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W= RIUFHMENMRETH, EHEEARRATNEELA py, EBEEMRARE LB nEE
HAESRAWNRE, Wil H X EMZ RN EEMNT R EEEL T ER NS — TR
W, ZFE R E R LR Z, Wi B E SRR A AT, XFEHET 2016~2023 4 B ZF 5K
BB, oA T RMNEF AR F B Ak M % F R R AHAE, I K Pearson 48 X M2
M E R B R ENISE T, & REKW, 2016~2023 F H F L E F MM 3 17 106
A, FE A, ¥R B F PR E FE K B0OR LA K, 2019 4F 1K (48 ), 2020 4F 3% 5 (68 F); 41
F &b B 4 (39.1~2 687.3)x10" cells/m?, 2017 £ & &, 2021 4 % (k. @M FEF@HH L, &7
B /NET O OU R EERGE TR P SR M T AR A B A O &R Y 2 T % (Pseudo-nitzschia
pungens). 7t %% | & #% (Chaetoceros curvisetus). W i & 4 #% (Skeletonema costatum)F K 7 f % #%
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Sk 5 Yy A Ak, AT UK B R SRR L T5
[l 5 B S R G e R (P R I AE, 2022)
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Pl — P AR R, 2241 SR A R LA =
TR R RV 45 R AR A A3 BT, AN R DL B2 AR %
SRARARS DL (2 A #, 2019; R FEHLAE, 2019; T35,
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Fig.1 The survey sea area and sampling stations in
Laizhou Bay

1.2 AEWESESHAE

AT H AP . R o IOE TR
pH. #hPEE | WM IREE N T Bl ah R 4 I (it
FEVRARIIE 55 6 5 5: A4 )(GB/T 12763.6—
2007). PR A RS 55 4 3B MoK AbA B RN
# ) (GB/T 12763.4—2007) . IV Wil 035 )55 4 &8
O3 WK AT )(GB/T 17378.4—2007) . i 7 e I 4%
ARIFR 55 1 FB4%: MK YHY/T 147.1—2013) 25 b 2
SRR AR 5 43 7 TR AT (rh A N IR L [ [ 5% I
W B AG 6 4G 3 R 45, 2008a, 2008b, 2008¢; [l F G

Jey, 2013). VRUFFEY) K T BY PR e W, A E 2
FRAlE ELHE ORAE, T AKE T G B AN AT 1 mys,
SR G S BV N, B PRFFTE 0.5 m/s A4, A
fn AR TR S, I AKE SRR 5% 8 BF IR
W . IR TS % QR A R 5 6
I3 MFVEE WA ) (GB/T 12763.6—2007), IFiFHEY)
TR R F7 0K % B0 Fh, Fh S5 e 52 (b [0 3 i -
B S —W-REEETT, O ) (8 KT, 2003) . (iff
BEAF ) (B A SR, 2005) K (v e Vi 3 L V7 i e e 11
(it 5, 2006), FREEE T R4 o REEKIE
HFE 0.5 m, BTN PR E R KR, pH. b
B LR R R bR
1.3 HESITRIEM AL

SR DA J5 5 VR e P R 25 A 1R T PR

ZREMEFEEU(H )R Shannon-Winner $841:

H’:—zlepi log, P; , (1)
BI5) B E(J )R H] Pielou 54K
. H
" log,S”’ )
F 5 B8 BU(d) K ] Margalef $5%:
S—1
d= log, N~ 3)
HEE TR AN
_ nixfi
Y= N ’ (4)

Hoh, N T A TR SRR, n 5 | BB, Py
R i R RECS BB LB (n; /N), S RIS
SVBL £ OZ R RE S D B A R, RS AR AL >
0.02 F NILHFh (B, 1994).

ST 4315 R ArcGis 10.8 25 PRI RhRE
W EYEES S RN A B IR
I AEERAE, R IR SPSS 20.0 X BRI AL ) R 25
W) ZREE S IR E R T BT Pearson AH G
30T .

2 SRS

2.1 FEEYEE EWYSE

2,11 JRUFHEIFISARL 2016~2023 4EE FESEM
TSI RE 46 R 2 BON TR T 2R, SR 3]
106 Ff, Forbrik g 90 Fl, (5 R 2SELAY 84.9%; HI#E 15
i, 5B 14.2%; 2R3 1 Bl BESEFPSE & LAY
AR PR AR A VS LR 79.2%~92.5%, H W 7.5%~20.8%.
2016~2023 4FFPISARLIE FEIN 48~68 Fil, 2020 4F-Fe i,
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Fig.2 Change in phytoplankton species in Laizhou Bay
during summer
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Fig.3 Number of phytoplankton species change at various
stations in Laizhou Bay during summer
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R A o Fh, Horh 7 BheEEE L 2 B HTEE; 6 A
Kt RS 12 Fh, Hi 11 ApekdE . 1 R B S AR
IR BRN A 9 b, Horb 7 ApeEE . 2 RIS 4 4F
ke th RS A 8 Filr, Hirh 6 Flvik e . 2 Bl 3 4F
YR B FP 2 11 i, b 8 FhAEEE . 3 Rl P L 2
ARG RN AT 18 i, o 15 FimEe . 2 FRHT
SR 1A A 24 B EAE 1 AMEG PR, ok 21
. B 3 b

2016~2023 4F = Z=, J N 1 25 S ol 07 46 1 R A8
0.4%~78%(& 5)o ifiiks it Z7E 50% LA 1A 6 Filr,
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Fig.4 Annual detection of various types of phytoplankton
in Laizhou Bay during summer
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Fig.5 Detection rate of phytoplankton at various stations in
Laizhou Bay during summer

B Z2IE ¥ (Pseudo- nitzschia pungens) . 1K QIR 3
(Thalassionema frauenfeldii); i 57 K Hi R <10% A
76 Fh, <1% BUA 31 F, 43505 71.7% . 29.2%.

2.1.3 R EEAL RMNBERIFIEAEY
TEVE 2 BT BT s, A 40 = B AE AR Ak Rl (39. 1~
2 687.3)x10" cells/m® (& 6), H Ak R 2K 5 A 3 i
7, LA M = R 5 A0 = 4 A 2 R b A —
B, FREAL G (39.0~2 687.3)x10* cells/m®, AHXf
& ik 92.89%~99.99%; 1 H 9 3 i IK T
B, AR AL (0.02~36.60)x10* cells/m?>, {3 (5 ¥ ek
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Fig.6 Cell abundance of phytoplankton in Laizhou Bay
during summer
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ZhIEE, 2017 4, i 3 2 687.3x10* cells/m’, it 5
THABAEST, 2021 FFEHRARE 6) 2017 4517 A ) %k
B A JE DR TE T A O bR 22 1 R OK U AR A R
(Cerataulina pelagica) () & & , Wi & F B 5 5l
1 765.24x10* F1 545.73x10* cells/m>, (5 4440 Jfd = 2 (14
86.0%. 5% K B, IR Th 22 JE e X B MOk o, R

TEFFRER, ZMENRE SN ERRRMAG
(R AR, 2020). 2016~2023 4F, R 22 3 |
WEHE F T B (Chaetoceros curvisetus). I 84 5 Al
Hh il 2% B (Skeletonema costatum) 4 FAL 3 W) Fh 3 &
iR 54.9%, 14 R 2 BEYRR R RS SR
85.9% (% 1).

*1 TEMZFFENE. FEEOE. BHFEEESE

Tab.l Mean abundances, relative contribution to the total abundance and cumulative percentage of the most representative phytoplankton taxa

Y YiFh 20 2 BE IAEL/(< 107 cells/m®) FEE /% S FET /%

U IA Pseudo-nitzschia pungens 298.4 22.7 22.7
Tk B Chaetoceros curvisetus 58.3 13.3 36.0
KT P Cerataulina pelagica 86.5 10.7 46.7
rh AR Skeletonema costatum 30.5 8.2 54.9
MEHE Chaetoceros spp. 21.8 6.7 61.6
A XU Ditylum brightwellii 20.5 6.3 67.9
57 R B i Chaetoceros lorenzianus 8.1 4.7 72.6
AT BB Chaetoceros paradoxus 4.8 2.8 75.4
R B4k Thalassionema frauenfeldii 7.7 2.4 77.8
IER] i i IR Coscinodiscus spp. 8.9 2.2 80.0
R {Uy IR Chaetoceros diadema 9.2 2.0 82.0
FEMERE Chaetoceros debilis 1.8 1.4 83.4
e 2 Biddulphia regia 4.0 13 84.7
175 W AR A Bacteriastrum hyalinum 1.9 1.2 85.9

2016~2023 4F- 5 235 M {25 2 Ui A 00 400 M = 8 23 A
LU 7, B 2019 AR50, HARAE 0 V7 WA ) 42
AR S 3R TOT 0 1) S8 28 5 R AT ) A A, v (AL IX
ALT /N T L SRR AT 1 DX, S T A v
TEIERE) F AR . 2019 47 8 A, B R Fl&r B4t
AR, 51 L AR B i B /K (B SCEZ 5, 2024), K FK
T S S T 6 B2 08 FR AR P T o3 A 22 8, 5
2018 AE[RIBIAH LL, £R B2 29.348 R 2 23.727, ToHLA
HeE i 0.254 mg/L FF & 0.659 mg/L, 15 i F7 Ehik
FET G, B0 A WA Y o BT, ST o A 2
AU
2.1.4 JFUFHEPIEHF 2016 AEPLEFN BN B
i ff & ¥ (Chaetoceros diadema). R EIELL W | ek
B BRI ZE I BE . 2017 4 R AR 22 1 5 AN
KEEFAE W . 2018 448 R 57 [ M T ¥ (Chaetoceros
lorenzianus). KRIEFME W . 78 1 f8 3% (Chaetoceros
paradoxus) F i& & ffi & ¥ (Chaetoceros siamense).
2019 AR 2 REE P A BERE M B . I
Z2 IV W R b B R, R RGO T R e b i O
(Noctiluca scintillans). 2020 fEHCIR2HR R it i, 53]

b B AR . BERE A BB AR IRIG L. 2021 4F
FEONET A BN KEMAE MM B, 2022
AR LA 32 R A [ B (Ditylum brightwellii) Fil
RANHZETE B 2023 4- L3 Fh 322y e 4 /B
I ZE I A v B 2R

RFNHZEIEBE . BERE M EBHE . PR E FRBEM T
PO BRSNS B 2 e i WAL IS . R 22T
BAT 5 AR AR, LR 0.027~0.493, °F
YA A E B o VR A B AN S Y 35.1%,; e A
BEA S MR L EF, LR EEE R 0.034~0.237,
UM B G 20.6%; TR B AR EEA 3 MR AR
PR, P BRI 0.054~0.157, S ¥ 40 i
19.3%; KIEME A 3 MED IR, PLi
0.047~0.082, -4 =B 7 21.6%(F 2)
2.1.5 RIFEYIBERSSIRHEAR L 2016~2023 4F
573 M TS VR A ) 22 FEVEHR B (H ) TS ] 1.65~2.67,
FHIME 2.29, 2022 4 f s, 2017 AR ARG, 2 H LT
R T ARt g, SRR AR R B A K 0 A
BT 0.54~1.14, “F-FI{H 0.82, 2023 4Ff% /&, 2017
AERRAR, BRI s LI A i B 5 R R
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Fig.7 Spatial and temporal distribution characteristics of phytoplankton abundance in Laizhou Bay during summer
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Tab.2 Dominant species of phytoplankton in Laizhou Bay during summer

s

2016 4F 2017 4F 2018 4 2019 4F 2020 4F 2021 4 2022 4 2023 4F

sz
4 J/(x10" cells/m’
RAN 228 (Pseudo-nitzschia pungens) jﬂgfig;‘;/‘l’/(: cells/m’)

FEEH /%

0.027
12.1
68.8

3.9

0.493
1765.2
75.0
65.7

0.212
118.7
91.9
23.1

0.146
175.7
36.0
40.6

0.184

270.8
44.0
42.0

B

A RE/(x10* cells/m®)
SAG H BR /%

FREE A%

e £ B ¥ (Chaetoceros curvisetus)

0.034
24.1
43.8

7.8

0.237
166.8
73.0
32.4

0.085
30.4
47.2
18.0

0.051
5.5
36.0
14.1

0.185
198.7
60.0
30.8

Mz

A /(x10* cells/m®)
SIS H /%
T3 /%

vF il 45 (Skeletonema costatum)

0.054
60.4
45.9
11.8

0.175
56.0
52.8
332

0.056
82.5
44.0
12.8

T3

A /(x10* cells/m®)
SIS H /%

FEEH %

KA E W (Cerataulina pelagica)

0.047
24.7
21.9
21.6

0.064
8.9
28.0
22.8

e

A /(x10* cells/m®)
S Y

FREEH /%

i BB # (Ditylum brightwellii)

0.190
171.4
48.0
39.6

e

A /(x10* cells/m®)
SIS R /%

FREE /%

57 IR ff1 B 3 (Chaetoceros lorenzianus)

0.105
32.0
37.5
28.0

HHE

A E1E/(x10* cells/m®)
S ALAG R/ %

FREE /%

7518 i & 3 (Chaetoceros paradoxus)

0.034

0.067
4.1
64.0
10.4

P

A 42 B2 /(<107 cells/m®)
SR /%

FEEE /Y%

RICEE (Noctiluca scintillans)

{705
4 #E/(x10* cells/m®
TR ICHFL B (Thalassionema frauenfeldii) ;:ﬁ;g};;/;? cells/m’)

EEHIIIL%

0.038
25.2
46.9

8.2

DL

A /(x10* cells/m®)
B DA A

FIEH /%

G ff1 B (Chaetoceros diadema)

0.050
45.2
34.4
14.7

PLsips

A EE/(x10* cells/m?)
SRS H /%

FEH /%

W 1 B (Chaetoceros siamense)

T — s o
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JL R 0.56~0.76, “F-XMH 0.68, Ak fa$h 5 ZREPEFE 5L
(HYFIL, BT R G LT b3y, 2022 4%
&, 2017 AEHAR . SEINVETRIFAE D RETE 454 HY . d
JREE kKT 0, B LT, TR Y TR 45
FEY N

TR L TR 5 2R MR U AR 4 TR G
KR(EWAE, 2012; BEASE, 2015), E 8 AT LA H
2017 SV ) 22 REPETR BURAIR, [RAF 55 — PR3t
PP e, AR RS 5 — DL A i DL 2
B R RHAE, DR SRR PRI B Y iR 2
DR, LA P TR Vi AR S R V% AR I Y D 288 (D [ i
8, 2002), ZFREMEFREU(H ) SFRBOMFEA G, H
W Vi 45 R R Tk, PRV 00 S H G A 2 R B
Ui R )T 1 2 REPE A REAR, 40 2017 4F 3 M
TR Z AR B (H) . & AR R () A 5 P A
() BURAE, SR 22 R A8 A G, 2R
N ZE Y B = B PRI AE ) B 5 1Y 65.7%, Rl 8 4R
TR E, TR 26 X e 344
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Fig.8 Contrast between /', J'. d, and the first dominant
species (Y) in Laizhou Bay during summer

ki f5; HYG N 0.05~3.61, d J5H 0.12~1.93, J5E
il 0.01~0.96, ZHEMEFE S (H) A T8 B () e IR
HBLAE 2017 AERSEMN TS PE RE TR0, 120 v 5 B L
()Y WEA, A hZETE BEFFE R 3 083.54x10°% cells/m’,
7% k57 20 LB S R Y 83%, Wi B HA A B 14 Fh,
VUGBS iy S () W A2 = e e =Y € 4
22 HIZEHFENEENEERERT

A ME A A 25 SRR HH, 2016~2023 4F 1 38 145
TEIEAR Y SR k- R 2N B E EA G, 5S8R .
TOWLA S 3 IE AR G, Rk 3 B 5 2R8G9 A G
51 B R IR — 2, R 5
AR IEAROG, 5K 2 B A, M

KGR KA FERRER AR IEARSE, 5Kk $hEE
RERLL . BBk, BRYRPRE IASC. MR 2R
TRE(H) HKT . KRR FIEMSE, 5K, &
W, BIFEP R ARG, YR EE RS
KA REA L REARCR FIEAE, SOk AR AR -
A RHRREE-A . BA . THLA. BA. BPEENR
FHAR . PRSI R SRR K@, pH &
e B IEARDE, Sk, BBk, B AR W U
K(H 3)s

3 e

ARCATHT T 2016~2023 4F B 2536 M 75 17 S A
HEVE S5 R AR ML, TERP Al Al I, Rl IR 22, ik 2 LT}
R, PRz, SR 1 FP . TR S R R
Sl S PRSI 3 AEEARR R . IR
I E AR PR AR AL, IFSE R BR 2017 AEAN, AR
B AR £ 3 A 2 W0 R AR b B B, 2019~2021 4[] = i
BARIRIN, 2021 AEFF AR ARG I . e B DX T 1 X
B, NI B RS

S AEIK B A 14.2%, K 5 AELL R
Pl 42.5%, Kt 1~4 RPN 5 57.5%; S0 3
>50% HIPIRN 5 5.7%, <1% R 29.2%, 2Hilth
FIEE . kM BB . RIEMEEEM T E &5 4 F
Tk B AN T B T 0 L =2 RTGA 54.9%, 5543 90 R4t
FHEADNT 1%, RINNZETE BERERE ff & B AE
5 AR Ry SNV AR HRh, R AR A R TP ) Ak
TE 3 AR R SN R HA, Bt e] 0L, A B A
KRt R EFRRE, 28 FUR MR A Rl
JC B ST 1] 0 253 (] AR ALK, 3 55 3N B2 2 9 A A8 08
Bk,

B /N S AR IR K T, T R
VA VG P AR AR DX, R B A s B I A P R R AR
AU 77 1) 3 384 e A, L PRI B 2 = A S0 R K A AR
fhGE ERESF, 2016b), RFIHUZETE 3 . TERE A BN
JUR R R, RO AR A B AR IR
LRI A, AT ) M 7 A 4 A PR RE 6
7SNV 2 4 R BRE, ZE M TS VR WA P v o B = 5
A, X 4 FieE e 5 B GO A B IR SR AR AU R (I T IR
4%, 2006), HIE S FEAF & 17 WEAE Pt Ak 1) A= A 38
ISR o (HCREAE B B R A I R 3 A A A
B 1 AR K R S AR AR KA R s T
BRI R RO, R RS B IR RUK I R IE R
(%AEEE, 2020).
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Tab.3 The correlation coefficient between phytoplankton and environmental parameters

A ER e LIRS YR H d J
KR -0.088 -0.087 -0.082 0.215" 0315 0.134" 0.256""
KR 0.076 0.078 -0.142" -0.364"" -0.339" -0.178™" -0.355™"
Kt -0.023 -0.023 0.025 0.233" 0.189" 0.195" 0.263"
B 0.010 0.011 -0.059 -0.151" -0.092 -0.005 -0.056
pH -0.092 -0.092 0.037 0.119 0.120 0.142" 0.196"
by -0.041 -0.040 -0.123 -0.206"" -0.126" 0.077 -0.083
IR 0.087 0.084 0.205"" -0.011 -0.105 -0.048 -0.028
e -0.002 -0.003 0.076 -0.012 -0.033 0.015 0.015
R -0.002 -0.002 0.019 -0.139" -0.138" -0.116 -0.161"
NIRTEIIZERNE ) 0.033 0.031 0.104 0.091 -0.016 -0.186"" -0.076
TR - A 0.169" 0.168" 0.111 0.074 -0.056 -0.208"" -0.101
A 0.076 0.076 -0.002 0.017 -0.065 -0.168"" -0.104
THLA 0.156" 0.155" 0.106 0.078 -0.060 -0.230"" -0.113
AL 0.064 0.063 0.063 0.159" 0.051 -0.089 0.022
REA(LL -0.127" -0.125 -0.105 -0.245" -0.102 0.220" 0.040
T L -0.067 -0.067 -0.048 -0.012 0.000 0.054 0.036
M43 a 0.085 0.084 0.066 -0.018 -0.041 -0.042 -0.046
S 0.137" 0.135" 0.089 0.050 -0.072 -0.228"" -0.128"
S 0.019 0.020 -0.046 -0.251" -0.285"* -0.186"" -0.301""
TR £k 0.013 0.013 0.013 0.184" 0.123 -0.124 0.000
By -0.117 -0.116 -0.110 -0.243" -0.235"" -0.087 -0.200""

VE: "FOR BEAE(P<0.05); T FIRMLL E A K(P<0.01); BEAKUE n=244

N IAT 1 K ] I, 32 Bl M AR AL R 52, 7K T
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INTERDECADAL VARIATION OF PHYTOPLANKTON AND DRIVING FACTORS
FROM 2016 TO 2023 IN SUMMER IN LAIZHOU BAY

ZHAO Yu-Ting, SUN Shan, SUN Wei, QIU Shao-Nan, SHI Xue-Jie, JIANG Hui-Chao, CHENG Ling

(Shandong Marine Resource and Environment Research Institute, Shandong Open Data Innovation and Application Laboratory,
Observation and Research Station of Laizhou Bay Marine Ecosystem, MNR, Yantai 264006, China)

Abstract
community structure largely determines the stability of these ecosystems. Previous studies on phytoplankton community

As primary producers, phytoplankton constitute a vital component of marine ecosystems, and their

structure in Laizhou Bay have relied primarily on short-term observations or data from one or two sampling cruises. There
remains a scarcity of multi-year continuous survey data, and the temporal evolution of phytoplankton community structure
has rarely been systematically analyzed. Based on survey data from 2016 to 2023 summer in Laizhou Bay, we investigated
the interannual variations of phytoplankton and conducted correlation analyses between phytoplankton communities and
environmental factors. Results show that a total of 106 species from 3 phyla were identified over the 8-year period,
predominantly diatoms, followed by dinoflagellates. Significant interannual variations in species composition were
observed, and the lowest diversity (48 species) occurred in 2019 and the highest (68 species) in 2020. Phytoplankton cell
abundance ranged from 39.1x10* cells/m® to 2 687.3x10* cells/m’, peaked in 2017 and reached the minimum levels in
2021. In the planar distribution, the phytoplankton cell abundance, the nearshore waters of estuaries such as the Yellow
River estuary and Xiaoqing River estuary are higher than that of the central part of the bay. Dominant species included
Pseudo-nitzschia pungens, Chaetoceros curvisetus, Skeletonema costatum, and Cerataulina pelagica. Correlation analysis
revealed that nitrate-nitrogen was the primary environmental factor on phytoplankton abundance. The overall upward trend
in the interannual variations of diversity index (H"), richness index (d), and evenness index (J') indicate that phytoplankton
community structure tended to improve. This study contributed to clarifying the evolutionary trend and influencing factors
of phytoplankton in Laizhou Bay, and provided a scientific foundation for decision-making in marine ecological
environment protection of the bay area.
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