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ABSTRACT  
The impact of climate change and weather conditions in small urban manmade lake is less understood. Most studies are done bimonthly or 
monthly without reference to weather conditions. The contribution of these small manmade lakes to carbon sequestration was largely 
ignored. There is not much study about water quality and primary production in relation to weather conditions and weekly observations in 
tropical lakes. Therefore, this study investigates the potential of using microalgae in freshwater bodies to mitigate global warming through 
carbon dioxide fixation in urban small manmade lakes. A comparative study for water quality and primary productivity in two manmade 
lakes was done from September 2014 to July 2015. Weekly sampling in triplicate for 500 ml water samples were done for phytoplankton 
biomass analysis, alkalinity and nutrient analysis, from the surface of the lake at 0.5m depth. Three sets of 4 BOD bottles were used to 
measure biological oxygen demand and primary productivity. Physical parameters were measured from surface water by Yellow Spring 
Instrument multi parameter probe model (YSI-556 MPS). Water transparency was measured by Secchi disk and rain rainfall using rain 
gauge. Daily recording of weather was done at three times a day, then the weather was classified into three weather conditions. Statistical 
analyses were done by one-way ANOVA, and principal component analysis (PCA).  The average water quality parameters of the lake 
during all weather conditions were : water temperature (28.95 ˚C) & (29.43 ˚C), pH(7.14) & (7.11), electrical conductivity (0.15 mScm̄¹) & 
(0.41 mScm̄¹), dissolved oxygen (5.5 mg Lˉ1) &  (4.5 mg Lˉ1),  alkalinity (43.8 mgCaCo3/L) & (148.2 mgCaCo3/L), orthophosphates (0.02 
mg L’/) & (0.42 mg Lˉ1), nitrate-nitrogen (0.20 mg Lˉ1) & (0.07 mg Lˉ1), ammonium- nitrogen ( 0.06 mg Lˉ1 ) & (0.96 mg Lˉ1), trophic status 
index  (20.6) & (37.5) in Engineering lake and Seri Serdang Lake respectively. High averages of chlorophyll -a concentration were (0.71± 
0.10 µg L ̄¹) & (3.47 ± 0.96 µg L ̄¹) during dry weather conditions in Engineering lake and Seri Serdang Lake respectively. Temporal 
fluctuations of primary production occurred in Engineering lake and Seri Serdang Lake with average of (0.57± 0.09 mg C L̄¹ h̄ ¹) & (2.86 ± 
0.37 mg C L̄¹ h̄ ¹) respectively. A principal component analysis extracted two components after Varimax rotation and they contributed 
(22.50 % &15.56 %) and (28.95% &18.14%) in Engineering lake and Seri Serdang lake respectively. The weather conditions such cloud 
covers and rain fall that significantly influence light intensity and water quality which in turn influence primary productivity in both lakes. 

 
KEYWORDS: primary productivity, trophic lakes, climate change, phytoplankton biomass, weather change. 
 

INTRODUCTION 
 

Climate change is in progress. Evidence are surfacing almost daily on the impact of climate change to the 
environment, human health, economic resources and others. Many problems could result from global warming 
such as changes in weather patterns [23,53,30,76]. Many areas of the world are experiencing increased floods, 
and other unusual weather. In addition, biodiversity loss can be caused by alteration of ecosystems and loss of 
the habitats [22,34, 35, 11,12], and because of climate change, heating of the earth’s surface affects biodiversity 
because it endangers all the species that adapted to the colder weathers. Water quality degradation and Scarcity 
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of fresh water are directly caused by changes in land use and urbanization [67].  Land use can disrupt the surface 
water balance and the splitting of precipitation into evapotranspiration, runoff, and groundwater flow. Surface 
runoff and river discharge generally increase when natural vegetation is cleared because of agricultural 
expansion. Water demands associated with land-use practices, especially irrigation, directly affect freshwater 
supplies through water withdrawals and diversions. Excessive inputs of nutrients, particularly nitrogen and 
phosphorus also can contribute to aquatic ecosystems degradation, this may lead to hypoxia and biodiversity 
loss as a result of eutrophication [16, 91,47,72]. 

Most investigations on effect of climate change on freshwater ecosystems has concentrated on responses of 
individual’s physiological characters under warming [86,80,39]. The productivity of freshwater bodies also was 
meaningfully altered by increases in water temperatures. Warmer waters are commonly more productive [48], 
but sometimes they are not desirable for particular species and on other hand other tolerant or even harmful 
species can flourish [60, 8, 90]. Dominance of cyanophyta was considered as indicator of global climate change 
[56, 57, 13, 24, 29]. The physical, chemical, and biological reactions of freshwater bodies to climate provide a 
variant of evidence of their regulation of climate change [83]. [55] Stated by using carbon isotope in sediments 
of tropical freshwater lake that lake productivity decreased historically by effect of global warming.   

Many strategies were considered to mitigate emissions of carbon dioxide and adaptation to climate change 
[54, 89, 15, 4, 49, 79], however, no much known on using lakes to mitigate climate change through CO2 
absorption. So using freshwater lakes to uptake CO2 from atmosphere by photosynthetic organisms like 
phytoplankton can be a solution to mitigate climate change by no cost for adaptation [63, 68,1,42, 26,51]. 
Globally, the amount of fresh water in lakes and rivers forms only 0.2% of the total area of earth, and 2.5% of 
water resource [20, 21], however, they can contribute in carbon sequestration.  Phytoplankton can produce a 
huge amount of their biomass in a small area in comparison with other productive plants [25,9,74, 19, 84,6]. 
Productivity of water bodies depends on the availability of solar energy and raw materials as nutrients and 
minerals within the ecosystem [66, 73]. Phytoplankton as a biotic component in a lake, use the solar energy to 
grow by Photosynthesis. Light conditions have a direct impact on the growth performance and photosynthesis of 
phytoplankton in term of duration and intensity [64].  

Changes in the chemical, hydrological, biological and Physical variables lakes were observed by many 
studies. Precipitation decline, evaporation increase were the most factors influenced the lakes characters [77, 87, 
17, 36]. Temporal variability in phytoplankton production is a result of the interactions between physical, 
chemical and biological variables [43]. The physicochemical features greatly influence the primary productivity 
in an aquatic ecosystem [70]. Weather conditions variability have an important effect on water properties in a 
hydrologic ecosystem. Most of studies done in lakes were focused on zooplankton and phytoplankton diversity, 
Lake Limnology, primary productivity and nutrient dynamics. Sampling were done monthly or bimonthly but 
very rare weekly. 

Past studies on primary production in Malaysia were more focussed on the relation of phytoplankton 
productivity, their diversity and the trophic status [52,66]. The main objective of current study to observe how 
much two urban manmade lakes can contribute to fix carbon dioxide by phytoplankton in relation to physical 
and chemical parameters of lakes in different weather conditions, and different trophic status.   

 
MATERIAL AND METHOD 

 
Study locations: 

The sampling were done in two manmade lakes, Faculty of engineering (UPM)                                                              
(3.005885 latitude, 101.720271 longitude) as oligotrophic lake, and Seri Serdang (3.004689 latitude, 
101.714071 longitude) as mesotrophic lake (Fig. 1). Engineering lake is located in the middle of the academic 
building of Engineering Faculty (UPM) with total surface area is about (24,140 m2). The Seri Serdang Lake is 
located near the housing estate of Seri Serdang at (3.004689 latitude, 101.714071 longitude). The total surface 
area is about 18,000 m2 with mean of depth is about 5 meter. The study was done from September 2014 to 
January 2015 and July 2015.  
 
Sampling procedure: 

Weekly sampling from three sampling points for three 500 ml water samples were done for alkalinity, 
nutrient analysis and phytoplankton biomass, from the surface of both lakes at 0.5m depth. Three sets of 4 BOD 
(300ml) bottles were placed at the sampling depth (0.5m) in both of lakes, two light bottles and two dark bottles 
to measure biochemical oxygen demand and primary productivity.  The sites and the time of sampling were 
fixed throughout sampling period. Light intensity (µmol.m-2 s-1) was determined by using light meter Licor 
model (L1-250). Physical water parameter such as dissolve oxygen (DO), pH, and total dissolve solid (TDS), 
conductivity and water temperature were taken by Yellow Spring Instrument multi parameter probe model 
(YSI-556 MPS) from surface water. Water transparency was measured by Secchi disk and rain rainfall using 
rain gauge. 
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Samples analysis: 

Alkalinity was measured by titration of 100 ml of sample with 0.02 N sulphuric acid using few drops of 
mixed reagent (methyl red and bromocresol green) as an indicator to determine the end point of the titration, the 
colour change from blue to colourless [71].  

Nitrate-nitrogen analyses were determined following Kitamura method [44]. Ammonium concentration was 
analysed based on phenol hypochlorite method [82]. Phosphate-phosphorus (PO4-P) was determined according 
to the ascorbic acid method [32]. 

Water samples were measured immediately by Hitachi UC-1900 UV visible spectrophotometer at 620 nm 
three times for each samples and the average was taken to determine optical density. To measure dry weight, 50 
ml of water sample was filtered by predried Sartorius glass filter paper, and oven dried at 60°c for 24h [10]. To 
measure Chlorophyll a, 30 ml of water sample from each bottle was filtered by MS® cellulose acetate 
membrane filter (0.45 µm). Chlorophyll-a was extracted with 5ml (90%) acetone overnight at 4C°. The 
extraction was homogenized by driller. After centrifugation, the absorbance of the supernatant was measured by 
spectrophotometer (Hitachi UC-1900) [38]. Chlorophyll a was calculated by the equation of Jeffrey and 
Humphrey [41]: 

[Chl. a] extract = 11.85A664 - 1.54A647 - 0.08A630 
For biological oxygen demand (BOD5), dissolved oxygen (DO) was measured initially with transparent 

bottle and dark bottle after five days of incubation. For primary productivity, dissolved oxygen (pairs light 
bottles and one dark bottle) was measured after two hours of incubation at the sampling depth in the lake. 
Dissolved oxygen was measured using the Azide modification method by titration [2]. Gross primary 
productivity, net primary productivity and fixed carbon were calculated using next equations [3]: 

Community respiration (R) = initial - dark 
Gross primary productivity (GPP) = Light – dark 
Net primary productivity (NPP) = GPP-R 
Carbon fixed= NPP*0.375 
Since (0.375) is the factor comes from differences in atomic mass (12/32) 

Trophic status index (TSI) was calculated based on chlorophyll- a concentration as next equation [14]: 
TSI (CHL) = 9.81 ln (CHL) + 30.6 

 
Weather recording and classification: 

Weather were recorded 3 times daily: morning 8-9 am, noon 12.00-2.00 pm and afternoon at 4-5 pm. To 
determine rainfall, rain gauge was constructed from 5L size bottles with fixed funnel at the top and placed 
beside each lake and the volume of water in the gauge was measured after each raining time [31]. 

Calculation formula:  
Rain fall gauge (mm) = (Collected water volume) / (funnel surface area/bottle base area).  
Based on light intensity, temperature and rainfall data scores in table (1&2), and the weather conditions 

classified into three categories. Mix weather conditions, wet weather conditions and dry weather conditions  
 
Statistical analysis: 

One-way ANOVA statistical analysis from SPSS version 21 was used to indicate the significant of variance 
in physical environmental parameters and primary productivity among different sampling periods. Principal 
component analysis was analysed using XLSTAT Version 2014.5.03. PCA is a variable reduction technique it is 
designed to reduce the original variables into new, uncorrelated variables or axes, called the principal 
components which are linear combinations of the original variables.  
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Fig. 1: Maps of sampling location, Seri Serdang Lake and Engineering Faculty Lake. Source: google map.  
 
Result: 
Weather conditions: 
Light intensity and rain fall were more important to classify the weather conditions than air temperature. Mix 
weather conditions characterized by dense cloud cover, mix cloudy sky, heavy haze, light rains one or twice a 
week. Wet weather conditions characterized by heavy rains many times a day or a week, and cloud cover. Dry 
weather conditions characterized by sunny sky, no rains or light rain once a week.   
 
Table 1: Average of air temperature and light intensity at three times a day, and the scores of three different weather conditions in the study 

area. (* indicate to significant difference in means between the weather categories, n.s indicate to there is no significant 
difference).   
Parameters Time during the day 

Weather 
categories 

8:30 a.m. 12:30 p.m. 4:30 p.m. 

Air temperature C˚ Mix 25.5±0.18 a 31.0 ±0.34 a 30.0 ±0.41 a 
Wet 25.4 ±0.14 a 31.6 ±0.24 a 29.1 ±0.33 a 
Dry 26.0 ±0.08 b 30.8 ±0.36 a 29.5 ±0.31 a 

P<0.05 * n.s n.s 
Light intensity 
(µmolm̄ ²s-1) 

Mix 294.7±44.1 a 741.3±76.7 a 165.3 ±32.8 a 
Wet 345.0 ±19.4ab 873.5±51.1ab 193.4 ±28.7 ab 
Dry 400.7 ±20.6 b 976.9 ±46.8b 258.4 ±24.3 b 

P<0.05 * n.s n.s 
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Table 2: Average of weekly rain fall gauging during study period. (* indicate to significant difference in means between the weather 
categories, n.s indicate to there is no significant difference). (n = 5 in mix weather), (n= 5 in dry weather) and (n = 8 in wet 
weather). 

parameter 
Weather categories 

Mix Wet Dry P<0.05 
Rain fall 

(mm) 266.1 ±139 750.5 ±186.6 48.60 ±16.4 *  

 
Physical and chemical parameters: 

A significant temporal variation was recorded in surface water temperature, salinity, alkalinity in both lakes 
(Table 3). Total dissolved solids and conductivity were significantly differed in Seri Serdang lake with rang of 
(0.161 – 313 mg/L) (0.25– 0.54 mS cmˉ¹) respectively. The nitrate concentration was higher in Engineering lake 
(0.003 – 0.48mg/L) than in Seri Serdang lake, while Ammonium and phosphate concentration were higher in 
Seri Serdang lake with range of (0.30 – 1.20 mg L-1), (0.04 – 0.75 mg L-1) respectively. Nitrate (NO-3), Total 
nitrogen, TN: TP concentration were differed significantly in Engineering lake than Seri Serdang Lake with 
range of (0.003- 0.84 mgL-1), (0.016 – 0.28 mgL-1) and (0.36 – 21.1mgL-1) respectively.  

 
Table 3: Average values of physical and chemical environmental parameters from surface water layers in the both lakes (n = 63 in mix 

weather), (n= 63 in dry weather and (n = 72 in wet weather). (* indicate to significant difference in means between the weather 
categories, n.s indicate to there is no significant difference) 

Parameters 
Engineering Faculty Lake Seri Serdang Lake 

Mixed Wet Dry P<0.05 Mixed Wet Dry 
P< 

0.05 
Surface Water 

Temperature (ºC) 
29.47±0.18ab 29.1 ±0.24a 29.7±3.6b * 30.06±0.60b 28.7±0.19a 30.5±4.08b * 

Light intensity              
(µmolm̄ ²s-1) 

697 .7±148.2a 768.0±91.8a 786.2±164a n.s 591.3±156 a 761±74.9a 794.6±112a n.s 

Dissolved Oxygen 
(mg L̄ 1) 

4.61±1.46 a 7.35±2.01a 5.69±1.76a n.s 3.73±0.61a 4.67±1.22a 3.97±2.21a n.s 

Total dissolved 
solids (mg L̄1) 

75.70±0.007a 60.0±0.006a 69.8±0.00a n.s 268.0±11b 215±13.0a 273.0±35.8b * 

Secchi photic depth 
(m) 

0.304±0.005a 0.423±0.02b 0.29±0.02c * 0.237±0.0ab 0.25±0.01a 0.175±0.03a * 

pH 7.23± 0.20a 7.19±0.17a 7.02± 0.14a n.s 7.24± 0.15a 6.95± 0.21a 7.06± 0.12a n.s 
Conductivity 

(mScm̄¹) 
0.118±0.00a 0.095±0.00a 0.236±0.1a n.s 0.404±0.03b 0.346±0.0a 0.44±0.058ab * 

Salinity (ppt) 0.048±0.00b 0.04±0.00a 0.050±0.0b * 0.19±0.01b 0.15±0.00a 0.21±0.03b * 
Alkalinity 

(mgCaCo3L-1) 
44.8±0.65b 39.5±1.35a 46.9 ±5.79b * 152.9±7.1ab 129±9.45a 163±21.4b * 

Nitrate NO3ˉ 
(mgL-1) 

0.15±0.03ab 0.36±0.07b 0.10±0.03a * 0.05±0.01a 0.12±0.06a 0.05±0.01a n.s 

Ammonium NH4 

(mgL-1) 
0.05±0.00a 0.10±0.04a 0.04±0.01a n.s 0.99±0.12a 0.93±0.07a 0.95±0.12a n.s 

Phosphate PO4 ̄      

(mgL-1) 
0.01±0.00a 0.02±0.00a 0.03±0.01a n.s 0.45±0.04a 0.35±0.08a 0.46±0.07a n.s 

Total Phosphorus 0.01±0.00a 0.07±0.00b 0.01±0.00a * 0.08±0.00b 0.07±0.02b 0.09±0.00a * 
Total Nitrogen 0.05±0.01ab 0.12±0.03b 0.07±0.01a * 1.44±0.14a 1.28±0.12a 1.42±0.17a n.s 

TN:TP 3.7±0.53a 1.9±0.63a 18.2±9.09a * 8.42±0.93a 22.5±12.9a 7.97±0.84b * 
TSI 67.4±5.2a 49.0±6.24a 209±90.1a n.s 183±7.14ab 159±9.45a 193±25.3b * 

 
Primary production and biomass: 

There were temporal fluctuations of primary production (Table 4), the highest values of gross primary 
productivity (GPP) rates were recorded in dry weather conditions in both lakes, while the lowest values were 
during mix weather conditions in both lakes, and net primary productivity. Peaks of fixed CO2 (0.96 mg/C/m2/h) 
(3.71mg/C/m2/h) were in dry weather condition in both lakes   

The Chlorophyll a concentration was significantly fluctuated (Table 4) in Engineering lake with range of 
(0.12–1.0 μg L-1), while that of Seri Serdang lake was not significantly differed with range of (0.46– 6.9 μg L-1). 
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Table 4: Average values of Primary production, biomass and nutrient concentrations for both lake during different weather conditions (n = 
63 in mix weather), (n= 63 in dry weather) and (n = 72 in wet weather). (* indicate to significant difference in means between the 
weather categories, n.s indicate to there is no significant difference) 

Parameters 
Faculty of Engineering lake Seri Serdang lake 
mix wet dry p<0.05 mix wet dry p<0.05 

Optical density 
 

0.06 
±0.008a 

 
0.01 

±0.07a 

 
0.09 

±0.01a 
n.s 

 
0.23 

±0.06a 

 
0.29 

±0.17a 

 
0.55 

±0.15a 
n.s 

Dry weight 
(mg L̄ ¹) 

13.4 
±1.70a 

10.9 
±0.8a 

17.3 
±2.30b 

* 
31.3 

±5.04a 
36.5 

±3.67a 
42.4 

±9.01a 
n.s 

Chlorophyll a 
(µg L ̄ ¹) 

0.36 
±0.05a 

0.37 
±0.04a 

0.57 
±0.10b 

* 
1.48 

±0.19a 
2.94 

±0.27a 
3.31 

±0.96a 
n.s 

Community 
respiration 
(mg O2Lˉ¹) 

1.97 
±0.44a 

1.96 
±0.53a 

1.42 
±0.33a 

n.s 
1.95 

±0.33a 
1.79 

±0.31a 
1.19 

±0.70a 
n.s 

Gross primary 
productivity 
 

2.45 
±0.24a 

2.73 
±0.63a 

2.85 
±0.65a 

n.s 
5.75 

±1.05ab 
5.19 

±0.60a 
8.53 

±1.28b 
* 

Net primary 
productivity 

 
1.07 

±0.19a 

 
0.90 

±0.24a 

 
1.14 

±0.28a 
n.s 

 
3.62 

±1.13a 

 
3.40 

±0.56a 

 
7.19 

±0.98b 
* 

Carbon fixed 
(mg C L̄ ¹ h̄ ¹) 

 
0.40 

±0.07a 

 
0.33 

±0.09a 

 
0.48 

±0.09a 
* 

 
1.36 

±0.43a 

 
1.27 

±0.19a 

 
2.86 

±0.37b 
* 

Biological 
oxygen demand 
(mg L ̄ ¹) 

 
3.64 

±0.20a 

 
4.52 

±0.32ab 

 
5.37 

±0.97b 
* 

 
11.90 
±2.70a 

 
12.8 

±1.47ab 

 
20.0 

±3.26b 
* 

 
 
 
 
 

                     
 

                      
Fig. 2: Community respiration, gross primary production, Net primary production, and fixed carbon dioxide in 

different weather conditions. a: Faculty of Engineering lake, b: Seri Serdang lake 
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Principal component analysis:  
Two components were extracted by PCA from 24 original environmental variables for both study locations. 

Principle components (PCs) extraction was based on choosing the Eigenvalues >1). In Faculty of Engineering 
Lake, they explain 82.5% of total variance. After Varimax rotation, PC1 was defined by (TN: TP, trophic status 
index, chlorophyll a, dry weight, salinity, and alkalinity) and explained (22.50%) of variance, PC2 was defined 
by (community respiration, gross production, Net production, CO2 fixed, dissolved oxygen and secchi depth) 
and explained (15.56%) of variance.  

In Seri Serdang Lake PCs explain 88.87% of total variance. After Varimax rotation, PC1 was defined by 
physical and chemical parameters (Phosphate, total nitrogen, conductivity, total dissolved solids, salinity, 
alkalinity, and trophic status index) and explained (28.95%) of variance, PC2 was defined by biological 
parameters (gross production, Net production, CO2 fixed, optical density, chlorophyll-a) and explained (18.14%) 
of variance. 
 
Assumptions for both lakes primary production: 

The surface area of Seri Serdang Lake is (18000 m2), the sampling depth is (0.5 m) so there is (9000 L) of 
productive phytoplankton. In 6 hours period during day time, these amount of productive phytoplankton could 
fix (5.49) mg C m-² h-1, while the surface area of in Engineering lake is (24,140 m2), the sampling depth is (0.5 
m) so there is (12,070 L) of productive phytoplankton. In 6 hours period during day time, these amount of 
productive phytoplankton could fix (1.62) mg C m-² h-1 
 
Table 5: comparison in primary production of both lakes in current study with other productive resources worldwide. (a) for Engineering 

lake and (b) for Seri Serdang respectively.  
Amount of primary production 

mg C m-² h-1 
Type of source Country References 

0.31 Mangroves Malaysia [37] 
17.9 Mangroves India [62] 
162 Mangroves Sri Lanka [59] 

2.28 - 57 Mangroves South Africa [65] 
177 Mangroves Brazil [7] 
43.9 Peatlands Malaysia [75] 

4.45 -9.7 Peatlands Brazil [61] 
0.43 - 3 Freshwater lake Malaysia [52] 

80.4 - 260 Freshwater lake India [45] 
2.9 - 12.5 Freshwater lake Nigeria [5] 
0 - 180 Freshwater lake South Africa [78] 

77 Freshwater lake Brazil [27] 
1.62 a Oligotrophic lake 

Malaysia Present study 
5.49 b Mesotrophic lake 

 
            

Table 6:  Factor loadings after Varimax rotation for Faculty of Engineering lake, the abbreviations same that in figure 2.  
 

variables 
  

D1 D2 
variables 

D1 D2 
variables 

D1 D2 
(x) (y) (x) (y) (x) (y) 

NO3 -0.743 -0.103 DryW 0.628 0.077 Cond -0.140 0.405 
NH4 -0.511 -0.422 Chl a 0.531 0.2 TDS 0.249 -0.343 
PO4 -0.187 -0.239 R -0.048 0.682 Salin 0.778 -0.109 
TN -0.533 -0.447 GPP -0.053 0.838 DO -0.229 0.640 
TP -0.726 0.022 NPP 0.322 0.550 pH -0.188 -0.022 
TN:TP 0.725 -0.177 CO2 0.29 0.570 ScchD 0.333 0.503 
TSI 0.725 -0.177 BOD -0.334 0.491 Light 0.261 -0.055 
OD -0.168 0.376 T 0.435 -0.146 Alka 0.732 0.147 

 
Table 7:  Factor loadings after Varimax rotation for Seri Serdang lake the abbreviations same that in figure 3.  

 

variables 
D1 D2 

variables 
D1 D2 

variables 
D1 D2 

( x) ( y) (x) (y) (x) (y) 
NO3 -0.78 0.002 TDS 0.932 -0.048 OD 0.044 0.558 
NH4 0.423 0.013 Salin 0.906 0.167 DryW 0.318 0.324 
PO4 0.675 0.078 Do 0.08 0.178 Chl a -0.023 0.520 
TN 0.658 0.049 pH 0.168 -0.389 R 0.093 -0.135 
TP -0.78 0.002 ScchD -0.178 -0.529 GPP 0.101 0.874 
TN:TP 0.279 -0.273 Light -0.142 -0.592 NPP 0.053 0.932 
T 0.419 -0.075 Alka 0.907 0.206 CO2 0.053 0.932 
Cond 0.925 -0.171 TSI 0.907 0.206 BOD -0.081 0.316 
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Fig. 3: Ordination diagram of principal component analysis with the limnological variables registered from 

Engineering Lake during three different weather conditions. Eigenvalues for the two first axes were 
(7.96) and (4.5).(M, W, D) indicate to mix, wet, and dry weather categories, (T: Surface water 
temperature, Cond: conductivity, TDS: total dissolved solids, salin: salinity, DO: dissolved oxygen, 
Alkalin: alkalinity, light: light intensity, ScchD: secchi depth, NO3: Nitrate, NH4: Ammonium, PO4: 
phosphate, TN: total nitrogen, TP: total phosphorus, OD: optical density, CO2: fixed carbon dioxide, 
GPP: gross primary production, NPP: net primary production, R:  community respiration, Chla: 
chlorophyll-a)  

 

 
 

Fig. 4: Ordination diagram of principal component analysis with the limnological variables registered from Seri 
Serdang Lake during three different weather conditions. Eigenvalues for the two first axes were (6.33) 
and (3.78). (M,W, D) indicate to mix, wet, and dry weather categories, (T: Surface water temperature, 
Cond: conductivity, TDS: total dissolved solids, salin: salinity, DO: dissolved oxygen, Alkalin: 
alkalinity, light: light intensity, ScchD: secchi depth, TSI: trophic status index, NO3: Nitrate, NH4: 
Ammonium, PO4: phosphate,  TN: total nitrogen, TP: total phosphorus, OD: optical density, CO2: fixed 
carbon dioxide, GPP: gross primary production, NPP: net primary production, R:community respiration, 
Chla: chlorophyll-a) 
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Discussion: 

Weather conditions have profound effect on the aquatic ecosystem. Malaysia weather conditions have no 
distinct pattern like in the temperate regions [85]. Typical Malaysian weather can be clear sunny sky, cloudy or 
rain which can happen at any moment during the day, weeks, monthly or yearly. Rain and cloud covers were 
disrupting the important light for photosynthesis [33], alter the temperature and dilute the water chemistry [81].  

Different weather conditions seem to be the major factor behind fluctuation of water quality parameters and 
primary production in both lakes. PCA biplots in Figures (3&4) indicates larger differences in environmental 
variables between the three weather categories and type of lakes. 

Light intensity and then photosynthesis process were significantly affected by dense cloud cover during mix 
weather conditions resulting in decreased of dissolved oxygen in surface water lake. The average dissolved 
oxygen was (4.61 mg Lˉ¹) and (4.73 mg L̄¹) in Engineering lake and Seri Serdang lake respectively. pH and 
nitrate nitrogen (NO3

-) marginally increased during wet weather conditions probably due to acidic rain and 
reduced temperature. In addition, water temperature, total dissolved solids, electric conductivity, salinity, 
alkalinity, trophic status index also decreased in both lakes during wet weather conditions due to the dilution 
factor impact of rainfall. During dry weather conditions, water temperature increased in tandem with high solar 
radiation, resulting in increased evaporation of water thus lowering water level, concentrating more materials 
and suspended solids which may contributed to higher conductivity levels. Electric conductivity associate 
negatively with DO [28], since there were negative correlations of DO observed by PCA with water 
temperature, salinity and total dissolved solids.  

Nitrate concentration was higher in Engineering Lake (oligotrophic) than Seri Serdang Lake (mesotrophic), 
since oligotrophic waters remain aerobic and there is more chance for ammonium oxidations to nitrate and also 
there is no assimilation by producers as in Seri Serdang Lake. Ammonium (NH4) and orthophosphate (PO4) 
were higher in Seri Serdang Lake. Typically, phosphorus is the best chemical indicator of the trophic status of a 
water body [18]. Phytoplankton need amounts of phosphorus around (0.02mg l-1) to form blooms [58], and the 
averages concentration of total phosphorus (TP) during the whole study period were ranged from (0.01 to 
0.07mg l-1) in Engineering lake and from (0.07 to 0.09 mg l-1) in Seri Serdang lake, the overall total phosphorus 
concentration was (0.03 mg l-1) in Engineering lake and (0.08 mg l-1) in Seri Serdang lake was because of 
anthropogenic factors and waste waters input.  

The best ratio of TN: TP for aquatic plant growth is 10:1, ratios higher than 10 indicates a phosphorus-
limited system. The ratios that are less than 10:1 represent nitrogen-limited systems. This finding suggests that 
Engineering Lake was phosphorus limited during dry weather conditions (18.2:1) while Seri Serdang Lake was 
phosphorus limited during wet weather conditions (22.5:1).  

Alkalinity is an important component of water quality and was strongly correlated with TSI (r2= 1.00). The 
negative correlation between alkalinity & TP was observed in Seri Serdang Lake where the alkalinity was 
relatively higher. It is speculated that Calcium may have a role to play in precipitating phosphorus, making it 
less bioavailable [50]. Increasing alkalinity is often associated with increasing of phytoplankton productivity. 

Water transparency (Secchi disk reading) in Seri Serdang Lake was low ranging from (0.175 to 0.254 m) 
with dense green colour suggesting it is more productive than Engineering Lake where the transparency ranged 
from (0.291 to 0.423m).  

Chlorophyll-a is a direct measurement of algal biomass. The nutrient limitation based on TN: TP ratio in 
both lakes is directly related with the biomass concentration of the water [88]. Phytoplankton biomass and 
productivity in both lakes are also closely depending on light availability and intensity. Primary productivity 
generally increases in conditions where the combination of available light and high nutrient concentrations are 
optimum. Therefore, it is most probable that the higher values of primary productivity observed during dry 
weather conditions may be due to combination of high concentration of nutrients, higher temperature, better 
light availability and higher photosynthesis.  

The seasonal decline in light intensity during the mix weather conditions and wet weather conditions is 
likely to be a controlling factor in depressing of primary production at these conditions. In comparison between 
mix and dry weather conditions, the water temperature was not much affected due to the vast volume of water in 
both lake and high specific heat capacity of water.  There were four water inlets for Seri Serdang Lake with only 
one outlet for water outflow. In this configuration, volume of water in the lake is relatively stable partly 
contributing to the stability of water temperature in Seri Serdang Lake.  In dry weather conditions, low cloud 
cover, better light availability and intensity together with low rainfall reduces the dilution factor resulting better 
phytoplankton productivity. It is possible that evaporation reduced certain volume of the water in lakes, 
concentrating the nutrient and improving primary productivity.    

The decline of primary production in the wet season may partly cause by the dilution of essential ions [52]. 
Rainfalls flushed nutrients from urban residential areas or from any other main sources into the lakes. The 
proportions of nutrient inside the lake from anthropogenic sources might fluctuate every time after rainfalls. In 
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recent times the pH of rain water in Malaysia especially the urban areas have been below normal level which is 
acidic. Acid rains can lower water pH in fresh water bodies and has been known to affect primary productivity 
in many freshwater lakes around the world [46].  

Higher temperatures may also increase the metabolic rate of organisms, resulting in increased consumption 
of oxygen. Therefore, water temperature can have a significant influence on DO levels, particularly in tropical 
regions [40], therefore decrease of dissolved oxygen during mix and dry weather conditions can be also due to 
microbial respiration, slight depression of photosynthesis or both.  

According to observation of PCA biplot of engineering Lake (Figure 3), there is negative correlations 
between phytoplankton biomass with nutrients (NO3, NH4, TN, and TP). In biplot of Seri Serdang Lake, Secchi 
depth was negatively correlated with biological parameters, because as productivity increase, water transparency 
decreased. Majority of biomass and primary production parameters during dry weather conditions were 
distributed in the positive space of PC1 in both PCA biplots, suggesting the dependence of phytoplankton 
growth and productivity on trophic status index, TN: TP and alkalinity.  

 Although both lake have small surface area (m2) are but they have a significant contribution in carbon 
dioxide capturing as shown in table (5). In Malaysia there are 90 lakes [69] but small manmade lakes are not 
included. The finding of this study showed that many small lakes in urban and suburban area can do a vital role 
in carbon fixation to solve climate change problems. 
 
Conclusion: 

The present study provides better understanding about the effect of weather conditions on primary 
productivity in general and the role of small urban lake in carbon capture and providing oxygen. In the past 
there are not many studies about the effect of weather conditions and the study mostly emphasized on larger 
lake. According to the PCA, the lakes showed biological and limnological differences among the different 
weather conditions and weather is the main factor in variability of phytoplankton biomass and primary 
production. Water lake characters impacted principally by weather conditions, consequently, biological process 
of phytoplankton have changed during different weather conditions. 
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