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 606 

 607 

 608 

Figure 1: Information in faecal samples from dietary metabarcoding datasets of harbour seal 609 

(Thomas et al. 2017), an insectivorous bat (Vesterinen et al. 2016) and Grevy’s zebra 610 

(Kartzinel et al. 2015). (a) Individual-level data in 10 faecal samples viewed using different 611 

metrics. Colours represent different food taxa. (b) Population-level summaries of these 612 

datasets showing the top 15 food taxa (%FOO ranking); 1% threshold used for occurrence in 613 

POO and wPOO calculations. In the lower plots the sum contribution of remaining food taxa 614 

are plotted at end. In each example population data include only collections from one site 615 

and samples with >50 food taxa reads. 616 
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 618 

 619 

Figure 3: Killer whale diet in the Salish Sea illustrated with bipartite graphs constructed from 620 

data in Ford et al. (2016) using either (a) RRA (b) POO with a 0.1% threshold or (c) POO with 621 

a 1% threshold. Samples (DNA from faecal material) are shown on left of each plot and were 622 

pooled according to collection dates (Early, Middle, Late) in different years. The overall diet 623 

calculated by the different methods is shown on the right of each plot (includes the seven 624 

prey taxa with >1% of sequences in at least one sample). Line thickness shows contribution 625 

of taxa in each sample to the overall diet.626 
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 627 

Table 1 Use of sequence counts in 20 metabarcoding diet studies carried out using faecal DNA collected from a range of different species. Representative 628 

studies across a range of focal taxa carried out by different research groups are shown rather than trying to summarise all dietary metabarcoding studies.  629 

Focal Taxa  Reference FOO† RRA‡ Sample 
number 

Number 
food 
taxa§ 

Taxa per 
sample¶ 

Marker Target group Sequences per 
sampleᶲ 

Sequencer  Count data 
Available 

Snail O'Rorke et al. 
(2016) 

N Y 35 >50  NR ITS fungus 3500 (rarefied) MiSeq Yes 

Snail Waterhouse et 
al. (2014) 

Y N 60 26  4.7 16S earthworms 1047 454 No 

Pigeon Ando et al. 
(2013) 

Y Y  48 44  6.7 trnL plants 743 454 No 

Albatross McInnes et al. 
(2017b) 

Y Y 447 ~20  NR 18S metazoan >100 prey MiSeq Yes 

Puffin Bowser et al. 
(2013) 

Y Y 129 ~40  NA CO1, 16S metazoan >50 prey 454 No 

Sandpiper Gerwing et al. 
(2016) 

Y N 164 132 NA CO1, 16S metazoan, 
fish/cephalopod/crustacea 

721^ 454 No 

Desman 
(Rodent) 

Biffi et al. 
(2017) 

Y N 383 156  5.8 CO1 arthropods 6910^ Ion Torrent No 

Bat Clare et al. 
(2014) 

Y N 25 
(pooled) 

>158 NA CO1 arthropods >10000* Ion Torrent No 

Bats Burgar et al. 
(2014) 

Y N 64 >120 15 CO1 arthropods 230 454 No 

Bat Vesterinen et 
al. (2016) 

Y Y 82 59 NR CO1 arthropods 995 Ion Torrent Yes 

Bat Aizpurua et al.  
(2018) 

Y Y 79 >276 8.4 CO1, 16S arthropods >10000* MiSeq No 

Seal Thomas et al.  
(2017) 

N Y 1166 71 3.2 CO1, 16S salmon, fish and 
cephalopods 

1227 MiSeq No (Available 
on request) 

Seal Hardy et al. 
(2017) 

Y N 112 115 3 to 6 16S, 12S vertebrates, invertebrates >10000* MiSeq Yes 

Killer Whale Ford et al. 
(2016) 

N Y 13 
(pooled) 

16  NA 16S fish >10000* MiSeq Yes (raw 
sequences) 

Bear De Barba et al.  
(2014) 

Y N 91 >84  NA trnL, 12S, 16S, 
ITS 

plants, vertebrates, 
invertebrates 

>500 HiSeq Yes 
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Cats Xiong et al. 
(2017) 

Y N 103 40  3.6-4.1 16S vertebrates >10000* HiSeq No 

Monkey Quéméré et al. 
(2013) 

Y N 96 >130  13.9 trnL plants 23793 Illumina No 

Deer Erickson et al.  
(2017) 

N Y 12 >91 71 rbcL plants >10000* MiSeq No 

Large 
herbivores 

Kartzinel et al. 
(2015) 

Y Y 292 >110  NA trnL, ITS plants >10000* HiSeq Yes 

Ibex and 
Goat 

Gebremedhin 
et al. (2016) 

Y Y 39 >50  NR trnL plants >8000 454 Yes 

 630 

† For this table Frequency Of Occurrence (FOO) refers to any use of presence/absence data 631 

‡ For this table Relative Read Abundance (RRA) refers to the use of sequence counts to weight taxa present in samples. This includes distance methods such as Bray-Curtis 632 

dissimilarity. 633 

§ Taxonomic level of assignments varies between studies, therefore the number of taxa is not directly comparable. 634 

¶ In some cases multiple markers were used, or multiple samples were pooled, making this value Not Applicable (NA). NR indicate the number of food taxa per sample was 635 

Not Reported. 636 

ᶲ Most studies report mean number of food taxa sequences recovered per sample, but variance is not usually provided. The minimum number was reported in some cases. 637 

^ Unclear if these sequence counts include non-target DNA such as consumer DNA. 638 

* The maximum value reported here was 10000 reads per sample.  639 

not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which wasthis version posted April 18, 2018. ; https://doi.org/10.1101/303461doi: bioRxiv preprint 

https://doi.org/10.1101/303461


 

25 
 

References 640 

 641 

Aizpurua O, Budinski I, Georgiakakis P, et al. (2018) Agriculture shapes the trophic niche of a bat 642 
preying on multiple pest arthropods across Europe: evidence from DNA metabarcoding. 643 
Molecular Ecology 27, 815–825. 644 

Alberdi A, Aizpurua O, Gilbert MTP, Bohmann K (2017) Scrutinizing key steps for reliable 645 
metabarcoding of environmental samples. Methods in Ecology and Evolution. 646 

Amend AS, Seifert KA, Bruns TD (2010) Quantifying microbial communities with 454 pyrosequencing: 647 
does read abundance count? Molecular Ecology 19, 5555-5565. 648 

Ando H, Setsuko S, Horikoshi K, et al. (2013) Diet analysis by next-generation sequencing indicates 649 
the frequent consumption of introduced plants by the critically endangered red-headed 650 
wood pigeon (Columba janthina nitens) in oceanic island habitats. Ecology and Evolution 3, 651 
4057-4069. 652 

Barrett RT, Camphuysen K, Anker-Nilssen T, et al. (2007) Diet studies of seabirds: a review and 653 
recommendations. ICES Journal of Marine Science 64, 1675-1691. 654 

Biffi M, Gillet F, Laffaille P, et al. (2017) Novel insights into the diet of the Pyrenean desman 655 
(Galemys pyrenaicus) using next-generation sequencing molecular analyses. Journal of 656 
Mammalogy. 657 

Bowles E, Schulte PM, Tollit DJ, Deagle BE, Trites AW (2011) Proportion of prey consumed can be 658 
determined from faecal DNA using real‐time PCR. Molecular Ecology Resources 11, 530-540. 659 

Bowser AK, Diamond AW, Addison JA (2013) From puffins to plankton: a DNA-based analysis of a 660 
seabird food chain in the northern Gulf of Maine. PLoS One 8, e83152. 661 

Burgar JM, Murray DC, Craig MD, et al. (2014) Who's for dinner? High-throughput sequencing 662 
reveals bat dietary differentiation in a biodiversity hotspot where prey taxonomy is largely 663 
undescribed. Molecular Ecology 23, 3605-3617. 664 

Chasco BE, Kaplan IC, Thomas AC, et al. (2017) Competing tradeoffs between increasing marine 665 
mammal predation and fisheries harvest of Chinook salmon. Scientific Reports 7, 15439. 666 

Clare EL (2014) Molecular detection of trophic interactions: emerging trends, distinct advantages, 667 
significant considerations and conservation applications. Evolutionary Applications, 1144–668 
1157. 669 

Clare EL, Symondson WOC, Fenton MB (2014) An inordinate fondness for beetles? Variation in 670 
seasonal dietary preferences of night-roosting big brown bats (Eptesicus fuscus). Molecular 671 
Ecology 23, 3633-3647. 672 

Clarke LJ, Soubrier J, Weyrich LS, Cooper A (2014) Environmental metabarcodes for insects: in silico 673 
PCR reveals potential for taxonomic bias. Molecular Ecology Resources 14, 1160-1170. 674 

Codron D, Codron J, Sponheimer M, Clauss M (2016) Within-population isotopic niche variability in 675 
savanna mammals: disparity between carnivores and herbivores. Frontiers in Ecology and 676 
Evolution 4, 15. 677 

Craine JM, Towne EG, Miller M, Fierer N (2015) Climatic warming and the future of bison as grazers. 678 
Scientific Reports 5, 16738. 679 

De Barba M, Miquel C, Boyer F, et al. (2014) DNA metabarcoding multiplexing and validation of data 680 
accuracy for diet assessment: application to omnivorous diet. Molecular Ecology Resources 681 
14, 306-323. 682 

Deagle BE, Chiaradia A, McInnes J, Jarman SN (2010) Pyrosequencing faecal DNA to determine diet 683 
of little penguins: is what goes in what comes out? Conservation Genetics 11, 2039-2048. 684 

Deagle BE, Kirkwood R, Jarman SN (2009) Analysis of Australian fur seal diet by pyrosequencing prey 685 
DNA in faeces. Molecular Ecology 18, 2022-2038. 686 

Deagle BE, Thomas AC, Shaffer AK, Trites AW, Jarman SN (2013) Quantifying sequence proportions in 687 
a DNA‐based diet study using Ion Torrent amplicon sequencing: which counts count? 688 
Molecular Ecology Resources 13, 620-633. 689 

not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which wasthis version posted April 18, 2018. ; https://doi.org/10.1101/303461doi: bioRxiv preprint 

https://doi.org/10.1101/303461


 

26 
 

Deagle BE, Tollit DJ (2007) Quantitative analysis of prey DNA in pinniped faeces: potential to 690 
estimate diet composition? Conservation Genetics 8, 743-747. 691 

Edgar RC (2017) UNBIAS: An attempt to correct abundance bias in 16S sequencing, with limited 692 
success. bioRxiv, 124149. 693 

Egeter B, Bishop PJ, Robertson BC (2015) Detecting frogs as prey in the diets of introduced 694 
mammals: a comparison between morphological and DNA‐based diet analyses. Molecular 695 
Ecology Resources 15, 306-316. 696 

Elbrecht V, Leese F (2015) Can DNA-based ecosystem assessments quantify species abundance? 697 
Testing primer bias and biomass—sequence relationships with an innovative metabarcoding 698 
protocol. PLoS One 10, e0130324. 699 

Erickson DL, Reed E, Ramachandran P, et al. (2017) Reconstructing a herbivore’s diet using a novel 700 
rbcL DNA mini-barcode for plants. AoB PLANTS 9. 701 

Finotello F, Di Camillo B (2015) Measuring differential gene expression with RNA-seq: challenges and 702 
strategies for data analysis. Briefings in functional genomics 14, 130-142. 703 

Ford MJ, Hempelmann J, Hanson MB, et al. (2016) Estimation of a killer whale (Orcinus orca) 704 
population’s diet using sequencing analysis of DNA from feces. PLoS One 11, e0144956. 705 

Forney LJ, Zhou X, Brown CJ (2004) Molecular microbial ecology: land of the one-eyed king. Current 706 
opinion in microbiology 7, 210-220. 707 

Gebremedhin B, Flagstad Ø, Bekele A, et al. (2016) DNA Metabarcoding Reveals Diet Overlap 708 
between the Endangered Walia Ibex and Domestic Goats - Implications for Conservation. 709 
PLoS One 11, e0159133. 710 

Gerwing TG, Kim J-H, Hamilton DJ, Barbeau MA, Addison JA (2016) Diet reconstruction using next-711 
generation sequencing increases the known ecosystem usage by a shorebird. The Auk 133, 712 
168-177. 713 

Goodwin S, McPherson JD, McCombie WR (2016) Coming of age: ten years of next-generation 714 
sequencing technologies. Nature Reviews Genetics 17, 333. 715 

Greenstone MH, Payton ME, Weber DC, Simmons AM (2014) The detectability half-life in arthropod 716 
predator–prey research: what it is, why we need it, how to measure it, and how to use it. 717 
Molecular Ecology 23, 3799–3813. 718 

Hardwick S, Deveson I, Mercer T (2017) Reference standards for next-generation sequencing. Nature 719 
Reviews Genetics 18, 473-484. 720 

Hardy N, Berry T, Kelaher BP, et al. (2017) Assessing the trophic ecology of top predators across a 721 
recolonisation frontier using DNA metabarcoding of diets. Marine Ecology Progress Series 722 
573, 237-254. 723 

Ibarbalz FM, Pérez MV, Figuerola EL, Erijman L (2014) The bias associated with amplicon sequencing 724 
does not affect the quantitative assessment of bacterial community dynamics. PLoS One 9, 725 
e99722. 726 

Jarman SN, McInnes JC, Faux C, et al. (2013) Adélie penguin population diet monitoring by analysis of 727 
food DNA in scats. PLoS One 8, e82227. 728 

Jusino MA, Banik MT, Palmer JM, et al. (2017) An improved method for utilizing high-throughput 729 
amplicon sequencing to determine the diets of insectivorous animals. PeerJ PrePrints. 730 

Kartzinel TR, Chen PA, Coverdale TC, et al. (2015) DNA metabarcoding illuminates dietary niche 731 
partitioning by African large herbivores. Proceedings of the National Academy of Sciences 732 
112, 8019-8024. 733 

Kimmerling N, Zuqert O, Amitai G, et al. (2018) Quantitative species-level ecology of reef fish larvae 734 
via metabarcoding. Nature ecology & evolution 2, 306. 735 

King RA, Read DS, Traugott M, Symondson WOC (2008) Molecular analysis of predation: a review of 736 
best practice for DNA-based approaches. Molecular Ecology 17, 947-963. 737 

Krehenwinkel H, Wolf M, Lim JY, et al. (2017) Estimating and mitigating amplification bias in 738 
qualitative and quantitative arthropod metabarcoding. Scientific Reports 7, 17668. 739 

not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which wasthis version posted April 18, 2018. ; https://doi.org/10.1101/303461doi: bioRxiv preprint 

https://doi.org/10.1101/303461


 

27 
 

Laake J, Browne P, DeLong R, Huber H (2002) Pinniped diet composition: a comparison of estimation 740 
models. Fishery Bulletin 100, 434-447. 741 

Lacoursière‐Roussel A, Côté G, Leclerc V, Bernatchez L (2016) Quantifying relative fish abundance 742 
with eDNA: a promising tool for fisheries management. Journal of Applied Ecology 53, 1148-743 
1157. 744 

Ma J, Li X-Q (2015) Organellar genome copy number variation and integrity during moderate 745 
maturation of roots and leaves of maize seedlings. Current genetics 61, 591-600. 746 

McInnes JC, Alderman R, Deagle BE, et al. (2017a) Optimised scat collection protocols for dietary 747 
DNA metabarcoding in vertebrates. Methods in Ecology and Evolution 8, 192-202. 748 

McInnes JC, Alderman R, Lea M-A, et al. (2017b) High occurrence of jellyfish predation by black-749 
browed and Campbell albatross identified by DNA metabarcoding. Molecular Ecology 26, 750 
4831-4845. 751 

Murray DC, Coghlan ML, Bunce M (2015) From benchtop to desktop: important considerations when 752 
designing amplicon sequencing workflows. PLoS One 10, e0124671. 753 

Nakahara F, Ando H, Ito H, et al. (2015) The applicability of DNA barcoding for dietary analysis of sika 754 
deer. DNA Barcodes 3, 200-206. 755 

Nguyen NH, Smith D, Peay K, Kennedy P (2015) Parsing ecological signal from noise in next 756 
generation amplicon sequencing. New Phytologist 205, 1389-1393. 757 

Nichols RV, Åkesson M, Kjellander P (2016) Diet assessment based on rumen contents: A comparison 758 
between DNA metabarcoding and macroscopy. PLoS One 11, e0157977. 759 

Nielsen JM, Clare EL, Hayden B, Brett MT, Kratina P (2017) Diet tracing in ecology: method 760 
comparison and selection. Methods in Ecology and Evolution. 761 

O'Rorke R, Holland BS, Cobian GM, Gaughen K, Amend AS (2016) Dietary preferences of Hawaiian 762 
tree snails to inform culture for conservation. Biological Conservation 198, 177-182. 763 

Olova N, Krueger F, Andrews S, et al. (2017) Comparison of whole-genome bisulfite sequencing 764 
library preparation strategies identifies sources of biases affecting DNA methylation data. 765 
bioRxiv, 165449. 766 

Pawluczyk M, Weiss J, Links MG, et al. (2015) Quantitative evaluation of bias in PCR amplification 767 
and next-generation sequencing derived from metabarcoding samples. Analytical and 768 
bioanalytical chemistry 407, 1841-1848. 769 

Piñol J, Mir G, Gomez‐Polo P, Agustí N (2015) Universal and blocking primer mismatches limit the use 770 
of high‐throughput DNA sequencing for the quantitative metabarcoding of arthropods. 771 
Molecular Ecology Resources 15, 819-830. 772 

Pompanon F, Deagle BE, Symondson WO, et al. (2012) Who is eating what: diet assessment using 773 
next generation sequencing. Molecular Ecology 21, 1931-1950. 774 

Pornon A, Escaravage N, Burrus M, et al. (2016) Using metabarcoding to reveal and quantify plant-775 
pollinator interactions. Scientific Reports 6, 27282. 776 

Port J, O’Donnell J, Lowell N, Romero-Maraccini O, Kelly R (2015) Assessing the vertebrate 777 
community of a kelp forest ecosystem using environmental DNA. Molecular Ecology. 778 

Quéméré E, Hibert F, Miquel C, et al. (2013) A DNA metabarcoding study of a primate dietary 779 
diversity and plasticity across its entire fragmented range. PLoS One 8, e58971. 780 

Schield DR, Walsh MR, Card DC, et al. (2016) EpiRADseq: scalable analysis of genomewide patterns 781 
of methylation using next‐generation sequencing. Methods in Ecology and Evolution 7, 60-782 
69. 783 

Schnell IB, Bohmann K, Gilbert MTP (2015) Tag jumps illuminated–reducing sequence‐to‐sample 784 
misidentifications in metabarcoding studies. Molecular Ecology Resources 15, 1289-1303. 785 

Soininen EM, Valentini A, Coissac E, et al. (2009) Analysing diet of small herbivores: the efficiency of 786 
DNA barcoding coupled with high-throughput pyrosequencing for deciphering the 787 
composition of complex plant mixtures. Frontiers in Zoology 6, 16. 788 

Sydeman WJ, Piatt JF, Thompson SA, et al. (2017) Puffins reveal contrasting relationships between 789 
forage fish and ocean climate in the North Pacific. Fisheries Oceanography 26, 379-395. 790 

not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which wasthis version posted April 18, 2018. ; https://doi.org/10.1101/303461doi: bioRxiv preprint 

https://doi.org/10.1101/303461


 

28 
 

Symondson WO, Harwood JD (2014) Special issue on molecular detection of trophic interactions: 791 
Unpicking the tangled bank. Molecular Ecology 23, 3601-3604. 792 

Taberlet P, Bonin A, Zinger L, Coissac E (2018) Environmental DNA: For Biodiversity Research and 793 
Monitoring Oxford University Press. 794 

Thomas AC, Deagle BE, Eveson JP, Harsch CH, Trites AW (2016) Quantitative DNA metabarcoding: 795 
improved estimates of species proportional biomass using correction factors derived from 796 
control material. Molecular Ecology Resources 16, 714-726. 797 

Thomas AC, Jarman SN, Haman KH, Trites AW, Deagle BE (2014) Improving accuracy of DNA diet 798 
estimates using food tissue control materials and an evaluation of proxies for digestion bias. 799 
Molecular Ecology 23, 3706-3718. 800 

Thomas AC, Nelson BW, Lance MM, Deagle BE, Trites AW (2017) Harbour seals target juvenile 801 
salmon of conservation concern. Canadian Journal of Fisheries and Aquatic Sciences 74, 907-802 
921. 803 

Thomsen PF, Møller PR, Sigsgaard EE, et al. (2016) Environmental DNA from seawater samples 804 
correlate with trawl catches of subarctic, deepwater fishes. PLoS One 11, e0165252. 805 

Tollit D, Fritz L, Joy R, et al. (2017) Diet of endangered Steller sea lions in the Aleutian Islands: New 806 
insights from DNA detections and bio-energetic reconstructions. Canadian Journal of 807 
Zoology. 808 

Valentini A, Miquel C, Nawaz MA, et al. (2009) New perspectives in diet analysis based on DNA 809 
barcoding and parallel pyrosequencing: the trnL approach. Molecular Ecology Resources 9, 810 
51-60. 811 

Vandeputte D, Kathagen G, D’hoe K, et al. (2017) Quantitative microbiome profiling links gut 812 
community variation to microbial load. Nature 551. 813 

Veltri KL, Espiritu M, Singh G (1990) Distinct genomic copy number in mitochondria of different 814 
mammalian organs. Journal of cellular physiology 143, 160-164. 815 

Vesterinen EJ, Ruokolainen L, Wahlberg N, et al. (2016) What you need is what you eat? Prey 816 
selection by the bat Myotis daubentonii. Molecular Ecology 25, 1581-1594. 817 

Waterhouse BR, Boyer S, Wratten SD (2014) Pyrosequencing of prey DNA in faeces of carnivorous 818 
land snails to facilitate ecological restoration and relocation programmes. Oecologia 175, 819 
737-746. 820 

Willerslev E, Davison J, Moora M, et al. (2014) Fifty thousand years of Arctic vegetation and 821 
megafaunal diet. Nature 506, 47. 822 

Xiong M, Wang D, Bu H, et al. (2017) Molecular dietary analysis of two sympatric felids in the 823 
Mountains of Southwest China biodiversity hotspot and conservation implications. Scientific 824 
Reports 7. 825 

Yu DW, Ji Y, Emerson BC, et al. (2012) Biodiversity soup: metabarcoding of arthropods for rapid 826 
biodiversity assessment and biomonitoring. Methods in Ecology and Evolution 3, 613-623. 827 

 828 

not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which wasthis version posted April 18, 2018. ; https://doi.org/10.1101/303461doi: bioRxiv preprint 

https://doi.org/10.1101/303461

