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B %' 2FEY 4E4Y K=k BRIR' #F%'
(L Al MM P TR T 00 LU M V0 5 TR T SEE0 KPR RS B 90 K= 5
BE T 266071; 2. T EMRRRE SHORFRSRE BRSO RIS E 8 26607)

WE  BANAESRASWAGRRET EEZEA, KRN UG RBFELEMKRGES, T
BASRARYRFLTIES R, b, THEASXBHMN KB T MA THENTENAESRAESSL
A2, ABE AT EME 1959 4 1982 45 1993 45 | 2003 4 Fn 2015 S & ZF(5 A )R # B i b % J7 A
EHE, MBTRNEEFTELHEERWFNEINEN, ST HEBEMOHKB R, 1959~2015 F
FMBa R TEMAE 21~46 1, |AKRTE 70~296 4>, KA FFEIDENTZLE A
0.155~0.300, 7 5] X B 0.140~0.182, FF & H 45 &M T M R A Kk A 1959~2015 F3E M 2 &
KEEE BT . 1959 5 K N 22 F B 4T JE # (Amblychaeturichthys hexanema). %% (Lateolabrax
Japonicus) . T B D £ (Scomberomorus niphonius) & #4748 (Lophius litulon), 1982 £ % %% (Engraulis
Japonicus) ., &A1 /NE B (Larimichthys polyactis), 1993 45 % # & (Trichiurus lepturus), #2507 &
b, 2003 4£ K 9 LU F & (Liparis tanakae), $:F0n%E a4, 2015 ER@EIM T &, KE A& &
(Hexagrammos otakii)Fi 75 457 B HF JE 5 REFM B A FMERTGNLS | N EaflE b TEEFET
NS F & RN LF RIT R & EZFNERKGME; B, XBEFNELTELEd LE
S5REEF(ELED S, Ly RE)VEZNRERL —EFASM T &, Rk & EfNLT RITE
B); REMWNXMELESREY RIS mE LA R, EXMHEE L0 T & XBEEH
XEEIR  ERMNE; BXEYE; RN EINEM;, WEaE, X8

FESES S931  XEARIREE A XEHES  2095-9869(2018)01-0001-11

FHEFh (Keystone species) 4 24 ET& o A4S X kR RGEEN M INRE K AFE T BB . EEF T LU WIS
kAL, SEIEBESMRD, BESEUERY) Bl 2R SokAh, B AR (Mills et al, 1993;
REEALI B2 BANRGE T, KL, R4S Libralato et al, 2006; Modlmeiera et al, 2015), Ff H.F#
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BB B ARG AR, AR
P s 23 B (Jordan et al, 2002; Gili, 2002),
RHEER IR E T KR R B WM G241 Jr 1]
T A S OGRS A B TR TR AR R
45 1 7 = 1 F2 (Pauly et al, 2001) WAa] 5 1 A5 5
SRR AR AR JC S DGR , A A I A R il A AR A Y
[ R AF 5% #4 45 (Libralato et al, 2006; Jordan, 2009;
Coll et al, 2012; Eddy et al, 2014; Modlmeiera et al,
2015; Valls et al, 2015; Torres et al, 2017) ., [E N X%

SRR A A B R SRR B SR (B R WA, 2004
MR, 2012; AEE0V 25, 2012), F KoK BA SRS %
PP ) 0 2 L F K R 55 (2013) . #7655 (2016)55
AWFFRIET 1959~2015 AR 2= inll 55 U7 o A
BlE, W T IOk AR S NN, AT
TAZAKIBICEER K AR L, DRSS AR R S
F14) 8 788 TR b 8 U ) O P B R (R A

1 MRIERE
1.1 HIESRIR

ABFFEET 1959 4F . 1982 4E . 1993 4E . 2003 4F
F 2015 AESEMIEHZ(S H)JiHi 9 1l 78 EE 2 5k
P, FHorb 1959~2003 5042 4 A4 (1998, 2000,
2001, 2005) . XS5 45(2000) . Jin(2004) . Jin ££(2013)
2R B AR AE(2008) 0 2015 AFEE AR I T K - B2
WFSE e B HE K =W GE BT 973 T ZE M 85 1 AF , 1 AF i
V7 FIE £ v ] K 7= R A A T B B K A 5 B D7 S
BT TR (B 1), VAT 205 kW Ui
Wy, WA R BB B R O R 6 m, W58 22.6 m,

M EH 1740 H, MH 63 mm, FEM K H 20 mm,
i 3 kn, il 1 ho IR ATA AIFREHHD
S, R BCEREM I T E B S, BN EdES
H X EAE(1988a, 1988b) ., FHJE THE(1990) | 4 A4
(1999, 2005) J & PR 0 B & 905347 o

1.2 WHRF*

RTINS AR 5 S % g %
45(2016), HEvs ZREIETRBOTR S R4 BA:55(1999),
FEVE T E] SR 28 REOTHA S I Watts 5(1998).

HRFER Y M FNEEH T 5% 2 (Density , D).
Fii[a] S BK % (Connectance, C)Z 8 Dunne %5(2002),
HARIF

WREE Dy

D,=S/L

FhlE) CHR FE 48 %k C:

C=L/(S)

Krp, S HMBREE PR ELGE; L TR NS
PR FE MR B O R IS, LMK, BEIIHETE N
FENIRBRRBZE,; D, SR E, D EMK, B
NP IR B OCR W BERUEC ;. C A (a] SeHK
B, CIEERAK, 2 MR AR & - & X R
R,

K BEVR B #0748 B (Fragmentation differences, AF")
FRITHF B5 F H B HAS i (Distance~weighted  fragmentation
differences, APF’) (Borgatti, 2013)iFAh 2% b
S A (14 9 2R 0 B 9 5 A0 B OB BE y sg ), Hirp
A>0, WIHEH BIHORE B R A=0, IS H R ANAS
A<O, 0B R BEAIR
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Fig.1

Sampling stations in Laizhou Bay
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1959~2015 4F, S 15 vl B 58] o HeAli 3 1128
66 (% 1), KIET 10 H 34 FL 56 J&, Hr 1982 4F
k%, 48 Fh, RET 8 H 24 Bl 42 Jm. Hh
1982~2015 AEFRF N ML AR HAFIILK 2, 1959 4F
PEFFN . . N B EB(Cynoglossus
semilaevis). ffi(Platycephalus indicus)l i
(Pennahia argentata) (4 wAH:45, 2000), 1] FISEM
BREMEHIENAMBEZLD T H 1950 AR A

g S E AR R . B (Setipinna taty)
NI TR, HaARttaw i/ hEa . R
il (Pampus argenteus)~ w5 2255 W Fl [a] 75 24 77 FE M
§E . W)L ) (Cynoglossus  joyneri) Fl 77 K ==
i (Pholis fangi) =K 2 fa IS i 72 o
AWFFRE L FEE EHEEU(R) . Shannon-Weaver %
FEPESR B (H )R ) LK () o0 b 1 2R IN TS B 261 %
IZREME . SIEMTS 2R AR AR R A AL BCR (8 2),
Horpr, BhIEF AR BRI R, 2359 37 LAE R
HITEMW R, H,,. H,MJ,,. J, S SRR TR
e, 1982 Afdm, BEFZEHTREAR, 2 2003 4R 2R AT,

F1 1950-2015 EFRMEETEEMAEEM
Tab.1 Fish species composition of the Laizhou Bay in spring during 1959~2015

%5 Number

fhZ& Species

45 Number & Species
1 A E Mustelus manazo
2 IREL Dasyatis akajei
3 fLEE Okamejei kenojei
4 it E. japonicus
5 i B Thryssa kammalensis
6 PR B8 T. mystax
7 RigIE Syngnathus acus
8 REE P. argenteus
9 ) S taty
10 F®E /NS T 0 Sardinella zunasi
11 BE#E Konosirus punctatus
12 S Coilia mystus
13 JIE% C. nasus
14 W H S S niphonius
15 /N L. polyactis
16 SBHEMFEL Collichthys niveatus
17 WL C. lucidus
18 M P. argentata
19 Wk Nibea albiflora
20 4kt Johnius belengerii
21 M0 Miichthys miiuy
22 B Pagrus major
23 L8 L. japonicus
24 2t Liza haematocheila
25 K448 Zoarces elongatus
26 INKEACHA Cottus Pygmaeus
27 TR P. fangi
28 fifi P. indicus
29 PR FAill Sebastes schlegelii
30 RUEREA H. otakii
31 /Nt Eupleurogrammus muticus
32 W T. lepturus
33 g Chelidonichthys kumu

34 Effifh Ammodytes personatus

35 18 Bl Sebasticus marmoratus

36 TR L. litulon

37 K gt Saurida elongata

38 &Y Sphyraena pinguis

39 MW 1a L. tanakae

40 =i P. crassispina

41 JHEELIIRM Lepidotrigla microptera

42 S B Repomucenus huguenini

43 ik Callionymus beniteguri

44 X BAF M Chaeturichthys stigmatias
45 N AN R A hexanema

46 F RIS EM Acanthogobius hasta

47 rRAEHTfLUF R M Ctenotrypauchen Chinensis
48 YR e Myersina filifer

49 LR A UF R 1 Odontamblyopus rubicundus
50 R UR IR Acentrogobius pflaumii

51 PRIGHIUR 4 Ctenogobius gymnauchen
52 Z 588 Sillago sihama

53 WY Tt Takifugu vermicularis

54 SIS ARITEE T. niphobles

55 BYERITEE T, alboplumbeus

56 B IE ARtk T. pseudommus

57 SREE LYl Thamnaconus septentrionalis
58 ¥ FEE Paralichthys olivaceus

59 E IR Cleisthenes herzensteini

60 o5 A Pseudopleuronectes yokohamae
61 {148 Kareius bicoloratus

62 I BEE B Verasper variegatus

63 WA EH SR C. joyneri

64 KW EE C semilaevis

65 WAk Zebrias zebra

66 RIREER C. lighti
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Tab.2 Dominant species composition of the Laizhou Bay in
spring during 1982~2015

gl A& Species W(%)  N(%) IRI
Years
1982 fig E. japonicus 25.80 48.93 5870.01
W S, taty 42.65 34.80 5438.15
Hlhth N. albiflora 10.68  0.60 717.64
1993 fig E. japonicus 68.11 75.80 9392.92
S L bk i 12.18 16.48 2067.41
T. kammalensis
W S, taty 738  3.82  907.76
2003 R Gk iR 31.73  50.50 7047.96
T. kammalensis
W S, taty 46.14 29.67 7039.38
/NEEH L. polyactis 6.47 226  748.54
B P.argenteus 7.08 1.60  619.89
2015 R Btk iR 3546 53.85 7442.51
T. kammalensis
WYL RS C joyneri 1035 12.00 1242.11
KN4 RAFE A 381  8.00 852.68
A. hexanema
F Rl Pfangi 6.07 572 78590
wH S, taty 7.51 540 717.20
H~5r
AN~
24t
g e
ﬁ“ 1 e aak
b it B i
‘E 0 19|59 19%32 19|93 20'03 20l15
EM)y /Y ears

B2 1959~2015 4E3EM L& T R Z MR
Fig.2 Fish community biodiversity in the Laizhou Bay in
spring during 1959~2015

SRIGUSAT M T, ZHEMETR BB R 3G ka3, H), 7E
1982 4EJG WA WA, 2003 4F J5 1464 81 7 Jf 83 1982
A, H,—HIE, B H SRR /e B
AIREFE R T T)AE 1982 5] 2015 AR A 284k A K,
EA DRI, 2015 4E1 2 5.

1959~2015 4, SEMIEHEF MR ETY M T YF
21~46, B R 70~296 1, FHE K 146.6,
Hrp, BEXREE 1982 4F R %, 2003 AER%; &

YIRS R 5 Bl 0.155~0.300, 2125 5 R 0.227,
2003 “Ffgmr, 1982 FEafil; FhRISCHELEE R 0.140~
0.182, FIME K 0.158, fFeEfEHEAE 1993 4F, #i
IR BRAE 1982 4F; RILFRECH 0.207~0.326, finfL
RBEZRBCH 0.194~0.235, SFHE 9N 0.255 A
0.214 (& 3), A EYMNHFPEFERR S 7 1959~2015 4F
0 ) S22 S I R F08 in i) e 34, (R 2R R V5 D Fh
B ARE TS L 1959 4E5)] 1982 4E 5 Ft+
EE, R R, 2003 4E USRS AR E
Dy. C. CLHFI W-CI )\ 1959 4E3| 1982 4F 45 Tk
B0 W-ClL R AN, 1982 4F %] 1993 4FHA[H]
WIZZME e, 1993 4 D, M Cl -G BT, W C e
TRE, W-Cl BAFAE; 2003 4E)5 D,y C. CLFI W-CI
I T, CLRRER KR, X 5FEEEIRE Ry 1 R,
AL AFEARA S, Hof Dy 5 Ry 500 2 3 A 56
(P<0.01), 5 R, 5 W3 HHIK(P<0.05) (% 3).
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Fig.3 Topological properties of the fish community in the

Laizhou Bay in Spring 1959~2015

L (Links) NI & R %R, S (Species) y AZSHETE T ¥ Fh L
i, D, (Density) iy fa2SHEVE BN FHINSHI 1T s 8,
C (Connectance) A fa 25 # 7% A CHEE,  CI (Clustering
coefficient) W R R %L, W-CI (Weighted clustering
coefficient) J AL R R EL

L (Links): The number of predator-prey relationships in
the food web; S (Species): Species number of fish community;
D, (Density): Node density in food-web topological structure;
C (Connectance): Connectance between species in fish
community; C/: Clustering coefficient; W-CI: Weighted
clustering coefficient

22 GEBEXET

1959 4FAbA R f0 28 34 Ffr, Horp, BB
e PG i | B2 R I SR 3 R T i 5 At £ 28 TG AT
R R, N, EW RTINS T AL ik
4 Pk, M EHA 30 MR Y MG 1Y
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Tab.3 Correlations between fish biodiversity indices and topological indicators of food web in Laizhou Bay
S Dy C Cl W-Cli Ry Hjy Jiy R, H, g

L 0.997"  —0913 —0.559 —0.673 —0.574 0.895 0.306  -0.237 0923  -0.727  -0.839
S -0.895 -0.609 -0.684  -0.628 0.882 0356  -0.175 0.920 -0.683  -0.798
Dy 0210  0.822  0.445 09957 -0.347 0240 -0.978"  0.670  0.846
c 0.206 0.766  -0.215 -0.406 -0.279  -0.345 0.135 0.131
Cl 0.715 -0.874 -0.793 -0.332 -0.894 0.128 0.392
W-Cli -0.503 -0.890 -0.647 -0.620 -0.131 0.040
Ry 0.433  -0.147 0.989" —0.593  —0.790
Hiy 0.827 0.519 0.419 0.187
Jiy -0.050 0.839 0.702
R, -0.543  -0.741
H, 0.961"

*: AE P<0.05 KGRI EAHSCHE R s **: 7E P<0.01 ZK-F-CRUIN)AH G 1 3%

*: Correlation was significant at the 0.05 level (2-tailed); **: Correlation was significant at the 0.01 level (2-tailed)

“eso

Bl 4 SN T B W M #4519 (1959~2015)
Fig.4 Topological structure of food-web in the Laizhou Bay fish community during 1959~2015

Da: 1959 4F; b: 1982 4F; c: 1993 4F; d: 2003 4F; e: 2015 4F; 2) B embms, WE 1, TH

1) a: 1959; b: 1982; ¢: 1993; d: 2003; e: 2015; 2) The numbers represented different kinds of fish species,

the details were shown in Tab. 1, the same below
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(A 4a), IHEHIHNEIRIR R, NLx RBIFRAYS
Vs 22 M R AEER B G R, B D=D,,, =22, j&
IR ThE A RHA S JE ST LU & RV Al
19 Fh 2%, B D=D,=19, JEIZBEHN TR EH .
R, ANZFRIFgEMf BC, TI', TI'. CC FAPF
1E 30 M ik, UGS AR B ac i i
Tl RE ) Sy e ) feo | AL AE B HUBE B, 4N
2277 MR 5 DOIZTETE S BRI, R v B AN R 8 il
S I L0 i K5 L o 8 DO AR U S ok st 7
T4 B AR B G 0 ELRG N & i R (AF'=0.022) , TERETS
Hh, NP BRI K K, (B, K=K,=20.60,
TS 22 07 JB2 WF JR f0 X B U fig 1 O 2l A5 B 1852
M 5 A, AT DA kb A7 4 80 52 e A [l 4 FH 281
SN BEIR 4500 . W) K K, A 1131, B
LG TE T AT 45 00, f K, RV g o 4% 1
by 7 ST B A TERE P AR AR (R 4).

1982 AEILH AR f s 48 B, Horpr, bk i 13t
[CWHF £ 5% VS Ay 46 RS IO X &,
KL, SWMHINE ARG LR 2 Fhfds, i@
I 46 FHAEEY MR 4b) . THEH I
Wb FAabR KL, SRR 32 M RAETE R B
XKZ&R, Bl D=D,,=32, JEZBETE T E B H B
HCHRERED,, (H i KON 24, SElnT DI V% h Al
24 Fpfads, D=D,=24, EZBEM TR ES . 7
A, BRE) BC. TI'. TI'FI CC {Hix K, Bl 46 Fpfas
Hh TR N AR B S 361 BB ) S8 BRE T B ik
b A5 B B il /N AR FIAPF R (K,
5514 0.016 F1 0.01, Y/t DAZREIE HIBRET , %
T 4% ) s P2 R I R A B S WA e My A A i L
O R BERERA KO K (EER, B
IZRETK BRI R AN B AR R i K, HOZsE ) 4
KA TR AT RO (K=K =26.07), R[5 fehi i 1t 15%
AL A AE R TR RS 450 B0 K, (HiR,
R AR Ao | A7 42 ) 0N S W 2 2 TR ) 44 ) ST A
FaE(FR 4).

1993 4F LR M E 29 Fl, Hidp, ZZWRFE IR
e S RIS H A 27 MR AR E LR,
L, A Lk 2 B R R s x4 o i i i g
a4 27 PR E WM NSRS (] 4e) . T T R
AR R, A SRR 17 MR R
ﬁﬁ\?é/ﬁzﬁ , D=D,,+D;=17, ﬁ':F' , Dou=1, D;=16,
UG A B DU B A O Tz S iEk
B EAIEGE 16 A, (Ht 2t 0P At a2 g
BHEN, MRS SERE . B, A AT L
A B A IS R RIS 254, a8 mT DLek AR B SR

TR PR A0 B IS 250 . BRI 5 16 Fhfa2k
YR EXREA, Hd, 88 & & D=D,.~16),
SRR B AR S I R S IR R )
MO S AL, R XA 2 ¥ D=
D, tDiyy Doi=15, Di=1o 74, 27 FhfaZsdaiy fa g
BC. TI'. TI', CC. AF'MAPF(E 5K, B H TR
75 9 A5 B 3 B i 2 i BB 1 S ¥ HIRE ) ik L AL 5 B
R, Yt DO T IR, BETE S5 A S
A R A B RO B, HRE R
WS N K K K, K=K=15.45, %5 D5
XPIZREVE et Ui sl A5 AR i e R, HLizosm 4
o AT FATRERISON . 818 K, (KN 5.92,
A XA v ) AT AN B K, PR, gt R
Y AL R 5 oAb 0 SRR RIS &R, SR T
TR ZE MRS (R 4).

2003 AESLRAR S 21 Ff, dES A EAKREY N
AN R () 4d) . T HAR N AR AR R B, g
TS5 17 OB FEAEREXR, D=D,+D;,,
Hr, D=1, Dy=16, Wi EELHEHR
fOAFTETIZREE,, wHmarR2Es 16 #, e
P A S R O, Al R . B
BRER S VS R 15 P PR B R, D=D,~=15,
EZREE TS, R B Al a2
HEIR SRR E . 8809 D, 5 KA 11, D=D,,~11,
SRR T B AR 2 TR R A0 SO T £ )
BC. TI', CC, AF'FIAPF'E e K, R XFHEDS 15 B
I RE T | RIEEYHLRE ) Ak | AR B AL
e, YANGUNE T DO TR T BRI, BEVE 25 A 1Y
P R A R B EL B K B R A AR
{5 4SO 1 AT [R] , >4 2 BB AN 240 SO - f I i2
TEIBRET, B B WORE B A B i AR TR) 9 o1, e gl
) TI'. K F KK, K=K=20, HXHZREENIGE
S AL R B, IR G BE R sh AE AL
Rt K, FLIZRE Aok AT AT IR0 . 6
() Ky ek, BV %R V& A AT 45 1 38500 e K (BB 4) -

2015 4ESLgf AR M S 28 Fl, Hodr, 4REE | Z20F 8
IR IFUATHR pE t0 5 ol 25 Ahta i R C R, W
I, AFE Bad 3 Fpfa 8 e Xt 4 o Al Ay
25 P SR I B D N FR NS K (] 4e) T AR R
SEIRAR R B, ST SRR 19 PR
BXR, D=D,tDiy, Do=2, Dy=17, 2= FEIYHHE
#, W Eaa O LA e, N7 RBIFE
1) Doy (HI KN 13, D=D,,~13, HIffiEH 13 Fpfa
K] DI E /S22 7 BAF R, 7N 2200 BT R & %0
R, 25 Flf K op 40 SO0 T £ )



%18 ¥

Ve SN TS FR 2 A0 ST S HE A B9 10 8 Al 7

BC. TI'. TI'. CC. AF'MAPF'EEK, HITHEEN
7RSS P T B8 ) B BRE ) o A5 AT R
SR, ARSI 0 RIS BIBR I, TEVE 2540 1 1
PR o R P A AR e B i HLH i e K R
Ve 7S LAV 1Y AR 1 U 2 RIS B A% s S i fe K
Hiz#m 4ok 0 T R AT E RO (K=K=17.52) 7N
22 AR AN Ky=4.64 Ik, HXTREVE 09 AT 4]
RV R (K 4).

i BRI HTEE R WA TR AR T iR R S B
Ffi(Jordan, 2006), 1959~2015 4E3E M % F A BEVK
AR LR 5

3 it

I 60 4Ff, SEMITE K IBE Zfa BT 450 K A
TSR, MRS TN IRfE, BETE LS
FL R T Ak, T2E SR N B (Shan e al,
2013; SKIESE, 2015), AWM LER, P2k
FEFRBCR R R N, SRR BOY &) B e B
R R SR A s S R
VIR 5 R RN T RE = A — g s, NS Sl
A WG IR ) e B R T R B BORP R A5 A 5 R 1 AR
oy, 2R R E R H 50 £ 3.3
TFEZE 1994 4E1Y 3.1 (Pauly et al, 1998), A#F5EH,
Dy 5 Ry BB E A (P<0.01), 5 R, 2 B35 7
F(P<0.05), —ERLSE b AT L et a2 vk 2 ARk
175 Ak B2 25 BV B I S5 R R BE . T4
W Z5 R TT LS B 2 A S RGP IR R E R R, IF
Al % VF Al 76 AN W] 35 7 90 FP 258 ) 1 32 o IH) 2 5%
(Jordan, 2001; Kitchell et al, 2002; Navia et al, 2010;
Bornatowski et al, 2014)), SEME M RBEE YN E
D3 T DA g PR S Sy 0 B B LU A= ) & 1
PR B W I i AR o R (TR 4, 2015), 1959~
2015 3N F R LR E B Y ML D, 1)
BUE N 0.155~0.300, f5 i {6 H BLTE 2003 4F, HAfIN(E
HBLTE 1982 4, A[RMERAAER RGN, X5
L VY e S L IRV 2 S A I AR RGN B Y
M3 NS AR L (Dunne et al, 2002; Gaichas et al,
2008; Bornatowski et al, 2014); fij7E Cohen %5(1984)
HUINWF SR 45 50, YA Z AR R B & M AT g A
AR TR ) R[] S B BE , (HL DR AT 5% 0 5000 S ot RN 9
O7 i S R R A X —F 5 45 SR 2 3] Riede 55(2010)f9
JoT BE o FEASHIFGE SR M T 3 2 40 VR I DGR FE
0.140~0.182, B MEaE, 7£ 0.03~0.30 MUEHEI LI,
FEAT] DLHEBR 20 T PURPRE () 55 & 0] BEAE AR S A RE

FE K ROUEVE 2 B AR R T 1% L (Dunne et al,
2002; Bornatowski et al, 2014); 1 T 4% v BUE W] i
HEE FR TSN, 4 Martinez %£(1999)7E%} Grassland
AERBEE R E X R MBI, CEAAEXTE/NY 0.026,
HE R AT Re Rz A SR PR M R E Y
Pl b, BEH BRI B Mk IR o T — 5 7
Polis(1991)%} Coachella Valley 5, K32 AR A
FRMFE CEARR K . I, AT 1959~
2016 ARSRIMVE R MRS G BRFM T R
GHEIE 2

TR TR Y ) 0T R R T B R (R ) e ik ok
AR RGEAEFRZRINAE T, R, AR
FA 50X 45 Tl i AR 2 3 R 118 W 17 0 R 2 BN £ )
SRR AR AL . R AE W R LB, JEARERAE
Yy W FE VR S5 TR T8 P ] B O R )
B R BEE ) HAWRR RS, JE 200 &Y W A 56 R 3 1
B RETE AR FNRE T, 10 UL S d5 B o 0 R AE DA
5 JE R 1) A= Wy i 5 W T 9 548 (Power et al, 1996), A<
F5E & SN TS 5 AN [R]EEH 10 G g oy, R G
B SR SRR A B 1 AR, 230 1982 4F |
1993 4EF1 2003 AFESEMITE SRS SR . M 1982 4F |
1993 4Ffit BEJE JCHA SR ILFHFN, 2003 42 G i
FREAROR S o DTN TE — 2 B[] P X At ol %)
i H B R AR AE T, HAPTEX T A4E e e ik
PRI ZE I L AR TR TR () D RE RN P 22 R 4 L A
PR S, X AR RIS AR M L R SR T
ZAENE RS A A R e e AR, BRAES RS
PP TG PR . RE e 2l FLAE ) i AR L O
Fou] DL s AR s s b Hfh 2 a5
G B M8 R, G £ 2 0 AT DL SE 2o 4+
I B BRI 53 AN B R R A0 2R
] G ZR A0 45—y, ARkt 1 728 3l 52 i o HoA,
FRERAE R . KBS, JRuE R MHE AR &
BRI R (BN, 1997), KRB # 1Y RE i sh 5 %
e OZ S ZOK A R R GG S D RE AR e 1Y
R, H A8 i #out t R R A i A A Sl — 2 1Y
WHREM.

Ik AR S B0 T el B R R, A R
BB R TT FA, RS R H 250 W (EER P
202012; 4 WAE%, 2015; k%, 2015),
Pitcher (2001)I\ 452 AZEiEsh U520, 20 22 60 4
ARVt i A Wil K4, i N 2SI i 7 1 20 ] g
C 28 S BOKIRA 25 rh SCSERR BIIG K 46 o 1 i BE B
23 U W) ) SRR TR LS L



%39 %

N vuuvxdY 'y HGE K775
r 10 "H GRGNYEY
aoypuvy T W LUGGH;  S10T
N uopnil] T YL
R . snouodv[ g 2
. . ovypup! "7 HL UGG €00C
R r smuoydiu g X5 b Y B
R . r snoruodvl g g
X N snamda) ([ HH €661
. » syovdjod T TG/
A N uopmil] T WL
R . r snowodo("q A5 7861
. . uopnyy 7 HHHHHL
R r smuoydiu °§ X5 b Y BN
. r snomodol T F%
' . vwour oy 'y FHAFHL TN 6561

IR S S 4
=

[esiowaq ¥ o18edd & th IOMOT Y% [eI0USD) X — YSIH =Xk sor0ads Jueuruo(

saroad Rhic)
ToKe] 101B A Z( ML onfeA orwouooy H 4% Y 10308 St A by

$102~6S61 Sunmp Sunds ur Aeg noyzreT ur Arunwwod ysij Jo uonisodwod soroads ouosAoy G qel,

WEME X ZH R DR EINAED ST0T~6S61 S 2%

s10ye01pul [B913010d0) UT SO19ads JsI1J 9} ISn[ d10M 210U ], 7 ¢1°qe] St SWES JY) dIoM SIdqUUNU P[oq YL, | 90N

ST —EZHH4K b2 T 1T ZECSLILIEHIL T T

€9C 6€ T6E 6 P9V S TSLL 0€ TSLT 0 €T00 6€ 9T00 6f€ 9LT8 6 vSEC 6F L1 6€ €l 4 61 6€ SI0C
ELT  6€ 6TV 9¢ VEL 14 0c 9¢ 0T 9€ 6200 6€ 1£00 (9€)6€ 9698 6€ 86'LT 6€ 91 (1% Il 14 Ll 6¢  €00C
86’1l T¢€ Lv'E TE T6S 14 Sy'sT vI S¥'ST ¥I LIOO TE€ $CO0 TE 6CVL TE  IL8I TE 91 [43 91 14 L1 € €661
sLe ¥ svv v 6I°El ¥ L09T 9¢ L09C 9¢€ 1100 ST 9100 SI 6SLL ¥ ELST ¥ 1£4 9¢ [43 14 [43 14 7861
65Cc Sv  16¢ SY 90Cc Sy IC€Il  9¢ 90C Sy 9100 S¥ TTO00 V¥I 9508 S¥ 1681 SP 61 1 X4 [44 154 [44 Sy 6561

. , u o SIBO X
AL dL >l 'l X WHqV AV 20 o4 a a a Gy

S107~6S61 Sunds ur Ajrunwiwiod ysy Aeg noyzre] 9y} U gam pooy Jo siojedrpur [eardojodol,  °qBL
LY BEGY R RHE R BB SISy ST0T~6561 v 2



%18 ¥

Ve SN TS FR 2 A0 ST S HE A B9 10 8 Al 9

gt £ 25 DA S R AU v I )2 A 20 ) /N TR A TG A HE )
Yy, NI 1 2 2EE AR (Coll et al, 2009), AHESE H
ST 2 0 SR VR OC AR B R 2 B M (38 s P AR 7
ZINEE £ R e, 0 A R A LA A S T | BRI S 24
o IR R A SF L TN AR RIS [FIEE, SCHEFP )
G 2 PR A 2 5 2 AR IR (I A e AR

g 55 ) 18 728 O I 2 B — A BE (A S 1~ # RS 2207 R MR
PR DCHE AN Y K b TR R S EOR W N FN2E A ) ]
bR R, TESCRP AR AN T SRR AR e 55
PE o AAAR b B R e b A= ) i A R A, T
S BRAR B 30 A X AR B IR, R R AR
Z R E NES KR AR AR e a2 1y A
£ BEE . 770 AR, SR AR TR B0 R R Y
i1 2 ) 50 ¥4 T b DX g (R AR A, 2001, FBR AR,
2012; FAFHIRGE, 2017), s&s2m SR IE 450 2 10y
HENE, WER BB CHFMEBERNE.

Drezner (2013)1A k— & Z5 4 A U5 2 BIR il Bifi b A= 2%
ARG YA % (Carnegiea gigantea) /3 1ii I E
ERBERE . mMKBAESRSH, Sanford (1999)f7F
FERWET SN NI TR FEAIR, DCHE 5 (g
A (Pisaster ochraceus) %t I EE 4 1 2 WO Hf 12 I 12 0
550 I, ER—A SRR b O 2 Z RSN AR
FIFEI , ANIAREEARAL . ACRTE SIS, T R i
ZENT AT R B ISRV S5 R B B R A AR, R
ZET AR AR R M AR A N W] 2 E N R, Gk
PAFFTEZE TR B AT RE, 5 SRUR SR AN S T
SERE SRR TR AR AL OISR

Borgatti SP. Analyzing social networks. Sage, 2013

Bornatowski H, Navia AF, Braga RR, er al. Ecological
importance of sharks and rays in a structural foodweb
analysis in southern Brazil. ICES Journal of Marine Science,
2014, 71(7): 1586-1592

Chen DG. Fishery resources biology. Beijing: China Agricultrue
Press, 1997: 80-100 [BAARI. L FIRA Y-, JLat:
FE Al Rt 1997: 80-100]

Chen QC. Conservation and sustainable development of marine
keystone species. Green Leaf, 2012(10): 35-38 [y . &
PSR S RS A R, 41T, 2012(10): 35-38]

Cohen JE, Briand F. Trophic links of community food webs.
Proceedings of the National Academy of Sciences of the
United States of America, 1984, 81(13): 41054109

Coll M, Libralato S. Contributions of food web modelling to the
ecosystem approach to marine resource management in the
Mediterranean Sea. Fish and Fisheries, 2012, 13(1): 60-88

Coll M, Palomera I, Tudela S. Decadal changes in a NW

Mediterranean Sea food web in relation to fishing
exploitation. Ecological Modelling, 2009, 220(17): 2088—
2102

Deng JY, Jin XS. Study on fishery biodiversity and its
conservation in Laizhou Bay and Yellow River Estuary.
Zoological Research, 2000, 21(1): 76-82 [X35c#E, 4 WAt
FEN T B g 11 7K il A= W) Z2 R SR IS . 3l
YI2WF9E, 2000, 21(1): 76-82]

Deng JY, Meng TX, Ren SM, et al. Species composition,
abundance and distribution of fishes in the Bohai Sea.
Marine Fisheries Research, 1988a, 9: 11-89 [X5ufE, #H
W, AERER, S i AR N SRR . TR
FEWESE, 1988a, 9: 10-89]

Deng JY, Meng TX, Ren SM. Food web of fishes in the Bohai
Sea. Marine Fisheries Research, 1988b, 9: 151-171 [X’5:#E,
i HOM, AERER. B a2 a Y R, B U,
1988b, 9: 151-171]

Drezner TD. The paradoxical distribution of a shallow~rooted
keystone species away from surface water, near the water~
limited edge of its range in the Sonoran Desert: Seed~
seedling conflicts. Acta Oecologica, 2013, 47: 81-84

Du HY, Xu CY. Research progress of the relationship between
keystone species and the dynamic of community in forestry
ecosystem. World Forestry Research, 2012, 25(5): 35-39
[, . MR RGP R SRR sh&m
KA. HAMAFFT, 2012, 25(5): 35-39]

Dunne JA, Williams RJ, Martinez ND. Food~web structure and
network theory: the role of connectance and size.
Proceedings of the National Academy of Sciences of the
United States of America, 2002, 99: 1291712922

Eddy TD, Pande A, Gardner JPA. Massive differential site~
specific and species~specific responses of temperate reef
fishes to marine reserve protection. Global Ecology and
Conservation, 2014, 1: 13-26

Fan W, Cheng YH, Shen XQ. Effects of global environment
change and human activity on fishery resources. Journal of
Fishery Sciences of China, 2001, 8(4): 91-94 [, 2472,
TEHTOR. PRI AR A5 NS gl vl B8 I 0 50
rREK PR, 2001, 8(4): 91-94]

Gaichas SK, Francis RC. Network models for ecosystem-based
fishery analysis: a review of concepts and application to the
Gulf of Alaska marine food web. Canadian Journal of
Fisheries and Aquatic Sciences, 2008, 65: 19651982

Ge BM, Bao YX, Zheng X. A review on key species study in
ecology. Chinese Journal of Ecology, 2004, 23(6): 102—106.
(B W], SRR, AR AR ORISR, AN
2R, 2004, 23(6): 102-106]

Gili JM. Towards a transitory or ephemeral key habitat concept.
Trends in Ecology and Evolution, 2002, 17(10): 453

Jin XS, Deng JY. Variations in community structure of fishery
resources and biodiversity in the Laizhou Bay. Chinese
Biodiversity, 2000, 8(1): 65-72 [&x A, MBS, RIS
el BEIRRE VR 5 A A W) ARV R AR AL, LR ZRETE,



10 ook B

%39 %

2000, 8(1): 65-72]

Jin XS, Deng JY. Yearly variations of fishery resources and
biodiversity in the Laizhou Bay. Marine Fisheries Research,
1999, 20(1): 6-12 [4 A, XB5ME. SIMNEFE Tl FE
KA AR AEIRI AR Ak, EPEKFEIFSE, 1999, 20(1):
6-12]

Jin XS, Dou SZ. Shan XIJ, et al. Hot spots of frontiers in the
research of sustainable yield of chinese inshore fishery.
Progress in Fishery Sciences, 2015, 36(1): 124-131 [4: A,
SR, BRIEIE, S5 TRl SRR T RS
R PRI, il B EHERE, 2015, 36(1): 124-131]

Jin XS, Shan XJ, Li XS, ef al. Long-term changes in the fishery
ecosystem structure of Laizhou Bay, China. Science China
Earth Sciences, 2013, 56(3): 366-374

Jin XS, Tang QS. The structure, distribution and variation of the
fishery resources in the Bohai Sea. Journal of Fishery
Sciences of China, 1998, 5(3): 18-24 [4x fft, BTt #)
ey B IREEHE | B oA B AR R KRR,
1998, 5(3): 18-24]

Jin XS, Zhao XY, Meng TX, et al. The yellow sea and bohai sea
biological resources and habitats. Beijing: Science Press,
2005: 262-351 [& WAL, BZEH, wHM, & ¥, ik
WER SRS, 6t Bl M, 2005: 262-351]

Jin XS. Long-term changes in fish community structure in the
Bohai Sea, China. Estuarine, Coastal and Shelf Science,
2004, 59(1): 163-171

Jin XS. The dynamics of major fishery resources in the Bohai
Sea. Journal of Fishery Sciences of China, 2001, 7(4):
22-26 [4 . i EE LAY RIFEA ST,
EK P RE, 2001, 7(4): 22-26]

Jordan F, Liu WC, Davis AJ. Topological keystone species:
measures of positional importance in food webs. Oikos,
2006, 112(3): 535-546

Jordan F, Scheuring I. Searching for keystones in ecological
networks. OIKOS, 2002, 99(3): 607-612

Jordan F. Keystone species and food webs. Philosophical
Transactions of the Royal Society of London. Series B:
Biological Sciences, 2009, 364(1524): 1733-1741

Jordan F. Trophic fields. Community ecology, 2001, 2: 181-185

Kitchell JF, Essington TE, Boggs CH, ef al. The role of sharks
and longline fisheries in a pelagic ecosystem of the Central
Pacific. Ecosystems, 2002, 5: 202-216

Li XS, Niu MX, Dai FQ. The characteristics of structure and
distribution of spawning stock of fishery species in the
Bohai Sea. Marine Fisheries Research, 2008, 29(4): 15-21
(WA, AR, WOSHE. il AR Y A SR IR S5 1
F I ARHIE. MK =TT, 2008, 29(4): 15-21]

Libralato S, Christensen V, Pauly D. A method for identifying
Keystone species in food web models. Ecological Modelling,
2006, 195(3-4): 153-171

Martinez ND, Hawkins BA, Dawah HA, et al. Effects of
sampling effort on characterization of food web structure.
Ecology, 1999, 80: 1044-1055

Mills LS, Soule ME, Doak DF. The keystone-species concept in
ecology and conservation. BioScience, 1993, 43(4): 219-224

Modlmeiera AP, Laskowskib KL, Brittinghama HA, et al. Adult
presence augments juvenile collective foraging in social
spiders. Animal Behaviour, 2015, 109: 9-14

Navia AF, Cortés E, Mejia-Falla PA. Topological analysis of the
ecological importance of elasmobranch fishes: a food web
study on the Gulf of Tortugas, Colombia. Ecological
Modelling, 2010, 221: 2918-2926

Pauly D, Christensen VV, Dalsgaard J, et al. Fishing down
marine food webs. Science, 1998, 279(5352): 860-863

Pauly D, Palomares ML, Froese R, et al. Fishing down Canadian
aquatic food webs. Canadian Journal of Fisheries and
Aquatic Sciences, 2001, 58(1): 51-62

Pitcher TJ. Fisheries managed to rebuild ecosystems? Reconstructing
the past to salvage the future. Ecological Applications, 2001,
11(2): 601-617

Polis GA. Complex desert food webs: An empirical critique of
food web theory. American Naturalist, 1991, 138: 123-155

Power ME, Tilman D, Estes JA, et al. Challenges in the quest for
keystones. BioScience, 1996, 46(8): 609—620

Riede JO, Rall BC, Banasek-Richter C, et al. Scaling of
food-web properties with diversity and complexity across
ecosystems. In: Woodward G (ed): Advances in ecological
research. Burlington: Academic Press, 2010, 139-170

Sanford E. Regulation of keystone predation by small changes in
ocean temperature. Science, 1999, 283(5410): 2095-2097

Shan XJ, Chen YL, Jin XS. Projecting fishery ecosystem health
under climate change scenarios: Yangtze River Estuary and
Yellow River Estuary. Progress in Fishery Sciences, 2017,
38(2): 1-7 [HAF51H, Mrae, @Al SRR MHKITH
FIBCIT 1 il A 25 R G e 2. il Bk ot e,
2017, 38(2): 1-7]

Shan XJ, Sun PF, Jin XS, ef al. Long-term changes in fish
assemblage structure in the Yellow River Estuary ecosystem,
China. Marine and Coastal Fisheries: Dynamics, Management
and Ecosystem Science, 2013, 5: 65-78

Tang QS, Ye MZ. The exploitation and conservation of nearshore
fisheries resources off Shandong. Beijing: China Agriculture
Press, 1990: 90115 [JF/R TF, Atfgkeh. LRz ifgl TR
FHESRY. 5T 4l il iRit, 1990: 90-115]

Torres MA, Casini M, Huss M, et al. Food-web indicators
accounting for species interactions respond to multiple
pressures. Ecological Indicators, 2017, 77: 67-79

Valls A, Coll M, Christensen V. Keystone species: toward an
operational concept for marine biodiversity conservation.
Ecological Monographs, 2015, 85(1): 2947

Wang YZ, Sun DR, Lin ZJ, et al. Analysis on responses of
hairtail catches to fishing and climate factors in the Yellow
Sea and Bohai Sea, China. Journal of Fishery Sciences of
China, 2012, 19(6): 1043-1050 [EEkr, FMILZE, FRIEHE,
5. RTINS PR 20 B iy £ e R A R 5
W, FR DK PR, 2012, 19(6): 1043-1050]



51 W WS SN TS T M A SR Y K I AR AL 11

Watts DJ, Strogatz SH. Collective dynamics of ‘small-world’ 278-287 [k, Fok, 4B 1959~2011 4F3EM il
networks. Nature, 1998, 393(6684): 440442 FIRREIE Y M Ak, TP EKFERRE, 2015, 22(2):

Yang T, Shan XJ, Jin XS, ef al. The keystone species of fish 278-287]
community in the Laizhou Bay. Journal of Fisheries of Zhang Y, Guo FQ, Hu SJ, et al. Priority of conservation of
China, 2016, 40(10): 1613-1623 [#7¥%, H51H, 4 WAL, keystone species of aquatic ecosystem in Huizhou reach of
S SRS M ISHEE RN . UK = 2R ), 2016, 40(10): the Dongjiang main river. Journal of Anhui University
1613-1623] (Natural Science Edition), 2013, 37(5): 100-108 [3K#,

Zhang B, Wu Q, Jin XS. Interannual variation in the food web of SRRGE, WA, . RKILTHREMNBR)KEESRG X
commercially harvested species in Laizhou Bay from 1959 BEYRN RSN . ZBOR 2R (A SR B R),
to 2011. Journal of Fishery Sciences of China, 2015, 22(2): 2013, 37(5): 100-108]

(B3 ANk

Long-term Changesin Keystone Speciesin Fish Community
in Spring in Laizhou Bay

YANG Tao', SHAN Xiujuan'*", JIN Xianshi'?, CHEN Yunlong', TENG Guangliang', WEI Xiujin'

(1. Key Laboratory of 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
Sciences, Qingdao 266071; 2. Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National

Laboratory for Marine Science and Technology, Qingdao 266071)

Abstract Keystone species play an important role in the structure and function of an ecosystem.
Changes in keystone species can cause oscillations in community structure and ecological succession, or
even result in the dysfunction and collapse of ecosystems. Therefore, understanding long-term changes in
keystone species of an ecosystem provides insights into the processes of ecological succession. We built a
food-web topological structure for the fish community in Laizhou Bay for each of five years, based on the
spring bottom trawl survey data for Laizhou Bay during 1959, 1982, 1993, 2003, and 2015, and then,
conducted network analysis to evaluate long-term changes in keystone fish species from 1959 to 2015.
The constructed food webs included 21~46 different fish species and 70~296 prey-predator relationships.
The structural density of these food webs ranged from 0.155 to 0.300, and interspecific connectivity
ranged between 0.140 and 0.182, which matched the ecology of fish communities under natural
conditions. The keystone fish species in Laizhou Bay changed from Amblychaeturichthys hexanema,
Lateolabrax japonicus, Scomberomorus niphonius, and Lophius litulon in 1959 to Engraulis japonicus,
L. litulon, and Larimichthys polyactis in 1982, and then, to Trichiurus lepturus, E. japonicus, and
S. niphonius in 1993. After ten years, Liparis tanakae, E. japonicus, and L. litulon became the new
keystone fish species, which were replaced by L. tanakae, Hexagrammos otakii, and A. hexanema in 2015.
Conclusively, the keystone fish species in Laizhou Bay gradually changed from economically valuable
species (e.g., L. japonicas, L. polyactis, and S. niphonius) to those of less economic value (e.g.,
A. hexanema and L. tanakae). Meanwhile, the diversity of the keystone fish species reduced from
different pelagic or groundfishes (e.g., L. japonicus and S. niphonius) to those inhabiting only the bottom.
These changes have simplified the topological structure of food webs in Laizhou Bay, which to some
extent, has reduced the functional stability of the fish community.

Key words Laizhou Bay; Fish community; Food-web topological structure; Network analysis;
Keystone species
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