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4.1  Field physical and chemical parameters

The details of physical and chemical parameters for each station between
December to March 2001 are as shown in Appendix 1. These parameters include
temperature, pH, conductivity, dissolved oxygen, secchi depth, dissolved orthophosphate,
ammoniacal nitrogen and silica. One-way ANOVA to detect the differences between

station means of each parameter and Tukey honest significant different test was used.

4.1.1 Temperature

Figure 8 depicts the surface water for the five sampling stations ranging from
27.6°C to 32.0°C. The highest temperature was recorded at station III (10" March 2001)
and the lowest temperature was recorded at station II (23" December 2000). The
temperature of waters in March 2002 were higher compared to other months. Figure 9
shows the mean temperature of each station from December 2000 to March 2001 which

were not significantly different from each other.

412 pH

Figure 10 shows all the water samples have slightly acidic pH except in December
2000 where some of the water samples recorded alkaline pH. The lowest and highest pHs
were 6.00 and 7.90 on 24" February 2001 and 6™ December 2000 respectively at
station IV. Figure 11 shows the mean pH of the five stations ranging from 6.57 to 6.70,

which were not significantly different from each other.
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Figure 9. Mean values of temperature for each station
Error bars denote standard error.
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4.1.3 Conductivity

Figure 12 presents the trends of conductivity of each station. The highest
conductivity level was 110.9 S cm™ at station I on 24™ March 2001 while the lowest was
68.5 wS cm™ at station V on 20™ January 2001. Generally station I has the highest
conduction level at each sampling occasion except in February 2001. Figure 13 shows the
mean conductivity for each station ranging from 83.8 uS cm™ to 94.3 S cm™'. However,

these were not significantly different from each other.

4.1.4 Dissolved oxygen

Figure 14 presents the trends of dissolved oxygen (DO) either equal or greater than
5 mg L. The differences between the DO values for each sampling occasion were less
than one unit except on 24™ February 2001. Figure 15 shows the mean dissolved oxygen
ranging from 6.0 mg L' to 6.4 mg L. These were not significantly different from each

other.

4.1.5 Secchi depth

Figure 16 presents the trends of secchi depth for stations I, II and V only because
the waters at stations I1I and IV were shallow (0.3 - 0.5 m) and the base of both sampling
stations were visible. The highest and lowest secchi depth recorded were 1.2 m and 0.1 m
at station I and station II on 24" March 2001 and 24" February 2001 respectively.
Figure 17 shows mean secchi depth ranging between 0.35 m and 0.76 m for stations I, II
and V. Station II had the lowest secchi depth and was significantly different from

station V (p < 0.05) but not station I.
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Figure 13. Mean values of conductivity for each station.
Error bars denote standard error.
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Dissolved oxygen (mg L)
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Figure 14. Dissolved oxygen for each station
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Figure 16. Secchi depth for each station
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Figure 17. Mean values of secchi depth for each station.
Error bars denote standard error.
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4.1.6 Dissolved orthophosphate

Figure 18 shows that there were different trends of dissolved orthophosphate at
each station. The highest concentration of dissolved orthophosphate was 0.0077 mg L™ at
station V on 6" December 2000 while the lowest concentration was 0.0004 mg L™ at
station IV on 24" March 2001. Figure 19 shows the mean dissolved orthophosphate
ranging from 0.0016 mg L™ to 0.0028 mg L. Station II had the highest, and station IIl

had the lowest, concentration but not significantly different from each other.

4.1.7 Ammoniacal nitrogen

Figure 20 gives the trends of ammoniacal nitrogen at each station which were
fluctuated and did not showed a similar trend. Station V had the highest concentration
(0.0923 mg L) on 6" December 2000 while station III had the lowest concentration
(0.0015 mg L") on 23" December 2000. Figure 21 shows the mean ammoniacal nitrogen
ranging from 0.0161 mg L™ to 0.0408 mg L. The concentrations were not significantly
different from each station. Station III ﬁad the highest, and station IV had the lowest,
concentration but were not significantly different from each other.

The concentrations of ammoniacal nitrogen and dissolved orthophosphate had
different patterns. Station III had the lowest dissolved orthophosphate but the highest

ammoniacal nitrogen concentration.

4.1.8 Silica

Figure 22 shows the trends of silica at each station. Station II had the highest
concentration (9.28 mg L") on 24" February 2001 and lowest concentration (3.18 mg L
on 6™ January 2001. Figure 23 shows the mean silica ranging from 3.77 to 5.97 mg L

Stations I and II had significantly higher levels than stations III, IV and V (p< 0.05).
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Figure 19. Mean values of dissolved orthophosphate for each station.
Error bars denote standard error.
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Figure 20. Ammoniacal nitrogen for each station

o
=3
u-

=3
=3
S

Ammoniacal nitrogen (mg L'l)
o o
S ®

o
2

S
8

1 I m v

Station

Figure 21. Mean values of ammoniacal nitrogen for each station.
Error bars denote standard error.
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4.2 Biotic variables
The details of biotic variables (chlorophyll-a, cell density, species richness and

Shannon-Wiener's diversity index) at each station are as shown in Appendix 2.

42.1  Checklist of phytoplankton and abund

A total of 27 species were found at the five sampling stations from December 2000
to April 2001. 15 species of Chlorophyta, 11 species of Chrysophyta and one species of
Pyrrhophyta were recorded as tabulated in Table 3. The abundance of diatoms was rather
low compared with other algae.

The common species found in the five stations were Trachelomonas sp.
(Figure 24), Uronema confervicolum (Figure 25), Scenedesmus bijuga (Figure 26),
Ankistrodesmus falcatus (Figure 27), Ceratium hirundinella (Figure 28) and Dinobryon

sertularia (Figure 29).

4.2.2 Cell density
Table 4 tabulates cell density of each sampling occasion at each station which
ranged from 20 cells L™ for Gleocapsa sp. at station III on 24™ March 2001, Cosmarium

di bicul L inclis spirogyra and Staurastrum diptilum at station V on 10"

P

March 2001 to 86400 cells L" for Trachelomonas sp. at the same station on 20" January
2001.

Figure 30 shows the lowest cell density recorded for the eight sampling occasions
was 4490 cells L™ on 6 January 2001 at station I and the highest cell density was

142020 cells L™ on 20™ January 2001 at station III.
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Table 3. List of phytoplankton at station I to V

Station Frequency
1 Imjurjmw|v (%)
Division : |Chlorophyta
Class : Chlorophyceae
Order: |Chlorococcales
Family :  [Oocystaceae
| Ankistrodesmus falcatus (Corda) Ralfs X X X X X 100
Family : |Ci
Coelas icule (Dangeard) Senn X X X X x 100
Family : |Sc de
bijuga (Turpin) Lagerheil X X X X % 100
7 quadricada (Turpin) Brebi X X X 60
Family : i
Golenkinia radiata Chodat X X 40
Order:  |Ulotrichales
[Family : _[Ulotri
Uronema confervicolum Lagerheim X X X X X 100
Order :
[Family : |Desmidi
Staurastrum tetracerum Ralfs X X X X X 100
C i i¢ icul West & G.S. West X X X X 80
Staurastrum diptilum Nordstedt X X X X 80
um pentacerum (Wolle) G. M. Smith X X X X 80
Spondylosium pygaeum Rabent X X 40
Staurastrum leptocladum Nordstedt X X 40
Staurastrum sp. X X 40
Closterium g X 20
Closterium tumidum Johnson X 20
Division : |Chrysophyta
Class : Chrysop
Order:  |Och dal
[Family : | Dinobryonaceae
Dinobryon sertularia Ehrenberg X X X X X 100
Class : Bacillariophyta
Order : i
Eamily :
Navicula bacillum Ehrenberg X X X X X 100
Navicula sp. Bory X X X X X 100
Frustulia sp. Rabenh X 20
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Table 3. List of phytoplankton at station I to V (continued)
Station Frequency
1 mju|wvjiv
Family : |C;
Cymbella sp. Agardh X X x X X 100
Order: |0
Family :  [Synuraceae
Mall splendens (G. S. West) Playfair X X X X X 100
Division : [Cyanophyta
Class : Cyanophyceae
Order: |C 1
Family : |Cl
Mer pedia sp. Meyen X X X X X 100
Gloecapsa sp. Kutzing X X X X 80
Order :  |Oscillatoriales
Family : |Oscillatoriaceae
Oscillatoria tenuis Agardh X X X X X 100
Division : [E;
Class : E:
Order: |E
Family :  [Eug
Lepocinclis spirogyra K ik X X X X X 100
Trachel sp. X X X X X 100
Division : [Pyrroph
Class : Dinophyceae
Order: _|Peridini
my :|Ceratiaceae
[ |Ceratium hirundinella (O.F.M.) Schrank x | x [ x [ x| x 100
| Total no. of taxa 16 [22 [ 23|22 |22

Note: x - present at the station

64




Results

Figure 24. Trachelomonas sp. (scale bar = 10 pm)

Figure 25. Uronema confervicolum (scale bar = 10 pm)
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Figure 26. Scenedesmus bijuga (scale bar = 10 pm)

Figure 27. Ankistrodesmus falcatus (scale bar = 10 pm)
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Figure 28. Ceratium hirundinella (scale bar = 10 pm)

Figure 29. Dinobryon sertularia (scale bar = 10 wm)
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Figure 30. Cell density for each station
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Figure 31. Mean values of cell density for each station.
Error bars denote standard error.
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Figure 31 shows the mean cell density ranging from 14080 cells L' to
79119 cells L. Station I had the lowest cell density which was significantly different

from other stations (p < 0.05).

4.2.3 Species richness

Figure 32 illustrates the trends of species richness for the five stations from
December 2000 to March 2001. Station I had the lowest value of 0.631 while Station II
had the highest value of 1.418 on 10" February 2001.

Figure 33 shows the mean species richness ranging from 0.803 to 1.242. Station I
had the lowest species richness which was significantly different from other stations

except station II (p < 0.05).

4.2.4 Shannon-Wiener's Index

Figure 34 shows a little fluctuation in the H' value except stations I at the initial
stage and generally had a similar trend among the stations. The lowest H' value was 0.478
on 6" December 2002 while the highest H' value was 2.014 on 10™ February 2002.

Figure 35 shows the mean Shannon-Wiener Index ranging from 0.803 to 1.242.

Generally, the index for each station was not significantly different from one to another.

4.2.5 Chlorophyll-a

Figure 36 shows the trend of chlorophyll-a which had the lowest (0.0004 pg L")
and the highest (0.0044 pg L) on 24™ and 10" March 2001 respectively.

Figure 37 shows the mean chlorophyll-a ranging from 0.0009 mg L' to
0.0023 mg L. Stations II and III had significantly higher chlorophyll-a concentrations

than stations I, IV and V (p < 0.05).
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Figure 33. Mean values of species richness for each station.
Error bars denote standard error.
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Figure 34. Shannon-Wiener's Index for each station
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Figure 35. Mean values of Shannon-Wiener's Index for each station.

Error bars denote standard error.
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Figure 36. Chlorophyll-a for each station
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Figure 37. Mean values of chlorophyll-a for cach station.
Error bars denote standard error.
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4.3 Frequency

Table 3 lists the frequency (%) of each species for the five sampling stations. 15
species were detected at all the five stations which recorded 100%. The other 12 species
appeared in one to four stations which recorded 20% to 80%.

Tables 4 to 8 show the frequency (%) of each species for the eight sampling
occasions at each station. The number of species recorded 100% at each station ranging

from four to nine species. However, only Navicula sp. and Trachel

sp. were

detected on each sampling occasion and at each station.

44  Two-way ANOVA

Two-way analysis of variance (ANOVA) of all measured parameters indicated that
variance of data was influenced by spatial (station) and temporal (time of sampling)
factors. The spatial factor was significant at p < 0.05 for conductivity, silica, chlorophyll-

a, cell density and species richness. But temporal factors at significant level of p < 0.05,

were p e, pH, ductivity, dissolved oxygen, dissolved orthophosphate,
ammoniacal nitrogen, chlorophyll-a, cell density and Shannon-Wiener's Index

(Appendix 3).

4.5  Multiple regression

Multiple regression analysis was carried out to determine and describe the nature
of relationship between one dependent variable and two or more independent variables. In
this analysis, chlorophyll-a, cell density, species richness and Shannon-Wiener's Index
were treated as dependent variables while other variables (temperature, pH, conductivity,
dissolved oxygen, secchi depth, dissolved orthophosphate, ammoniacal nitrogen and

silica) were treated as independent variables. The results of the multiple regression
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analysis are summarised in Table 9. One or more of these independent variables
(conductivity, secchi depth and/or silica) influenced the dependent variables (cell density,

species richness and Shannon-Wiener's Index).

4.6 Cluster analysis

Figure 38 shows the results of cluster analysis on environmental variables
(temperature, pH, conductivity, dissolved orthophosphate, ammoniacal nitrogen and
silica). Two main clusters were identified; the first cluster (station I) and the second cluster
(stations II, III, IV and V).

Figure 39 shows the results of cluster analysis based on four biotic variables
(chlorophyll-a, cell density, species richness and Shannon-Wiener's diversity index). Two
main clusters were identified; the first cluster (station I) and the second cluster (stations II,
III, IV and V).

Figure 40 shows the results of cluster analysis performed on the species
composition. Two main clusters were identified same as above but the exact grouping of
the sub-clusters was different. The first cluster (station I) and the second cluster consists of

sub-cluster 1 (stations IT and IV) and sub-cluster 2 (stations III and V).
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Table 9. Results of multiple regression analysis

Variable Chlorophyll-a Cell density Species
richness

Temperature
pH
Conductivity

Dissolved
oxygen
*

Secchi depth p=0.002130

Dissolved
orthophosphate

Ammoniacal
nitrogen

* *
Silica

p =0.000583 p=0.010701

Shannon-
Wiener's Index

*

p = 0.004640

Note : * - significant relationship (p < 0.05) between dependent and independent variables
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Tree Diagram for 5 Variables
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Figure 38. Cluster analysis based on average environmental variables

Tree Diagram for § Variables
Unweighted pair-group average
Euclidean distances

STATION 1

STATION 2

STATION 3|

STATION 4|

STATION 5|

02 04 06 0.8 1.0 1.2 14 16 1.8 20 22
Linkage Distance

Figure 39. Cluster analysis based on average biotic variables
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Tree Diagram for 5 Variables
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Euclidean distances
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Figure 40. Cluster analysis based on phytoplankton species composition

82



	BMS0068.TIF
	BMS0069.TIF
	BMS0070.TIF
	BMS0071.TIF
	BMS0072.TIF
	BMS0073.TIF
	BMS0074.TIF
	BMS0075.TIF
	BMS0076.TIF
	BMS0077.TIF
	BMS0078.TIF
	BMS0079.TIF
	BMS0080.TIF
	BMS0081.TIF
	BMS0082.TIF
	BMS0083.TIF
	BMS0084.TIF
	BMS0085.TIF
	BMS0086.TIF
	BMS0087.TIF
	BMS0088.TIF
	BMS0089.TIF
	BMS0090.TIF
	BMS0091.TIF
	BMS0092.TIF
	BMS0093.TIF
	BMS0094.TIF
	BMS0095.TIF
	BMS0096.TIF
	BMS0097.TIF
	BMS0098.TIF
	BMS0099.TIF
	BMS0100.TIF

