[bookmark: _GoBack]Additional file 9
Material and methods extended.

Gene amplification and sequencing
The COI primer sequences, LCO-1490 and HCO-2198, were adopted from Folmer et al. [1] and the 16S rRNA primer sequences, 16Sar and 16Sbr were used after Palumbi et al. [2]. The ITS2 gene was amplified using the primer pair ITSL2 and ITSH1b/m from Schubart et al. [3] and Jelić et al. [61-main refernce list]. 
The final PCR reaction mix in a total volume of 20 μL for 16S rRNA gene contained 0.05 U/μL GoTaq G2 HotStart Polymerase, 1.5 mM GoTaq FlexiBuffer, 0.2 mM of each dNTP, 0.275 μmol/μL of each primer, and 10-50 ng/μL of DNA template. The PCR cycling protocol included: initial activation at 95 °C for 3 min, 40 cycles of denaturation at 95 °C for 1 min, annealing at 52 °C for 1 min and extension at 72 °C for 1 min and final extension at 72 °C for 5 min. 
The reaction mix in a total volume of 25 μL for COI gene contained 0.04 U/μL HotStart Polymerase, 1.5 mM Promega Buffer, 0.15 mM of each dNTP, 0.400 μmol/μL of each primer, 0.7 mM MgCl2, and 10-50 ng/μL of DNA template. The PCR cycling protocol included: initial activation at 94 °C for 3 min, 35 cycles of denaturation at 94 °C for 45 s, annealing at 48°C for 1 min and extension at 72 °C for 1 min and final extension at 72 °C for 10 min. 
The reaction mix in a total volume of 20 μL for ITS2 region contained 1.5 mM DreamTaq Mix, 0.400 μmol/μL of each primer, and 10-50 ng/μL of DNA template. The PCR cycling protocol included: initial activation at 95 °C for 3 min, 35 cycles of denaturation at 94 °C for 30 s, annealing at 55 °C for 30 s and extension at 72 °C for 80 min and final extension at 72 °C for 10 min.
The enzymatic purification of PCR products was performed using 2 μL of EXOAnP mix (containing 0.05 U/μL Antarctic Phosphatase and 0.5 U/μL Exonuclease I) for 20 μL of PCR product. The reaction was carried out on a PCR machine for 1 h at 37 °C followed by 20 min at 80 °C.
Sequencing was performed by Macrogen Inc. (Amsterdam, Netherlands) using the same amplification primers.

Phylogenetic reconstruction
MP analysis was performed in MEGA X [4] using a tree bisection-reconnection (TBR) algorithm [5] with search level 1 in which the initial trees were obtained by the random addition of sequences (10 replicates). Support for individual clades in MP was evaluated using nonparametric bootstrapping [6] obtained from 10,000 bootstrap replicates. ML analysis was conducted on the IQ-TREE webserver [7]. The optimal model of nucleotide evolution for each partition was calculated using ModelFinder on the IQ-TREE webserver [8, 9]. The selected model for COI gene was HKY+F+I+G, while for 16S rRNA was K3Pu+F+I+G. Branch supports were obtained with the 10,000 bootstrap alignments using ultrafast bootstrap [10] implemented in the IQ-TREE software. The ML tree was inferred using the edge linked partition model [8]. For the BA, the optimal models of nucleotide evolution for each partition of the concatenated data set were selected under the Bayesian information criterion (BIC) using the jModelTest 2.1.10 [11]. The selected model for COI was HKY+I+G, and for 16S rRNA was HKY+G. The BA was performed in MrBayes 3.2.6 [12] with priors set according to the suggested model for each partition. Two separate runs with four Metropolis-coupled Monte Carlo Markov chains (MMCM) were performed for 10,000,000 generations, and trees were sampled every 1,000 generations. After effective sample size (ESS values > 200) for each parameter was confirmed with Tracer v1.7.1 [13], the first 25% of sampled trees were eliminated as burn-in, and a 50% majority-rule consensus tree was constructed, with nodal values representing the posterior probabilities. 
Phylogenetic analyses of the ITS2 region were performed on 72 sequences collapsed into 32 unique haplotypes representing all up till now described mtDNA phylogroups [4, 5 main refernce list] and a new phylogroup discovered in this research. Four A. pallipes sequences were used as an outgroup (accession numbers: KX370591, KX370594, KX370597, KX370600). The optimal model of nucleotide evolution was selected under the BIC using jModelTest 2.1.10 [11]. The proposed model was Jukes-Cantor (JC) with equal base frequencies, all substitutions equally likely assessed. Phylogenetic relationships were reconstructed using BA. Prior to BA, all the gaps in the alignment were coded by employing the simple indel coding algorithm as implemented in FastGap [14] that converts gaps to a matrix of binary presence/absence character state, which was implemented in the nexus input file for further analyses. Two separate runs with four MMCM chains were performed for 3,000,000 generations, and trees were sampled every 100 generations. After checking diagnostic parameters of convergence, the first 25% of sampled trees were eliminated as burn-in and a 50% majority-rule consensus tree was constructed, with nodal values representing the posterior probabilities. 
All phylogenetic trees were visualised in FigTree v1.4.4 [15].

Time of divergence
The molecular clock tests were performed using the ML method in MEGA X by comparing the ML value for the given topology with and without the molecular clock constraints under HKY+G+I (for COI data set) and HKY+G (for 16S rRNA data set) models. The null hypothesis of equal evolutionary rate throughout the tree was rejected at a 5% significance level; therefore, clock model was set as relaxed with an uncorrelated lognormal distribution for all tree calibrations. The likelihood of the Yule versus the birth-death model was estimated with path sampling [21]. The tree prior was set as the birth-death since comparison between Bayes factors (BF) favoured this model over Yule model (2lnBF = 112). Independent substitution models were assigned to each mtDNA gene. Both molecular and geological calibrations were run for 150,000,000 generations. The generated trace files were analysed to check the convergence using Tracer v1.6 [13], 25% of the sampled trees were subsequently discarded as burn-in and the consensus tree was produced in TreeAnnotator v2.5.2 [132-main reference list].

Species delimitation and validation
The input tree for GMYC and PTP was constructed using BEAST 2.5.2. with an input file generated in BEAUti as recommended in other studies [16, 17]. BEAST analysis was run for 50,000,000 generations using the using Coalescence tree prior and a relaxed molecular clock with an uncorrelated log-normal distribution. We used the coalescence tree prior because it is considered to be a more adequate option and appears to fit better the majority of the data sets in model comparisons than the Yule prior which results in greater number of entities [16,18]. The substitution model HKY+I+G was assigned to the COI datasets and the substitution rate for COI was set to 0.0115 subs/s/my/l. Species Pontastacus leptodactylus, Astacus astacus and Austropotamobius pallipes were used as outgroups, but were later excluded from GMYC analysis using the function drop.tip( ) from the package APE [19]. After checking the convergence with Tracer, a consensus tree was calculated and used as an input tree for further analyses. The same input tree was used for bPTP and mPTP. The bPTP method was run on the webserver at http://species.h-its.org, while mPTP method was perfomed on the web server at http://mptp.h-its.org/, both using default parameters and outgroups being removed.
Chain length for nested sampling analysis was 200,000, sub-chain length of 10,000 and 20 particles with default value of epsilon (1-12). Bayesian factors (2lnBFs) between the two competing models were calculated as suggested by Kass and Raftery [147 – main reference list]. A positive BF (2lnBFs) values reflect evidence in favour of the first model, to which the second model is compared, whereas negative BF values are considered as evidence favouring the second model. Values above 10 (2lnBFs > 10) are considered as decisive evidence in favour of the first model [20]. 

Meristics 
Number of spines on the merus of the third maxilliped were counted for each individual, and expressed as numbers per phylogroup. Presence and pronunciation of rostral crista was expressed as absent or present. If rostral crista was present, it was evaluated as one of three “rostrum types”: weak, medium and strong, and were expressed as a percentage of each rostrum type per phylogroup. Denticulation on the antennal exopodite was evaluated as smooth (absence of denticulation/no tubercles or spine) or as with tubercles or spines. Denticulation was expressed as percentage of each denticulation type per phylogroup. Tip of gonopods were recorded/depicted as ratio of tip length to the length of the whole gonopod (1/3 or 1/2 of the gonopod's length); length of the exopodite of the second gonopod was expressed as ratio between exopodite length and the length of the gonopod (1/3 or 1/2 of the gonopod's length). Gonopod “shapes” were expressed as percentage of the “shape” per phylogroup.
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