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The concept of developing early warning systems at a range of scales to reduce 
the likelihood of negatively impacting ecosystems is not new.  Early warning 
systems are often developed in response to specific, immediate concerns such as 
major weather events (e.g., hurricanes, cyclones, tornados) or geo-physical 
events (e.g., earthquakes, tsunamis, tidal waves).  There is also a need to 
develop early warning systems that identify environmental issues that may take 
longer to develop, or emerge, than the natural disasters that are typically 
targeted.  Emerging environmental threats might include types of environmental 
degradation that increases the vulnerability of ecosystems or decreases the 
resiliency of ecosystems to a point where there is a significant alteration in 
ecosystem function and a negative impact on human health and well-being. 
 
Coastal ecosystems provide a particularly challenging environment in which to 
develop timely early warning systems that alert coastal decision makers of 
unsafe water quality conditions for humans (e.g. beach closures or seafood 
harvesting bans) as well as the point at which habitats no longer offer 
environmental buffering capabilities and begin to show whole-system decline.  
These coastal and estuarine systems, located at the interface between oceanic 
and terrestrial systems, are integrators of multiple physical, chemical and 
biological stressors, making it difficult to select a single, penultimate, indicator 
of environmental condition at any one place in time.  The importance of 
developing timely early warning and rapid detection technology to reduce 
negative human and environmental impacts in coastal ecosystems also has clear 
economic importance, in terms of dollars lost in tourism, health care, and 
remediation efforts.  Ultimately, the effectiveness of implementing any early 
warning system depends on the communication and transfer of information 
between coastal decision makers, scientists, and the public.   
 
The United States Commission on Ocean Policy tasked the Joint Subcommittee 
on Ocean Science and Technology to develop an ocean research priorities plan 
to guide the next decade of ocean research.  This plan identified six thematic 
areas, however, there was no explicit information regarding how research in 
these areas would be applied to the “real-world” decision making that coastal 
managers handle on a daily basis.  Weak linkages between scientific research 
endeavors and the actual needs of managers to address complex environmental 
issues have been previously identified as a critical problem in transitioning 
science to application (Pew Ocean Commission 2003).  Thus, the Research to 
Applications Task Force (RATF) was formed to identify and recommend best 
practices to implement in order to optimize federally funded research to 

389

21st  International Conference of The Coastal Society



applications efforts (Ocean Research and Resources Advisory Panel, 2007).  
Collaboration between groups developing information (or products) and the 
groups actually using the information needs to occur throughout the entire (e.g., 
during problem formulation, research proposal selection, and end-user 
application) and the lack of institutional prioritization on the timely transition of 
research to application hinders successful transition of research to applications.  
Six activities were identified to improve the transition of research to 
applications: 1) Prioritize user involvement throughout the research to 
applications process, 2) Engage and empower neutral third parties with the 
expertise to facilitate collaboration among researchers and the end-user 
community, 3) Conduct cross-agency state-of-the-science assessments that 
create consensus about the state of knowledge and identify gaps that define 
future research needs, 4) Encourage an agency culture that places high value on 
transitioning by creating incentives and accountability that stimulate program 
managers to integrate application into their research programs, 5) Expand 
opportunities and incentives that motivate researchers to work with users and 
producers toward applications, and 6) Allocate the time, personnel, and funding 
necessary to support research and development through application. 
 
Many mission oriented programs are striving to improve the likelihood of 
research results being used effectively by environmental managers.  The 
National Oceanic and Atmospheric Administration’s (NOAA) Cooperative 
Institute for Coastal and Estuarine Environmental Technology (CICEET) is 
actively incorporating the RATF recommendations in order to optimize financial 
investments, address prioritized coastal management needs, and support high 
quality research programs through directed funding.  CICEET is currently 
supporting collaborative research between NOAA’s National Centers for 
Coastal Ocean Science and the Southern California Coastal Water Research 
Project focused on developing rapid detection technologies to support coastal 
management needs for early warning systems regarding swimming water 
microbial contamination.  Additional collaborative research efforts and resulting 
management applications leading to larger ecosystem scale early warning 
systems have been successful in the Gulf of Mexico (i.e., harmful algal bloom 
forecasts) and in the Southeast (i.e., sentinel habitat responses to development).   

 
Rapid Detection Technology to Assess Human Health Risks 

 
Quantifying human health risks associated with impaired water quality 
conditions has been identified as a high priority for coastal managers due to the 
increasing number of beach and shellfish area closures and advisories in the US.  
These closures and advisories result in major negative economic impacts from 
the loss of tourism as well as the costs associated with exposures and related 
public health issues.  Between 1997 and 1999 the number of beach closures 
within the US increase by 50% (National Research Defense Council, 2000) and 
Los Angeles and Orange Counties in southern California estimated an annual 
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economic loss of $20-51million from people who contracted gastroenteritis as a 
consequence of their swimming in contaminated waters (Givens et al., 2006).   
 
Microbial indicators of contamination include both bacterial and viral 
components (Boehm and Weisberg, 2005).  Traditionally, water samples require 
a 24-48 hr incubation period before results can be shared with the coastal 
decision makers.  This time delay in posting beach closures result in warnings 
that are too late to curtail exposure to health risks.  Ideally, managers would 
have a rapid, reliable contaminant monitoring capability on-site to support real-
time decision making regarding human health risks.  Additionally, 
understanding the sources of fecal contamination (rather than solely their 
presence) can lead to targeted remediation efforts.  Microbial source tracking 
can aid in source identification and involves genomic and biotechnology tools 
that allow for more rapid and less expensive assessments (Santo Domingo et al., 
2007).  These technologies support epidemiological studies that correlate 
microbial exposure with human illness and lead to improved risk assessment 
models and predictive capabilities that are critical both from a legal requirement 
perspective and for protecting human health and well-being.  

 
Integrating Multiple Coastal Observations to Forecast 

Harmful Algal Blooms   
 

The increasing regularity of harmful algal blooms (HABs) along the US coast 
presents coastal managers with similar challenges as microbial contamination in 
terms of human risk and economic impact. A conservative estimate of the 
economic effects of HABs in the US is at least $82 million per year (Hoagland 
and Scatasta, 2006). There are, however, additional challenges that arise with 
HABs due to their greater spatial extent and associated impact on other 
ecological components.  Ecological impacts include marine mortalities (e.g. fish, 
mammals, and birds), degraded habitat quality (e.g., hypoxia/anoxia), increased 
biomass associated with a bloom, which can block light and reduce vegetation 
or coral growth. All of these can interact to change food web dynamics within 
the ecosystem (Jewett et al., 2007). 
 
The Harmful Algal Bloom and Hypoxia Amendments Act of 2004 
acknowledged that HABs were a complex and economically damaging issue for 
the US.  Environmental conditions such as nutrient and light availability, 
temperature, salinity, grazing and physical forces impact algal growth and 
location.  In the eastern Gulf of Mexico, Karenia brevis is responsible for many 
of the harmful blooms that occur in the area (Stumpf et al., 2003).  Since 2004, 
NOAA’s Harmful Algal Bloom Bulletin has integrated satellite imagery, field 
observations, and water quality data to provide coastal managers with sufficient 
warning and information to prepare for blooms in the Gulf of Mexico.  This 
operational forecasting effort was built on collaborations among multiple 
NOAA offices, the National Weather Service, and local academic and state 
agency partners.  The bulletin is available online to assist coastal decision 
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makers in determining best locations for sampling, public risk assessments, and 
potential environmental impacts. Additionally, state and local agencies, tourist 
boards, and citizen groups participated in the development of a conditions report 
which provides accessible, non-technical scientific information for the public. 
 

Sentinel Habitats: Integrative Indicators of Coastal Development 
 

Coastal development is a major source of microbial contamination and excessive 
nutrients that have been discussed above in the examples of developing or 
operational early-warning systems for coastal managers.  In fact, in many parts 
of the Southeast and Gulf of Mexico, the rate of land use consumption 
associated with coastal development far exceeds coastal population growth.  For 
instance, between 1974 and 1994 the urban area of Charleston, SC, increased 
250 percent while the human population increased only 40 percent (Allen and 
Lu 2003).  This rapid development includes large amounts of impervious cover 
(e.g., roofs, parking lots, and roads) and threatens the integrity of tidal creek and 
marsh ecosystems and ultimately estuarine and coastal ecosystems (Holland et 
al. 2004).  River and the tidal creek networks are the primary hydrologic link 
between estuaries and land based activities and are critical habitats for many 
organisms.  These headwater reaches are the first zone of impact for non-point 
source pollution runoff, and as a result the levels of microbial and chemical 
contamination in headwaters are frequently an order of magnitude greater than 
that reported for adjacent deeper open-water environments.  Tidal creek 
ecosystems have the potential to serve as sentinel habitats and early warning 
systems for assessing the impact of watershed development on ecosystem 
condition and human health risks and well-being.    
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