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Outline of the lecture 

● N as limiting nutrient in aquatic ecosystems 

● N and eutrophication of aquatic ecosystems 

● Harmful algal blooms and why it is a concern 

● N and acidification of some freshwaters 

● Toxicity of inorganic N compounds to biota 

 



N and P as limiting nutrients 

● N and P are generally considered to be the two 

primary limiting nutrients for algae and vascular 

plants in aquatic ecosystems because both are 

frequently in short supply relative to their 

cellular demands for growth. 

● Most of our knowledge of the relative 

importance of N versus P as growth-limiting 

nutrients is based primarily on indirect evidence 

based on elemental ratios or from direct 

evidence from bioassays (in which the response 

of algal growth to nutrient addition is evaluated). 



The Redfield ratio 

● Redfield (1958) proposed that the nutrient 

content of marine phytoplankton could be 

caracterized on average by a molar ratio of 

106C:16N:1P (40C:7N:1P by weight). 

● Thus, algae that experience an N:P supply ratio 

less than the Redfield ratio should be limited by 

N. Conversely, algae experiencing an N:P 

supply ratio greater than the Redfield ratio 

should be limited by P. 

● Redfield ratio has often been used in the 

empirical assessment of nutrient limitation 















Evidence from Bioassays 
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 These results show that: 

● The magnitude of producer response to P 

enrichment is similar in marine, freshwater and 

terrestrial ecosystems 

● Combined N and P enrichment produces 

similarly strong sinergistic effects in all habitats 

● N and P limitation appear to be of equal 

importance in terrestrial and freshwater 

ecosystems, but N limitation is stronger in 

marine systems 



Whole-Lake Experiments 

David W. Schindler   

But whole-lake experiments  in temperate 
regions of North America and Europe has 
shown strong evidence for phosphorus as the 
limiting nutrient in freshwaters. Excess P has 
then been considered the cause of lake 
eutrophication and lake management has 
focused on P control. However, this paradigm 
has been challenged in the last decade... 







N and Eutrophication 

● Evolving views over five decades: 

– The 1960s: first studies on lake eutrophication 

– The 1970s: development of separate lake and 

estuarine sciences of eutrophication 

– The 1980s: continued emphasis on nitrogen in 

temperate estuaries and an eventual start toward 

freshwater-estuarine-marine comparisons 

– The 1990s: development of a consensus for 

nitrogen control of coastal eutrophication  

– The 2000s: development of criteria for N regulation 

in freshwater, estuarine and marine ecosystems 



Sources of nutrients 

● Point sources of nutrients: domestic and 

industrial sewage  

● Non-point sources of nutrients: rural and urban 

drainage, soil erosion and atmospheric 

deposition in the watershed 

● Non-point sources are more important. They 

are much more difficult to control and regulate 

than point sources. 

 





Consequences of eutrophication 



SOME FILTERS: 
Light conditions 
Tidal flushing 
Trophic structure 

Effects on primary production 



Tidal flushing 



Trophic Structure 

 

Explains about 50% of the variance in phytoplankton biomass 



Harmful algal blooms 





compound source 
IARC  
class 

GV 
µg L

-1
 

LD50 

mg kg
-1

 BW 

endrin pesticide n.carc. 0.6 1.4 
carbofuran pesticide n.carc. 7 2 

Microcystin-LR peptide 2B 1
a
 5 

pentachlorophe

nol 

wood 

preservative 

2B 9
a
 36 

aldrin/dieldrin pesticide 3 0.03 44 
chlorpyrifos pesticide n.carc. 30 60 
acrylamide indust. chemical 2A 0.5 107 

DDT pesticide 2B 1 135 
chlordane pesticide 2B 0.2 145 

arsenic metal 1 10 145 
atrazine pesticide 3 2 850 

simazine (rat) pesticide 3 2 971 
metolachlor pesticide n.carc. 10 1150 

cadmium (rat) metal 2A 3 2330 
dioxan indust. chemical 2B 50 5300 

 

Letal Toxicity of several compounds listed in  

“WHO Guidelines for Drinking Water Quality” 

 

a: GV provisório; dados de toxicidade compilados 

dosis.nlm.nih.gov/chemical.html; 1: carcinogênico; 2A: provavelmente carc.; 2B: 

possivelmente carc.; 3 não classificável; n.carc.: não carcinogênico.  

 



Effects on water transparency 

Source : Rabalais 2002 Nitrogen in Aquatic Ecosystems. Ambio 31 (2): 102-112 



Effects on benthic producers 

Source : Rabalais 2002 Nitrogen in Aquatic Ecosystems. Ambio 31 (2): 102-112 



Shallow Lakes Theory 

Source: Scheffer 2009 Critical Transitions in Nature and Society. Princeton University Press 



How ecosystems change with 

increasing nutrients ?  

Source: Scheffer 2009 Critical Transitions in Nature and Society. Princeton University Press 



It depends on lake depth ... 

Source: Scheffer 2009 Critical Transitions in Nature and Society. Princeton University Press 



Implication for lake management 

Source: Scheffer 2009 Critical Transitions in Nature and Society. Princeton University Press 



Alternative states in coral reefs 

Fonte: Bellwood et al. 2004. Confronting the coral reef crisis. Nature 429: 827-833 



Effects on dissolved oxygen 

Source : Rabalais 2002 Nitrogen in Aquatic Ecosystems. Ambio 31 (2): 102-112 



Effects on aquatic consumers 

Source : Rabalais 2002 Nitrogen in Aquatic Ecosystems. Ambio 31 (2): 102-112 



Effects on fish trophic position 

* * * 
* 

* 

* 

* * 

Mesotrophic (white)  Eutrophic (gray) 

TP = 2 + (δ15NCons − δ15NBase)/3.4 
 
TP = Trophic Position 
2 = TP of herbivores 
δ15NCons = δ15Nfish  
δ15NBase = δ15NMolusc 
3.4 = average fractionation    
factor for non-herbivore  
consumers (Post 2002) 
 

Eutrophication reduces trophic position of omnivorous fish and consequently of piscivores 

Santa Cruz  Lake Pau dos Ferros Lake 

Rocha et al. 2016 (in prep.) 



N and freshwater acidification 

Source : Camargo and Alonso 2006. Ecological and toxicological effects of nitrogen pollution in 
aquatic ecosystems: a global assessment. Environment International 32: 831-849 



Toxicity of N inorganic compounds 

Source : Camargo and Alonso 2006. Ecological and toxicological effects of nitrogen pollution in 
aquatic ecosystems: a global assessment. Environment International 32: 831-849 



Source : Camargo and Alonso 2006. Ecological and toxicological effects of nitrogen pollution in 
aquatic ecosystems: a global assessment. Environment International 32: 831-849 



Thanks! 

E-mail: attayde@cb.ufrn.br 



Students Assignment 

● Phosphorus has been considered guilty of 

freshwater eutrophication and has been already 

condemned.  

● Nitrogen has now been acused to be a partner 

of phosphorus in this terrible crime, but is there 

enough evidence for considering N guilty?  

● Your mission is to defend/acuse N in a court 

where Zebu will play the judge and the other 

teachers will play the popular jury 

● Each group must search for evidence from your 

own geographical region  


