
Biological Cycling of Nitrogen in a Rocky Mountain Alpine Lake, with Emphasis on the Physiological
and Ecological Effects of Acidification
by ROBERT T ANGELO

A thesis submitted in partial fulfillment of the requirements for the degree of Doctor of Philosophy in
Biological Sciences
Montana State University
© Copyright by ROBERT T ANGELO (1989)

Abstract:
This study examined nitrogen cycling interactions occurring among the heterotrophic and autotrophic
plankton of a softwater, oligotrophic alpine lake. Its major objectives were (1) to compare the
influences of internal (regenerative) and external nitrogen supply processes on water-column primary
production, (2) to identify the food web components contributing most to regenerative and assimilative
fluxes of nitrogen, and (3) to evaluate the sensitivity of the limnetic nitrogen cycle to lake acidification.
Field and laboratory experiments were based on isotopic tracer (15N, 14C, 3H) methodologies,
plankton size-fractionation and metabolic inhibitor techniques, and short-term bioassay procedures;
supporting data were gathered on lake physicochemical and biological properties. Measured aqueous
nutrient concentrations, the results of 14C02-based snowmelt and nutrient enrichment bioassays, and
physiological indicators of algal nutrient status collectively demonstrated that phytoplankton nitrogen
demand greatly exceeded nitrogen supply. Both NH4^+ and N03^- were quantitatively important forms
of assimilatable nitrogen under ambient conditions. Mass balance considerations indicated that
within-lake biogeochemical processes constituted a net sink for N03^-, whereas NH4^+ production and
consumption rates were approximately in balance on an ecosystem scale. Water-column regenerative
and assimilative fluxes of NH4^+ were strongly correlated. Meta- and protozooplankton were the
principal sources of regenerated NH4^+; heterotrophic bacterioplankton were net consumers of
NH4^+. Experimental reductions in metazooplankton populations markedly enhanced rates of NH4^+
regeneration, apparently by reducing predation pressures on metabolically active nano- and
microflagellates. Ammonium regeneration, NH4^+ uptake and bacterial secondary production declined
under acidic conditions (pH 5 versus pH 7; HCl), whereas algal N03^- utilization increased and
compensated for reductions in NH4^+ uptake. Acidification via HN03 or HN03/H2S04 stimulated
increases in total nitrogen uptake and permitted higher rates of photosynthesis than did corresponding
additions of HC1 or H2S04. These findings collectively suggested that the efficiency of the NH4^+
regenerative/assimilative cycle constituted a principal determinant of water-column primary
production, that higher-level trophic interactions could influence phytoplankton growth through food
web. effects on nitrogen cycling, and that lake acidification potentially could disrupt the limnetic
nitrogen cycle and increase phytoplankton dependence on allochthonously supplied N03^-. 
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