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Abstract: In the Yellow Sea and East China Sea regions, the anglerfish Lophius litulon has become an important fisheries
species In recent years. In this paper, we examined interannual variations in the biological characteristics, stock distribution
and stock density of this fish based on bottom-trawl survey data collected in the central and southern Yellow Sea during the
autumn of 1985, 2000, 2005 and 2009. Results showed that the average body length of the female was larger than that of
males in all sampling years, and the differences were significant in 1985 and 2005 ( P<0.05). In addition, average body
length in both sexes decreased markedly over the past two decades, with individual miniaturization and the dominant
frequency distribution of body length being reduced from double peaks to a single peak, indicating clear simplification of the
population structure. The relationship between body length and body weight showed negative allometric growth in 1985 and
2000, and the allometric growth parameter b was significant smaller than 3 (P<0.05) in these two years, while growth
became isometric in 2005 and 2009. The sex ratios were significantly smaller than 1 ( P<0.05) in the sampling years 1985,
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2005 and 2009, and males were dominant in the samples, but was insignificant from 1 (P>0.05) in the 2000 sampling
year. Moreover, sex ratios in both the <20 em and 40—50 ¢m body-length groups were not significantly different from 1 in
both 1985 and 2000 ( P>0.05), but male dominated in the <20 ¢m body-length group (P<0.05) and all individuals were
female in the 40—50 e¢m body-length group in 2005 and 2009. Gonad development was mainly stage II in all sampling
years, while a very small proportion of sexually mature individuals were found in 2005 and 2009. Bottom water temperature
within the high density distribution area ranged from 9.3 to 10.8 °C, with salinity in the range 32.4—33.2. The relative
biomass and percentage of anglerfish in the total caich showed a clear increasing trend from 2.94 kg/h, 3.0% (1985) and
1.33 kg/h, 1.2% (2000) to 5.86 kg/h, 10.5% (2005) and 5.62 kg/h, 9.8% (2009). The stock distribution area shifted
towards the northern Yellow Sea over the past two decades. An effective index was the changes in stock density and
occurrence frequency in the Yellow Sea above 36° latitude north: the relative stock density and occurrence frequency
increased from O in 1985 to (1.0+1.4) kg/h and 57.9% in 2000, and then to (6.9+9.8) kg/h and 83.3% in 2009 in the
same sea area. Regression analysis showed that the annual catch of anglerfish (V) was highly and significantly, positively
correlated with sea surface temperature (SST) of the 2 years previously (r=0.61, P=0.004) , which may be due to the
influence of SST on the early life history of this species. However, the yields in 1997—2001 and the corresponding SST in
1995—1999 were excluded during the regression process, as the especial high SST in 1995—1999 may have interfered with
anglerfish stocks and resulted in abnormally low catches of anglerfish during 1997—2001. Accordingly, the changes in
biological characteristics, stock distribution and relative stock density of anglerfish may be related to pressures originating

from increased fishing intensity and climate change.

Key Words: Lophius litulon; biological characteristics; relative stock density; interannual change; central and southern
Yellow Sea
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®1 HETEDERECKANNEREL
Table 1 Interannual changes in body length composition of Lophius litulon in the central and southern Yellow Sea

R Body length/cm

0y TE5 — -
Year Sex T PG V- bR 25
Range Dominant range Mean+SD
X 20.0—24.0 (26.7%)
* 3 17.5—62.4 611,
1985 U 7.5—6 36.0—40.0 (43.3%) 35.6x11.3
. 20.0—26.0 (42.3%)
i .5—351. .1+8.
Jf 17.5—51.0 32.0-36.0 (34.6%) 30.1+8.5
2000 i3 12.7—42.2 20.0—22.0 (68.4%) 22.0£5.5
i3 17.3—41.0 18.0—22.0 (80.0%) 21.9+5.0
2005* I 8.3—55.0 18.0—20.0 (52.4%) 21.1£7.6
i3 12.2—37.0 16.0—20.0 (69.7%) 19.0+4.2
2009 i3 12.0—50.7 18.0—20.0 (48.4%) 19.7£5.1
i3 10.0—37.8 16.0—20.0 (59.8%) 19.6+5.1

# FORZAF TOGHRME HEF K 22 57 .35 (P<0.05)

22 (RRKAAEXR
WA IERERI AR AR E RS HLE 2, Yy 200 &M, Rl—F W, M R A AR K AR LR T
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TR b TR 25 (P>0.05) HSH o 22 580K, Horh 1985 4R 2005 424422 53 W 35 (P<0.05) . ¢ K Wi,
1985 4F A1 2000 4FME MEREAR B9 FHEEL b 28 E/NT 3(P<0.05) ,MARE iS5 A= K 2005 2009 4F b 5 3
TR FEEF(P>0.05) , MR EZEHUE K

R2 ARBEENEGREEXRSY

Table 2 Parameters of the body length-weight relationship for Lophius litulon in the central and southern Yellow Sea

Ay P a 5 R R/ e
Year Sex (x1072%) Sample size/ indiv
1985 Q 10.76 2.644 0.952 28

8 5.181 2.827 0.974 51
2000 Q 65.24 2.075 0.799 19

8 10.56 2.643 0.938 20
2005 Q 4.330 2.920 0.917 206

8 3.776 2.950 0.892 313
2009 ? 2.509 3.037 0.932 157

3 2.194 3.084 0.947 249

2.3 M

B 2000 AL OTE LS 1 R 22 700, SRR PR I 5 1 2257 B35 (P<0.05) |, HEbE A 80 3%
Z T SRR H T /N 20 em R T 40—50 em MK 2H A FEAE TR Z8 40 BH 5, 409 Hr 1985 4F 2000 4F
FIPE S 1 JC 8 35 22 55 7R R 2005 4F 1 2009 A A BEYE & D83 (<20 em R AL ) Fia=EBAE 5 A EPE (40—50
cm 'fzigt/(gﬂ,i‘% 3) o

R3 HEBTEDERBESERKAMILNEREL

Table 3 Interannual changes in sex ratio (female:male) for the various body length groups of Lophius litulon in the central and southern

Yellow Sea
Ay s &K Body length group/cm
Year Overall sex ratio <20 20—30 30—40 40—350 >50
1985 0.58:1" 0.67:1 0.36:1" 0.50:1 2.25:1 2.00:1™
2000 0.95:1 0.56:1 1.3:1 — 1:1
2005 0.66:1°* 0.59:1" 0.65:1" 0.93:1 Q —
2009 0.63:1°* 0.66:1" 0.64:1" 0.21:1" Q

w FRPEL S 101 BEEF(P<0.05) ,— TR ER, @ Tt 43 Mtk

2.4 VERRAAEE

B A AR S O P AR R LA T 3R 3 (1R1 2) |, 1985 4EFi 2000 4 A FE & A Jo M RG4S, 2005 4E 1 2009
AR P BB B B AR A T R
2.5 AHXTET IR

AT B R AR T 0 R AN DTSR AN R 4, 2000 A 35 fitd i1 359 Y 4K B A DT R R fIK, EL R B R A
FEUIZAE SR AR ) (HAMAE /N . 2005 4EF1 2009 4F | B S fBAH %o %% 50285 15 0 5T kR A% 1985 4F 1 2000
AR F i, H AP A R AL 2000 AF IR 3 TS (P<0.05) .
2.6 FEARSR

B 3 SR 2K IR R R Y (E 3) , A XOKIR L 7.1—13.6 °C , %4 XK iR L
9.3—10.8 °C, B XAt 5 B MRS F 1 73.3% ; 70 A1 X 3R BE Y [l 31.5—33.3, B AR X Eh FE ] 32, 4—
33.2, AR DXtk B A P Y 81.7%
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Table 4 Relative stock density of Lophius litulon and its contribution to total catch in the central and southern Yellow Sea

PR R BN EEUIEES DIl
Survey year Average catch+S.D./ (kg/h) Occurrence frequency/ % Contribution rate/%
Yy &

1985 2.94+7.04 41.2 3.0

2000 1.33+2.03 61.8 1.2

2005 5.86+9.30 50.0 10.5

2009 5.62+8.75 59.6 9.8
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%%ﬁ% ’ 1997—2001 i,ﬁi@’ ﬁﬁqug %ﬂﬂ:‘)ﬁ Eiﬁﬁ% Fig.2 Proportion of sexually mature stages of female Lophius

K- 5 AR R, B R R RIR EE W T 2 M PIBT  liwon in the central and southern Yellow Sea during

BE,1994—2009 43247 16 3¢ 1 FE 45 1985—1994 4EF-2]  autumn sampling

GRIBETHE 2 0.7 C, Hrh 1996—2001 4 1165 %

FEAL T s A K (B 5) o 12T 2B S 1997—2001 4F 7 4k FIX IO A1 22 10 5 |, S i A 7 it (V)
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Fig.3 Relationship between relative stock density of Lophius litulon and bottom water temperature and salinity in the central and southern

Yellow Sea during autumn 2009
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Fig.4 Relative stock density of Lophius litulon in the central and southern Yellow Sea (solid dots represent stations with no-capture of Lophius

litulon ; hollow circles indicate Lophius litulon capture; the radius of the hollow circles indicate relative stock density)
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