Catchment-based sampling of river eDNA integrates terrestrial and aquatic biodiversity of alpine landscapes
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Supplementary Information 1: Methods
Extraction
We performed two extractions per filter using the protocol of Pont et al. (2018). We agitated the filtration capsule containing the CL1 buffer for 15 min at 800 rpm using an S50 shaker (IngenieurbueroTM) before emptying the buffer into two 50-ml tubes. The tubes were then centrifuged for 15 min at 15 000 g. After the supernatant was removed with a sterile pipette, each tube contained 15 ml of liquid. Next, we added 33 ml of ethanol and 1.5 ml of 3 M sodium acetate to each 50-ml tube. The tubes were stored at least for one night at -20 °C. Then the tubes were centrifuged again at 15 000 g for 15 min, at 6 °C and then supplemented with 720 μl of ATL buffer from the DNeasy Blood and Tissue Extraction Kit (Qiagen GmbH). Each tube was then vortexed before the supernatant was combined with 20 μl of Proteinase K in a 2-ml tube. The tubes were incubated for 2 hours at 56 °C. We used NucleoSpin (R) Soil (MACHEREY-NAGEL GmbH & Co.) to perform two DNA extractions per filter capsule, starting from step six and continuing according to the manufacturer's manual. 100 μl of SE buffer was used twice for the elution process. Negative extraction controls were processed in parallel.
[bookmark: bookmark=id.1fob9te]Amplification and Sequencing
Following established protocol (Biggs et al., 2015), samples were tested for inhibition; inhibited samples were diluted fivefold. 3 μl of DNA extract were used as a template to perform DNA amplification in a final volume of 25 μl. The amplification mixture consisted of 1 U of AmpliTaq Gold DNA Polymerase (Applied Biosystem), 10 mM Tris-HCl, 50 mM KCl, 2.5 mM MgCl2, 0.2 mM of each dNTP, 0.2 μm of each primer, and 0,2 μg/μl bovine serum albumin (BSA, Roche Diagnostic). eDNA was amplified using two primer sets targeting vertebrates (Vert01, forward: -TTAGATACCCCACTATGC, reverse: -TAGAACAGGCTCCTCTAG, mean marker length: 97 bp) and spermatophytes (g-h/Sper01, forward: -GGGCAATCCTGAGCCAA, reverse: CCATTGAGTCTCTl bGCACCTATC, mean marker length: 48 bp) (Taberlet et al., 2018). For the vertebrate primer, human blocking primer (De Barba et al., 2014) with a final concentration of 4 μM was also added to the mixture. The two primer sets were 5’-labelled with an eight-nucleotide tag unique to each sample (with at least three differences between any pair of tags), allowing each sequence to be assigned to the corresponding sample during sequence analysis. Identical tags were used for the forward and reverse primers. The PCR mixture was denatured at 95 °C for 10 min, followed by 50 cycles of 30 s at 95 °C, 30 s at 55 °C for Vert01 and 50 °C for Sper01 and 1 min at 72 °C, with a final elongation step at 72 °C for 7 min. We ran 12 PCR replicates per extracted DNA and per marker. Samples were first titrated using capillary electrophoresis (QIAxcel; Qiagen GmbH) and purified using the MinElute PCR purification kit, then titrated again. Purified PCR products were pooled in equal volumes, achieving a theoretical sequencing depth of 300 000 and 100 000 reads per sample for vertebrates and plants, respectively. Two libraries were prepared using the Metafast protocol (Fasteris). Two paired-end sequencing runs (2 × 125 bp) were carried out on a MiSeq sequencer (Illumina, San Diego, CA, USA) using the MiSeq Flow Cell Kit Version3 (Illumina, San Diego, CA, USA) according to the manufacturer's instructions. In order to monitor the possibility of contamination, four negative extraction controls and two negative PCR controls (12 replicates using ultrapure water) were amplified per primer pair and sequenced parallel to the samples.
Bioinformatic analyses
Reads were processed post-sequencing in order to remove errors and then analysed using the OBITools package (Boyer et al., 2016) according to existing protocols (Polanco Fernández et al., 2021; Valentini et al., 2016). The ILLUMINAPAIREDEND program assembled forward and reverse reads, using a minimum score of 40 and retrieving only joined sequences. NGSFILTER software was used to assign each read to a sample. Using OBISPLIT, the original data was divided such that each sample had its own data set. Next, each sample was individually analysed, and then the taxon list was merged. For the final ecological analysis, OBIUNIQ clustered together strictly identical sequences. The OBIGREP program excluded sequences shorter than 20 bp, those with fewer than ten occurrences and those labelled "internal" by the OBICLEAN program.  The ECOTAG program with the sequences extracted from release 142 of the ENA database (standard sequences) was then used for the remaining sequences' taxonomic assignment. Sequences with <100 reads in each sample were discarded, and only sequences with a similarity of higher than 98% for spermatophytes and 90% for vertebrates were kept.  Taxonomic assignment outputs were corrected to avoid any over-confidence in assignments: species-level assignments were validated only for sequences with an identification match >98%, genus-level with a 96–98% match and family-level with a 90–96% match. Considering the incorrect assignment of a few sequences to the sample due to tag-jumps (Schnell et al., 2015), we discarded all sequences with a frequency of occurrence < 0.001 per sequence and per library. The extraction and PCR negative controls remained completely clean after the filtering pipeline, and the samples contained no sequence reads.
Assessment of Total and Common Regional Species Richness
We calculated regional species richness as a sum of all species present in the ten catchments, and furthermore sorted species into common and rare classification to obtain the regional species richness of common species. For birds, we obtained regional species occurrence data from the Swiss Ornithological Institute Vogelwarte (https://www.vogelwarte.ch/), which provides species distribution maps validated from long term field expeditions. For all other vertebrates, we obtained regional species presence-absence data from InfoSpecies (Schweizerisches Informationszentrum für Arten, Swiss Information Centre for Species), which provides species occurrences validated from primary and secondary sources (academic research, monitoring programs, existing literature, collections, as well as field expeditions from environmental offices and cantonal efforts) at the 5 × 5 km scale. We next assigned species into common or rare categories using existing literature, expert opinion and records from InfoSpecies. For amphibians, the spatial data was first aggregated to the catchment level. Species were assigned as common if the species were present in at least half of the catchments according to the regional species occurrence data. The freely available spatial data only included presences and not the number of observations. Thus, to verify that species were not assigned as common due to a single observation in one catchment, an additional visual inspection of publicly available species distribution maps (https://lepus.unine.ch/carto/) with some information of the number of sightings was conducted. This confirmed that all species present within a catchment demonstrated multiple sightings across multiple grid cells within the catchment. Swiss breeding birds were divided into rare and common categories by a combination of both visual inspections of the territory maps from the Swiss Ornithological Institute and local expert knowledge of the area. Mammal and fish species were explored using species maps on the GBIF database (https://www.gbif.org/)  and classified according to their percentage spatial coverage into very common (>75%), common (50–75%), fairly common (25–50%), uncommon (<25%) and rare (<10 locations). These classifications were aggregated into two classes: common (>25%) and rare (<25%). Moreover, two common exclusively lake species (Salvelinus namaycush and Salvelinus umbla) were reclassified as rare as they are not expected to be found in rivers. For spermatophytes, we obtained regional species occurrence data compiled from long-term field studies in the area (Guisan et al., 2014). Species were assigned as common if they were present in at least 5% of all sampled plots within the ten catchments. The regional species occurrence data did not include ornamental, agricultural, and lowland plants which are part of the national checklist. For this analysis, we excluded identified taxa that were not part of the regional species occurrence data so that taxa absent in the occurrence dataset would not be counted towards species accumulation rate. For the taxa identified at lower the species level resolution, we assigned them as rare if the taxon encompassed at least one species which was identified as rare, otherwise, it was classified as common.
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