Factors Controlling the Aphanizomenon flos aquae Bloom in Upper Klamath Lake

The question “What controls Aphanizomenon flos aquae (AFA) bloom dynamics in Upper Klamath Lake?” must be addressed in two parts: first, what limits growth of AFA when the bloom is rapidly expanding, and second, what brings on a rapid decline in the bloom. Three hypotheses are considered with regard to the first part. The possibility that phosphorus, iron, or carbon limits growth is considered. Orthophosphate samples collected weekly over several years indicate that phosphorus probably limits the rate of bloom growth early in the season, and in doing so may limit the peak of the first bloom, but probably does not limit subsequent blooms. There is no clear evidence of iron limitation, although this conclusion is based on a limited dataset and short-term, localized iron limitation cannot be ruled out. The average buoyancy characteristics of the AFA, however, are consistent with AFA being limited by the availability of inorganic carbon. 
When considering phosphorus limitation of early growth of the bloom, one must consider the forms of sediment phosphorus, as loading from the sediments contributes much of the phosphorus load to the water column. Total phosphorus and total iron in the bed sediments are not well-correlated. Data from extractions of bed sediment cores indicate that phosphorus in fractions other than amorphous iron hydroxides is an important component of the phosphorus stored in the sediments. It also has been demonstrated that removing iron-bound phosphorus from the sediments under aerobic conditions is difficult, even at high pH, although the release of the phosphorus by the reduction of ferric hydroxides cannot be ruled out. It seems reasonable, however, to hypothesize that organic phosphorus is an important source of phosphorus to the water column. Given this scenario, the important consideration for the purposes of determining the likelihood that water column phosphorus levels can be reduced is not the size of the sediment reservoir, which is considerable, but rather the mechanisms of transfer between the sediments and the water column. In order to account for the internal load of phosphorus that is implicated, several mechanisms must be operating together. When one considers benthic diffusive exchange enhanced by bioturbation, and the metabolic release of phosphorus by a large benthic invertebrate community, the potential for transfer between the sediment reservoir of phosphorus and the water column approaches the amount necessary to produce the observed rate of bloom growth. 
With regard to what factors might bring on a rapid collapse in the bloom, two possible hypotheses are considered: cell death in response to stressors in the environment, or viral infection. Time series of acoustic backscatter, when converted to a surrogate for water column mass, indicate that mass can be lost rapidly from the water column (within a few hours) when water column stratification persists for more than a single day, and that these episodes of rapid loss of mass in succession contribute to the larger scale collapse of the AFA bloom that often occurs in mid-summer. Multiple causes for the bloom collapse cannot be ruled out, but the loss of mass under stratified conditions over the course of a few hours, usually at night, is consistent with cyanophage-induced algal lysis, and this hypothesis is a good starting point for further investigation of the bloom collapse.
