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120.546° 120.632° 120.700° 120.768° E 1 BOD5
36.312°F b 9
FAEER
N Wanggezhuang Bay 50.46-73.73 ng/L 51.60-97.95 ng/L
00 3.10-11.61 pg/L
HEFS _
Gangdong sl 6.8-9.6 mg/L 12
36.244°F Fengshan b pH 3 COD 6
e
Yangkou o 6 2.98 mg/L
z1 BFELUBSATIGERFERTF
Tab. 1 Variations of environmental factors in the
artificial reef areas of Laoshan Bay
36.196°F 1 Time(Y-M)
Items
2011-03 2011-06 2011-09 2011-12
s 5 6.4 17.1 25.0 6.5
Eg;imou Temperature (C)
36.108[{ a . .. 33.04 3342  34.60 3292
Salinity
1 3 pH 8.22 782 7.82 7.83
Fig.1 The geographic location of three artificial reef COD (mg/L) 1.80 298 2.49 1.95
f Laoshan B
arcas of Laoshan Bay BOD; (mg/L) 235 235 295  1.99

COD BOD; pH

(GB17378-
2007) (GB/T12763-2007)
1.3
1.3.1 Primer 5.0
(Sha-
nnon-Wiener) (Margalef)
(Pielou) (Cluster)
(Clarke et al 2001)
1.3.2
Canoco for Windows 4.5
(Canonical correspondence analysis
CCA) (
12.5%,
=1%), 37 CCA
(Muylaert et al, 2000; Lopes et al, 2005)
lg(x 1) (Flores et al,
1998), Canoco for Windows 4.5
Canodraw for Windows 4.5
2
2.1

Total inorganic nitrogen 50.64 56.87 68.24 73.73
(ng/L)

. 67.57 51.60  60.24  97.95
Silicate (ng/L)

11.61 7.27 3.10 11.07
Phosphate (ng/L)

Dissolved  oxygen 7.6 6.8 7.7 9.6

(mg/L)

2.13 1.17 3.20 1.27
Transparency (m)

8.1 9.2 33
Chlorophyll (pg/L)
2.2
4 69
49 71.01%
18 26.09% 1 3
(Nitzschia closterium) 6 (Navi-

cula spp.) (Guinardia stri-
ata) 9
(Gymnodinium sp.) 12
3
2 2 3
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Tab. 2 Codes of phytoplankton species for CCA
Code Species Code Species
P1 (Asteroplanus karianus) P20 (Chaetoceros affinis)
P2 (Chaetoceros torttissimus) P21 (Chaetoceros lorenzianus)
P3 (Coscinodiscus radiatus) P22 (Chaetoceros curvisetus)
P4 (Coscinodiscus sp.) P23 (Chaetoceros spp.)
P5 (Guinardia delicatula) P24 (Thalassionema nitzschioides)
P6 (Meuniera membranacea) P25 (Thalassiosira rotula)
P7 (Navicula spp.) P26 (Alexandrium sp.)
P8 (Nitzschia closterium) P27 (Amphidinium sp.)
P9 (Pseudonitzschia pungens) P28 (Licmophora abbreviata)
P10 (Skeletonema costatum) P29 (Prorocentrum triestinum)
P11 (Gymnodinium sp.) P30 (Dictyocha fibula)
P12 (Crytophyceae spp.) P31 (Bacillaria paxillifera)
P13 (Guinardia striata) P32 (Chaetoceros densus)
P14 (Nitzschia longissima) P33 (Leptocylindrus danicus)
P15 (Nitzschia longissima var.reversa) P34 (Meuniera membranacea)
P16 (Pleurosigma affine) P35 (Navicula directa)
P17 (Pleurosigma spp.) P36 (Nitzschia spp.)
P18 (Rhizosolenia setigera) P37 (Ceratium furca)
P19 (Eutreptia sp.)
1.0 T T P ]L 2P6A‘ T
I PP ]
P12 Pl6 PO.-P 9 9
25°C
@ T 9
>
< 9
& 0 6 9 12
(
r TIN 1993 1991)
3
13 ' ' ' ' 10 6 9 12
Bl Axisl
6 49.78x
CCA 10°cell/m*(12 )-408.65x10°cell/m* (9 )
Fig.6 CCA biplot of phytoplankton species and environmental 40%
variables in the artificial reef areas of Laoshan Bay 3 6 9 12
6
6
2011 4
69 9 6
408.65%10°cell/m’ 3 6 43.02 9
BODs a 9 12 42.38
s CCA (95 6 9
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Relationships Between the Structure of Phytoplankton Community and
Environmental Factors in Three Artificial Reef Areas of Laoshan Bay

WANG Xin , SHENG Huaxiang, TANG Yanli , HUANG Liuyi, WAN Rong
(College of Fisheries, Ocean University of China, Qingdao 266003)

Abstract In this study, we examined the phytoplankton community in the artificial reef areas of
Laoshan Bay, and analyzed the relationships between phytoplankton and environment factors. Hence we
provided references for the construction and evaluation of artificial reefs. The data and water samples
were collected from four surveys in three artificial reef areas (Fengshan, Yangkou and Gangdong) of
Laoshan Bay from March to December in 2011. By using Primer 5.0, we calculated the Shannon-Wiener,
Margalef and Pielou of the phytoplankton community. We monitored the quarterly changes of phytop-
lankton community with cluster analysis, and applied Canonical Correspondence Analysis (CCA) to
explore the relationship between phytoplankton species and the environmental factors using Canoco 4.5.
In four surveys we identified a total of 69 species with microscope. We found that the dominant species
was Skeletonema costatum in March, September and December, and it was Navicula spp in June. The
density of phytoplankton in December was 49.78x10° cell/m’, which was the lowest in this survey. The
density of phytoplankton in September was up to 408.65%10° cell/m’, which was the highest among all
months. Shannon-Wiener and Margalef varied from 2.034 to 2.83, and from 5.27 to 7.25 respectively,
both of which reached the maximum in September and the minimum in December. The range of Pielou
was 0.58-0.78, and it reached the maximum in June and the minimum in December. According to the
cluster analysis, the degree of similarity between March and June was 43.02%, and it was up to 42.38%
between September and December. The species-environment bi-plots were drawn based on the results of
CCA. The results showed that phosphate, temperature and silicate were the most important factors that
influenced the distribution of phytoplankton species.

Key words Phytoplankton; Artificial reef; Environmental factors; Canonical correspondence
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