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Supplementary Figure 1: Average cross-entropies for 10 repeats of K 1-10 for species identification analyses conducted with sNMF function within R package LEA

The greatest decrease in cross-entropy was between 2 and 3 populations and the lowest cross-entropy value was 4, suggesting K=3 or 4 as the most likely number of clusters. Both K=3 and K=4 were explored. K=3 was ultimately chosen as the best fit because all dogs were collected in the same cluster (Supplementary table 3), and the results were supported by the PCA.
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Supplementary Figure 2. Known pedigree of an inbred wolf family line in southwestern Finland. Pedigree-based inbreeding coefficients are marked after individual IDs. Circles represent females, rectangles represent males, and rhombuses represent individuals with unknown sex. †=no sample/genotype available, ‡=no microsatellite genotype available.
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Supplementary Figure 3. Parameters suggested by Allelematch for establishing individual wolf IDs based on 95 SNP markers
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Supplementary protocol: Workflow in the annual wolf monitoring

1.1. Basic filtering based on error and success rate, and sexing
Output files (.map) from the SNP analysis software were analyzed using an edited custom set of R scripts originally adapted from Ekblom et al. [1], allowing a maximum of 19 loci with missing data for all samples and a maximum error rate of 5% when combining duplicated scat genotypes. In the script, sexing was conducted such that males had at least one successful genotype with the Y-chromosomal marker and no heterozygous genotype with X-chromosomal markers.To identify a female, the sample had to be heterozygous at a minimum of eight X-chromosomal markers and have a missing Y-chromosome genotype.  The sexing parameters were derived from comparing SNP-based sexing against physiologically determined sex (see main manuscript) and adjusting the values until mis-called individuals were labeled as ‘uncertain. The output from the R scripts includes a summary file with overall success rates and success rates for species and sex markers (Supplementary table 4), as well as two sets of PLINK files, one of which includes samples that pass the specific threshold.  

1.2. Identification of wolf genotypes from non-target species     
For filtering out non-target species, the .ped file containing samples that passed the thresholds was merged with known reference samples (wolf (Illumina, Standard Biotools), dog (Illumina), fox (Standard Biotools), raccoon dog (Standard Biotools) and golden jackal (Illumina, Standard Biotools) (see Figure 1) and analysed using Principal Components Analysis (PCA) performed in PLINK [2], along with the species assignments using RUBIAS[3].

Individuals determined to be fox/raccoon dog/golden jackal were removed from further analysis, but putative wolves, dogs and hybrids between dogs and wolves were retained in the analyses until accurate species discrimination was conducted using a dedicated 93-SNP wolf-dog hybrid SNP panel[4].

1.3. Assigning unique IDs
Allellematch[5]was employed to identify unique multilocus genotypes among the wolves, dogs and hybrids. We utilized the optimal mismatches calculated with the function amUniqueProfiles for the entire 2022-2023 monitoring dataset, specifically a mismatch optimum of 16, a match threshold of 0.884 and a cut-height of 0.116. The X marker BICF2P1098274 exhibited high missing rates in this subset, so the analysis was performed without it.

1.4. Cross-contamination checks and kinship analysis
Unique IDs were checked for indications of cross-contamination. Particular attention was given to unique individuals based on single occurrences, samples close to the analysis threshold, samples where sex could not be determined by the R-script, and urine samples. The software Sequoia [6] was used for kinship analyses together with COLONY[7]. 

Putatively contaminated IDs were indicated by Sequoia as having genotypes too similar to another individual during an initial, integral data check in the kinship analysis process. If those highly similar individuals did not clearly assort among (often known) familial relationships from the COLONY analyses, it was considered evidence of contamination. Additionally, heterozygosities for the putatively contaminated samples and their putative relatives were calculated and compared; it is common for contaminated samples to exhibit higher heterozygosities than observed among other family members. No contamination was indicated in the samples used to demonstrate this analysis workflow.
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