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Historically, environmental agencies have sought to improve 
the water quality of freshwater lakes and rivers by managing 
a single nutrient. Phosphorus was the primary nutrient of 
concern in freshwater systems, and nitrogen was regulated 
in coastal/estuarine systems. Current research indicates that 
we must reduce both phosphorus and nitrogen to reverse 
eutrophication symptoms for all aquatic systems. 

Nutrients are chemical elements that infuence the 
productivity of all ecosystems. Nitrogen and phosphorus 
are two nutrients that are essential for the growth and 
survival of plants and animals but are ofen present in short 
supply in natural systems. Te intentional (point source) 
and unintentional (non-point source) addition of nutrients 
into aquatic systems is an artifact of human activities and 
can impact the water quality of these ecosystems. Tis 
publication contains information for stakeholders, students, 
scientists, and environmental agencies interested in 
understanding how nitrogen and phosphorus afect water 
resources. 

Excess Nutrients and the 
Detrimental Efects of 
Eutrophication 
Nutrients are essential for all life, but excess nutrients can 
be detrimental. Both nitrogen and phosphorus are applied 

regularly through fertilizer to increase the yield of crops 
needed to feed human populations. Fertilizers are also 
used widely for residential and commercial landscaping 
purposes. Environmental concerns arise when nitrogen and 
phosphorus are leached into the groundwater or delivered 
as runof during rainfall events to streams, rivers, lakes 
and estuaries. Excess nutrients in aquatic systems can 
stimulate growth of plants and algae. In other words, these 
nutrients continue to serve as fertilizers once they reach 
the water because they can feed the aquatic fora. Increased 
nutrient delivery and the consequent proliferation of 
plants and algae in aquatic systems is a process known as 
eutrophication. 

Nutrient concentrations in lakes, rivers and estuaries vary 
widely and depend largely on the local geology and soil 
conditions. Low-nutrient waters with low amounts of algae 
are referred to as oligotrophic systems. High-nutrient 
waters with correspondingly high amounts of algae are 
referred to as eutrophic systems, while waters with interme-
diate levels of nutrients are known as mesotrophic systems. 
Increased nutrient delivery to lakes and estuaries can cause 
a transition from an oligotrophic state to a eutrophic state. 

In extreme cases of eutrophication, microscopic algae that 
grow in the water column reach densities so high that 
they reduce the light available to rooted plants living on 
the bottom. Tis shading efect may cause the plants to 
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die, resulting in the loss of important habitat for fsh and 
other organisms. Loss of plants can, in fact, compromise 
the ecological and economic integrity of lakes, rivers and 
estuaries. Greater production of algae may also lead to an 
increase in the frequency and duration of periods of low 
dissolved-oxygen concentration known as hypoxic events, 
which can cause further damage to the system. Algal 
blooms may lead to hypoxia because as the algae die, they 
are decomposed by bacteria. Te process of decomposition 
consumes oxygen from the water, resulting in areas of low 
oxygen and hypoxia. 

Nutrient-enriched aquatic systems sometimes become 
dominated by noxious species of planktonic (i.e., free-
foating) algae that massively proliferate, discoloring the 
water and sometimes forming surface scums. Tis phe-
nomenon is called a “bloom.” Some of these algal species 
(especially blue-green algae [cyanobacteria]) produce toxic 
compounds that can negatively impact plants and animals, 
including humans. Because algal blooms can have these 
negative consequences, these events are called “harmful 
algal blooms” (HABs). However, not all blooms are plank-
tonic and occur in the water column. Tere are increasing 
reports of algal blooms on the sediments, or benthic 
blooms, worldwide (Wood et al. 2020). Also, inland HABs 
in Florida are usually dominated by cyanobacteria, while 
coastal HABs are dominated by dinofagellates, diatoms, 
pelagophytes, haptophytes, and raphidophytes. 

Figure 1. Aerial image of a cyanobacterial (blue-green algal) bloom in 
a lake. 
Credits: H. Dail Laughinghouse, UF/IFAS 

Should one or both nutrients be 
controlled? 
For many years, eutrophic conditions in inland freshwater 
systems have been attributed more to excessive inputs of 
phosphorus than nitrogen. More recent evidence suggests 
that both nitrogen and phosphorus are important (Conley 
et al. 2009; Lewis et al. 2011; Paerl et al. 2016) and that 
improving water quality in certain lakes and estuaries 
that have experienced man-made eutrophication requires 
mitigating both nutrients. 

Te historical focus on phosphorus is supported by a 
large body of research conducted in the 1970s, mostly in 
Canada and other temperate regions (Schindler et al. 1971, 
2008; Chow-Fraser et al. 1994). Intense algal blooms were 
stimulated by experimental additions of large amounts of 
phosphorus to nutrient-poor Canadian lakes, whereas sub-
stantial additions of nitrogen had no such efect. Research-
ers also focused more on the role of phosphorus because it 
is much less available than nitrogen to plants and animals 
in the freshwater environment, and thus considered a more 
important factor that limits growth. In fact, certain species 
of cyanobacteria can obtain the nitrogen they require from 
the atmosphere through the chemical process of nitrogen 
fxation, thus theoretically creating a nearly limitless 
nitrogen source for these aquatic ecosystems. 

We now know that the research from temperate lakes may 
not apply to subtropical and tropical lakes or to estuaries 
and coastal waters. For example, subtropical lakes ofen 
have blooms of species of cyanobacteria that do not fx 
atmospheric nitrogen; however, nitrogen fxation can be 
carried out by bacteria associated with the algae (Cook et 
al. 2020). Te growth of these algae is mainly stimulated by 
inputs of nitrogen from infowing rivers, streams and land, 
including nutrients in fertilizer and other organic pollutants 
(Harris and Smith 2017). One genus that forms blooms, 
Microcystis, can produce potent (cyano)toxins that harm 
aquatic animals—and can potentially harm people if they 
drink or recreate in water that has a toxic bloom. Tese 
algae can start growing on lake-bottom sediments, which 
are rich in accumulated phosphorus. As they rise through 
the water column, they take up nitrogen and can attain 
bloom levels by the time they reach the surface. Just con-
trolling external inputs of phosphorus may have a limited 
impact on Microcystis and its negative efects, depending on 
the ecosystem’s internal reserves of phosphorus. 
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Figure 2. A cyanobacteria bloom in a lake in Havana, FL. 
Credits: H. Dail Laughinghouse, UF/IFAS 

Primary production in coastal and estuarine systems is 
thought to be nitrogen limited, which means that ad-
ditional inputs of nitrogen, not phosphorous, would cause 
eutrophication (Howarth and Marino 2006). To better 
understand the role of nitrogen on algal growth in coastal 
systems, oceanographers conducted a study similar to the 
work in Canadian lakes. Tis time they added nitrogen and 
phosphorus to coastal waters. Unlike the freshwater lake 
study, the addition of phosphorus had no efect on algal 
growth; rather, the nitrogen was the nutrient that had the 
biggest efect on algal growth (Oviatt et al. 1995). Research-
ers have identifed several factors that cause nitrogen to 
be more important for algal growth and eutrophication in 
coastal systems than in lakes. For example, while nitrogen 
fxation does occur in coastal areas, there are fewer nitrogen 
fxers, and rates of nitrogen fxation are low. Further, coastal 
areas not only receive nutrient inputs from the land but 
also from the ocean. Nutrient inputs from the ocean can be 
large, particularly for phosphorous, because phosphorous is 
highly abundant in the ocean compared to nitrogen. 

Te ocean is ofen limited by nitrogen rather than 
phosphorus because there are natural processes that occur 
there that permanently remove nitrogen, but there are 
no corresponding processes that permanently remove 
phosphorus. For example, denitrifcation is a natural 
process performed by microbes that occurs primarily in 
sediments converting inorganic nitrogen into nitrogen gas, 
permanently removing nitrogen from the aquatic ecosys-
tem. Te ocean’s salinity also helps to contribute to nitrogen 

limitation. Salinity causes the release of phosphorus that 
would otherwise be stored in sediments, making more 
phosphorous available in the water, and leading to nitrogen 
being the limiting nutrient. Tus, algae in coastal systems 
respond primarily to nitrogen delivered by terrestrial runof 
from human activities, such as fertilizer application and 
sewage. In excess, these inputs ofen stimulate algal blooms, 
though these blooms are diferent species than those that 
bloom in freshwater systems. 

While there are some cases in temperate lakes where 
controlling phosphorus alone reversed the symptoms of 
eutrophication, there also are cases where the reduction 
of phosphorus upstream lef high levels of nitrogen in the 
water, unused by the algae in the lake. When transported 
downstream, this nitrogen caused harmful blooms of algae 
in estuaries. In essence, the problem was transferred from 
the inland aquatic ecosystem to the coastal zone. Terefore, 
controlling both nitrogen and phosphorous inputs can 
help control toxic algal blooms in some inland waters and 
reduce nitrogen export to downstream ecosystems that are 
sensitive to excess nitrogen. 

Traditionally, eforts to control eutrophication have focused 
on managing either N or P. Yet, in many cases, primary 
production is co-limited by both nutrients (Paerl et al. 
2016). For many lakes, regulatory agencies had suggested 
P reduction programs to prevent eutrophication, but even 
afer reductions, water quality goals were not achieved 
(Conley et al. 2009). When regulators managed P inputs but 
not N, the proportion of N increased relative to P. Changes 
to the ratio can afect the composition of the algal commu-
nity, even shifing to toxin-producing species (Gobler et al. 
2016). Tere are also ecosystem consequences of changing 
the nutrient ratios. Growth of diferent species can afect 
light, oxygen, and pH, which impact transformations in 
the sediments and water column (Glibert et al. 2011). 
Single-nutrient removal strategies change the proportion of 
nutrients, which can shif environmental conditions. Tus, 
single-nutrient reduction strategies may have unintended 
consequences for aquatic ecosystems. 

Te current body of science suggests it is prudent to 
implement nutrient-control strategies that limit both 
nitrogen and phosphorus to efectively manage eutrophica-
tion of lakes and estuaries. Tis approach must be weighed 
carefully considering both the costs and benefts because 
control of nitrogen may be considerably more costly than 
control of phosphorus alone. 
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