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Abstract Algal blooms have been increasing in frequency in recent years in Xiamen seas primarily in the western Xiamen
Harbour with occurrence in the spring and summer almost every year. There have been extensive reports on the
phytoplankton in Xiamen seas but few deals with the characterization of population dynamics of the blooms. The present
study analyzes the community structure of the phytoplankton collected on 10 cruises from 11 stations during the summer red

tide of 2000  June to July in order to understand the dynamics of phytoplankton assemblages under pollution stress
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conditions. The results show that 1 the spatial and temporal variations of the phytoplankton diversity index H' are
large during the survey period ranging from 0.45 to 4.23 2 based on the results of the multivariate analysis cluster
analysis and multi-dimensional scaling  the phytoplankton assemblages can be divided into three groups associated with the
specific stages of phytoplankton succession and with the different physic-chemical features associated with each sampling
region. Group I was composed of the samples collected from the low salinity stations in western Xiamen Harbour in June

2000. The community was consisted of nanophytoplankton flora including the Bacillariophyta such as Chaetoceros socialis

Skeletonema costatum  and the Chrysophyta such as Chromulina sp. . These species were responsible for the red tide.
Groups I and T were both dominated by microphytoplankton assemblages. Group II was represented by the subtropical
coastal eurytopic species commonly found in the studied area before and after red tide blooms such as Paralia sulcata

Proboscia alata Thalassionema nitzschioides and Asterionellopsis glacialis. Group Il included mainly the samples collected
from the stations in the eastern-northeastern Xiamen seas represented by neretic species that are ubiquitous in the coastal
areas of southeast China including Chaetoceros curvisetus Leptocylindrus mediterraneus Pseudo-niizschia pungens

Schroederella delicatula and Guinardia striata 3 in the Abundance-Biomass Comparison analysis the K-dominant curve
for numerical abundance lies below that for the biomass when the nanophytoplankton bloom occurred while both curves
largely coincided during non-bloom periods. Such a pattern may indicate the heavily polluted condition in the western waters
and the moderately polluted conditions in the eastern-northeastern waters in the Xiamen seas 4 based on the results of
principal component analysis the first three components accounted for 78.5% of the total variance and the most important

factor loadings include species richness dissolved oxygen NH, -N and PO, -P salinity and temperature.

Key Words phytoplankton distribution variation red tide multivariate analysis Xiamen seas
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Table 1 Horizontal variances of diversity index

3.53

0.66

2000 6-~7

H' and evenness J of phytoplankton in surveyed seas during Jun. — July 2000

Date Western waters Jiulongjiang estuary Off harbor East-notheastern waters
Month-day WwW JE OH ENW
S21 S19 S25 S33 S35 SX2 S39 45 S47 S43 S41
i
06-01 1.33 0.93 1.37 - - 1.76 1.93 2.86 3.64 3.39 3.25
06-05 1.65 1.67 1.67 - - 2.70 3.15 2.07 2.99 4.23 4.18
06-08 2.18 3.45 1.37 - - 4.30 3.44 2.49 3.45 3.85 2.66
06-14 3.54 3.54 3.53 - - 2.81 1.79 4.19 3.64 3.62 2.45
06-22 1.21 1.41 1.83 - - 0.50 1.78 1.56 2.65 3.32 2.82
06-27 1.04 - 0.60 - - - - - - - -
06-28 0.50 1.06 1.00 - - - - - - - 2.82
06-29 1.25 0.87 0. 66 - - 1.36 2.32 1.29 2.55 2.19 2.07
06-30 0.84 1.85 1.40 2.00 1.66 - - - - - -
07-03 0.74 0.81 1.84 2.51 2.40 - - - - - -
07-22 1.35 0.53 0.39 2.99 - - - - - - -
J
06-01 0.36 0.22 0.26 - - 0.37 0.41 0.56 0.72 0.75 0.75
06-05 32 0.34 0.34 - - 0.49 0.58 0.38 0.61 0.86 0.84
06-08 0.51 0.73 0.40 - - 0.83 0.72 0.47 0.69 0.88 0.89
06-14 0.77 0.81 0.75 - - 0.64 0.56 0.82 0.87 0.89 0.74
06-22 0.31 0.35 0.46 - - 0.16 0.51 0.33 0.65 0.71 0.85
06-27 0.29 - 0.18 - - - - - - - -
06-28 0.19 0.41 0.29 - - - - - - - 0.85
06-29 0.39 0.27 0.16 - - 0.32 0.46 0.28 0.52 0.56 0.41
06-30 0.18 0.46 0.31 0.38 0.33 - - - - - -
07-03 0.16 0.17 0.36 0.46 0.46 - - - - - -
0722 0.37 0.11 0.08 0.72 - - - - - - -
2.1.2
Skeletonema costatum 0.29 x10°
cells dm™ 15.6% Paralia
sulcata = Melosira sulcata Proboscia alata = Rhizosolenia alata Thalassionema
nitzschioides Micro- Chaetoceros socialis
71.2% Chromulina sp. 19. 0% 10pm
Nanno- 3
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Table 2 Regional variances of main ecological parameters in surveyed seas during Jun. 2000

6 1-~22 6 27-29
Before the bloom 1 —22 June During bloom formation 27 —29 June
Parameter _ R
WwW OH ENW Mean WW OH ENW Mean
10%cells dm "2 0.05 0.06 0.04 0.05 9.20 1.06 1.29 5.21
Abundence 10°cells dm ~3
¢ ue dm ~? 3.44 3.38 4.99 4.05 34.04 15.90 13.27 24.09
Chlorophylla a
T C 27.26 26.96 27.42 27.28 29.37 28.00 28.55 28.87
S 23.88 21.50 26.06 24.19 22.11 22.56 22.27 22.24
DO mg dm™? 5.73 6.09 6.37 6.10 9.41 8. 14 7.86 8.68
COD mg dm ™3 0.96 1.17 0.81 0.93 0.99 1.10 0.69 0.91
NH, -N mg dm 3 0.21 0.13 0.06 0.12 0.08 0.01 0.01 0.05
NO, -N mg dm 3 0.03 0.03 0.01 0.02 0.03 0.01 0.01 0.02
NO; -N mg dm 3 0.33 0.41 0.20 0.29 0.47 0.09 0.19 0.31
SN mg dm~? 0.57 0.54 0.27 0.43 0.58 0.12 0.22 0.38
PO}~ -P mg dm 3 0.035 0.013 0.020 0.023 0.002 0.005 0. 008 0.004
pH 8.08 8.11 8.19 8.13 8.67 8.58 8.56 8.62
Diversity(H') —&— S [ Evenness (J) === T('C)
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w s
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Fig.2  Temporal variations of phytoplankton and some physico-chemical parameters at station S25 in western waters of Xiamen during Jun. —

July 2000
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Table 3  Eigenvalues and percent of variation explained for the first 5 components of the Principal Component Anaysis PCA

Principal component Eigenvalues Percent of variance % Cumulative variance %
1 4.30 35.8 35.8
2 3.96 33.0 68.8
3 1.17 9.8 78.5
4 0.66 5.5 84.0
5 0.52 4.3 88.3
NH, -N 4
Table 4  Factor loadings on phytoplankton and environmental
5 parameters in PCA
) ABC Principal component
Factor PCI PC2 PC3
Cell density 0.393 0.083 -0.287
3 a Chlorophyll a 0.421 0.123 -0.225
3.1 T C 0.204 0.214 -0.518
S -0.283 0.300 -0.337
3.1.1 4 55 126 DO 0.396 0.216 0.005
COD 0.155 -0.302 0.198
NH; -N -0.077 -0.385 -0.495
NO; -N 0.240 -0.306 -0.099
NO; -N 0.267 -0.371 0.148
Y N 0.210 -0.432 -0.027
PO, -P -0.223 -0.300 -0.387
3 pH 0.370 0.231 0.138
3.1.2 a

2.21 0.39~4.3  0.50 0.08~0.89 1.60 x10°cells dm > 0.002 x
10° ~19.657 x 10°cells dm ™ 9.202pug dm ™ 0.210 ~57.440 pg dm >

3.2
PO;-P > N COD DO
COD
Warwick B -
K- ABC
16 17 ABC
3
3.3
10 11 PCA 3
78.5%
331 NP

N P 10
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Table 5 Principal Component Scores maked from the samples collected in the study areas

Principal component scores

Principal component scores

Sample 5 3 Sample . 5 3
S21-6.1 -1.781 -1.255 -1.305 S21-6.22 0.388 -3.672 0.151
S19-6. 1 —-1.448 -0.847 -0.960 S19-6.22 -0.227 -3.460 -0.114
825-6.1 -1.405 -0.553 0.017 S25-6.22 0.653 -3.870 0.669
SX2-6.1 -0.932 0.856 0.763 SX2-6.22 1.161 -3.633 1.871
S39-6. 1 -0.026 -0.619 0.007 S39-6.22 1.765 -4.111 2.023
$45-6. 1 -1.073 1.520 0.877 $45-6.22 0.773 -0.260 1.269
$47-6. 1 -0.749 1.966 0.108 S47-6.22 0.002 -0.006 0.847
$43-6.1 -1.228 1.110 0.464 $43-6.22 -0.077 0.149 1.340
$41-6. 1 -1.982 -0.878 -1.702 SX1-6.28 6.916 -0.880 -1.361
S21-6.5 -1.804 -0.556 -1.041 S19-6.28 7.614 -0.933 -0.729
S19-6.5 -1.607 -0.603 -1.118 S21-6.28 6.519 1.856 -1.535
S25-6.5 -1.371 -0.291 -0.975 S25-6.28 5.432 -0.425 -1.621
SX2-6.5 -1.419 0.919 0.906 S19-6.29 2.397 1.929 0.318
$39-6.5 -1.419 1.202 0.970 S21-6.29 2.936 2.233 0.102
$45-6.5 -1.900 1.949 0.054 S25-6.29 3.358 1.424 -1.052
S47-6.5 -1.535 1.844 0.218 S39-6.29 0.864 2.584 1.009
$43-6.5 -1.640 1.568 0.244 $45-6.29 1.170 2.565 0. 649
S41-6.5 -1.407 0.693 -0.214 $47-6.29 0.434 2.580 0.150
S21-6.8 -1.595 -1.210 -1.728 $43-6.29 0.888 1.757 0.935
S19-6.8 -1.69%4 -1.386 -2.068 $41-6.29 0.828 1.345 0.693
S25-6.8 -1.610 -1.693 -1.898 SX2-6.29 1.164 1.359 1.198
SX2-6.8 -0.806 0.538 0.225 S19-6.30 1.545 1.871 0.638
S39-6.8 -0.876 0.175 -0.136 S21-6.30 1.663 2.175 0.342
$45-6.8 -1.063 1.856 -0.166 S25-6.30 2.360 1.737 -0.756
$47-6.8 -1.013 1.740 0.388 $33-6.30 -0.170 2.392 0.645
$43-6.8 -1.375 1.960 0.077 S35-6.30 -0.136 2.112 0.785
$41-6.8 -1.257 1.115 -0.049 S19-7.3 -1.086 0.397 -0.483
S21-6. 14 -1.223 -2.556 -0.417 S21-7.3 -0.895 0.561 -0.545
S19-6. 14 -1.130 -2.521 -0.184 S25-7.3 -0.702 0.520 0.012
S25-6. 14 -0.652 -2.673 0.093 S33-7.3 -0.639 1.291 0.575
SX2-6. 14 1.159 -5.649 2.397 S35-7.3 -0.923 1.711 0.425
S39-6. 14 1.537 -5.737 2.394 S19-7.22 -0.877 -1.607 -2.425
$456. 14 —1.460 -0.061 1.096 S21-7.22 -0.674 -1.442 -2.130
S47-6. 14 -1.523 -0.328 0.692 S25-7.22 -0.950 -1.787 -2.357
$43-6. 14 -1.668 0.689 0.878 S33-7.22 -0.986 -0.267 -0.430
$41-6. 14 -1.516 -0.480 -0.014
@ P
‘8 N P 1987 2 “
" 5%
62%
19 20
NP
3511 647:1 : 3040 60:1  PCA

©

2005
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Table 6 A average surface concentration comparison of some chemical factors between several years in western waters of Xiamen mg dm ™"

3

Time PO; -P SN NH; -N NO; -N CoD DO
1. rf:
1987 0.015 0.217  1-~2 0.055 0.132 38 Surface 7.510
Bottom
1987 6  June 1987 0.013 0.168 0.029 0.126 - 8.440
1987 7 July 1987 0.004 0.128 0.027 0.090 - 6.700
2000 6
Jun. 2000 before the bloom 0.035 0.570 0.210 0.330 0.960 5.730
2000 6
Jun. 2000 during the bloom 0.002 0.580 0.080 0.470 0.990 9.410
2000 7
July 2000 after the bloom 0.024 0.480 0. 180 0.280 0.850 5.710
1
. . <0.010 <0.200 - - <1.000 =6.000
I oligotrophic
2 . <0.030 <0.400 - - <3.000 =5.000
I  moderate trophic
3 . <0.050 <0.500 - - <5.000 =4.000
Il eutrophic
® 21 Append The sea water quality standard of Xiamen seas
3.3.2 COD
COD
1.1~1.2 mg dm™’
26
COD 20
“ " CcOD
16 ~
60 pm Karenia sp. = Gymnodiuium sp. Eucampia zoodiacus 1986 1987
COoD 3.11 ~9.78 mg dm COD v
3.3.3
18 20 23 ~29
35 ~647:1 30 ~88:1
NH, -N
NH, -N
2 7 8 1987 2.8~7
21 30
@® 2005
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7 2000 6-~7 NH,; -N/ ¥ N

Table 7 Temporal and regional variations of the ratio of NH," -N: ¥ N in Xiamen seas in Jun. — July 2000

Stage WW OH - ENW
2000.6.1 ~7.22 During survey period 1 June —22 July 2000 0.310 0. 160
2000.6.1 ~6.22 Before the bloom 1 —22 June 2000 0.370 0.170 0.200
2000.6.27 ~6.29 During the bloom 27 —29 June 2000 0.370 0.170 0. 060
2000.6.30 ~7.22  After the bloom 30 June —22 July 2000 0.380 0.170
1987  6~7  June ~July 1987 0.172 ~0.211 - -

8 2000 6-~7

Table 8 Temporal and regional variations of the percentages of the nano-phytoplankton in total cell density in Jun. — July 2000

Stage wWwW OH - ENW
2000.6.1 ~7.22  During survey period 1 June —22 July 2000 0.812 0.654 0.385
2000.6.1 ~6.22 Before the bloom 1 —22 June 2000 0.657 0. 606 0.299
2000.6.27 ~6.29 During the bloom 27 —29 June 2000 0.987 0.889 0.794
2000.6.30 ~7.22  After the bloom 30 June —22 July 2000 0.914
3.3.4 DO pH
DO
DO 31
pH
Co, pH DO
pH
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