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Fig.1

S25
o

S23
©

S11
@
S8

S2
o

S3

Xk A ) e S B A 2 U S A T R e A
B A RS Ao 1) 2 AR AR D0 S BEAT RO TR Y
R £ M AT, B SHEEIN T Z HE A, DL
00 g 17 Sh W v VIS AL AT 5 B T A A
FR G0 PR A B R AR SO RIRE 2 A

1 #wRERFE
1.1 BAEEEREETE

TE I 34 AN A 5 47 (118.2°~121.5°E
37.5°~40.5°N), #Fehifak} 1025 A, T 2021 4
6 H 1—13 H(EZ) M1 10 H 23—30 H®F)IFE 214>
MR B KEZEA A 1), KB QiR AL )
(GB/T 12763.6-2007), fifi FH¥ 7K T #4323 A 4 1 (R 11
AR 0.08 m*, FZEFLA% 160 pwm) A3 /K T 5 32 355 A 1)
RI(R T AR 0.1 m®, TRZRFLAR 77 um) HIEIRZE &
J2 3 L I 53 501 SR B U R B W) R TR AL ) L A R AR
J5 T 5% IR MR A MR 8 DR AT, TESC I & AT
BEkr . M E FMiF4. i Sea-Bird CTD # &
(SBE-25plus) % £ 3l {37 Y Il B . R B R il S 55 A B
SHGAT I E .

120° 121°

122°

E

IR

»> o Liaodong
S33  Bay
. [6)
e g3
BohaiSea ©
S30
® S31
)
S29 S28
[S) [}
S26 S27
S [}

2 s .
o o

S19 S20
(€] [©)
S10 : ¥
5 - vl
S9 Yellow Sea
o) o;
S1
° °

2021 A4 K 75 FI1K 7 i Vg 13 3l 1) 80 A5 3 o7



74 ook B

546 &

1.2 HiESH

KPR RA), RHEY). AP ER
Z(R). Shannon-Wiener ZFEVEFEE(H') . Margalef F=
TR E(d) M Pielou ¥ 5] FEFR BT W ish i g 3807
T sh B V% 2775 A8 AL F54F (Shannon et al, 1949; Pielou,
1969; HhFRSE, 2012, HEZASE, 2017; X% ESE,
2017; Wang et al, 2023; Wei et al, 2023), FHEAR 40
T

4=—C «100% (1
C+S;
N.
y =| 2£ : 2
(ijf @)
R=2%P=2¢ 100% 3)
a+b+c
SZ
H'==)"Plog, P )
i=1
(S2-1)
a=2"0 5
InN )
- ©)
log, S,

Krf, CAMAZET RPN IS DM E, S°h
BB AT R ZEECH , N R4S LR i A R
FRERE, NoONEE i BRI RERE, £ § R TEAS S s
I, Y Y=0.02 B, CEEAZYRE RS
(B JRALAE, 1989),a Fl b 43 51K W4~ 2= 45 L 3454k,
c AWAZEHLR PR EFE, PO @ PR AR
FERE D, Sy IS I ALRE S PR AL

fii 1] CANOCO 5 il sh Wb 5 i e e )
3 MRS K F 3517 TUAY 4 BT (redundancy  analysis,
RDA). B4 Fieg Ui sh 4 3= B 42 B8 B R B/ 1 I HE
G, BEEC R 5 R 95% B IF I s E N 2 s 1T
M4 f5BI PRIMER #RF3H540 0l 07 o] PR 37 sh B
FEV& 45/ 1 Bray-Curtis FHRIPE R AL, #1752 (cluster)
M2 45 br(multi- dimensional scaling, MDS)434T, 4
MDS M7 71 2%k Stress<0.2 B, TN BF15 3 (1)
MDS EJEHA — & il {5 B (Clarke et al, 2001); @it
SIMPER F&J7 /3 Hr B A~ dH B 25 A e my ook 46, R
BIO-ENV 27 /3 A i e s ) -F B -5 PR 45 DX - et i
FEY B Z AR, R0 AT i B R VR 4 A0 Y A fE 2
Hro 4 SPSS 22.0 B X 85 F1 A Yy S04 T B A
E 2247 Hi(one-way ANOVA), i H 2 EBIA1E R &
25 ML AFp AL 71T Pearson AH T,
IR AT 5 5T TR 2 (8] B AH G2 15 B 3, 4528
25 [8] 4045 [l 38 i3 ArcGIS 10.8.1 2474

21 FEBEHAIER

B 5 2= Y % 2 KR (surface  seawater
temperature, SST) F1JiK JZ 1 7K Jit BE (bottom seawater
temperature, BST)7 51| 4(16.6+1.6) ‘CHI(15.2+1.9) °C,
R TAKZE[(17.120.7) ‘CTHI(16.7+1.0) 'C] (P<0.05), &
7= SST FI BST 1 e {1 DX 322 73 Afi 7 3 MV Fih 7 1)
5 101 I, 1Rk ZE SST FI BST Y i {8 X 3 A T #hifs
HER(EL 2), B RV 2K ER B (surface seawater
salinity, SSS)FIJIE)Z ;7K ELFE (bottom seawater salinity,
BSS)/rlk 30.7+1.5 Fl 31.0£1.2, ¥ W EFE THKZE
(29.71.7 1 30.2+1.0) (P<0.05), E Bk H ZEE B 147 1]
AT OCAR AL, AR ER X T2 245 A A6 10 AR TS R v ] Y
B3 (K 3) . K ZE R Z 1 KB #E A (surface
seawater dissolved oxygen, SDO)FIJIEJZ i 7K 12 il %
(bottom seawater dissolved oxygen, BDO)K(H [X %
SERTESEMIETE 1, Bk F= SDO Fl BDO H 43 Aii i )
2l 4),

22 FiFEYMMELARINEE

W 5T S S 2R R AR PR A ) 43 Fh, “FXFEE
}(34 722.6+31 775.1) ind./m’ . Bk Z IR 67 Fh, F
Y1 J (464 376.6+422 191.0) ind./m’, E 17 EH
= B2 0 e (L IX F2 A3 A0 TE SRV | L ARV e SR I
B, T AR B R AR R R AR Y (X
FE B A A i R E B VSV (8] 5),

23 FHFEhITEANFEE

ARUFFEIRER P 41 FhS), Hrb, %
JE2 14 Fh, BRIl 13 28, JKIEUKEESE 8 Fh, S
J2 M, Fitshd) . wifds. B . BRI
1 (& 6). BBk 21 Ui Sh W BV I Rl 2R TR B 5l
39.0%. HEHRETZIESNY) 30 M), H, kg
K12 M, HEERIESIPE SN 40.0%; THIF
S 1135, KIEKEEZE 3 R, 2k 2 fl, B%igh
YRR 1 R (A 6) BRI R IR E S P 36 Fh
(), Hih, B2 14 Fh, (SRS IR sh A B
) 38.9%; TRIFAIHL 12 35, KIBKEEZE 6 A, Flikk
Y. Bk, BEISY . BRI 1A 6).
BB sh PR AR )N 25 M%), Wi
B2 12 F, VRUELI 10 2, AKBEUKEER . B%ish
Y. BRI 1R,

B sh ) 4 F B 5 460.0 ind./m’, f%
L BTE S5 3, A 17 593.8 ind./m®, B ARAH HIRTE



% 6 9 o

ANRE: 2021 AR ERK S i) it P Ui S W0 REVE AL AL AR 75

118°  119°  120° 121°

122°E

41°

40°

40°

39°

39°

38°

37°

118° 119° 120° 121° 122°E

40°

39°

38°

37 el

REE/C

118° 119° 120° 121° 122°E  Temperature

20

16

118° 119° 120° 121°

122°B |
15
14
13
12
— 9 1

Bl 2 2021 4F 52 Bk i i KRR K o A

Fig.2 Horizontal distributions of seawater temperature in the Bohai Sea during summer and autumn, 2021

a: HERZMKIRE; b MERBEBKEE; o0 IFRERKEE; d: KFIRZRKIRE.
a: Surface seawater temperature in summer; b: Surface seawater temperature in autumn;
c: Bottom seawater temperature in summer; d: Bottom seawater temperature in autumn.
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Fig.3 Horizontal distributions of seawater salinity in the Bohai Sea during summer and autumn, 2021

a: HERZMKEIE; b RERZMKEE; o0 HFRBEBKILE; d: KFREBKILE.
a: Surface seawater salinity in summer; b: Surface seawater salinity in autumn;
c: Bottom seawater salinity in summer; d: Bottom seawater salinity in autumn.
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Fig.4 Horizontal distributions of dissolved oxygen concentration in the Bohai Sea during summer and autumn, 2021

a: HERZMKFEMA; b MERBKEME; oo IFIRZMKFMA; d: KEIRZEKEHA.
a: Surface seawater dissolved oxygen in summer; b: Surface seawater dissolved oxygen in autumn;
c: Bottom seawater dissolved oxygen in summer; d: Bottom seawater dissolved oxygen in autumn.
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Fig.5 Horizontal distributions of phytoplankton abundance in the Bohai Sea during summer(a) and autumn(b), 2021
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Fig.7 Horizontal distributions of zooplankton abundance in the Bohai Sea during summer (a) and autumn (b), 2021
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Fig.8 Horizontal distributions of zooplankton Shannon-Wiener diversity index, Margalef richness index,
and Pielou evenness index in the Bohai Sea during summer and autumn, 2021

a: HEZHMEIEEG b MEBEZHMIREG o0 BEFFEERLG 4 KEEEERYE
e: BEWLJEIAG 0 REHA L
a: Shannon-Wiener diversity index in summer; b: Shannon-Wiener diversity index in autumn; c: Margalef richness index in
summer; d: Margalef richness index in autumn; e: Pielou evenness index in summer; f: Pielou evenness index in autumn.
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Tab.l Dominance index (Y) and average abundance of zooplankton dominant species in the
Bohai Sea during summer and autumn, 2021
AR .3 ¥ Dominance index F-HgFEE Average abundance/(ind./m?)
Dominant species H Z= Summer FkZE Autumn H Z% Summer #Z= Autumn
UL iR IK % Acartia hongi 0.271 0.221 1 481.4+1 093.2 907.9+705.1
WK G 81K & Oithona similis 0.198 0.084 1116.2+£733.2 421.1+360.7
/UK % Paracalanus parvus 0.151 0.209 851.6+860.7 887.4+769.4
& &1 B fil 7K & Centropages abdominalis 0.078 <0.02 468.1£453.5 39.0+83.8
FAET K & Calanus sinicus 0.059 <0.02 331.5£375.6 33.9+32.7
IR Y8 /K % Acartia omorii 0.051 <0.02 349.6+325.7 11.1+£56.6
SRR /K B Paracalanus crassirostris 0.028 0.111 307.6£572.5 518.6+456.3
W FE2 4 H Bivalvia larvae <0.02 0.046 148.6+207.1 481.1+607.6
TG KIRSIKF Ditrichocorycaeus affinis <0.02 0.045 122.0£123.3 215.5£190.6
SRAELE H Oikopleura divica <0.02 0.024 4.8+25.0 124.4+145.9
N 118 119° 120° 121° 122°E N 118° 119°  120° 121° 122°E
) B Unit: ind./m?®
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Fig.9 Horizontal distributions of the main zooplankton dominant species in the
Bohai Sea during summer (a, ¢, and ¢) and autumn (b, d, and f), 2021
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abundance of phytoplankton during summer (a) and autumn (b), 2021
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Tab.2 Mean and standard deviation of environmental factors among zooplankton community groups in the Bohai Sea in 2021

78 A K75 Summer 7% Autumn
Envi tal \ \ . . N .

nvg(’)srtl(r)?:n a A Group B 4HF Group  C 4 ##E Group D 41 #f Group  E 41#f Group  F 41#¥ Group
SST/C 16.83+0.08 18.63+£0.62 16.21£1.50 16.76+0.74 17.22+0.41 17.59+0.70
BST/C 15.50+0.43 17.73+1.24 14.72+1.70 16.36+0.81 16.91+0.52 17.28+1.13
SSS 30.08+0.92 29.38+2.22 30.91+1.20 30.41+0.44 30.04+0.63 28.44+2.29
BSS 30.11+1.00 29.82+1.74 31.27+0.90 30.64+0.47 30.16+0.56 29.53+1.35
SDO/(mg/L) 5.86+0.05 5.68+0.35 5.91+0.29 4.81+0.52 4.52+0.42 4.80+0.35
BDO/(mg/L) 5.60+0.18 5.35+£0.35 5.68+0.33 4.03+0.51 3.97£0.65 4.45+0.37

R 3 2021 FHEEBFHEIYBEFEEREEFHEIESH

Tab.3  Analysis of relationship between zooplankton community structure and environment factors in the Bohai Sea in 2021

Z=77 Season ¥13% [H ¥4 & Environmental factor combination FAKHE Correlation (p)

5 2 Summer SST, SSS, BSS, AP 0.303
SST, BSS, AP 0.298
SST, SSS, AP 0.295
SST, BSS 0.291
SST, SSS, BSS, SDO, AP 0.289

k7 Autumn SSS, SDO 0.190
SSS, BSS, SDO 0.187
BST, SSS, BSS, SDO 0.186
BST, SSS, SDO 0.185
SSS, BSS 0.179

. SST: FRJZWI/KIEE; BST: IRZ/KIRE; SSS: RIZW/KEE; BSS: IKZMM/AKEE; SDO: RIZHKIFM
A, AP: IFIFHYIR TR
Note: SST: Surface seawater temperature; BST: Bottom seawater temperature; SSS: Surface seawater salinity; BSS: Bottom
seawater salinity; SDO: Surface seawater dissolved oxygen; AP: Abundance of phytoplankton.

R4 BEEEFNEE Y SRR LLB

Tab.4 Comparison of historical observation data of zooplankton in the Bohai Sea

Y

Year and season

) 754
Net type

275 30K

Reference

2013 X Z Summer
2013 #kZ= Autumn
2013 H 2= Summer
2014 £kZ= Autumn
2014 FZ= Spring

2015 ¥ Z Summer
2016 & Z= Winter

2021 B Z& Summer
2021 #kZ= Autumn

#K I %K Type I plankton net
HK T #K Type I plankton net
KA Large plankton net
KHIM Large plankton net
KEIM Large plankton net
rh 7B Medium plankton net
Fr 71 % Medium plankton net
K T H K Type [l plankton net
K T H K Typell plankton net

FkHe FH

Taxa Average abundance
number /(ind./m®)
45 199.6
42 42.1
49 1737.8
37 715.0
47 1108.2
57 5280.3
39 264.4
30 5456.0
36 4116.9

IR, 2016
HIR44E, 2016
X8 4, 2023
F I, 2021
F#4E, 2022
N HESE, 2019
NS, 2019
A5 This study
A5 This study

HBEF S4B B ML, Fhshmd w2 T
(P<0.05), 7] fiE i T8k 25 35 M 125 T el 6 V25 T Sl /K UL T
Fe(E 2 FIE 2), Wrie bR R ik,

TR BE R, R TR Sl A A A B (Rt AR

IR TR

2013). Z1fF F S48 D ML, B3N i s
T 2 W B (6 074.7 ind/m®) B B T LR
(1373.5 ind./m*) (P<0.01), %) K& B A7 7E— 2
PR ILES R, IR R 2Bk AR (A 2), BEm
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Characteristics of Changesin Zooplankton Communitiesin the
Bohai Sea During Summer and Autumn, 2021
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Sciences, Qingdao 266071, China; 2. College of Marine Living Resources Sciences and Management, Shanghai Ocean
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Abstract Zooplankton are essential secondary producers that are pivotal in maintaining the stability
of marine ecosystems. The Bohai Sea, which is known for its rich biological resources, serves as an
important spawning and feeding ground for numerous economically important fish and shrimp species in
northern China Sea. Studying seasonal variations in zooplankton communities and their relationships with
environmental factors is vital for assessing the current status of the Bohai Sea ecosystem and promoting
the sustainable development of marine ecosystems. In this study, we analyzed the community structure of
zooplankton in the Bohai Sea using various indices, such as species turnover rate (4), dominance (),
turnover rate of dominant species (R), Shannon-Wiener diversity index (H'), Margalef richness index (d),
and Pielou evenness index (J'), based on survey data collected during two cruises in June (summer) and
October (autumn) 2021. The results showed that 43 phytoplankton species were collected during summer,
with an average abundance of (34,722.6+£31,775.1) ind./m3. A total of 67 phytoplankton species were
identified in autumn, with an average abundance of (464,376.6+422,191.0) ind./m?. The high-value zones
for phytoplankton abundance in summer were mainly located in Laizhou Bay and adjacent waters,
whereas the high-value zones shifted to the Bohai Bay entrance, and central and southern Bohai Sea in
autumn. A total of 41 zooplankton species (taxa) were identified, including 14 copepod species, 13 pelagic
larval taxa, 8 Hydrozoa species, 2 Amphipoda species, and one species each of Ctenophora, Cladocera,
Chaetognatha, and Tunicata. Owing to the influence of high summer temperatures, the number of
warm-water species significantly increased in autumn, yielding higher species richness during autumn (36
taxa) than during summer (30 taxa). Zooplankton abundance averaged higher in summer (5,460.0 ind./m?)
than in autumn (4,116.9 ind./m?), with high-abundance zones occurring in warmer, lower-salinity marine
areas. The spatial distribution of zooplankton abundance in summer was similar to that of phytoplankton,
with primary concentrations in Laizhou Bay and Bohai Bay, whereas the distribution shifted to the central
and southern Bohai Sea in autumn. The H’, d, and J’ all exhibited higher values in autumn than in summer.
The dominant zooplankton species in summer included the following: Acartia hongi, Oithona similis,
Paracalanus parvus, Centropages abdominalis, Calanus sinicus, Acartia omorii, and Paracalanus
crassirostris. Conversely, the dominant species in autumn comprised the following: 4. hongi, P. parvus, P.
crassirostris, O. similis, bivalvia larvae, Ditrichocorycaeus affinis, and Oikopleura dioica. Both P. parvus
and 4. hongi exhibited significant correlations with elevated temperatures and increased phytoplankton
abundance. Redundancy analysis revealed that P. parvus and A. omorii were significantly positively
correlated with phytoplankton abundance in summer (P<0.05). Moreover, P. parvus and P. crassirostris
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were significantly positively correlated with temperature (P<0.01) and negatively correlated with salinity
and dissolved oxygen (P<0.05). In autumn, D. affinis was positively correlated with temperature
(P<0.05), and O. dioica exhibited a highly significant negative correlation with salinity (P<0.01). Cluster
analysis classified zooplankton into three groups in both summer and autumn. During summer, Group A,
located at select stations in the southern Bohai Sea, exhibited the lowest zooplankton abundance (371.0
ind./m?®). Group B, located in the Bohai Bay and Laizhou Bay regions, had the highest zooplankton
abundance (12,937.5 ind./m?). Group C encompassed the central and northern Bohai Sea regions. In
autumn, Group D, primarily located in Liaodong Bay and the central-northern Bohai Sea, had the lowest
zooplankton abundance (1,373.5 ind./m?®). Group E, situated in the central Bohai Sea, had a relatively high
zooplankton abundance (3,818.4 ind./m). Group F, mainly located in Bohai Bay and Laizhou Bay, had the
highest zooplankton abundance (6,074.7 ind./m®). SIMPER analysis revealed that four zooplankton
species, each contributing over 5%, accounted for cumulative contribution rates of 87.7% and 82.9% in
Groups A and C, respectively. These species included A. hongi, O. similis, P. parvus, and C. abdominalis.
In Group B, four species contributed 85.3% to the similarity: A. hongi, P. parvus, P. crassirostris, and O.

similis. In Group D, five species accounted for 87.6% of the similarity: A. hongi, P. parvus, O.

similis, bivalvia larvae, and P. crassirostris. In Group E, five species accounted for 83.2% of the similarity:

A. hongi, P. parvus, bivalvia larvae, P. crassirostris, and D. affinis. In Group F, four species contributed
81.4% to the similarity: P. parvus, A. hongi, P. crassirostris, and O. similis. BIO-ENV analysis
demonstrated that the best explanatory combination of factors for summer zooplankton community
structure was surface temperature, surface salinity, bottom salinity, and phytoplankton abundance
(p=0.303). Conversely, the best explanatory combination for autumn was surface salinity and surface
dissolved oxygen (p=0.190). These findings are important for understanding the seasonal variation
characteristics and dynamic changes in the marine ecological environment. They are crucial for assessing
the current status of the Bohai Sea ecosystem and promoting the sustainable development of marine
ecosystems. The findings also provide foundational data and a scientific basis for the seasonal variations
in zooplankton in the Bohai Sea and the adaptive management of coastal ecosystems.
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