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Abstract

My original contribution to knowledge is the successful application of two
modelling paradigms 1) SALMO-PLUS process based model and 2) HEA data driven
model to tropical lakes of different morphometry and trophic status. The application
of SALMO-PLUS to tropical lakes involves utilising the SALMO-OO model
structure for optimisation. This was followed by multi objective parameter
optimisation on selected parameters to seek the optimum parameter values that can
model the algal dynamics and state variables fluctuations in the tropical lakes to an
acceptable magnitude and peaks.

SALMO-PLUS is another version SALMO-OO with capability to run
optimisation by means of particle swarm optimisation (PSO) method. SALMO-OO
has been used as a research tool over a number of lakes with different trophic states
and mixing conditions to simulate algal succession and respond to ecosystem
dynamic. SALMO-0O is driven by process-based differential equations and works
by utilizing a library of three phytoplankton growth and three grazing process models.

Evolutionary algorithms (EA) are bio-inspired adaptive methods which mimic
processes of biological evolution, natural selection and genetic variation such as
cross-over and mutation to develop solutions to complex computational problems
(Recknagel et al, 2006). HEA is designed for rule discovery in water quality time-
series (Cao et al., 2006b) and is capable of forecasting potential algal population
dynamics and outbreaks in water bodies.

The SALMO-PLUS model was applied for simulating the state variables of
selected lakes (Lake Kenyir, Lake Penang, Saidenbach Reservoir, Roodeplaat Dam
and South Para Reservoir). Measured data from the year 2005 and 1992 were used
for Lake Penang and Lake Kenyir respectively. The HEA was applied for predicting
the Chl-a and algal biovolume abundance on tropical lakes (Lake Putrajaya, Lake
Penang and Lake Kenyir) in Malaysia. This study discusses the application of
SALMO-PLUS and HEA towards tropical lakes eutrophication management. The
results of application of SALMO-PLUS on tropical lakes are presented, simulating
response of the phytoplankton community to fluctuation in nutrient loading, light
availability and hydrological aspect in the water bodies. Results of applying HEA on
tropical lakes are also interpreted in the context of empirical and causal knowledge on
Chl-a and algal biovolumes dynamics under tropical lake water quality conditions by
means of rule-based model.

Results for both Lake Kenyir and Penang showed that SALMO-PLUS were
able to predict annual average trends not only for chlorophyll-a but also other state
variables and algal functional groups. Simulated state variables namely Chl-a, N and
P showed good agreement with field observations data for both lakes. Despite the
fact that this is the first time SALMO-PLUS been used for tropical lakes and the
limited data availability from this region, the simulated values of biological and
nutrient state variables match reasonably with measured data. Outcomes from
SALMO-PLUS simulation show consistent compliance with algal community
assembly obtained from other researchers.



The HEA achieved reasonable accuracy in predicting timing and magnitudes
of algal blooms up to 7-days-ahead. The HEA proved to be most efficient in
modelling and predicting seasonal dynamics of chlorophyll-a and algal biovolumes.
A sensitivity analysis conducted for Lake Penang revealed that algal abundance is not
only driven by physical and chemicals characteristics of the water body but also by
impact of inorganic substances in the water that contributes to high level of chemical
oxygen demand in the water as well.

In addition, this study has successfully implemented a new process model
from Law et al. (2009) consisting algal growth, algal grazing, zooplankton growth
and zooplankton mortality functions into the SALMO-OO simulation library.
Combination of this new process models were tested on dataset from Lake Kenyir,
Lake Penang, Saidenbach Reservoir and Roodeplaat Dam within the simulation
library to discover the optimal model structures for respective water bodies. Even
though the new process model was not selected in complete totality as the optimal
model structure for any of the test lakes, the addition has added another alternative for
water body simulation in SALMO-OOQ process library.

Based on these forecasting results, both SALMO-PLUS and HEA have
showed potential for utilisation in early warning and strategic control of algal blooms
in tropical freshwater lakes. The generic nature of HEA forecast model was also
observed when tested for forecasting algal biovolume for merged data of similar lake
ecosystem category. Results from merged Lake Kenyir and Lake Penang data
showed reasonable accuracy in predicting the timing and magnitudes of algal blooms
up to 7-days-ahead. Addition of the new process model from Law et al. (2009) into
the SALMO-PLUS simulation library has also expanded the alternative for lake
category simulation to give a more comprehensive decision support tool for lake and
reservoir management. This study has also affirmed the generality and flexibility of
SALMO-PLUS for usage in tropical lakes modelling. SALMO-PLUS was observed
to be capable of simulating simultaneous seasonal fluctuations in algal growth and
nutrients (phosphate and nitrate) making it valuable for forecasting the impacts of
various simulated scenarios for various lake management regimes.

-Vi-



Declaration

I declare that this work contains no material which has been accepted for the award of
any other degree or diploma in any university or other tertiary institution and to the
best of my knowledge and belief, contains no material previously published or written
by another person, except where due reference has been made in the text.

I give consent to this copy of my thesis, when deposited in the University Libraries,
being made available in all forms of media, now or hereafter known.

Mohd Yusoff Ishak

- vii -



Acknowledgements

In presenting this thesis, | have received generous help from numerous individuals
whom | should like to thank.

I would like to express my gratitude to my principal supervisor, A/P Friedrich
Recknagel for his patience with me and mentoring throughout my years as a PhD
student and for giving me the opportunity to carry out the research. Thanks also to
both my second supervisor (Dr. David Lewis) and external supervisor (Prof. Fatimah
Md Yusoff) for their support and helpful tips.

I would also like to thank the following people for their guidance and contribution to
my PhD project:

To Dr Hongging Cao, Byron Zhang, Jeffrey Newman and Samuel Martin for their
valuable inputs during SALMO-00 and HEA experiments.

To the Malaysian government for their funding of my tuition fee, the Universiti Putra
Malaysia and the local authorities for respective water bodies (Putrajaya Corporation,
Perbadanan Bekalan Air Pulau Pinang and Tenaga Nasional Berhad) studied in this
project as well as Meteorological Department, Institute of Environment and Water
Resource Management (IPASA) and Department of Environment Malaysia. | would
like to extend thanks to the many people in Malaysia and elsewhere, who so
generously contributed to the work presented in this thesis. The extensive results
presented herein are due in part to their contributions.

To my fellow postgraduate colleagues; Young-Kil Kim, Grace Wai, Nor Azman
Kasan, Pranay Sharma, Philip Northeast, Andrew Barker, Peter Ward and Rebecca
Duffield.

Finally, and by no means least, I would like to express my heartfelt thanks to my
wonderful wife, Siti Shafikah Md Daud, who has stood by me throughout the stresses
and difficulties that being a graduate student brings. Thanks also to my parent and
siblings.

- viii -



List of Tables

Table 1 General characteristics of study 1aKes............ccceverieiieeieiicceee e 43
Table 2 List of parameters measured in situ and ex situ in Lake Putrajaya................. 44

Table 3 List of physico-chemical and biological parameters measured in situ and ex
situ in Lake Kenyir and used for this StUAY .........ccooriieiiiiniineeee e 48

Table 4 List of physico-chemical and biological parameters measured in situ and ex
situ in Lake Penang and used for this Study...........ccccevveiiiiiiieie e 51

Table 5 State variables and processes represented by SALMO-0O (from Recknagel et
AL (2008@)) ...ttt et bbb et e nreeae s 56

Table 6 Process library for algal growth and grazing, zooplankton growth and
mortality with AGRO[i]a, AGRA[i]a, ZGROJi]a, ZMOJi]a, adopted from Benndorf
and Recknagel (1982) AGRO[i]s, AGRA[i]g, ZGRO[i]s, ZMQ[i]s adopted from
Park et. al. (1974) AGROJi]c, AGRA][i]c, ZGRO[i]c, ZMOi]c adopted from
Hongping and Jianyi (2002) and AGRO[i]p, AGRA[i]p, ZGRO[i]c, ZMOIi]p,

adopted from Arhonditsis and Brett (2005) (from Recknagel et al. (2008a)) ............. 57
Table 7 Three lake categories and their best performing structure of the algal mass

balance equations of SALMO-0OO (from Recknagel et al. (2008a))..........cccccervvenee 57
Table 8 Input data required for running the SALMO-00 model............cccoevveiieennns 58
Table 9 Daily input data used for HEA in this Study .........ccccooviiieiiiiiiciie e 77

Table 10 Parameter settings of HEA for rule model discovery (Cao et al., 2006b)....79
Table 11 List of input data required for running the DYRESM model...................... 81

Table 12 Spectrum of environmental conditions of the lakes chosen for model
identification by SALMO-PLUS .......cco oot 125

Table 13 Sources of process models included in the library of SALMO-PLUS....... 126

Table 14 List of parameters used for multi objective parameter optimisation in
SALMO-PLUS ...ttt e e e e 128

Table 15 Expert-based pre-set and interactively fine-tuned initial values for state
variables achieved by SALMO-PLUS for Lake Kenyir. .......c.cccoovevviieiivenesicsnennnns 129

Table 16 Expert-based pre-set, optimised and interactively fine-tuned parameter

values achieved by SALMO-PLUS for Lake Kenyir; X1=diatoms, X2=green algae
and X3=DblUe-green algag ..........cccoiveieiiiiiee e 130

-iX -



Table 17 Expert-based pre-set and interactively fine-tuned initial values for state
variables achieved by SALMO-PLUS for Lake Penang .........ccccccevvevevvevesiiesnennnns 135

Table 18 Expert-based pre-set, optimised and interactively fine-tuned parameters
values achieved by SALMO-PLUS for Lake Penang; (X1=diatoms, X2=green algae,
DG ol o] (1o =TT o SR 136

Table 19 Expert-based pre-set and interactively fine-tuned initial values for state
variables of Saidenbach Reservoir for SALMO-PLUS simulation ............cccccceevene. 142

Table 20 Expert-based pre-set and fine-tuned optimised parameter values achieved by
SALMO-PLUS for Saidenbach Reservoir (X1=diatoms, X2=green algae, X3= blue-
green; STW=winter, VZF=spring, STS=summer, VZH=autumn) ...........cc.cceccvsurr.. 142

Table 21 Reference and interactively fine-tuned initial values for state variables of
Roodeplaat Dam for SALMO-PLUS simulation..........c.ccccovviveiiieiivcie e 148

Table 22 Initial values for parameters and optimised parameter values achieved by
SALMO-PLUS for Roodeplaat Dam (X1=diatoms, X2=green algae, X3= blue-green;
STW=winter, VZF=spring, STS=summer, VZH=autumn) ..........c.c.cceeevrrurrvverurrruenn. 148

Table 23 Reference and interactively fine-tuned initial values for state variables of
South Para Reservoir for SALMO-PLUS simulation............ccoocvevevinieninnieeneceee 154

Table 24 Initial values for parameters and optimised parameter values achieved by
SALMO-PLUS for South Para Reservoir (X1=diatoms, X2=green algae, X3= blue-

green; STW=winter, VZF=spring, STS=summer, VZH=autumn) ..........cc..ccecovsurr.. 155
Table 25 List of present process model structure in SALMO-0OO showing addition of

Law et al. (2009) (symbol as model E).........cccoovvviieiiiii i 159
Table 26 SALMO-00 algal and zooplankton processes formulation....................... 161

Table 27 List of parameter definitions and unit specific to the new process model with
their original values retained for this eXperiment ............ccoccevvevenienienesie s 163

Table 28 Example of a matrix used to perform the test with new process model in
SALMO-0O0 on Saidenbach Reservoir present best structure (B1-D2-A3-D4) ....... 164

Table 29 Four lake categories and their best performing model structures for algal
processes identified by SALMO-PLUS ... s 180

Table 30 Comparison on parameters value selected for multi objective parameter
optimisation and values after optimisation for Lake Kenyir (X1=diatoms, X2=green
algae, X3=Dblue-green algae) .........cccooeriiiiiiiiieeee e s 182

Table 31 Comparison on parameters value selected for multi objective parameter
optimisation and values after optimisation for Lake Penang. (X1=diatoms, X2=green
algae, X3=Dblue-green algag) .........cceoeiiiiiiiiiieiiee e s 183



Table 32 Initial values for diatoms, green algae and blue-green algae in Lake Kenyir
and Lake Penang used for this reSearch...........cccccveveiieiie e 185

Table 33 Summary of process model combinations selected for further assessment
from experiment with lakes of different trophic state and mixing conditions.
A=Benndorf and Recknagel (1982); B=Park et al. (1974); C=Hongping and Jianyi

(2002); D=Arhonditsis and Brett (2005); E=Law et al. (2009).........ccccevrrvvrrrrernne. 187
Table 34 List of process models in the simulation library of SALMO-0O0 .............. 189
Table 35 List of r* and RMSE values obtained from HEA model experiment.......... 191

-Xi -



List of Figures

Figure 1 Study site: locations of Lake Penang, Lake Putrajaya and Lake Kenyir.......42

Figure 2 The description of the study site in Lake Putrajaya (from PJC, pers. comm.,
2000). Data from sampling location PLg2 was used for this research ....................... 46

Figure 3 The description of the study site in Lake Kenyir (from Yusoff (1995)). Data
from sampling station number 3 was used for this research............ccccooeiiiiiiciiecinnns 49

Figure 4 The description of the study site in Lake Penang (after Makhlough, 2008).
Data from sampling location A2 was used for this research. Mengkuang Reservoir is
the official name for Lake Penang. ..o 52

Figure 5 Structure diagram of the model SALMO-OQO illustrating all the state
variables and key processes simulated by the model (from Walter et al. (2001) ........ 54

Figure 6 PSO using gbest neighbourhood topology showing fully connected

neighbourhood relation (from Coelho and Mariani (2009) ..........ccoooeiiiiiiciinnieenene 60
Figure 7 Flow chart in PSO approach (from Coelho and Mariani (2009)).................. 62
Figure 8 Conceptual framework of the SALMO-PLUS simulation system (from

(Martin & Recknagel, 2010))......ciiiiieieiieciee e 63
Figure 9 Snapshot from computer showing the Java Version .............cccccvevvviveneseenne. 64

Figure 10 Graphical user interface (GUI) for the SALMO-0O simulation library
(from : http://ecolinfo.ees.adelaide.edu.au:8080/SALMO-OO/index.html)................ 65

Figure 11 Visual output of simulation results within the SALMO-0O application
(from : http://ecolinfo.ees.adelaide.edu.au:8080/SALMO-OO0/index.html)................ 66

Figure 12 Flowchart of the hybrid evolutionary algorithm (from Cao et al., 2006a)..76

Figure 13 Conceptual diagram of the hybrid EA for the discovery of predictive rule
sets in water quality time-series (Cao, et al., 2006D)..........cccocriiririiiiiiiiereeenees 78

Figure 14 Frequency of input variable selection by HEA during 100 bootstrap runs for
LAKE PULTAJAYA ... vecveeieeie ettt sttt et e s nre et e e e neeneenns 84

Figure 15 Structure of the Chl-a model for Lake Putrajaya a) input sensitivity
according to the THEN-branch, b) input sensitivity according to the ELSE-branch ..85

Figure 16 Validation of the 7-days-ahead forecasting model for Chl-a in Lake
Putrajaya for the years 2003 t0 2008 .........cccveieiieeiieieieere e 86

Figure 17 Frequency of input variable selection by HEA during 100 bootstrap runs for
Lake Putrajaya (EXPErMENT 2).......oiiiiiiieiieiesie sttt 87

- Xii -



Figure 18 Structure of the Chl-a model for Lake Putrajaya (experiment 2) a) input
sensitivity according to the THEN-branch, b) input sensitivity according to the ELSE-
branch (note: values in the legend box are the range of input data) ..............ccceeuvneee. 88

Figure 19 Validation of the 7-days-ahead forecasting model for Chl-a in Lake
Putrajaya for the years 2005 to 2008 (EXPEriMENt 2).......cccvevvriereerieiieeieerieseesieeeens 89

Figure 20 Frequency of input variable selection by HEA during 100 bootstrap runs for
LAKE KBNYIT .ttt ettt sb et be b neenrs 91

Figure 21 Structure of the model of algal biovolume for Lake Kenyir a) input
sensitivity of the THEN-branch b) input sensitivity of the ELSE-branch................... 92

Figure 22 Validation of the 7-days-ahead forecasting model for algal biovolume
(UM3) i Lake KeNYir FOr 1992 ..ot sesse st 94

Figure 23 Data division and seasonal distribution by the HEA model for algal
biovolume (UM?®) in Lake Kenyir for 1992 .........o.ovoeeeeeeseeeceeeeeeeeeeeeeeeseesses s 94

Figure 24 Seasonal data division by the HEA model for algal biovolume (um?)
showing monsoon seasons in Lake Kenyir for 1992 ..........cccocvviiiniiinninnenieneens 95

Figure 25 Frequency of input variable selection by HEA during 100 bootstrap runs for
[T o 0 g o USSP 96

Figure 26 Structure of the Chlorophyll-a model for Lake Penang a) input sensitivity of
the THEN-branch, b) input sensitivity of the ELSE-branch............c.ccccccooviviiiiiiiinns 97

Figure 27 Validation of the 7-days-ahead forecasting model for Chl-a in Lake Penang
TOr 2005 N0 2006 .......cviiiiiiiitieiieiee ettt bbb 99

Figure 28 Data division for the rule set in Lake Penang for 2005 and 2006 showing
the input data are divided into two parts depending on the Secchi depth value. ....... 100

Figure 29 Data division seasonal distribution by the model with 7-day-delay input
data in Lake Penang for 2005 and 2006...........cccccverieriereeiesienieeieseesie e see e 100

Figure 30 Frequency of input variable selection by HEA during 100 bootstrap runs for
algal biovolume prediction for Lake PENang..........cccoceverienieiiiie e 101

Figure 31 Structure of the algal biovolume model for Lake Penang a) input sensitivity
of the THEN-branch, b) input sensitivity of the ELSE-branch ...............ccccoveevenn. 102

Figure 32 Validation of the 7-days-ahead forecasting model for algal biovolume in
Lake Penang for the years 2005 t0 2006..........c.cereeririenieenienie e 103

Figure 33 Frequency of input variable selection by HEA during 100 bootstrap runs for
merged data of lakes Penang and Kenyir.........cccccovveiiiieiiieie e 105

- Xiii -



Figure 34 Structure of the model for algal biovolume from merged Lake Kenyir and
Lake Penang input data a) input sensitivity of the THEN-branch, b) input sensitivity
OF the ELSE DIaNCR ... e 106

Figure 35 Validation of the 7-days-ahead forecasting model for algal biovolumes in
Lake Kenyir for 1992 developed by experiment L .........ccccoeveviiieeriveieseese e 107

Figure 36 Validation of the 7-days-ahead forecasting model for algal biovolumes in
Lake Penang for 2005/2006 developed by experiment L.........ccccccovcviirieeneniienennncns 108

Figure 37 Frequency of input variable selection by HEA during 100 bootstrap runs for
(1T ST )Y/ OSSPSR 109

Figure 38 Structure of the model of algal biovolume for Lake Kenyir a) input
sensitivity according to the THEN-branch, b) input sensitivity according to the ELSE
branch (note: values in the legend box are the range of input data) ............c.ccccv.e.. 110

Figure 39 Validation of the 7-days-ahead forecasting model for algal biovolume
concentration in Lake Kenyir for the year 1992 ... 111

Figure 40 Frequency of input variable selection by HEA during 100 bootstrap runs for
Lake Penang 2005/2006..........cceeueiiuereaieiieseeiesee e eeessae e eeesnae e esee e esnesneesnaennens 112

Figure 41 Structure of the model of algal biovolume for Lake Penang a) input
sensitivity according to the THEN-branch, b) input sensitivity according to the ELSE
branch (note: values in the legend box are the range of input data) ............c.ccccvee.. 113

Figure 42 Validation of the 7-days-ahead forecasting model for algal biovolume in
Lake Penang for 2005 and 2006 ...........ccccorierienienienieeie e 114

Figure 43 Frequency of input variable selection by HEA during 100 bootstrap runs for
merged electronically measured data of lakes Penang and Kenyir..........cccccceevveuenee. 116

Figure 44 Structure of the model for algal biovolume from merged Lake Kenyir and
Lake Penang electronically measured input data a) input sensitivity of the THEN-
branch, b) input sensitivity of the ELSE branch............ccccccooviiiieiiiiececeee e 117

Figure 45 Validation of the 7-days-ahead forecasting model for algal biovolumes in
Lake Kenyir for 1992 developed by experiment using electronically measured input
(0= U W] Y2 SR 119

Figure 46 Validation of the 7-days-ahead forecasting model for algal biovolumes in
Lake Penang for 2005/2006 developed by experiment using electronically measured
INPUL AALA ONIY ..ttt e e e 119

Figure 47 Frequency of electronically measured input variable selection by HEA
during 100 bootstrap runs for Lake PULrajaya..........ccccererieneinieniinnienesee e 121

Figure 48 Structure of the Chl-a model using electronically measured input data for
Lake Putrajaya a) input sensitivity according to the THEN-branch, b) input sensitivity

- XiV -



according to the ELSE-branch(note: values in the legend box are the range of input

Figure 49 Validation of the 7-days-ahead forecasting model for Chl-a in Lake
Putrajaya for the years 2005 to 2008 using electronically measured input data........ 123

Figure 50a Simulation results of SALMO-PLUS for PO,4-P and NOs-N concentrations
in Lake Kenyir (1992). X-axis in days; — = simulated epilimnion; ---- = simulated
hypolimnion; 0 =measured epilimNioN ..o 131

Figure 50b Simulation results of SALMO-PLUS for Total phytoplankton and Algal

functional groups biomass in Lake Kenyir (1992). X-axis in days; — = simulated
epilimnion; ---- = simulated hypolimnion; For algal functional groups simulation, —
= Diatoms; - - - = Green Algae; X = Blue-green Algae ........cccocvevevvevecviesieese e 132
Figure 51a Simulation results of SALMO-PLUS for PO,4-P and Chlorophyll-a
concentrations in Lake Penang (2005). X-axis in days; — = simulated epilimnion; -
--- = simulated hypolimnion; 0 =measured epilimnion .........c.cccccccevivevienieiieere e 137

Figure 51b Simulation results of SALMO-PLUS for Total phytoplankton and Algal

functional groups biomass in Lake Penang (2005). X-axis in days; — = simulated
epilimnion; ---- = simulated hypolimnion; For algal functional groups simulation, —
=Diatoms; - - - = Green Algae; X = Blue-green Algae. ........cccoeovvvvviinienieneeneseeen 139
Figure 52a Simulation results of SALMO-PLUS for PO4-P and Total phytoplankton
in Saidenbach Reservoir (1975), X-axis in days; — = simulated epilimnion, --- =
simulated hypolimnion, = omeasured data.............cccccerivererieenieere e 143

Figure 52b Simulation results of SALMO-PLUS for zooplankton biomass in
Saidenbach Reservoir (1975); ), X-axis in days; — = simulated epilimnion, --- =
simulated hypolimnion, = omeasured data.............cccooervererieenieere e 145

Figure 53a Simulation results of SALMO-PLUS for PO,4-P and NO3-N in Roodeplaat
Dam (2003), X-axis in days; — = simulated epilimnion, --- = simulated hypolimnion,
o T S0 €T I oL USSR 149

Figure 53b Simulation results of SALMO-PLUS for Total phytoplankton and
Chlorophyll-a concentrations in Roodeplaat Dam (2003) X-axis in days— =
simulated epilimnion; ---- = simulated hypolimnion; o = measured epilimnion....... 151

Figure 54a Simulation results of SALMO-PLUS for PO,4-P and O, concentrations in
South Para Reservoir (2008) X-axis in days. — = simulated epilimnion; ---- =
simulated hypolimnion; 0 =MEASUIEd..........cceiveieereiiese e 156

Figure 54b Simulation results of SALMO-PLUS for Total phytoplankton and

zooplankton in South Para Reservoir (2008). X-axis in days — = simulated
epilimnion; ---- = simulated hypolimnion; 0 =measured. .............cccooevvveierivereeeenne. 158

_XV_



Figure 55 Snapshot from SALMO-OO model selection page showing the new process
model from Law et al. (2009), (symbol as model number 2) and the new category for
mesotrophic tropical-stratified 1ake. ... 160

Figure 56 Lake Kenyir (1992) simulation results from the SALMO-0O optimised
model structure and combination with zooplankton mortality process model from Law

et al. (2009) for PO,4-P and NOs-N concentrations. X-axis in days; — = simulated
epilimnion; ---- = simulated hypolimnion, 0 = measured data. For algal functional
groups: : — = Diatoms; - - - = Green Algae; x = Blue-green Algae..........c..cccuc..... 166

Figure 57 Simulation results of SALMO-O0O for PO4-P, Chlorophyll-a, Total
phytoplankton and algal functional groups in Lake Penang (2005). X-axis in days.
— = simulated epilimnion; ---- = simulated hypolimnion; For algal functional groups
simulation, — =Diatoms; - - - = Green Algae; X = Blue-green Algae..................... 170

Figure 58 Simulation results of SALMO-OO for PO,- total phytoplankton biomass,
zooplankton and algal functional groups in Saidenbach Reservoir (1975). X-axis in
days; —— = simulated epilimnion; o = measured data; For algal functional groups
simulation, — =Diatoms; - - - = Green Algae; X = Blue-green Algae..................... 173

Figure 59a Simulation results of SALMO-0O for PO4-P and NOs-N concentrations
in Roodeplaat Dam (1992). X-axis in days, — = simulated epilimnion; ---- =
simulated hypolimnion, 0 = measured data ...........ccccooeririiiieneeeee e 176

Figure 59b  Simulation results of SALMO-OOQ for algal functional groups in

Roodeplaat Dam (2003). X-axis in days, — = simulated epilimnion; o = measured
data. For algal functional groups simulation (bottom, right), — =Diatoms; - - - =
Green Algae; X = Blue-green AlQae. ........cccvieeiieieiieie e 177

- XVi -



	TITLE: Predictive modelling of eutrophication and algal bloom formation in tropical lakes
	CONTENTS
	Abstract
	Declaration
	Acknowledgements
	List of Tables
	List of Figures


