1985 AF-d i , 3K 87.5% , AHXT 9 IR BE LA 1993—1994 4F45 K, 15.5 kg/h, 3T 10 47 AR X 98 U5 25 B 15 96 2 T B 2 A0 4 35 60 A 5%
(P<0.01) , BRI R T R A EEFR (P=0.051) . 1985 4E 1999—2001 4E 2005 4EH1 2010 4EF 44 K43 51 4 35.1,
33.9.33.8 cm Fl 32.3 cm, BZHWIH/IMNAEE, Br 1985 4F50, MM TR B 2 R FMEM: (P<0.05) . &M PEHIES 1:1 6
BEZER HEEKARZRFHE AN, EEEE TP & A HBIEE LT (6.7%—T71.8% ) , 40BN fa 1 e b 471 ( IV 31 5% LA
) BT (51.1%—23.9%) .
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Interannual variation in the population dynamics of snailfish Liparis tanakae in

the Yellow Sea
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3 Faculty of Fisheries, Guangdong Ocean University, Zhanjiang 524088, China

Abstract: The snailfish, Liparis tanakae, is a cold-water, demersal fish that has become one of the top predators in the
Yellow Sea ecosystem because of a decline in the abundance of the commercially targeted species in recent years. We
evaluated the interannual variation in relative stock density, distribution, biological and reproductive characteristics of
snailfish based on fishery data collected by bottom trawl during winter ( 1958—2010) in the Yellow Sea. In the northern
Yellow Sea, the snailfish was primarily distributed around the Liaodong Peninsula near the 50 m isotherm. In other regions
of the Yellow Sea, the species was primarily distributed in the central Yellow Sea in 1959, but had expanded its distribution
by 1985. Relative to surveys in 1958—1959 and 1985, the distribution of snailfish moved northward by the 1990s from 34°
N to 36°N. In 2005, the species was found in all areas of the Yellow sea and in 2010, it was primarily distributed southeast
of Shidao (35.5—36.5°N,123.5 —124.5°E) and off southern Jiangsu province. The relative stock density of snailfish was
low in the late 1950s (1.1—4.1 kg/h) , then increased in the 1980s and 1990s, peaking at 15.5 kg/h in 1993—1994. The
density then decreased to 3.8 kg/h in the late 1990s and has recovered only slightly in the last 10 years. We observed a
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similar trend in occurrence frequency. In the late 1950s, snailfish only accounted for 12.0%—26.5% of the occurrence
frequency. However, it peaked at 87.5% in the 1980s. In other years, the occurrence frequency was relatively large
(45.8%—77.3%) , though most notably in the “cold” years such as 1985, 2005 and 2010. We observed a significant
negative correlation between relative stock density and sea surface temperature in the ten most recent years suggesting that
this cold-water species responded rapidly to the changing temperature. Similarly, we observed a negative but insignificant
correlation between the occurrence frequency and sea surface temperature. The average body length of snailfish was 35.1 ecm
in 1985, 33.9 cm in 1999—2001, 33.8 cm in 2005 and 32.3 cm in 2010, suggesting a tendency towards miniaturization.
The average body length of male individuals was significantly larger than for female individuals in all survey years ( except
1985). The b value for males in 1985, 2005 and 2010 were significantly less than 3, consistent with intensely negative-
allometric growth of the population whereas the remaining b values were not significantly different. We evaluated the sex
ratios( @ : & ) within five length groups( <20, 20—30, 30—40, 40—50, >50 cm). There was no significant difference in
the sex ratio during the survey years. However, the ratio did differ within body length groups. Within <20 ¢m group, all fish
were female in 1985 and 2010 and male in 2000—2001 and 2005. In the 20—30 cm group, there was no difference in the
ratio during four decades, although in 2005, the catch was dominated by female snailfish. In the 30—40 cm group, there
was no difference in all survey years. In the 40—50 c¢m group, males dominated the catch in 2005 whereas the ratio was
equal in all other years. Finally, the catch of >50 c¢m fish consisted exclusively of males in all survey years. In 1985,
2000—2001, 2005 and 2010, the proportion of sexually mature fish (at stage IV or beyond stage IV ) were 51.1, 53.8,
41. 8 and 23.9%, respectively, while for those at stage IlI the proportions were 6.7, 38.5, 48.7 and 71.8%, respectively.
Changes in biological characteristics may be the result of overfishing. In addition, a shrift in feeding habits may also have
played an important role as the dominant prey categories of snailfish have changed significantly. In summary, the lack of
interspecific competition, rapid growth and varied diet likely explain the variation in abundance of snailfish in the Yellow

Sea ecosystem.

Key Words: Liparis tanakae ; biological characteristics; distribution; the Yellow Sea

ahi+faJm fIE B Scorpaeniformes JiliF 7%} Liparidae . MiFfaJ& Liparis, KRR Z @IS, 32 040 T ARG R B
FETRT K, LA B b e s, AR S HAM AR R AAO Tt s AR A2, N TE L IR R
P e R RIS 2 7 1975—1983 AERK TR ROV PEBEAR 1, 402007 fh0 o5 B0 S8 3R Y 1 43 H K 1975 4R 1Y 1.69%
75 1982 4F 0 25.13% %) ILEL MK SR VE R RSN O B0 MO0 S ™ T, B Lophius litulon
BN T 141 Liparis tanakae B 28U W 5 588 Scomberomorus niphonius | FEFE T 88 Conge myriaster 145 £ Trichiurus lepturus 5544
K N EI A S RGN YA E S . T E 1k s 258 YW R A T800 (top-down effect) 520 FH AR 1y F 5 |
NSO 40 AT F T VAR ShAR K, AR ARG 2 i SRR R 45, 8 I S5 P S5 72 o 7 458 4 0 8, PR e LRI RE AT
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ANEIF (33°—39°N,121.5°—124.5°E) , LA 37° N AE i i AL R 26 v e oS e e X0 23 BB, 1958—1960 AR IBURE fif AU (24
149.0 kWx2) JiEHi %, 1985 4F AR AT« 317 S A i (1677.8 kW), MRS HANZE 1, A 4F I 5 40 8007 fa A i 3531 667
&, 4391 1985 4F 97 J2;2000—2001 4F 61 J& ;2005 4F 222 ;2010 4F 287 &, AW sE bR iG (K MR k3 R
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Table 1 Vessels and trawls used in the surveys

e S AT AN R 1 Apv
o e 4 F KM EA] T ik
Ye Research vessel Mesh size/c Mesh size of Height of the Speed/
ear esearch vesse. esh size/ cm cod-end/cm nel/m (n mi]e/h)
1958—1960 3 Y A 420 Hx8.0 4.8017] 7—8 2.6
1985—1994 Je=k 450 Hx17.0 2.0 6.3—6.9 2.8—3.3
1999—2010 de=t 836 Hx20.0 2.4 6.6—7.1 2.8—3.3
1.2 HdEabr

A5 A TN BRAEAL R 1, IFARAE I B bR A 2R B 1 AR X R B A SR B T 3R (kg/h) R, 4%
AR AR B A B DL P X B I ] AR £ (ke/h) FOR .

AW E T R AR T A BIRSEAE] 1 mm A1 0.1 g, LA 2 em AP EMHA K R K KT CRHBEIEBOTFERR.W =
al’s WHIEKE(g) L MK (em) , b o HEMR T, 0 N REBEK T B 22081 (ANCOVA ) K 54 55 i) K -1k i
KRAZEFE AELBEZES WA HERARE MU EHRKAEREXR,

PRSI B A RE R S GOR ) E I PR AR IR T — VI 2 R0 4% IR R0 VI L L BRIV — V) A PE R, anacli+
fa Pk 101 92550k 20 mm IR RIS AR O RS OC KSR ) SEAT 08T B2 581 O €= W/EP %100, L WA (em) , W R H
HHE(g) .

Bl R Excel 2007 .SPSS 18.0 Al Surfer 9.0 #1745 11 FALEE
2 #R
21 FMETEIHHTL

BV I TS A SO - £ A X U 28 114 2 () 3 B A T O U 28 R R A AR PR AR 4K UL 43 S0 DL IR 1 RNk 2, AR L
HB, BT 10 FBE AL IR B — 0 50 m SFERERHE, PRk XA A5 2, 1999 454340 X B 1958 4EAH LA Frd™ K.
oA e #IEACER 1958 4F B RN 20.8% , MK R IR T e R A 31.5 kg/h, 1985 4EAE S IEALTHAN 1 A7 3L, 4 1.2 kg/h,
1999 4t BT ZE K 66.7% , FHXTGE R B i oM 37.2 kg/h,

FEEE PRI, 1958—1959 A AH X 2% 13 41 rh 4 A AR B0 PR RN 34°N B, B 63.0 kg/h, 1958 AEZE R X
WA 3 A AR X BRI /N T s s 21.0 keg/h, 1985 AE RIS FRIB R YK, S IZ 40 A0 T R A R,
N 87.5% , X PR BEAI XTI 51, 16 50 m E TR T RS R, 1993—1994 4F 11 1999 4EAH L 1985 4F 1 1958—1959 4, 40
TR A I R AR AR F R XA AE 360N UL, I BLERN 45.8% , AH R U5 25 1 A v (R BILAE 1993—1994 4EJ8], 4 160 kg/
h, 5 SAETRA ) 44.1% ,1999 4F 36°N LURG AR BT 525 B2 W R 3/, IF7E 34°N JE LA i m PR . 2005 4F HAr- M Fp Y i 2 81
RS, IR 77.3% , AHX IR 2 2 0F 5—20 kg/h, A AHXT 5], 2010 4F RS TE 50 m ARG /KL, BB B4R
PR S AR (35.5—36.5°N,123.5 —124.5°F ) FIVLI5 pE /M ( 33.5—34.5°N, 123—124°E) P~ X3, %l 69. 4%,
R B A N 3550 AR 6 R 2 B FEAAE 5—20 kg/h 2 [8], JUEB LA 3l s AR 96U 2 BE 450, B 4 70 kg/h, 117 50 m RAVR YL
AR, AN 1,1958—1959 4 20 SO~ 0 77 2 g I AE X B IR 4 B AN, 43 v Rl A /)y S 1985 AE R 1993—1994
AR O X R B AR, 40 Y L K BV R R R, 1999 AEHAIXT S IR A BT T IR, TTAE 10 48 HAR X B IR A (Bl T i 3,

£2 EBPEBALFEENEETENHNELNERTL

Table 2 Interannual variance in relative stock density and occurrence frequency of L. tanakae in the central and southern Yellow Sea

A4y Year 1958 1959 1960 1985 1993—1994 1999 2005 2010
i 2% /9

th SRR, % 24.3 12 26.5 87.5 45.8 51.6 71.3 69.4
Occurrence frequency

MZ AT =N

FHARE (ky/h) 4.1£1.4 1.1+£0.9 1.1+0.3 10.8 +1.4 15.5+9.4 3.8 1.2 5.6+0.9 6.9+2.1
Mean catch

T TRLRE TN AN SO £ R X U IR 8 B LA R BRGNP 2, ELBRAT 10 4F 5 36 TR 5 4N SO 7 hE X R IR 0 B
B, B EAAAEM R 35 B AR DEE R (P<0.01,r=—0.81) : 2435 B T i, 40 G006 T F0 (0 AH X ¢ U5 2 B T W, 1 2005—2006 4[] , 3
BPKIR T 0.73°C MR BRI BE R 5.6 kg/h NFEE 1.9 kg/ho il BE T FEET AR X B8 U5 285 BEAEAE A B T34 i 2000—
2002 47K IR FRET 0.86°C , MR BUABRIBE IR 35 - 1T 2.45 kg/h, i 2004—2005 4E(EERARR 4 1.06°C ,3.14 kg/h, K IREAE
FIAEA 4N 2005 F1 2010 4F 4020000 0 IR IA AR & | HC 4377 il B A~ 2V vl 90 9 T R 440 S80I 7 6 17+ B AR %6 2 7 56
KR EARFE(P=0.051,r=-0.60) ,
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Fig.1 Distribution of the relative stock density of L.fanakae in the central and southern Yellow Sea

1958 Fl 1959 4F-JCAH 1o 15 5 9kt

22 EREAARRRKIKRECR

BT AE O R KA AN 3 FT7R . 1985 AEHAPIIARKSA 35.1 em, PRFRKAE F 30—42 em, & 69.9% , M- 15
AR 34.6 em, HEHEH 34.9 ¢m;1999—2001 A0S i V-394 R 33.9 cm, PEFRKIE R 30—34 em 1 36—44 cm, 73] 4
24.3%F1 37.1% , MV FHENE S Y94R A 43 5124 35.7 em 1 38.1 em;2005 452K KK 33.8 em, LR K L B 30—38 cm, 2
58. 5% , WEPEFNHEME TR 32.3 em F1 35.6 em ;2010 45 P31y 32.3 em, R HARK A 26—38 cm, i 78.8% , H i
PEFHI R KA 30.9 em, HEVER 33.6 cm ;4 PR RS RK RIEHA K 2R R

AEBRIE]EY ¢ A5 R, 2010 AR R R /N T Al AR (3 (P<0.05) , 2005 4R BRI 8 2/ T 1985 4R (P<0.05) , HAv 4R
BRI TC R, AN 1985 AFMEREM] SR K 022 5 (P>0.05) , AR O Ml - AR A 18 3 K e (P<0.01)

SARIUAKAATE S R WLFE 3, T 7 210 W/ 1985 4E 1 2005 4E A MEMEMA SR b (2258 B3 (P>0.05) , Hops Hsfe b &
Jf, M0 2000—2001 4FF1 2010 45 ) #EHE] b 22 57 035 (P<0.05) o b {EAFBRIA] L 71, 1985 4F T AYAF 1y 22 57 .35 (P<
0.035) , Hfth 3 NMEG Z 6] 0 5 25 5 (P>0.05) , ¢ #H B /R, 1985 4F 2005 45 LA K 2010 4EAG ARG b (.2 2/ T 3, #iA
ERsdAR Ao EN 53 NRELR  AFERAK,
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Fig.2 The relative stock density and occurrence frequency of L.tanakae and their relationship with sea surface temperature

*3 HBHAIMFEEK-FEXRZRATESH
Table 3 Parameters in the body length-weight relationship of L. tanakae in the Yellow Sea

EA) Year * %30 Equation
1985 Q W=0.1481L>%™  (R?>= 0.8635, N=45) F=3.136, P = 0.08
5 W=0.0576 L*%7 (R?= 0.8926, N=52) W=0.0923L>48 (R*= 0.8737, N=97)
2000—2001 ? W=0.0087L>%*  (R®>= 0.9141, N=26) F=4.315, P = 0.042
5 W=0.0290 L**%  (R?>= 0.8893, N=35)
2005 Q W=0.0350L%%1%  (R?= 0.8797, N=117) F=0.105, P = 0.746
5 W=0.0441L>™2  (R?>= 0.9233, N=105) W=0.0375 L*7% (R*>= 09164, N=223)
2010 ? W=0.0250L>°"% (R?>= 0.9228, N=142) F=8.80, P = 0.003
5 W=0.0415L>"%  (R?>= 0.8462, N=145)
2.3 MELG AR A

1985—2010 4E & 2= 4 ANME Y MERENE LL R RS A 2R L, (H38 5 111 TR EZER (R4, SEKHARZRE Y, /NF 20 cm
FA~ AR, 1985 4R 2010 4R35 A 2005 F1 2000—2001 4R35 . 20—30 em 144411 ,2000—2001 4FF0 1985 4FPE 1L 1:1 J6
RS, T 2005 ARHENERE £ (P<0.05) ,2010 4EMEMESE 2 (P<0.01) . 30—40 cm AR AMERENMATE LS 1:1 TR F 25, 40—
50 cm AL SO BUENE R 22, Hip 2005 4R 25 548 B3 (P<0.01) , 1K T 50 em AYHAFRY) P AUAFAEIENE AR

F4 MEIFEERKAMILHFIRENR

Table 4 Interannual changes in sex ratios( 9 : & ) of L. tanakae

AEpy FEYIN &K 41 Body length group/cm

Year Overall sex ratio <20 20—30 30—40 40—50 >50
2010 0.97:1 (P=0.814) Q 1.85:1 (P=0.004) 0.76:1 (P=0.063) 025:1 (P=0.058) 3

2005 1.09:1 (P=0.504) 3 0.76:1 (P=0.010) 1.17:1 (P=0.327) 0.11:1 (P=0.000) 5

2000—2001 0.74:1 (P=0.249) 5 1:1 1:1 0.47:1 (P=0.072) —
1985 0.87:1 (P=0.477) Q 0.78:1 (P=0.617) 0.85:1 (P=0529) 0.89:1 (P=0.808) —
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