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ABSTRACT 
 

Over the past several decades, increases in concentrations of dissolved 
organic carbon (DOC) have been observed in many north temperate aquatic 
ecosystems, a phenomenon known as aquatic 'browning'. However the ecological 
consequences of this increase are not well understood. DOC from terrestrial 
sources stain lake waters a dark brown color, and can have strong effects on the 
physical and biological structure of lake ecosystems. This occurs through its 
associated light and heat attenuating properties, which reduce thermocline depths, 
and thus the area of light, warm, and well-oxygenated habitat in DOC-rich lakes. 
Recent work has shown that fish productivity decreases along a gradient of 
increasing DOC, however the mechanisms behind this have not been fully 
explored. Here, I demonstrate potential mechanisms for this loss in productivity 
by determining how DOC affects zoobenthos, a primary prey item for many fish, 
as well as how DOC affects fish feeding efficiency and life history strategies. 

Through the use of a spatial lake survey, I show that zoobenthos 
production declines over an increasing DOC gradient, and that this decline is due 
to limitations in oxygen-rich habitat availability, rather than the previously 
assumed mechanism of primary resource limitation. As many fish are visual 
predators, and high levels of DOC may reduce visibility, I then examined how 
DOC may affect fish feeding efficiency using mesocosm experiments and 
another gradient-based diet survey. I showed that bluegill (Lepomis macrochirus) 
feeding efficiency is not affected by DOC concentration, suggesting that these 
benthivores use cues other than vision to detect prey in darker, DOC-rich lakes. 
The reduction of fish productivity with increasing DOC is likely manifested 
through shifts in life history characteristics that are important to understand if we 
are to better manage fisheries with increasing browning. Again using bluegill as a 
model organism, I show that in low-DOC lakes, fish are able to attain enough 
energetic resources to reproduce as well as continue to grow after maturity. 
However, in high-DOC lakes, growth slows after maturity is reached, and so 
overall reproductive output and maximum size is reduced in these populations. 

Currently, the majority of studies focusing on the effects of DOC on 
consumer productivity are based on spatial gradient surveys, models, and 
mesocosm experiments. However, browning is a temporal process, and these 
studies may not accurately reflect how consumers may react to increases of DOC 
over time. In my final chapter, I describe a whole-ecosystem experiment were we 
divided a lake in two and increased DOC in one basin, comparing the effects on 
zoobenthos biomass and productivity to a reference basin, as well as the spatial 
survey from the first chapter. I show that, contrary to the results of the spatial 
survey, zoobenthos biomass actually increased with increasing DOC 
concentrations in this temporal experiment. This result suggests that there may be 
transitional effects of DOC increases on zoobenthos communities, and that the 
relationship between DOC and ecosystem productivity may be non-linear. This 
thesis highlights the need for multiple approaches in order to untangle the 
complex effects of DOC in lake ecosystems. The observations within will help us 
better predict how consumers in lake ecosystems may react in the face of future 
increases in DOC, and how to manage them accordingly.  
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