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Species composition and diversity of fish community in Jiaozhou Bay
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Abstract: Jiaozhou Bay is a temperate semi-closed bay in the Yellow Sea, located in the Shandong Province, along the
northern coast of China. In order to understand the characteristics of fish community structure in Jiaozhou Bay, data from
four bottom trawl surveys (2016—2017) were used to analyze the variations in fish species composition and species
diversity of fish communities by using the means of relative importance index, ecological diversity indices, canonical
correspondence analysis, and non-metric multidimensional scaling. The results showed that a total of 46 fish species were
captured, which belonged to 2 classes, 14 orders, 53 families, and 84 genera. Among them, Osteichthyes fishes with 45
species were the dominant one, accounting for 97.83% of the total fishes. Of these, the Perciformes fishes were the most

dominant group, in which 22 species in 19 genera and 13 families were observed, which accounted for 47.83%, and
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followed by the Scorpaeniformes fishes with 7 species in 7 genera and 6 families, accounting for 15.22%. The seasonal
variations in the number of fish species were obvious, with the highest being in summer with 23 species and the lowest in
autumn with 16 species. The fishes in Jiaozhou Bay belonged to temperate fauna, which was dominated by the warm
temperate fishes (47.83% ) , and followed by warm water fishes (30.43% ). Cold temperate fishes, which were the least
abundant one (21.74%). The predominant species of fish communities included Thryssa kammalensis, Sebastiscus
marmoratus , Paralichthys olivaceus, Hexagrammos otakii, Sebastes schlegelii, and Chaeturichthys stigmatias. The diversity
analysis showed that there were significant seasonal variations in fish species diversity. The values of Shannon-Wiener
diversity index (H') ranged from 1.668 to 2.453 with an average of 2.031, the highest was in summer and the lowest in
spring. The values of Pielou evenness index (/') ranged from 0.577 to 0.808 with an average of 0.687, with the highest
value reorded in autumn and the lowest in spring. The values of Margalef richness index (D') ranged from 2.431 to 3.123
with an average of 2.824, the highest was in winter and the lowest in autumn. The Canonical Correspondence Analysis
(CCA) revealed that pH, dissolved oxygen ( DO ), water temperature, and water depth were the most important
environmental factors affecting the species composition of fish communities in Jiaozhou Bay. Water temperature and pH were
the main factors affecting both spatial and temporal changes in fish community structure and diversity. Compared with the
historical survey data, the community structure of fish had changed greatly due to disturbances from anthropogenic activities
in Jiaozhou Bay ecosystem. These changes included changes in the species diversity level with a reduction in the number of
species, and a significant change in the composition of the dominant species, suggesting that a simplification of fish

community structure has resulted in this bay.

Key Words: fish; species composition ; diversity; anthropogenic activities; Jiaozhou Bay
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Wi AT ( Trichiurus lepturus ) OEHEFPRE ) 5675 9 2011 4FLUJT [ =85 ( Enedras fangi Wang et Wang ) FI7S 225l FE
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AEARE LRI T35 VA5 R AR F VR BORIT A (IR1>1000 SRS ) HA T ok, TR ZHEtds
B YR AR RO R R IR ORI L ZE Y A 22 5 s AR 2 REMETR BORCA ZE W 30, FHTAROG
0 55 R AE ) — B 955 43 A AF 9% 5 ) £ S U ) Bl AR M 2 R D BRI R, Horh A W —3 B 4 R
CANOCO4.5 B A4 i L5 X I, 73 H7 ( canonical correspondence analysis, CCA ) #E47 43 AT Ab FRECHE | HE P 45 5% H
Yy Fh—IR 5% K7 56 2 ST R 2R B F AR AU 2387 (analysis of similarities, ANOSIM ) F T AN [R] 2= BE 7%
YIFR L RN, S 22 e 22 S5 1) i B PR AG  , 32 FH AR ME 2 485 2 HEF (non-metric multidimensional scaling, NMDS)
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2.1 FRRAM

TR 46 B SRR 2 49 10 H 30 BF 41 J&, LURE B 20 028 (5 28 X A0 #4545 i, b e R Tl 2 0
97.83% BBt it 2 1 Bl b BRI EY 2.17% , Hoh, 852 H (Perciformes ) fr 25, H U il H
( Scorpaeniformes ) FIEIE H ( Pleuronectiformes ) ; H:4y H RSB AL 5 F0 By L B139/h T 10.00% , 4=4F
A ANZEATERH LR 2RI 1 A M VF B Sl ( Sebastes schlegeli) | AP BEY) 2.17% , 4525 25 Fh4H
WA 22 5% B B FIREIT & LB DL R d sy KRl B A FRIRZ (R 1),

F1 RMNEBHEEWEELNF S LATHAR LG

Table 1 The proportion of fish species classification units in the Jiaozhou Bay by seasons

H Order i Species J& Genus Bl Family
i Number % i Number % it Number % i Number %
#7% Spring 4 40.00 18 39.13 17 41.46 14 46.67
K7 Summer 6 60.00 23 50.00 21 51.22 16 53.33
#ZE Autumn 7 70.00 16 34.78 16 39.02 13 43.33
275 Winter 6 60.00 21 45.65 20 48.78 15 50.00
424 Annual 10 46 41 30

2 M 7 7 3 £ 2R ViR P 2H RS A R IR LA o A3 R K A IR 22 B IR R i /D, 43 A 22 A 14 AR 10
i, b IR SRR EEY 47.83% 30.43% 1 21.74% . ZE AL DAFEI 25 5 . B BRI AR E R 2y
2,8 P BE/AKTER S/ 2 B, B2 BR/KMEF L 11 Fp iR rER S i 2 Bl B3 IRIEMEFI S5
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FR CRAERI 2 16 Bl Horb OUFFh 4 Bl 23500 1 22 8852 #1. ( Cryptocentrus filifer) (7% SRR i Q1
T (Syngnathus acus ) FK A, 5 FKZEFEEN 25.00% ; FEFP S i, H ULFR S Ffr, — A 2 B, 43591 i Bk 2 Fil
I 31.25% . 31.25%F1 12.50% .,
K75 SRAEF|MZE 21 R, Hid IRFEFR 1 R, WAE E il ( Sebastiscus marmoratus) | & ZEFN AR 4.76% ;
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Table 2 Indices of relative importance (IRI) of fish species in the Jiaozhou Bay by seasons

2 Spring HZ Summer #Z Autumn A7 Winter

14 Specie IRl F14 Specie IRl Fii%4 Specie IRl 4 Specie IRI
BT 3150 bR 8178 KMt 3490 HRE A 5246
Paralichthys olivaceus Thryssa kammalensis Cryptocentrus filifer Sebastiscus marmoratus
BT 2488 K 1057 FREUEfS 3308 it 934
Liparis tanakae Saurida elongata Chaeturichthys stigmatias Ammodytes personatus
Ji Rz 1538 ik 876 ARl 1521 R 924
Enedras fangi Wang et Wang Thryssa mystax Syngnathus acus Hexagrammos otakii
BRI 1041 Ikt 853 gk 1202 RH{REE S 316
Platichthys stellatus Argyrosomus argentatus Amblychaeturichthys hexanema Chaeturichthys hexanema
F R 1007 AR 0 698 VFIGFil 314 HFHE 229
Chaeturichthys stigmatias Apogon lineatus Sebastes schlegeli Paralichthys olivaceus
VRIGF-fil 413 e 600  Hffg 209 V-l 181
Sebastes schlegeli Pampus argenteus Lophius litulon Sebastes schlegeli
fif 345 B 302 fEf 120 FRREUELD 120
Callionymus beniteguri Sebastiscus marmoratus Lateolabrax maculatus Chaeturichthys stigmatias
BUAHUR S 220 HE 187 7 1F 109 #2 106
Tridentiger trigonocephalus Scomberomorrus niphonius Paralichthys olivaceus Liza haematocheila
K<kt 141 FEYNST 162 it 107 fLEF 103
Hexagrammos otakii Sardinella zunasi Thryssa kammalensis Raja porosa

KRt 160

Cryptocentrus filifer

PN/ il 119

Hexagrammos otakit

2.3 YRR

JEEIN TR 4 215 A 2 Rh AR NG 3 IR . ZARPESR B (H') AL T Bl 1.668—2.453, LI %=
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B B S BB () 2R R 0.577—0.808, IRk i i, B SE B B8 50 ( D7) A8 43 [l
H2.431—3.123, A& Zd i BB E IR,

R3 RMEBHEXMMHESHEENTITEL

Table 3 Seasonal variation of biodiversity indices of fish species in the Jiaozhou Bay

Z=7 Season FIZEEL Species H J D’

%7 Spring 18 1.668 0.577 3.041
K2 Summer 23 2.453 0.782 2.700
ZE Autumn 16 2.241 0.808 2.431
&2 Winter 21 1.763 0.579 3.123

“H'" . ZFEEFEEL Diversity index; “J'” . 351 54X Uniformity index; “ D’ . & FEFE %L Richness index

MASTRI AR (4% 4) , 45 5l 7 fa 2R P AR Z AR AR 50 B 0.891—1.314, H'{E =19 3 A il 2
TEAM S8 B FIVE N R S5 ST 3k, 735110 1.238 (1.314 1116 ; H'{E i AR 19 3 3 & A Y S3.S7 MBS S9
i, 405 0.891,0.915,0.902, XA EEHEEL J M FEIH 0.456—0.699; Horfr, S1.S3 .4 Fl S5 wi ¥ K F
0.600 , HoAx 45wl /T 0.600 , H A5l S M AH 22 AN K . AR 45 BEFa %k D'l R 0.717—1.716; D' {H & = 1 3 4>
ST Y S2 ST S FIVE AN S8 B 43N 1.523 1,716 ,1.545 ; D'{E AR K 3 /N3l 278 Py I S3  S4 33l Flyas #h
1S9 ¥ 435k 1.037 .1.072 1 0.717,

R4 RMNEBBHEENELHESHEEER HOEREMFEFEEEN

Table 4 Diversity index, evenness index and richness index of fish communities of stations in Jiaozhou Bay

ffi ETJIIIE s1 2 S3 S4 S5 S6 s7 S8 S9
LRSS HR 1.307 0.791 — 1.246 1.155 0.874 0.420 — 1.294
Diversity index 2% 1.418 1.010 0.751 1.913 1.518 — 1.547 1.513 1.472
e 0.400 1.716 1.031 0.718 1.269 0.821 1.027 0.806 0.841
X7 1.337 0.793 — 0.633 — 1.196 0.666 1.396 0.000
Ty 1.116 1.078 0.891 1.128 1.314 0.964 0.915 1.238 0.902
¥5) R R A HE 0.812 0.406 — 0.695 0.502 0.543 0.191 — 0.933
Evenness index H%E 0.682 0.519 0.684 0.871 0.730 — 0.645 0.609 0.670
T 0.289 0.958 0.640 0.654 0.708 0.510 0.573 0.582 0.766
2 0.746 0.408 — 0.576 — 0.743 0.414 0.606 0.000
1 0.632 0.573 0.662 0.699 0.647 0.599 0.456 0.599 0.592
FHEERE HF 1.134 1.519 — 1.253 2.552 1.335 2.269 — 0.813
Richness index 2% 1.898 1.519 0.690 1.510 0.889 — 2,612 1.935 1.531
Tk 1.038 1.669 1.384 0.410 1.003 1.610 1.185 1.038 0.522
X7 1.162 1.385 — 1.116 — 0.935 0.798 1.663 0.000
Ay 1.308 1.523 1.037 1.072 1.482 1.293 1.716 1.545 0.717
“ " RIRAKI A

2.4 RREEFRA N T L L

Ji PH 2 T 3 R P 2 A A B B ) 2T S A AR 0 BT ( ANOSIM ) 36 B | 452875 ] Fa 25
AR A AR 35 22 5 ME (P<0.01) o Z=10 [E] f SR AR LR B J 1922 AL AE R 0.108—0.560 , AR —4
K, F—HF R/, W R HEIE MU R S, F RS AP RIR (R 5) R
AL R 44.00%—89.19% , L HIR A B 2 SRRk 2 A8 BB R A7 , S M) M A Al SR LA B 2
2.5 ALY NMDS [

M V5 U A 2 Y A VR AP AR W R A0 22 S N TRT 3 B, o 3R Bk & =T A PR R B
YR = KARE . 45T R BB (stress) 43574 0.08 ,0.04,0.07 F1 0.01,4 25 HE 245 Mo 22 88/ T
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0.1, Ml HEP LR A —E MR SCH B Horp , A DI HERP 45 R BA IR A I AU

x5 BEVEEEMFBLCIEIEL

Table 5 Jaccard similarity index (J, ) of fish species among seasons

ZET7 Season # 2 Spring K Z% Summer ZE Autumn £-Z% Winter
#Z Spring 0.108 0.214 0.560

5 2 Summer 0.147 0.128
2 Autumn 0.276

£ 7 Winter

Stress: .08 Stress: .04

"= Stress: .07 Stress: .01

ST AT

S2 S2

S5
S4

\S9 ) \ S1 /

B3 BMEESHSTERT(NMDS)E

Fig.3 Ordination of non—metric multidimensional scaling (NMDS) in Jiaozhou Bay

2.6 HLIEXIR AT
HRRFE DI RN SPEE I T CCA HEFPA SRR (18] 4) | £ 275 BRI DR 7 X0 #11 S A 7 A S 4L R i) 52 mi £
M AFAE R 225 (P<0.05) , BRI 715 55— | HEF Bl 18] 9 R ¢ R BN 3R 6 B /s o IR AR 17 | 52 0 JI M 725

x6 HEEFEHANEFHEENEXRY

Table 6 Correlation coefficients of environmental factors on first two CCA axes

AT # 28 Spring 5 78 Summer #ZF Autumn 4ZE Winter

Environmental factors CCA1 CCA2 CCA1 CCA2 CCA1 CCA2 CCA1 CCA2
/K% Depth -0.396 0.334 -0.159 0.534 -0.367 0.329 -0.760 0.190
ki Temperature 0.038 -0.446 -0.392 -0.449 0.026 0.500 -0.787 0.175
b Salinity 0.183 0.162 0.270 0.427 0.103 0.410 -0.998 0.005
IH-43%2% a Chlorophyll a -0.063 -0.315 -0.169 -0.548 -0.433 -0.409 0.988 0.102
FR B pH 0.625 -0.313 0.138 0.450 -0.557 -0.001 0.570 0.243
Y4 Dissolved oxygen 0.100 0.540 -0.045 0.033 -0.379 -0.043 0.808 0.364

CCA . ML X % 43 HT canonical correspondence analysis
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Fig.4 Ordination diagram of canonical correspondence analysis( CCA) based on fish community species and environmental factors in the
Jiaozhou Bay area

Enedr. )7 R = i Enedras fangi Wang et Wang; Enche K 45 Enchelyopus elongatus ; Sebas V5 K- fill Sebastes schlegeli; Tride L 45 il 1t
Tridentiger trigonocephalus ; Chaet-s : 7 FE#8 J& 4 Chaeturichthys stigmatias ; Platy : i Platycephalus indicus ; Paral : ¥ F #F Paralichthys olivaceus
Hexag;ﬁﬁzﬁgfﬁ Hexagrammos otakii;TriGE:WjﬁﬁFiﬁ%@ Triaenopogon barbatus ; Ambly VAW 4: ==y 45K} Amblychaeturichthys hexanema ; Karei ;
A1 Kareius bicoloratus ; Argyr - A 1. Argyrosomus argentatus ; Crypt . K 2288 )R 8. Cryptocentrus filifer ; Pampu 4388 Pampus argenteus ; Odont : £T1R
FHB g Odontamblyopus rubicundus ; Cteno ; PRI f LA p2 f1 Ctenotrypauchen chinensis ; Ammod ; Efhifa Ammodytes personatus ; Raja : YL Raja
porosa ; Scomb ; ¥ W8T Scomberomorrus niphonius ; Calli-v; FU [ i Callionymus valenciennei ; Upene; % 2 di Upeneus bensasi ; Konos : B fis
Konosirus punctatus ; Scomb ; H A4 Scomber japonicus ; Sphyr: il 4T Sphyraena pinguis; Liza : #8 Liza haematocheila; Apogo : 4l 5 T 8 Apogon
lineatus ; Sardi : B 8§ /NP T Sardinella zunasi ; Hippo : H ZRWMESS Hippocampus japonicus ; Cynog . K WILT & Cynoglossus lighti ; Acent : ¥ FCAIHR IR 5L
8 Acentrogobius pflaumii ; Thrys : IR EE Thryssa mystax ; Sebas : ¥ Ei il Sebastiscus marmoratus ; Lateo ; FE87 Lateolabrax maculatus ; Apogo : A1 55K
#4fi Apogonichthys lineatus ; Conge ; SEEETT 88 Conger myriaster ; Lophi : ¥ 8%ff Lophius litulon ; Callio-b . #E#f§i Callionymus beniteguri ; Thrys-k ; 71 &
Wt Thryssa kammalensis ; Minow : FE8ll Minous monodactylus ; Lipar : N8O F-$8 Liparis tanakae; Plati: F2ZVLEE Platichihys stellatus ; Syngn : IR
. Syngnathus acus ; Cheli : 288§ 4. Chelidonichthys kumu ; Veras ; [ BEEBE Verasper variegatus ; Cynog : FEW) ZL 7 8 Cynoglossus joyneri; Sauri : 1 Mg £

Saurida elongata

R FETR AP ) F AT N 2R R KR pH H, FF, 9 — ZHrMYM SRR RR
AT N 74.1% ,pH B RAEL(DO) FIZK RIE 52 M (0 ST 7% Fh S 20 i 1) 1 28 DX 1, O OC R 4053 51 0.625,
0.10011-0.396, HZ H— “HIFHMADF SHEXR BE SR 62.6% , 5 LB HI 523 a S50
0 2 REVE AP R B R T, A O R 1M -0.392 ,0.270 F1-0.169, #kZ 45—  —HEF M b 5 A5
KERZBHAITIH 53.6% ,pH FIM G FR a 520 0TI RS20 0 5122 R 1, ARG R 8053 12 -0.557
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-0.433, &% Hfi— THIF IR SR BREA LR 81.5% , Eh1E AR EK a Fl DO J& 52 i A 2R B E
B EE B A T, LA O R 51 -0.998 ,0.988 1 0.808

3 e

3.1 YRR REERRIE

PrFh ZREVE 22 S St 2R A AE R BE ) R Y B A B AR O HK IR 2 4y
A EATBREAE R RIS 28 2 B SR EE N AR SR BT (36 7) KT pH X4 fh 2 BEbE B
e bk AR (P<0.01) , HADEREE P W JE It (AR S (P>0.05) o BATRERREL T BB 2R LR K, B £
JSTEVR B 2 50 B 2 A 3 2 A AR RS M /N . B2 KRR ER BE 2 B 5 (27.03°C,29.74) , pH {H MK (7.88) ,
BRI S ) R B N fa e ok B B SRR R R AN A K A R N NS
HFEAGEEN | H 6—8 A R Etifp iR, U4l f0 55 10 IS URAT BRI 3 b AR YR A S AR A TR
SEHUR R R R A, Z AR R N, SRR SR £ (23 Bl ) IMABUE R £ (3460 FB) , AEWI R K
(12.24 kg) , WIFh ZREMEFE RO . 478 JKIREIR (5.50°C ) 4455 T Sy 80N, ELAZ 2545 I 52 0 18 7K 1 11
e 2 T £ ST [ VB AP AL PR (21 Bl ) |, f0 SR A 2 A o L i S ) B TR A TR £ 2y
F(F2) (AR TR YRR (23.62 kg) , WA B AT AL (604 ) B2 5 i K, Yfh £
BEVEMIXT AR . (e A, I 3ol RS I 268 8 o 52 i £ 28 22 M L8 R TRk Ji MV R B VE 0 o A B

e

R7 BRMNEBHEEMHESHEESHERFHEXE

Table 7 Correlation between fish species diversity and environmental factors in the Jiaozhou Bay

FHEH T % J D’
Environmental factors r P r P r P
JKIE Depth -0.107 0.626 -0.251 0.248 -0.051 0.817
7K Temperature 0.540 0.008 ** 0.371 0.081 0.211 0.334
ER B Salinity 0.020 0.926 -0.078 0.723 0.077 0.728
%82 a Chlorophyll a -0.134 0.543 0.082 0.711 -0.104 0.637
TR pH -0.581 0.004 " -0.352 0.100 -0.202 0.354
WA % Dissolved oxygen -0.118 0.591 -0.188 0.389 0.051 0.819

“r RN T SR SRR MOCR B 7 P<0.05 AR X ¢ 7 P<0.01, R B 2R

3.2 MR R AR ACPR AR 3500 e 500320044
AU A S 1981—1982 4F | 2003—2004 4F 2011 3000 A o

GBI/ IR IESS &R TR R = b b N N

59.29% .20.69%F1 19.30% ; . 3 F th 1981—1982 4 LA E 200

NG T MBSO E A 2011 LU R B g YY)

FUNSBRRIE SO REIARLA A8 ]

RN R R 3 FLE VR PR (% | | |
8) ., MAEZHMATART 2003—2004 4FF1 2011 4F, 5 i e SNl

. N . . N 1ver51ty mdex ni ormlty mdex ichness 1mdaex
WA T R (T 5) o R UL J5e N VA vl Sl £ IS 7
PHBAHAFALR K A A I 34RO S R TG 55 B RMERRAXNME EIRRN TR
ﬂrf/}':‘ ’pﬁ Hi ﬁ Tj_ﬁ Eﬁ = E"]E ;gle Iﬂ % ’ %% 9. 1981—1982 ﬁi ’ ::gj I:ter-;mnual variability of fish species diversity index in

e Jiaozhou Bay

SIZ fg E EE % jﬂ 41. 60% ’ ’ﬁ\: I:P g % § E %éi % e j‘ “H' . ZFEPEHE 2L Diversity index; “ J'” ; 3427 FE 48 %0 Uniformity
(61.50%) , BRKF RN (35.00%) 52011 4 F indexs “ D™ SR HEHSAK Richness index
BIHE B R R 54.69%, Hh FH BT F R HEK
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(64.58% ) , KT 01 R B e /1N (42.86% ) 1) 52016—2017 , P3R5 72.72% , Hh H H FH B R R K
(89.19%) , X B HA/N(44.00% ) 5 T, JEE NV fa 2 B R R S i A0 A b 3 | 21 o e Jk A= B
BANME ., AN, FERIIZ G A YR . U651 ( Lateolabrax maculatus ) R0 Fl & H 4 A ESE
ATl A 1981—1982 4Ef) 100—600 mm ., 2.00% . 0.83% I /> F] 2016—2017 4 A 180—290 mm , 1.57% .
0.08% ; #285 ( Pampus argenteus ) WA IR & A 43 L AN ACE 43 b2 B B 1981—1982 4F(#% 100—300 mm |
4.00% .0.83%18/> %] 2016—2017 4F-f5 95—145 mm ,2.66% .0.67% ; K 43 i ( Enchelyopus elongatus ) &5 |
R A A HE AR 20 e 2 ) 1981—1982 4R 8 150—400 mm ,6.00% ,0.83% Ui /1> F] 2016—2017 4F-fY 295
mm ,0.52% .0.04% ; 77 f AR JE B8 A 2l AR 43 e 4 il i 1981—1982 4 [ 80—300 mm ,4.00% .
3.00% 8/ F 2016—2017 4F A — B, BLAh, a2t e A I AR Ak, AR R 2 i 285 25 B R
I (1593.16 kg/km® ) KT 1981—1982 4 F-H R I % i (10857 kg/km®) , 29 FFE T 85.33%

*8 RMNTHHARRAEERNABMLLE
Table 8 Comparison of fish species composition in different years in the Jiaozhou Bay

GO T8 LA Fh &R

Year Species Dominant species Moderate temperature
1981—1982 113 /N T 10 ( Sardinella zunasi) I S
BE# ( Konosirus punctatus ) A
IR EBRE( Thryssa kammalensis) I I A
PR B ( Thryssa mystax) & K F
Y5 K20 (Apogon lineatus) 1% 7K Ff
Wi A0 ( Trichiwrus lepturus) 1% K Fif
2003—2004 58 /NFEATL( Larimichthys polyactis ) W A
B TG i 461 ( Johnius belangerii) HE K
& 5 s (Ammodytes personatus) A
I R =5 ( Enedras fangi Wang et Wang) iR
2011 57 75 R =83 ( Enedras fangi Wang et Wang) A A
7N 2248 FE A R A1 ( Amblychaeturichthys hexanema) W i A
2016—2017 46 BB ( Thryssa kammalensis) R T Fif
6 B i ( Sebastiscus marmoratus) W A
¥ A4 ( Paralichthys olivaceus) T I A

£9 RMNEBFAREFRRBHHOZTEL

Table 9 Seasonal variation of dominant species in different ages in Jiaozhou Bay

4y Year HZ& Spring HZ Summer FZ Autumn A2 Winter
1981—1982 it LR b3 tifa
Paralichihys olivaceus Thamnaconus modestus Konosirus punctatus Liza so—iuy
WD T Kb KA
Sardinella zunasi Saurida elongala Enchelyopus elongaius
2003—2004 Ji R N Ji Rz
Enedras fangi Wang et Wang Larimichthys polyactis Enedras fangi Wang et Wang
Tt B R i ey Efifa
Ammodytes personatus Johnius belangeri Ammodytes personatus
AR RE @
Amblychaeturichthys hexanema
2011 TR TR N2 AR IR S
Enedras fangi Wang et Wang Thryssa kammalensis Amblychaeturichthys hexanema Enedras fangi Wang et Wang
NLHTRERR G B PR ff £y T (LR R f 7 [
Amblychaeturichthys hexanema Johnius belangerit Acentrogobius pflaumit Repomucenus richardsonii
MBI A PN LRI

Liparis tanakae

Konosirus punctatus

Enedras fangi Wang et Wang

Amblychaeturichthys hexanema
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) Year %72 Spring B2 Summer 2 Autumn &2 Winter
Rt e gl PSRy
Syngnathus acus Apogon lineatus
KWL ih
Cynoglossus lighti
2016—2017 T F b Kk o E
Paralichthys olivaceus Thryssa kammalensis Cryptocentrus filifer Sebastiscus marmoratus
MBI T K R BRIR A
Liparis tanakae Saurida elongala Chaeturichthys stigmatias
BSS RifEfe
Enedras fangi Wang et Wang Syngnathus acus
LIRS
Platichthys stellatus
FrREf

Chaeturichthys stigmatias

30 24K, 2 NITE S I H SR (52 0, I M VS e S Rh 2R B0 D, Wb Z Bk T R (AR B s 3,
O RREIR LS AL, EEEEA LT LN 5 —, 2 NS 2, e R B BT, S B K
R K 2B b | 2 RE P AR, 28 4 AR B /N R VIR 2 o 7 HE 43T, 2000—
2016 4F BN 5 0 S PR IR 155 i R T 74.73% ) | U 32 NS0, fa 2R VR oy | G R I £ 25
W, O STEVE SR R AR AE A T AR SRR AT AR DU R B R TR . e geit, DU SR T A o s P A 3R A
TR 71.6% , HorP SR A= A A7 352 5 A5 D13 5 A 93.29% | 49 37 5 i ALY 66.7% % 5 1994—2008
AR SE AR A SR 1 AR BB T 29 95% 1 99.63% ) I AE S FRAE AR B 3k 30 £ 07, H AR IS
AR S Bh 4 S B3R Y A W Bh R 7 SR ER AR DR — K L i A 3 e Ik A e Si BRI R
RS s ol 0 AT S b B 58 ARG 0 28 IS TR A IR 5 i £ 28 7= B BT I 2 2V &5 4 LA B R A i A
KU = IS BRSO AR L1 SIS S IR T I N Y AT JES T RN b, LR S
A6 J5 M 25 T B T ARSI 4 /0N L 55 1863 AEAR LA /N T 38.60% , 5 50 145 40 T 4 [ A1, T 1 Y BE T RRARG, <
TR RBEE AR A B S M SR, ol R RER , SRR KRR AR S U I S A A B B A AR
i, W R ARG K S TR AR R HEA, L A AR i, VS P o R T Y R A B G T IR 4 o i P T R
3/5, @ EFAIT Y K R, A 2 RE R | SRR A e A ks Y

A S IR PH VS e 3ok A A PR I W I 5 R A A S R R IR T R T R R R i G, iR
DL TR, BUN R I R SEE H IR MR LR A S i TR IR i 2 4 A S
FHES  AEMETR PIAEIIGE BN A I SR ) A T A B I TR F SR KU, W 47 I A A MEEAE B R
R SIS A 2548 2 R IR AR S48 LR, St vl B IR AR TR AN oe R A I B O Ak e AR 5 3K
W LSRN S B A e 5 , JF FR S B, AR el B 5 ) WK 52 RN A 28 R G 1R P 5 e A, A IR AR S
Se7 SR BRI R DRI TR TR VE K R A S R R il S AR TRV ERS =k, 5
=R

Brigt . b R BE IR DTS T AR A S P R B SR S R G WS B AR S BA s o [ K
PHFIFTEBE SRR K WFFE T A AR S IR BIRE AL 5 ) AR N B R A AR (30 1 5 o el 9B A
SRR e R AR A S 5 T SR I Bl , R B0
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