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• NATURA 2000 sites

• Croatia: 37% of the land 
territory and 15 % of sea 
shore

Alpine 
chamois

Balkan 
chamois

Hybrids



 The great abundance of chamois in the 
north-western Dinaric Mountains

 Extirpation of chamois populations in the 
northern Dinaric region in the early 1900s
before their taxonomic classification



The last record of the chamois presence in 
the Velebit massif – 1907 (Skorup, 2005)

Several translocations of chamois between 
1964 and 1978 



AIMS:
Investigate historical origin of chamois in the
northern Dinaric Mountains and in order to
define subspecies which occupied the area



STUDY AREA:
Velebit massif in Croatia, which is part of northern
Dinaric mountain range



Four museum male chamois skulls dated in
1886, 1893, 1895 and 1939

DNA extracted from middle layer and outer
sheath of horns



DNA ISOLATION:

 Special demineralization protocol for better 
DNA yield

 0,3g of bone dust was used per isolation

 PROBLEM: Fragmented DNA



MICROSATELLITE ANALYSIS: 

20 loci, triplicate

Fragment analysis - SeqStudio sequencer 

Results were validated using GeneMapper

Statistical analysis: STRUCTURE 

Reference populations - Šprem & Buzan 
(2016)



SEQUENCE ANALYSIS: 

Specialy designed primers for CR (469bp) 
and CYTB (348bp) 

Failed to amplify entire region-PROBLEM 
with fragmentation

SeqStudio sequencer

Statistic analysis:  MEGA



Microsatellites

STRUCTURE with 20 SSR loci:

 q values were between 0.6 and 0.7 for alpine
subspecies



Cytochrome b phylogeography of chamois

 EU836150.1_Rupicapra_rupicapra_rupicapra_haplotype_cytb-01_cytochrome_b_(cytb)_gene_partial_cds_mitochondrial

 EU836151.1_Rupicapra_rupicapra_rupicapra_haplotype_cytb-02_cytochrome_b_(cytb)_gene_partial_cds_mitochondrial

 EU836157.1_Rupicapra_rupicapra_tatrica_haplotype_cytb-08_cytochrome_b_(cytb)_gene_partial_cds_mitochondrial

 EU836168.1_Rupicapra_rupicapra_rupicapra_haplotype_cytb-21_cytochrome_b_(cytb)_gene_partial_cds_mitochondrial

 EU836152.1_Rupicapra_rupicapra_rupicapra_haplotype_cytb-03_cytochrome_b_(cytb)_gene_partial_cds_mitochondrial

 EU836156.1_Rupicapra_rupicapra_balcanica_haplotype_cytb-07_cytochrome_b_(cytb)_gene_partial_cds_mitochondrial

 EU836169.1_Rupicapra_rupicapra_asiatica_haplotype_cytb-22_cytochrome_b_(cytb)_gene_partial_cds_mitochondrial

 EU836154.1_Rupicapra_rupicapra_carpatica_haplotype_cytb-05_cytochrome_b_(cytb)_gene_partial_cds_mitochondrial

 EU836155.1_Rupicapra_rupicapra_carpatica_haplotype_cytb-06_cytochrome_b_(cytb)_gene_partial_cds_mitochondrial

 EU836165.1_Rupicapra_rupicapra_caucasica_haplotype_cytb-18_cytochrome_b_(cytb)_gene_partial_cds_mitochondrial

 1939

 1893

 1895

 EU836159.1_Rupicapra_pyrenaica_ornata_haplotype_cytb-10_cytochrome_b_(cytb)_gene_partial_cds_mitochondrial

 EU836164.1_Rupicapra_pyrenaica_ornata_haplotype_cytb-17_cytochrome_b_(cytb)_gene_partial_cds_mitochondrial

 EU836158.1_Rupicapra_rupicapra_cartusiana_haplotype_cytb-09_cytochrome_b_(cytb)_gene_partial_cds_mitochondrial

 EU836161.1_Rupicapra_pyrenaica_parva_haplotype_cytb-12_cytochrome_b_(cytb)_gene_partial_cds_mitochondrial

 EU836162.1_Rupicapra_pyrenaica_parva_haplotype_cytb-13_cytochrome_b_(cytb)_gene_partial_cds_mitochondrial

 EU836153.1_Rupicapra_rupicapra_rupicapra_haplotype_cytb-04_cytochrome_b_(cytb)_gene_partial_cds_mitochondrial

 EU836167.1_Rupicapra_pyrenaica_pyrenaica_haplotype_cytb-20_cytochrome_b_(cytb)_gene_partial_cds_mitochondrial

 EU836166.1_Rupicapra_pyrenaica_pyrenaica_haplotype_cytb-19_cytochrome_b_(cytb)_gene_partial_cds_mitochondrial

 EU836160.1_Rupicapra_pyrenaica_pyrenaica_haplotype_cytb-11_cytochrome_b_(cytb)_gene_partial_cds_mitochondrial

 EU836163.1_Rupicapra_pyrenaica_parva_haplotype_cytb-16_cytochrome_b_(cytb)_gene_partial_cds_mitochondrial
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Control region phylogeography of chamois
 GU951877.1_Rupicapra_rupicapra_rupicapra_clone_CR35_D-loop_partial_sequence_mitochondrial

 GU951879.1_Rupicapra_rupicapra_rupicapra_clone_CR37_D-loop_partial_sequence_mitochondrial

 GU951882.1_Rupicapra_rupicapra_rupicapra_clone_CR40_D-loop_partial_sequence_mitochondrial

 GU951878.1_Rupicapra_rupicapra_rupicapra_clone_CR36_D-loop_partial_sequence_mitochondrial

 GU951881.1_Rupicapra_rupicapra_rupicapra_clone_CR39_D-loop_partial_sequence_mitochondrial

 GU951891.1_Rupicapra_rupicapra_rupicapra_clone_CR49_D-loop_partial_sequence_mitochondrial

 GU951886.1_Rupicapra_rupicapra_rupicapra_clone_CR44_D-loop_partial_sequence_mitochondrial

 GU951887.1_Rupicapra_rupicapra_rupicapra_clone_CR45_D-loop_partial_sequence_mitochondrial

 GU951892.1_Rupicapra_rupicapra_rupicapra_clone_CR50_D-loop_partial_sequence_mitochondrial

 GU951876.1_Rupicapra_rupicapra_rupicapra_clone_CR34_D-loop_partial_sequence_mitochondrial

 GU951880.1_Rupicapra_rupicapra_rupicapra_clone_CR38_D-loop_partial_sequence_mitochondrial

 GU951883.1_Rupicapra_rupicapra_rupicapra_clone_CR41_D-loop_partial_sequence_mitochondrial

 GU951874.1_Rupicapra_rupicapra_rupicapra_clone_CR32_D-loop_partial_sequence_mitochondrial

 GU951884.1_Rupicapra_rupicapra_rupicapra_clone_CR42_D-loop_partial_sequence_mitochondrial

 GU951885.1_Rupicapra_rupicapra_rupicapra_clone_CR43_D-loop_partial_sequence_mitochondrial

 GU951888.1_Rupicapra_rupicapra_rupicapra_clone_CR46_D-loop_partial_sequence_mitochondrial

 GU951889.1_Rupicapra_rupicapra_rupicapra_clone_CR47_D-loop_partial_sequence_mitochondrial

 GU951900.1_Rupicapra_rupicapra_tatrica_clone_CR58_D-loop_partial_sequence_mitochondrial

 GU951899.1_Rupicapra_rupicapra_tatrica_clone_CR57_D-loop_partial_sequence_mitochondrial

 GU951901.1_Rupicapra_rupicapra_tatrica_clone_CR59_D-loop_partial_sequence_mitochondrial

 GU951909.1_Rupicapra_rupicapra_carpatica_clone_CR67_D-loop_partial_sequence_mitochondrial

 GU951903.1_Rupicapra_rupicapra_carpatica_clone_CR61_D-loop_partial_sequence_mitochondrial

 GU951904.1_Rupicapra_rupicapra_carpatica_clone_CR62_D-loop_partial_sequence_mitochondrial

 GU951868.1_Rupicapra_rupicapra_rupicapra_clone_CR26_D-loop_partial_sequence_mitochondrial

 GU951910.1_Rupicapra_rupicapra_carpatica_clone_CR68_D-loop_partial_sequence_mitochondrial

 GU951907.1_Rupicapra_rupicapra_carpatica_clone_CR65_D-loop_partial_sequence_mitochondrial

 GU951911.1_Rupicapra_rupicapra_carpatica_clone_CR69_D-loop_partial_sequence_mitochondrial

 GU951902.1_Rupicapra_rupicapra_carpatica_clone_CR60_D-loop_partial_sequence_mitochondrial

 GU951905.1_Rupicapra_rupicapra_carpatica_clone_CR63_D-loop_partial_sequence_mitochondrial

 GU951906.1_Rupicapra_rupicapra_carpatica_clone_CR64_D-loop_partial_sequence_mitochondrial

 GU951908.1_Rupicapra_rupicapra_carpatica_clone_CR66_D-loop_partial_sequence_mitochondrial

 GU951890.1_Rupicapra_rupicapra_rupicapra_clone_CR48_D-loop_partial_sequence_mitochondrial

 GU951897.1_Rupicapra_rupicapra_balcanica_clone_CR55_D-loop_partial_sequence_mitochondrial

 1893

 1895

 1939

 GU951893.1_Rupicapra_rupicapra_balcanica_clone_CR51_D-loop_partial_sequence_mitochondrial

 GU951896.1_Rupicapra_rupicapra_balcanica_clone_CR54_D-loop_partial_sequence_mitochondrial

 GU951898.1_Rupicapra_rupicapra_balcanica_clone_CR56_D-loop_partial_sequence_mitochondrial

 GU951916.1_Rupicapra_rupicapra_caucasica_clone_CR74_D-loop_partial_sequence_mitochondrial

 GU951913.1_Rupicapra_rupicapra_caucasica_clone_CR71_D-loop_partial_sequence_mitochondrial

 GU951914.1_Rupicapra_rupicapra_caucasica_clone_CR72_D-loop_partial_sequence_mitochondrial

 GU951912.1_Rupicapra_rupicapra_asiatica_clone_CR70_D-loop_partial_sequence_mitochondrial

 GU951915.1_Rupicapra_rupicapra_caucasica_clone_CR73_D-loop_partial_sequence_mitochondrial

 GU951894.1_Rupicapra_rupicapra_balcanica_clone_CR52_D-loop_partial_sequence_mitochondrial

 GU951895.1_Rupicapra_rupicapra_balcanica_clone_CR53_D-loop_partial_sequence_mitochondrial

 GU951865.1_Rupicapra_rupicapra_cartusiana_clone_CR23_D-loop_partial_sequence_mitochondrial

 GU951867.1_Rupicapra_rupicapra_cartusiana_clone_CR25_D-loop_partial_sequence_mitochondrial

 GU951866.1_Rupicapra_rupicapra_cartusiana_clone_CR24_D-loop_partial_sequence_mitochondrial

 GU951864.1_Rupicapra_pyrenaica_ornata_clone_CR22_D-loop_partial_sequence_mitochondrial

 GU951845.1_Rupicapra_pyrenaica_parva_clone_CR03_D-loop_partial_sequence_mitochondrial

 GU951851.1_Rupicapra_pyrenaica_parva_clone_CR09_D-loop_partial_sequence_mitochondrial

 GU951847.1_Rupicapra_pyrenaica_parva_clone_CR05_D-loop_partial_sequence_mitochondrial

 GU951846.1_Rupicapra_pyrenaica_parva_clone_CR04_D-loop_partial_sequence_mitochondrial

 GU951844.1_Rupicapra_pyrenaica_parva_clone_CR02_D-loop_partial_sequence_mitochondrial

 GU951850.1_Rupicapra_pyrenaica_parva_clone_CR08_D-loop_partial_sequence_mitochondrial

 GU951843.1_Rupicapra_pyrenaica_parva_clone_CR01_D-loop_partial_sequence_mitochondrial

 GU951872.1_Rupicapra_rupicapra_rupicapra_clone_CR30_D-loop_partial_sequence_mitochondrial

 GU951873.1_Rupicapra_rupicapra_rupicapra_clone_CR31_D-loop_partial_sequence_mitochondrial

 GU951875.1_Rupicapra_rupicapra_rupicapra_clone_CR33_D-loop_partial_sequence_mitochondrial

 GU951869.1_Rupicapra_rupicapra_rupicapra_clone_CR27_D-loop_partial_sequence_mitochondrial

 GU951871.1_Rupicapra_rupicapra_rupicapra_clone_CR29_D-loop_partial_sequence_mitochondrial

 GU951848.1_Rupicapra_pyrenaica_parva_clone_CR06_D-loop_partial_sequence_mitochondrial

 GU951849.1_Rupicapra_pyrenaica_parva_clone_CR07_D-loop_partial_sequence_mitochondrial

 GU951855.1_Rupicapra_pyrenaica_pyrenaica_clone_CR13_D-loop_partial_sequence_mitochondrial

 GU951857.1_Rupicapra_pyrenaica_pyrenaica_clone_CR15_D-loop_partial_sequence_mitochondrial

 GU951856.1_Rupicapra_pyrenaica_pyrenaica_clone_CR14_D-loop_partial_sequence_mitochondrial

 GU951860.1_Rupicapra_pyrenaica_pyrenaica_clone_CR18_D-loop_partial_sequence_mitochondrial

 GU951861.1_Rupicapra_pyrenaica_pyrenaica_clone_CR19_D-loop_partial_sequence_mitochondrial

 GU951870.1_Rupicapra_rupicapra_rupicapra_clone_CR28_D-loop_partial_sequence_mitochondrial

 GU951853.1_Rupicapra_pyrenaica_pyrenaica_clone_CR11_D-loop_partial_sequence_mitochondrial

 GU951858.1_Rupicapra_pyrenaica_pyrenaica_clone_CR16_D-loop_partial_sequence_mitochondrial

 GU951854.1_Rupicapra_pyrenaica_pyrenaica_clone_CR12_D-loop_partial_sequence_mitochondrial

 GU951859.1_Rupicapra_pyrenaica_pyrenaica_clone_CR17_D-loop_partial_sequence_mitochondrial

 GU951852.1_Rupicapra_pyrenaica_pyrenaica_clone_CR10_D-loop_partial_sequence_mitochondrial

 GU951862.1_Rupicapra_pyrenaica_pyrenaica_clone_CR20_D-loop_partial_sequence_mitochondrial

 GU951863.1_Rupicapra_pyrenaica_pyrenaica_clone_CR21_D-loop_partial_sequence_mitochondrial

R. rupicapra rupicapra

R. r. tatrica

R. r. carpatica

R. r. caucasica

R. r. cartusiana
R. pyrenaica ornata

R. p. parva
R. p. pyrenaica

R. r. balcanica
MUSEUM SAMPLES

Northern 
chamois

Southern 
chamois



 Museum samples could help resolve phylogenetic 
relationships, but sometimes because of low DNA quality

they do not work properly ≈≈  Fragmented DNA
 Chamois taxonomy is still questionable!!!
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