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(GB17378.4-2007)
(Lalli et al, 1993), 1.2
1.2.1
(cell/m*)
1 Y= (n/N")xf;
2012—2014 3012 s M i i
, N
’ , Y=0.02 ( ,
’ 1994)
H Shannon-Wiener
1 (Shannon et al, 1949): p'= _ép“ log, P,
duta Margalef
1.1 (Margalef, 1968): dy, = (S=1)/logsN
2012—2014 3 5 8 1, J Pielou (Pielou,
(120.6°—121°E, 36.0°—36.5°N) 12 1969): J = H'/log,S
, 14 ( 1) , N , S
(GB12763.6-2007) , III , P; i
, 1.2.2
(Water Temperature, WT) PRIMER 6.0 ( , 2003),
(Salinity) (Dissolved Oxygen, DO) ,  Bray Curtis
(Chemical Oxygen Demand, COD) pH ,
(Inorganic Nitrogen, DIN) (Active CLUSTER ,
Phosphorus, AP) (Total Nitrogen, TN) (Total SIMPER

Phosphorus, TP) a (chlorophyll a, chl a)

B

37°

36°

35°

34°
119° 120° 121°

122°E

1

(Similarity percentage program)

120.6° 120.7° 120.8° E 120.9°

Fig.1 Sampling sites of phytoplankton in Laoshan Bay
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1.2.3 scintillans) ; 5 (Y=0.126—
Surfer8.0 , 0.636) (Y=0.021—0.142)
SPSS19.0 (Chaetoceros densus, Y=0.02—0.060)
(Bacillaria paxillifera) ;8
2 (Ceratium tripos, Y=0.201—0.242)
2.1 (Y=0.121—0.218) (Y=0.02—0.142)
127 (Thalassionema nitzschioide)
(Bacillariophyceae) (Pyrrophyta) (Ceratium fusus) ; 11
(Chrysophyta) (Cyanophyta) (Chlorophyta) (Coscinodiscus oculus-iridis, Y=0.074—
5 25 47 16 36 105 , 0.107) (Y=0.068—0.142)
82.7%; 6 8 9 (Y=0.021—0.036)
15.0%; 1 1 1 (Chaetoceros curvisetus) (1)
) 2.2
3
(Asterionopsis glacialis, Y=0.079—0.294) , 2a 3 ,
(Skeletonema costatum, Y=0.036—0.517) , 108.7x10*—205.9x
(Asteroplanus karianus, Y=0.028—0.272) 10%cell/m’, 169.2x10%*ell/m’, 2014 3

(Ditylum brightwellii)

(Pseudo-nitzschia pungens) (Noctiluca

R 85.5%—

F1 20122014 FiFLEZFHEDEEZEMEMRAEE
Tab.1 Dominant species list of phytoplankton collected in Laoshan Bay from 2012 to 2014
(&4]
3 5 8 11
2013.03 2014.03 2015.03 2012.05 2013.05 2014.05 2012.08 2013.08 2014.08 2012.11 2013.11 2014.11
Ditylum brightwellii 0.047 0.025 0.055
o o 0.040 0.091 0.074 0.107 0.105
Coscinodiscus oculus-iridis
. 0.272  0.028  0.036 0.033  0.153
Asteroplanus karianus
0.052 0.063 0.142 0.021 0.052 0.218 0.186 0.121 0.054
Pseudo-nitzschia pungens
0.023  0.089  0.032
Thalassionema nitzschioide
Chaetoceros densus 0.029  0.060 0.026 0.125 0.021  0.045
Bacillaria paxillifera 0.023 0.123 0.068 0.142 0.074  0.068
0.223  0.294  0.079 0.036  0.021  0.029
Asterionopsis glacialis
Chaetoceros curvisetus 0.050
0.053 0.023
Rhizosolenia alata f. indica
Skeletonema costatum 0.036 0457 0.517 0.023 0.044  0.037 0.022
Ceratium tripos 0.042 0.036 0.028 0.022 0203 0.201 0.242
Ceratium fusus 0.027  0.028 0.023  0.056
Noctiluca scintillans 0.042 0.052 0.185 0.636 0.126 0.047 0.036 0.025

=0.02
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Fig.2 Variation of phytoplankton cell abundance (a), and the percentage (b) from 2012 to 2014
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Fig.4 Variation in richness, diversity, and evenness of

phytoplankton community
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Fig.5 CUSTER and MDS ordination of phytoplankton community in 12 months in Laoshan Bay
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Tab.2 The Pearson correlation between phytoplankton
community and environmental factors in Laoshan Bay

1 0.985** 0.285 —0.383

0.985%* 1 0.116 —-0.406

0.285 0.116 1 0.049

—0.383 —-0.406 0.049 1

-0.590%* —0.666* 0.304 0.432

0.845%* 0.863** 0.068 -0.367

pH 0.604* 0.631%* -0.014 -0.326
-0.572 -0.511 —0.449 0.305

COD 0.197 0.190 0.064 0.594*
-0.146 -0.135 -0.115 -0.189
—0.226 -0.224 —-0.070 —0.628%*
0.639* 0.679*  —0.799* -0.617*

0.839** 0.875**  —0.642%* —-0.549

-0.436 -0.369 —0.475 -0.029

0.039 0.057 -0.107 -0.341
—-0.290 -0.270 -0.192 —0.629*

a 0.759** 0.758** 0.147 -0.519
0.779** 0.818**  —0.043 -0.142

ox <0.01, * <0.05,

(Egge, 1998),

, , 2008
(
,2011)
( , 1966; , 1991; , 1998;

Gao et al, 2013)
(Zhao et al, 2005; Thillai et al, 2010,
2014), a
N/P (P<0.01), pH
(P<0.05),

>

(P<0.01)

42%
, 2011
( , 2014), 42%
4
(1) 2012—2014 127
5 25 47 3
.5
, 8
11

42%

(2) ,

b 3 9
169.2x10%cell/m’, g

51.8x10%cell/m’

Shannon-Wiener
2.305 (1.829—2.745), Margalef
0.987 (0.634—1.507), Pielou
0.675 (0.466—0.815),

(3) ,
a N/P
(P<0.01), pH (P<0.05),
(P<0.05)
(P<0.05)
(P<0.05),
(P<0.05)
s 5 , 2013.
, 13(1):
163—170
S ) , 2014,
,35(4): 7—12
, 2003.
. , 24(4): 44—50
N , 1998.
,19(1): 43—52
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, 1993. - -
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SPATIO-TEMPORAL DISTRIBUTION OF NET-COLLECTED PHYTOPLANKTON AND
ITS RELATIONSHIP WITH ENVIRONMENTAL FACTORS IN LAOSHAN BAY

SONG Xiu-Kai, TANG Xian-Chun, CHENG Ling, SUN Wei, ZHANG Huan-Jun,
JIANG Hui-Chao, LIU Yuan-Jin

(Shandong Key Laboratory of Marine Ecological Restoration, Shandong Marine Resource and Environment Research Institute, Yantai
264006, China)

Abstract Based on 12 cruises at 14 stations from May 2012 to March 2015, spatio-temporal distribution of
net-collected phytoplankton and its relationship with other environmental factors in Laoshan Bay, Qingdao, of Shandong
Peninsula, were studied. Phytoplankton were vertically hauled using type-  standing phytoplankton net (mesh size 76pum,
a standard sampling tool in marine phytoplankton studies in China). Water temperature, salinity, COD, pH, Chl a,
inorganic nitrogen, active phosphorus, total nitrogen, and total phosphorus were recorded in-situ synchronously. Totally,
127 species of phytoplankton belonging to 47 genera of 5 phyla were recognized. Bacillariophyta and Phrrophyta were the
dominants for taking 36 and 8 genera, 105 and 19 species, accounting for 82.7% and 15.0% of the total taxa, respectively.
Only 1 species for each of Chrysophyta, Cyanophyta, and Chlorophyta was found. Asterionopsis glacialis, Skeletonema
costatum, and Asteroplanus karianus were the most abundant species in March, whereas Noctiluca scintillans,
Pseudo-nitzschia pungens, and Chaetoceros densus in May, Ceratium tripos, Pseudo-nitzschia pungens, and Bacillaria
paxillifera in August, and Coscinodiscus oculus-iridis, Bacillaria paxillifera, and Asterionopsis glacialis in November.
CUSTER and MDS ordination analyses showed, the phytoplankton community could be divided into four groups at 42%
similarity. The distribution and abundance of phytoplankton varied remarkably in season, showing two peaks in March and
August, with cell abundance of phytoplankton at 169.2x10* and 51.8x10%cell/m’, respectively. The cell abundance of
phytoplankton gradually decreased with the distance away from coast. The higher value was observed in coastal water to
the west of Tianheng Island and the northeast of Aoshanwei, whereas the lower ones occurred in the offshore area of
Laoshan Bay. The means of the Shannon-Wiener diversity index, Margalef richness, and Pielou evenness were 2.305
(1.829—2.745), 0.987 (0.634—1.507) and 0.675 (0.466—0.815), respectively. Correlation coefficients (R) between the
phytoplankton cell abundance with the physic-chemical parameters were calculated using the software SPSS (Ver. 19).
Results show that the cell abundance of diatoms was the major sections of the total ones of phytoplankton. And the cell
abundance of both diatoms and the total phytoplankton had significantly positive correlations with salinity, Ammonia,
Chlorophyll @, N/P ratio (P<0.01) and with pH and inorganic nitrogen (P<0.05), whereas negatively correlated with water
temperature (P<0.05). Nevertheless, the cell abundance of dinoflagellate was significantly negatively correlated with
inorganic nitrogen and Ammonia (P<0.05). In addition, the Shannon-Wiener diversity index significantly positively
correlated with the COD and negatively correlated with the active phosphorus (P<0.05).

Key words Laoshan Bay; phytoplankton; environmental factors; spatiotemporal distributions;

correlation analysis
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