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Fig. 1 Setting of survey stations
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Table 1 Spatio-temporal variations of environmental factors in

artificial reef areas and control area
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B 16.05+0.1126.80 + 0.13" 13.60 + 0.03" 2.00 + 0.02"
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B 32.05+0.13"29.40 +0.10" 33.50 + 0.02" 32.77 + 0.05"
C 31.95+0.15"29.47 £ 0.16"33.00 + 0.00" 32.77 + 0.08"
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C 1.13+0.18" 2.11+0.04° 1.09+0.10° 1.18+0.10°
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(10 'mg-L™")

C  0.09+0.03° 0.09+0.05 0.26+0.05° 0.37+0.05"

WHESE A
NO,-N
ks B

(10'mg'L™")

0.21+0.01" 0.28+0.01* 0.21+0.01* 0.20 +0.05"
0.18 +0.04" 0.32+0.06" 0.20+0.01" 0.21 +0.04"

C 0.10+0.03° 0.27+0.03* 0.27+0.05* 0.10+0.05"

A, BFIC/HICRARE  BRFEDXFIX IR IX; 05 E ffia, b, cRORIRIE
PR TR A [5] 2755 AN R 38 e DXl ) A 7 25 22 53 (P < 0.05)

B 7E 3 Ak A X 22 8] A7 7E — 2 1 25 1) 25 5%
Horpr, AT AR X TN R TP o vk B 78 5 2 I 35 0
FXF BEX (P < 0.05); DIP Ji 2 vk 3 76 5 2% b 35 v T8
HRIX, SP35J2 3 1.7 4%, 76 2 2= K T X5 BRI, S 344R



O AXIEMGEEE: WAL AE HE 2 PN T g X SR D AR T v 45 A 10 2 R A ARRAE B 5 OGS BRI T i O AR 55

Sk BRIX ) 77.8%
32 FEEMBEEN
321 R

DU A LR 25 ] 2 XSl e S 7 PR AL ) 70 Fob, SR
T 301139 )@, Hrbakwe] 32 )@ 558, W] 6 )& 14
Bl BT LB LA (B 2) 3 AT A X PR A 1)
Y Rh B4 e B 2 3k B e KA 5 A (] 2274 X T AR DR
X BEIX 8 P A S R A S 2H B 4 Bk 3 25 R (P> 0.05),

60

RIS
[\ w B W

—_
(=}

ABC ABC ABC ABC
B 2% *FE A%
JHEE iH]
P2 NI o DX 0 1 X33 00 A 0 0 Ao ) L

Fig. 2 Comparison of phytoplankton species numbers in artifi-
cial reef areas and control area
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Fig. 3 Comparison of phytoplankton cell abundance in artifi-
cial reef areas and control area
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Different lowercase letters on the error bars indicate significant differ-

ences in phytoplankton abundance between different survey areas in the

same season (P < 0.05)
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Table 2 Spatial-temporal variations of the first dominant
species and dominance index of phytoplankton in artificial

reef areas and control area

Fis 1] X4} S5 LB g
7 A [F9%i#& Coscinodiscus sp. 0.48
B [F9%i#& Coscinodiscus sp. 0.38
C [F9%i#& Coscinodiscus sp. 0.45
S A FFCSEHE Chaetoceros lorenzianus 0.38
B FFCSEHE Chaetoceros lorenzianus 0.35
C F BB Chaetoceros lorenzianus 0.33
& A 7B TEM Chaetoceros affinis 0.28
B WEREF T#E Chaetoceros curvisetus 0.28
C B MTEWE Chaetoceros affinis 0.21
s A FREWARIEE Paralia sulcata 0.34
B ELFEAPIEE Paralia sulcata 0.39
C FREWARIEE Paralia sulcata 0.53
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®3 AIEHRMNBXEHREVABMHNSTESE
Table 3 The seasonal succession rate of the phytoplankton dom-

inant species in artificial reef areas and control area

P Ik K Tk =% Z&F
A 0.92 0.75 0.88 0.78
B 0.93 0.80 1.00 0.92
C 1.00 0.88 0.91 0.89
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Fig. 4 Comparison of phytoplankton community parameters in
artificial reef areas and control area
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Different lowercase letters on the error bars indicate significant differ-
ences in phytoplankton community parameters between different survey

areas in the same season (P < 0.05)
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Table 4 Comparison of phytoplankton taxa abundance in artifi-

cial reef areas and control area

SR FRE/(10% cells'm )
B X
Tk d 3 e
HE A 126.95 £27.12° 4.95+2.85° 0*
B 135.74 + 8.78" 4.49 £2.82° 0
C 127.76 + 80.63° 253+ 1.17° 0*
HZ A 623.70 £ 121.05°  19.86 £6.64°  0.002 = 0.00°
B 868.52 + 168.49°  15.16+5.91°  0.003 % 0.00"
c 452,56+ 158.27°  26.53 +3.21° 0
&S A 322.31+73.07 891 +£2.18 0°
B 34358 £223.42°  10.17+6.33*  0.08 = 0.08"
C 275.26 +91.23° 3.02 £ 1.15° 0°
L& A 18.53 + 0.40° 0.07 £0.07° 0
B 22.04 + 1.64° 0.12£0.10° 0
c 20.49 +7.15° 0.29 £0.21° 0

A, BRICHBICERAREX | BHEX FINT IR X #2248 L AARR/ING
REFE R VR R 2R A ) 281 AR T X k2 A7 3 2
(P<0.05),
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R B 1 N T A A DX R J 61 1 3 B0 0 380 46 i 5, AR S
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A WSRO R, T AR DRI R X I Ui
TP WA R an 2 5 B .
332 AYEEIEE
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75% A R 8RR 350) DA &% 3.3.1 75 Hp i) % L A0 i
T AT AR WG AR O (8 5), 4R BR, ATEIX
1B il X fik 386 R H 35 19 2R 0 1S RE R B0k 0.9~3.6, A
PRI T 1, B N T A e g e 0 PR AR ) B IR A T
R R38R o 0 B mT i, 2 Ak DX R o A ) 3
8 B L 7 1.1~ 3.6, P {H A 1.8, & H S (E M
1.3 £, & BN T £ A 0 5 109 95 R 3R 50 ARt T
o BRAF AL, B XN Ak B SRR 3 25 AORIE T
AfEX, HEHE | BcFE25 B3 (P<0.05), HAEY N
HIEBE ATEIX A 2.0 5 A1 1.2 4% . BR & Z41,
2 Kb A DX PR SE SIS Y 3 45 R TC W W 25 S (P >
0.05). MHE WL IR A, AN [F] 225 A [ 1 4l 1] A
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Table 5 Common red tide species in artificial reef areas and

control area

Fr5 ez T3

1 A B A B Chaetoceros affinis

2 e £ B B Chaetoceros curvisetus

3 EsEPERE Chaetoceros debilis

4 FFRATHE Chaetoceros lorenzianus

5 R i [ Coscinodiscus asteromphalus
6 6 LG i 4 Coscinodiscus granii

7 ARSI E) B i Coscinodiscus radiatus

8 JE R Coscinodiscus wailesii

9 i ECBUR Ditylum brightwellii

10 RIS f e Eucampia zodiacus

11 THERE LA I Guinardia flaccida

12 B Melosira sulcata/Paralia sulcata
13 AR Odonella sinensis

14 PRHIZETE B Pseudo-nitzschia pungens
15 NI BAR A Phizosolenia setigera

16 rhl B R Skeletonema costatum

17 b FRIF L Thalassionema frauenfeldii
18 HIV ML Thalassionema nitzschioides
19 TR T Thalassiosira rotula
20 SUARS Ceratium furac
21 T ff Ceratium fusus

22 —FAf Ceratium tripos

T S5 205 00 o 8 e AT O [ I B Y B G, e R Rk
T 35 AL 20 ) e R P S AL AR 0 R 1) 2 R AR
KB A (E, HS T RESESRE A SR A
R
34 FHEDREEMBTESXBEFRERFHNXR
TE IO T £ il DXORI G IR XA 55 12 2% 5 0 3F
BT (DO FE 3Rk ) 5 45 6 A X B0 e 4l ) =
4T Pearson tH R HT (K 6), &R ER, HEEF
Ut FEE 22X 5 TP B A& (P <
0.05), T 76 X M X 5 TP & 1F A ¢ B 25 4% 1 507 Ui
Y FEEE S TN 248 % IEAHE (P <0.01); NH,-N 7£
2 AbEE DX 5 P AR A 3 B B R AR O (P < 0.05), i
TEME XK IK 3] 135 AH G K P NOS-N 7 A B X 5 7 i
FEY) = B 2 3 IEAR G (P < 0.01), 7E B fifE X R XF

HR X 52 0 38 AE A 06 (P < 0.05); Bk 25 4% 1 B0 W M
F B 5 DIP & i 3 7 AH ¢ (P < 0.05); & 2= 7 i A
Y AR X X 5 DIP &2 & 3% T A o5& (P < 0.05), 1M
16 2 AT IX 5 DIP S IEAH 6.

4 i
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W A 215 R 1L B S 6 Sl % AL ) o A B A AH [
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YT B X BRI 1.4 75, 5k HE fER
N T ARE X B 45 5 — 3, 42 2 ab itk
DX ek 3 R P S SR O AR W I R BURR R T 1, R
W T il i Re A AR F IR e AR ) E 2R A K
B, N LM 4 BT B iR %R
Fe Ui A, PEHEITRRY W TR AR 1 KR, IR e 2
TR )23 7K 58 42, 18 N T £ e DX 7K A 5 SR £
JoT VR B, DT AR A A S B R A W 2 M R
o QAN F M N T A DX AR )
5516 7K R IR £ 0T Tk R 2 BAE AR OC, e DX VAR K Tl R R
S35 I A A L IR IX R T 13 A, R
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Fig. 5 Biological increment index of artificial reef areas in spring (a), summer (b), autumn (c) and winter (d)
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Fig. 6 Pearson's correlation analysis between phytoplankton abundance and environmental factors of artificial reef areas and control area

in spring (a), summer (b), autumn (c) and winter (d)
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Temporal and spatial variation characteristics of net-collected phytoplank-
ton community structure and its relationship with key environmental
factors in the artificial reef area of Xiangyun Bay, Hebei Province

Yu Sitian', Zhao Qi', LiJiandu>?, Zhao Jiabao', You Kai', Zhang Peidongl

(1. Key Laboratory of Mariculture (Ocean University of China), Ministry of Education, Qingdao 266003, China; 2. Liaoning Ocean and
Fisheries Science Research Institute, Dalian 116023, China; 3. Key Laboratory of Protection and Utilization of Aquatic Germplasm Re-
source, Ministry of Agriculture and Rural Affairs, Dalian 116023, China)

Abstract: In order to investigate the characteristics and spatial-temporal variations of the phytoplankton com-
munity in artificial reef areas, as well as to elucidate the relationship between phytoplankton abundance and envir-
onmental factors associated with artificial reef construction, four surveys were conducted in 2021 (May, August,
November) and 2022 (January) at two artificial reef areas and a control area in Xiangyun Bay. A total of 70 phyto-
plankton taxa belonging to 39 genera and 3 classes were identified in this study. The annual average abundance of
phytoplankton in the artificial reef areas was recorded as 313.5 x 10* cells/m?, which were 1.4 times higher than that
observed in the control area. Except in spring, the richness index, diversity index and evenness index of phytoplank-
ton in the artificial reef areas were higher than those in the control area. The succession rate of dominant species
from spring to summer and from summer to autumu in the reef areas were lower than that in the control area, sug-
gesting greater stability of community structure within artificial reef areas compared to the control area. The biolo-
gical increment index for each phytoplankton taxon ranged from 0.9 to 3.6; notably, Bacillariophyta displayed an
average biological increment index value of 1.8. Pearson correlation analysis revealed that phytoplankton abund-
ance was primarily influenced by TP, TN, NH,-N, NO;-N and DIP; significant seasonal differences were observed
among these variables. These findings demonstrate that artificial reef construction has a positive conservation ef-

fect on phytoplankton communities closely related to temporal and spatial changes in nutrient availability.

Key words: phytoplankton; biotic augmentation effects; spatiotemporal heterogeneity; environmental driving; artificial

reefs
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