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I IR A A AL . IR L R BFP2EA
YRl ZREVE Ko 2 VR AT B 3 SR AR 3l 457 A st ] 3
WL 1 FIE 1,
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RUVEHE AN, SR A4 M,k 3R )2 46 )
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RIS TR FEE IR ERE, iz
F—PMeoc, JHHR 2 L E B Bl sk
MAEL, KB BALIEDE (24, JEm . iR
1. R4 FEON) FnAFHESD M (RTINS
frfn | HEfFILh10),

1.2 &IpfFHERESHEMMAL

A5 BT FH AR 25 8 B A A AU 59 B (eco-
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& R JE A sl A AR AR, LA 1982—1983 4
A RAE AN GIONAE R 1), RA R TR L
P (generalized linear model, GLM), % JE i #;
BB A 404 (X, zone) FIEUHE N E FRE
(WA, month), 43HIXTAN WA AT (year)
SR FAHE A 2 (cpue) A TARMESL, RikzUh
Glmmodle<—Im(In_cpue~factor(year)+factor(zone)+
factor(month)), L #4 # %% I = & 48 4 (abundance
index, AI) 487~ /A~ [R] P8 28 B30 46 O | AFFfE £ A 259
JEU At O R AT HE fa R ECh 25 50T H B 8 N Bl AT
HEE Y FIEL

1.3 GSIMfFHEEMBEMEMERERL
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Tab.1 Survey time and number of sampling stations during different survey periods in the Laizhou Bay
i A 54 number of sampling stations / Y Z K ]  survey time (month-date)
year 5 H-HE R M K
spring spring-summer summer autumn winter
1982—1983 20/05-06—05-19 21/06-07—06-17 20/08-05—08-27 20/10-07—10-25 11/01-28—02-05
1992—1993 15/05-25—06-07 15/05-25—06-07 13/08-08—08-18 17/10-07—10-21 10/02-15—02-21
1998—1999 17/05-25—06-04 17/05-25—06-04 15/08-05—08-13 18/10-08—10-16 14/02-01—02-07
2006—2008 29/05-28—06-01 29/06-14—06-19 21/08-22—08-24 15/10-24—10-27 —
2011—2012 17/05-06—06-11 18/06-09—06-12 18/08-01—08-05 18/10-19—10-23 18/03-21—03-27
2013—2014 17/05-17—05-26 19/06-18—06-26 14/08-10—08-20 16/10-13—10-31 16/02-23—03-05
2014—2015 16/05-17—05-26 16/06-15—06-24 22/08-13—08-22 15/10-09—10-24 19/01-09—01-20
2015—2016 25/05-17—05-30 23/06-13—06-25 27/08-05—08-17 — 14/01-09—01-28
2016—2017 26/05-16—05-26 26/06-18—06-28 27/08-02—08-12 24/10-13—10-26 21/12-15—12-24
2017—2018 21/05-22—05-30 22/06-10—06-19 22/08-10—08-18 22/10-13—10-26 21/03-21—03-29
2018—2019 27/05-24—05-31 22/06.14—06.23 23/08-02—08-11 22/10-19—10-28 28/03-29—04-02
e sl
Notes: "—" means no data
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Bl ZRAEREAFEMNEEN. FHEEXEFEXGMBENALE
(@) 1982 4E 5—6. 8. 10 H; (b) 1983 4= 1—2 H; (c) 1992 4 8. 10 A, 1993 4 5—6 F, 1998 4E 5—6. 8. 10 H; (d) 1993, 1999 42 H;
(e) 2008 4£ 5—6 H: (f) 2007 4£ 8 A, 2006 4 10 H; (g) 2011, 2013, 2014 4£ 5—6. 8. 10 H; (h) 20124 3 A, 201442 A, 2015 4E
1 A5 (i) 2015—2018 4F 5. 6. 8+ 10 H: (52016 4F 1. 12 A, 2017, 2019 43 f

Fig.1 Survey area and sampling stations in the Laizhou Bay in different survey periods

(a) May, June, August and October in 1982; (b) January-February in 1983; (c) August, October in 1992, May-June in 1993, May-June, August and Octo-
ber in 1998; (d) February in 1993 and 1999; (e) May, June in 2008; (f) August in 2007, October in 2006; (g) May, June, August and October in 2011,
2013, 2014; (h) March in 2012, February in 2014 and January in 2015; (i) May, June, August and October in 2015 to 2018; (j) January and December in

2016, March in 2017 and 2019

oy A HE £ A AP 2 (dominant species), HE A2
(important species) FIFEZERZ (main species) ST

IRI = (N% + W%) - F% (1)

IRI=N%-F% 2)

AR (), N% KB A R R £
B A7 £ AR B B o £ D SR £ S 1 L B
W Yo Sy BRI I A b A v B Ao £ D B4R #1224 40
s, T N A HE ) AR N, PRk
AEEAYRE, REENMEX -RHER, R
AN LA AT (2). BUIRIER T 1000
RN A 0 R B HE f A 3 s £ B SR
2 IRI{E N 500~1 000, fF7E £ 55 22 F0 2 IRIH A
350~1 000,

14 GIMfFHESMMEIHEMEKTEREMEESR
K o R BT, RO AR AN G 2L
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[Shannon-Wiener index, H', vz (3) ] fll Pielou ¥4
S BEFREL [Pielou’s evenness, J, A (4)] T 3K
DM AN (] ] A Bk 380 4 2 74 £ B FIAFHE £ 4 Fb 24
s SR B 2B J7 1, B Jaccard #f 7% Fh 2%
ZH A AH ) P 48 2L [coefficient of community, CC,
I3 (5)]1 RIS T A 2 R T R b SR LR B Y
SRR R Ty LB AAE ] (S RUN BRI (0 BRATAE
AECE TR AR

A G) M @), S A R A A2
fa S LA TR R b B A £ DN slAERE R 2B, P
S RV TR ER i o B A AE €0 £ B BAAE £
S AR AKX G, S A LR
1] £0 28 LR BT PR LA RO 2REL, S, F0 S, 23l S P
AR 25 B A A S, 24 CC 2l 0~0.25 B,
TEVE Z B ASAHL; 24 CC Ry 0.25~0.50 B, #ETE
Z I AL 2 CC o 0.50~0.75 Iif 5 FEFR 2
] FF AL 24 CC o 0.75~1.00 B, FEI4 22 )b
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H' =~ PP, 3)
J =H'/InS; C))
CC =S8,/(S;+Sk—Ss) &)

1.5 FOREAER LB AR LB S

HRAJE #1138 X 2R 73 26 O SCRR R 5 1 K M 1
77 BR SE AR )35 R 28 AR 43 SR 2 A (warm temper-
ate species, WT)., BE7KFf (warm water species, WW)
¥ IR Fh (cold temperate species, CT). R 3E X1 #
AP A0 A 2 A SR SN T 7 B SR AR R 53R
K Bt 48 ¥ K IS )2 £ 28 (continental shelf demersal
fish, CD). KFEZEE /K H g2 #13E (continental shelf
benthopelagic fish, CBD)., K2Rk F 2 A%k
(continental shelf pelagic-neritic fish, CPN), K48
4 HE P f1 28 (continental shelf reef-associated fish,
CRA). K il 8 K 3 it 4 v 1 )2 8 28 (oceanic
pelagic fish, OEP) H1 K ¥ IR 7K Jit )22 1. 28 (oceanic
bathydemersal fish, OMP),

2 iR
21 EMEZEAINMABMESEESTTH LM
FRERT L

T 40 43k, SEMIE FEFEEIEST (5. 6 A1 8

H) # IR A 1980s 19 31 Ff . 1990s 11 23 Ffr |
2000s 1 18 Filt, ZUK T FEZE 2010s HHAY 16 Flt (4R

% 207 . .35
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s 1S |\ e mEE
g i species number of fish eggs 55 iﬁ%
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s LS 1.0 ti &
KE, b 120 =
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= = 0.5
& 3 | s
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survey time

(@)

AR BT IR L AR 5

species number of fish eggs

JE 1980s [ 43 Z —). 2010s H1 1] (2015—2016
Y If, MERAEGE A T, E 20172018 4F3k
29 Ffr, 2018—2019 44 25 F (1K 2-a)., 157484k,
SHERINER G H) MEBEEZE (6 ) RERME
PR Z, EE Q@ H)IkZ, B A0H) fiZk
A, &7 (12—3 7)) BRRERNTE (E 3-a),
K IRk, B TR B 2R A A0 O A g R B
S, BAEREET S FEMINFIEHR 1980s
[ 14 FRAT 1990s FIAG 21 F, B FFEZE 2010s
w6 Fl OF E 1980s 1) 5y —); )5, fi
BRAR B B TF, & 2016—2017 4E 1K & 1980s
K, 3k 16 Bl (18] 3-a), HEZE, MAOUIFMELH 1980s
1 26 B, BRI E 1990s #3215 . 1990s
J& IR 16 FHAT 20008 1457 EARME 11 B (O /2 1980s
) 532 —); 2010s Tiij 5 O A A5 24 15 72 3R K
F, H 2010s TG IR A IIMECE LG 2, 2018—
2019 4F 3k 18 A (K] 3-a). K Z=FIFkZE i 2HL £ O Fp
B, HRHMBMECh 6~9 F, BFh 1~
2 Fp (&l 3-a).

1980s fa ) AT} 1, Z 1990s ¥ 1 Bk F+ &=
1.82; bJA, bl AT 2RI B, = 1990s 50
0.41(KN & 1980s [ — 432 —), 2000s W]k % JJj 51
fIAEL 0.05(1 A 1980s 4EAY — 1432 —). #EA 2010s,
0.0 AT ZEFEAR K SE X JA] (0.06~0.30), FT4Fk £ 51
AL{EIEAEITF, 2 2018—2019 4E4 0.30 (A2 1980s
1) =53 Z—) (Kl 2-a), =484k, fERF-34 5
FE (AEDN, N/M) ZEFHERW R . BE ) B,
5 7 AEDN 2 TR, TR XU

1 40

e (7R £ B YR PE TR AL

g Q
=922 abundance index of fish larvae{ 35 =
2 =8 a
b {30 3 =
5 17+ g
5 {25 % 5
212t ik
o {20 & 3
o i+ g
=) 0.7 + 2 NS =~ u
8 U AT R {15 28
g species number of fish larvae 3
£ 02 : : : : 0 &

1 2 3 4 5 6
WEESR
survey time

(b)

2 SRNER RSN (FEH) 800 () FFHES (b) SHRFERBMFAEY
1. 1982-1983, 2.1998-1999, 3.2011-2012, 4.2014-2015, 5.2016-2017, 6.2018-2019, &3, 5[

Fig. 2 Abundance index and species number of fish eggs (a) and fish larvae (b) across

different survey periods (year) since the 1980s in the Laizhou Bay

1. 1982-1983, 2.1998-1999, 3. 2011-2012, 4. 2014-2015, 5. 2016-2017, 6. 2018-2019, the same as Fig.3 and 5
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Fig. 3 Number of species and ecological density to fish eggs and larvae profiles in the survey seasons across

different survey periods in the Laizhou Bay

(a) number of egg species; (b) ecological density of fish eggs; (c) number of larvae species; (d) ecological density of fish larvae

F AN (B 3-b), KM, FFD) AEDN
i 1980s 1Y 2 233.15 A~/ K T+ 2 1990s #3517
T 1H 87285 N/ 5 1990s Jii ] F %k & 6 633.94
AR, 2000s KBk Z 385.17 N/M, % 2010s )48
B2 5 S ARAE 54.35 /M R E 1980s () —+43 2
—); H 2010s /545, A58 AEDN 230
T, 2 2018—2019 4Eik 1 473.61 41K (& 3-b),
H X {0 AEDN ik sh a8 HFZE, 1980s
3920.95 /M, 1990s WIEKF+ 2 87 285 1~/ =
1990s J5 HWIHLHE TR 2 6 633.94 45/, 2000s K 2k
27 AIRAE 49.59 /MR 1980s HI-E 02 —);
2010s Rk 274.75~2 853.31 AN/ X [A], 2010s H
Je 10 146~983.14 A4~/ 7K IX 8] (8] 3-b),
Hiefk, EZEEN AEDN 1F 1982—2014 4E0 23.57~
94.89 N/MIX ] ; H 2010s HHEMALA, A% E
IR EAE 17715 A/, KR, Bk 2 £ B
AEDN % 98 £ b5 1 2% B 5 841K, 1980s 1Y 9 4™/
W [ % 2000s 1) 6.40 4~/ , % 2010s AEDN iy
0.44~1.90 4~/PIR7K - X [H] (& 3-b)s

22 EMNEFHEMHEYE. FTBEEFHTR
MERRT L

AT 40 AR, ST T A R A A HE £ R0 B
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1980s 1) 31 Ffr, 1990s (1) 26 Flt, Z UK FFEZ 2010s
HIYIAY 16 Fh (10 1980s 432 —); 2010s 1A
FFHEFAEEITE, 2018—2019 4ET12 25 Ff (18] 2-b),
Tl A& A I AT HE AP BT R 2
T, IEFEEERFNBREME; ERHE
MREUT R, BRI IR B NI AK, &R0 A
—EMATHE (B 3-0). KAk, EMERES
FFHE RN RO RSB R TR gk, H 2 AT
MEf AP A 1980s 1Y 12 Ff, B IK T FEZE 2010s A
WIRy 3 Fh s 2010s 5 DRy 7~9 X JE] (& 3-¢)s
#5527 BUAFAE £ AR5 1980s—2010s #0410 11~
16 F, 2014—2015 4F [ 2 5 2 (IR A 6 Fl; 2010s
R IR E N 11~13 (18] 3-¢). H Z=H AT HEM
Pl R 1980s 4F 19 12 Fh, & K L F+ % 2000s 1
20 Ay A 2010s fFHE@AFNECK 8~12 F (& 3-¢),
Rk L AT HE AR R BRI, 1980843 1 s 1990s
HIHAA 5 A, 1990s HE AR 2 F; 2 2010s W)
WA 1A, 2010sH7 J5 W b A7 £ b 55028 A 328 1

FFAE 2017—2018 4F- % Jj £ = B 7 Fl (1] 3-¢)0 &
Z AT HE A AR BB AL, RIS 2 R T
B 1980s L HI R 1 A, 1990s i 3 Fh, M)
FFHE (L FPECAE 2~5 FRIX EIE S, 2018—2019 4F35
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ALN 1, % 1990s J5 T2 1.35, 2000s ik 07 5 =
{H 1.89; # A 2010s JEHEf AL ETE 0.92~1.23
X [a] (B 2-b). Z=Ti484k, fFHEf AEDN 7E4 64
B 2 T R Ay, R R R RAT
MEf 704 (K 3-d)o K24k, AH IR 2= 95 47 HE
AEDN ¥ 2 R ZUAFE bR AR R 2l (K] 3-d). FZFE
AEDN i 1980s 1 23.90 >/ % i 3 % 2000s )
56.03 /M5 HJETE 2010s WA R 2 5 S ARAE 0.29
AW, 20108 HHHLRAFHEf 2 H BT, 2016—
2017 4E Z 7 S & 319.50 4A~/M (1 3-d), HEZE
AEDN J% s Fe M I 50, 1980s N 6.86 /M ; &
1990s J&5 1k 46.35 4~/ 5 H 2000s J5 ] & 2010s
VI GEFFTE 14.11~14.45 4/, 2013—2014 43K
Iy s 227.50 4~ /M, 2010s 1 ) 7E 4.38~
43.35 A~/MIX [A] ([ 3-d). H Z= AEDN £ %75 R
A, 1 1980s 1 12.55 AN/, 542 1990s J
WIK 99.44 4~/M 5 IEJ5, AEDN #3h F47, 2000s
HHR 39.14 N/, 2014—2015 4EZ 7 SR 4.23
AN/ (K 3-d), FkZ AEDN 84k, 78 ka3 2K
K2, 1980s 4 0.05 4N/K, 1990s #7312 by 4 i
3.59 /M IS R ATIXE], Z 20108 #]
12 Py L ARAE 0.06 /K5 MG/ B3 BT, 2010s
JE AR 1.14 A~/M (Kl 3-d), 425 AEDN, 1980s 2}y
0.09 1~/ 5 1990s 1 J5 HA K 4.64 4~/ 5 2000s J5
112 2010s ) ) 4 FR 7E 0.28~2.50 4~/ 5 2014—
2015 4F 2 J7 2 1 13.42 4/, 2010s H1 5 14
0.57~1.36 /M (& 3-d).

23 &Of, FHSBMNEMEMEBMASFTE
WFRIF KPR

=L, N RS IR AR AR 2
RN E SR B R PE CPN, CD. CBD il CRA
2 B3 ER O A K E CD # CBD i
KA FE; ERERIRBIBKTE EZ0h CRA 25 4R
KA TEEIN (R 2), FUPREIL, HEMEFE
FAR A E BRI, 1980s N B I /N CPN o
KT W /N> T 4 (Sardinella zunasi), B (Kono-
sirus punctatus). %t (Engraulis japonicus) F1Hg 514
/N CD 025 4E8E (Callionymus beniteguri); 1990s
B, 1990s J W6 | BE#RE | BE/KHE CRA
101 05 B (Platycephalus indicus) FIBE I PE CBD ff28
W 4 1 (Nibea albiflora); 2000s >4 1 1 /K ¥
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CPN ff1 2K Jf B 42 8% (Thryssa kammalensis).
CBD faZs kit (Pennahia argentata); 2010s #]1
NBEE | GRANARS , 2010sH B 62, 2010s J5 3]
i . WK CBD a2 4 fh (Johnius grypotus) Fl
% PE CD 8 2 W) 240 5 (Cynoglossus joyneri)
SEOCHEE A B 2 b T e I [ Ok G S s
Je 201740k, Wz PE CPN fi ¢ i AT B 62
(Scomberomorus niphonius) L3 & B E LT, S5
BRI I [ 2H A el RS (3R 2). H L
FIE BRI, 1980s Dy K W) 2131 851 il /> i i (Sil-
lago japonica); 1990s ¥] 1 2k 5 W) 2175 5, 1990s
Je 393 by JR Wy 41 5 R K P CBD £ 28 /Nl
(Eupleurogrammus muticus); 2000s H1 )5 1] % 2010s
030 ) 21 880 B — LSRN s AR Ry
AR W 215 S5 0 /D % i DAy (I Sl B RN (3R 2),
B2 19801t 35 I EE 22 A0 2y Rl 1 CRA £ 264
fii (Lateolabrax maculatus); 1990s Fiil A &E FIFE6
1990s Ji5 191 Ay 6 8/ 71 B2 it 1 CD £ 282 3 75 85 (C.
semilaevis); 2000s 115 B AEES 1 Fl; 2010s F5E
B, S AR 85 SRy B I Bl R 2R
(# 2o

R, ENAFHE A TE R TR B I
I E AP DIBE IR CPN 25 F1 CD 125 35
B2y LA K PR AT i 9 CPN 5261 CD
R F; I FENBRIRIER CRA 28, #5
i 399 % /K P CPN B OEP ff1 JS A #4 BE b FH B by 1
P B, AFEDREMEN CD M E,
AR B IR PE CRA R EE I U P sl
HEME (K 3), FUREL, FEENHEZLFLS
FIH ZERH2E 1980s LARZ IR E CPN 380 £, fnk
(Liza haematocheilus) . 2 FV> KN 44 (Hyporham-
phus sajori); H 1990s W45 2 2010s T, BREg
ik CPN 2641, WRIEME CD A7 HE fa L #
FHAE LT RO P s RS, A 1990s Y 15
2 FNEF B B (Syngnathus schlegeli), 2000s ) 7
2 &2 WF 5§ 1 (Acanthogobius hasta), 2010s B 7% &
YR B ff1 (Chaeturichthys stigmatias). 2 %4 4F FE
(Tridentiger trigonocephalus) Fll 2 #f§ (Acanthopa-
grus schlegelii) %5 ; 2010s W J5 1 56 5 S0 % | BE 6%
MBS . B E R, 19808 iz /K Pk
CPN 28 H R B (Hypoatherina valenciennei);
1990s Sy W 7K £ CD £ 26 /B % F1 CPN 4828 7 5
B fig . W% CD 8 283 6F (Sphyraena pinguis);
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F 2 1980s LURSEME & HERTHA @ B2 02 (IRT >1 000) FIEE (IRI >500) 702 B H A& R AAE S 28
Tab.2 Dominant (IRI >1 000) and important (IRI >500) species of fish eggs with temperature adaptation (TA) and
habitat types (HT) to the spawning stock in the Laizhou Bay since the 1980s
At gy  OAEER v N ERIY RN
month year dominant and important species temperature adaptation habitat types

5H 1982—1983 fit  Engraulis japonicus 0.54 0.70 3777.49 WT CPN
May BN T 8 Sardinella zunasi 0.11  0.65 725.78 WT CPN
BE#E  Konosirus punctatus 0.11  0.60 637.57 WT CPN

4t Callionymus beniteguri 0.07 075 556.17 WT CD

1992—1993 filt  Engraulis japonicus 0.96 1.00 9 606.46 WT CPN
1998—1999 fit  Engraulis japonicus 0.45 0.76 3423.77 WT CPN

BE#%  Konosirus punctatus 0.17 047 805.55 WT CPN

fiffi  Platycephalus indicus 0.09  0.82 722.12 A CRA

Wit  Nibea albiflora 0.16  0.41 656.66 WT CBD

2006—2008 fit  Engraulis japonicus 0.66  0.62  4073.75 WT CPN
2011—2012 BB Konosirus punctatus 0.11 0.60 637.57 WT CPN

4t Callionymus beniteguri 0.07 075 556.17 WT CD

2013—2014 fit  Engraulis japonicus 0.97 0.41 3975.84 WT CPN
2014—2015 fiit  Engraulis japonicus 093 0.8 8175.46 WT CPN
2015—2016 fit  Engraulis japonicus 0.50 0.77 3857.58 WT CPN

fifi  Platycephalus indicus 0.26 0.62 1584.68 wWwW CRA

2016—2017 fit  Engraulis japonicus 0.87 0.62 5374.05 WT CPN

fiffi  Platycephalus indicus 0.09 0.69 603.32 WWwW CRA
2017—2018 fiffi  Platycephalus indicus 0.25 0.77 1896.79 ww CRA

W5 25 518 Scomberomorus niphonius 0.18 0.82 1455.25 WT CPN

fit  Engraulis japonicus 0.36 0.23 807.76 WT CPN

2018—2019 fit  Engraulis japonicus 0.72 0.57 4133.27 WT CPN

W5 25 15 Scomberomorus niphonius 0.07 0.46 328.68* WT CPN

6H 1982—1983 fit  Engraulis japonicus 0.85 0.52 4433.73 WT CPN
June 1992—1993 fit  Engraulis japonicus 0.96 1.00 9 606.46 WT CPN
1998—1999 fiit  Engraulis japonicus 045 076  3423.77 WT CPN

BB Konosirus punctatus 0.17 0.47 805.55 WT CPN
fiffi  Platycephalus indicus 0.09 0.82 722.12 Ww CRA

Hhliff Nibea albiflora 0.16 0.41 656.66 WT CBD

2006—2008 IREAEE  Thryssa kammalensis 0.41 0.25 1036.86 ww CPN

Akt Pennahia argentata 0.28 0.38 1 049.76 WwW CBD

2011—2012 fit  Engraulis japonicus 0.89 0.44 3968.11 WT CPN
2013—2014 fit  Engraulis japonicus 0.95 0.38 3 554.65 WT CPN
2014—2015 filt  Engraulis japonicus 098 056  5501.54 WT CPN
2015—2016 fit  Engraulis japonicus 0.58 0.43 2539.47 WT CPN
2016—2017 N4t fa Johnius grypotus 021  0.54 1115.63 WW CBD
HMAE  Cynoglossus joyneri 0.12  0.54 649.32 WT CD

2017—2018 N4t fa  Johnius grypotus 0.21 0.50 1063.20 WW CBD

filt  Engraulis japonicus 0.22 0.41 903.01 WT CPN
fiffi  Platycephalus indicus 0.18 0.50 893.52 WwWw CRA

HWIA 5 Cynoglossus joyneri 0.15 050 734.74 WT CD

2018—2019 fit  Engraulis japonicus 0.70 0.36 2554.99 WT CPN
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month year dominant and important species temperature adaptation habitat types
8H 1982—1983 WA 5SS  Cynoglossus joyneri 0.30  0.60 1 820.85 WT CD
August DS Sillago japonica 0.54 055  2943.24 WW CD
1992—1993 MWL 5N Cynoglossus joyneri 0.74  0.46 3396.45 WT CD
1998—1999 /Nl Eupleurogrammus muticus 0.36  0.56 1977.62 WW CBD
RV 5SS Cynoglossus joyneri 042  0.28 1174.21 WT CD
2006—2008 WA 5SS  Cynoglossus joyneri 0.89 0.52  4597.74 WT CD
2011—2012 FMILLER  Cynoglossus joyneri 0.61 021 1285.15 WT CD
2013—2014 FEWILLESS  Cynoglossus joyneri 096 029  2753.25 WT CD
2014—2015 DE  Sillago japonica 051 057  2855.69 WW CD
HWLLEES  Cynoglossus joyneri 044  0.61 2692.78 WT CD
2015—2016 WA 5SS  Cynoglossus joyneri 072  0.74  5302.73 WT CD
/Dt Sillago japonica 024 052 1233.64 WW CD
2016—2017 BNV T B Sardinella zunasi 0.71 0.11 786.35 WT CPN
DS Sillago japonica 021 033 689.94 WW CD
2017—2018 MWL 5N Cynoglossus joyneri 092  0.50 4618.14 WT CD
2018—2019 A5  Cynoglossus joyneri 0.60  0.52  3134.05 WT CD
/D E  Sillago japonica 0.17 035 608.39 WW CD
10H 1982—1983 1e85  Lateolabrax maculatus 098  0.20 1 966.67 WT CRA
October 1992—1993 fit  Engraulis japonicus 0.81 0.29 2511.45 WT CPN
16l Lateolabrax maculatus 0.19 0.47 836.21 WT CRA
1998—1999 1eff  Lateolabrax maculatus 0.60  0.39 2333.33 WT CRA
K Cynoglossus semilaevis 0.40 0.22 888.89 WT CD
2006—2008 1685 Lateolabrax maculatus 0.99 0.69 6815.73 WT CRA
2011—2012 fit  Engraulis japonicus 0.88 0.06 486.08* WT CPN
2013—2014 e Lateolabrax maculatus 1.00 0.06 625.00 WT CRA
2014—2015 {E8 i Lateolabrax maculatus .00 0.20 2 000.00 WT CRA
2016—2017 1elyi  Lateolabrax maculatus 1.00 0.04 416.67* WT CPN
2017—2018 1€ Lateolabrax maculatus 1.00  0.50  5000.00 WT CRA
2018—2019 1€t Lateolabrax maculatus 1.00 0.23 2272.73 WT CRA

o ARIRMES AR IE500, BURCKE. WT. BEIRA, WW. BE/KF, CT. ¥ififh, CDKFSEER/KIRZE MK, CBD.KREAEKIRZEME,
CPNURFEZEHEAK B, CRAKEGZLA MEME M, OEP KKEAL R E D LR 3%, OMP KIFHKIEE M, TH

Notes: "*" means no IRI value exceeds 500, the maximum value would be used. WT. warm temperate species, WW. warm water species, CT.
cold temperate species. CD. continental shelf demersal fish, CBD. continental shelf benthopelagic fish, CPN. continental shelf pelagic-neritic fish, CRA.
continental shelf reef-associated fish, OEP.oceanic pelagic fish, OMP. oceanic bathydemersal fish, the same below

2000s M BE M CD M A5 FLIETR J2 1 (Ctenotry-
pauchen chinensis); 2010s Tij 4 1 FAR I f4 b
G AR 2010s WS DB B EE T, H5H
PRI B v FGT 6 £ L R ZH M2 (36 3). Bk
T2 A AL AR RIS, 1980s Jy I /K
OEP 111 28R W i i £ 101 (Strongylura anastomella);
1990s i A AL 67 . 1990s JiF # 1 FQAR A8 R R
Gl s 2000s FEBTSCONME—ILHAFISE; HEA 2010s,
B % BB B 5 W K M OEP f 2 rh Al b& i (T
mystax) 38 OB EH LRI (£ 3), X F
1980s L # 2 N 47, 1990s ¥ il ME CT K

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

W 7N 2k i (Hexagrammos otakii) 1 K #fi fi (Ammo-
dytes personatus) 3C % 5 4605 41 AN 3 ek 2 Fh 2k
(3 3); #EA 2010s, BRATHIGEIEE CD 128K
fti (Protosalanx hyalocranius) FIV2 iR CD a2 )5
R = (Enedrias fangi) 2[R 2 i 2R AN, H
AR VR A I OO0 3R E RN S R S A
T IRBHEE 3).
24 GIIMMEZHEHKEEHTHMERER
Tk

ZR AR A BN, AU B2 ARG
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Tab.3 Dominant (IRI>1 000) and important (IRI>350) species of fish larvae with temperature adaptation (TA) and
habitat types (HT) to the spawning stock in the Laizhou Bay since the 1980s

it 4 PR EER N R . ERET K
month year dominant and important species TA HT
5H 1982—1983 % Liza haematocheilus 0.73 0.15 1101.46 WT CPN
May 1992—1993 S IRHEW  Syngnathus schlegeli 0.17 0.51 896.59 WT CD
/D E  Sillago japonica 0.16 0.56 920.55 WW CD
1998—1999 %  Liza haematocheilus 0.53 0.35 1 863.24 WT CPN
BEE  Konosirus punctatus 0.36 0.29 1052.55 WT CPN
2006—2008 %  Liza haematocheilus 0.27 0.48 1281.90 WT CPN
FREUFEM  Acanthogobius hasta 0.24 0.34 839.88 WT CD
2011—2012 LN FE s Tridentiger trigonocephalus 0.60 0.18 1058.82 WT CD
2013—2014 T RMRFEf  Chaeturichthys stigmatias 0.81 0.18 1430.02 WT CD
2014—2015 %  Liza haematocheilus 0.24 0.19 450 WT CPN
4 Acanthopagrus schlegelii 0.18 0.25 450 WT CD
2015—2016 %  Liza haematocheilus 0.39 0.27 1 040.84 WT CPN
BEE  Konosirus punctatus 0.53 0.15 816.81 WT CPN
2016—2017 %  Liza haematocheilus 0.98 0.54 5290.63 WT CPN
2017—2018 % Liza haematocheilus 0.87 0.55 4 738.76 WT CPN
2018—2019 PEE Konosirus punctatus 0.69 0.18 1223.95 WT CPN
% Liza haematocheilus 0.23 0.43 994.41 WT CPN
6H 1982—1983 WIK N Hyporhamphus sajori 0.31 0.43 1332.92 WT CPN
fune % Liza haematocheilus 0.12 0.57 691.14 WT CPN
fit  Engraulis japonicus 0.28 0.19 530.70 WT CPN
1992—1993 F RGN Syngnathus schlegeli 0.17 0.51 896.59 WT CD
/D E  Sillago japonica 0.16 0.56 920.55 WW CD
1998—1999 % Liza haematocheilus 0.53 0.35 1 863.24 WT CPN
PE: Konosirus punctatus 0.36 0.29 1 052.55 WT CPN
2006—2008  FREEUFEM  Acanthogobius hasta 0.28 0.24 668.05 WT CD
2011—2012 % Liza haematocheilus 0.53 0.61 3223.97 WT CPN
BEE  Konosirus punctatus 0.39 0.17 656.17 WT CPN
2013—2014 T JRMRFE s Chaeturichthys stigmatias 0.50 0.25 1243.82 WT CD
FREUEM  Acanthogobius hasta 0.19 0.25 471.15 WT CD
fit  Engraulis japonicus 0.17 0.19 314.22% WT CPN
2014—2015 fit  Engraulis japonicus 0.71 0.25 1785.71 WT CPN
WIK N Hyporhamphus sajori 0.14 0.25 357.14 WT CPN
2015—2016 % Liza haematocheilus 0.47 0.78 3657.93 WT CPN
BN T Sardinella zunasi 0.32 0.22 695.56 WT CPN
2016—2017 % Liza haematocheilus 0.62 0.31 1917.81 WT CPN
fit  Engraulis japonicus 0.26 0.23 600.63 WT CPN
2017—2018 % Liza haematocheilus 0.20 0.32 626.72 WT CPN
T JRMRFE s Chaeturichthys stigmatias 0.15 0.32 482.09 WT CD
2018—2019 Hg/NY T Sardinella zunasi 0.49 0.18 886.08 WT CPN
PE: Konosirus punctatus 0.29 0.18 529.34 WT CPN
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month year dominant and important species TA HT
8H 1982—1983 HIRERDL L Hypoatherina valenciennei 0.22 0.15 322.71% WwW CPN
AURUSL o0y 1993 /b Sillago japonica 034 023 795.34 wWW cD
WET  Sphyraena pinguis 0.21 0.23 482.02 WT CPN

1998—1999 /&  Sillago japonica 0.66 0.44 2954.69 WwW CD

IRENEWE  Thryssa kammalensis 0.10 0.39 380.20 wWw CPN

2006—2008  FIEMIFLEFFE S Ctenotrypauchen chinensis 0.76 0.43 326531 WT CD
2011—2012 HIRERD L Hypoatherina valenciennei 0.81 0.26 2128.80 ww CPN
2013—2014 HIRERDL L Hypoatherina valenciennei 0.80 0.79 6318.68 WwW CPN

WK N Hyporhamphus sajori 0.16 0.79 1267.28 WT CPN

2014—2015  WIR'FEEt  Hyporhamphus sajori 0.69 0.61 4188.87 WT CPN
2015—2016 VIR N Hyporhamphus sajori 0.35 0.44 1552.51 WT CPN

/D tE  Sillago japonica 0.31 0.11 346.27* WW CD

2016—2017 /D kliE  Sillago japonica 0.64 0.41 2 607.87 wWw CD

WK R Hyporhamphus sajori 0.14 0.52 708.08 WT CPN

HIRERD L Hypoatherina valenciennei 0.07 0.44 309.78* WwW CPN

2017—2018  HEE/NST M Sardinella zunasi 0.77 0.23 1752.58 WT CPN
2018—2019  VWIKFEEfA  Hyporhamphus sajori 0.73 0.52 3 822.64 WT CPN

10H 1982—1983 RME @k Ablennes anastomella 0.05 1 500 WwW OEP
October 00y 1903 E#f  Lateolabrax maculatus 051 018 896.82 WT CRA
1998—1999 AR Hypoatherina valenciennei 0.67 0.17 1111.11 wWwW CPN

FREREWE  Thryssa kammalensis 0.33 0.11 370.37 wWw CPN

2006—2008 1efifi - Lateolabrax maculatus 0.99 0.69 6815.73 WT CRA
2011—2012  HREEEE  Thryssa mystax 1.00 0.05 555.6 WW OEP
2013—2014 filt  Engraulis japonicus 0.87 0.13 1 085.53 WT CPN
2014—2015 KR Protosalanx hyalocranius 0.72 0.93 6751.77 WT CD

fit  Engraulis japonicus 0.13 0.80 1021.28 WT CPN

2016—2017 M, Thryssa kammalensis 0.73 0.04 303.03* ww CPN
2017—2018 filt  Engraulis japonicus 0.76 0.18 1388 WT CPN
2018—2019 KR Protosalanx hyalocranius 0.72 0.23 1636.36 WT CD
2H 1982—1983 1efifi - Lateolabrax maculatus 1 0.5 5000 WT CRA
February  o0n 1993 kit Hevagrammos otakii 0.5 0.1 500 cT cD
1ehyi  Lateolabrax maculatus 0.5 0.1 500 WT CRA

1998—1999 e Lateolabrax maculatus 0.17 0.43 725.27 WT CRA

K Ammodytes personatus 0.83 1.00 8307.69 CT CD

2011—2012  K#Rf4  Protosalanx hyalocranius 0.33 0.17 555.56 WT CD

H KRB Enedrias fangi 0.47 0.11 518.52 CT CD

2013—2014  KiE/N€if  Hexagrammos otakii 0.42 0.25 1052.63 CT CD

JiRzH  Enedrias fangi 0.53 0.19 986.84 CT CD

2014—2015  JTIRZHH  Enedrias fangi 0.68 0.47 3232.20 CT CD
Kil/NEeft  Hexagrammos otakii 0.31 0.16 495.36 CT CD

2015—2016 H KRB Enedrias fangi 0.47 0.21 1 000.00 CT CD
2016—2017  KiE/N€ifi  Hexagrammos otakii 0.40 0.14 571.43 CT CD

JHREH}  Enedrias fangi 0.60 0.19 1142.86 CT CD

2017—2018  KIE/NZkfl  Hexagrammos otakii 0.56 0.52 2910.05 CT CD

K= Enedrias fangi 0.44 0.38 1693.12 CT CD

2018—2019  KiE/N€ifi  Hexagrammos otakii 0.45 0.14 639.10 CT CD
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(Kruskal-Wallis BANZT722004T, Hy, ,-55=35.12, P<
0.001; &Z=HMELE , =20.81, df=4, P<0.01),
Il HYGREMEE RS, EERZ, K
TR ZERAR, & ZARRETEEMAI (K] 4-2), &
Zn G H' YA 0.9540.63 (n=11). HE % 091+
0.61 (n=11) Xz . HZH 0.83+£0.35 (n=11) FK. Fk
Z AL 0.15+0.24 (n=11), FFrAELL, HFEmEP
HAEREIZ 5, 78 0.11~1.74 IX[H], 2016—2017
AR, 2017—2018 4F 8w (K] 5-a). H S {H TR
1982—1983 . 1998—1999, 2015—2016 F112017—
2018 4F ; fI{H A5 7F 1992—1993 . 2013—2014
2016—2017 4, 1998 % 2013 4F H'B4E T %,
1998—1999 4% 1.59 %% 2013—2014 44 0.19,
HH B HAERRIZNES), 4 0.13~2.00, 2014—
2015 4 e fi, 2017—2018 4Ffe i (1 5-a), H'iH
S AE 1998—1999 F1 2017—2018 4F 5 IR {H &S 1E
1992 —1993 1 2014 —2015 4F . 1998 % 2014 4F
HBAETIE, H1998—1999 4E1) 1.59 FIEZE 2014—
2015 4E 11 0.13; 2015—2018 4F H'i&sh 71, W
2014—2015 4FJ0.13 F+ZE 2017—2018 4F92.00, &
0G0 HAERIRIZLSE 5, S 0.19~1.20, 2013—
2014 4F A, 2018—2019 4F & & (& 5-a), H'K
{8 A5 7E 2006—2008 . 2013—2014 F1 2017—2018
AR, HATHAAEGY A 0.75 VUL, FXZRfabp art
TR AR, £ 0~0.67 XIA] (K] 5-a), 1982—
1999 4%, H'Ab BT, i 1982—1983 4 /Y 0.12

BRI 2 FEVE SR HL
Shannon-Wiener (H') index of fish eggs

o
o

1 2 3 4 5
AR
survey season

(@)

& 4

F+ 2 1998—1999 4FJJ; L =8 0.67; M5 HET
WAy, 2013—2014 4EREZ 7 AR 0.

B JH 7R AR AL R A 2 3% (Kruskal-Wallis
KR 20T, Hy, es57=35.12, P<0.001; %%
WM L =22.26, df-4, P<0.01), KW N
% (0.37£0.23, n=11), # H % (0.35£0.24, n=11)
mop JEE S, HE i (0.4120.16, n=11), k&
JHBAK (0.2120.34, n=11)(|H] 4-b), 4EfCERAEAL ,
F RN JAEREIZLB 5, R 0.05~0.60, 2016—
2017 4ERAK, 2017—2018 4EH 1 (K 5-b). J il
JE7E 1982—1983, 1998—1999 ., 2015—2016 Fi
2017—2018 4F 5 fIR{H s 7E 1992—1993. 2013 —
2014 F12016—2017 4%, FHH 2P J A4F[A] G 510
3, M 0.06~0.76, 2014—20154E %, 2017—
2018 4 f 5 (] 5-b)o J EH A FE 1998—1999 4% |
2006—2008 4EF12017—2018 4F; {RAEATE 1992—
1993 F12014—2015 4F-, faBP J £F 1998 £ 2014 4
[BIZAE R, H 1998—1999 4Ef#) 0.57 (4% 2014—
2015 4119 0.06; 2015—2018 4FE 5 ) b Th a3,
FH 2014—2015 4F40.06 T+Z 2017—2018 4F40.76,
BB JAEMRIZVH 3, R 0.14~0.64, 2013—
2014 AEFAK, 1998—1999 4E 5 (K 5-b). JAK(E
JETE 2006—2008 . 2013—2014 F12017—2018 4F
FEMO JRETEEZ T B, R 0~097,
1998—1999 Fd i, M 0.97(& 5-b). 1982—1999
AE AL T, 1 1982—19834E 1 0.12 [ TH &

o 0.7 -
)
o 0.6 - -
Z 05|
=l
go © 04 -
R
w S 03
g & o2t -
= =
= 2 0.1 r
g5 41 -
=
L —0.1 1
L
~ —0.2 -
1 2 3 4 5
WA
survey season
(b)

EMEREIIER-BIAIEE (H') (a) 71 Pielou 5 FI8H (J) (b)) EHTIFEREEE

w. P, 0. FHEESE, 1. FE{H+SD; $d s 5% 1 FATs H 1980s Lk 11 AN Wl ta 5pA7fE il &, n=11. 1.5 H &EZ), 2.6 H (EH

%), 3.8 H(EZE), 4.10 H (FkZ), 5. 12—XE3 F (&), K6

Fig.4 Box plot of Shannon-Wiener Index (H') (a) and Pielou’s evenness (J) (b) to fish eggs in different seasons

m. mean, 0. mean+SE, I . mean+SD based on 11 cycles fish eggs surveys carried out in the Laizhou Bay since the 1980s listed in Tab.1, n=11, the same

as Fig.6
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Fig. 5 Shannon-Wiener (H') and Pielou’s evenness (J) to fish eggs and larvae profiles in

the survey seasons across different survey periods in the Laizhou Bay

(a) eggs and (c)larvae: Shannon-Wiener Index; (b)eggs and (d)larvae: Pielou’s evenness
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Fig. 6 Box plot of the (a) Shannon-Wiener Index (H') and (b) Pielou’s evenness (J) to fish larvae in different seasons
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Tab. 4 Matrix of the f similarity index (CC) of species composition to the ichthyoplankton community in

the Laizhou Bay between different survey periods

\

j;:';{:; 1982—19831992—1993 1998—1999 2006—2008 2011—20122013—20142014—20152015—20162016—20172017—20182018—2019
1982—1983 0.50 0.42 0.44 0.41 0.41 0.39 0.69 0.47 0.41 0.40
1992—1993 0.50 0.48 0.42 0.47 0.43 0.38 0.62 0.42 0.41 0.40
1998—1999 0.42 0.48 0.42 0.57 0.47 0.56 0.38 0.40 0.53 0.43
2006—2008 0.4 0.42 0.42 0.53 0.47 0.49 0.43 0.45 0.50 0.56
2011—2012 0.41 0.47 0.57 0.53 0.68 0.60 0.53 0.57 0.76 0.55
2013—2014 0.41 0.43 0.47 0.47 0.68 0.60 0.53 0.76 0.68 0.55
2014—2015 0.39 0.38 0.56 0.49 0.60 0.60 0.61 0.43 0.52 0.58
2015—2016 0.69 0.62 0.38 0.43 0.53 0.53 0.61 0.50 0.52 0.63
2016—2017 0.47 0.42 0.40 0.45 0.57 0.76 0.43 0.50 0.57 0.56
2017—2018 0.41 0.41 0.53 0.50 0.76 0.68 0.52 0.52 0.57 0.61
2018—2019 0.40 0.40 0.43 0.56 0.55 0.55 0.58 0.63 0.56 0.61

0.6 1 BAKT 10 Fpal, HAK A0 Fh 878 10 Fh

0.5 4 P E, 1998—1999 4FFl it fi = A 13 Fli, CPN 1

0.4 4 KANBCE 43 et 52 D 3 . 1982—2008 4F 52
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O i
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=
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Fig. 7 Simple hierarchical cluster dendrogram of
the f similarity index (CC) of species composition to
the ichthyoplankton community in the Laizhou

Bay since the 1980s
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Fig. 8 Comparison of the number of taxa in different
habitat types of the spawning stock in
the Laizhou Bay between different survey
periods since the 1980s
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W (E9). WW MZEFEUE 4 L TE 2016—
2017 4EB A%, M 20.59%. #EA 2010s, CT sk
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SERFE BRI R R
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Fig. 9 Comparison of the number of taxa in different
temperature adaptation type of the spawning stock in the
Laizhou Bay between different survey
periods since the 1980s
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Early life resources assemblage structure and succession to
the marine Osteichthyes in the Laizhou Bay of Bohai Sea

BIAN Xiaodong ', WAN Ruijing ',  JIN Xianshi "*', SHAN Xiujuan "*
(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Key Laboratory for

Fishery Resources and Eco-environment, Shandong Province, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. Marine Fisheries Science and Food Production Processes Functional Laboratory,

Qingdao Pilot National Laboratory for Marine Science and Technology, Qingdao 266200, China)

Abstract: Habitats distributed in the Laizhou Bay were critical for the accomplishment of the life cycles of fish
and productive fisheries, in the Bohai Sea or even in the Yellow Sea. Based on a pooled analysis of the historical
data available for almost 40 years, and combined with the field survey of current fish habitat conditions, a long-
term data set of early life resources surveys to marine Osteichthyes, carried out in the Laizhou Bay was built.
Mathematical statistics and time series analysis were used to interpret the recruitment characteristics and long-term
trends in early life resources assemblage structure, biodiversity, and synchrony. The analysis showed that the early
life resources assemblage structure in the Laizhou Bay changed continuously. The seasonal differences in com-
munity composition, abundance index, predominant taxa, and species diversity to eggs and larvae fish assemblage
were evident. The abundance index and taxa number of egg and larval fish assemblages declined to an all-time low
around the early 2010s, after which it showed signs of recovery recently. The taxa number of egg and larval fish
decreased from 44 in the 1980s, 34 in the early 1990s, 40 in the late 1990s, and 35 in the 2000s to 24 in the early
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2010s; from the middle and late 2010s, it showed a certain degree of recovery, and recently increased to 38 spe-
cies. The recent number of the pelagic eggs taxa is only sixty percent of that in the 1980s, and with its abundance
less one-third of the 1980s. The number of the pelagic eggs taxa had fell to an all-time low around the early 2010s,
with taxa number less than half of the 1980s; while, the abundance of the pelagic eggs fell to an all-time low
around the late 2000s, with its abundance only one-twentieth of the 1980s. The number of larvae fish taxa
decreased first and then increased in each season (except in winter), while the abundance of fish larvae first
increased and then decreased, however, both showed an upward trend in winter. The recent number of the larvae
fish taxa is only three-fourths of that in the 1980s, and with its abundance less than ninety percent of the 1980s.
The number of the larvae fish taxa fell to an all-time low around the early 2010s, with the number of taxa only half
of the 1980s; while, larvae fish abundance reached a historical peak around the late 2000s, with its abundance
about 1.9 times as much in the 1980s. Small pelagic and benthopelagic taxa with short life span, rapid maturation,
strong coupling to lower trophic levels, were the main components by relative abundance detected in the eggs and
fish larvae collected across different survey periods. The dominant taxa substitution was obvious, otherwise, the
substitution rate was significantly accelerated in recent years. A significant amount of interannual and decadal vari-
ability remained in the species biodiversity index during the same survey season. Habitat and temperature adapta-
tion studies of the spawning stock showed that the number of taxa with different habitat types and different temper-
ature adaptation types took on a tendency of first decreasing and then increasing, profiling in the survey seasons
across different survey times; annual percentage of the continental shelf pelagic-neritic fish taxa increased, com-
bined with the continental shelf demersal and benthopelagic taxa decreased. Compared with the survey result in
the1980s, the taxonomic composition and abundance of the egg and larval fish assemblage changed considerably.
These variations were determined by a complex array of continuously changing conditions interacting with the
demographic variables of each species, which was the concrete embodiment of high turnover in fish community
structure and decline of fishery resources under long-term effects of overfishing and environmental change. Sys-
tematically summarizing long term trends in early life resources assemblage structure, biodiversity, and synchrony
in the Laizhou Bay, and looking at how communities have changed in the past can help us understand the mechan-
ism of spawning habitats stability, which could provide scientific evidence on laying down certain measures for the
conservation and management of fishery resources in the Laizhou Bay, and the following impact assessment. Such
as fishing, pollution, mariculture, and large-scale coastal engineering projects on the relative effects of climate and
anthropogenic-induced factors on marine fish populations.
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