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Figure 1.1. Conceptual diagram comparing a healthy system with no or low eutrophic condition to an unhealthy 
system exhibiting eutrophic symptoms.

What is eutrophication?
• Eutrophication is a process in which the addition of 

nutrients (largely nitrogen and phosphorus) to water 
bodies stimulates algal growth. Excessive nutrient 
inputs may lead to other more serious problems 
such as low dissolved oxygen and loss of submerged 
aquatic vegetation (SAV).

• In recent decades, human activities and population 
growth have greatly increased nutrient inputs to 
systems, leading to degraded water quality and 
impairments of estuarine resources for human use.

     Source: Bricker et al., 1999

Nutrient additions to aquatic systems occur naturally 
due to geological weathering and inputs from ocean 
upwelling. However, in recent decades, population 
growth and its related nutrient sources, such as 
agriculture, wastewater treatment plants, urban 
runoff, and consumption of fossil fuels (atmospheric 
deposition), have increased nutrient inputs to many 
times their natural levels, accelerating eutrophication 
(Figure 1.1). Nutrient increases can threaten biota, 
as well as lead to impairment to aesthetics, health, 
fishing opportunities and success, tourism, and real 
estate value. For this reason, management efforts 
should address nutrient inputs to restore and protect 
coastal resources. 

Understanding Eutrophication

In a eutrophic ecosystem, increased sediment        and 

nutrient loads          from farming             , urban  

development        , water treatment plants             , and 

industry         , in combination with atmospheric 

nitrogen       , help trigger both macroalgae        and 

phytoplankton (chlorophyll a        ) blooms, exceeding 

the capacity of grazer control. �ese blooms can result 

in decreased water clarity          , decreased light 

penetration      ,  decreased dissolved oxygen       , loss 

of submerged aquatic vegetation            , nuisance/toxic 

algal blooms        , and the contamination or die off of 

fish                 and shellfish          .

Healthy 
ecosystem

Eutrophic 
ecosystem

In healthy ecosystems, nutrient inputs, specifically 

nitrogen and phosphorus         ,  occur at a rate that 

stimulates a level of macroalgal       and phytoplankton 

(chlorophyll a        ) growth in balance with grazer 

biota.  A low level of chlorophyll a in the water 

column helps keep water clarity high       , allowing 

light to penetrate      deep enough to reach submerged 

aquatic vegetation       . Low levels of phytoplankton 

and macroalgae result in dissolved oxygen           levels 

most suitable for healthy fish                and shellfish          

so that humans can enjoy  the benefits                      

that a coastal environment provides.
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Impacts of eutrophic symptoms
Increased nutrient inputs promote a progression 
of symptoms beginning with excessive growth of 
phytoplankton and macroalgae to the point where 
grazers cannot control growth. These blooms may be 
problematic, potentially lasting for months at a time 
and blocking sunlight to light-dependent submerged 
aquatic vegetation (SAV). In addition to increased 
growth, changes in naturally occurring ratios of 
nutrients may also affect which species dominate, 
potentially leading to nuisance/toxic algal blooms. 
These blooms may also lead to other more serious 
symptoms that affect biota, such as low dissolved 
oxygen and loss of SAV.

Once water column nutrients have been depleted 
by phytoplankton and macroalgae and these 
blooms die, the bacteria decomposing the algae 
then consume oxygen, making it less available to 
surrounding aerobic aquatic life. Consequently, fish 
and invertebrate kills may occur due to hypoxia and 
anoxia, conditions of low to no dissolved oxygen.

In some estuaries, the assimilative capacity, or 
inherent ability to absorb nutrients, is initially 
reduced by poor flushing or other factors. These 
particularly sensitive estuaries may be adversely 
affected by even slightly increased inputs, impacting 
such activities as commercial and recreational fishing, 
boating, swimming, and tourism. 

Key terms and phrases
Assimilative capacity—the ability of water bodies to 
receive wastewater or toxic materials without harmful 
effects and without damage to aquatic life or humans 
who consume the water.

Eutrophic symptoms—the signs of poor ecosystem 
health in water bodies brought on by increased 
nutrient inputs (see Figure 1.1). 

Flushing time—the time it takes for freshwater 
entering an estuary to pass through to the ocean.

Low dissolved oxygen—low (hypoxic) to no (anoxic)
levels of oxygen (vital for aquatic life) in the water.

Nuisance algal blooms—algal growth so rapid or 
extensive that it influences water clarity, decreases 
oxygen levels (upon decomposition), clogs filter-
feeder siphons, and crowds out other organisms.

Toxic algal blooms—large growths of toxin-producing 
algae that directly impact the health of organisms and 
may also contain toxins dangerous to humans. 
 Source: Estuarine Research Federation (http://erf.org/).

A nuisance algal bloom grows rapidly, consuming resources 
and potentially blocking light to SAV in Chesapeake Bay. 

Be
n 

Lo
ng

st
aff

, E
co

C
he

ck
 (N

OA
A/

U
ni

ve
rs

ity
 o

f M
ar

yl
an

d 
Ce

nt
er

 fo
r E

nv
iro

nm
en

ta
l S

ci
en

ce
)

Eutrophic symptoms may also cause risks to 
human health, resulting from consumption of 
shellfish contaminated with algal toxins or direct 
exposure to waterborne toxins. 

Other causes of eutrophic symptoms
It should be noted that although nutrients cause 
eutrophic symptoms, other human and natural 
influences may affect symptom expression. 
These influences include engineered water flow, 
development, dredging, overfishing, and disease. 
For example, engineered water flow can contribute 
to eutrophic symptoms by decreasing flushing rates 
in estuaries. Disease lowers assimilative capacity by 
decimating wetlands, submerged aquatic vegetation, 
and filter feeders. In addition to nitrogen and 
phosphorus, there are other nutrients (e.g., carbon) 
and trace elements (e.g., silica) that may affect the 
onset of symptoms, but their role is less understood.

Climate change may also be a significant 
influence on the development of future eutrophic 
symptoms. Because warmer water holds less oxygen, 
global warming may lower dissolved oxygen. Or, 
flushing times and exchange rates may increase 
with rising sea levels and increased rainfall. With 
changing hydrology, there is also a possibility of the 
exacerbation or novel occurrence of stratification  
(see page 38, Eutrophication and Climate Change).
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Why conduct a national assessment?
• Nearly all estuaries in the United States show signs 

of eutrophication.
• Experts are concerned that eutrophication and 

associated symptoms are increasing.
• A national assessment allows for a more informed 

method of creating, evaluating, and updating 
management plans that address eutrophication. 

Coastal eutrophication is a widespread national 
problem, though scale, intensity, and impact vary 
widely (Bricker et al. 1999). Whether nutrient 
additions result in degraded water quality depends 
on the extent of inputs and an estuary’s susceptibility. 
As changes in conditions are evaluated and tracked 
to try to prevent further degradation, monitoring 
and assessment become increasingly important. A 
national assessment is needed to synthesize local 
and regional information on the eutrophic status of 
systems (Figure 1.2).

For several decades, scientists and natural resource 
managers have worked to understand, document, 
and improve the complex, adverse ecosystem 
changes associated with eutrophication. Of late, 

Conducting a national assessment

the consequences of these symptoms have become 
more apparent, including extensive SAV loss, the 
associated loss of fish habitat, worsening episodes of 
low dissolved oxygen in coastal systems, and longer-
lasting or first-time nuisance/toxic algal blooms. 
These issues have led to legislative action such as the 
Harmful Algal Bloom and Hypoxia Research and 
Control Act of 1998 (reauthorized in 2004; P.L. 105-
383), that calls in part for the research and assessment 
of hypoxia and harmful algal blooms as well as the 
development of mitigation strategies. 

Long Island Sound, one of the many estuaries in the United 
States exhibiting eutrophic symptoms. 
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(Source: National Estuarine Eutrophication Assesment)

NEAA Regions 

Pacific Coast

Gulf of Mexico

South Atlantic

Mid-Atlantic

North Atlantic
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Figure 1.2. The five regions in the National Estuarine Eutrophication Assessment.

The National Estuarine Eutrophication Assessment groups the Nation’s estuaries into five geographic regions. The 
unique features of the water bodies in these regions influence the expression of eutrophic symptoms.
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Given the rising concern of the scientific community 
and the public about the health of U.S. estuaries, the 
National Oceanic and Atmospheric Administration 
(NOAA) began to evaluate the need for a more 
deliberate National response to the problem of 
estuarine eutrophication in the early 1990s. The 
National Estuarine Eutrophication Assessment, a 
survey of the extent, severity, types, and probable 
causes of eutrophic symptoms, was conducted in 
the early 1990s and released by Bricker et al. in 
1999. The results showed that for 84 of 138 systems 
included in the study, overall eutrophic conditions 
were at a moderate to high level, occurring along all 
coastlines. Sixty-nine of these systems also showed 
impairment of everyday uses, including swimming 
and consumption of fish due to lower abundance 
or quality. Alarmingly, experts contributing to the 
report suggested that conditions in 86 of the 138 

Why create an update?
An update to the 1999 assessment will:
• Identify locations of changes that have occurred; 
• Determine what influenced these changes; and
• Increase scientific, management, and community 

involvement.

estuaries were expected to become worse by the year 
2020 due to high-density populations and significant 
population increases currently occurring or expected 
in coastal areas. This is of particular concern 
for nutrient-sensitive estuaries with assimilative 
capacities that may not accommodate new loading 
scenarios. Only eight estuaries where management 
measures had been or were about to be implemented 
were projected to improve with time. The poor 
prognosis for the health of the Nation’s estuaries 
suggested that regular updates were needed to assess 
the health of these systems and to evaluate the success 
of management strategies (Bricker et al. 2004).
This update is an attempt to look at the changes 
in estuaries that have occurred since the 1999 
assessment. It should be noted that two new systems, 
Wells and Waquoit Bays, have been added to this 
assessment. Considering the significant increase 
in U.S. coastal and upstream population density, 
this assessment is vital (Figure 1.3). The updated 
assessment focuses on evaluating where and why 
eutrophic changes have occurred and what can 
be done to prevent future worsening conditions. 
In addition, it is hoped that public involvement 
will be stimulated by presenting the best available 
information about these problems to concerned 
citizens, resource managers, and policy makers. 

updating the assessment

Figure 1.3. Percent population change in coastal counties from 1980–2003.
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Population growth is occurring rapidly in coastal regions, and consequently increasing nutrient inputs and 
stress on coastal ecosystems. 

N
O

A
A’

s S
pa

tia
l T

re
nd

s i
n 

Co
as

ta
l S

oc
io

ec
on

om
ic

s w
eb

sit
e,

 a
 p

ro
du

ct
 o

f t
he

 C
oa

st
al

 a
nd

 O
ce

an
 R

es
ou

rc
e 

Ec
on

om
ic

s 
Pr

og
ra

m
 (h

tt
p:

//
m

ar
in

ee
co

no
m

ic
s.n

oa
a.

go
v/

so
ci

oe
co

no
m

ic
s/

)



effects of nutrient enrichment in the nation’s estuaries: a decade of change

�

Log onto http://ian.umces.edu/neea

Barnegat Bay Summary Page
SUMMARY

Influencing Factors

Future Outlook
Nutrient related symptoms
observed in the estuary are
likely to improve somewhat.

Even low nutrient additions
may result in problem
symptoms in these estuaries.

Eutrophic Conditions
High primary and secondary
symptom levels indicate
serious eutrophication
problems.

Impaired Resources
Commercial/Recreational Fishing, 
Fish Consumption, Shellfish, 
Swimming, Boating, Aesthetics,

WATERSHED AND ESTUARY CHARACTERISTICS
Estuary

Area (km2)
Tidal fresh zone area (km2)

Mixing zone area (km2)
Saltwater zone area (km2)

Volume (1,000 x m3)
Depth (m)

Tide Height (m)
Residence Time (d)

182
0

99
83

118,300
0.65
0.24
4

Landuse / Population
Urban (km2)

Agriculture (km2)
Forest (km2)

Wetland (km2)
Range (km2)
Barren (km2)

Total (km2)
Population
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Estuary area, calculated from NOAA shapefiles
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Refers to whether the Tidal Fresh Zone in this estuary is 
considered to be Blackwater
Refers to whether the Mixing Zone in this estuary is considered 
to be Blackwater
Refers to whether the Seawater Zone in this estuary is 
considered to be Blackwater
Best estimate of volume from digital bathymetric chart if 
available; otherwise NOAA planimetry
From digital athymetric chart if available; otherwise NOAA

a. b.

c.

Sign up / register

Retrieve User ID / Password

User ID: 

Password: 

Increasing watershed development and associated increases in nonpoint source nitrogen loads 
to Barnegat Bay have led to a higher eutrophic condition.  Problem areas include high 
Chlorophyll-a, low dissolved oxygen in some areas, nuisance/toxic algal blooms, epiphytic algal 
growth, declining seagrass habitat, and highly reduced fisheries.

Barnegat Bay
Salinity zones

Seawater zone

Mixing  zone
Tidal fresh zone

Figure 1.4. One of the improvements to the survey was an accessible online survey with automatically generated 
data products.

What can the new online survey do?
• Provide researchers, legislators, and concerned 

citizens access to a resource library.
• The online survey also allows researchers to 

enter their own data that automatically generates 
analytical outputs including:

  – A conceptual diagram of eutrophication in the   
      system;

  – A spreadsheet of data;
  – Printable, site-specific graphics; and
  – A summary of data and graphics in PDF form.

Developing an online tool for assessment updates 

After logging on and entering data, participants can review 
automatically generated analytical tools including a 
conceptual diagram illustrating the conditions in the 
participant’s system, printable graphics, and a summary of 
their data. Participants can also access resources such as the 
estuary database, conceptual diagrams, publications, and an 
image library.

Online survey
The online survey allows participants to enter specific 
data to be automatically calculated into symptom 
expressions. In contrast, the original 1999 report 
involved gathering data in the form of a survey of 
categorical responses (e.g., low, medium, high). It 
was necessary to use categorical responses because 
resources were unavailable for collection, storage, and 
processing of data for 138 systems. However, the new 
survey provides a quick, cost-effective method for 
gathering synthesized information, allowing access 
to the original data sources. The eutrophic symptoms 
selected for inclusion represent the most easily 
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Experts from the Pacific Coast region add and evaluate data at the National Estuarine Eutrophication Assessment Update     
Workshop. More than 50 experts attended the workshop to share data and review the Update’s procedures and products. 

measured and diagnostic indicators available for 
describing eutrophic changes in different systems.   

If participants wish to analyze their own data, they 
can enter data by using the instructions provided on 
the website. Once the data have been entered, the 
survey automatically calculates the expression values 
for each indicator and the overall eutrophic condition 

(see Chapter 2: Approach). The website then generates 
graphics of the results, which can be downloaded 
from the site. Thus, participants can retrieve site-
specific information based on the data entered 
(Figure 1.4a,b). 

The survey automatically generates several 
additional graphics for participants. These include 
a summary page with printable graphics and a 
conceptual diagram illustrating the conditions in the 
participant’s system (Figure 1.4a, b). In addition to 
improving the survey with the online tool, the survey 
has also been enhanced by increased accessibility. 
This update and future assessments will be available 
online at ian.umces.edu/neea or www.eutro.us. 
Online access enables a greater number of experts to 
participate, and also facilitates periodic updates of the 
assessment in the future (every two to five years). 

Resource library
In addition to collecting data, the online tool provides 
participants with a library of resources they can 
download and use for their analyses. For example, 
participants can download estuary information such 
as physical and hydrologic data, salinity zone and 
remote sensing maps, land use statistics, and other 
descriptive data for context (Figure 1.4c). Participants 
also can refer to previous eutrophication and water 
quality reports such as the National Estuarine 
Eutrophication Assessment 1999 (Bricker et al. 1999) 
and the State of Maryland’s Coastal Bays (Wazniak et 
al., 2004). Thus, the online tool provides a means for 
data collection, analysis, and distribution.
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application of the update

This in-depth look at the present trophic status 
of the Nation’s coastal systems and changes since 
the 1999 assessment provides a basis for the sound 
management of precious coastal resources. Future 
updates will track the successes of management 
strategies by monitoring changes and trends in the 
trophic status of systems.

The 1999 assessment concluded that estuarine 
eutrophication is indeed a problem of national 
significance. The original study indicated that 
human-related nutrient sources, both nearby and far 
removed, are substantial contributors to eutrophic 
conditions within estuaries. Furthermore, many 
estuarine watersheds cross state boundaries, requiring 
regional, subregional, and interagency cooperation. 
Similarly, there are many important needs with 
regard to research, monitoring, and assessment that 
call for a cogent national strategy. In many instances, 
eutrophication research has been conducted on a 
parochial and piecemeal basis, which can impede 
rapid advances in scientific understanding of 
the linkages between eutrophication and marine 
resources. A strategy is needed to address these 
problems, especially one that effectively integrates 
watershed-specific approaches to assessment and 
management into a comprehensive approach. 

The results of this update should be used to help 
better focus national attention on existing and 
emerging priority areas for action. The framework 
incorporates the overall eutrophic condition of an 

How is information generated by the update 
applied?
Information about eutrophic status:
• Provides a basis for management action;
• Tracks the success of management strategies; and
• Identifies the possible causes of eutrophication, and 

potential solutions.

NEEA updates can help develop sound management strategies 
such as the wetlands restoration project shown here. After 
the new stalks of Spartina are planted in a vulnerable estuaryd in a vulnerable estuary 
in coastal Louisiana, they will help to improve water quality 
and increase shoreline stability. 
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estuary, its natural susceptibility to retain nutrients 
and develop related problems, and the level of 
nutrient inputs. This information will help to set 
priorities for successful management. 

The report is organized to describe the approach 
and methods used for the assessment (Chapter 2) 
and the results on a national (Chapter 3) and regional 
(Chapter 4) basis. Chapter 5 is a collection of case 
studies highlighting the different manifestations of 
coastal eutrophication in systems in the United States, 
Europe, China, and Australia. Chapter 6 describes the 
ongoing improvements to the assessment methods. 
Finally, Chapter 7 describes the recommended 
research, monitoring, and management actions to be 
taken, given the results of the assessment. 


