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WE RIE 2011 F R 2013 F 6 MukiEE, 60 ETA, Rt T EMB FE T
(Fenneropenaeus chinensis). = # 12 F % (Portunus tritubercul atus) % — # 5 & 4 4 37 4 1% % 1 & &
#% & (Catch per unit fishing effort, CPUE) &y K #17% fb., #F % 7 B 81 — 3 W8k 4 % 5 DL R R 4 4
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WS AYFEFERGOG A)RE; ZARTENENEDEEHURNEEER AT RE, HEL

W EE B VLR (S AT AR 6 AR E .
XA

hESES S932.5 TERFRIRES A

SEMVE L T EnEpE &S, WA K2 6955 km® 7K
AR 319 km AT 2R (BROR N4, 2000), T8
T L /INTE TR A5 AR 22 T A6 X B AU, kel A=
Wi, MK 2R B T E R
WU (4 A2, 2000; Luo et al, 2013), & & i
A= R IR R R T, S T DR i
W) CBERETET (RSRESE, 2000), BT, Pt
Pi . RBEIE N SIE sh s, Bk Fl N 2 b
VAR I A= W RE TR S5 R R AR T B R AR fE (Rice
et al, 1996; Rijnsdorp et al, 1996; Gislason et al,
1998), £ 45 1 (Jin et al, 1996; Xu et al, 2005)Fl )i
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4, R TE T X GE A R AR Sk = T i,
Xof FCPERR B e A 0 ) e 7 A R 4 A 55 5 T Bk =
FE o ASWFFTAAE B B S VS v [0 R RN = PR - 1Y)
BRURAR SN, R A3 AT L ECE SR A R R
WAL, DL RmRH S ECE ARG AR, B
RHIRREE A BRI A O H EDS R =R
AL S

HET, S S /K a3 78 55 it 1 v 16 SRy AR
10-20 mm MAFIF, FRETEy s A TRz 6 A I
Ha] . IR T (1997) % X S M S fa 25 B S Wik AT
B, 2 30 v [0 MR 24l B A I R 48 R o0 A A= T
7 APRIZET RN 70 mm LLF). SHEAFER . ZhiF
1) i 2 £, 35 ' /21 (Lateolabrax japonicus)4lj fa . 45
(Zoarces clongatus) . # 4 ff(Nibea albiflora)4/j i, [
£ (Argyrosomus ar gentatus) %) 1 . B (Pagrosomus
major) . 17 fift(Kareius bicoloratus) . 7~ £k f(Hexagrammos
spp). fL#%(Raja porosa) K #5125 (Gobiidae), LA
A 5T G T-fifl (Sebastes schlegeli )il £ X 4 (4 1 38
Y& L EWFST, 456 BRI RArgs 2L, BT IRE E
YIRS E Bt R, Il B
AR Nt LI MR S R I, H AT,
SN K SO ) =R 18 = B H 980k 20-30 mm
M4, BOREE s A FAZE 6 H Lia), A
T+ 45 (1990) 84 7€ 1L 7 35 ¥ & B, 1 B8 (Muraenesox
cinereus) fili & = I + 8 , [W] W) 7E fif £6 (Scomber
japonicus) . fif f1(Gadus macrocephalus) . F &t £ 1 5 i
HAFFRI E SN RS E B S H AR
KB, #i(Callionymus spp.) . £18ELL F 4 KK TF 47 mm
B A S A IR ERFgE, 454G HRTr R A
SR, SR T DR L W R S Ry i GG A
Hahtn . . AL RERE M, FEG )RR
] X R S = e A T TE P 1 Ak 22 el i 28 i) B 2R
o Ik, ARBFITEELL 1982 FFLKHFZGS H)KIHE
BB, 3 HTEIN TE Fh E R K =P T E A e
TR B R KA Ak 28 A RN UF & =Pt 11
MECEKR, B KRN, HE 8 H 4 T45i
I, A2 A A R s AR R RN, K, AR
WG IRIREGE T AT T 228 H ) E AWy 0% U5 % B (1)
Kiasfk, UftE%,

TCe H ED HR A A = PR 1 | SN T K U0
B FERAER) 5 A Fa) 2 6 A LA XBsoi s
(1990)WF5E ANy, s v X MR AR 32 22 DL RHIE ik v
(Navicula spp.)F1 5 i fif: 3 (Coscinodiscus spp.) >~ 3= 1)
TR AR, JF HRCE MRS, FiEsh P KR
WG Sh B ) B RS i, = 8 A b EXFERE AR K &

BENAAG B, I EEURMF 5228 2L
KNE., ZDRZA99)MNITINN, BRI ) =¥
W2 -1 4l R e AR 25 LAJEC ARG D1 2R R /N 52 28 B

1 #RI5FE
1.1 B{IEEE HhEEIKE(CPUE)

PN S% )i 4 (Catch per unit fishing effort,
CPUE)E — /M55 8% J7 it B 5 I 3145 1) ¥ 3 2 4l
W, A AR SR LIAH R B 45 A 2. AR
551, CPUE B0 g kg/h, BI4S 45 M4 B 1 h i Hagk i
H i A s 52 19 CPUE $¥is (45 iEvk sl . T EXTEE
YRR TR DL e A I ECE AR Bk A EDK R
SEWEFEBE WK IS BT RHIT N D3 T 3R TS 7K A S
HEAT R R HE R A, A IR A SR FH B RS 6 X S8
SEHME, MERM . MOEERN 6 m, MORERN
22.6 m, WMIEOREKH109.62 m, FHN 63 mm, &M
M HA 20 mm, #iEE A 3.0 kn, JHA KIS
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Fig.1 Survey stations in the Yellow River estuary and the

Laizhou Bay
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36 MR ITEA, RARIE A W EHE R H 2013 4F
5.6. 8. 10 H 4 Mixiyid . R AE, A
Shannon-Wiener ZHEM: 48 50 (H") 55 96 3 MM 785 A 355 It

WIHEAT GOV, TR DT SO AR (R AR N R
AU S8 OBRBE WO o0 . TV PR BT W 4R R,
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Tab.1 The evaluation criterion of food organism rank

P 2% Evaluation rank I I 1] v \Y

IR Y% Density of phytoplankton (10* ind/m?) <20 20-50 50-75 75-100  >100

T B A= M) (CR J8) Biomass of macrobenthic animals (g/m?) <5 5-10 10-25 25-50 >50
AR Rank description fik Befik BAw S RF-5

Very poor Poor Common Good Very good
®2 EBRREBEREN
Tab.2 The evaluation of habitat quality
T -4E 45 %0 Shannon-Wiener Index (H') H'=3.0 2.0<H'<3.0 1.O<H'<2.0 H'<1.0

HE 35 T SR 4R Rank of habitat quality . B Good —J Common # Poor 7% Very poor
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21 REZEMKHTL
211 HEHY AT JEV R, v R S v v B YR Y

IR H AT S G O Y E 2R N . X 1982 4R
PISRSEM KRGS H). 2@ H)MZEIFIK (&
s Wt Sk 28 CPUE WKL pF 5
ZPR R (Kl 2), 2013 4EFFRG A), SIMNERIK )
CPUE {# 0.36 kg/h, 435124 1982 4E[RIIAY 0.22% .
1993 411 0.93% . 1998 4F- 11 7.70% .2004 41 15.01% .
2010 4EHY 26.86%. 2013 AEE (8 H), MBI
%) CPUE A 2.52 kg/h, 233k 1982 4E[RIHIAY
2.18%. 1992 414 3.83%. 1998 4F[1) 48.09% . 2010 4
1) 3.37%. SMACKE, TIRHERILEEE, I KR
liFUk 8h#) CPUE #&AR$A 5 K iR MR, ¢ 2010 4
K28 H) CPUE & KigmFt; MBHELWE, @k
TESM VK S o IR AL rp 7 = L, RS

180 -
160 7 @ 3k £ 2 Cephalopoda A
140 1 0 B 72 Crustacean

201 #8225 Fish

—_ =
B N 0O
S O O O
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RO A b o7 5 5 2 S
212 FHEMIFALKE BT 1982 4E LK SEM
TS 2R E G IR S LR A Y CPUE K
AR 45 1 Bon (8 3), 1EBEZG A), HEXHRY
1982 4F- CPUE & 0.24 kg/h, Frdid¥rshy 0.15%, 1993 4F
S UL S5 R 4 AR vh B X AR (BT 3A) ;X R
CPUE 52 Kl T REkaH, M 1982 41 26.55 kg/h T
R 1993 4F1Y 1.02 kg/h, MUSHERFERAKE, 2013 47
{4 0.01 kg/h(&l 3B). TEEZ=(8 H), HEXHF CPUE
RS FIH R RS, 1982 4F 0.42 kg/h ETF
% 1992 4EHY 1.24 kg/h, 1998 AR Jy 0 (RAHER),
2010 4F 8 A M TF A 0.82 kg/h, 2013 4EN R FIEE
0.07 kg/h (1 3C); HEXTHREE CPUE LA KR TR
O 1982 4E14 13.06 kg/h FREZE 1992 4E[Y 1.51 kg/h,
1998 44 0.13 kg/h, 2010 4E[FIFHE 1.70 kg/h, 2013 4F
N R 0.36 kg/h (K 3D),
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Fig.2 The long-term variation of CPUE of nekton
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Fig.3 The long-term variations of CPUE of F.chinensis and its predators
A: HEXERG A), B: BEG H), C: HEXIFEG A), D: HFESH)
A: F.chinensis (May), B: Predators (May), C: P.chinensis (August), D: Predators (August)
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Fig.4 The long-term variations of CPUE of P. trituberculatus and its predators
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A: P.trituberculatus (May), B: Predators (May), C: P.trituberculatus (August), D: Predators (August)
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CPUE ¥ K FRE#a%, BFEAY CPUE BRIE T
WA ) v X R S A BT R B

213 “RRTFERLHE  EFXF 1982 LK
MEE . BN =R 8 X HBE LY CPUE
KIS R B 4), H2G H), kT
f# CPUE HE A 2 RME T B9, B 1982 4F 19 0.23 kg/h
TREE 1993 4F. 1998 4R 0 (RAHEK), 2004 4E1KE =
0.05 kg/h, 2010 4FHK T REZ 0.004 kg/h, 2013 4E2R
0 CRIFFO)(E 4A); =R FEERH CPUE L2 KIE T
R Ha 3, D 1982 4F 20.72 kg/h K [ % 1993 4 0.77 kg/h,
1998 424 0.10 kg/h, 2004 4F247 0.03 kg/h, 2010 420
0.06 kg/h, 2013 {4 0.01 kg/h (Bl 4B), EZE®Q H), =
JEMe 1 CPUE (RS RIE TS, W 1982 4EY
14.83 kg/h FTFZE 1992 ) 17.37 kg/h, 1998 4F &N
0.03 kg/h, 2010 4E[FITHZE 1.59 kg/h, 2013 £ RN
0.09 kg/h (&l 4C); =Ptk FHERLE CPUE 2 KR T
Readhe, N 1982 414 8.12 kg/h TR 1992 471 2.54 kg/h,
1998 4F{L A 0.11 kg/h, 2010 4E[FTHZ 0.15 kg/h, 2013 4F

M FF%& % 0.01 kg/h (4 4D),

RMERE, B 1982 Lok =yite T8 R H#E
() CPUE 2 K T B #a e, 53 49 CPUE (1K g
TR R T =0 B O AR B R

22 {EREWIKF

ST 7K SV A KT S AT AN S5 R L3R 3.
M 3 TLAE W, HORE, o X AR DL TR
MY N, YR 2011 4E 5, 6 AMAMTRIEA, 3K
VS KSR 1) PR VA ) % B Ol 158.92%10% ind/m®, 1
BHEEH R VRARFE ) ; Hd, 5 AR VAR EE).
6 H Wi FE & (MK, JoIe U B 0 4l A 52 J5 19
MR, =PeR R LIRH i h &, T E X ER
B DU A= . 46 2013 4 5. 6. 8. 10 J
4 AR, SEMS KIS Sh i Ry 52.29 g/,
PERHSE R VAR F 5 Hodr, momiim(s-6 H)
Wi sh Y E Wil 27.33 g/m®, MERFEEHON IV %
FEE)o

x3 ENEVEERERTEN
Tab.3 The density and ranking of food organisms

A YY) Phytoplankton

KA B4 Macrobenthic animals

W] Time % Density (10* ind/m®) H#}%54% Food rank  Wf[a] Time  4:4& Biomass (g/m®) A4, Food rank
2011-05 264.70 Vv 2013-05 24.95 m
2011-06 53.13 I} 2013-06 29.70 v
SEHI{H Mean 158.92 \Y% 2013-08 93.14 \%
2013-10 62.56 \%
S-441H Mean 52.59 \Y%

2.3 EER=ITEM

MR YEA AR B e , #IH Shannon-Wiener Z 4
PEFE B (R GO B8 o A T 43 G, 3 S 7Kk
A AN LS R LR 4. NFE 4 FTLIEH, 17
WAy . ARYE 2011 4E 5-10 H 6 MR EHE, 3
INVEARI A R <27, HPauiimG-6 H)
M SER R 2275 TRIEshY . AR4E 2011 4F 5-10 A
6 MUK AFEIME, SEME KB ER R SR N “—
e, Hoh RO IE (5-6 ORISR N “—7; R
Wish#) . M4E 2013 45 5. 6. 8. 10 A 4 iRy
B, M AKIRA ST SR “—M”, e
[ (5-6 AW EER N “—MH.

24 EREREELEYMNBESH

241 FEXTIE X R SO ] R
FEAYPER AT R (K 5), 5 A, PEXE
SR W A AN 1 20, SN P8 AR L o

R4 BR-BMNEHRERREER
Tab.4 The Shannon-Wiener index (H') and the quality of habitats

I 552 S5 s — pidl} T 7
i ] FUEY Y jl\‘d Egﬁﬁ%
Time Phytoplankton Zooplankton acrobenthic
animals
2011-05  1.23+0.76”  2.20+0.53"
2011-06 1.2840.89%  2.29+0.67%
2011-07 1.62+0.717  2.25+0.31%
2011-08  1.99+0.77"  2.30+0.71%
2011-09  2.63+0.78%  2.57+0.39”
2011-10  2.40+0.67°  2.17+0.52”
2013-05 2.72+0.67°
2013-06 2.67+0.69?
2013-08 2.33+0.85%
2013-10 2.22¢1.13%
S {EH Mean  1.86” 2.30% 2 49?

I OFRMR, OFr—M, OFRE, OFRWE
Note: (Ddenoted good, @denoted common, Bdenoted
poor, @denoted very poor
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Fig.5 The distribution of the density of food organisms and predators for F. chinensis in the releasing period
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Fig.6 The distribution of the density of food organisms and predators for P. trituberculatus in the releasing period
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Tab.5 The long-term variation of the food organism density in the Laizhou Bay
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Analysis on the Reproduction of Fenneropenaeus chinensis and
Portunus trituberculatus Based on Their Food Sources and
Predatorsin the Laizhou Bay of China

WU Qiang', JIN Xianshi'?, LUAN Qingshan', CHEN Wei*, ZUO Tao',
CHEN Ruisheng', WANG Jun'"

(1. Key Laboratory for Sustainable Development of Marine Fisheries, Ministry of Agriculture, Shandong Provincial Key
Laboratory of Fishery Resources and Eco-Environment, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery
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Abstract In this study we analyzed the long-term variation of CPUE (catch per unit fishing effort) of
Fenneropenaeus chinensis, Portunus trituberculatus and their predators in the Laizhou Bay of China. We
also investigated the density and distribution of their food organisms and predators. Data were collected
from 6 surveys in 2011 and 2013 and from previous records. We found that the present CPUE of F
chinensis, P. trituberculatus and their predators all largely decreased. During the releasing period, the food
rankings of phytoplankton and macrobenthic animals were V (very rich) and IV (rich) respectively.
The density of food organisms for F. chinensis was the highest in the Northeast of the Laizhou Bay in
May and in the Middle East in June. The density of predators of F. chinensis was the highest in the Middle
West in May and in the Southeast in June. In May and June the density of food organisms for P.
trituberculatus was the highest in the Southwest and Northeast. The density of predators of P.
trituberculatus was the highest in the Middle West in May and in the Northwest in June.

Key words Fenneropenaeus chinensis; Portunus trituberculatus; CPUE; Predators; Food organism;

Laizhou Bay
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