Supplementary Table 1. Land cover variables used and the categories included, and percentage of the catchment in each land use cover for the study lakes.

	Land cover variables
	Categories of land use variable included
	Percent of catchment per lake

	
	
	Denny (%)
	Kirihonuhonu (%)
	Ōtūroto
(%)

	Native vegetation
	Alpine grass/herbfield, broadleaved indigenous hardwoods, fernland, flaxland, indigenous forest, manuka and/or kanuka, matagouri or grey scrub, sub alpine shrubland and tall tussock grassland
	26.8

	25.6

	36.4


	Urban
	Built-up area, urban parkland/open space and transport infrastructure
	0
	0.1

	0

	Non-native vegetation
	Deciduous hardwoods, depleted grassland, gorse and/or broom, mixed exotic shrubland, orchard, vineyard or other perennial crop and short-rotation cropland
	0.1

	21.1

	0.6


	Forestry
	Exotic forest – harvested
	0

	0.3

	0.2


	High Production Grassland
	Agricultural grassland with a high stock density
	32.3

	0.1

	9.1


	Low Production Grassland
	Agricultural grassland with a low stock density
	3.7

	40.7

	22.1


	Other
	Gravel or rock, herbaceous saline vegetation, landslide, permanent snow and ice, sand or gravel and surface mine or dump
	3.3

	12.1

	31.6




















Supplementary Table 2: The reads per million (RPM) with standard deviation (S.D) for different metabolic pathways per lake association with different environmental variables. OM = Organic Matter; N = Total nitrogen; P = Total Phosphorus; S= Total sulfur. Concentrations are in kg/m2. 

	 
	Lake
	OM
	N
	P
	S
	Mean RPM
	S.D

	Dissimilatory Nitrate Reduction
	Denny
	0.73
	0.032
	0.006
	0.007
	637
	23.2

	
	Kirihonuhonu
	0.49
	0.016
	0.002
	0.005
	466
	62

	
	Ōtūroto
	0.36
	0.018
	0.005
	0.003
	565
	16.1

	Assimilatory Nitrate Reduction
	Denny
	0.73
	0.032
	0.006
	0.007
	78.7
	2.08

	
	Kirihonuhonu
	0.49
	0.016
	0.002
	0.005
	71.2
	5.13

	
	Ōtūroto
	0.36
	0.018
	0.005
	0.003
	62
	5.07

	Nitrogen Fixation
	Denny
	0.73
	0.032
	0.006
	0.007
	73.9
	8.86

	
	Kirihonuhonu
	0.49
	0.016
	0.002
	0.005
	162
	14.2

	
	Ōtūroto
	0.36
	0.018
	0.005
	0.003
	56.3
	4.61

	Nitrification
	Denny
	0.73
	0.032
	0.006
	0.007
	292
	18.1

	
	Kirihonuhonu
	0.49
	0.016
	0.002
	0.005
	172
	40

	
	Ōtūroto
	0.36
	0.018
	0.005
	0.003
	251
	14.9

	Denitrification
	Denny
	0.73
	0.032
	0.006
	0.007
	656
	21.2

	
	Kirihonuhonu
	0.49
	0.016
	0.002
	0.005
	433
	76.3

	
	Ōtūroto
	0.36
	0.018
	0.005
	0.003
	556
	28.7

	Assimilatory Sulfate Reduction
	Denny
	0.73
	0.032
	0.006
	0.007
	682
	4.65

	
	Kirihonuhonu
	0.49
	0.016
	0.002
	0.005
	592
	28.8

	
	Ōtūroto
	0.36
	0.018
	0.005
	0.003
	565
	31.2

	Methanogenesis - Acetate
	Denny
	0.73
	0.032
	0.006
	0.007
	127
	6.6

	
	Kirihonuhonu
	0.49
	0.016
	0.002
	0.005
	341
	221

	
	Ōtūroto
	0.36
	0.018
	0.005
	0.003
	152
	40.3

	Methanogenesis - CO2
	Denny
	0.73
	0.032
	0.006
	0.007
	193
	12.4

	
	Kirihonuhonu
	0.49
	0.016
	0.002
	0.005
	522
	325

	
	Ōtūroto
	0.36
	0.018
	0.005
	0.003
	225
	64.7















Supplementary Figure 1. Principal Coordinate plot of the 16S rRNA gene metabarcoding results based on Bray-Curtis distances.
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Supplementary Figure 2. Heatmap of the differentially abundant genes relating to, A) the photosynthesis pathway and photosynthetic antenna proteins, and B) oxidative phosphorylation. RPM = Reads per million, KEGG = Kyoto Encyclopaedia of Genes and Genomes.
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Supplementary Figure 3: Number of differentially abundant Kyoto Encyclopaedia of Genes and Genomes (KEGG) IDs related to metabolism in pairwise comparisons between lakes grouped by metabolic process.
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Supplementary Figure 4. Ternary plots illustrating the Kyoto Encyclopaedia of Genes and Genomes (KEGG) IDs with differential abundance attributed to; A) Energy metabolism, and B) Xenobiotic pathways. The KEGG IDs are coloured by metabolic pathway.
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Supplementary Figure 5. Abundance of metabolic pathways (reads per million; the point (mean) with standard deviation bars) per lake and the corresponding nitrogen concentrations (height of the bar plots). Nitrogen is the total nitrogen present in the sediment. Alongside is the proportional abundance of taxa for the pathway at the class level. Other accounts for unclassified taxa at the class level and taxa that accounted for less than 1% of the community. 
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Supplementary Figure 6: Review figure showing the responses of metabolic pathways and nutrient concentrations in the three lakes.
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