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W JET 2012—2016 4R34 8 J ighify (2 T Ui G R0 I8 A Ricdl, X 2R REPE #E4T T CLUSTER %28734frFl MDS
BRFe, AR 2 1) 22 S Al AL YA URD AR PR ok, 0 SR REVR 45 A OCBERD, S5 R IR (1) 78 29.93%~35.69%1)
AAATE K L, 2012—2016 4F 2545 B2 i (0 2 v 70 4L B0 R 45, AR MDS RECER/NT 0.2, (2) 2012—2016 47
TR f S AL ) b S 4 B 22 S R Bk 25 (P=0.001), BTMR4LIE] 80% R 22 Sk, HLHBLRM T 50% M 2, 4 MEREILA
WA 8% (Engraulis japonicus) . 3 NFEE LA W FNA E B0 (Setipinna taty); HE122FETTRRE KT 10%, HIBHRE
i 50%m 2, 3 AR EE M B UA i, 2 AME R FUA B, (3) BTRR 2012-2016 47 i £ S 7% 41 AR RLE
80% B TTHR, BRI 50% M 28, 2 MEFEIE R A L. OF BUEF M (Chaeturichthys stigmatias)FF &
U £ (Synechogobius hasta); P NI TR KT 10%, HHIRBIT 50%MM3E, 3 MEFEILAMA L, 2 4
FEIHEME T RIFRAMF BEIFEMA, (4) #KIE 2012—2016 5T AL L AAHRINE S 22 R & fh R
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V£ S S SRR I 2 RT hy VAR A 7 b 9 A R B U A IR A B AR AR A
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F 2 A W AR AR YRR IR, 2009—
2010 St (Engraulis japonicus)HEY) AN 1982 4F
1 2%, 2010 4 5 S (Scomberomorus niphonius)

ks BHA: 2017-10-26; 1&IT BHER: 2017-11-21.

[ W 1982 4E 1 9%, A=W REMETF IR, )
G R 2RB R 1959 4R 1 71 FP R R 2010 4F 1
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B3N, BYEHE 1h,
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Fig. 1 Sampling stations in Bohai Sea
2 HRE55H Ak 38 Fh, SJE 10 H 27 B 37 /&, 2016 4E4

2.1 FhEAR

2012 4FH ARt 25 34 F, SJE 9 H 24 F1 32 &,
2013 4Rk 29, SRJE 6 H 19F1 258, 2014
IEAR M 33 Fh, SR8 6 H 21 Bl 29 J&; 2015 4F

R 51 Fh, FIE 10 H 30 Fl 46 &
22 BEEHNA

2012—2016 4FHEAF 8 H Ehifg 45 i 7 f 2B HE 5
CLUSTER R g Rk 1 P,
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Tab. 1 Fish community structurein Bohai Seain August among year 2012-2016

A AR R % HEL B it i 20

A FERARNER B % AP RBGER% B RE

year group similarity ~ number of groups group with one station group mean similarity similarity range stress coefficient
2012 32 7 1 55.52 44.41~73.14 0.18
2013 35.49 9 2 48.22 35.49~54.56 0.16
2014 35.69 6 2 48.50 38.65~53.03 0.14
2015 31.49 5 0 48.11 31.49~63.32 0.18
2016 29.93 6 1 37.67 29.93~55.25 0.15

2012—2016 4F 8 H ififp 45 vl v S BETE R 2%
SR R AR, A R, MDS N 1 R BN
F 0.2,

23 BERSHERME

XF 2012—2016 IS BERI A Btk A 7o A
THILPE 20 BT (ANOSIM), & W 4% 4F B b 25 457
2 F M WP #B M 0.001), 2012—2016 4E it
SRR LERE 25 53 SIMPER 34t SR L6 2,

TIER T 2012—2016 43y fa 2 V5 41 ] 22
S 80% REUTTH A, FL7ETA 4l B i
50%1) 2, 2012 AEA Sl 1o | g | 7 RRIF R
o NEf L R GTEE, 2013 AR, P
RENRAME GV T M, 2014 45 4r6E D 1H
filfi | N2LOP R . KARf . BEBE . A §E
S R N R B B, 2015 AR RO
REURFEA, 2016 A4 MR, 7 RBIFEM . X
2o RRARFE A, WS T FEROTAl . BEE . /N
WA, ISR RAENR . BB Gk . H RSV T M
g FEERT st LA BT 5 MEE 4
HBFP, 4 DMEEIH A B 3 ANMEEIE
(AP AT B

2012—2016 4F- i) i £ JSHE P 41 ) 22 57 Pk sk
FBRT 10%, HAENA LR E T 50%M @
25,2012 A /e A RN B 2013 4R fig | B Bl
M BEYD T f; 2014 AF8A 76 T A 4L H B
it 50%M s, BB AR E ) Dl i RS 6 1 T
fili, HBRIN 46.67%; 2015 44 F RBUEF A
RS 2207 BAFFE £, 2016 AR 3A 78 T 4
] BURAR L 50% A0 a2, H B i i oA fig
FIRZEGE, HIREN 46.67%, LRFREA 4
ANERE DL B (R, 3 ANE R A R

figd, 2 AN B A AU B
2.4 BEELSMMELIE

2012—2016 4F i1 0 FSHE I S5 F AR ALYE 20 Bt
5N 3 WK

iRk T 2012—2016 4F- 3 it fa 2 V4 41 P9 A
I 80% RETTHLA, HIERTA 4L H Bl T
50%IM M2, 2012 4EAT 0 AR R Ao . BRI/ £
2013 FEATEA AN HIFHL 50%M M2k,
HH B R B = A B ROT R R AR R AL, LR Y
H 28.57%; 2014 A4 W5 55 L . N7 R R
F/hafifh; 2015 AEHIA 76T A 4 3 0
50% My, IR BRSO R SR AR R A,
LRIy 42.86%; 2016 4FA F IR gt . filks
M, FRAZREA 3 MEE eI E
Fln, 2 AMEEIE R AL 7 REIFEAFT R
LN

2012—2016 4F g1 0 S0 I 41 N AR AL PE BTk
RRT 10%, HAEFTA AR R 50%0
25, 2012 AFAGfg . BWEEP . P AR 5 RN T £
2013 AFEEA A AL I 50% 2k,
HB B VR B R v A RN P R A MR R, BR Y
H 28.57%; 2014 4F A fi | WS AL N2 op BT
FE A /NG £, 2015 ARt BE 7E T A 4 P HE B R
ML 50% M2, LR B = 0k 7 R R R
i, RN 42.86%; 2016 4EA4 77 R IR 52 A %
BEAR, IRFRREA 4 DMEEL eI a R, 3
AMERE I AR B2, 2 MEEILE A A TR
LINGN P = - 7k i

3 itig
3.1 &g

2012—2016 4F, @i pfazk | )2 A Fh
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Tab. 2 Fish community structure difference in Bohai Seain August among year 2012—2016

D 2= S E %
differences

ear
¥ range

2 18] 22 S PE TTRR KT 10% 0070 28 K s IUcEL
species with more than 10% differences contribution in each
group and their occurrence times

2 ) 22 57 1 B AR TTHR ARl 80% YA Kt B HK
species with 80% cumulative difference contribution in
each group and their occurrence times

2012 67.49~100.00

2013 67.33~100.00

2014 65.58~94.66

2015 68.83~97.67

2016 50.00~90.25

a. 10 YK (10 times): /N¥E i (Pseudosciaena polyactis) . B
(Setipinna taty). ST fa(Liparis tanakae). ¥ FBIFE
ti(Chaeturichthys stigmatias);

b. 9 K (9 times): fi(Engraulis japonicus);

c.7. 6. 5 (7,6, and 5 times): V[ F-fifli(Sebastes
schlegelii) . /Nt fi(Eupleurogrammus muticus) , W5 i S
(S. niphonius);

d. 1R(1 time): HFEUP T fi(Sardinella zunasi).

a. 15, 14, 13, 11, 9K (15,14, 13,11, and 9 times):
#2(E. japonicus). BHEAR(L. litulon). T3 85V T (S zun-
asi) . &2 U a4 (Synechogobius hasta) . 7R S H (T,
kammalensis),

b. 8 ¥k (8 times): BHE(K. punctatus). 8 (Pampus
argenteus), /N fi(E. muticus). W 5 EL(S. niphonius)
H A2 (Scomber japonicus) . %% & I | fili (Thamnaconus
modestus);

c. 5K (5 times): 4NSUiTfa(L. tanakae),

d. 3K (3 times): NS, raty). KiRfl(Protosalanx
hyalocranius);

e.2. 1X(2 and 1 time): KWJZLE #5(Cynoglossus

lighti) . HE(fa#7)(Callionymus beniteguri).

a. 7 (7 times): BZ(E. japonicus). Z%E LT (T modes-
tus);

b. 6 R (6 times): ¥ i L (S. niphonius);

c. 5 IK(5 times): VLT (S, zunasi). NSUHTT (L.
tanakae) KW L5 BH(C. lighti) . J5 1K = Wi (Enedrias fangi);
d. 4 K (4 times): BEHEX(K. punctatus). #EHP(S. taty);

e.3. 2¥K(3 and 2 times): /N2 BUFEM
(Chaeturichthys hexanema)., KA1 (P. hyalocranius).
a.26, 15, 13, 10 X (26, 15, 13, and 10 times): 7F J& & &F
RAL(S. hasta). BEN(S. taty). NZF BIFEMA(C. hex-
anema). WS (S, niphonius);

b. 8 IX(8 times): HEHE(K. punctatus). T8> T (S, zun-
asi). HLEE(P. argenteus). W&(E.japonicus). VT IKFHi(S.
schlegelii)

c.5.3. LiR(5,3,and I time): K& BT kammalensis) .
H A5 (S. japonicus) . 48 Eitifli(Sebastiscus marmoratus).

a. 7 R(7 times): BE(E. japonicus). KZEBFE(Scophthalmus
maximus);

b. 6 (6 times): BEEE(K. punctatus);

c. 5 ¥K(5 times): BHP(S. taty). F W (Paralichthys
olivaceus);

d. 4 (4 times): [ FEH(S. schilegelii) . i
(Platycephalus indicus);

e. 1 K (1time): J7 IR A (E. fangi).

14~9 ¥R (14 to 9 times): ZHLHFTF 14 (Liparis tana-
kae). WL(E. japonicus). ¥ MR EAL(C. stigmatias) .
INBEAL(P. polyactis) . FHW(S. tary). 4 GFAH(S.
schlegelii) . /N5 10 (E. muticus) . ¥t #& (Konosirus
punctatus) . 75 EW B2 (Thryssa kammalensis) . ¥ 55
B (S. niphonius) . T 8§¥> T (S zunasi). W EEHE
(Lophius litulon).

26~5 (26 to 5 times): HEEEERE(L. litulon). PEEE(K.
punctatus) . KW 4155 5 (C. lighti) . 7% 5 b 82 (T
kammalensis). HE#(C. beniteguri). FEH(S. taty). &
18 Th i) # (Thamnaconus  hypargyreus) . Wi & Ty (S.
niphonius) . %1% D\ fili(T. modestus) . 7% &8 UF jE
(S. hasta). HWEVP T f0.(S. zunasi). HAREE(S. ja-
ponicus). BE(E. japonicus), MEWFF 1f(L. tanakae) .
/NHFHL(E. muticus) . /NE (P, polyactis) . HLER(P.
argenteus).

13~2 ¥R (13 to 2 times): KK, punctatus) . 75 =0 B2
(T. kammalensis). KEF(P. hyalocranius). J7 K=
W(E. fangi). BEHHEL. litulon), HEHP(S. tay). KWy
LI BA(C. lighti) . W 15 TEX(S. niphonius) . /N2 F&
WRFEHa(C. hexanema). LREE L HIi(T. modestus). &
YD T 40.(S. zunasi). H A5 (S, japonicus). BE(E.
Jjaponicus) . MEHET (L. tanakae) . /N i (E.
muticus).

26~1 K (26 to 1 time): FRBEUFEM(S. hasta). 75
27 RAFEA(C. hexanema), (S, taty). WM D
(S, niphonius). HEHE(K. punctatus). 7R =W (T
kammalensis) . # & B (S. marmoratus) . #E(E. ja-
ponicus). MEBEHT0(L. tanakae). T WEV> T (S.
zunasi) . H A &5 (S. japonicus) . ¥ [K - fihh (S.
schlegelii), fREE(P. argenteus). #EMfi(C. beniteguri) .
[ ik £ (Argyrosomus argentatus).

24~2 R (24 to 2 times): FIEHHE(L. litulon). F JBIF
JEAN(C. stigmatias) . /N2 BIFFEA0(C. hexanema) .
WS (S, niphonius) . VFIGF-AlI(S. schlegelii). B
P (S. taty) . /N A (E. muticus) . 455 K2 fa
(Apogonichthys lineatus) . BE#X(K. punctatus) . #Efi(C.
beniteguri) . 75 8§ V> T 40.(S. zunasi) . B&(E. japonicus) .
FEEP. olivaceus) . J57 K= (E. fangi). KIE/NL A
(Hexagrammos otakii) . #fi(P. indicus). [ (4.
argentatus). KWL EBR(C. lighti). /N (P. poly-
actis) . IEARBE(T kammalensis) . KW (Saurida
elongata) . K 32 6 (S. maximus) . %2 ¥F §§ 4
(Cryptocentrus filifer) . H AREE(S. japonicus) . )
fL ¥R J§ 11 (Ctenotrypauchen chinensis) . % w5 f
(Pseudopleuronectes yokohamae) . 7 J& & UF j& £ (S.
hasta), K48#(Enchelyopus elongatus).
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Tab. 3 Thefish community structure similarity in Bohai Sea in August among year 2012—2016

Ay

year

AEARLME T L/ %

similarity range

AN AR TTIR R R T 10% M Fh 2 K i SR 4L
species with more than 10% similarity
contribution in each group and their occurrence times

AR SEATTHR Ry 80% 14 Al Kt R AL
species with 80% cumulative similarity contribution in
each group and their occurrence times

2012

2013

2014

2015

2016

44.41~73.14

35.49~54.56

38.65~53.03

35.23~80.47

47.61~58.89

3~1 K3 to 1 time): BH(S. taty). F BUFEM(C.
stigmatias). BE(E. japonicus). /NE (P, polyactis) .
W5 25 (S, niphonius) . /NS f(E. muticus) , VG-
#Hi(S. schlegelii).

2~1 K (2 to 1 time): FREMFEA(S. hasta). BE(E.
Jjaponicus). PEEEER(L. litulon). BHEX(K. punctatus) .
KWL 5 85(C. lighti), TR EWBE(T kammalensis) . &
(S, taty). WA TENS. niphonius). TV T (S
zunasi). HZAREE(S. japonicus). /N fa(E. muticus).

2~1 K (2to 1 time): M S B (S. niphonius)., 7N
FEURFRA1(C. hexanema) . B2(E. japonicus). /N fii(E.
muticus), IR EAREE(T kammalensis). BHP(S. taty).
KWLH R (C. lighti), SkEE D BT modestus). 75
V> T 44(S. zunasi).

3~1 K (3to 1 time): ¥ JEEUFJEAM(S. hasta) FEHI(S.
taty) . BE(K. punctatus) . IS8T, kammalensis)
WEBNS. marmoratus). Wi x5 (S, niphonius), H
A (S, japonicus) . BE(E. japonicus). R (P. ar-
genteus).

3~1 K (3to 1 time): BEEEH(L. litulon), 7 BIFFEf0
(C. stigmatias) . HE(C. beniteguri). 722 7% FRUT JR 1L
(C. hexanema) . #% (E. japonicus) . VF IG @H}(S.
schlegelii) . H Uit (4. argentatus). W) 4L 8 (C.
lighti) . JREAREE(T kammalensis) . K74k 14 (H.
otakii). 75 R =UH(E. fangi). HHP(S. tary). FREVT
(8. zunasi). /N f(E. muticus). (P, indicus).

3~1 K3 to 1 time): ¥ RBIFFEL(C. stigmatias) . fE(E.
Jjaponicus). /NEEFH(P. polyactis). #EI(S. taty). TR
W (Thryssa kammalensis) . ¥ 5 S8 (S. niphonius) .
H VT (S, zunasi) . AWEHFT 4 (Liparis tanakae) |
/N AB(E. muticus) . (S, schlegelii).

2~1 K (2 to 1 time): FREMFEA(S. hasta). BE(E.
Jjaponicus). PEEEER(L. litulon). BHEX(K. punctatus) .
KWL 5 85(C. lighti), TR EMBE(T kammalensis) . &
(S, taty). WA TENS. niphonius). TV T (S
zunasi). HZAREE(S. japonicus). /N fa.(E. muticus).

2~1 K (2to 1 time): M B (S. niphonius). 7N
FUFEA(C. hexanema) . /Wi f(E. muticus) . 7R Fuli
(T, kammalensis) . TEEN(S. taty). KWL & 85 (C.
lighti) . 2%%8 T T 65 (T modestus) . & 8 V> T £ (S.
zunasi), BE(E. japonicus).

3~1 K (3to 1 time): ¥ JBEUFIEAM(S. hasta) FEH(S.
taty) . BE(K. punctatus) . 752N 8E(T. kammalensis)
BN, marmoratus). Wi x5 (S, niphonius), H
KA (S, japonicus). BL(E. japonicus). VK F-#li(S.
schlegelii) . BB (P. argenteus).

5~1 7K (5 to 1 time): FRUFEM(C. stigmatias) . S
(C. beniteguri). PHEERE(L. litulon) . TEEN(S. taty). 7~
2 7 AN EA(C. hexanema) . WE(E. japonicus), /INifi
1 (E. muticus). VFETPEIS. schlegelii). 111t (4.
argentatus) . JTHX(K. punctatus) . KRG (S. elongata) .
KWILL & 83(C. lighti), TR 2WEL(T. kammalensis) . K
WL AM(H. otakii), TTIREH(E. fangi), HEEVWT
101(S. zunasi), AR EA0(C. filifer), 402k K2 A (4.
lineatus). /N#& 1 (P. polyactis). #{i(P. indicus). H4¢
FiFLER SR fa.(C. chinensis).

BB, 2012 4EF 2013 4E3HE, H 2013

TR 22 B S A AN T A B B

LR EIE

AEFE 2016 4F—H 2 LI, B R RBEIEMY
PR A e AE A H s ¥ IR B K B i 2
A W 0 )RR, iR, h EE R
IFPREE AR, AR FERE 9 Fief, (X
2015 4F2k 8 B, 1959 4F % 2011 AR 3 5 il 5%
VR ENAD T 5 AW B A RE, M
W < DA B Bl S Sy 2 10 1 W ) B & < DUIR
WA P RPN S A s S I el
TRREE T E SR RBN 4.4 TR 3.4, Fi4;
10 4F R R 0191 it f0 Rk 2580 1959 4R 19 71
Fl . 1982 4E1Y 61 Ff, 1992 4E (1) 53 F. 1998 4F
(1 32 R RS 2010 4E119 40 F0 ©1 iy TEREETS
PR RS Rk, BarEnig SRR C AT

gt ma et Nk, KEaRFEUME
PERERFE A0 3, LA b FNZh 1 AR H g o
32 BREEALHYSMER

2012—2016 4F&4F B i AN R A BE AP 2R
H N2 A (P I 0.001), 4FBEREVE 4 1A]
25 SRR R 2 BB AR R, A ] 25 S
& Fh BRTTRR A . B TTHER AN A AR AT
DIFIT, 2 1 £ IS 8 2 5 1 1 i B R o,
FLVR Ry ;A TR A PN AR R ol ) o 28 B B
AR A A ) 22 AR IR R, DA AR 45
i Fh BFLTTRRR . B TR R /IR B R AT
HEM, 2 I 0 S TR AR DL PR 0 1 B R AR
FRON o7 R BN R £ F1 o7 B B R R A
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B EHEEETE 20 {H22 80 AFAR X it 1 A A4
Wik AT T 08, RIEEsh Y . slR . R
W e R A TR SR A W o RIS Y R B
B T O TR AR, RRE R Bt A
TR MR DD, ALHE DR R AN £ 1 SR 2R
PLBE N6 0 W S T, S T R IR SR, M
BB IT RO 2D Tk e85 r BE£ 5 W)
(RS, i A 7 AE 7 URS FERRBE R IR, Hodh
RELN, Ay A B . B A
5 0 B £ 75 A8 TR A S S A, ok ik
) 32 B A1 Fifr
33 BARBELEH KB

fig 5EEE T LR A, 7 RIF R AR R
SR R AR Z 2, H AT e e i =
B o

2012—2016 4F, fi 5 H 6wy 2 GE s & 500
bR 37.54% ., 82.12%. 81.54%.
89.86% 411 73.29%; 7 &M B £ A1 OF JB8 &2 MR % £ 5%
T a0 ) o IS 2 A R TR IR R Y 8.21%% . 30.50% .
2.26%. 54.62%F1 48.49%., 15 2012—2016 4FE4%
£ O BB (IRT), & PSR L 35 B 7 45 4 P HR 4
RS —, B AERE | rRENN EA
FIBEEE, AR BB 1 3 LR AT IR, 26
SRR AN RENE M P RIFEM . T
FE S M PR A RN B A, AR R R BB S 2 WL
/SN G /¢

2012—2016 4F- )1 £ JS B AR bR 3 73 95 R
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Abstract: This study applied cluster analysis and MDS sequence analysis to catch-rate data of fish species from
bottom-trawl surveys in the Bohai Sea in August of 2012 to 2016. We selected keystone species of the fish com-
munity in the Bohai Sea, based on the annual contributions of similar species within clusters and different species
between various clusters. (1) When the similarity contribution rate ranged from 29.93% to 35.69%, the fish com-
munities in the Bohai Sea were clustered into 7, 9, 6, 5 and 6 groups for 2012-2016 consecutively, with corre-
sponding MDS coefficients equaling 0.16, 0.14, 0.18, 0.15, and 0.17 respectively. (2) There were significant dif-
ferences (P=0.001) in the species composition of the fish community groups among the five years. The fish spe-
cies were identified for each year that had cumulatively contributed to about 80% of the difference between com-
munity groups and occurred in more than half of the groups. Unfortunately, no common species was identified for
all five years. Engraulis japonicus was identified in four years, and Setipinna taty was identified in three years.
For species which contributed to more than 10% of the between-groups difference and displayed a more than 50%
of occurrence in a year, none occurred in four or five years, only Engraulis japonicas and Setipinna taty occurred
in three years. (3) Similarly, the fish species were identified for each year that had cumulatively contributed to
about 80% of the difference within groups and occurred in more than half of the groups. No species were common
to three or more years. Three species (i.e. Engraulis japonicas, Chaeturichthys stigmatias, and Synechogobius
hasta) occurred in two of the five years. For species which had contributed to more than 10% of the within-groups
difference and displayed greater than 50% occurrence in a year, no species occurred in more than four years, only
Engraulis japonicas occurred in three years, and Chaeturichthys stigmatias and Synechogobius hasta occurred in
two years. (4) Based on the annual cumulative or single similarity or difference contribution rates of every fish
species to community groups, we conclude that Engraulis japonicas is the primary keystone species in the fish
community structure of the Bohai Sea, the Setipinna taty is the second one, which is then followed by
Chaeturichthys stigmatias and Synechogobius hasta. This conclusion is supported by the ratio, correlation, and
regression of the average catches per station of these four species to that of all the pelagic or demersal species, and
the annual dominance indices of these species. Results of this study provide a scientific basis for the adjustment of
the fishing industry and the maintenance of fishery resources in the Bohai Sea.
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