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Problem and Research Objectives 
 
Traditional trophic state assessment methods for inland waters, which were developed based on a 
few physical/chemical parameters or composite indices of these parameters, do not address the 
interactions between abiotic factors and biotic factors. Therefore, they often fail to alert 
forthcoming problems of algal bloom and eutrophication in lakes or reservoirs receiving 
nutrients from storm runoff and other pollution sources. In this project, laboratory and field 
experiments are conducted to simulate trophic changes at the Wahiawa Reservoir on Oahu, 
Hawaii and to investigate the relationship between trophic states and microbial biodiversity. The 
working hypothesis is that the eutrophication process, i.e., the transition from oligotrophic to 
eutrophic and to hypertrophic, corresponds to significant changes of microbial biodiversity. 
 
The principal objectives of this proposal are to:  
1. Establish the relationship between trophic states and microbial biodiversity in polluted lakes 

by laboratory experiments. 
2. Select three field sites in Wahiawa Reservoir, which are in varying trophic states and to 

conduct conjunctive bioproductivity and corresponding studies. 
3. Study Escherichia coli decay kinetics in Wahiawa Reservoir and the relationship between 

bioproductivity, biodiversity, and E. coli die-off kinetics. 
 
 
Methodology  
 
Design and operation of lab-scale bioreactor experiments. Three flow-through lab-scale 
bioreactors were constructed to study how lake productivity and biodiversity are influenced by 
nutrient inputs. Total phosphorus (TP) was used as the limiting nutrient controlling 
bioproductivity. By adjusting influent TP and hydraulic conditions of these reactors, three 
trophic state, i.e., oligotrophic, mesotrophic, and eutrophic, were established in bioreactors. 
Determination of TP concentrations and other operational conditions, including TR hydraulic 
residence time, overflow rate (Q/A), and TP loading (TP/surface area) were based on the 
Vollenweider model. Parameters to be monitored during the field investigation and laboratory 
experiments include algae cell numbers, Chl a, dissolved oxygen (DO), pH, TN, total organic 
carbon (TOC), TP and reactive phosphorus, total solids (TS), and turbidity. 
 
Molecular biology and biodiversity analysis. This project follows a molecular approach to 
characterize prokaryotic and micro eukaryotic biodiversities. PCRs were conducted on an 
iCycler (Bio-rad, Hercules, CA) to amplify the small subunit ribosomal ribonucleic acid (rRNA) 
genes (i.e., 16S rRNA or 18S rRNA for prokaryotes and eukaryotes, respectively). The amplified 
rRNA genes were then visualized using DGGE. Computer-aided image analysis was performed 
to identify gel bands representing distinct microbial populations. Finally, values of Shannon 
diversity index were calculated to describe the biodiversity of the water samples.  
 
Determine the die-off kinetics of E. coli in different trophic states. The experimental approach 
involves spiking cultivated E. coli cells into the three laboratory bioreactors that have developed 
different trophic states, and monitoring the die-off of E. coli cells over time. The laboratory 
reservoir microcosms will use the same microcosms that were developed in Phase 1 of this 



 

 

WRRIP project. The bioreactors are to be fed with freshly-obtained Wahiawa Reservoir water as 
inoculum and operated according to the previously established protocols.  
 
After a short initial mixing to dispense the spiked E. coli cells, water samples (10 ml) will be 
collected from all three bioreactors every 30 minutes. The numbers of viable E. coli cells are 
then to be quantified using EPA’s standard method.  
 
 
Principal Findings and Significance 
 
1. Laboratory Investigation  

Major findings that were achieved by laboratory experiments using three bioreactors have 
been included in the Phase 1 WRRIP project. 

 

2. Field Investigation  
Three field sampling sites were selected for the second phase of this WRRIP project. 

 

 
 
 
 
 
Figure 1. Wahiawa watershed and the selected sampling sites. 
 
 
Site 1 shows the least biological activity and Site 2 shows the highest biological activity  
(Table 1). The reservoir is most likely in a mesotrophic state. 
 
Table 1. Water quality of Wahiawa Reservoir. 

Site Chl a 
(mg/m3) 

TN 
(mg/L) 

TOC 
(mg/L) 

TP 
(:g/L) 

Reactive P 
(:g/L) 

TSS 
(mg/L) 

1 15.3 0.23 3.42 34.9 13.7 5.6 
2 23.9 0.35 4.14 58.3 17.7 5.0 
3 17.4 0.24 3.35 32.1 11.7 4.3 
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Water samples collected at these sites were then analyzed to determine their biodiversity. Results 
of DGGE analysis are shown in Figure 2. 
 
 

    
 (a)  (b) 
 
Figure 2. DGGE analysis of 18/16S rDNA fragment for determining the biodiversity in Wahiawa 
Reservoir by using DGGE band pattern. Image (a): DGGE analysis of 18S rDNA fragment. 
Image (b): DGGE analysis of 16S rDNA fragment. Lane 1 and Lane 4 are collected in Site 1 of 
Wahiawa Reservoir; Lane 2 and Lane 5 are collected in Site 2 of Wahiawa Reservoir; Lane 3 
and Lane 6 are collected in Site 3 of Wahiawa Reservoir. 
 
 
Biodiversity of these water samples were further determined by the Shannon diversity index 
analysis (Table 2). The formula for calculating the Shannon diversity index is: 
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where  
i
p  is the proportional abundance of the ith band 

i
n  is the intensity(pixel) of band 
N: is the total intensity of banding land 
E is the evenness 
S is the band number (species richness). 

 
Table 2. Biodiversity indices based on DGGE banding data analysis of 18 rDNA/16 rDNA 
fragment of Wahiawa Reservoir. 

Eukaryote  Prokaryote 
Lane H′ S E  Lane H′ S E 

1 1.828  14 0.6926  4 2.452  16 0.8845 
2 1.960  12 0.7887  5 2.918  27 0.8855 
3 2.621  20 0.8748  6 2.693  21 0.8846 

 
Comparing the results of Tables 1 and 2 indicates that eukaryotes or algae in a polluted reservoir 
would have a high biodiversity when it is in the state of mesotrophic. 
 
 
E. coli Kinetics  

 
The E. coli die-off experiments were conducted in three bioreactors (Table 3). They indicate that 
E. coli would die-off the fastest in an oligotrophic water and the slowest in an eutrophic water. 
 
Table 3. E. coli die-off in three bioreactors of varying trophic levels. 
 

Oligotrophic  Mesotrophic  Eutrophic Time 
(hr) Plate 1 Plate 2  Plate 1 Plate 2  Plate 1 Plate 2 

0 1451 1728  1640 1431  1735 1704 
3 109 149  438 371  650 694 
7 1 1  67 68  91 396 

11 1 1  57 85  1 2 
Note: Data = number of colonies present. 




