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Introduction
Nutrient enrichment of freshwater rivers and lakes is 

a complex and ever-changing phenomenon. The accurate 
and rapid assessment of the trophic (nutritional) status of 
freshwater resources is critical for sound regulatory and 
cost-effective remediation actions.

Traditional trophic-assessment methodologies do not 
address interactions between abiotic (nonliving) and biotic 
(living) factors. Our research objective is to investigate 
whether biodiversity can be used as an indicator to 
provide a reliable assessment of 
the trophic status of freshwater 
resources. Because changes in 
biodiversity directly reflect the 
interactions between abiotic and 
biotic factors these changes 
may be used for trophic-trend 
prediction and early detection of 
water-body degradation.

Wahiawā Reservoir, a multi-
functional body of water on the 
island of O‘ahu, Hawai‘i, is the 
locale for the fieldwork portion of 
this study.

Background
Nutrient enrichment of rivers and lakes in the 

United States has been a widespread phenomenon 
especially over the past three decades. This enrichment 
frequently leads to eutrophication, a proliferation of 

plant life—especially 
algae—that reduces 
the dissolved-oxygen 
content of the water 
and often causes 
the extinction of 
organisms other than 
the algae.

Within the 
U.S., contributions 
from point sources, 
such as wastewater 
discharges, have 
been significantly 

controlled and reduced. Now, however, contributions from 
nonpoint sources, such as urban and agricultural run-
off, are increasingly blamed for eutrophication problems. 
Given the complex nature of nutrient dynamics in water 
bodies, accurate and timely trophic assessment is the 
subject of intensive research since, as noted above, it is 
vitally needed to determine efficient and cost-effective 
regulatory and remedial actions.

Traditional methods used in trophic assessment can 
be classified as either single parameter or composite 
indices. Single trophic parameters, including total nitrogen 
(TN), total phosphorus (TP), chlorophyll a content (Chl-a), 
and diurnal-dissolved-oxygen variation (DDO), are easy 

to measure but fail to address 
the multi-dimensional nature of 
water-body eutrophy. Composite 
indices use multiple parameters 
to generate an index number 
providing a relative measurement 
of the trophic status of a body of 
water. By definition, composite 
indices are more inclusive than 
single-parameter studies. Both of 
these now-traditional methods have 
become indispensable tools in 
cataloging and evaluating trends in 
eutrophication for water-resources 
research.

Despite their significant value in water-resources 
management, both traditional water-trophic assessment 
methods share a common shortcoming—they do not 
address the interactions between abiotic and biotic 
factors.

Understanding the interaction between abiotic 
and biotic factors is essential to developing predictive 
capabilities for trophic-assessment. Understanding the 
responses of microbial communities to nutrient loading is 
at the core of understanding eutrophication.

Recent advancements in genetic/molecular tools 
have enabled researchers to conduct surveys of 
microbial-species biodiversity. Molecular biodiversity, i.e., 
estimated microbial-species richness and evenness, is 
directly influenced by interactions between abiotic and 
biotic factors and, therefore, theoretically, relates directly 
to eutrophication. So far only limited work has been 
done employing molecular tools to study the microbial 
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WRRC hosts visiting microbiologist

WRRC welcomed Dr. Fu-Chih Hsu, Director of Operations at Scientific 
Methods, Inc. (SMI, an Indiana-based microbiology services company), 
who visited Hawai‘i the week of 23 June.

Dr. Hsu was in town for two purposes: first, to train WRRC laboratory 
personnel in the use of two new methods (positively charged capsule filter, 
positively charged silica beads) to concentrate viruses from water and, 
second, to conduct a coliphage (viruses that infect coliform bacteria)-testing 
workshop to prepare staff from the state of Hawai‘i and the city and county 
of Honolulu to implement the monitoring requirements of the new EPA 
“Ground Water Rule.”

The  Ground Water Rule  specifies that coliphage may be used as 
an indicator of fecal contamination of groundwater. Coliphage testing 
represents an improvement upon bacterial indicators that experience 
greater die-off in the environment. The presence of coliphage may more 
accurately reflect health risk posed by fecal contamination. A problem 
with coliphage is that they are likely to occur only in very small numbers 
in groundwater, so large sample sizes are needed. SMI has developed 
methods to address the problems associated with the low concentrations of 
coliphage generally found in groundwater.

Dr. Hsu in the WRRC microbiology lab
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WRRC and the Pacific Research Center for Marine 
Biomedicine (PRCMB*) recently cosponsored a visit by two 
microbiologists from the Environment and Public Health Unit at 
the University of Brighton (UK) School of the Environment and 
Technology. Drs. H.D. Taylor and J.E. Ebdon have been working 
collaboratively with colleagues from the University of Barcelona 
(Spain) on developing a rapid low-cost technique to use a strain 
of Bacteroides bacteria (GB-124) as an indicator of human fecal 
pollution in water. 

WRRC’s Dr. Roger Fujioka has long been exploring the 
potential of alternative microorganisms and chemicals to serve 
as indicators of human pollution in recreational waters in Hawai‘i. 
Extensive research conducted in the islands indicates that the 
mandated indicators are inappropriate for conditions in Hawai‘i 
and other warm climates. Dr. Vijay Kannappan, a post-doctoral 
researcher working with Dr. Fujioka, has been testing the 
Bacteroides GB-124 techniques, developed by our UK colleagues, 
on waters here in Hawai‘i.

While in Honolulu Drs. Taylor and Ebdon also participated 
in the Joint Annual Meeting of the National Science Foundation/
National Institute of Environmental Health Sciences “Oceans 
and Human Health Centers” and the National Oceanic and 
Atmospheric Administration “Oceans and Human Health Initiative.”

WRRC researchers participated extensively in this meeting, 
displaying a number of posters outlining their recent microbiology 
studies. Included in the poster sessions were:

• Use of molecular methods to detect human-specific Bacteroides as 
marker of sewage contamination of recreational waters in Hawaii. 
Marcus Soderlund, V. Kannappan, and R. Fujioka

• Recovery of human noroviruses from sewage and human stool 
samples. Audrey Asahina, P. Loh, R. Lu, and R. Fujioka

• Stability of murine norovirus in marine and fresh water 
environments. Philip C.S. Loh

• Bioaccumulation of human norovirus from sewage by Isognomon. 
Philip C.S. Loh, A. Asahina, R. Lu, and R. Fujioka

include the construction of PCR-based clone libraries as 
well as microbial-community fingerprinting. The visualized 
characterization of microbial communities using such 
methods significantly increases our ability to study 
biological responses in water bodies under eutrophic 
stresses.

Biodiversity and Water-Trophic Status
The interactions between water-nutrient enrichment 

and biodiversity have been extensively investigated. 
Studies have concluded that microbial communities found 
on lake-diatom assemblages and crustacean zooplankton 
are affected by trophic status and that these effects are 
correlated with TP. These studies assessed biodiversity 
based on cultivation and microscopic observation of 
specific microorganisms and, therefore, only covered 
a small portion of the biodiversity. Using gene-based 
methods to compare lakes in different trophic states 
researchers have found that the least diversity exists in 
eutrophic lakes and the most in oligo/mesotrophic (low-to-
moderately nutrient-rich) lakes.

Research Description: Design 
and Methods

Objective 1: Investigate 
the relationship between 
trophic status and microbial 
biodiversity.

Experimental Design
Laboratory-scale tank 

experiments are being carried out 
at the University of Hawai‘i to test 
the hypothesis that transitions 
between different trophic states 
correspond to discernable 
changes in microbial biodiversity and that the overall 
diversity decreases when eutrophication occurs.

In tanks simulating field conditions at Wahiawā 
Reservoir a trophic continuum from oligotrophic to 
hypertrophic will be created. Changes in microbial 
biodiversity will be determined before and after each 
addition of nutrients. The trophic continuum will then be 
compared with the diversity indices.

Methods
Freshwater collected from Wahiawā Reservoir 

will be used as a baseline medium and source of 
microorganisms and algae. The baseline values of 
total inorganic carbon, TN, and TP will be determined. 
These values will form the basis for determining how 
much to amend nitrogen and/or phosphorus levels for 
artificial eutrophication stimulation. TN and TP will also 
be measured before and after each nutrient amendment. 
The DDO concentration will be monitored hourly using an 
automated data logger. Photosynthesis biomass will be 
determined using a colorimetric chlorophyll assay.

Microbial biodiversity will be quantified using a 
procedure involving three primary steps: total genomic 

*”The Pacific Research Center for Marine Biomedicine 
(PRCMB) is conducting hypothesis-driven, interdisciplinary 
research on harmful algal blooms (HAB), water- and vector-
borne diseases, and marine-derived pharmaceuticals and 
probes, in the thematic context of tropical coastal waters 
and small islands.”
 http://www.prcmb.hawaii.edu/about.asp

University of Brighton visitor Hew Taylor with 
WRRC researcher Vijay Kannappan
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UK scientists visit WRRC

• Salinity Gradients in Hawaii’s coastal waters select 
for specific Vibrio species. Gayatri Vithanage and R. 
Fujioka

• Recovery of fecal indicators and non-enteric 
pathogens in beach sand. Sherilyn Hashiro and R. 
Fujioka

• Establishment of Bacterioides phage method in 
Hawaii as a specific fecal source tracking. Vijay 
Kannappan, R. Fujioka, J. Ebdon, and H. Taylor

The lab-scale tanks

DNA extraction, real-time PCR amplification of rRNA 
genes, and quantification of the species abundances. 
Identification of the microbes will be determined by 
comparing our extraction results with established rRNA 
databases such as the National Center for Biotechnology 
Information at the National Institutes of Health’s nucleotide 
database and the Ribosomal Database at Michigan State 
University. The dynamics of the microbial biodiversity will 
be illustrated using two approaches: side-by-side gel-
image comparison and mathematical representation using 
Shannon’s biodiversity index.

Objective 2: Field monitoring of the dynamics of 
trophic status and biodiversity at Wahiawā Reservoir.

Experimental design
We chose Wahiawā Reservoir as the study site for 

two main reasons. First, the reservoir is conveniently 
located in central O‘ahu—enabling easy and frequent 
site visits and sampling. Second, the reservoir is a 
multi-functional water resource with a relatively complex 

hydrological nature. It receives 
drainage water from the upper 
reaches of the (mostly forested) 
Kaukonahua Stream watershed 
but it also functions as the 
receiving reservoir for urban 
runoff and municipal-wastewater 
discharge from surrounding 
communities. 

The primary focus of this 
aspect of the study is to test 
whether the correlation between 
trophic status and biodiversity 
and the assessment protocols 
developed in Objective 1 are 

applicable under field conditions. The same methods used 
in Objective 1 for determining TN, TP, DDO, Chl-a, and 
biodiversity will be used to analyze the field samples. 

Methods
Three sampling sites were identified: one near 

the reservoir dam, one at Wahiawā State Park on the 
south fork of the reservoir, and the third on the north 
fork of the reservoir. Water samples will be collected 
every two weeks for TP, Chl-a, and biodiversity analysis. 
Measurement for TP and Chl-a will be performed on the 
sampling day. The microbial community will be pelletized 
by centrifugation and stored frozen at –86°C. Samples 
from different times will be analyzed together and 
compared side by side. In-situ measurement of DDO will 
be carried out whenevera transition in trophic status is 
expected based on TP and Chl-a analyses,.

While this research is being conducted at Wahiawā 
Reservoir, the findings should prove applicable to other 
regions. Basic understandings of the interactions between 
abiotic and biotic factors developed from the laboratory-
scale tank study should prove universally applicable.

Wahiawa Reservoir continued from page 6... Dr. Aly El-Kadi promoted to full professor
We extend our congratulations to WRRC/Geology & Geophysics professor Dr. 

Aly El-Kadi who was recently promoted to Full Professor. Dr. El-Kadi is an expert in 
groundwater modeling who has conducted numerous and varied research projects 
with WRRC. Among these were developing a restoration and protection plan for the 
Nāwiliwili watershed on Kaua‘i, modeling streamflows and flood delineation of the 2004 
Mānoa flood, and providing groundwater-modeling services for risk assessment at the 
military’s Red Hill fuel-storage facilities. Dr. El-Kadi has been with WRRC since 1989.

Dr. El-Kadi and colleague Dr. Ali Fares from the University of Hawaii College of Tropical 
Agriculture and Human Resources served as co-editors of the recently published  book Coastal 
Watershed Management from WIT Press. 

From the WIT Press website: “This book covers recent research relevant to coastal 
watersheds. It addresses the impact of a stream’s chemical, biological, and sediment pollutants 
on the quality of the receiving waters, such as estuaries, bays, and near-shore waters. The 
contents of the book can be divided into three sections; a) overview of hydrological modelling, b) 
water quality assessment, and c) watershed management.”

 See http://www.compmech.com/acatalog/9781845640910.html for more information.

Dr. Aly El-Kadi

Dr. Ali Fares
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Dr. Weilin Qu, University of Hawai‘i,  
Mechanical Engineering

Introduction
A relatively new desalination process termed 

“humidification-dehumidification” (HDH) has been 
proposed as a feasible solution to future freshwater 
shortages in Hawai‘i.

HDH operates at near-ambient pressure and low 
temperature and can be driven by solar energy as well 
as a variety of low-grade (low-temperature) thermal-
energy sources including low-pressure condensing 
steam from steam power plants, waste heat from 
combustion engines, and waste heat from oil refineries. 
Because of Hawai‘i’s geographical isolation, electricity 
and high-grade hydrocarbon-based thermal energy are 
expensive here. Hawai‘i’s current primary source of 
energy is oil shipped from Southeast Asia.

However there is abundant solar radiation as well 
as other  low-grade thermal energy sources throughout 
the islands. Therefore HDH desalination driven by solar 
energy or low-grade waste heat may be a viable, cost-
effective, and energy-efficient supplemental water source 
for Hawai‘i. This research will adopt a theoretical modeling 
approach to develop a fundamental understanding of the 
various thermal/fluid transport processes in small-scale 
HDH water-desalination systems.

Background
The state of Hawai‘i has witnessed unprecedented 

economic development and population growth in recent 
decades. Air travel has made Hawai‘i easily accessible 
to people from around the world. Millions vacation in the 
state every year. The state’s recent efforts to diversify 
the economy have led to a growing high-tech sector. 
This rapid growth strains the islands’ limited resources. 
We increasingly face the challenge of maintaining 
development under the constraints of essential 
resources such as land, energy, and freshwater. Our 
study will help address the critical issue of freshwater 
supply.

Hawai‘i’s principal water supply is from groundwater 
in basal aquifers. Freshwater floats atop seawater in the 
form of a lens in these aquifers. A transition zone exists 
between the freshwater and the seawater. Over-pumping 
of groundwater can lead to an expansion of the transition 
zone resulting in contamination of the freshwater lens. 
Freshwater demand in Hawai‘i is gradually approaching 
the sustainable yield of the basal aquifers. 

Desalination has a long history as a means of 
providing freshwater to people living in coastal areas. 
Technologically mature and widely used processes 
include multistage effect distillation (MED), multistage 
flash distillation (MSF), and reverse osmosis (RO). MED 
and MSF are based on a liquid-vapor phase-change 

principle where seawater is first evaporated to water vapor 
at either atmospheric pressure (MED) or reduced pressure 
(MSF) and the vapor is later condensed to freshwater. RO, 
on the other hand, is based on membrane technology. 
Seawater is forced to flow through a membrane by 
pressure. The membrane allows freshwater to pass while 
filtering out dissolved minerals.

The main drawback of the aforementioned MED, MSF, 
and RO processes is that they require considerable energy. 
Although the three processes are considered cost-effective 
in regions such as the Middle East, where hydrocarbon 
energy is abundant, they are not suitable for Hawai‘i 
because of the high and rising cost of oil in the state. The 
humidification-dehumidification process is based on the 
principle of heat and mass transfer as well as liquid-vapor 
phase-change. It is a process in which water vapor first 
diffuses from seawater into dry air through evaporation 
in a diffusion tower, thus humidifying the air. The water 
vapor is then carried away by the air to a condenser where 
the water vapor is condensed out from the humidified air 
through cooling to produce freshwater.

Objectives
Our project will focus on small-scale decentralized 

solar-energy-driven HDH water-desalination systems 
intended to meet the freshwater needs of multiple families 
or small communities. The primary objective of our work 
is to develop a fundamental understanding of the various 
thermal/fluid transport processes in solar-driven HDH 
systems through theoretical modeling.
Specific objectives include:
a) Identify commercially available products for 

components of freshwater cooler, pumps, and air 
blowers. Establish modeling tools to describe the 
corresponding thermal/fluid transport processes in 
the components of freshwater cooler, pumps, and air 
blowers; and

b) Review the state-of-the-art technologies to enhance 
solar-radiation heating, evaporation, and direct-contact 
condensation. Assess the feasibility of incorporating 
these technologies into the components of seawater 
solar heaters, diffusion towers, and direct-contact 
condensers. Develop modeling tools to describe the 
corresponding thermal/fluid transport processes in the 
components of the systems.

Methodology
The figure overleaf  shows a simplified schematic 

diagram of the proposed HDH water-desalination system. 
The system is composed of three main fluid circulation 
subsystems denoted as seawater, air/vapor, and 
freshwater.

In the seawater subsystem seawater is circulated 
using a pump (a). Solar radiation heats the seawater in a 

solar heater (b). The heated seawater 
is then sprayed into the top of a 
diffusion tower (c) in direct contact 
with dry air. A portion of the seawater 
evaporates and thus humidifies the air.

Heating the seawater before it 
enters the diffusion tower increases 
freshwater production. Both the rate 
of water evaporation and the humidity 
ratio of the exiting air increase with 
increasing temperature. The brine 
not evaporated in the diffusion tower 
will be collected at the bottom of the 
diffusion tower and discharged into a 
seawater reservoir (d).

In the air/vapor subsystem, cold 
dry air is pumped into the bottom 
of the diffusion tower (c). While 
flowing upward the air is heated and 
humidified by the seawater though 
evaporation. The warm and humid 
air leaving the diffusion tower is 
drawn into a direct-contact condenser 
(e), where it is in direct contact with 
cold freshwater. As a result of a heat- and mass-transfer process the air temperature is reduced and the water vapor is 
condensed from the air into freshwater. The low-humidity air is directed back to the diffusion tower and used repeatedly.

In the freshwater subsystem, the cold freshwater gains heat and mass in the direct-contact condenser (e). After 
discharge from the direct-contact condenser (e), it is cooled in a freshwater cooler (f) by exchanging heat with the 
incoming seawater. Here the freshwater cooler (f) also serves the purpose of preheating the seawater, which helps to 
reduce the amount of solar energy needed in the seawater solar heater (b) to bring the seawater to the desired diffusion-
tower inlet temperature. Finally a portion of the cooled freshwater is directed back to the direct-contact condenser (e) 
to condense the water vapor from the humid air discharged from the diffusion tower (c). The remaining portion of the 
freshwater subsystem is the freshwater production.

Conclusions
The choice of solar-energy driven small-scale HDH water-desalination systems is mostly based on the considerations 

of minimizing land use and infrastructure modification so that the introduction of HDH technology to Hawai‘i can be 
facilitated. Knowledge gained from this project can be applied to large-scale HDH systems.

Flow diagram of experimental HDH desalination system.

New WRRC Project - Modeling of Humidification-Dehumidification (HDH) 
Seawater Desalination Systems Driven by Solar Energy

Humidification-Dehumidification (HDH) Seawater Desalination Systems continued from page 4...

continued on page 5

This year’s winner of the L. Stephen Lau Water Research 
Endowed Scholarship is Daniel Amato. Daniel is a Masters student in 
Marine Botany at UH Mānoa. Daniel’s winning submission included 
a proposal for research he is undertaking on submarine freshwater 
discharges and their effect on the ecological success of reef 
macroalgae.

WRRC’s former (1971–1990) director Dr. L. Stephen Lau and 
his wife Virginia Lau generously established the Scholarship Fund 
in 2004 to advance the cause of water education at the University 
of Hawai‘i. Dr. Lau has been a leader in water research in Hawai‘i 
for many years. He continues to serve as an emeritus professor of 
Civil Engineering at the University of Hawai‘i and recently completed 
Hydrology of the Hawaiian Islands with his long-time collaborator and 
friend John Mink.

Current WRRC Director Dr. James Moncur treated Daniel, Dr. 
and Mrs. Lau and their son Ronald, and a few others to a celebratory 
luncheon at the Kirin Restaurant in June.

Seated: Mrs. Lau and Dr. L. Stephen Lau,
Standing: Jim Moncur, Daniel, Ronald Lau, and 
Roger Fujioka

2008 L. Stephen Lau Water Research Endowed Scholarship awarded
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WRRC/University mourn loss of colleague E. Alison Kay

Dr.  E. Alison Kay

With sadness we report the passing of Dr. E. Alison Kay; Emeritus Professor of 
Zoology, University of Hawai‘i at Mānoa; and lifelong student of the ocean. From her days 
beachcombing as a little girl on Kaua‘i to her prominence as one of Hawai‘i’s leading ocean 
scientists, Dr. Kay couldn’t stay away from the ocean for long. As the foremost expert on 
mollusks in Hawai‘i, Dr. Kay enjoyed a remarkably long and productive 
career, serving at various times as dean of graduate students, head 
of the Zoology Department, editor of Pacific Science, and as a leader 
on the UH Faculty Senate. Her voluntary activities in the cause of 
protecting Hawai‘i’s ocean waters are too numerous to mention.

One of Dr. Kay’s many activities over the last 18 years was serving 
as a key member of the WRRC team conducting the ongoing monitoring 
study of the ocean ecosystems around O‘ahu’s wastewater outfalls.

In March 2008 Molokai Properties Ltd., the owner 
of about one-third of the island of Moloka‘i, announced 
that it would close its Molokai Ranch Co. subsidiary. 
Ranch operations had included cattle ranching and 
resort operations involving a lodge, 40 tent bungalows, 
the only 18-hole golf course on the island, and the 
only movie theater on the island. As the reason for 
the closure Molokai Properties cited several years of 
substantial operating losses for the ranch and its failure 
to win government or community approval for a planned 
200-lot luxury development at Lā‘au Point.

Soon after the 5 April closure of the ranch 
Molokai Properties informed the state Public Utilities 
Commission (PUC) that, by the end of August 2008, it 
intended to close the three public utilities it operates.  
Molokai Public Utilities, Inc., and Wai‘ola O Moloka‘i, 
Inc., (water utilities) and Mosco, Inc., (the sewage utility) 
currently service about 1,200 West Moloka‘i residents. 
While Mosco, Inc., operates with a small profit the 
two water utilities have shown financial losses. The 
company has proposed that Maui County take over the 
utilities.

Maui County maintains that it is not able, nor 
legally obligated, to take over the utilities. It argues that 
the PUC should force Molokai Ranch to keep the utilities 
in operation and contends that any financial problems 
are the result of mismanagement and of failures by the 
company to secure needed government approvals in a 
timely manner. 

Thus has a “hot potato” issue emerged—where 
neither private business nor local government wants to 
maintain or assume ownership of the reportedly run-
down, money-losing, water and sewage utilities.

On 7 June the PUC ordered Molokai Ranch 
to continue providing water and sewage services, 
threatening the company with significant financial 
penalties if it stops. The company argues that the 
utilities are insolvent and that it simply cannot continue 
to operate them at a loss.

There are additional issues complicating Molokai 
Ranch's problems. The ranch’s agreement with the 
state Department of Agriculture to transmit ranch water 
through the state-owned Moloka‘i Irrigation System has 
been allowed to expire. It will not be renewed until an 
(expensive) environmental assessment is conducted. 
Other legal issues have caused the state Commission 
on Water Resource Management to recently deny 
Molokai Ranch permission to use a well that has long 
been the primary supply source for the water utilities.

Critics of Molokai Ranch say that the company is 
claiming insolvency to transfer the financial burden of 
upgrading the utilities, utilities they say Molokai Ranch had 
allowed to deteriorate, to the county and its taxpayers. 
Once the needed upgrades have been completed, 
these critics predict, the company will revive its luxury 
development plans. These same critics note that Molokai 
Properties’ land assets are valued at more than $300 
million by the company’s own estimate. They argue that 
some of this asset value should finance the operation and 
upgrading of the utilities.

In the meantime the PUC has taken the unusual 
step of proposing very large temporary rate hikes for the 
utilities (40.95 percent for Molokai Public Utilities and 121.5 
percent for Wai‘ola O Moloka‘i) so that these utilities can 
continue to operate until a more permanent solution can be 
completed.

Moloka‘i’s ongoing water problems

Cypraea alisonae

The results of a study that appeared in the 
journal Environmental Health Perspectives indicate 
that sunscreen chemicals in the ocean contribute 
significantly to coral bleaching and die off. 

A group of researchers from the Polytechnic 
University of the Marche in Ancona, Italy found in a 
series of experiments conducted in several tropical 
regions (the Atlantic, Indian, and Pacific Oceans, and 
the Red Sea) that sunscreens cause the rapid and 
complete bleaching of hard corals, even at extremely 
low concentrations. According to Roberto Danovaro, 
the research team leader, sunscreens usually have 
up to 20 or more chemical compounds, and certain 
ones triggered viral 
infections affecting 
symbiotic algae 
called zooxanthellae 
that live within reef-
building coral.

In an article 
appearing in the 
Honolulu Star 
Bulletin on 2 June, 
Robert Richmond, professor and principal investigator 
at the University of Hawai‘i’s Kewalo Marine Lab and 
a world leader in coral reef conservation told reporter 
Helen Altonn that “Coral bleaching can occur for 
various reasons, such as climate change, heavy rains, 
freshwater intrusion and pollutants...”

“At this point, in terms of issues hurting the coral 
reef in Hawaii, I wouldn’t put sunscreen in the top three.”

Richmond lists the top three threats here as 
“integrated watershed issues (freshwater runoff into the 
ocean), fishing overharvesting and alien algae.”

Sunscreen killing coral reefs in 
oceans around the world

Bleached coral in Hawai‘i

Wahiawa Reservoir continued from page 1... 
communities in water bodies in different trophic states. 
To date, little has been documented demonstrating how 
changes of trophic state affect biodiversity and vice versa.

Wahiawā Reservoir is an important freshwater 
resource on O‘ahu. It is the largest freshwater sport 
fishery in the state and it also provides irrigation water 
for surrounding agriculture. In the past the reservoir has 
experienced occasional eutrophication problems, such as 
overgrowth of the macroalgae Salvinia molesta, because 
of the input of nutrient-rich storm runoff and treated 
effluent from the Wahiawā Wastewater Treatment Plant.

Research Objectives
Our project is an essential element in a concerted 

effort by the principal investigators to adopt the use of 
modern molecular tools in water-resource management. 
We seek to understand the causal relationships between 
nutrient loadings and biological responses.

The traditional approaches used to characterize 
biological response (e.g., Chl-a and DDO) will be 
compared with biodiversity-based molecular approaches. 
We believe that the molecular approaches, with their 
capability of assessing biological response at the 
individual-species level, are more sensitive than the 
traditionally used overall parameters and, because of 
the improved understanding of the microbial population 
dynamics they provide, will prove more predictive.

Objective 1: Investigate the relationship between 
trophic status and microbial biodiversity.

The working hypothesis for this objective is that the 
eutrophication process corresponds to a decrease in 
microbial biodiversity.

Objective 1 is being studied in laboratory-scale 
systems (tanks) where eutrophication will be stimulated 
through the addition of nutrients.

Objective 2: Field monitoring of the dynamics of 
trophic status and biodiversity at Wahiawā Reservoir.

The field investigation is intended to corroborate 
and extend Objective 1.  Field conditions involve the 
interaction of multiple factors whereas laboratory-
stimulated trophic transition is one-dimensional. Field 

monitoring also provides important information about the 
population dynamics and stress responses of the microbial 
communities in the reservoir.

Methodology
Traditional trophic classification is based on dividing 

the trophic continuum into discrete segments: oligotrophic 
(low nutrient levels), mesotrophic (moderate nutrient 
levels), eutrophic (abundant nutrients), and hypereutrophic 
(extremely high nutrient levels). The identification of 
these continua is usually based either on measurements 
of a single parameter (such as DDO, Chl-a, or TP) or on 
composite indices.

These metrics vary significantly in their ability to 
assess interactions between abiotic and biotic factors. 
Total phosphorous is recognized as the limiting nutrient for 
primary production in most water bodies and thus serves 
as a good abiotic trophic indicator. However it is currently 
known that phytoplankton’s growth is a function of its 
internal concentration rather than its concentration in the 
water in which it is growing.

DDO and Chl-a content are either directly impacted 
by or related to the primary photosynthetic producers. Both 
DDO and Chl-a are overall indicators for biotic factors. 

The composite indices seek to integrate the biotic and 
abiotic parameters, then use a key descriptor to define 
the trophic continuum, but the integration is done either 
arbitrarily or by mathematical fitting. This is different from 
actually characterizing the interelation of abiotic and biotic 
factors.

Molecular Tools in Microbial-Community Analysis 
Molecular tools are increasingly being employed 

for water-quality assessment. The use of certain genetic 
sequences has dramatically increased the thoroughness 
of surveys of microbial biodiversity. Advancements in 
polymerase chain reaction (PCR) techniques provide 
a powerful tool to amplify environmental DNA to levels 
sufficient to permit analysis and manipulation.

 A variety of molecular assessment methods have 
been developed based on these advancements. Examples 

continued on page 7


