Comparison of quantification from OTU reads and results of visual stomach content analysis
Methods 
[bookmark: _GoBack]After sequencing, we obtained an OTU table showing the number of reads per taxon found in the stomach of each fish. To estimate the relative abundance of a certain prey in the stomach, and to make data from different fish individuals comparable, numbers of reads were normalized to the total number of reads in each sample (individual), and proportions of different taxa in each stomach were estimated (hereafter termed as “%Nbar”). Thus, proportions of prey in the stomachs are based on the number of OTU reads per taxon (%Nbar) (e.g., [1]). Frequency of occurrence was also estimated - %Fbar, the percentage of stomachs in which a prey (OTU) was present.
Results
As revealed by barcoding, Insecta (chironomids), Maxillipoda (harpacticoid copepods) and Branchiopoda (cladocerans) were the dominating food items, comprising 48%, 19% and 15% of all prey respectively (Fig A1). At the species level, the main prey were the chironomid Tanytarsus usmaensis, the harpacticoid Tachidius discipes, and the cladoceran Pleopis polyphemoides (Fig A2). 


Fig A1. Proportion of different classes in stomachs based on number of OTU reads (%Nbar). Only classes with >1% of OTU reads are shown.  

Fig A2. Main prey species (written) as indicated by relationship between relative abundance (%Nbar, prey proportion in stomach based on number of OTU reads) and frequency of occurrence (%Fbar). 

In general, the two methods used – barcoding and visual stomach content analysis - showed consistent patterns: at the population level, frequency of occurrence determined by visual analysis (%Fvis) correlated well with the proportions of prey in the stomachs based on the number of OTU reads (%Nbar; Fig A3), except for Bivalvia, which may have been underrepresented in the barcoding analysis. 


Fig A3. Diet of three-spined stickleback. Relationship between the results of two methods used: proportions of prey in the stomachs based on the number of OTU reads (%Nbar) and frequency of occurrence determined by visual analysis (%Fvis). 
Discussion 

Although read counts can be used as a semi-quantitative proxy for diet composition [1–4], several well-known issues still impede the use of DNA metabarcoding for quantification. Quantitative estimates of certain prey in the stomach may be influenced by prey size, level of digestion, DNA preservation, as well as experimentally introduced biases from DNA extraction, primer-template mismatches, PCR amplification bias, OTU clustering, reference library quality and taxonomic assignment process [5–12]. One way to reduce such biases is to introduce correction factors, by creating a library of mixed prey standards and then using them to correct counts from unknown composition [13]. This was not done in our study, but the application of alternative methods (visual analysis) enabled us, at least to some extent, to validate the DNA metabarcoding results (Fig A3).
References
1. 	Soininen EM, Ravolainen VT, Bråthen KA, Yoccoz NG, Gielly L, Ims RA. Arctic Small Rodents Have Diverse Diets and Flexible Food Selection. PLoS One. 2013;8. doi:10.1371/journal.pone.0068128
2. 	Kowalczyk R, Taberlet P, Coissac E, Valentini A, Miquel C, Kamiński T, et al. Influence of management practices on large herbivore diet-Case of European bison in Białowieza Primeval Forest (Poland). For Ecol Manage. 2011;261: 821–828. doi:10.1016/j.foreco.2010.11.026
3. 	Deagle BE, Kirkwood R, Jarman SN. Analysis of Australian fur seal diet by pyrosequencing prey DNA in faeces. Mol Ecol. 2009;18: 2022–2038. doi:10.1111/j.1365-294X.2009.04158.x
4. 	Soininen EM, Valentini A, Coissac E, Miquel C, Gielly L, Brochmann C, et al. Analysing diet of small herbivores: the efficiency of DNA barcoding coupled with high-throughput pyrosequencing for deciphering the composition of complex plant mixtures. Front Zool. 2009;6: 16. doi:10.1186/1742-9994-6-16
5. 	Kress WJ, García-Robledo C, Uriarte M, Erickson DL. DNA barcodes for ecology, evolution, and conservation. Trends Ecol Evol. 2015;30: 25–35. doi:10.1016/j.tree.2014.10.008
6. 	Pompanon F, Deagle BE, Symondson WOC, Brown DS, Jarman SN, Taberlet P. Who is eating what: Diet assessment using next generation sequencing. Mol Ecol. 2012;21: 1931–1950. doi:10.1111/j.1365-294X.2011.05403.x
7. 	Troedsson C, Simonelli P, Nägele V, Nejstgaard JC, Frischer ME. Quantification of copepod gut content by differential length amplification quantitative PCR (dla-qPCR). Mar Biol. 2009;156: 253–259. doi:10.1007/s00227-008-1079-8
8. 	Deagle BE, Tollit DJ. Quantitative analysis of prey DNA in pinniped faeces: Potential to estimate diet composition? Conserv Genet. 2007;8: 743–747. doi:10.1007/s10592-006-9197-7
9. 	Kembel SW, Wu M, Eisen JA, Green JL. Incorporating 16S Gene Copy Number Information Improves Estimates of Microbial Diversity and Abundance. PLoS Comput Biol. 2012;8. doi:10.1371/journal.pcbi.1002743
10. 	Polz MF, Cavanaugh CM. Bias in template-to-product ratios in multitemplate PCR. Appl Environ Microbiol. 1998;64: 3724–3730. 
11. 	Piñol J, Mir G, Gomez-Polo P, Agustí N. Universal and blocking primer mismatches limit the use of high-throughput DNA sequencing for the quantitative metabarcoding of arthropods. Mol Ecol Resour. 2015;15: 819–830. doi:10.1111/1755-0998.12355
12. 	Blanco-Bercial L, Cornils A, Copley N, Bucklin A. DNA Barcoding of marine copepods: assessment of analytical approaches to species identification. PLoS Curr. 2014; 1–40. doi:10.1371/currents.tol.cdf8b74881f87e3b01d56b43791626d2
13. 	Thomas AC, Deagle BE, Eveson JP, Harsch CH, Trites AW. Quantitative DNA metabarcoding: Improved estimates of species proportional biomass using correction factors derived from control material. Mol Ecol Resour. 2016;16: 714–726. doi:10.1111/1755-0998.12490



Insecta	Maxillopoda	Branchiopoda	Ostracoda	Malacostraca	Actinopterygii	Bivalvia	Gastropoda	Polychaeta	47.521849754610038	18.336538140572003	14.966429637721518	10.375967162815066	2.846397039399172	1.8163139713769689	1.1291751189094585	1.0326427159703053	1.0208908008468378	
%Nbar	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

96.938775510204081	87.755102040816325	79.591836734693871	75.510204081632651	78.061224489795919	73.469387755102048	66.326530612244895	77.040816326530617	79.081632653061234	12.244897959183673	31.632653061224492	59.693877551020414	16.836734693877549	58.673469387755105	35.204081632653065	43.877551020408163	43.877551020408163	32.653061224489797	36.734693877551024	8.6734693877551017	26.020408163265309	16.836734693877549	63.265306122448983	30.612244897959183	33.163265306122447	7.1428571428571423	2.5510204081632653	7.6530612244897958	13.26530612244898	7.6530612244897958	8.6734693877551017	4.591836734693878	5.6122448979591839	14.795918367346939	3.0612244897959182	13.26530612244898	0.51020408163265307	4.0816326530612246	3.0612244897959182	6.1224489795918364	10.714285714285714	0.51020408163265307	3.5714285714285712	4.0816326530612246	3.5714285714285712	5.6122448979591839	1.5306122448979591	1.5306122448979591	3.5714285714285712	3.0612244897959182	0.51020408163265307	0.51020408163265307	0.51020408163265307	0.51020408163265307	1.0204081632653061	0.51020408163265307	0.51020408163265307	0.51020408163265307	0.51020408163265307	0.51020408163265307	1.0204081632653061	0.51020408163265307	0.51020408163265307	0.51020408163265307	0.51020408163265307	0.51020408163265307	0.51020408163265307	0.51020408163265307	0.51020408163265307	36.84435310787709	17.31879375268004	12.916280992650064	5.7092058506971712	3.7746053825885832	3.1032825634214629	2.8948348340569505	2.3756091697234654	1.8258004531474117	1.4103823112035694	1.3981671745175761	1.190057649144052	1.0705686386587077	1.0420985465256036	0.97705945901114721	0.90130709246547758	0.89374647147916075	0.67963853241741312	0.64475290499851312	0.58974336480842304	0.38284596335794202	0.3428335755168439	0.30495097582576874	0.26652372540484248	0.25211619005859309	0.16645915613802473	0.16284909849489962	0.13349298871154922	0.11464847645082062	4.8495629256353631E-2	4.2543242092561842E-2	3.7428306712869418E-2	3.0187497242847042E-2	2.6698753945423981E-2	2.4540776356386372E-2	2.0348821304811197E-2	1.4758510610453007E-2	1.4475463929249872E-2	1.1564421054038683E-2	9.8226744414542429E-3	6.9983882090076588E-3	6.0477703757309082E-3	4.2241059741752358E-3	4.0423967194693228E-3	3.3440093145226338E-3	1.4336640956953799E-3	1.2870118039292051E-3	8.8303976220832571E-4	6.5195141489412362E-4	5.6669096904021418E-4	5.1492833868772457E-4	4.2318857558374572E-4	4.1666201251516961E-4	3.1597349972308663E-4	2.7370254990848508E-4	1.5970741401334982E-4	1.4295871184672533E-4	1.0631409049182857E-4	5.2241024112819302E-5	4.7068901773555802E-5	3.6215649461160197E-5	3.6075842053622714E-5	3.0118933920838974E-5	2.5482074490739875E-5	2.2428797652966802E-5	1.5195882419777078E-5	1.2820496171104124E-5	1.1911398249768436E-5	5.4781906223879788E-6	Tanytarsus usmaensis	Pleopis polyphemoides	Tachidius discipes	Eurytemora affinis	Chironomus aprilinus	Chironomus plumosus	Dicrotendipes modestus	Orthocladius oblidens	%Fbar


%Nbar



%N barc	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]


4	60.9375	53	11.979166666666668	20.833333333333336	10.416666666666668	6	12.5	27.083333333333332	2.604166666666667	1.1335932393586299	47.521849754610038	52.085346998518048	14.966429637721518	18.336538140572003	2.846397039399172	1.6683599829174292	10.375967162815066	1.1291751189094585	1.0326427159703053	Annelida	Insecta 	Chironomidae	Branchiopoda	Maxillipoda	Malacostraca 	Amphipoda	Ostracoda	Bivalvia	Gastropoda	% Fvis


% Nbar



