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Results

4.0 RESULTS
4.1 Field measurements
4.1.1 Physical and chemical parameters
4.1.1.1 Water depth

Water depth of all 12 sampling stations from April to October 1998 are
shown in Appendix 2. Most of the stations recorded high water levels in August
1998. Station 3 (Lubuk Pathir) had an overall maximum water depth of 5.40 m.
Based on Figure 22a, water depth decreased from April 1998 to May 1998 before
gradually increasing to a maximum in August 1998. Water levels then showed a
moderate drop and increased slightly in October 1998. Minimum depth was recorded
in May/Jun 1998 for most stations while Station 2 (Sungai Tasik) had the minimum
depth in April 1998 at 0.88 m. Paya Kelantong had the most shallow level in
May/Jun 1998 with a depth of 0.15 m. Due to inaccessibility, data for Station 5
(Kampung Benal) and Station 6 (Kuala Sungai Tembangan) was not recorded in

April 98.

4.1.1.2 Transparency

Measurements of transparency for all stations are shown in Appendix 3.
Secchi depth ranged from 0.14 m to 2.19 m. Station 11 (Paya Kelantong) and Station
12 (Sungai Tembangan) recorded relatively turbid conditions, followed by Station 9
(Sungai Bera 1) and Station 10 (Sungai Bera 2), as compared to the rest of the
stations. There were instances where transparency could not be measured with the
Secchi disc due to water levels of the substations that were too shallow. In Figure
22b, transparency reading was the highest in June and August 1998. However, it was

generally low for most stations in May and September 1998.
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Results

4.1.1.3 Conductivity

Data for conductivity are shown in Appendix 4. Figure 22¢ shows that
Station 11 (Paya Kelantong) and Station 12 (Sungai Tembangan) recorded higher
conductivity compared to other stations. The highest conductivity was at Station 11
(Paya Kelantong) in April 1998 which measured at 129.60 uS.cm™ while the lowest
conductivity measuring at 11.20 pS.cm™ was recorded Station 3 (Lubuk Pathir) in

May/June 1998.

4.1.1.4 pH

pH measurement are listed in Appendix 5 and ranged from 4.45 to 6.73.The
highest pH was recorded at Station 1 (Tanjung Kuin) in April 98 while the lowest
was the same station in August 98. Figure 22d showed that pH values for all stations

were relatively low in May/June 98 and August 98.

4.1.1.5 Temperature

In Appendix 6, the temperature measurements for all the 12 sampling
stations from April to October 1998 ranged between 25.3°C to 33.3°C. Figure 22¢
shows a pattern of fluctuation in temperature at all the stations. It reached the
highest in May/Jun 1998 and dropped in August 1998 before increasing again from

September to October 1998.

4.1.1.6 Dissolved oxygen

Dissolved oxygen measurements are listed in Appendix 7. It ranged

from 0.40 mgL"' to 5.80 mgL™". Station 1 (Tanjung Kuin) showed relatively high
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Results
dissolved oxygen levels that range from 3.40 mgL™" to 5.80 mgL". However, Station

11 (Paya Kelantong) recorded very low readings, ranging from 0.40 mgL™" to 2.7
mgL", when compared to other stations. Figure 22f shows that dissolved oxygen
level for all stations generally dropped in May/June 1998 and August 1998. Higher
levels of dissolved oxygen were recorded in April, July and October of 1998.

4.1.2 Productivity measurements

Appendix 17a-f described the range of primary productivity for all stations
from April to October 1998. Gross primary productivity measurements ranged from
~0.129 mgO,"L"'h" at Station 1 (Tanjung Kuin) in May/June 1998 to 0.857 mgO,"'L
'h" at Station 4 (Tanjung Papan) in August 1998. Data was not available for Station
5 (Kampung Benal) and Station 6 (Kuala Sungai Tembangan) in April 1998 as the
sites were not accessible. Figure 23 shows the primary productivity of sampling
stations from April to October 1998. No particular trend was observed among the
stations.

In Figure 24, it was noted that Station 8 (Kampung Baapa) and Station 9
(Sungai Bera 1) had relatively higher primary productivity in April 1998. In
May/June 1998, only Station 7 (Lubuk Kuang) and Station 4 (Tanjung Papan) had
higher primary productivity. In July 1998, only three stations, namely Station 2
(Sungai Tasik), Station 3 (Lubuk Pathir), Station 5 (Kampung Benal) and Station 6
(Kuala Sungai Tembangan) had very low primary productivity. However, only
Station 4 (Tanjung Papan) showed very high reading in August 1998. In September
1998, Station 1 (Tanjung Kuin) and Station 8 (Kampung Baapa) had higher primary
productivity. Station 8 (Kampung Baapa) also had high primary productivity in
October 1998. Station 1 (Tanjung Kuin), Station 4 (Tanjung Papan), Station 5

(Kampung Benal) and Station 6 (Kuala Sungai Temb ) ded an i in
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Results
productivity in August 1998. Station 1 (Tanjung Kuin) and Station 6 (Kuala Sungai

Tembangan) also recorded an increase in primary productivity during the month of
September 1998 in addition to Station 8 (Kampung Baapa). However, Station 4
(Tanjung Papan), Station 8 (Kampung Baapa) and Station 9 (Sungai Bera 1) showed
relatively higher primary productivity as compared to the other months.

4.1.3 Rainfall data in the catchment area

Appendix 18 shows the rainfall data for 1997 and 1998 in several plantations
such as Triang Selatan 1, Triang Selatan 2, Bera Selatan 2 and Tembangau 8. These
plantations are located in the catchment area around the lake (Figure 2).

The mean total rainfall for these four plantations in 1997 was 1596.50 mm.
The wettest months were during March (249.44 mm) to April 1997 (231.75 mm) and
November (208.88 mm) to December 1997 (221.25 mm). The driest months were in
January (24.60 mm) and August 1997 (37.75 mm). The plantation Bera Selatan 2
had the highest rainfall (1857.00 mm), followed by Triang Selatan 1 (1577.20 mm),
Triang Selatan 2 (1496.93 mm) and Tembangau 8 (1424.70 mm).

The mean total rainfall for the plantations in 1998 was 1558.07 mm. The
wettest months were in January (161.11 mm), May (160.54 mm), August (167.67
mm) and December of 1998 (301.03 mm). The driest months were March (90.60
mm), April (85.09 mm) and September of 1998 (27.04 mm).

4.1.4 Fertiliser application data from various plantations in the catchment area

Appendix 19 a-d shows the different types of fertiliser loading in Tembangau
8, Triang Selatan 2, Triang Selatan 1 and Bera Selatan 2 in 1998. Data was obtained
via interview with plantation managers. Figure 25a to 25d shows the rainfall data for

selected plantations and its fertiliser loading from January to December 1998.
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Results

4.2 Laboratory measurements
4.2.1 Chlorophyll-a measurements

Measurement of chlorophyll-a is shown in Appendix 8. Station 5 (Kampung

Benal) and Station 6 (Kuala Sungai Temb ) were not ible in April 1998.

&

Therefore, data on chlorophyll-a for these stations were not available. Concentration
of chlorophyll-a ranged from non-detectable to 7.3437 mgm at Station 3 (Lubuk
Pathir) in April 1998.

In Figure 26, all the stations recorded relatively higher concentration of
chlorophyll-a in April 1998. Then, a sudden drop is observed in most stations in
May/Jun 1998 where the level remained relatively low until September 1998. Then,
a slight increase in Oct 1998 is recorded. The lowest level of chlorophyll-a is in
August 1998 for all stations except Station 7 (Lubuk Kuang). Figure 27 shows the
chlorophyll-a levels for all stations by month. In April 1998, Station 3 (Lubuk
Pathir), Station 7 (Lubuk Kuang) and Station 10 (Sungai Bera 2) showed relatively
high chlorophyll-a levels at 7.3437 mgm®, 5.9786 mgm® and 6.5362 mgm®
respectively. In May/June 1998 and July 1998, Station 8 (Kampung Baapa) had
higher chlorophyll-a levels compared to other stations at 1.8696 mgm™ and 1.7385
mgm”. In August 1998, Station 7 (Lubuk Kuang) recorded the highest reading
(0.6384 mgm™) among all the stations while Station 11 (Paya Kelantong) had the
highest reading (0.9644 mgm™ ) in September 1998. In October 1998, Station 3
(Lubuk Pathir), Station 2 (Sungai Tasik) and Station 1 (Tanjung Kuin) had relatively

high readings at 3.9496 mgm™, 2.4675 mgm™ and 2.2689 mgm" respectively.

19
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Figure 27. Measurement of chlorophyll-a (mgm") by month for all stations in Tasek Bera
a) April 98

b) May/June 98

c) July 98

Error bar denotes standard error
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Results

4.2.2 Chemical analysis
4.2.2.1 Dissolved orthophosphate

Data for dissolved orthophosphate is listed in Appendix 9. Concentrations
ranged from 0.000 to 0.0095 mgL" at Station 5 (Kampung Benal) in May/Jun 1998,

With the exception of Station 1 (Tanjung Kuin), the rest of the stations
showed a similar trend from April to August 1998 in terms of fluctuation of
concentrations. Figure 28 shows that dissolved orthophosphate levels were high in
April 1998 for most of the stations followed by a drastic drop in May/June 1998 and
reached a minimum in July 1998. Gradual increase was recorded from August 1998
onwards up to October 1998. As for Station I (Tanjung Kuin), dissolved
orthophosphate level was low in April 1998, increased markedly in May/June 1998
and August 1998, after which it showed a sudden decrease in September 1998.

In Figure 29, Station 4 (Tanjung Papan) had relatively high concentrations
(0.0028 mgL™") of dissolved orthophosphate in April 1998 while Station 5 (Kampung
Benal) had the highest concentration (0.0095 mgL™") in May/June 98. However,
Station 1 (Tanjung Kuin) had relatively high concentrations throughout the month of
July (0.0016 mgL"), August (0.0065 mgL") and September 98 (0.0019 mgL")
compared to the other stations. In October 1998, measurement of dissolved
orthophosphate was relatively higher in Station 1 (Tanjung Kuin) and Station 8§

(Kampung Baapa).

4.2.2.2 Ammoniacal-nitrogen
Data for ammoniacal-nitrogen is shown in Appendix 10. Concentrations

ranged from 0.000 to 2.9132 mgL™" at Station 5 (Kampung Benal) in August 1998.
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Results

In general, all stations with the exception of Station 5 (Kampung Benal) and
Station 6 (Kuala Sungai Tembangan) which were not accessible in April 1998 had
low concentrations of ammoniacal-nitrogen,

Based on Figure 30, a similar trend in fluctuation was noted at Station 1
(Tanjung Kuin), Station 2 (Sungai Tasik), Station 3 (Lubuk Pathir), Station 4
(Tanjung Papan), Station 5 (Kampung Benal), Station 6 (Kuala Sungai Tembangan)

and Station 9 (Sungai Bera 1) where ations of iacal-nitrogen peaked

in May/June 1998 and August 1998 but dropped quite markedly in July 1998 and
September 1998.

Figure 30 also showed that the remaining five stations, namely Station 7
(Lubuk Kuang), Station 8 (Kampung Baapa), Station 10 (Sungai Bera 2), Station 11
(Paya Kelantong) and Station 12 (Sungai Tembangan) had relatively low
concentrations of ammoniacal-nitrogen from April to July 1998. A sudden increase
was recorded in August 1998.

In Figure 31, Station 1 (Tanjung Kuin) and Station 2 (Sungai Tasik) recorded
relatively high concentrations of ammoniacal-nitrogen at 0.1477 mgL" and 0.1326
mgL"' respectively. However, in May/June 1998 and July 1998, Station 1 (Tanjung
Kuin), Station 4 (Tanjung Papan) and Station 6 (Kuala Sungai Tembagan) showed
relatively high readings as compared to the other stations. In August 1998, Station 2
(Sungai Tasik), Station 3 (Lubuk Pathir), Station 5 (Kampung Benal), Station 7
(Lubuk Kuang) and Station 10 (Sungai Bera 2) had among the highest readings,
ranging from 2.4234 mgL™ to 2.9132 mgL". In September 1998, only Station 12
(Sungai Tembangan) had the highest reading at 1.9823 mgL". In October 1998,
Station 1 (Tanjung Kuin), Station 7 (Lubuk Kuang) and Station 11 (Paya Kelantong)

had relatively higher readings.
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Results

4.2.2.3 Nitrate

Data for nitrate concentration for every station from April to October 1998 is
shown in Appendix 11. Concentrations ranged from 0.000 mgL"' (not detectable) to
5.600 mgL™" at Station 11 (Paya Kelantong) in August 1998.

In Figure 32, seven stations, namely Station 1 (Tanjung Kuin), Station 2
(Sungai Tasik), Station 3 (Lubuk Pathir), Station 6 (Kuala Sg. Tembangan), Station
7 (Lubuk Kuang), Station 11 (Paya Kelantong) and Station 12 (Sungai Tembangan)
recorded a marked increase of nitrate concentration in August 1998. However, the
maximum reading for Station 4 (Tanjung Papan) was in July 1998 while Station 9
(Sungai Bera 1) was in September 1998. The rest of the stations consisting of
Station 5 (Kampung Benal), Station 8 (Kampung Baapa) and Station 10 (Sungai
Bera 2) recorded its maximum reading in October 1998.

Figure 33 shows the nitrate concentrations for all 12 stations by month.
Station 4 (Tanjung Papan), Station 8 (Kampung Baapa) and Station 10 (Sungai Bera
2) were relatively high in April 1998. In May/June 1998, Station 2 (Sungai Tasik),
Station 4 (Tanjung Papan) and Station 7 (Lubuk Kuang) recorded higher values than
the other stations. However, concentration at Station 10 (Sungai Bera 2) dropped to
0.000 mgL™" from 0.3397 mgL" as compared to the previous month. In July 1998,
Station 4 (Tanjung Papan) recorded a very high concentration of nitrate (0.7400
mgL"). Station 11 (Paya Kelantong) showed a very high value (5.600 mgL") as
compared to other stations in August 1998, followed by Station 3 (2.1500 mgL™").
On the other hand, Station 1 (Tanjung Kuin) and Station 9 (Sungai Bera 1) recorded
high nitrate concentrations in September 1998. In October 1998, however, higher
nitrate concentrations had been noted at Station 3 (Lubuk Pathir) and Station 10

(Sungai Bera 2).
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Results

4.2.3 Microscopic identification and quantification of phytoplankton

4.2.3.1 Checklist of ph lankton and abundance

A total of 326 species were recorded including 42 unidentified species
(Table 11). This consisted of 150 species of Chlorophyta, 90 species of
Chrysophyta, 36 species of Euglenophyta, three species of Pyrrhophyta, three
species of Xanthophyta and two species of Cyanophyta.

Cell density ranged from 192 cells.L" for Golenkinia radiata in Station 6
(Kuala Sungai Tembangan) to 380916 cells.L" for Arthrodesmus octocornis in
Station 1 (Tanjung Kuin). Station 3 (Lubuk Pathir), Station 1 (Tanjung Kuin) and
Station 2 (Sungai Tasik) had the highest total number of cells.L"'.

The most commonly found species are Arthrodesmus octocornis (Figure 34),
Cosmarium asphaerosporum (Figure 35), Staurastrum tetracerum (Figure 36),
Rhizosolenia sp. (Figure 37) and Dinobryon sertularia (Figure 38).

Appendix 16 shows the phytoplankton count of all stations from April to
September 1998. Phytoplankton cell counts by sampling stations is displayed in
Figure 39. All stations, except Station 6 (Kuala Sungai Tembangan) and Station 11
(Paya Kelantong), showed a similar trend where the cell count was very high in
April 1998 but decreased significantly in the following months. Data was not
available for Station 5 (Kampung Benal) and Station 6 (Kuala Sungai Tembangan)
for the month of April 1998 as the sites could not be accessed. Station 6 had
relatively uniform counts throughout May/June till August 1998 but dropped in
September 1998. Station 11 (Paya Kelantong) also had nearly uniform counts
throughout April to July 1998 but dropped in August and September 1998. Figure
40 shows the phytoplankton cell counts by month. Station 3 (Lubuk Pathir) recorded
the highest cell counts throughout April to September 1998 except in July 1998

where Station 1 (Tanjung Kuin) had the highest count.
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Figure 34. Phytoplankton common in Tasek Bera :
Arthrodesmus octocornis (0.4 um)

Figure 35. Phytoplankton common in Tasek Bera :
Cosmarium aspherosporum (0.2 pm)
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Figure 36. Phytoplankton common in Tasek Bera :
Staurastrum tetracerum (0.9 um)

Figure 37. Phytoplankton common in Tasek Bera : Rhizosolenia sp. (2.2 pm)
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Figure 38. Phytoplankton common in Tasek Bera :
Dinobryon sertularia (2.5 pm)
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Figure 39. Phytoplankton cell count for sampling stations in Tasek Bera (April - September 1998)
a) Tanjul

5
¢) Lubuk Pathir
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d) Tanjung Papan
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Figure 39. Phytoplankton cell count for sampling stations in Tasck Bera (April - Scptember 1998) (continued)
d) Tanjung Papan

¢) Kampung Benal

f) Kuala Sungai Tembangan
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Figure 39. Phytoplankton cell count for sampling stations in Tasck Bera (April - September 1998) (continued)
2) Lubuk Kuang

h) Kampung Baapa

i) Sungai Bera |
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Figure 39. Phytoplankion cell count for sampling stations in Tasck Bera (April - September 1998) (continued)

) Sungai Bera 2
k) Paya Kelantong
1) Sungai Tembangan
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Figure 40. Phytoplankton cell counts by month for all sampling stations in Tasek Bera
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b) May/June 1998
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Figure 40. Phytoplankton cell counts by month for all sampling stations in Tasek Bera (continued)

d) August 1998

¢) September 1998
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Results

4.2.3.2 Frequency (%) of phytoplankton

The frequency (%) values for each phytoplankton species at all stations from
April to September 98 are found in Table 12. It ranged from 0.05% to 52.6%.
Arthrodesmus octocornis occurred with the highest frequency in Station 1 (Tanjung
Kuin) at 30.4%, Station 2 (Sungai Tasik) at 23.4%, Station 3 (Lubuk Pathir) at
17.4% and Station 10 (Sungai Bera 2) at 25.8%. Trachelomonas volvocina occurred
with the highest frequency in Station 4 (Tanjung Papan) at 26.4%, Station 6 (Kuala
Sungai Tembangan) at 16.4%, Station 9 (Sungai Bera 1) at 52.6% and Station 11
(Paya Kelantong) at 27.4%. Peridinium aculiferum were found in the highest
frequency at Station 7 (Lubuk Kuang) at 13%, Station 8 (Kampung Baapa) at 11.1%
and Station 12 (Sungai Tembangan) at 34.1%. Fragilaria sp. was found with the

highest frequency in Station 5 (Kampung Benal) at 16.6%.

4.2.3.3 Diversity indices

Appendix 12 shows the Shannon-Weiner diversity index (H’ value) of the
phytoplankton for the 12 stations from April to September 1998. It ranged from
0.0000 to 1.6726.

In Figure 41, stations that showed little fluctuation in the H’ value include
Station 5 (Kampung Benal), Station 6 (Kuala Sungai Tembangan) and Station 7
(Lubuk Kuang). However, Station 1 (Tanjung Kuin), Station 2 (Sungai Tasik),
Station 3 (Lubuk Pathir), Station 4 (Tanjung Papan), Station 10 (Sungai Bera 2),
Station 11 (Paya Kelantong) and Station 12 (Sungai Tembangan) showed slight
increase in the H’ value from April to August before decreasing in September 1998.
Station 8 (Kampung Baapa) and Station 9 (Sungai Bera 1) recorded decreasing H’

value from April to September 1998.
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Figure 41. Shannon-Weiner Diversity Index (1) for phytoplankion at Tasek Bera (April - September 1998)
@) Tanjung Kuin
b) Sungai Tasik
©) Lubuk Pathir
d) Tanjung Papan
179



-

e) Kampung Benal
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Figure 41. Shannon-Weiner Diversity Index (') for phytoplankton
€) Kampung Benal

at Tasek Bera (April - September 1998) (continued)
) Kuala Sungai Tembangan

2) Lubuk Kuang
h) Kampung Baapa
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Figure 41. Shannon-Weiner Diversity Index (H') for phytoplankton at Tasck Bera (April - September 1998) (continucd)
i) Sungai Bera |

j) Sungai Bera 2

k) Paya Kelantong

1) sungai Tembangan
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Results

Figure 42 shows the H” value for all stations by month. In general, Station 7
(Lubuk Kuang) and Station 8 (Kampung Baapa) had relatively high H’ values from
April to September 1998. However, Station 4 (Tanjung Papan) had the highest H’
value in August 1998. Station 9 (Sungai Bera 1) showed relatively low H’ values
throughout April to September 1998. Station 3 (Lubuk Pathir) also had low H’
values in May, August and September 1998.

Appendix 13 shows the Margalef’s Species Index (d) for phytoplankton for
all stations from April to September 98. It ranged from 0.0355 to 0.8125. In Figure
43, the Margalef’s Species Index gradually increased and reached a maximum value
in September 1998 at Station 1 (Tanjung Kuin), Station 4 (Tanjung Papan), Station 6
(Kuala Sungai Tembangan), Station 7 (Lubuk Kuang). However, the d value at
Station 2 (Sungai Tasik), Station 3 (Lubuk Pathir), Station 5 (Kampung Benal) and
Station 7 (Lubuk Kuang) reached a peak in July 1998 while Station 8 (Kampung
Baapa), Station 11 (Paya Kelantong) and Station 12 (Sungai Tembangan) recorded a
peak in August 1998.

Figure 44 showed the d value for all stations by month. Station 3 (Lubuk
Pathir) had relatively low d value from April to September 1998 while Station 11
(Paya Kelantong) showed low values from April to July 1998. Station 4 (Tanjung
Papan) and Station 5 (Kampung Benal) had relatively high d values from July to
September 1998.

Appendix 14 showed the Equitability or Species Evenness Index (J) for all
stations from April to September 1998. Species Evenness Index (Equitability) for
phytoplankton ranged from 0.1278 to 0.4278.

Most stations showed a general increase in J value from April to September
1998 (Figure 45). However, Station 3 (Lubuk Pathir), Station 7 (Lubuk Kuang) and

Station 9 (Sungai Bera 1) recorded a drastic drop from August to September 1998.
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Figure 42. Shannon-Weiner Diversity Index of phytoplankton in Tasck Bera
a) April 1998
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Figure 42. Shannon-Weiner Diversity Index of phytoplankton in Tasek Bera (continued)
d) August 1998
¢) September 1998
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Figure 43. Margalel’s Specics Index (d) for phytoplankton in Tasck Bera (April - September 1998)
a) Tanjung Kuin
b) Sungai ck
¢) Lubuk Pathir
d) Tanjung Papan
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Figure 43. Margalef’s Specics Index (d) for phytoplankton in Tasck Bera (April - September 1998)
(continued)

) Kampung Benal
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Figure 43. Margalef’s Specics Index (d) for phytoplankton in Tasek Bera (April - September 1998)
(continued)
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Figure 44. Margalef's Species Index (d) of phytoplankton in Tasek Bera (continued)
d) August 1998
¢) September 1998
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Figure 45. Equitability or Specics Evenness (J) for phytoplankton in Tasek Bera (April - September 1998)
a) Tanjung Kuin
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©) Lubuk Pathir
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Figure 45. Equitability or Species Evenness (J) for phytoplankton in Tasek Bera (April -September 1998) (continucd)
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Results

In Figure 46, J value for all stations are displayed by month. Five stations,
namely Station 4 (Tanjung Papan), Station 5 (Kampung Benal), Station 6 (Kuala
Sungai Tembangan), Station 7 (Lubuk Kuang) and Station 8 (Kampung Baapa) had
relatively high J values throughout April to September 1998. However, the J value

for Station 7 (Lubuk Kuang) dropped drastically in September 1998.

4.2.3.4 Sorensen’s Similarity Coefficient

In the present study, the list of phytoplankton species found at each of the 9
stations is analysed vsing Sorensen’s Similarity Coefficient. Sorensen’s Similarity
Coefficient, ranging from 17.11 to 55.78% is shown in Appendix 15. The stations

that are most dissimilar are :

Station Index (%)
Station 1 (Tanjung Kuin) and Station 8 (Kampung Baapa) 17.11
Station 3 (Lubuk Pathir) and Station 12 (Sungai Kelantong) 19.30
Station 1 (Tanjung Kuin) and Station 12 (Sungai Kelantong) 19.42

The stations that are most similar are :

Station Index (%)
Station 1 (Tanjung Kuin) and Station 3 (Lubuk Pathir) 55.78
Station 1 (Tanjung Kuin) and Station 2 (Sungai Tasek) 52.41
Station 2 (Sungai Tasek) and Station 3 (Lubuk Pathir) 51.28
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Results

The checklist in Appendix 20, Appendix 21 and Table 13 for several studies
of phytoplankton diversity in Tasek Bera, when analysed using Sorensen’s
Similarity Coefficient, showed the difference in species composition that was
observed in various period of studies. Table 13 shows the Sorensen’s Similarity

Coefficient for the analyses, ranging from 7.89% to 12.18%.

4.3 Data analysis
4.3.1 Statistical analysis
4.3.1.1 Two-way ANOVA

A Two-way analysis of variance was used to assess difference in
environmental parameters and biotic parameters : i) of all the twelve stations; ii)
among different sampling occasions (April to October 1998).

The Newman Keuls test was used to trace the significant difference resulting

from the i ion of pling ¢ ions and stations for environmental

parameters and for biological parameters such as chlorophyll-a, cell count,
productivity and diversity of phytoplankton in Tasek Bera.

The ANOVA results, show : i) no significance difference (p>0.05) in
environmental and biotic parameters among sampling stations with the exception of
primary productivity and transparency (Appendix 22).

Primary productivity was found to be significantly different among the
stations (p=0.0006). Transparency was also significantly different among stations
(p=0.0009). However, chlorophyll-a levels (p = 0.8681), H’ values (p = 0.9995), d
values (p = 0.9995), J values (p = 0.9995), phytoplankton cell count (p = 0.9995),
depth of station (p = 0.5220), conductivity (p = 0.9982), pH (p = 0.7207),

temperature (p = 0.5375), dissolved oxygen (p = 0.5432), orthophosphate (p =

104



Table 13. Sorensen's Similarity Coefficient (%) for phytoplantonkton diversity based on
different studies in Tasek Bera.

Survey 1 2 3
1 7.89 12.18
2 7.89 9.94
3 12.18 9.94

Source of checklist for phytoplankton :

1 = Studies by Furtado and Mori (1982)

2 = Studies by Phang and Murugadas (1997)
3 = Present study (1998)
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Results

0.5374), ammoniacal-nitrogen (p = 0.5331), nitrate (p = 0.5387) were not
significantly different among all the stations.

ii) no significant difference (p>0.05) in the environmental and biotic
parameters among sampling occasions with the exception of chlorophyll-a levels, H’
values, phytoplankton cell count, conductivity and pH (Appendix 23).

Chlorophyll-a levels (p = 0.0064), H’ values (p = 0.0000), d values (0.0000),
J values (0.0000), phytoplankton cell count (p = 0.0000), conductivity (p = 0.0000)
and pH (p = 0.0000) were significantly different among sampling occasions.
However, primary productivity (p = 0.0858), depth of station (p = 0.0662),
transparency (p = 0.1391), temperature (p = 0.0654), dissolved oxygen (p =
0.0617), orthophosphate (p = 0.0646), ammoniacal nitrogen (p = 0.0713) and nitrate

(p = 0.0667) were not significantly different among sampling occasions.

4.3.3.2 Multiple regression

In multiple regression analysis, biotic parameters observed at Tasek Bera
during the study period, such chlorophyll-a concentration, cell count, productivity
and diversity of phytoplankton were treated as dependent variables while the other
environmental parameters were treated as independent variables. This was to
investigate which of the environmental parameters were more effective and
contributed more to the biotic parameters. The results of the multiple regression
analysis are summarised in Table 14. The parameters, which have a contribution to

biotic parameters, are indicated using * in the tables.
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Results

4.3.3.3 Cluster analysis

Cluster analysis was used to segregate sampling stations based on biotic
parameters as well as environmental parameters.

Sorensen’s Index of Similarity was calculated based on the species of
phytoplankton identified at each sampling station and used in cluster analysis
(Figure 47). Three main clusters were identified. The first cluster representing less
disturbed sites consisted of Station 1 (Tanjung Kuin), Station 3 (Lubuk Pathir),
Station 2 ( Sungai Tasik) and Station 10 (Sungai Bera 2). The second cluster were
moderately disturbed sites which consisted of Station 4 (Tanjung Papan), Station 7
(Lubuk Kuang), Station 5 (Kampung Benal) dan Station 6 (Kuala Sungai
Tembangan). The third cluster consisted of more polluted sites, namely Station 8
(Kampung Baapa), Station 11 (Paya Kelantong), Station 12 (Sungai Tembangan)
and Station 9 (Sungai Bera 1).

Figure 48 shows the result of cluster analysis based on biotic parameters
which consists of cell counts, productivity, H’ value, d value and J value. Four main
clusters were identified. The first cluster consists of Station 1 (Tanjung Kuin),
Station 2 (Sungai Tasik), Station 3 (Lubuk Pathir). The second cluster consists of
Station 10 (Sungai Bera 2) and Station 11 (Paya Kelantong). The third cluster
consists of Station 4 (Tanjung Papan), Station 7 (Lubuk Kuang) and Station 8
(Kampung Baapa). The last cluster consists of Station 5 (Kampung Benal), Station 6
(Kuala Sungai Tembangan), Station 9 (Sungai Bera 1) and Station 12 (Sungai
Tembangan).

Figure 49 shows that result of cluster analysis based on environmental

which ists of depth, tr: ency, conductivity, pH, temperature,

dissolved oxygen, orthophosphate, ammoniacal-nitrogen and nitrate. Three clusters
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Results

are identified. The first cluster consists of Station 1 (Tanjung Kuin) and Station 5
(Kampung Benal). The second cluster consists of Station 2 (Sungai Tasik), Station 3
(Lubuk Pahtir), Station 4 (Tanjung Papan), Station 6 (Kuala Sungai Tembangan),
Station 7 (Lubuk Kuang) and Station 10 (Sungai Bera 2). The third cluster consists
of Station 8 (Kampung Benal), Station 9 (Sungai Bera 1), Station 11 (Paya

Kelantong) and Station 12 (Sungai Tembangan).

:
]
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