ISSN 1000-0933
CN 11-2031/Q

& v' (“-J -4
“\\’.'fv' .




L/ L E

a'»
" (SHENGTAI XUEBAO)
PR S RN £33% %10 5 201358 (AT
H R

BEKITKLEHER
AR RIT R LA KB A THF R AR RIT AR LRI I F o timA (2045)
AR T BT A R A 35 4 R A AR L AN BB E AT e BsEA (2946)
A RIT BT K R R K BARARE B L RACB L IILHL ooveereeeenes wEA T B, EAR (2954)
LI AR T BANARAR B )G T IE T HUBE e A e vvereeeeeeniiins T35 B, 8 B3k, % (2964)
AT RUSLE #9432 4 KT £ W B R LAZIREFHI ooveeeeeenes T AR M (2974)
7 AR R R R LA R B AT —— AR T E R ] e K OWLRERLT B (2983)
T2 R Iy RANR AN B 09 8 B AE I —— AR T T R A oo AR B, F (2992)
AR R LIRAIEA R F O R —— VAR A RITBA oo B BRE H (3002)
AR 5 2RgE
LA HRHACT CO, BA 3B R BAF IS woreereereensossonsenennn KA. R ETE.E (3011)
130 15 SR A K A AUIR BT TR v veeeeneeeeennee e DaEa AR AW % (3020)
MEERERES
EER R FAA T L KRR AL A B T ABE B RIS ZE R A - vvveeeeeeennnreee e e e et e e

....................................................................................... B EEE KHEE,E (3031)
FE T BRI T A B AEPE e KA R B E (3039)
A B YE S e A ] BE T 2o B oo WS FW G EER A (3047)
s BEEMES RS
BRAGNEER TR ORRYPRERBEEME S F OB UK. ELE  (3056)
FARIT K G B T LA AR A S R G E R T 0B e reenn e ¥ OB T AR % (3065)
I B R R K R B R BEE LM S A e hEg BEBE B2 % (3074)
F O R ABE R LR AN ZRE BT IR FHT AEL Y %% (3083)
RN AT HE IR A XT3 BB TR B IR AR B T o8 vvvveverrrereenrnrnsiiiii i W OE.E B EET A (3092)
G BT B R BN H A LIE B HR e FhpE FRE K L% (3103)
B FE AR AL B M fR A AR AR AN A HE B 2 I HUEE <o BT RAE (3114)
BA GG EI ) I LA AU TR, e eeeerreeeeeeeeinieeeeeeiiiieeeeeas DA WHE KAWL (3122)
F LI RE BRI FE T H 8P C AL G vt B LB F oA R oo F A (3129)
T 17 B A AR I AT K T AT MG G ceeeeeeee e ennnnnnnnenneeeeens % OWLED W2 (3138)
v BT A Tk M 3 B AR 2 A P S AR A AT R R T e MBY HUE EFR L (3148)

%gﬁ%[‘?%gﬁ@*ﬁ?iﬁ%ﬁﬁ—%/&}i\ﬂﬁéj\a%ﬁ% .......................................... ff%/%f?i,%? iqﬂ (3158)



60 FEATARES AGIREMABT T T A - eeeerereiii e, Bom X EFE, H = 47 (3169)
AT RAAI A FHHEH AL AARIZ R BEAEGHT - WRigE IR (3177)
RESFMES

FREAER T EAR TG AAG I B T et HWA FETF,EEXL,% (3185)
KT 2 FEATA X B W AR B AR B 15 SR v evveeeeeeemeeeee e ZWM, ARk, 7 L% (3192)
RE 2HAVA G XL T B EEIRRFE R QB F e TR MM, ZEE,F (3205)
RAARI 49 S BN L TR R AKX TR LI cvvvrneneeeeens B4 R R, KX (3213)
R E R

B AR AT G & T AT MR SRR ARG oh e WOWLEOELE OW,F (3222)
NEFARAFHGERREKE L RBFEA F IR Wik, WL &, % (3233)
LEAMAAMH R R R T EAE TP RG] ceevveneneniiiiiiiiins TP A MEE, TR, % (3241)

BTIEARSECN 11-2031/Q # 1981 # m * 16 * 304 * zh * P * ¥90. 00 * 1510 * 33 % 2013-05

ECEEEEEEEEECEECEECEEEE

HEEBE: ORI KB R A L B AR —— TR L = AL R 3 A KA 2 2 S A Ry LD kL RS 55 e
P XN A3 A5 i LA B4 KA A TR E R R JE AR ST R A0 T VG SRR A S e L R
3K 40m A B IR €8 BT AR HOBCRIBIAE IR | BA7 . KADR IS IIE AR, 5 001 X N 2 R A2 A B DD I SR 2%
KR HBAZ KRS BB S & BEA R RIER A T R, XX T L 39 B AR (A AR bk £ |
HREEILR A LR T, LT RS RGBT R A EE TR 2 5

HERERRE: FREAEE ol k2 E-mail: cites. chenjw@ 163. com



5533 45 10 1 S = & il Vol. 33, No. 10
2013 45 H ACTA ECOLOGICA SINICA May,2013

DOI: 10. 5846/ stxb201203040292
RIS, G R A O AP BNV I R K IX AR SRR A Al S 2R, AR AR ,2013,33(10) :3074-3082.
Xu B D, Zeng H H, Xue Y, Ji Y P, Ren Y P. Community structure and species diversity of fish assemblage in the coastal waters of Jiaozhou Bay. Acta

Ecologica Sinica,2013,33(10) :3074-3082.

RMESEERKKBREEEUNSHFE

WEF,GEREF F 5 E—F
(

>y

R RS K 22 T B 266003)

HEE ARE 2009 4F 3 H—2010 4F 2 A 7ERIN IS FO LR = oK G AT 09 2808 A & IR A 80, R A S S s o £
TCH M S T IE R T R P G5 I R R . 5 SRR I R A L 44 Ffa s H g ik 27 T 0
PR 17 B, HEFPSL LS IR Z KR BE A YOG R o IEHIE I R K X (S RFVE Margalef F 26 425 FEAREU(R) 2163
FEl4 0. 33—3. 50, Shannon-Wiener £ P8 80 ( H' ) 7 0. 42—2. 25, Pielou ¥ 5J FEFE K0 ( J' ) 24 0. 23—0. 93, HHK 4 #
(CLUSTER) M Z 4Ebr EEHET (MDS) 433 B A [m] 8 28 Fh S A i iy 4 1 6 S T 0 43 2y 3 A8 45 KR BRI & Z2 40 G (12
H—R4E 4 ) SRR I BFREH G2(5—6 J 10—11 ) UK i EFH G3(7—9 7). Hr G iyl fp L2544
W8 ( Syngnathus acus) 5 K= ( Enedrias fangi) F1E 58 ( Ammodytes personatus ) S5¥3 P W WA BER 2 G2 Ay 3= 2 ML F oy
40 ( Engraulis japonicus) R , G3 1Y 3= 5L B T Sy i 71 ( Scomber japonicus) | 90 4% KA A ( Apogonichthys lineatus ) 135 [G 28
IR B8 41 (Amoya pflaumi ) ZMiEPE a2 B AR UPE T (ANOSIM) 20,3 A A (4l Al 2B BEvK 45 My 22 5 0 35 R IR A 3 4R
PP 22 F 4 03 AW-F5 58T (BIOENV ) W1 )2 KRR 52 M J5E ) 5 30T 2 e K DX A0 IS T % 25 4 i [R] A42 Ak i) 32 B3R 4 IR
T TERCIIE P K R I 40 ARFh 4t 5 &5 DR 3 E 2 IR (028 RTINS 19 7= 59 LB A DI Re A BT T B, s
JE VS ST e A I A S R Rl B IR A PR R IB

SRSRAR : NS ;3T FR KA s £ SRR S5 s PR REIE

Community structure and species diversity of fish assemblage in the coastal

waters of Jiaozhou Bay

XU Binduo, ZENG Huihui, XUE Ying, JI Yupeng, REN Yiping "
College of Fisheries, Ocean University of China, Qingdao 266003, China

Abstract ; Jiaozhou Bay, which locates in the south of Shandong Peninsula, is a semi-closed natural bay extending from the
Yellow Sea. It serves as an excellent spawning and feeding ground for fishes and other invertebrate animals, and is an
important ecosystem with high productivity and biodiversity. However, due to the high fishing pressure, pollution, coastal
development and the effect of global warming, major changes have taken place in the region. Based on the data collected
monthly in the set net survey from March 2009 to February 2010 in Jiaozhou Bay, fish community structure and species
diversity were examined by ecological diversity indices and multivariate statistical analysis. The results showed that there
were 44 species of fishes (young of the year) in the survey, of which 27 species were marine fish, and the rest 17 species
were estuarine fish. The fish species composition of Jiaozhou Bay was closely related with the bottom water temperature and
salinity. The Margalef species richness index (R) of fish species composition in Jiaozhou Bay ranged between 0.33 and

3.50, and the Shannon-Wiener diversity index ( H' ) were from 0. 42 to 2. 25, with the Pielou evenness index ( J')
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varying from 0.23 to 0.93. According to the hierarchical cluster analysis ( CLUSTER) and non-metric multi-dimensional
scaling (MDS) analysis, fish samples were classified into three month-groups, which are group 1(G1, December—April )
with the lowest bottom water temperature, Group 2( G2, May—June, October—November) with higher water temperature
and Group 3 ( G3 July—September) with the highest water temperature. The typifying species in G1 were some resident cold
temperate fish species such as great pipefish Syngnathus acus, blenny Enedrias fangi, sand eel Ammodytes personaius ;
Japanese anchovy Engraulis japonicus and great pipefish Syngnathus acus were main typifying species in G2, Pacific chub
mackerel Scomber japonicus, cardinal fish Apogonichthys lineatus, Amoya pflaumi and other migrate fish species were
typifying species in G3. The analysis of similarities (ANOSIM) indicated that there were significant differences in species
compositions among the three month-groups. The biota-environment matching ( BIOENV) analysis showed that bottom water
temperature was the main environmental factor that determined the temporal pattern of fish assemblage in Jiaozhou Bay.
About 40 larval and juvenile fish species were found in Jiaozhou Bay, but they are mainly low-valued fish species. The
results indicated that the capacity as a spawning and nursery ground has declined in Jiaozhou Bay. Some measures should be

taken to conserve and restore the ecological environment and fishery resources in the region.

Key Words: Jiaozhou Bay; coastal waters; fish community structure; species diversity
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Table 1 List of fish species caught by setnet survey in the coastal waters of Jiaozhou Bay

H e I R Salinity Bk 43 H % ﬁl:%“ﬁiﬁ?il%]
Order Common names Temrferature adaptive Mass Dominant length
adaptive type type percentage range/ mm
#BHH H Anguilliformes HEFE NS Conger myriaster WT M 0.41 94—115
45 H Clupeiformes F /NP T 10 Sardinella zunasi WT M 1.42 25—61
B Konosirus punctatus wWT E 0.64 186(1 &)
fig Engraulis japonicus WT M 30.17 32—82
i EE B Thryssa chefuensis WT M 0.82 25—68
RIS Thryssa mystax WW M 1.09 46—62
- H Salmoniformes JEWIHTAR 1 Neosalanx brevirostris WT E 0.01 60(1 &)
filifa H Aulopiformes KUt Saurida elongata WT M 0.07 46—48
8% H Cyprinodontiformes V> [C i Hyporhamphus sajori WT E 0.05 145(1 &)
)% B Syngnathiformes R Syngnathus acus wT M 3.95 10—185
filifZ B Scorpaeniformes 48 F-fil Sebastes hubbsi wT M 1.26 73(1 &)
VG Sebastes schlegelii CT M 0.14 24—75
¥ B il Sebastiscus marmoratus WT M 1.75 31—84
INIRGEBE £ Chelidonichthys kumu WW M 1.05 51—70
K78 fa Hexagrammos otakii CT M 0.07 28—59
MENiF 14 Liparis tanakai CT M 0.23 9—37
4% H Perciformes AR AA0 Apogonichthys lineatus ww M 16.99 25—62
W5 8% Decapterus maruadsi wT M 1.48 41—125
F i i Argyrosomus argentatus WwW M 1.36 26—56
/N Larimichthys polyactis wWT M 0.23 134(1 &)
i Mugil cephalus ww E 0.06 31—75
& Liza haematocheilus wT E 0.09 70—78
J7 R Enedrias fangi CT M 7.40 22—136
W Enedrias nebulosus CT M 0.14 25—52
L fHift Ammodytes personatus CT M 2.23 19—65
St [ 1045 | Callionymus kitaharae WT M 0.39 46—110
PRIFUE SLUR FE 40 Favonigobius gymnauchen ww E 0.03 17—24
T AN R4 Amoya pflaumi wWW E 8.03 18—55
KL UFFEAD Cryptocentrus filifer wWw E 1.71 41—102
FEIE IR JE £ Acanthogobius flavimanus wT E 0.04 17—56
I\ 2Ll R AR SR Amblychaeturichthys hexanema wT E 6.63 17—101
SUERURFEAD Tridentiger trigonocephalus wT E 0.40 21—76
BES AR R A0 Tridentiger barbatus WT E 0.38 19—71
22 B UF R £ Rhinogobius filamentosus wT E 0.00 15—27
FEHE SEBRUT IR 10 Oligolepis fasciatus WW E 0.00 18—25
BB il IR FE 411 Acanthogobius ommaturus WT E 0.06 58—97
LR R IR £ Odontamblyopus rubicundus A E 5.89 38—171
N MIFLERFE A Crenotrypauchen microcephalus ww E 0.01 82—82
WAL Trichiurus lepturus ww M 0.00 49(£K)
JNHE 8 Eupleurogrammus muticus wWW M 0.24 177—298 (4 K)
fif 4t Scomber japonicus ww M 3.07 142—179
I H Pleuronectiformes  FiW) ¥ 35 8% Pseudopleuronectes yokohamae CT M 0.02 14—26 (&)
S L 5 Cynoglossus joyneri WT M 0.00 80(£K)
K W)ZL T 5 Cynoglossus lighti WT M 0.01 87(&K)

WW HEZKFH Warm water species; WT IR Warm temperate ; CT {3 FH Cold temperate ; M 1% Marine species ; E ] £ Estuarine species
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Fig. 2 Monthly changes in bottom water temperature and
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Table 2 Pearson correlation coefficient between mean relative biomass of fish and environmental variables in the coastal waters of Jiaozhou Bay

T TG IR AR T TR D W FERR KA A7 1B IR A AT CTRE K F
Environmental variable M & CT M&T M & WW E&T E & WW
JKi Water temperature -0.244 0.503 0.533 0.419 0.552
ERBE Salinity 0.171 0. 164 -0.524 -0.480 -0.516
1000 Yt M YA SE
—o— WHFEAIRAMM & CT
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Fig.3 Monthly variations in mean relative biomass of fish in the coastal waters of Jiaozhou Bay
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Fig. 4 Biodiversity indices of fish community in the coastal Fig. 5 Cluster analysis dendrogram for fish assemblage in the

waters of Jiaozhou Bay coastal waters of Jiaozhou Bay
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RELATE Z3Afr 3 W] | e V5 30 o e 7K DX A0 2 B 7 235 4 5 B 055 TR - 22 ) 2t LA b 3 4 O (= 0. 42, P<O.
01), BIO-ENV 43Hr3R B, B I e v /K IX 2 VR 254 1 H A2 16 5 IS J2 KR AN ER BE Y 255 IR A DG P o
I (r=0.418) , 5KJZKIBAMENERZ (r=0.361) , SEE MM RN (r=0.296) . HIL, K2 KEREE
M RS VS 0T ot AR /K DX A SR T 454 ) B A Jm 1) B LR B R 7
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x3 RMNBERRKXEREFEERAMENBRTNAR MDA S EMEETEHE DL
Table 3 Typifying species within groups and discriminating species between groups and their contribution percentage for fish assemblages in the

coastal waters of Jiaozhou Bay

H A48 P B8Rl % A5 4L i) 53 e Rh/ %

Pk Typifying species within month groups Discriminating species between month groups
Species #H1 2 43 4l 5412 41 543 A2 5413

Gl G2 G3 G1&G2 G1&G3 G2&G3
WRiE I Syngnathus acus 34.17 8.25 4.33
W5 =i Enedrias fangi 26.53 10.53 9.85
L ffifle Ammodytes personatus 15.87 4.28 5.33
VRl Sebastes schlegelii 8.24
§% Liza haematocheilus 5.26
% Engraulis japonicus 87.03 60. 64 38.12
fifyff1 Scomber japonicus 44.73 16.90 6.35
Yl 45 KAt Apogonichihys lineatus 27.04 21.47 16.04
H[CEIR R 8 Amoya pflaumi 25.69 15.91 10.15
INLLEE AR R 4 Amblychaeturichthys hexanema 7.61 6.35
LR A UF R 44 Odontamblyopus rubicundus 5.17 4.38
3 it

JREH VS R &3 K Bl 22 Fh 22 %t 2 AT A R W L B0 B, % 0 SR IS A B A R A R T SR R 2, 20 i
28 50 AFAR i M T K 4B T U ) 22 B A 2R AT K A5 T 8 ( Scomberomorrus niphonius ) | i 8 1 B i 11 ( Nibea
albiflora)) 55 ;20 20 80 AR LI 5 Ko 40T A3 ol i8] £ ARAR A0 25 3L 113 At 5 85 et A5 XeF Jie MV 2 48
FEAK SR 2 R A AR £ 2 58 s Mg S5O R B IR SR ISV e v b A AR R A L 2k
55 Ffr, ASHHGEIR A TR T M PG L i R AR B /K RN B it -6 m (99T Kk, 52 B R Tk AT AR i IR K Y
—E SR, [F) I A SR A 2L Ay e ) Bt A SIS AR 2R 20 s v ] 11 £ SIS IS 2 A S T o AR A

JREPH VS 3T o e /K X A S A IR ELAT B 0 21 84, R B2 /KRN ER B2 e, Y] 1 P S RO AR R A
o HA Y5 5E AR AARDC 7R3 BEBARK IR R i 5—8 H A HAE W) s BB S . M 2K
S A BIARA, HER 2 H040 254 T i P vk o 2P g 2 I CLPE A0 SRR, W RE F TR A i3z 21K
T AR AL IR OK SN | F2 B2 WK RS0, W VE IR I U | W /K R S 1 A s 7E AR A R I B Bk 1
TR A%,

JIEPH VS 3T o T AR X A SR VE LRI 43 3 4L, G 4R /K IR AR A H O3 21, HL s R For == %24 5 [R = 5 R
T e A VDT ilRI R S5 R S s H 2 G2 /KA G ey, B U S 208 g Fn i 45 5 A A
. G3 ALHEARARXTH = 19 3 A H Ay, G3 1) M2 i Sy e Tt At 0 I /A P T e £ 288 | B /KR A0 2 W T, 4
fhfinta 05 R AR BRI ATE N OB ), FSHEE S B 7 sh A 0 A 0y 41X 43, % 7 45 AN TR AR 2
a5 P 1 A S A R T K A T BT R A S S A A Ak B, D SR R SE R WY F VS R I8 3 ¥ Sl 1)
KR AR HA B 2 AR S SRR S5 5 A S IR EE B AR AL DI AE G, BV S5 A R B — 2 R s S
JRPE

JE PN VS S e K B A TV & A AR AR AR A B G S AR — 3 TE AN [F] A 1 2 9 — i I BIR A
TEHAEFR BRI 2R EUE hHOR 3 7T Be 51 A /K B (B K BR TR K IR AESS 1 4—10 A K& il
BT, KSR R RO T 2R T 3, AR & 00 | &l i s bR vl e U520 M AT R X
JEE MV 3T ot K A SR g A i D) R 0 S 2 Vs B — o SR [ R 7 R B 4% T o) SRAE AL 8 B i, G B
ISRAE BRI K B R B A N B AR D REHE AN . ZREPERR B4 2 A il s B, AT g 2
S A S R G A DL 1) R SR G, B T R K AR Y T B 2 7 I P 0 I SR
HYE ) AT S 30 K X A S Rh 2 AR R e S04k
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