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Fig. 1 Distribution of ecological survey stations and trawl survey stations in offshore waters of the North Yellow Sea

Ecological survey was carried out in all stations; S1-S11. trawl survey station.
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Fig.2 Abundance (a, ind) and biomass (b, kg) changes of various biota in offshore waters of
the North Yellow Sea from April to November, 2021

M1. April, M2. May to June, M3. July, M4. August, M5. September, M6. October to November. S1. S. tenuifilis, S2. E. japonicus, S3. H. otakii, S4. D.
maruadsi, S5. L. tanakae, S6. L. japonica, S7. T. pacificus, S8. C. affinis, S9. Actiniaria, S10. other fish species, S11. other invertebrates.
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®1 2021 F 4—11 AREILEIEF R FREZMIPHE EZMIER IRD
Tab.1 Index of relative importance (IRI) for the main species of fishery resources in offshore waters of the North Yellow Sea
from April to November, 2021

ik A4 month

species 4 56 7 8 9 1011
fLBE  Raja porosa 95.2
filt  Engraulis japonicus 227.1 942.6 3509.3 55422 6617.3 15823
HREAESE  Thryssa kammalensis 487.7
HHll  Setipinna tenuifilis 5561.2 39.7 11.3
Kl Saurida elongata 222.8 197.6
SEREEEE  Conger myriaster 41.1 43.7
K3ktE  Gadus macrocephalus 264.9 156.8 383
YNk K%M Apogon lineatus 10.2 84.1
W62 Decapterus maruadsi 37.3 370.5 1957.9
TR Pholis fangi 98.0 22.8 15.3
4343 Azuma emmnion 16.2
K448 Zoarces elongatus 269.9 61.2
4k Callionymus beniteguri 70.2
/Nl Eupleurogrammus muticus 32.5 322 27.1
W4 Trichiurus japonicus 19.8 145.6
fis  Scomber japonicus 418.8
WA YR Scomberomorus niphonius 14.1 91.0
YRt Pampus echinogaster 145.1
K Ammodytes personatus 4219 376.8
WA EE  Paralichthys olivaceus 17.9 38.5
HREE  Cleisthenes herzensteini 39.6

[BBLEEME  Verasper variegatus

AR Pleuronichthys cornutus 16.7 11.1
RV T Pseudoplouronectes herzensteini 15.4
IR0 Takifugu rubripes 11.4
SHEDTHGE  Thamnaconus modestus 21.5
g% Lophius litulon 14.1 4253 930.2 52.5
AL Hemitripterus villosus 399.3 411.8 378.7 116.3 156.6
Kili/Nekf  Hexagrammos otakii 11.9 367.4 1357.8 472.6 236.1 23.5
MBWiFH  Liparis tanakae 1121.6 1968.7 1620.4 742.0 394.3 442.5
&9 Sepia esculenta 61.0
W H- 50, Sepiola birostrata 61.9
VUELE- S0 Euprymna morsei 125.7
HAKLIE  Loligo japonica 3023.8 19.1 91.5 133.1 1384.2 3307.5
KTV PEREZLMM Todarodes pacificus 889.0 2655.5 314.4 40.6
KW Octopus ocellatus 85.1 44.8
& JTEF  Trachypenaeus curvirostris 26.8 14.1 30.5
HIABUF  Crangon affinis 642.6 7992.6 781.7 186.7
WICARER  Metapenaeopsis dalei 4452 505.3 27.6 14.7 229.7 279.1
IR TR Portunus trituberculatus 13.1 552.5 78.4
[ SIERE  Cancer gibbosulus 55.2 821.2 62.4
I RIREE  Oregonia gracilis 13.4
HAYEE  Pugettia nipponensis 359
)RR Paguridae 27.1
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Fig. 3 Distribution of resource biomass per unit area with sea bottom temperature (a-f) and

sea bottom salinity (g-1) in offshore waters of the North Yellow Sea, From April to November, 2021

(a) April, (b) May to June, (c) July, (d) August, (¢) September, (f) October to November, (g) April, (h) May to June, (i) July, (j) August, (k) September,

(1) October to November.
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R2 411 AREBILMEFEESHAERREXZRLATNER

Tab.2 Development stages of fishery resources obtained from the investigation in offshore waters of

the North Yellow Sea from April to November

yfh A4 month

species 4 5—6 7 8 9 10—11
fLBE  Raja porosa AN @)
LS Konosirus punctatus o yAN
filt  Engraulis japonicus A O @) O O AN
TREMEE  Thryssa kammalensis (" JAN
Ml Setipinna taty A ) ] J AN [ JAN VAN
R Coilia mystus A
Kie#s  Saurida elongata [ YA\ A
W Congermyriaster 4 . A 7777777 A A
K3ktE  Gadus macrocephalus A AN YAN
RUGW.  Syngnathus acus AQ@ O o
S Sphyraena pinguis [ ) A
M KL Apogon lineatus yAN O [ YA\ [ YA\
/D Sillago japonica O A

5 )E  Sihama

WAt2  Decapterus maruadsi

M4t Johnius grypotus A
MUttt Pennahia argentata
/NTE L Larimichthys polyactis O

B Pagrus major

HIR=HY  Pholis fangi A
4588 Azuma emmnion

K48 Zoarces elongatus

4k Callionymus beniteguri

/Nifift Eupleurogrammus muticus [ YA\
Wit Trichiurus japonicus

fits  Scomber japonicus

W 8% Scomberomorus niphonius
RS Pampus echinogaster

INE TP RUFFE L Chaeturichthys hexanema

K Ammodytes personatus [ JAN
A EE  Paralichthys olivaceus

E Rt Cleisthenes herzensteini

PEE W Verasper variegatus

FAARM A Pleuronichthys cornutus A

RV T Pseudoplouronectes herzensteini

Fifl  Platichthys bicoloratus
Y EEE  Cynoglossus semilaevis
FEHER il Takifugu xanthopterus

A
A
[ A
A A A A o
CYN A
YN YN YN A
0® A A [ JAN A
®O o o
O O A o
° A
77777777777777777777777 A A
o O A
A A A
Y ) A A
) A YN
o] ) A A o
i
YA A O O
A A
A
T
0@ A
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R 2 -
Y A4 month
species 4 5—6 7 8 9 10—11
LIER T Takifugu rubripes A A
SHEE TS Thamnaconus modestus A o o
WU Lophius liwlon o A A YN A
YFICF il Sebastes schlegelii A o ()
W E il Sebastiscus marmoratus AN
ALt Hemitripterus villosus o oA [ )V WAN A AN A 77777777777
K7Lt Hexagrammos otakii A@ [ AN [ JAN [ JAN [ YA\ O
RGNt Hexagrammos otakii ®e
44 Chelidonichthy kumu O
6 Playcephalus indicus O 7777777777 YAN
WCB Erisphexporsii A
WLN T Liparis tanakae . 7777777777 [ YA\ [ JAN [ JAN A O

i :‘.”i’%ﬂ?mmoﬁ%})ﬁiy “O FR =R, A FoRCEEY RN SRR, © AR KRB EY S RN A0

B, emeaen PRI R BT, 575 B RCHIET,

Notes: "@" indicates the presence of 0-year-old juvenile fish, "(O" indicates the presence of Parent fish, "/\" indicates the adult that has reached the
biological minimum size, but the current month is not its breeding period, " A " indicates that there are non-0-year-old fish, but it does not reach the

[371

biological minimum size , and "------- " represents the spawning period of the corresponding species, with reference to Chen"".

5 39 —7
ﬁgio — H
S 2.5 1
el
W 210

‘508 e
4 56 7 8 9 10-11
Hb
month

& 4 2021 4 4—11 BEEILIREFEE
Al IR R SRR R
D. Marglef 3 & 454, J'. Pielou ¥J21 EE 5%, H'. Shannon-Wiener
LRSS 2. Simpson T EEFEHL .
Fig. 4 Diversity index of fishery biological community
in offshore waters of the North Yellow Sea from
April to November, 2021

D. Margalef richness index, J'. Pielou evenness index, H'. Shannon-

Wiener diversity index, 4. Simpson dominance concentration index.
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B L A S R AR H AN A 5 I 5 ) Oy 32 L LR p
(BRTTHRR A 33.2%), 2H 3 P43 47 ] Ao~ 245 4R
IR 20.5%, FHALM: BB DTIR %L E] 88.3%, &
0.5 2 VA TR R 28 2 LR R (R A TR
ik 58.1%), 41 5412, 4 3 RN (aver-
age dissimilarity) 53 %I 47 98.4% Fll 94.9%, S 3 4H
1 5 H A PRULREVE 7= A 25 57 1 43 I (R 52wk
KT 4%) FLHIRZEMIE BRI . 8IKARIF
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5 2021 F 4—11 REBIFNEFBEFE- LY E LRI
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Fig. 5 Abundance biomass comparison curve in offshore waters of the North Yellow Sea from April to November
(a) April, (b) May to June, (c) July, (d) August, (¢) September, (f) October to November.

®3 AEIMEFEEEHESHSETEYMBENTELREEER
Tab.3 Seasonal species similarity and replacement rate of community structure in offshore waters of the North Yellow Sea

P LAY

two comparison seasons a b cc E/%
#-5  spring-summer 35 28 0.44" 55.6
H-FK  summer-autumn 31 31 0.50" 50.0
#-fk  spring-autumn 36 36 0.65™ 50.0

e “a” AP LU R FEA AL, <o A LR A AL, <CC  AlaccardfR ¥, “E” AP &R, < RRBEE B PEEAEL, o
ARIHE T ) P 25 AR AL

Notes: "a" represents the number of different species between the two comparison seasons, "b" represents the number of same species between the two
comparison seasons, "CC" represents the Jaccard coefficient of community, "E" represents the species replacement rate, "*" represents moderate
dissimilarity between communities, "**" represents moderate similarity between communities.

HBREIEAE 49.5% B MM KSE ERf 3 ST O . ST B PSR FE s (S2. S3. S6.
441, KPR (S1) AL 1, BMFEVER SO, S11) M4 3, BT SRS A AR (S4)
Je VRIS A rE B (S5, S7. S8, S10) M4H 2, By F# 4 (Kl 6), NMDS 73 Hr 45 5 CLUSTER %4
https://www.china-fishery.cn HHE K222 EJ6 sponsored by China Society of Fisheries
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Fig. 6 Fishery biological community in offshore waters of the North Yellow Sea in spring, summer and autumn
(a) (d) (g) cluster diagram, (b) (e) (h) NMDS ordination diagram, (c) (f) (i) station diagram. (a) (b) (c) spring, (d) (e) (f) summer, (g) (h) (i) autumn.
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F4 RBILBEFESHEFVHREMEHITRE

Tab.4 Typical species and their contribution rate in each season in offshore waters of the North Yellow Sea

BrFh HZE  spring

HZ  summer ==

autumn

species 1 2

2 3 1 2 3

BIEWEF  Crangon affinis
EHifh  Ammodytes personatus
HAMSW, Loligo japonica
MW+ Liparis tanakae
K7Lt Hexagrammos otakii

7.6

5.1
5.1
25.6

YKL Hemitripterus villosus
i
fit  Engraulis japonicus
JREH  Pholis fangi

K458 Zoarces elongatus
FE15HIEEE  Cancer gibbosulus
SN
Al Paguridae
K VEREZ M Todarodes pacificus
WEIEHE  Lophius litulon

HICIRR  Metapenaeopsis dalei

Setipinna tenuifilis

Gadus macrocephalus
7.7

Decapterus maruadsi

8.7
W4 Trichiurus japonicus

/N8 Eupleurogrammus haumela

WM Scomberomorus niphonius

Q%KM Apogon lineatus

YRR TR
WY Octopus ocellatus
HAWLEE  Pugettia nipponensis
Hr i
K Pagrus major

Portunus trituberculatus

Callionymus beniteguri

& JER  Trachypenaeus curvirostris

4.7
50.5
8.2

17.2

7.6

9.6 9.3

7.6
7.0
9.5

8.9
11.4
13.3
8.0

5.7 5.5

29.4 28.1

7.3 8.5
7.5
7.4

8.6

5.5
5.4

5.6
12.3

7.5 15.6

8.9 5.5
6.9
7.5

4.1

8.6

12.8
12.8
8.1 7.2
8.6

8.9

8.2
5.5
6.5

P2 (5 5 655 R 45 ) Shy 2 AL A (R AL Tk R
ik 87.2%); 40 3 WS RIYE R 44.4%, FHALLTE
ER TR AT 94.5%, JE)Z RIS AR IR A =
PERR 18 55 Sy B AR (R BITTERRIL 58.0%).
M54 2, 41 38 E B F A RSB R
69.2% Fll 59.8%, FEAPE A A FJZF2E (B
HAM W45 412, 413 BRI B2 A Stk
74.4%, FEBSTEFCA L ERIE (H A L R
IR BRI 5 )

25 HiBILEEEEEE N S METE SRR
THIXR

CCA yHr&s R R (B 7), X TYRhFEA,
Bi— . ZHOFHEIA A OC R BN -0.04, FHH
Hep o 70 B X THERE T, - ZHF
HIAH R B 0, RUHEP LS RAE R, mi
ASHE R Sl REAE R 530 R 0.342 RN 0.313, Hefig g
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REILEFEBEE TN S B R E TR

Tab.5 Discriminating species and their contribution rate in different seasons in offshore waters of the North Yellow Sea

Wy #HZE  spring K& summer 2= autumn
species 1-2 1-3 2-3 1-2 1-3 1-4 2-3 2-4 3-4 1-2 1-3 2-3
HILABUF  Crangon affinis 67.0  66.0 8.5 8.58 7.5 6.6 4.5
KB Ammodytes personatus 21.1
filt  Engraulis japonicus 6.6 19.6 4.2 19.8 61.0 9.1 19.8 19.9 8.02 10.4 4.3
W[ 2 Decapterus maruadsi 5.6 4.4 12.4 412 6.0 4.3
fity  Scomber japonicus 11.0 4.2 6.0
Tl Setipinna termuifilis 22.9
KPPEREZR M Todarodes pacificus 7.6 9.7 9.2 4.1
[EISSHIEEE  Cancer gibbosulus 8.8 8.0 7.5
K7Lt Hexagrammos otakii 8.6 6.9 4.3 7.5 6.4
BT Liparis tanakae 9.8 9.0 4.6 8.2 6.7 4.3 7.2 6.3
YkLAL M Hemitripterus villosus 5.9 4.6 5.2
Kkt Gadus macrocephalus 5.7 5.8 5.0
G Lophius litulon 4.9 4.2
KU Zoarces elongatus 4.3 4.7 4.07
TIRZ8H Pholis fangi 46 5.9 5.4
HIKIRR  Metapenaeopsis dalei 10.3  10.1 7.3 5.1 7.0 4.5 5.7 4.7
HAMSW  Loligo japonica 7.0 4.2 6.9 4.3 5.8 8.1
IRENEEE  Thryssa kammalensis 6.7 6.1
Mok REA Apogon lineatus 5.5
4k Callionymus beniteguri 4.1
& JTEF  Trachypenaeus curvirostris 4.2
0.8 —
a T EJE#ZE pelagic fish
A JKJZHZE bottom fish Chi.a
. Spl13 Sp4l
L i e Sp10 Sp17 Sp19 A N e
A ></EZR  cephalopods A Sp5 A A
Sp6 A
I A Sp3 Spll
Spl4 A Sp43 i
Sp7 A
A Sp8
A
i Sp32
SRI N
Sp26
P Sp24 Sp40
. S 3 n22
SBT Rg Sp35 Sp2 Sp4 A SApZ_
Sp34i \ A
L A SR25
Sp29 Sp42 9 Qnd Sp27
N 3p kAu) Spd4 K
Sp2
I 630 R%p}] sp23
A
SBS
SST
708 1 1
-1.5 1.0

7 FEEALEEESHEEEYAHERESTENERTEM CCA HiFE
SBT.#/KJEZiRE . SST.HE/KKRZILE . SBS. /KEK/ZHE . Chla M4 K.

Fig. 7 CCA ordinationof main biota and environmental factors in offshore waters of the North Yellow Sea

SBT. sea bottom temperature, SST. sea surface temperature, SBS. sea bottom salinity, Chl.a. chlorophyll-a.
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%6 HEBILIIEESN CCA FTAMMES
Tab. 6 Species numbers used for CCA analysis in offshore waters of the North Yellow Sea
L/l ETRE Ll G i G
species numbers species numbers species numbers
W [R 2 Decapterus maruadsi Spl FHNGHBES  Crangon affinis Spl6 il Lophius litulon Sp31
fit  Engraulis japonicus Sp2 VUEEH- S Euprymna morsei Spl7 || N JRERFEf  Chaeturichthys Sp32
hexanema
RUEW.  Syngnathus acus Sp3 ZHER T Portunus Spl8 || #/EER} Paguridae Sp33
trituberculatus

MEWiTH4  Liparis tanakae Sp4 HWY  Octopus ocellatus Spl9 || VFIKFhl  Sebastes schlegelii Sp34
fitt  Scomber japonicus Sp5 KTVPEREF M Todarodes pacificus  Sp20 || AN Pleuronichthys cornutus Sp35
Kiptli  Saurida elongata Sp6 & JNEF  Trachypenaeus curvirostris — Sp21 HAWLEE  Pugettia nipponensis Sp36
Y%k KL Apogon lineatus Sp7 H4lifs  Pennahia argentata Sp22 || MR  Oregonia gracilis Sp37
/Nt Eupleurogrammus muticus — Sp8 K3kt%  Gadus macrocephalus Sp23 || WM DR Scomberomorus niphonius Sp38
KUk/NEf  Hexagrammos otakii ~ Sp9 Wi Trichiurus japonicus Sp24 || BB FERE  Cancer gibbosulus Sp39
SREE L THIEE  Thamnaconus Spl0 || HIR=H  Pholis fangi Sp25 || ik Hemitripterus villosus Sp40
modestus
WM Setipinna termuifilis Spll 4kl Callionymus beniteguri Sp26 || MG EH S,  Sepiola birostrata Sp4l
LRl Oratosquilla oratoria Spl2 || milREE  Cleisthenes herzensteini Sp27 || Mg  Conger myriaster Sp42
HREE  Pampus echinogaster Spl13 || WBEEE  Charybdis bimaculata Sp28 Lt Ammodytes personatus Sp43
HAMZW  Loligo japonica Spl4 || ®WFEE  Paralichthys olivaceus Sp29 || K4 Zoarces elongatus Sp44
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Community structure of fishery organisms in offshore waters of
the North Yellow Sea

CUI Peidong '#,  BIAN Xiaodong >,  ZHANG Yuxuan *, SHAN Xiujuan **,
JIN Xianshi >, ZHAO Yongsong >, WANG Huibin >

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;

2. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs,
Shandong Provincial Key Laboratory of Fishery Resources and Ecological Environment, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071, China,

3. National Field Observation and Research Center for Fisheries Resources in Changdao Waters, Yantai 265800, China)

Abstract: The offshore waters of the North Yellow Sea is a traditional fishery area in northern China, with suffi-
cient bait organisms and high marine primary productivity, which meet the habitat conditions required for the
growth and development of various marine fishery resources and are important spawning grounds and habitats for
fishery taxa. In order to understand the current community structure of fishery organisms and reveal the main
environmental drivers of its spatial and temporal changes, six monthly voyages of the resource bottom trawl and its
habitat surveys were conducted from April to November 2021. Abundance-biomass comparison curves(ABC), spa-
tial interpolation analysis, diversity Analysis, CLUSTER analysis and non-metric multidimensional scale
ranking(NMDS) were used to analyze the species composition, dominance, relative abundance, diversity, stability
and intra-annual succession of fishery organisms community structure; the relationship between spatial and tem-
poral variation of fishery organisms ommunity structure and environmental factors was analyzed by Canonical
Correlation Analysis(CCA). The results showed that 89 species were collected, including 50 species of fish, 19
species of crustaceans, 6 species of shellfish, 6 species of cephalopods, 6 species of echinoderms and 2 species of
coelenterates. The dominant species from April to November were Engraulis japonicus and Crangon affinis, while
the important species were Actiniaria, Liparis tanakae, Loligo japonica, Todarodes pacificus, Metapenaeopsis
dalei and Hexagrammos otakii. Compared with past surveys, the pelagic species Konosirus punctatus and
Sardinella zunas had a significantly lower catch proportion in this survey. During the survey, many kinds of fish-
ery biological parents and larvae appeared, showing that the sea area has the property of good spawning and nurs-
ery grounds. In addition, under the long term influence of protection measures such as fishing moratorium, juven-
iles of important economic species Pagrus major were found in this survey, and juveniles of Decapterus maruadsi
also showed obvious clustering phenomenon, which to a certain extent reflects the development trend of the
resource for the better. The community was unstable for most of the survey period. In April, the selective species
number in the fishery community began to increase, the community structure was in a state of moderate interfer-
ence. From May to June, there was a large-scale outbreak of anemone in southern waters of the Zhangzi Island and
Haiyang Island, and the marine environment was under great pressure. Therefore, the community was in a state of
serious disturbance. In July, the community showed a state of severe disturbance. Since spring and summer are the
peak periods of spawning migration, the spawning migration of a large number of fishery organisms formed a rel-
atively continuous migration disturbance. Due to this and the drastic changes in the sea area habitat, the disturb-
ance to the community in July was further intensified. The community in August was in a severely disturbed state,
and the diversity level showed a decreasing trend compared with the previous month. The reason for this is that a

large number of jellyfish communities appeared in the sea in August, which greatly occupied the ecological niche
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in the upper ocean space, leading to a significant increase in natural disturbance and a certain degree of damage to
the marine habitat. But as was in timing of the peak spawning migration, when migratory fish species gathered, the
nutrient channels became more complex, and the community was more resistant to disturbance, so its stability was
improved. After four months of fishing moratorium, the community richness and diversity were significantly
improved from September to November, but with the end of the moratorium, the ABC curve showed that the com-
munity structure was severely disturbed from September to November due to the sudden increase of anthropo-
genic fishing disturbance. The CCA results showed that among the selected environmental factors, sea surface tem-
perature (SST), sea bottom temperature (SBT), sea bottom salinity (SBS) and chlorophyll-a (Chl.a) were the main
environmental factors causing spatio-temporal changes in community structure, among which SST and SBT had
more significant effects. During the transition from spring to summer, the offshore waters of the North Yellow Sea
gradually entered the warming period, and the warm-temperature species began to migrate into the sea area. The
typical species of fishery biological community in the sea area around the southern Yalu River estuary and the
central sea area of the Haiyang island gradually transited from cold-temperature species to warm-temperature spe-
cies such as E. japonicus and T. pacificus. Possibly affected by the edge of the cold water mass in the North Yel-
low Sea, the communities in the deep water area south of Zhangzi Island and Haiyang Island gradually evolved
into cold-temperature species, such as H. otakii and L. tanakae. In autumn, the sea area was still characterized by
warm water, and the fishery biological communities in different geographical locations and different water layers
of the sea area were basically replaced by warm temperature and warm water species. In addition, according to the
Jaccard similarity index and species turnover rate, the species turnover rate of fishery biological community was
relatively large during the transition from spring to summer, while the species turnover rate was significantly
decreased during the transition from summer to autumn. Traditional resources such as Larimichthys polyactis,
Scomberomorus niphonius and Scomber japonicus were still in the process of decline, and the phenomenon of low
quality of marine fishery resources was still more significant. The relationships between species composition,
quantitative distribution, community structure changes and stability, biodiversity changes and spatial and temporal
changes in community structure and environmental factors in the marine area were also elucidated preliminarily. It
was found that reproduction, feeding migration, overwintering migratory behavior, human activities and environ-
mental changes of each fishery taxon all have important effects on the turnover of community species, and the
resource dynamics of the early replenishment group is particularly critical, while external environmental factors
and internal mechanisms of its changes are complex. It is necessary to carry out further study on the early life stage
of marine fish and the recruitment mechanisms should be discussed in terms of environmental conditions. This
study systematically clarifies the structural characteristics and seasonal succession of fishery biological com-
munity in offshore waters of the North Yellow Sea, providing reference and data support for further understanding

the current situation of fishery biological community structure and its response to environmental factors.
Key words: dominant species; biodiversity; community structure; CCA; North Yellow Sea
Corresponding author: JIN Xianshi. E-mail: jin@ysfri.ac.cn

Funding projects: National Key Research and Development Program of China (2018YFD0900903); Special Fin-
ancial Fund of Spawning Ground Survey in the Bohai Sea and the Yellow Sea of the Ministry of Agriculture and
Rural Affairs (125C0505); National Natural Science Foundation of China (41506168), Special Fund of the Taishan
Scholar Project (tsqn202103135); Innovation Team of Fishery Resources and Ecology in the Yellow Sea and
Bohai Sea (2020TDO01)

https://www.china-fishery.cn HREK P24 )5 sponsored by China Society of Fisheries

20


mailto:jin@ysfri.ac.cn

	1 材料与方法
	1.1 数据来源与调查方法
	1.2 群落物种优势度及相对资源密度
	1.3 群落结构生物多样性及稳定性
	1.4 群落结构的时空变化及其与环境因子之间的相互关系

	2 结果
	2.1 黄海北部近岸海域物种组成及相对资源密度分布
	2.2 黄海北部近岸海域鱼类亲、幼体种类及其季节变化
	2.3 黄海北部近岸海域群落多样性及ABC曲线
	2.4 黄海北部近岸海域群落结构时空变化
	2.5 黄海北部近岸海域渔业生物群落与环境因子的关系

	3 讨论
	3.1 黄海北部近岸海域渔业生物群落基本属性、特征与年代际演变
	3.2 黄海北部近岸海域渔业生物群落生物多样性与季节性演替
	3.3 影响黄海北部近岸海域渔业生物群落稳定性的主要因素

	参考文献

