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Fig.1 Survey area and sampling stations
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RE, HEPF 75.9%, HECHFE, S8R
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450, HEYIFI 14.8%, HEXAN, 2010 FFAAFEX
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lorenzianus) . Ji€5%ff & #(Ch. curvisetus), Jilfhzs
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setigera) , 3 & 1R 4 E)1 £ 15 1 (Proboscia alata f. indica)
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Yikh, Horp, BIGSE SN REA B, A
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4 W R

FA

= i

%39 %

®1 FEBEFHFEYMHERR

Tab.1 List of phytoplankton in the surveyed area

GiES SH7H 1A BN SH7H 1A

Taxa May July November Taxa May July November
REPE|] Bacillariophyta LA Paralia sulcata N
% W4 Bacteriastrum hyalinum \ \ RS4RI Pleurosigma affine \/
Jt 77 /&% Chaetoceros borealis \ Y thzEIE 3 Pseudo-nitzschia pungens NN S
F K fA £ Chaetoceros castracanei v Vo | BEECRIEENE SR Proboscia alata f. indica Y N
Ji T f 53 Chaetoceros compressus \ R4S Rhizosolenia robusta v
JiE4% £ 7E 3% Chaetoceros curvisetus S J NI EH 4 # Rhizosolenia setigera v S
Z255 43 Chaetoceros debilis \ \ H4 7 Rhizosolenia spp. \
I 5EFAE#: Chaetoceros didymus Y WL Rhizosolenia stolterfothii \/ \/
TR J SEJHRASE Rhizosolenia styliformis N N
Chaetocer os knipowitschii
J5 G L ¥ Chaetoceroslorenzianus V' V| E3E/ICEE Schroderella delicatula v
1% /1B Chaetoceros siamense S i 453 Skeletonema costatum voA S
#4173 Chaetoceros spp. NN J FOWRE %9 Sephanopyxis palmeriana \ \
[ £ 7B 3% Chaetocer os teres \ 5 G HEEEYY: Thalassiosira nordenskiol di N
H14% Ff1 B3 Chaetoceros tortissimus Y [ 4% % Thalassiosira rotula \ \
ZE B /1 T34 Chaetocer os affinis \ J B [ HF4: 3% Thal assionema frauenfel dii v oA \
It H B 73 Coscinodiscus argus NN \ 0T Pyrrophyta
FEJBF IR O NI J i1 £L# K% Akashiwo sanguinea J J
Coscinodiscus asteromphalus
% [ IR i3 Coscinodiscus granii NN \ BRI 7 1L R Alexandrium catenella N
BT [ i NI J SCARFf 3 Ceratium furca N
Coscinodiscus oculus-iridis
[ %74 Coscinodiscus spp. NN \ ¥2 A3 Ceratium fusus \ N
411355 [ 75 3¢ Coscinodiscus subtilis \/ =HF¥ Ceratium tripos \/ \/
B[R 7% Coscinodiscus wailesii NN \ ZINEVI T Cochlodinium polykrikoides \/ \/
/INERYE Cyclotella spp. \/ \ JBE 53 Gonyaulax spp. \/ \/
i F XX R Ditylum brightwellii NN L Noctilluca scintillans NN N
S £475 4113 Eucampia zodiacus Y \ SARJF Z 1 Protoperidinium divergens N
Z55 LN # Guianardia delicatula v \ H 545 % F % Protoperidinium leonis \ N
HEEE JLIN I 3 Guianardia flaccida \ \ 7R 2 % Protoperidinium marinum \/
FHE# Navicula spp. \/ T4 Z 1 # Protoperidinium pentagonum v \/
KZEJF B Nitzschia longissima NN Xl Ji 22 /1 3 Protoperidinium spp. \
rhAE PR3 Odontella sinensis NN J HiARIT 7 FEL 3348 Serippsiella trochoidea \/ S

Podifh b S FE A, AT 2.8%~16.4%, 11 H
PR BT A A SRR e BE A B L 255 LI T
FEL SR PN BE AR R, PRI AW OE AR RN T
0.02~0.19, HEFFH BB REEHmNT 75%~91.7%,
5 IR BB E RN 0.19,

24 FiEEYAESEENTHSE

TR Y AN AR B AT 22 5, ik 2
N, 11 ARy e EESES T S AfM 7 H.
IR — F 77 Jife FEL 400 A0 B = A A DX P 5 A At S A

[F], 5 H P IEAF Y 20 P = B X A0 o 2 s Tl XN
7 AR 11 AR A0 R 2014 AR AR X T S
T H Al A1 A DX FIAEE X 4B

11 AR AR EE e, T 1.95x10%
185.83x10% cell/m®, 44K 94.79x10* cell/m?, 2014 4E
TR X i ol 154.4x10% cell/m®, FEIX A, 2010 4F
XA 2012 4EAaHE X538 66.0x10°, 62.8x10* I
96.0x10% cell/m?. 5 J iFIFHL ¥ 40 i 3 B F- 340
21.5x10% cell/m?, /T 0.66x10*~106.6x10* cell/m?,
0.66x10*~106.6x10* cell/m?, T X ZM-Ji5 H ) 20 M =F &8
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Tab.2 Composition of phytoplankton dominant species at artificial reef area in 2016

A o) 1y HH BT % ﬁl'ééﬂiﬂ@$&fﬂﬁ a1 ﬁt?é‘fii
Month No. Taxa . Frequency Percentage in cell Dominance

in samples(%) abundance(%) )

5 A A [RI¥fi% Coscinodiscus spp. 50.0 4.2 0.02
May B A% Coscinodiscus asteromphalus 100.0 5.7 0.06
C  ZFHJLN ¥ Guianardia delicatula 25.0 81.4 0.20

7 A D B IKF#EE Coscinodiscus wailesii 41.7 5.0 0.02
July E WIFEH4S% Rhizosolenia setigera 75.0 2.8 0.02
B EJFRH% Coscinodiscus asteromphalus 100.0 3.6 0.04

F  RIKMEHE Chaetoceros castracanei 41.7 12.9 0.05

G 5IKMATE#E Chaetoceros lorenzianus 41.7 16.4 0.07

H #IKEGi% Coscinodiscus granii 83.3 13.0 0.11

I RHIfhZEE 3 Pseudo-nitzschia pungens 100.0 11.8 0.12

J 7&JG#E Noctilluca scintillans 100.0 21.6 0.22

11 A K e85 fE¥% Chaetoceros curvisetus 83.3 1.9 0.02
November  C  ZFFJLNW# Guianardia delicatula 75.0 2.1 0.02
L EERBEEIEA Proboscia alata f. indica 75.0 2.6 0.02

B  EJFF%% Coscinodiscus asteromphalus 83.3 3.0 0.02

D KB G%E Coscinodiscus wailesii 83.3 4.5 0.04

I RHIfhZEIE# Pseudo-nitzschia pungens 75.0 7.5 0.06

M TR Coscinodiscus oculus-iridis 91.7 8.6 0.08

H #&KE % Coscinodiscus granii 91.7 14.7 0.13

F  FRIKMEH Chaetoceros castracanei 83.3 20.6 0.17

G S7IRMEH Chaetoceroslorenzianus 91.7 21.1 0.19
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S 150 1 ] 2014447 X Artificial reef constructed in 2014
B
# 8
2 T
T 100 |
ﬁ 2
ﬁ £
A (=]
% 50 |
<
=
: ]
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Fig.2 Variations of phytoplankton cell
abundance in different months

R TAAIEIX, N 63.11x10% cell/m?, 2010 4F X |
2012 4EMAREIX AT 2014 AEfHEX 5000 12.96x10%
1.09x10* Fil 8.86x10* cell/m®, 7 H VR M) 40 M -
T 3.43x10%~317.78x10* cell/m®, F¥JH 39.53x
10 cell/m®, 2014 4F i fife [X 17 7 A4 40 40 MO 3 2
112.58x 10" cell/m?, § & T Hifth 3 4~ X ek, T IX Hh |

2010 4EMAREX . 2012 AAREX 0N 16.48%107,
7.04x10* F1 22.02x10% cell/m?,

25 HMRASHEIMNZFHREVHEBFEFENTES S

T VIt R 0 R 7 2 ) 40 A A7 AE BRI DX 2 R L 2R
WS TEMIFEH | AR i £ rk X 5l X A0 2 (7]
TFIAH YRS S R AR ZESS, HAHS; [F—
DX IRAEAS 5] 7 17 W AR B 7% 23 (] o A A A [R] A7
FWERE 3), 5 ARy s E s fi WA 3a, %
EIX B AERE X AN 21 Sk, 4 e E R
106.61x10* cell/m?, = B Fe IR H BRAE 2012 4F o fift X
19 S0, A 0.66x10% cell/m®, HEIX ZM 7 A 4 20
it = 2 o T Ao DX TR A A A

7 AR A R AR LR 3b, B X ETE
2014 AEMEEX Y Bl14 S, IR N 317.78%
10%cell/m?®, FRERARME IR MOREIX ) 19 S35,
K 3.43x10% cell/m?, 2014 4= AaHE X PR A P 40 s =
SER(E R, (HIZ A RE X 3 AN s A5 0] B A = 22 57
PEECK, 2012 AR X PRI Y 40 BRIk 11 A
TR 23 ) 04 WLIE] 3c, 2014 AR X IR Y40
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Fig.3 Horizontal distribution of phytoplankton cell abundance (<10 cell/ m?) in 2016

aa5H; b:7H; 11 A

Moo, H s, MiEFEEAT 14231
10°~176.14x10* cell/m?, = FF e IR H BRAE 2012 4 £k
XA 10 Suhfz, Hy 1.95x10% celVm?®, FfE X AP EEHEAE Y
Y0 M 2 B AR, AT 37.42x10%~99.75%10° cell/m?,,

26 XN SHXINEFEYEESFERIE

TEIEAR ) 22 R FE BB A R85 (HY) , 395 B
FREQ) R RN FEE R e M Fa bR . — Bk UL, — /N
TR HURD 3k, W TR B IR TE T8 AR S R G
R FBC(INEESE, 2004) RS TR SR VR iF R ) 2 B
PEFR B AAATE Z= 0 P 22 7 (8] 4 FIR 3), Bk 11 H
H'. DA J#REL 5 R 7 Ao Mtk X 5k X AR
FeSkE , 2010 4EF0 2014 4F 40l (X PR A ) 22 RE TS
Bos TREX AT 2012 AEAaRfE X, i B £ 6l X 2T A
2~6 4E N, HE X N TR M BT AR e MR, (HaX
Fh AR et AN S — L R 1, it 2 Al DX 5 ] ) B
K, IR RS R —E s,

m LA X Non-artificial reef

m JE£A 7 X Non-artificial reef

a: May; b: July; c: November

BRI ZFEPEIR ()11 AR, HRE
A, 5 AR&Ek. 11 XA, 2010 FMAAHEX

2012 faffEIX f1 2014 4EffEIX H LR FEHER
(P>0.05); 7 A 2012 fafEX F1 2014 4FAAEX H P&
T HEX AN 2010 4FfAffEIX (P<0.05); 5 HHEX AN
H' 5 A, 2010 4FAREIX . 2012 M X A 2014 4F o
X H7 514 1.88, 1.66 F1 1.7,

FREREON ARESTSAMTA, 5 A
K, 11 AREXAN, 2010 FEAAAEX . 2012 fafE Xl
2014 FfafEX D TGk & M2 5 (P>0.05; 7 H
2012 - faffE X R 2014 45k X D I 2w T HE X AN
2010 4FfffEIX (P<0.05); 5 A REX AN, 2010 4 fafE X
2012 fAfEX A 2014 4FMAEX D L FHEHES
(P>0.05).

TP B ERB() LR EFTEZES
(P>0.05), 11 A IfHE THAA, 5 H &M, 11 1
XAh. 2010 4EAAfE X . 2012 ffEE X F 2014 454 X

m 3E4A 7 X Non-artificial reef

W 20104E AR X m 20104FA X B 201 04EA X
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O 20124F fa X 0 20124F FAffE X 020 A e ed in 2010
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y a0 201 44- IR X 5 b0 201 H4EFAFEX ” - é(ﬁl‘{i%aé%gonstructed in 2012
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Fig.4 Phytoplankton diversity index changes in different month
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Tab.3 Phytoplankton diversity index changes in different month

i H A ffE X 4h 2010 4F £ ffE X, 2012 4EAAffE X 2014 4F fafE X
Items Month Non-artificial 2010 artificial 2012 artificial 2014 artificial
reef area reef arca reef area reef arca

FR_BNEEEEe % 5 A May 1.01 1.66 1.88 1.70
Shannon-Wiener index 7 H July 1.15 3.43 1.05 2.87
11 H November 2.54 3.01 2.95 3.02
e g 5 J May 0.60 0.74 0.50 0.41
Margalef index 7 H July 0.57 1.29 0.52 1.12
11 A November 1.35 1.51 1.47 1.33
5 BE S L 5 J May 0.35 0.61 0.76 0.71
Pielou index 7 H July 0.39 0.87 0.37 0.75
11 H November 0.60 0.72 0.68 0.70

JC I M Z R (P>0.05); 7 H 2012 faAE X F1 2014 4F
X J o m THEX AN 2010 4FMREX; 5 H i
XAk, 2010 AEMAREX . 2012 X FH 2014 4 X

NBYSU B
27 FHEYARFEFESHERFHXR

TRE SR PR 2 PR U A W LA A A A5, A ST
T X 9] A VA SR AT A A A 3 B i DR DG A B
HF (AR SR . WHERREL . &b | BEMRE: . IR .
FbFFE I | pH . 35 I B AN ) S A T AR OGP 4T
PRI 5 W) V7 WA L 3450 = BE I IR B R o 1 SE X
PR XOABEH TR T DCA 430, BEKE
/NF 3.0, 3% RDACURAINDIAT N, G5 WA S,
AN TRV Ui R 0 0 A o B DR 1 A 2 3 O T DL
it RDA XUFHERE L W B ok . MK 5 W LLE
DA 22 55 JL P 0 8 kG [ 977 g | ke 2 [ O g A 3
EhOLR i B R A R 50 B R R B B A I A O
P, B ER SRR, BAMTENNAER,
(5] i i 1 2L A () 7 g 5 6 R RN A S R R B R A Y
TEAISENE, K BAR S MUK IR A B IE A e, R
A TS, 57 R A B R ehE M B i s FCIR 0 s 7e
Herr i Lo B AR, A B AR
3 itig
31 RBEERAIARXZEREVEESITTWL

TR LARESE A 3, PRI YR B
25, 11 AR YA R s T A 2 SR,
TR AR BR O BN, 88 TRESE, LRI i e
J& N E, FAERTEE, AR S, o

7 AR, RHEFEA B AL, EEAETERY
LHFA 6 B, 05 HBFIAEDIEFE 11 A/

LT P ARAFAE o PR UF R 40 B = B A AE I g 2y
255t 11 AR A e e, o2 7 H, S H
T IR AT 200 0 = B I o X b B 2 5 TR Ay Vg a7 Wi A
W B 0 B A PR AR A AN — B (R AR, 1991), R
e 7 AROtEERERE, HAKRKK, FEiEmK
IR EN T, SESAIE R 5 H 40 K
X5 H X R R A AR P Al AR A TR v
W, FATESIRAL T iR ) A 5 i HZ A i
MR ED, SO X ) E SRR AN A R,
AT IO TR WA P AR K B

32 ARERAREXINZFHEMRZFNLLR

4 7 F 2012 4F i I RN 2014 4F 00 X SR A )
YR BT 35 TRE X AT 2010 4F A X PR AR 04
B, 5 AR 11 H 7l 0 b 807 25 A e DXORn Xt
WX 2 A% A 22 5(P>0.05), X 5145 (2011)
o TEPH VS A R 5 465 R AR — 350, ol [XRITX) TR XA 7
TEAE PP S R AR b 24 22 S L

51T U A A A S R R DX AN S T A
X, 7 A 11 H WA Y 40 == B 2014 4F Al X
b 2 T A R DX RIAE X A0 PRI 2 AR PE R AL
TS AL 7 AR 11 A#EREH A 2012 451 2014 444
il X TE X AMRT 2010 AR R X, Xt i I8
T AR A Bl T o T A 2 PR R e K s ) )
PR JIK . WRFERIA, N Ttk RENs NI E A PR
BEEEE . ISR . A e IRFRAE BRI,
[, RER 2 AR AR KRR B b el AR Vg 3 ) 7 1], i ek
AR K I E SR ER S5, K2 F 5 18 SR SR IR U A
Mok 2 Fmn, R OR RIKZ AR Y BB 3R R
(FESFFEEE, 2006), PRl BYHE S RIFE T L0
PR, N T A XA B o s AN R (R A 1%
2005; 5K FE4E, 2008). Ll X 7ENITE Y TLAE(2~4 4)



8 woool B gt R 939 %
1 ,
BRI pH
& A Ammonia
A Nitrate nitrogen

5% Salini
BE Salinity Nitrite nitrogen

{5 % Temperature

C
«
D
L
%W B Transparency
M
L d
ST E G T
7K Depth “x ~y
1
J
“
I

BERRE:
Phosphate!

-1
-1

&S]

A A TS P Ui AL DI R 5 PR T I T 9 RDA XUT 4]

Fig.5 RDA biplot of phytoplankton dominant species and environmental factors in the surveyed area

PrFACAL (A~M) WL 35 2

P, ORTRER DX P 37 DA A A 7 e 1 1) DR e
Wi 5 i DX P ) g R, 0 22 T 7 9 SRS I 1 5
M SAFAEIARRIN G, ™ AR AR 08 55, B IR R
LHIRAATESY, FIHEP AR ZHm, Iy
VE R MW A T HE XM K . ARG ES RS 24
2 F TR s BB R EE, 2006; BEFERRLE, 2013),
TR B AR BRI W S T, RN T At
XSG A: 7 A R A T — W IE TETSON

3.3 BEME. RiFHEEYEENLER

BERENT, BRI AT D, RN
25(2000)%F iZ A T AaE X B4R IT s TR A R B, %
TR A0 = BE AT 420%10*~7100x10* cell/m?,
5 H . 8 1N 10 H iFiFAE Y 40 e A g o3 8 Fi .
16 AT 13 Fh, AT A0 RSP T Vi el Y A R I gl 2
PEFE R (HHYA T 0.27~3.01, F & EHERBEON T
0.11~0.75, H2IEREDNT 0.12~1.00, Wit 7FF

The dominant species codes (A~M) refer to Tab.2

TP AR S B, 0T S T AR P R0 5 A = =
b, AR IFI IS Z AR TE IR RO T, R A
PR EVERG 38 o TR A AR A s, 52 Wi T A
VIR A A AL I R L2, T N T Al i B0 AR
TR AR BE TS ST A 2 Kb i ik — L R A5

£ % X M

Chen PM. A survey on catch in artificial reef area of Zhongshan
City. Journal of Tropical Oceanography, 2005, 24(3): 73-80
[FRAS. oLl AT i DX SR ) . PRl P A4l
2005, 24(3): 73-80]

Chen Y, Yang J, Tian T, et al. The enhancement effect of fishery
resources on artificial reefs in marine ranching area in
Zhangzi Island. Journal of Dalian Ocean University, 2014,
29(2): 183-187 [, W%, W, . T iR
N T ARG IX 2RISR ROCR B P AT 5. R R
2224k, 2014, 29(2): 183-187]

Dufrene M, Legendre P. Species assemblages and indicator



sk TAE KHT RN T AR AR SR B AR A S S B AL R 9

species: The need for a flexible asymmetrical approach.
Ecological Monographs, 1997, 67(3): 345-366

GB 17378.4-2007 Specifications for marine monitoring. 2007
[GB 17378. 4-2007 7 WHLIE. 2007]

GB/T 12763.6-2007 Specifications for oceanographic survey:
Specifications for marine biological survey. 2007 [GB/T
12763.6-2007 WV IRAT A VR4 iR . 2007]

Jiang ZB, Chen QZ, Shou L, et al. Community composition of
net-phytoplankton and its relationship with the environmental
factors at artificial reef area in Xiangshan Bay. Acta
Ecologica Sinica, 2012, 32(18): 5813-5824 [{Liils, Ik
L%, AR, AR Gl N T ARl DX IO R O i AR )
TR AU SRR TR SRR A452AR, 2012, 32(18):
5813-5824]

Kang YD. Phytoplankton quantitative distribution and seasonal
variation in Bohai Sea. Marine Fisheries Research, 1991, 12:
31-44 [FETTTE. #hife P A i Bl oA A 2= A2 4.
K EIESE, 1991, 12: 31-44]

Li J, Guan CT, Gong PH, et al. Preliminary analysis of carbon
sink mechanism and potential of artificial reef ecosystem.
Progress in Fishery Sciences, 2013, 34(1): 65-69 [2=lff, &
Kk, AR, %5 NT RS RIS RE s
Br. ol Bk, 2013, 34(1): 65-69]

Li QX, Tao JH. Studies on ecological characteristics of
phytoplankton in the waters near Tianjin. Journal of Tianjin
University, 2000, 33(4): 464-469 [Z515T, Miate. Rt
VTS T AR ) AR SRR R RIS . R 22241, 2000,
33(4): 464-469]

Li WK, Fang EJ. Construction of artificial reefs to repair marine
fishery resources and ecological environment. Tianjin
Fisheries, 2003(4): 5-8 [ZE3(Hi, mRE. @i A\ T faiffk
A PR SIS, KEUKTZ, 2003(4): 5-8]

Liao XL, Chen PM, Ma SW, et al. Community structure of
phytoplankton and its relationship with environmental
factors before and after construction of artificial reefs in
Yangmeikeng, Daya Bay. South China Fisheries reseach,
2013, 9(5): 109-119 [BEFEMW, MEA%, Dk, 45 K
TEAA M SRR o I R R TR A SO 5 PR R
FHIKER. mKPRIE, 2013, 9(5): 109-119]

Marfalef R. Information theory in ecology. General Systems,
1958, 3: 36-71

Pielou EC. An introduction to mathematical ecology. New York:
Wiley-Interscience, 1969, 286

Powers SP, Grabowski JH, Peterson CH, et al. Estimation
enhancement of fish production by offshore artificial reefs:
Uncertainty exhibited by divergent scenarios. Marine
Ecology Progress Series, 2003, 264: 265-277

Shannon CE, Weaver W. The mathematical theory of
communication. Urbana: University of Illinois Press, 1949,
117

Leps J, Smilauer P. Multivariate analysis of ecological data using
CANOCO. London: Cambridge University Press, 2010

Sun J, Liu DY. The application of diversity indices in marine
phytoplankton studies. Acta Oceanologica Sinica, 2004,
26(1): 62-75 [PNE, XIAH. SRS BHE TR Y
WS RIRIHL. MEPESAAI, 2004, 26(1): 62-75]

Wang J, Kang YD. Study on population dynamics of
phytoplankton in the Bohai Sea. Marine Fisheries Research,
1998, 19(1): 43-52 [FAR, HETHE. il st
AIBEGE. WK EHEE, 1998, 19(1): 43-52]

Wang X, Sheng HX, Tang YL, et al. Relationships between the
structure of phytoplankton community and environmental
factors in three artificial reef areas of Laoshan Bay. Progress
in Fishery Sciences, 2014, 35(4): 7-12 [EJik, BibF, fF
T, S WEILE N T AR DCUF B A P I 78 45 H 5 PR
HFISCR. Ml RE#E R, 2014, 35(4): 7-12]

Yang L, Zhang S, Sun MC, et al. The research of relationships
between phytoplankton and environmental factors in
artificial reef area of Haizhou Bay. Journal of Shanghai
Ocean University, 2011, 20(3): 445-450 [A7#, KA, Mk
B, SE NS T A PRI 5 B N T O ARY
WFFE. LIRS 2AIR, 2011, 203): 445-450]

Zhang H, Liu PY, Tang JH, et al.
macrobenthos of artificial reefs area in the Haizhou Gulf.
Marine Fisheries, 2008, 30(2): 97-104 [ik%, XG4k,
A, A MM N ARSI A A L,
2008, 30(2): 97-104]

Zhang S, Zhu KW, Sun MC. Species composition and biomass

Investigation on the

variation in phytoplankton in artificial reef area in Haizhou
Bay. Journal of Dalian Ocean University, 2006, 21(2):
134-140 [5KAR, AFLIC, IMEE. WM T Mk X7 iE
) (0 R0 2 20 BRI A i R 7K ™ 2 B 2 4, 2006,
21(2): 134-140]

Zhang SY, Zhang HJ, Jiao JP, et al. Change of ecological
environment of artificial reef waters in Haizhou Bay.
Journal of Fisheries of China, 2006, 30(4): 475-480 [F5F
T, O, SRR, SF. NS T Ak AR
HIAR Ak, 7K =23, 2006, 30(4): 475-480]

Zhang X, Luan QS, Sun JQ, et al. Annual variation in
phytoplankton community and its relationship with ambient
environmental factors in adjacent waters of Zhangzi Island.
Journal of Dalian Ocean University, 2016, 31(3): 315-323
(5K, 28812, FhRGR, 5. B 1 I IR A Y s A
AR SRR R TG R, RIEERTRF774,, 2016,
31(3): 315-323]

Zou JZ, Dong LP, Qin BP. Preliminary study on eutrophication
and red tide in Bohai Bay. Marine Environmental Science,
1983, 2(2): 41-54 [4F5cE, #HuTE, BT EEEEE
FEALARE B R R AT, RN, 1983, 2(2):
41-54]

(%4 )



10

woor B o

-
el

Phytoplankton Community Characteristics and Variation at
Artificial Reefs of Tianjin Offshore

ZHANG Xue'?, XU Xiaofu'?, DAI Yuanyuan', WANG Hong'*", FANG Enjun'?,

HOU Chungiang'?, GAO Yan'?, GUO Biao'*, CHEN Wei'*

(1. Tianjin Bohai Sea Fisheries Research Ingtitute, Tianjin 300457,
2. Tianjin Marine Ranching Technical Engineering Center, Tianjin  300457)

Abstract Three cruises were conducted in May, July, and November 2016 in artificial reef areas
constructed in 2010, 2012, and 2014, respectively, and the non-artificial reef area (control area) offshore
of Tianjin with three sampling stations for each, totaling 12 sites. The results identified 58 taxa of
phytoplankton belonging to 2 phyla and 28 genera. Among these species, Bacillariophyta includes 19
genera and 44 species, and Pyrrophyta includes 9 genera and 14 species. Diatom species are dominant,
accounting for 75.9% of all species, followed by dinoflagellates, accounting for 24.1%. Dominant
phytoplankton species are Coscinodiscus and Chaetoceros of Bacillariophyta, mainly Coscinodiscus
wailesii, C. asteromphalus, C. granii, C. oculus-iridis, C. spp., Chaetoceros castracanei, Ch. lorenzianus,
Ch. curvisetus, Pseudo-nitzschiapungens, Guianardia delicatula, Rhizosolenia setigera, Proboscia alata f.
indica, and Noctilluca scintillans. Phytoplankton cell abundance showed obvious seasonal changes, with
the average cell abundance in November, July, and May at 94.79x10* cell/m3, 39.53x10* cell/m?, and
21.5x10* cell/m?, respectively. Phytoplankton diversity index also had obvious seasonal variation. In
November, the Shannon-Wiener diversity index, Margalef index, and Pielou index were higher than in
May and July. Comparing the artificial reef areas with the control area, the phytoplankton cell abundance
of the control in May was significantly higher than the artificial reef areas. In July and November,
phytoplankton cell abundance at the artificial reef constructed in 2014 was significantly higher than other
artificial reef areas and the control area. The diversity index in both the control and the artificial reef area
constructed in 2012 was lower than the 2010 and 2014 reefs, and lowest in the non-artificial reef area.
Clearly, the construction of an artificial reef had a significant effect in improving phytoplankton
community diversity, but this diversity is not always increasing consistently but fluctuating.

Key words Phytoplankton; Artificial reef, Community structure
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