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Watson Lake, in Yavapai County, Arizona, currently suffers from several related water quality 

impairments: high nitrogen, low dissolved oxygen, and high pH. The lake underwent a major fish kill in 

2000. Efforts are underway to assess these impairments through the Total Maximum Daily Load process 

and to develop strategies to resolve these impairments. This study has been conducted to support these 

efforts in two ways: first to conduct a bathymetric survey to support water quality modeling efforts and 

second to collect and analyze sediment cores to provide an assessment of past conditions in the lake. 

Sediment cores were collected at two locations in the lake: one near the dam and a second core in the 

upstream, southwestern basin. The cores were analyzed for magnetic susceptibility, which is a proxy for 

grain size; the nutrients phosphorus, nitrogen, and carbon; and the stable isotopes of carbon and 

nitrogen. Analysis of the sediment cores indicated that the bottom of each core dates to the mid-1940s. 

Measurements of magnetic susceptibility in both cores showed high rates of sedimentation and periodic 

pulses of mineral sediment from the start of the record until the mid-1960s. Each of these pulses likely 

resulted from individual storm events. After the mid-1960s, the magnitude of these erosive pulses 

decreased. Apparently watershed conditions began to favor trapping of sediments upstream from 

Watson Lake. Presumably much of this trapping occurred in the Watson Wetlands, which has expanded 

and stabilized in recent decades. 

Analytical data revealed a variety of processes in Watson Lake. As with sedimentation, all analytical 

parameters showed high variability prior to the mid-1960s, associated with frequent episodic delivery of 

sediment to the lake. Nutrient ratios and isotopic compositions were consistent with loading of 

nutrients from the watershed. The period from the mid-1960s to the early-1980s showed relatively 

steady concentrations of sediment nutrients. From the early-1980s to present, concentrations of total 

organic carbon and total nitrogen began a trend of steady increase. Carbon to nitrogen (C/N) ratios in 

sediments of this period indicated a mix of terrestrial matter and organic material produced from within 

the lake.  

Starting in the early-1980s, the ratios of nitrogen to phosphorus (N/P) began to rise and the stable 

isotopes of carbon and nitrogen began a decreasing trend. Organic matter delivered to sediments as 

relatively consistent ratios of carbon, nitrogen, and phosphorus. An increase in the ratio of nitrogen to 

phosphorus indicates a loss in phosphorus relative to nitrogen, likely due to the release of phosphate 

under anoxic conditions in the sediments.  

The processes that lead to changes in the carbon isotopic compositions are complex, but can be 

summarized as follows. In lakes and reservoirs which have low biological productivity, the carbon 

isotope composition is changed primarily by changes in watershed carbon. In lakes with moderate to 

high productivity, such as eutrophic lakes, increasing productivity results in more positive values for 
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carbon stable isotopes. In hypereutrophic lakes, in which methane production occurs in the sediment or 

hypolimnion, carbon stable isotopes can become more negative. The lake is known to undergo anoxic 

conditions in the hypolimnion. This, combined with the observation of increasing nitrogen and carbon 

relative to phosphorus, leads to hypereutrophic conditions in the lake as the likely explanation for the 

negative trend in carbon stable isotopes. 

Another factor which can affect carbon stable isotopes is the presence of sewage. Sewage loading to 

lakes results in a more negative carbon stable isotope value. The observed trends in decreasing carbon 

isotopes started at about the time sewage outfalls were diverted around the lake, so it appears that 

sewage itself was not a driving force in the carbon budget of the sediments. However the indirect 

effects of sewage loading may explain the observed trends in total nutrients and stable isotopes in the 

later history of the lake. 

Nitrogen stable isotope data can provide information on sources of organic matter in sediments. Most 

biological processes result in more positive nitrogen stable isotope values. As organic matter is 

decomposed and recycled, its nitrogen stable isotope content increases. Sewage loading results in more 

positive nitrogen stable isotope content. The only biological process that results in more negative 

nitrogen stable isotope values is fixation of atmospheric nitrogen. Trends in decreasing nitrogen stable 

isotopes in both cores indicate the growing dominance of nitrogen fixers, such as cyanobacteria, since 

the early 1980s. 

The conditions in Watson Lake since the mid-1940s can be summarized as follows. From the start of the 

record to the mid-1960s, the lake underwent periodic loading of sediments from storm events. From the 

mid-1960s onward the magnitude of these events decreased, presumably due to less erosive conditions 

in the watershed or better sediment trapping upstream from the lake. After a period of stability in the 

lake from the mid-1960s to the early-1980s, Watson Lake began a trend of increased primary 

productivity, with anoxic conditions in the sediments and release of sediment phosphorus into the 

water column. From the early-1980s onward, the water column became dominated by nitrogen fixers. 

There is no direct evidence of sewage contamination in the lake. Indirectly, sewage loading could have 

provided the nutrients necessary to drive primary productivity to the high levels necessary for the 

current and persistent hypereutrophic conditions observed at present. 

To conclude, the sediment record in Watson Lake since the mid-1940s indicates that the lake has made 

a transition from a system dominated by external loading of sediments and nutrients to a system that is 

dominated by internal cycling of nutrients driven by summer hypolimnetic anoxia. Abundant 

phosphorus supplied by sediments favors primary productivity by cyanobacteria. External loading 

continues to influence the lake, as indicated by C/N ratios that show a mix of terrestrial and aquatic 

sources.  

With regard to management implications, dredging in the southwestern basin of the lake would remove 

the sediment accumulated since the mid-1960s and expose more mineral sediment in this zone. This 

would likely remove the burden of sediment nutrient recycling in this part of the lake. The increase in 

lake volume may buffer the lake better against changes in concentrations of nutrients and dissolved 

gases. However unless sediments in deeper zones of the lake are removed or inactivated, the same 

conditions of anoxic release of phosphorus can be expected to continue in these deeper zones. 


