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SUMMARY

1. Rates of methanogenesis in freshwater sediments have been shown to increase with inputs of phy-

toplankton biomass. Although many studies have shown the importance of resource quality for

decomposition, little is known of the importance of substrate quality on rates of methanogenesis.

2. Here, we studied the effects of lipid content and taxonomic affiliation of phytoplankton biomass

on rates of methanogenesis in lake sediment slurries from five lakes differing in trophic status.

3. Substrate quantity had a positive effect on methanogenesis despite differing trophic status. Fur-

thermore, we observed that phytoplankton biomass quality, in terms of lipid content, enhanced

methanogenesis rates. However, rates of methanogenesis between lake sediments treated with

Scenedemus obliquus or Microcystis aeruginosa did not differ when lipid content was held constant.

4. Phytoplankton lipid content has been shown to increase when nutrients are limiting, which may

result in an increase in substrate quality for methanogenesis with eutrophication. However, our

study revealed that responses of substrate quantity to nutrient enrichment likely outpace the effects

of resource quality and may result in a net increase in CH4 emissions from eutrophied lakes. Interest-

ingly, the resource quality feedback may at least partially reduce the potential effect of eutrophica-

tion on lake methanogenesis.
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Introduction

Freshwater inland lake biotic processes are sensitive to

changes in nutrient availability. Increased supply of

mineral nutrients, often from anthropogenic sources, is

known to increase phytoplankton productivity (Schind-

ler, 1974; Hanson et al., 2003; Smith, 2003). Enhanced

nutrient availability can also alter the quality of phyto-

plankton biomass for consumers. For example, increases

in phosphorus availability can lower the C:P ratio and

alter essential fatty acid composition of phytoplankton

biomass (M€uller-Navarra et al., 2004). Often these nutri-

ent-associated shifts in phytoplankton biomass quantity

and quality are mediated by shifts in phytoplankton

community composition (Posch et al., 2012). Subse-

quently, these nutrient-associated changes in phyto-

plankton resource composition and quality have been

shown to strongly influence the growth rate of pelagic

consumers (e.g. zooplankton; Elser, Hayakawa & Urabe,

2001; Park et al., 2002).

In addition to pelagic consumers, sediment-dwelling

decomposers are influenced by substrate quantity and

quality (Suberkropp & Klug, 1976; Ward & Cummins,

1979; Hansen & Blackburn, 1992; Leroy & Marks, 2006;

West et al. 2012). Recent work suggests that increases in

substrate quantity, as occurs in a eutrophied system, can

significantly increase methanogenesis rates in lake sedi-

ments (Schwarz, Eckert & Conrad, 2008; West et al.,

2012). However, despite demonstrable effects of substrate

quality on decomposition processes (Hansen & Black-

burn, 1992; Leroy & Marks, 2006), no studies have investi-

gated the impact of phytoplankton biomass quality on

rates of methanogenesis in lake sediments. The influence

of substrate quality on methanogenesis is important to

explore given its potential as a feedback on eutrophica-

tion-mediated increases in methanogenesis (Schwarz

et al., 2008; West et al., 2012). Depending on whether phy-

toplankton quality, in terms of CH4 yield, increases or

decreases along a gradient of eutrophication, the response

of methanogenesis to nutrient enrichment could be exac-
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