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Abstract

This study focused on the ecological indicators of
environmental variables and phytoplankton from three
various polluted estuaries (JR, TWR, ERE) in four
seasons by using multivariate analysis. Principal
component analysis (PCA) and cluster analysis (CA)
were applied to data matrix (mean values of water
column ) of 13 referred variables, including water
temperature, DO, EC, pH, Sdlinity, Chl.a,
NO;-N+NO,, NH4-N, TKN, TN, SiOz, PO,-P and TP,
in order to assess the seasonality of the respective
patterns and to highlight areas of similar variables
influence. BioEnv analysis was also done by the
non-metric multi-dimensional scaling (NMDS) and

Spearman rank correlation to realize the relationship

addition, some heavy metals of Cu, Cd, Cr, Zn, Pb, Ni
and Fe were also detected. A total of 26 diatom taxa
from 19 genera were identified. The other species
including dinoflagellates, green alge and blue green
algae also identified. The results of PCA analysis
revealed that 3 principa components were reduced
from 13 environmental variables. These 3 principal
components could explain 87.8 % of the total variance.
Principal component 1 appeared as eigenvalue of 7.0
and explained 54.3% of total variance, which had
large positive loadings with the nutrients of TKN,
PO,-P, TP, TN,% Chl. a, The results showed that the
seasonal variation of planktonic agae had high
significant with the nutrients of nitrogen and

phosphorus.
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Tablel Mean valuesof 13 environmental variables from different water depth, in three estuaries (JJE, ZWE, and

ERE) from four seasons. (1=Autumn, 2= Winter, 3=Spring and 4=Summer)

WT1 DO1 EC pH Sdlinity Chl.a NO3-N+NO2-N NH3 TKN TN Sio3 PO4 TP
JJE1 |26.367 6590 42967 8200 2.800 0.014 0.84 0.161 0.206 1.046 2491 0.257 1194
JJE2 (16733 13.207 25.600 7.600 3.867 0.034 0.828 0.225 1.573 2401 16152 2130 3585
JJE3 (24800 5.227 41.300 7.033 2633 0.017 0.876 0.389  0.446 1322 2364 0.704 1335
JJE4 |30.500 4520  46.733 8133 2.733 0.011 0.328 0134  0.338 0.667 3.669 0.463 0.516
ZWELL |28.020 7576 46560 8320 3.240 0.013 0.729 0.005  0.029 0.758 1.770 0.010 0.231
ZWE2 [19.460 13.032 48.760 8.120 3.760 0.005 0.643 0.019 0.032 0.676  1.758 0.036  0.053
ZWE3 |23.200 6.828  50.200 7.520 3.240 0.005 0.45 0.011 0.050 0.501 0.740 0.037  0.067
ZWE4 |29.95 6135 3385 835 19 0.015 0.633 0.0135 0.0635 0.1925 53765 0.0345 0.1065
ERE1 |28.000 9.800 47.750 8.175 3.275 0.006 0.498 0.082 0.100 0.598 0.999 0.085  0.167
ERE2 |18.300 12740 52.100 8.100 4.000 0.008 0.727 0.044  0.202 0.930 0.013 0.047  0.049
ERE3 |24.800 2530 27.740 7.650 2.700 0.021 0.694 0318  0.523 1217 1279 0.407  0.619
ERE4 |29.95 6.135 3385 835 19 0.015 0.633 0.0135 0.0635 0.1925 5.3765 0.0345 0.1065

Table2 Significant correlation matrix and Pear son correlations coefficients (r) between the mean variables.

WT DO EC pH Sainity Chl.a  NOyx-N* NHiN TKN TN SO PO,P TP
WT 1.00
DO -728** 1.00
EC -.008 247 1.00
pH 420 137 81 1.00
Sailnity | -.817** .784** .389 -.168 1.00
Chl.a -.223 -.042 -.876** -.330 -.075 1.00
NOx-N* | -.412 193 -.375 -.289 115 .543 1.00
NH4.-N -.158 -.343 -.460 - 748**  -.062 S577* 455 1.00
TKN -.517 244 -.638*  -.480 312 874** 381 .582* 1.00
TN -.650* .306 -437 -.572 .503 .760** 575 .671* .916** 1.00
SiO; -.268 291 -693*  -.115 .046 .825** 270 .189 .828**  .610* 1.00
PO,-P -476 .252 -594*  -.499 .285 .852%* 375 571 .984** .900** .858** 1.00
TP -454 .238 -582*  -.468 257 .858** 515 .583* 946**  914**  .833** .971** 1.0

NOyx-N*, [ NO»-N + NO3z-N] concentration



Table3 Principal Component Analysis of the 13 Ecological variables.

Variables PC1 PC2 PC3
TKN 971 0.003 101
PO,-P .964 -0.004 .109
TP (Total Phosphate) .964 -.020 .089
TN (Total Nitrogen) .949 179 -.162
Chl.a (Chlorophyll a) .891 -.363 .200
Sio3 .788 -.110 .561
NH4-N( .650 -.366 -.610
EC(Conductivity) -.648 .597 =277
NO2-N + NOs-N 575 .020 -.180
Sdinity .295 912 -.108
DO .245 871 .335
WT(Water Temperature) -.563 -732 154
pH -.552 .042 722
Eigenvalue 7.059 2.796 1.559
% Variance 54.301 21.505 11.996
% Accum. variances 54.301 75.806 87.802
T
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Fig.1 Cluster analysis by 13 environmenta variables in three estuaries
in four seasons during 2005-2006.




Table4. Planktonic diatom assemblages from three sampling sites of estuaries of JJE, ZWE, ERE,
during autumn 2005 to summer 2006.

Sampling seasons Autumn Winter Soring Summer

Dates 16" Oct.2005 14" Jan.2006 12" Mar.2006 12" May 2006

JE ZWE ERE JE ZWE ERE JE ZWE ERE JE ZWE ERE
Taxa 1 1 1 2 2 2 3 3 3 4 4 4

Amphiprora sp3 1 1 1

Amphora spl. 1 1 1 1

Amphora sp2 14 0 1

Amphora sp3 0 0 14
Asterionella sp. 1 1 2
Biddulphia sp. 1

Chaetoceros sp. 18

Cyclotella meneghiniana 17 9 2 365 12 12 11 12 12 210 14 2695
Eucampia zodiacus 42 2

Fragilaria sp.. 1 3
Gomphonema sp. 1 0

Guinardia striata_ 13

Leptocylindrus minimus 14 0 20
Melosira sp. 121 7 16
Navicula sp.-J:
Navicula punctata
Nitzschia longissima 140
Nitzschia coatcrtata
Nitzschia sigma

Nitzschia pleae

N W P, O W

Nitzschia acuminate
Odontella mobiliensis 1 1

Pseudo-nitzschia pseudodelicatissima 2 2 2 245
Pleurosigma elongatum 3 1

Pleurosigma sp. 1

Skeletonema sp. 1 1 14

/)3 celgml 42 172 7 366 12 87 12 14 16 214 175 2999
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