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2020 45 4—11 A #3703 b 4 75 2 B W B RAEBAE, P T 507 0 ACOR E ik A KRB R K
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TR B T 5 1 SRR AE ) 2 AR AT Y 21

FKEURK X38IE 3, L nT ATEIR 7K X3 A 16 (R o
85, 1963); 2K L RRZ I , 2 = I 2 15 B 7 0
IRRBE TR /K S8 4, B 23R 2K IR TR 5 A Tl K
DXE . RCAER IR EE DS | B TR, EFREERE A
REN SR AT Z —CRoTmEE, 1963), fE3K
[l T 1 O R B A o0 A (R %8 55, 1997, P4,
2006). R FE LA HLIEE N, Wik #EE(Cyanophyceae) |
%% (Chlorophyceae) . fif: % (Bacillariophyceae) . #&H
(Rotifera) il 28R 1Y 32 ZLUH BRI 2R 46, 1997) . A A A
B MRIAK | SET- (RIS, 1982), AR#(Z™
85, 2018) . BRE(MUKZESE, 1997). BIHCRITHSE,
1963) 85 A5 1) R AR FVGE IR T &R (M 4295 45, 2020)
LA, HICTE W DT K SR A AL W22 R
A IHRIA

ARSI 2020 4F 4—11 F E0) 1T i i
BRI, ARSI E A R R G
F.OBI . ALK SR AR A SRR AT R,
LA Ay TR 11 R 2 P SR T R B A SR R A B
TE R AR UERL AR, Sy #m 1 X 3A: SME 5 S5 T 42
HEIERN A= Y22 Bk}

1 MRS
1.1 EIERIE

HAREAE IR T 2020 4F 4—11 H 76 7B H0 1
T R MR (37°26527N, 118°57'59"E [ i )(I&] 1)3% H #
A7 W8 Bl Az F= PR A o B I A S ) R R
CRIIW =8 /)BT, R MR AR R 258 24 h,
HRAE 4 AR, P A RAFERY AT 32 RUBE R 250 m
(M) x 1.78 m (M), FEMME N 18 mm,

N
38°10' 3 Ehig
l>> Bohai Sea

38°0 j%

37o50'

37°40'
37°30' o
SN .
Laizhou Bay — RE
Coastline
379200 1 75’33"517%
Intertidal zone
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Fig.1 Set nets survey station in Yellow River estuary waters

P H S0 B 2 T A SR A
The solid circle in the figure indicates the
survey sampling point.

1.2 #HIFAIE

HE CEEERA LTSS 6 38 WY A )
(GB/T12763.6-2007)X} iR Yyt 47402 . A2 e fn
AN E o B PIRBEHLE 50 RRREA,, DI EERIT)
AR, ANE 50 BN 4Rl e R L
B30 B TR, WS ILHE B S AR RR A
Horp, AW rRE 3L 081 B, MR B A AT RE
fhdt 690 (1),

®1 BEAEMFESTERED)

Tab.1 Sample quantity for data analysis of L. haematocheila in each month (ind.)

TiH 47 s5H 6 H 7H 8 H 91 10 H 11 H Bt
Items Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Total
5 4
WP b ) . 176 51 42 125 120 97 163 207 981
Body length and weight analysis
y 253 i
PERR L BT 120 51 42 90 90 57 120 120 690

Gonadal maturity analysis

1.3 WRFE
131 HhKkKEL>A I 00 2643 A5 3 X R ) 1A

KA EITE 081, 435104 10 mm F1 10 g A
B, kK, REH FROSHESA T, FIH 250

MBI 5 45 H R 11 SF- 5 44K RN SF- 35 (R d = 5 A 3 1
7% 5 (Pauly, 1984),
132 Hh¥k-HhETXAE BRI A K A G ROk
PUF B R A AT LA (Ricker, 1973):

W=aL® (1)
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5 44 4

X, wohikE(g), L MR (mm), a F1 b AT
WEMSE . a FRaBERPZMH T, b HEFH
AREF, TR ARERETIAESIN, 4
b=3 W}, AR, RE R RG2S b<3 B,
F I, KRR RS Y b>3 B, RHIE
SR, RERERKE K P (Froese, 2006).

K F 7 22 50 B (ANCOVA) K 56 4= 4% K H )4~
IR K R E R RS 225, (¢ KR T S50 b
H3mzEs, Azt

_SDW) b3
= SD0%) \/ﬁ xn—2 )
SD(L). SD(W)43 il AR . {4 5 X6 5 i) s 1
I3 I A REAS 1 FUAH 56 R A (Morey er al, 2003),
1.33 i HEWEEEAE N Rt e A KRS DL Y
fetn, —ERRE LW DU et R A KRS o
FIHLLT A #A71H 5 (Froese, 2006):
o Wz}lOO 3)
K, FoORmRALRE, Wbk (g), L a2k
&K (mm).
1.3.4 MR #E VERRSCAEARECHEE A A
WH 6 W WY A ) (GB/T12763.6-2007)%
K, BIRESEATR 5, GitRes A MR R, 4
il A A i BGRB8 AT I
1.35 AKX, o AR L BT R I LA A
1351 AKAH%  RAEKIR VBGF kg
Ry, HAX K (Fabens, 1965):
L, =L, {1-exp[-K(t—1,)]} (4)
Kb, L, (em) R EaZEHHEIRK, K b a2A K%
(@), to AEIEHRL, FRELE B mRIEK R 0
RY4EHSY . >R A ELEFAN (electronic length frequency
analysis) T EEXAERSE L, . K, #FATHE5E

FRSHIIRAEWS 1 HE Pauly 250X 17455

(Pauly, 1979; Pauly et al, 1981):
In(~t,) = -0.392 2—0.275 2InL,, —1.038InK  (5)
K, L MEHE K (em), K AERKER@E™)
1352 & & # A A Je 8 3 AR T 2
(length converted catch curves)it & BT & £0(2)
(Pauly, 1979), AT
In(N,/At) = a +bt' (6)
K, N e ARKA MM REL, Ar AARR A2
10288 e/ IMA R A K 8 B AR BT R] - ¢ R A 7
20 X5} N7 AR AR (years—ty), TG FIEHE 5. 0L <0
VEAN SR FH A 430 b 7 19 A 1 B R 8 3 T 30 1R I 1R 4F

A,
.n.r

A EE” S BEBURE T (Pauly, 1990),
A 2R A LB (D) o

BAET R E(Z) Ml

— WA Pauly 2500 AORMER RS T: R AL
(M) (Pauly, 1980):
IgM =-0.006 6—0.279 0 gL +
0.654 3 1gK +0.463 4 1gT (7)
A, L, WETEAK (em), K HAEK#EEQ!Y), TH
- 7K IR (°C) o
BT R B IH R ARY
F=Z-M (®)
1.353 FRIFLEF A FERZRE)HHE AN
E=F/Z 9)
— NN EGE T AR 0.5, FELLIL R A a2

T 2% A H A9 2 B (Gulland, 1971).

Tl B 2 1 1 () 2 AR 5 Ut ARt e BRI A5
Shy 2 [0 A v R AP 380 19 80 i X 7 ) L (L
W HE (] 52 2 5, 1988), TR K (Ls)) M
S=0.5 I xsd B A o A5 PR PR RN R AR YOG
RFRN:

1
S =—
J 1+ e*"(Lj*LSO)

X, LR, S xRy iR, Lso MR,
r R

2 HR

2.1 i, KEHARK

4—11 H, & FOE R SR IR K /E 45~460 mm
ZW, FHEK R 149 mm; EREAEK AR 55~
185 mm, (§2FAMAR 70.03%, 7 22004 1 Wos,
8R4 H SF- Y IR K A7 A 3 22 5 (P<0.05). Hi, 5 A
MESEH R K R, N 229 mm, EHEAEKAN
135~155 mm. 215~275 mm; 9 JJFHEKRE/N, K
110 mm, PEFEARKL K 75~105 mm; Hiftl HSFEH 4k
Kl REVMEK ] 4, 6. 10, 11, 8 F1 7 J, FHik
K510 196, 195, 153, 134, 123 Al 113 mm (& 2).

A AR, BRAVIKELE 2~1100 g ZME], Pk
N 83 g, HBIREAH N 2~80 g, KKK

(10)

75.40%, MMKERE 238K, 7 Z T RIE, 8%
AR AR B3 2 R (P<0.05), Hidr, 5 AAE

ERERK, N 207 g, RBEIERER 11~60 g FI
121~180 g; 9 A MR-k E /N, F 26 g, A
HAN 1~20 g; HAb AP0 E i KRB/ MRIKH 4.

6.8. 10, 7H 11 A, FHEELSFIH 159, 90, 75,
65. 60 F11 47 g (K 3).
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Fig.2 Frequency histogram of body length of L. haematocheila from April to November
in the shallow coastal waters of the Yellow River estuary

22 K MEAEXZEREATH

BEYA] 130T 2 Vi R4S A B 4 4F B R K R 1 bR
B £ B (P<0.05) (K 4), ANOVA K504 s
25 H R A K AR 6 R 25 5 1 35 (P<0.05)(& 2).
ZMR T a S KIWHA N 9 A(7.10x107%), HkH 7 A
M8 H, 10H. 4 AMS HWEKMHFALE, 6 HRf
fe/he ARABE b WAL a M, bHE9 i
AN, K265, HABH B b AR K, AP AR~
KF K W=3.17x10"L*** (R>=0.980 5, n=981) (& 4), %
(KT, bHS 3 25 B E(P<0.05)H b<3, FHIERM
AR RAC AR
23 MBHERZERATL

B 13T e VAR P M P 5l oM 8, 4—6 A
NS BEZ A TR, 7 AR, 7—11 H B8R0 R
R sh, BARETFREEE. 6 HRIEWHEEREI, N
1.102, 7 ARMNETEEE K, o 1.535 (F 5).

24 ERRELAE

AN]SR AP R B A B 2 B, LM R B
JEAFTE A AR b, B A PERRR 2B 0 T AR 5 H
B 50%, Hidr, 4 AR AT T WAMKRT &
Fe AR AT fe/lN, o 54.62%; Ferk Sy T T #1
A, BE & HO 5351 K 34.45%F1 7.56%; A DIV
ARV IAAME, 20510 1.69%F1 1.68%., 5 H HBLVI
HAANA, BT LRR 11.53%; T B0 1T A& T 5
FA5 53 53] R 84.61%F1 3.85%., 6 H F1 7 H iaikyyhy
XA T A TR A, 4350 5 % 3 AR
85.71%. 14.29%%1 83.33%. 16.67%. 8—9 A, #&HY
PERRBCAEE HA T~ b, IR A53 531 o
M HAMAR 10.09% . 5.50%F1 14.04% . 8.77%. 10 H i
PRIV A, B il 2.48%; T 3. T3 A A
PBIT b7 EE )90 5 87.60% ., 3.31%A11 6.61%., TEFTA
JEAH T, 11 AR E A TR S e flER,
H93.28%, FLAAMAME RS T AR, pr



24 W B B 9 44 %
25 ¢ 44 April 14 5H May 18+ 6H June
S 2 S 12t S ler
14t
g g0t g 12+
§ 15 § gl 810l
2 2 2
& 10 A 6r & 8r
s 2 4 R 6r
e, i
= a2 nom noom omm = 2l o
zzjgi—’-zz:';zuzzzzz:TTY;??zz'x?§'T°f3’T:l zzg—'v—zvuzzxx111111?7?1;171'11771;12121 zzgz-ixxzzzzz11111111‘7‘\;‘17111{1’1172121
AT Body weféﬂt/g o= {A3E Body weiéﬁt/g o= &3 Body wefgﬁt/g o=
. 80 7H July . 70¢ 8H August L457 9H September
$ 70 $ 60 $ 40
£ 60 250 f 035
g 50 k| = 30
g 8 40 325
5 40 53 53
& % S 30} 820
2 5 2204 R 15
&2 K ol K10
i N fm S .
0 0 JTHIm =% 0 [ o
zzz-l-lxzzzuuxzzzz1x‘131111'1’$§'7°1°3‘53? N R A R AN _I.ll.luizzzzzz‘z‘;‘u}gz‘z11111?‘17111'?\?111--7
5 RREeTRNETIRE g 5 FoSRNETIRE g 5 SRRt e e ]
{&FE Body weight/g - & Body weight/g - {A Body weight/g -
- 301 104 October - 351 11 A November o 0.30 44E Annual
3 25t 3,30 3,025
£ 20 g25 £ 020
S 820 S
5 15 5 5 0.15
A~ 15 ~
» 10 10 3 0.10
R s R R 0.05
5 .
]~DI el o nem o an o ]~DI 0 ndla ]-ﬂI 0
zzzilzzzzzx1zzzzz:TT‘2:‘21111'1’§§'?°z°3‘§3§ zzi—lzzzzzxx111111?7173111'{2’??7?3‘?'—; _I..ll.ilx11zzzz??c‘\z':'z111113‘2‘2111%'\?'773‘5-?
S e R AT R LR AT YRR g ¥ SR RRTEeR s ¥ SRR e
{4 F Body weight/g - A& E Body weight/g - {A Body weight/g -
B3 4—11 J B0 FT 2 VSR A i 40 A1 A0 B 7 1A
Fig.3 Frequency histogram of body weight of L. haematocheila from April to November
in the shallow coastal waters of the Yellow River estuary
x£2 41 AEAEFRSE®BRER-KEXR
Tab.2 Length-weight relationships of L. haematocheila from April to November
in the shallow coastal waters of the Yellow River estuary
TiH 4 A 5H 6 1 ;| 8 1 oA 10 A 11 A s
Items Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Annual
22 A1 A -5
,«#F?/XIO 1.97 1.96 1.74 4.80 2.57 7.10 1.98 2.47 3.17
Conditional factors, a
T
’_'tkij’azz.fl 2.92 2.91 2.92 2.74 2.86 2.65 2.90 2.87 2.82
Growth index, b
FEAL 176 51 42 125 120 97 163 207 981
Sample number, n
R? 0.934 0.940 0.925 0.988 0.994 0.975 0.985 0.987 0.981

i A3 51K 5.04%F1 1.68%(1#] 6).
25 K, ZTRFEMARR
FIFH ELEFAN Jrikl ey A sk, xHA:

B SR AT R0 (0 8), SR EET- REHN
1.42 7', HRAE Pauly 50N, BRAY FARFET- R UMY
BLERON 0.51 a7ty HUILITEIRTS, SIEIET R
. 1 0.91a !, HIF KR H 0.64, F W 0 5 1R

=

IS

BTG 7), BRI A KT R
Lt:608(1_e—0.3l(t+0.39))
BRI SSE T R BOR I At 437, eI —E Y

GEURAFAE I BEF IR DL
MRYEHARINLL, FIIAZ 7, SKATBU B i 1
FRES A P P A R TR (Lso) My 57.4 mm (] 9),
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Fig.7 Length frequency distribution and growth curves
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P, —HEFFEE] 5 A (WS, 1982), AWF5EHH
E B X A] DI R SR A R A S5 R, 4 A
5 A 2 DB, 2 P i A B B AR
WA R K= DI R R BN R . 5 AT, FRBRJE )
AN )3T 1 X RS R, IR N ARTE 6 A
JaA B BRI R K X, IS S A
YUFMERREL S 6 H 1 165~225 mm, 50~150 g,
FAE) 7 H ) 45~85 mm F1 0~10 g, ifif 7—11 H BY-F1y
[ NINEENEIRZSUS: by N 0N AR S e N R E R S
A3, WM 7 HIFG, B0 0T R K X R
I3 R R AR

3.2 EEFMH

BEIA] 130T R SR AR AR, Pk AR R & B /Nl A
TRBT 5 LR, PERRBCRVE DL T Wk 3 2R flss:
(1982) R4 45 1, 7 hifg [ — g IX O8R4 e )5,
P B A AR T 2~3 N, BT 1G0T R
WA, A4 AIEZ VMV B EK, 5 A
BEVIANMA, 6 4—5 HJEERAVEFEY], X 52401
S (1982) X IR Y 7= U1 BRI 5 485 SR AR DL . 18 2 3]
[F45 6 A A ¥R 2] TEREH/INNMAE (<100 mm), X
. 3% B BT 1S5 BR 1Y) 7 B T T AR A .

3.3 &k

B 130T R R SRR A K R B X R 1 b (B 2.82,
R A 1 Sl A K, ARSI /NTFRIT ORI b 4
(3.124 9)(4 ™45, 2018)FIAL Al LIERIY b {E(2.954 5)
(MH4:7E %, 2020) BFFE R, PR SRR AR (5K FE
5, 2010), MBS RE M BL. B RO HTAE,
2015). BMOWEEE . MR GESE %, 2004)%F
HZEAEFE b HHES

BRI FIEL T 2 B AR IS A S2 e, PR R Y
I~ A, T EERER AR, FETERZ
ARG DT, DA RE 6 B A e 5 I B AR 8 MG,
EH, HTHEEREED A ERET , RIIEWE
TRE(ZEI LS, 1982), 4—6 J BEIA) 13T 5 T I e v
AT, SBURWE TR, mzT7H, ZREHK
APRE I 2 B AR R A K X, SR AR K 2 MG
WA, REWEEE TS . S — I, M OGRS R,
1 2 0 6 B A7 LR B A R OK IR AR I R 1 52
Wi (ZEFR5E, 2017). 7 A, S0 E0UK R R,
KRR, X ERIN T T R

MR W, Wik LA Kk/h—ERRE Eal LA
S L0 SRS B AR fh i B, o BE B o S sl 2k
FREELS ) /NRAE AR IR AL , a2 p iR Kt &Rt

WNIELLL 2009; M4 A, 2020), BRI T
S R R R (BT R 608 mm, 3X—45 5
JUEE/INT 20 2D 80 ARARINAHR Y HHI 4K (620 mm),
A5 F 2018 AL Y] R AL (44 (404.3 mm) (M4:75
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Abstract

In recent years, fishery species have decreased in size and quality in the Yellow River

estuary seas due to the effects of climate change and human activities, such as water and sediment

regulation of the Yellow River, overfishing, and sewage discharge, among others. At the same time,

the fishery resource structure has changed greatly: Small-sized fish with low value, shrimps and crabs

became the main catches. To conserve natural resources and maintain local fishery harvests,

conservation efforts such as stock enhancement and fishing quotas have been employed. Research on

the biological characteristics of important fish can provide a scientific basis for the rational utilization

and stock enhancement of fishery resources in the future, and it can also offer support for making

relevant fishery policies.

Liza haematocheila is an economically important fishery species in the Yellow River estuary

and mainly feeds on zooplankton, phytoplankton, and organic detritus, which limits eutrophication

and promotes energy and carbon cycling at the ecosystem level. The species plays an important role

in ecosystem function and the maintenance of biodiversity. This study investigated the biological

characteristics of L. haematocheila to provide a scientific basis for its conservation and rational
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utilization in the Yellow River estuary. Furthermore, it can provide basic biological data for the study
of ecological restoration in the Yellow River estuary.

This study evaluated the distribution of body length and weight, the relationship between body
length and weight, reproduction, growth, death, and development. All of the analyses were based on
sampling data from set nets between April and November 2020.

The body length range of L. haematocheila was 45~460 mm, the average body length was 149 mm,
and the modal body length range was 55~185 mm. The body weight range was 2~1100 g, the average
body weight was 83 g, and the modal body weight range was 2~80 g. Both the average body length
and body weight were the highest in May and the lowest in September. Overall, small individuals
were the most common, and individuals with a body length of less than 200 mm accounted for more
than 78%. Analysis of variance showed significant monthly differences in both average body length
and weight of L. haematocheila. The relationship between body length and body weight showed a
strong correlation within and between months [W=3.17x10"L***, (R*=0.980 5, n=984)]. The growth
of L. haematocheila was negatively allometric, with the growth of body length being faster than that
of body weight.

The body condition of L. haematocheila decreased with time, though it increased in July and
fluctuated with a downward trend from July to November. The nadir body condition was observed in
June (1.102+0.173) and the peak body condition was observed in July (1.535+0.467).

The rate of gonadal development varied from month to month, and the proportion of individuals
who did not reach gonadal maturity was large, with an undeveloped gonad proportion of more than
50% per month. There was a peak spawning period from April to May.

The growth curve of L. haematocheila was fitted, and its growth parameters were estimated
using the ELEFAN method. The total death coefficient of the population was estimated using a
length-converted catch curve, the natural death coefficient was estimated using the empirical formula
of Pauly, and the population development rate was calculated. The results indicated that the
asymptotic length (L) of L. haematocheila was 608 mm, the growth rate (K) was 0.31 a ', total death
coefficient (Z) was 1.42 a ', natural death coefficient (M) was 0.51 a ', fishing death coefficient (F)
was 0.91 a”', and its population development rate (E) was 0.64. The L. haematocheila resource was
overfished in the shallow coastal waters of the Yellow River estuary, and its open fishing length (Lso)
was only 57.4 mm in this production survey.

Fixed-net harvesting led to overfishing in the Yellow River estuary from April to November 2020,
with juvenile fish and supplementary stocks experiencing the greatest impact. We should reconsider the
management strategies for L. haematocheila in the Yellow River estuary, and promote stock enhancement
at the same time. Artificial propagation technology for L. haematocheila should be considered for
supplementing L. haematocheila in the Yellow River estuary seas. Research on the release time, release of
krill size, population characteristics, growth, and development should be addressed to provide an
informed and scientific basis for stock enhancement.
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