1905

RAPID COMMUNICATION / COMMUNICATION RAPIDE

Predicting Cyanobacteria dominance in lakes

John A. Downing, Susan B. Watson, and Edward McCauley

Abstract: A controversial precept of aquatic ecology asserts that low ratios of nitrogen to phosphorus (N:P) lead to
noxious and sometimes toxic blooms of Cyanobacteria. Cyanobacteria dominance is a major risk to human and ecosys-
tem health. The stoichiometric control of Cyanobacteria therefore has become central to freshwater resource manage-
ment. This controversial concept is based on observed Cyanobacteria dominance in lakes with low N:P and the results
of lab and field experiments. Here we analyze data from 99 of the temperate zone's most studied lakes and show that
this model is flawed. We show that the risk of water quality degradation by Cyanobacteria blooms is more strongly
correlated with variation in total P, total N, or standing algae biomass than the ratio of N:P. Risks associated with
Cyanobacteria are therefore less associated with N:P ratios than a simple increase in nutrient concentrations and algal
biomass.

Résumé : Un précepte controversé de 1'écologie aquatique veut que des faibles rapports azote:phosphore (N:P)

entrainent la formation de fleurs d’eau a cyanobactéries, nocives et parfois toxiques. Une dominance des cyanobacté-
ries constitue, en effet, un risque important pour la santé humaine et celle des écosystémes. Le contrdle stoichiomé-
trique des cyanobactéries est ainsi devenu une des préoccupations principales de la gestion des ressources d'eau douce.
Ce concept controversé se base sur 1’observation de la dominance des cyanobactéries dans les lacs a faible rapport N:P

et sur les résultats d’expériences en laboratoire et en nature. Nous analysons ici des données provenant de 99 des lacs
tempérés les mieux étudi€s et démontrons que le modele est incorrect. Le risque d’une dégradation des eaux par les
fleurs d’eau a cyanobactéries est en corrélation plus forte avec les variations du P total, du N total ou de la biomasse
des algues qu’avec le rapport N:P. Les risques reliés aux cyanobactéries sont donc moins associés aux rapports N:P
qu’a la simple augmentation des concentrations d’éléments nutritifs et de la biomasse des algues.

[Traduit par la Rédaction]

Cyanobacteria dominance in anthropogenically eutrophic
lakes is an increasing problem that impacts recreation, eco-
system integrity, and human and animal health. Blooms of
Cyanobacteria deposit unsightly, bad-smelling, mucilaginous
clumps of dead and senescing cells on the shore and surface of
lakes, impeding recreational uses. Blooms of some Cyano-
bacteria produce toxins during growth or decay that kill
aquatic animals, and have semiochemical properties (antibi-
otic or allelopathic). Cyanobacterial poisoning of livestock,
pets, and humans has been widely documented (Sivonen
1996). Cyanotoxins, including hepatotoxins, neurotoxins, cyto-
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toxins, and dermatoxins (Sivonen 1996), have been linked to
carcinoma and other diseases (Falconer and Humpage 1996).
Cyanobacterial metabolites produce taste and odor problems
that elude conventional drinking water treatment.

Remediation of these problems requires understanding the
mechanisms favouring Cyanobacteria dominance in lakes. A
recent review (Hyenstrand et al. 1998) lists nine mechanisms
hypothesized to promote Cyanobacterial dominance in fresh-
waters, including resource ratio (N:P) competition, differential
light requirements, CO, competition, buoyancy, high tem-
perature tolerance, avoidance by herbivores, superior cellular
nutrient storage, ammonium-N exploitation, and trace ele-
ment competition. However, knowledge that blooms of these
taxa are frequently found in nutrient rich lakes and the exis-
tence of technology to limit nutrient enrichment have made
the control of Cyanobacteria by nutrients the most promi-
nent and attractive paradigm (e.g., Reynolds 1999; Smith
and Bennett 1999).

Controversy surrounds current models of Cyanobacteria
dominance in surface waters. Many bloom-forming Cyano-
bacteria can fix atmospheric N, so it has been reasoned that
Cyanobacteria should dominate at low N:P. This hypothesis
was supported by an analysis of average seasonal data from
20 mostly northern European lakes, which concluded that
ambient N:P influenced the dominance of Cyanobacteria in
the phytoplankton (Smith 1983). This widely cited analysis
has been debated (Trimbee and Prepas 1987) because it used
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