SUPPORTING INFORMATION
Unregulated hunting and genetic recovery from a severe population decline: the

cautionary case of Bulgarian wolves

Supplementary Tables

Table S1. List of samples used in this study, with detail on the number used on each analysis.
Georeferenced samples were used in the spatial analysis. Note that the Jackal samples were
identified molecularly during the study (see main text).

. ) Microsatellites mtDNA &
Dataset Total mtDNA Microsatellites ) L . . Georeferenced
without missing data Microsatellites
Wolf samples 109 105 102 e 98 92
Dog samples 14 0 14 14 0 0

Jackal samples 3 3 3 3 3 3




Table S2. P-values for Hardy-Weinberg exact tests carried out in GENEPOP (Rousset 2008)
and diversity indices: Fis - Inbreeding Coefficient, Ho- Observed Heterozygosity, He-
Expected Heterozygosity, I- Shannon information index, all calculated in GENALEX (Peakall
and Smouse 2006); All-Rich- Allelic richness, calculated in FSTAT (Goudet 2001).

Dataset Locus P-value S.E. Ho He Fis | All-Rich
2010 0.0014 0.0001 0.576 0.719 0.199 1.348 4.97
2017 0.0157 - 0.458 0.563 0.186 0.978 4
2054 0.0163 0.0006 0.735 0.824 0.108 1.951 10.882
2088 0 0 0.588 0.673 0.126 1.255 5.997
2079 0.005 0.0002 0.414 0.526 0.213 0.867 4.969
2096  0.0005 0 0.637 0.664 0.041 1.225 5.938
All VwF  0.1378 0.0016 0.733 0.753 0.027 1.754 9

individuals 250 0.0022 0.0001 0.800 0.813 0.016 1.778 7.997
(N=102) 253 0.1451 0.0013 0.765 0.804 0.049 1.804 7.941
213 0.0033 0.0004 0.693 0.796 0.129 1.904 13.8

2001 0.0236 0.0005 0.762 0.791 0.036 1.634 6.948

130 0 0 0.624 0.770 0.190 1.684 8.901
466 0.2788  0.003 0.696 0.750 0.071 1.598 9.765
642 0 0 0.680 0.835 0.185 2.210 17.877
All NA NA 0.654 0.734 0.113 1.571 8.499
2010 0.0226 - 0.587 0.715 0.179 1.321 4.000
2017 0.0128 = 0.403 0.523 0.228 0.900 4.000

2054 0.0062 0.0003 0.703 0.823 0.146 1.958 10.937

2088 0.0014 0.0001 0.531 0.690 0.230 1.287 5.000

2079 0.0212 0.0004 0.444 0.559 0.205 0.954 4.984

2096 0.0023 0.0001 0.641 0.664 0.035 1.248 5.968

Unrelated  VwF  0.6578 0.0023 0.730 0.751 0.028 1.745 9.000
individuals 250 0.3781 0.0018 0.778 0.813 0.043 1.771 7.968
only 253 0.4288 0.0018 0.719 0.785 0.085 1.755 7.969
(N=62) 213 0.0087 0.0007 0.683 0.786 0.132 1.807 12.905
2001 0.2189 0.0014 0.746 0.791 0.057 1.639 6.968

130 0.0006 0.0001 0.619 0.753 0.178 1.631 7.984

466 0.0643 0.0012 0.594 0.753 0.211 1.617 8.906

642 0.0001 0.0001 0.683 0.840 0.187 2.238 17.905

All NA NA 0.633 0.732 0.139 1.562 8.178




Table S3. List of loci identified as having null alleles by the software MICROCHECKER (Van
Oosterhout et al. 2004) for all samples pooled together, and separated by populations
identified by the software STRUCTURE (Pritchard et al. 2000). Clusters A and B correspond to
individuals with 60% ancestry to one of the two STRUCTURE clusters, while Cluster AB
corresponds to individuals with less than 60% ancestry to both clusters.

Locus All  Cluster A ClusterB Cluster AB

2010 Yes No Yes No
2017  Yes No No No
2054  Yes No No No
2088 No No No No
2079 Yes No Yes No
2096 No No No No
VwF No No No No
250 No No No No
253 No No No No
213 Yes Yes No No
2001 No No No No
130 Yes Yes No No
466 No No No No
642 Yes No No No

Table S4. Results of the bottleneck tests from the software BOTTLENECK (Cornuet and
Luikart 1996)

Mutation Expected Observed . Wilcoxon Wilcoxon Wilcoxon
Model Het. Exc. Het. Exc. P stand. Diff. H. Def. H. Exc. Two-tail
LLA.M. 8.23 14 0.00058 0.0003 1.0 0.00003 0.00006
T.P.M. 8.29 10 0.26 0.11298 0.94 0.067 0.13

S.M.M. 8.25 4 0.0215 0.00079 0.025 0.979 0.05




Table SS5. Assignment probability for individuals with putative hybrid wolf-dog ancestry.
These were defined as individuals having over 0.05 probability of assignment to any category
other than pure wolf (marked with *; jackals are excluded) consistently between STRUCTURE

(Pritchard et al. 2000) and NEWHYBRIDS (Anderson and Thompson 2002). Categories with

assignment probabilities lower than 0.01 for all individuals are not shown. WBx - wolf
backcross. See Figure S10 for the geographical distribution of these samples.

Sample NEWHYBRIDS software STRUCTURE software
Wolf F2 WBx1 WBx2 WBx3 Wolfl Wolf2 Dog Jackal
BW39 0.69 0.24*  0.00 0.07* 0.00 0.01 0.94 0.05* 0.00
BW61 0.72 0.13* 0.02 0.12%* 0.00 0.01 0.87 0.11* 0.02
BW67 0.75 0.16*  0.00 0.09* 0.00 0.04 0.83 0.10* 0.04
BW60 0.77 0.11* 0.01 0.10* 0.00 0.12 0.76 0.11* 0.01
BW78 0.63 0.01 0.02 0.31* 0.02 0.31 0.57 0.10* 0.03
BWS58 0.91 0.02 0.01 0.06* 0.00 0.60 0.34 0.06* 0.00
BW114 0.52 0.25*  0.03 0.20* 0.00 0.46 0.30 0.23* 0.01
BW116 0.93 0.01 0.00 0.05* 0.00 0.70 0.24 0.05* 0.01
BW89 0.45 0.07* 0.07* 0.39* 0.02 0.88 0.02 0.09* 0.01

BW15 0.72 0.13* 0.02 0.13* 0.00 0.92 0.02 0.06* 0.00




Table S6. Comparison of genetic diversity estimates between the present study for Bulgarian
wolves, and those obtained for other wolf populations. Standard deviation is included
whenever described in the paper (after the + symbol). Values from (Czarnomska et al. 2013)
result from averaging estimates for all different regions reported. Values from (Vonholdt et
al. 2008) result from averaging estimates for all years reported. Ne and Ne/N values from
(Sastre et al. 2011) were calculated by averaging mean values from both programs used, with

the most extreme values of 95% CI between the two programs used.

Population Hd Pi Ho Fis(95% Cl) Ne (95% Cl) Ne/N (95% Cl)
Bulgaria 0.75 0.022 0.654 0.113 90.4 0.12
(This study) +0.019 +0.0003 +0.031 +0.019 (63.7-214.8) (0.08-0.29)
Iberia 0.555 i‘r(;lgt(‘z? 0595 0.177 43.2 0.024
(Sastre et al. 2011) +0.041 2011) ' ’ (0.1-0.23) (29.9-73.8) (0.015-0.037)
Russia 0.672 0.016 0.663 0.147 2253 0.12
(Sastre et al. 2011) +0.043 ’ ’ (0.07-0.2) (75.9-1741.6) (004-0.94)
. 39.5(19.3-98.7) 0.42 (0.20-1.03)
(’Z"/f’"td l(zgg:é) NA NA 0680 ggé’ 0s) 515443783 028(0.24-0.42)
spi et al. ) ’ (Jansson et al. 2012) (Jansson et al. 2012)
Finland (2009) 0.108 30.4 0.097
NA NA 0.615
(Jansson et al. 2012) (NA) (25.4-45.4) (0.08-0.15)
Poland 0.35 0.009 0.552 0.222 NA NA
(Czarnomska et al. 2013) +0.2 +0.005 +0.034 +0.06
Apennine Peninsula 0.6 0.03
NA NA NA NA
(Fabbri et al. 2007) +0.02 +0.01
Italy only 0.46 0.127
NA NA NA NA
(Verardi et al. 2006) +0.18 +0.03
Yellowstone NA NA 0.71 -0.0411 16.27 0.28
(vonHoldt et al. 2008) +0.013 +0.02 +4.62 +0.04
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Figure S1. Altitude map of Bulgaria. The 4 main mountain systems are labelled, and the
location of all samples used in the study indicate by white circles.
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Figure S2. Frequency of mtDNA haplotypes. Haplotype designation follows the definition of
(Pilot et al. 2010). Grey bars represent haplotypes belonging to haplogroup 1, while black
bars represent haplotypes belonging to haplogroup 2 as defined in a previous study focusing
on grey wolf phylogeography in Europe (Pilot et al. 2010). Plot drawn using ARLEQUIN
(Excoffier et al. 2005)
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Figure S3. Results from the isolation by distance analysis as implemented in GENALEX

(Peakall and Smouse 2006). A: mantel test results, with statistical significance assessed

through 10,000 permutations. B: Spatial autocorrelation results, with 20 equal distance
classes. r=correlation index; dashed lines represent 95% confidence limit as calculated by
10,000 permutations. Error bars in each r represent the 95% confidence limits as calculated

by bootstrapping with 10,000 replicates.
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Figure S4. Posterior probability for each value of K tested using STRUCTURE for the dataset

without dogs. Each point represents the mean probability of all runs, while the bars represent

the range of values obtained. Graph made using STRUCTUREHARVESTER (Earl and vonHoldt
2012).
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Figure S5. AK values for each K tested with STRUCTURE, using the method described in
(Evanno et al. 2005). Graph produced in STRUCTUREHARVESTER (Earl and vonHoldt 2012).
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Figure S6. Posterior probability for each value of K tested using STRUCTURE for the dataset
with feral dog samples added. Each point represents the mean probability of all runs, while
the bars represent the range of values obtained. Due to posterior probability being virtually
identical between different runs for several values of K=2 , we could not apply the (Evanno et
al. 2005) method to this dataset. Graph made using STRUCTUREHARVESTER (Earl and
vonHoldt 2012).
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Figure S7. Values of BIC versus number of clusters using the DAPC (Jombart et al. 2010)
method implemented in the R package ADEGENET (Jombart and Ahmed 2011). Support for
two clusters is marginally better than support for three clusters.
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Figure S8. Assignment plot for two clusters obtained using the DAPC (Jombart et al. 2010)
method implemented in the R package ADEGENET (Jombart and Ahmed 2011). Each vertical
bar represents a single individual, colour coded according to assignment to both clusters, with
red meaning full assignment and white meaning no assignment. Individuals are ordered as in
the Structure plots in the main text.
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Figure S9. Microsatellite population structure as determined by GENELAND (Guillot et al.

2008) assuming four different population clusters. Individual samples used in this analysis
are overlaid. Clusters are broadly coincident with those obtained for mtDNA. Cluster 4 has a

higher degree of assignment than for mtDNA, but when GENELAND was run assuming three
populations, Cluster 4 would alternate in grouping with any of the other 3 between runs.
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Figure S10. mtDNA population structure as determined by GENELAND (Guillot et al. 2008).
Individual samples used in this analysis are overlaid, classified by their corresponding
haplogroup as defined in (Pilot et al. 2010). Note how different core mtDNA clusters occupy
regions with differing topography profiles shown in Figure S1.
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Figure S11. Distribution of core family groups. Numbers indicate the particular family group
to which an individual belongs.
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Figure S12. Distribution of individuals with hybrid dog ancestry as identified in Table S3.
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Figure S13. Principal Component Analyses comparing 10 wolf samples obtained from
Greece with the Bulgarian samples. The 3 most informative components do not clearly
separate Greek and Bulgarian samples. Analysis carried out using the ADEGENET software
(Jombart, 2008)
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