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[bookmark: _Toc72146757]Tab. s1. Radiocarbon data and chronological attribution of the assemblages


	Assembalge
	M
	S
	Lab.-Nr.
	AMS
	BP
	Std
	calBP
	Std
	P
	wBP
	wStd
	WCalBP
	wStd
	Chron
	References

	Aggsbach, a
	ch
	 
	GrN-1327
	CON
	22670
	100
	 
	 
	 
	 
	 
	 
	 
	 
	Vogel & Zagwijn, 1967

	Aggsbach, b (main)
	ch
	 
	GrN-1354
	CON
	25760
	170
	30049
	141
	 
	 
	 
	 
	 
	30
	Vogel & Zagwijn, 1967

	Aggsbach, c
	ch
	 
	GrN-2513
	CON
	26800
	200
	 
	 
	 
	 
	 
	 
	 
	 
	Vogel & Zagwijn, 1967

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Dolni Vestonice I
	ch
	 
	Ly-1999
	CON
	19640
	540
	 
	 
	 
	 
	 
	 
	 
	 
	Oliva, 2000

	Dolni Vestonice I
	ch
	 
	GrN-11004
	CON
	20270
	210
	 
	 
	 
	 
	 
	 
	 
	 
	Oliva, 2000

	Dolni Vestonice I
	ch
	 
	Ly-1303
	CON
	22250
	570
	 
	 
	 
	 
	 
	 
	 
	 
	Oliva, 2000

	Dolni Vestonice I
	b
	H
	OxA-8292
	AMS
	22840
	200
	 
	 
	 
	 
	 
	 
	 
	 
	Svoboda et al., 2018

	Dolni Vestonice I
	ch
	 
	GrN-6857
	CON
	25790
	320
	30038
	400
	*
	 
	 
	 
	 
	 
	Svoboda et al., 2018

	Dolni Vestonice I
	ch
	 
	GrN-1286
	CON
	25820
	170
	30120
	136
	*
	 
	 
	 
	 
	 
	Svoboda et al., 2018

	Dolni Vestonice I
	ch
	 
	GrN-18189
	CON
	25950
	630
	30132
	640
	*
	 
	 
	 
	 
	 
	Svoboda et al., 2018

	Dolni Vestonice I
	ch
	 
	GrN-10524
	CON
	26430
	190
	30660
	241
	*
	 
	 
	 
	 
	 
	Svoboda et al., 2018

	Dolni Vestonice I
	ch
	 
	GrN-18188
	CON
	27250
	590
	31417
	567
	*
	 
	 
	 
	 
	 
	Svoboda et al., 2018

	 
	 
	 
	 
	 
	 
	 
	 
	 
	3.3
	26092
	114
	30388
	218
	30.4
	

	Dolni Vestonice I
	ch
	 
	GrN-6859
	CON
	27790
	370
	 
	 
	 
	 
	 
	 
	 
	 
	Svoboda et al., 2018

	Dolni Vestonice
	 
	 
	GrN-2902
	CON
	28340
	390
	 
	 
	 
	 
	 
	 
	 
	 
	Svoboda et al., 2018

	Dolni Vestonice I
	ch
	 
	GrN-6860
	CON
	29180
	460
	 
	 
	 
	 
	 
	 
	 
	 
	Svoboda et al., 2018

	Dolni Vestonice I
	ch
	 
	GrN-18187
	CON
	29300
	750
	 
	 
	 
	 
	 
	 
	 
	 
	Svoboda et al., 2018

	Dolni Vestonice I
	ch
	 
	GrN-11189
	CON
	31700
	1000
	 
	 
	 
	 
	 
	 
	 
	 
	Svoboda et al., 2018

	Dolni Vestonice I
	ch
	 
	GrN-6858
	CON
	32850
	660
	 
	 
	 
	 
	 
	 
	 
	 
	Svoboda et al., 2018

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Jarosov II
	b
	M
	GrA-24741
	AMS
	22330
	130
	
	
	 
	 
	 
	 
	 
	 
	Škrdla et al, 2006

	Jarosov II
	b
	M
	GrA-20495
	AMS
	23120
	200
	
	
	 
	 
	 
	 
	 
	 
	Jöris et al., 2010

	Jarosov II
	 
	 
	GrA-9613
	AMS
	25110
	240
	29445
	298
	a
	 
	 
	 
	 
	 
	Škrdla, 2001

	Jarosov II
	 
	 
	GrA-9604
	AMS
	25780
	250
	30032
	282
	a
	 
	 
	 
	 
	 
	Škrdla, 2001

	Jarosov II
	 
	 
	GrA-15137
	AMS
	26220
	390
	30490
	355
	a
	 
	 
	 
	 
	 
	Škrdla, 2001

	Jarosov II
	 
	 
	GrN-17191
	CON
	26340
	180
	30596
	234
	a
	 
	 
	 
	 
	 
	Škrdla, 2001

	 
	 
	 
	 
	 
	 
	 
	 
	 
	a0.1
	25901
	119
	30160
	106
	30.2
	

	Jarosov II
	 
	 
	VERA-758
	AMS
	26900
	200
	31041
	117
	b
	 
	 
	 
	 
	 
	Jöris et al., 2010

	Jarosov II
	 
	 
	VERA-757
	AMS
	27200
	200
	31302
	163
	b
	 
	 
	 
	 
	 
	Jöris et al., 2010

	Jarosov II
	 
	 
	VERA-759
	AMS
	27200
	200
	31302
	163
	b
	 
	 
	 
	 
	 
	Jöris et al., 2010

	 
	 
	 
	 
	 
	 
	 
	 
	 
	b47.2
	27100
	115
	31163
	56
	31.2
	

	Kranawetberg AH3
	ch
	 
	GrA-28183
	AMS
	24780
	140
	 
	 
	 
	 
	 
	 
	 
	 
	Antl-Weiser et al., 2010

	Kranawetberg AH3
	ch
	 
	GrA-28184
	AMS
	25640
	160
	 
	 
	 
	 
	 
	 
	 
	 
	Antl-Weiser et al., 2010

	Kranawetberg AH3
	ch
	 
	GrA-28185
	AMS
	25010
	150
	 
	 
	 
	 
	 
	 
	 
	 
	Antl-Weiser et al., 2010

	Kranawetberg AH4
	 
	 
	GrA-9062
	AMS
	25220
	250
	29526
	285
	*
	 
	 
	 
	 
	 
	Antl-Weiser et al., 2010

	Kranawetberg AH4
	ch
	 
	GrA-9063
	AMS
	24620
	230
	28849
	231
	*
	 
	 
	 
	 
	 
	Antl-Weiser et al., 2010

	Kranawetberg AH4
	ch
	 
	GrA-9065
	AMS
	24930
	240
	29242
	330
	*
	 
	 
	 
	 
	 
	Antl-Weiser et al., 2010

	Kranawetberg AH4
	ch
	 
	GrA-9066
	AMS
	24830
	230
	29092
	260
	*
	 
	 
	 
	 
	 
	Antl-Weiser et al., 2010

	Kranawetberg AH4
	ch
	 
	VERA-364
	AMS
	25300
	90
	29565
	222
	*
	 
	 
	 
	 
	 
	Antl-Weiser et al., 2010

	Kranawetberg AH4
	 
	 
	VERA-366
	AMS
	25450
	90
	29694
	221
	*
	 
	 
	 
	 
	 
	Antl-Weiser et al., 2010

	 
	 
	 
	 
	 
	 
	 
	 
	 
	0.3
	25266
	56
	29533
	203
	29.5
	

	Milovice I, G
	ch
	 
	GrN-14824
	CON
	25220
	280
	29520
	302
	 
	 
	 
	 
	 
	 
	Svoboda, 2011

	Milovice I, G
	ch
	 
	GrN-22105
	CON
	25570
	170
	29752
	250
	 
	 
	 
	 
	 
	 
	Svoboda, 2011

	Milovice I, G
	t
	M
	Poz-99606
	AMS
	25770
	210
	30039
	208
	*
	 
	 
	 
	 
	 
	Wilczýnski et al., 2020

	Milovice I, G
	t
	M
	Poz-99610
	AMS
	25880
	220
	30210
	213
	*
	
	
	
	
	
	Wilczýnski et al., 2020

	Milovice I, G
	t
	M
	Poz-99607
	AMS
	24900
	200
	29177
	274
	*
	 
	 
	 
	 
	 
	Wilczýnski et al., 2020

	Milovice I, G
	t
	M
	Poz-99608
	AMS
	26010
	230
	30369
	276
	*
	 
	 
	 
	 
	 
	Wilczýnski et al., 2020

	
	
	
	
	
	
	
	
	
	0.2
	25555
	86
	29857
	129
	29.9
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	Pavlov I
	ch
	 
	GrN-1325
	CON
	25020
	150
	 
	 
	 
	 
	 
	 
	 
	 
	Svoboda et al., 2016

	Pavlov I
	?
	 
	GrN-22304
	CON
	25160
	170
	 
	 
	 
	 
	 
	 
	 
	 
	Svoboda et al., 2016

	Pavlov I
	ch
	 
	GrA-192
	AMS
	25530
	110
	 
	 
	 
	 
	 
	 
	 
	 
	Svoboda et al., 2016

	Pavlov I
	?
	 
	GrN-22305
	CON
	25800
	290
	
	
	
	 
	 
	 
	 
	 
	Svoboda et al., 2016

	Pavlov I
	ch
	 
	Beta-359288
	AMS
	25810
	130
	
	
	
	 
	 
	 
	 
	 
	Svoboda et al., 2016

	Pavlov I
	ch
	 
	Gin-104
	AMS
	26000
	350
	30343
	361
	*
	 
	 
	 
	 
	 
	Svoboda et al., 2016

	Pavlov I
	ch
	 
	GrN-20391
	CON
	26170
	450
	30436
	402
	*
	 
	 
	 
	 
	 
	Svoboda et al., 2016

	Pavlov I
	ch
	 
	Beta-388400
	AMS
	26180
	110
	30470
	217
	*
	 
	 
	 
	 
	 
	Svoboda et al., 2016

	Pavlov I
	ch
	 
	Beta-359291
	AMS
	26340
	140
	30601
	209
	*
	 
	 
	 
	 
	 
	Svoboda et al., 2016

	Pavlov I
	ch
	 
	Beta-359287
	AMS
	26400
	140
	30648
	214
	*
	 
	 
	 
	 
	 
	Svoboda et al., 2016

	Pavlov I
	?
	 
	GrN-22303
	CON
	26400
	310
	30613
	302
	*
	 
	 
	 
	 
	 
	Svoboda et al., 2016

	Pavlov I
	 
	 
	Beta-388403
	AMS
	26420
	120
	30666
	208
	*
	 
	 
	 
	 
	 
	Svoboda et al., 2016

	Pavlov I
	ch
	 
	KN-1286
	CON
	26580
	460
	30691
	380
	*
	
	
	
	
	
	Svoboda et al., 2016

	Pavlov I
	ch
	 
	GrN-1272
	CON
	26620
	230
	30761
	260
	 *
	 
	 
	 
	 
	 
	Svoboda et al., 2016

	Pavlov I
	ch
	 
	GrN-19539
	CON
	26650
	230
	30779
	258
	*
	
	
	
	
	
	Svoboda et al., 2016

	Pavlov I
	ch
	 
	GrN-4812
	CON
	26730
	250
	30825
	258
	*
	
	
	
	
	
	Svoboda et al., 2016

	
	
	
	
	
	
	
	
	
	48.4
	26373
	55
	30629
	171
	30.6
	

	Pavlov I
	ch
	 
	Beta-388397
	AMS
	26920
	130
	
	
	
	
	
	
	
	
	Svoboda et al., 2016

	Pavlov I
	ch
	 
	Beta-388402
	AMS
	26990
	120
	
	
	
	
	
	
	
	
	Svoboda et al., 2016

	Pavlov I
	ch
	 
	Beta-359289
	AMS
	27050
	130
	
	
	
	
	
	
	
	
	Svoboda et al., 2016

	Pavlov I
	ch
	 
	Beta-388406
	AMS
	27410
	120
	
	
	
	
	
	
	
	
	Svoboda et al., 2016

	Pavlov I
	ch
	 
	Beta-359285
	AMS
	27520
	150
	
	
	
	
	
	
	
	
	Svoboda et al., 2016

	Pavlov I
	ch
	 
	Beta-388405
	AMS
	27570
	130
	
	
	
	
	
	
	
	
	Svoboda et al., 2016

	Pavlov I
	ch
	 
	Beta-388401
	AMS
	27660
	130
	
	
	
	
	
	
	
	
	Svoboda et al., 2016

	Pavlov I
	ch
	 
	Beta-359293
	AMS
	28560
	160
	
	
	
	
	
	
	
	
	Svoboda et al., 2016

	Pavlov I
	ch
	 
	Beta-388398
	AMS
	28580
	140
	
	
	
	
	
	
	
	
	Svoboda et al., 2016

	Pavlov I
	ch
	 
	Beta-359292
	AMS
	28630
	170
	
	
	
	
	
	
	
	
	Svoboda et al., 2016

	Pavlov I
	 
	 
	Beta-388404
	AMS
	28710
	120
	
	
	
	
	
	
	
	
	Svoboda et al., 2016

	Pavlov I
	ch
	
	Beta-359286
	AMS
	28860
	170
	
	
	
	
	
	
	
	
	Svoboda et al., 2016

	Pavlov I
	ch
	
	Beta-359294
	AMS
	32540
	240
	
	
	
	
	
	
	
	
	Svoboda et al., 2016

	Pavlov I
	ch
	
	Beta-388399
	AMS
	33230
	220
	
	
	
	
	
	
	
	
	Svoboda et al., 2016

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	Petrkovice
	ch
	 
	GrN-19540
	CON
	20790
	270
	
	
	
	
	
	
	
	
	Svoboda, 2008

	Petrkovice
	ch
	 
	GrA-35446
	AMS
	21790
	110
	 
	 
	 
	 
	 
	 
	 
	 
	Svoboda, 2008

	Petrkovice
	ch
	
	GrA-35447
	AMS
	21970
	110
	
	
	
	
	
	
	
	
	Svoboda, 2008

	Petrkovice
	ch
	
	GrA-35449
	AMS
	22260
	110
	
	
	
	
	
	
	
	
	Svoboda, 2008

	Petrkovice
	ch
	
	GrA-891
	AMS
	23370
	160
	27556
	147
	 
	 
	 
	 
	 
	< 27.5
	Svoboda, 2008

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	Predmosti Ib
	 
	 
	GrA-32641
	AMS
	24340
	120
	 
	 
	 
	 
	 
	 
	 
	 
	Svoboda, 2013

	Predmosti Ib
	b
	 
	GrN-6852
	CON
	26320
	240
	30574
	270
	*
	 
	 
	 
	 
	 
	Svoboda, 2013

	Predmosti Ib
	b
	M
	OxA-17653
	AMS
	26730
	140
	30964
	110
	*
	 
	 
	 
	 
	 
	Svoboda, 2013

	Predmosti Ib
	b
	 
	GrA-32583
	AMS
	26780
	140
	30997
	99
	*
	 
	 
	 
	 
	 
	Svoboda, 2013

	Predmosti Ib
	b
	 
	GrN-6801
	CON
	26870
	250
	30985
	176
	*
	 
	 
	 
	 
	 
	Svoboda, 2013

	 
	 
	 
	 
	 
	 
	 
	 
	 
	34.5
	26713
	86
	30981
	80
	30.9
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	Krems-Wachtberg, AH4.4
	ch
	 
	VERA-4532
	AMS
	26840
	220
	30982
	152
	*
	 
	 
	 
	 
	 
	Einwögerer et al., 2014

	Krems-Wachtberg, AH4.4
	ch
	 
	VERA-3941
	AMS
	26870
	220
	31006
	143
	*
	 
	 
	 
	 
	 
	Einwögerer et al., 2014

	Krems-Wachtberg, AH4.4
	ch
	 
	VERA-4536
	AMS
	26980
	210
	31103
	113
	*
	 
	 
	 
	 
	 
	Einwögerer et al., 2014

	Krems-Wachtberg, AH4.4
	ch
	 
	VERA-3938
	AMS
	27000
	220
	31124
	126
	*
	 
	 
	 
	 
	 
	Einwögerer et al., 2014

	Krems-Wachtberg, AH4
	ch
	 
	VERA-3935
	AMS
	27220
	230
	31324
	181
	*
	 
	 
	 
	 
	 
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	78.1
	26978
	98
	31112
	50
	31.1
	

	Krems-Wachtberg, AH4
	ch
	 
	VERA-3937
	AMS
	28240
	270
	 
	 
	 
	 
	 
	 
	 
	 
	Einwögerer et al., 2014

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	Willendorf II, 9 / B1
	b
	M
	GrA-5005
	AMS
	23180
	120
	 
	 
	 
	 
	 
	 
	 
	 
	Haesaerts et al., 1996

	Willendorf II, 9 / B1
	b
	 
	GrN-21898
	CON
	23860
	270
	 
	 
	 
	 
	 
	 
	 
	 
	Haesaerts et al., 1996

	Willendorf II, 9 / B1
	b
	 
	GrN-22208
	CON
	24370
	290
	 
	 
	 
	 
	 
	 
	 
	 
	Haesaerts et al., 1996

	Willendorf II, 9 / B1
	b
	 
	GrA-5006
	AMS
	24910
	150
	29116
	178
	 
	 
	 
	 
	 
	29.1
	Haesaerts et al., 1996

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	Willendorf II, 8a / B1
	ch
	 
	GrA-893
	AMS
	23200
	140
	27474
	142
	*
	 
	 
	 
	 
	 
	Haesaerts et al., 1996

	Willendorf II, 8a / B1
	ch
	 
	GrA-493
	AMS
	23400
	190
	27568
	159
	*
	 
	 
	 
	 
	 
	Haesaerts et al., 1996

	Willendorf II, 8a / B1
	ch
	 
	GrA-494
	AMS
	23670
	120
	27820
	91
	*
	 
	 
	 
	 
	 
	Haesaerts et al., 1996

	 
	 
	 
	 
	 
	 
	 
	 
	 
	3.7
	23458
	82
	27621
	118
	 
	

	Willendorf II, 8 / B2
	b 
	 
	GrA-917
	AMS
	22180
	190
	 
	 
	 
	 
	 
	 
	 
	 
	Haesaerts et al., 1996

	Willendorf II, 8 / B2
	ch 
	 
	GrA-894
	AMS
	24710
	180
	 
	 
	 
	 
	 
	 
	 
	 
	Haesaerts et al., 1996

	Willendorf II, 8 / B2
	ch
	 
	GrN-17801
	CON
	25230
	320
	29518
	328
	*
	 
	 
	 
	 
	 
	Haesaerts et al., 1996

	Willendorf II, 8 / B2
	b
	 
	GrN-21690
	CON
	25400
	170
	29626
	260
	*
	 
	 
	 
	 
	 
	Haesaerts et al., 1996

	Willendorf II, 8 / B2
	b
	 
	GrN-20767
	CON
	25440
	170
	29648
	262
	*
	 
	 
	 
	 
	 
	Haesaerts et al., 1996

	Willendorf II, 8 / B2
	ch
	 
	GrN-17802
	CON
	25660
	350
	29857
	413
	*
	 
	 
	 
	 
	 
	Haesaerts et al., 1996

	 
	 
	 
	 
	 
	 
	 
	 
	 
	83.7
	25421
	107
	29653
	239
	29.6
	

	Willendorf II, 8 / B2
	ch
	 
	GrN-11191
	CON
	25800
	800
	 
	 
	 
	 
	 
	 
	 
	 
	Haesaerts, 1990

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	Willendorf II, 7 / B3
	ch
	 
	GrA-491
	AMS
	23830
	200
	28063
	241
	*
	 
	 
	 
	 
	 
	Nigst et al., 2008

	Willendorf II, 7 / B3
	ch
	 
	GrA-492
	AMS
	23990
	130
	28153
	220
	*
	 
	 
	 
	 
	 
	Nigst et al., 2008

	 
	 
	 
	 
	 
	 
	 
	 
	 
	50.2
	23942
	109
	28089
	188
	 
	

	Willendorf II, 6 / B4
	ch 
	 
	GrA-1016
	AMS
	26150
	110
	30445
	222
	 
	 
	 
	 
	 
	30.5
	Haesaerts et al., 1996

	Willendorf II, 6 / B4
	ch
	 
	GrN-20768
	CON
	26500
	480
	30638
	394
	 
	 
	 
	 
	 
	 
	Haesaerts et al., 1996

	Willendorf II, 6 / B4
	ch
	 
	GrN-17803
	CON
	27600
	480
	31820
	546
	 
	 
	 
	 
	 
	 
	Haesaerts et al., 1996

	Willendorf II, 6 / B4
	 
	 
	GrA-895
	AMS
	27620
	230
	31540
	217
	 
	 
	 
	 
	 
	 
	Haesaerts et al., 1996

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	Willendorf II, 5 / C2
	humus
	
	GrN-11194
	CON
	23830
	190
	
	
	
	
	
	
	
	
	Haesaerts, 1990

	Willendorf II, 5 / C2
	ch
	 
	GrN-11193
	CON
	30500
	900
	34914
	891
	*
	 
	 
	 
	 
	 
	Haesaerts, 1990

	Willendorf II, 5 / C2
	ch
	 
	GrA-218
	AMS
	27270
	290
	31363
	212
	*
	 
	 
	 
	 
	 
	Haesaerts et al., 1996

	 
	 
	 
	 
	 
	 
	 
	 
	 
	0.1
	27574
	276
	31534
	238
	31.5
	

	Willendorf II, 5 / C2
	ch
	 
	H-246-231
	CON
	32000
	3000
	 
	 
	 
	 
	 
	 
	 
	 
	Felgenhauer, 1959





2. PyREnArA - Program procedure
PyREnArA can be accessed following this link: https://doi.org/10.5281/zenodo.7534188 (John et al. 2023). This chapter stepwise guides through the procedure and the functions of the program PyREnArA (Fig. S2.1). It combines the computer-based recording of morphological properties as well as retouch position and quality of artifact drawings and photos with a statistical evaluation of the recorded properties.
[image: ]
Fig. s2.1 PyREnArA. Stepwise overview of the program procedure and functions. Red dashed lines with square labels: steps that need to be done by hand; blue solid lines with circular labels: automated steps; the outline color of the images indicate the programming language: red/blue = Python, green = R; original image: (Nuzhnyi, 2009, 165: Fig. 4)
[bookmark: _Toc72146758]2.1 Preparation and modification of the image (Fig. 1: Step 1)
Any photos or drawings of artifacts, individually or in groups on plates can be used in PyREnArA. For uploading an image into PyREnArA, all depicted artifacts must have the same scale and a reference object. The reference object serves as scale for all metric measurements. It is a black square with an edge length of 1 cm relative to the image scale and must be placed in the upper left corner. This is easily done in any image editing program. If the image contains objects not to be recorded (incomplete pieces, scales, etc.), they must be erased. Make sure that only a single dorsal view of each artifact is left in the image (Fig. S2.2, right). Smaller objects, such as arrows or artifact numberings usually will be ignored by the program and therefore do not necessarily need to be removed. However, in case of low resolution, removal is advised. In case of pixel-noise due to resizing poor quality images, the image background should be knocked out, while avoiding alterations of the artifact contours, particularly gaps.

[image: ]                    [image: ]
Fig. s2.2 Preparation and modification of images. Left: original image from literature (Nuzhnyi, 2009, 165: Fig. 4); right: processed image with the reference object


[bookmark: _Toc72146759]2.2 Program-intern image processing (Fig. 1: Step 2)
First, the program creates a new folder in the directory, where it later stores the obtained data and figures. Second, the uploaded image is resized to reduce computing time (and converted to a grey-scale image, so photos can be handled too). The background is set to the NoData value zero. For all operations, black pixels contain data values whereas white ones have NoData values, hence the image is binary. The threshold of white and black is set automatically after Otsu (1979). Third, using the threshold image, the program finds the contours of the artifacts, around which minimum bounding rectangles are fitted. Each artifact is re-oriented with its longest extent placed vertically. In case of lithic points, the program assures that the angle between the tip and its most distant point is zero (Fig. S2.3). In doing so, artifact alignment and therefore subsequent measurements are standardized. In case the artifacts are not detected and rotated correctly, it may be necessary to repeat the import procedure with an altered version. 
[image: ]
[image: rotated]









Fig. s2.3 Left: Alignment of an artifact. Violet: tilted minimum area rectangle that will be turned upright; grey: current minimum area rectangle; right: rotated outline image (Nuzhnyi, 2009, 165: Fig. 4)

[bookmark: _Toc72146760]2.3 Metrical investigation (Fig. 1: Step 3)
Size measurement
When all objects are identified and re-oriented, the program sets points to approximate the detected shapes. The reference object provides the number of pixels per centimeter, which in turn, divided by the actual size in millimeters, returns a translation quotient.
[bookmark: _Toc72146762]Contour length and area
A built-in function of OpenCV returns the length of the contour as a pixel count which, divided by the reference quotient, results in the length in millimeters. Another built-in function measures the area covered by the artifact. Using the square number of the reference quotient, it returns the area in square millimeters. The area of the bounding box is calculated in this manner as well. Using both area values, a relative coverage area in percentage is obtained. This value is used to distinguish between artifact shapes, especially regarding their pointedness. 
[bookmark: _Toc72146763]Widths, length, and length-width index.
The widest extent of an artifact is obtained by starting in the top left and top right corner of the respective bounding box. Searches for the artifact pixels closest to both sides of the bounding box, the widest part of the artifact is determined by finding the smallest distance between the contour lines and the box’s sides. The longest extent is found accordingly, starting in the upper and lower left corner of the bounding box (Fig. S2.4). Both spatial parameters are divided by the translation quotient to calculate the maximum width and length in millimeters. Dividing the maximum length by the maximum width, the length-width index is determined.
	Further measurements of extent
The axes of the widest and longest extents provide the reference for further measurements (Fig. S2.4). The axis of the widest extent divides the artifact into a lower and upper part and each part is subdivided into three zones of equal distance. Where the boundaries between the zones intersect with the artifact’s contour, artifact width is measured. The axis of the longest extent divides the artifact into a left and right part, which are also subdivided into three zones, respectively. Where the section boundaries intersect the artifact’s counter, the length is measured. In addition, the length of the upper and lower part and the width of the left and right side are measured. In total, six widths measurements in addition to the widest part and four lengths measurements in addition to longest part are recorded. The four points of the widest and longest extent plus the 12 points of the zones are subsequently used as “checkpoints” (n=16). If the area of an artifact exceeds or is equal to 85% of the bounding box, widths are measured in five zones starting from the lowest. For length measurements, three zones are defined (16 checkpoints).
[bookmark: _Toc72146764]Midpoint difference 
[bookmark: _Hlk116472062]Inspired by L. Grosman´s work on Lower Paleolithic hand axes and Neolithic masks (Grosman, 2016), PYENARA also calculates the difference between the geometrical center (MP) and the center of mass (CM) of each of the contours. The geometric center describes the middle point of the artifacts bounding box, the center of mass is the point where the artifact is in balance. The offset between both points is measured in horizontal (x) and vertical (y) direction (Fig. S2.4). The output is a vector containing both values.
[bookmark: _Toc72146765]Angle measurements
Using the set of the 16 checkpoints, the shape of the artifact can roughly be simplified. The advantage of using the checkpoints is their overall comparability. On each of these points, the angle between the two neighboring reference points is measured. The resulting 16 angles get obtained. The eighth point usually marks the tip of the artifact, if there is one. The angle data is stored in a separate csv file in the main directory of the site. 
The metrical data is saved as a separate csv-file within the folder directory (Fig. 1: Step 3.1). One figure, which depicts most of the metrical data, is saved to the folder directory (Fig. 4).
[image: ]
Fig. s2.4 Metrical parameters of a single artifact: red = max. width and length and length-width index; blue = other widths and lengths; violet = position of widest and longest part; grey = absolute and relative length of upper and lower part/width of left and right part; brown = area (in mm2 and percentage), contour length and area to contour length ratio; green = vector between MP and CM (green = MP, dark red = CM), golden = checkpoints. Metrical data in mm. (Artifact: Nuzhnyi, 2009, 165: Fig. 4, no. 15)

[bookmark: _Toc72146766]2.4 Retouch analysis (Fig. 1: Step 4)
The recording of retouch and their quantitative and qualitative properties needs to be done by the researcher. The program exports the image of each outline and adds on each side two “retouch bars”. In the inner bars, the user can insert the kind and the length of each retouch alongside the lateral flanks. The outer ones are determined for surface retouch. The left one depicts the dorsal, the right one the ventral surface. The color coding is as follows: red with an RGB value of (255, 0, 0) represents a dorsal retouch, green (0, 255, 0) a ventral retouch, yellow (0, 255, 255) a bifacial edge retouch, blue (0, 0, 255) a backing retouch and violet (255, 0, 255) a surface retouch. Unretouched parts are left blank (Fig. S2.5). To simplify this step, a legend in the upper left corner contains the kind of retouch (cf. Inizan et al., 1999) and its associated color, which can be picked and filled in the boxes (Fig. 1: Step 4.1). 
[image: ][image: ]
Fig. s2.5 Colored bars for retouch analysis. Left artifact: Nuzhnyi, 2009, 165: Fig. 4, no. 15; Right artifact: fictional surface retouched point

The thus-colored images are again uploaded into the program, where for each of the colored sections the associated part of the contour is identified. By iterating through the color bars, the oblique points on the artifacts are determined and merged to form a curve. Using an OpenCV built-in function, the length of the curvature is calculated. Also, the artifact is split into a left and a right side using the most distant points in length of the artifact so that the lateral length of each side can be calculated too. To obtain the relative length of the retouch in comparison to the respective lateral length, the lengths are divided. For positional arguments, the most distal and most basal point of the retouch are compared to the most distal and most basal point of the artifacts. If the most distal point has a similar position while the most basal point is not of the same position as the center point of the artifact, the retouch is considered to be a “tip retouch” (Fig. S2.6). “Basal retouch” is treated similarly but using the most basal point of the artifact. If the most distal point of the retouch equals the most distal point of the contour while the most basal equals the most basal, the retouch is considered to be a “lateral retouch”. If the most basal point of the retouch is below the geometrical center point of the artifact, the retouch is named “tip and medial”. Oppositely, the retouch is referred to as “basal and medial”. Lastly, if the most distal and most basal points of the retouch do not reach the values of the most distal and most basal point of the artifact, the retouch is considered to be “medial” (Fig 1: Step 4.2). Apart from the metrical analysis surface retouch is treated in the same way. Currently it is not possible to return the absolute and relative size of the surface that is retouched. 
The obtained data is then saved to a separate csv file within the folder directory (Fig. 1: Step 4.3). A figure, depicting the obtained retouch data is saved to the main directory (Fig. S2.6).
[image: ][image: ]
Fig. s2.6 Retouch detection shows an altered image of artifact 12 (Artifact: Nuzhnyi, 2009, 165: Fig. 4, no. 15) and the fictional surface retouched artifact


[bookmark: _Toc72146767]2.5 Shape analysis (Fig. 1: Step 5)
The program automatically creates a folder in the directory and stores the images of every artifact outline separately. These images can in a further step be used in shape analysis of the artifacts. 
Besides recording metric properties and retouch information, PyREnArA also allows for the analysis of shape, often referred to as geometric morphometrics (GMM). In GMM the shape of an object can be described as the combination of all information that is "invariant under translation, rotation, and isotropic rescalings" (Small, 1996). Based on the works of Thompson (1945), GMM is used in modern biology to estimate the structural change of species according to their topology. With the establishment of a user-friendly programming language, like R and Python (e.g., Claude, 2008), the field of GMM gained publicity, and the community grew. Today, GMM is also used in archaeological analyses (e.g., Hoggard et al., 2019; Falcucci et al., 2022).

In GMM closed outline methods with two different data sources are commonly used: the use of landmarks and pseudo-/semilandmarks (Claude, 2008, 5) or outlines of images, which are afterwards translated to landmarks (Bonhomme et al., 2014, 2017). Landmarks could be automatically detected or subjectively chosen by the researcher. A semilandmark lays in the space between two landmarks and is not based on a detectable feature. The outlines could be extracted from scanned drawings or digital sketches from photos. An orthographic overview image can also be used to detect the outline of an object. The shape of an object can be described either with a semilandmark analysis, an Eigenshape function (Claude, 2008: 229–231), or a Fourier-based approach (ibid.: 221–229). 

The approximated model of the outline will be translated, sized and rotated. This procedure is comparable to the Generalised Procrustes Analysis (GPA) (Claude, 2008: 156–166). Procrustes is a figure of the Greek mythology who first catches, then cuts and finally stretches people to fit the size of an iron bed. However, in the end, the heroic Theseus forced him to build his bed. GPA is a method of size, scale, and translation normalization (Caple et al., 2017: 1683). In a GPA, a set of several objects will be translated into a common centroid. After that, these objects will be scaled to the same centroid size, and in the last step, these objects will be turned until the sum of the squared distances between their landmarks is the lowest value possible (Mitteroecker et al., 2013).

In this study we decided to choose a Fourier-based approach because it has certain benefits, such as the objects can be compared even if they do not have the same number of landmarks or size. In an Elliptic Fourier Analysis (EFA), the outline of an object will be represented approximately by deriving a chain code from its quantized image (Szeliski, 2011: 244–250). Each segmented line could have one of eight orientations with a specific length. This chain code will be translated into an infinite series of trigonometric functions, also called harmonics. For a 2-dimensional object like an outline, four Fourier coefficients are defined, each two describing one dimension. Each additional elliptical Fourier function, harmonic, refines the outline model, which converges stepwise towards the original outline. The more harmonics are included in an outline model; the smaller is the average error. The precision of this error has natural/ technical restrictions, e.g., the resolution of the image. The number of harmonics should be adjusted to reach a harmonic power of 99 %, or the sum of errors is not tremendously decreasing. Every picture has its natural threshold, for which the number of harmonics will not add more detail.

After performing the GPA and EFA, several statistical tests can be applied to the resulting data: a principal component analysis (PCA) (Claude, 2008: 106–111), a cluster analysis (CA) (hierarchical) (ibid.: 155), a discriminant analysis (DA) (ibid.: 156, fig. 7), a MANOVA / Procrustes ANOVA, regression-based modelling (Linear/ Multiple) and a mean shape examination. We decided to first estimate the difference by calculating a PCA and second to use a hierarchical clustering algorithm. The performed ward.d2 method was applied. For finding the optimal number of clusters of our investigated object we decided to apply the silhouette approach to our dataset. The resulting graph shows the quality of a clustering. After performing the PCA and a CA, we could separate into distinctive groups, which are not following a temporal, cultural or spatial pattern. 

For our approach, we decided to separate our starting dataset according to their GMM-group and then to perform a cultural-temporal selection of one specific tool type, namely “projectile points”. 


2.6 Redundancy Analysis (RDA) (Fig. 1: Step 6)
The Redundancy Analysis (RDA) is a direct extension of multiple regression, as it models the effect of an explanatory matrix X (n x p) on a response matrix Y (n x m). In our research, we include the aforementioned parameters as X to try to explain the chronological development as Y.

Redundancy analysis is used as a two-step process (Legendre and Legendre, 2012; Roth, 2022). The first step is a multiple regression, where each object in Y is regressed on the explanatory variables in X, which results in a matrix of fitted values Yfit. In the second step, RDA applies a principal components analysis (PCA) on the fitted matrix Yfit to reduce dimensionality, i.e., to obtain the eigenvalues and eigenvectors. We then obtain a matrix Z which contains the canonical axes, which correspond to linear combinations of the explanatory variables in the space of X. The linearity of the combinations of the X variables is a fundamental property of RDA. In the analysis of community composition, these canonical axes are interpreted as complex environmental gradients.

3. Pearson coefficients of the parameters

[image: ]

Fig. s3.1: Pearson correlation coefficients. The sites in the legend are given in chronological order with the oldest at the bottom.


4. Shape analysis – results and tables

[image: ]
Fig. s4.1. GMM silhouette bar indicating that a subdivision of the dataset into three clusters is statistically most reasonable

[image: ]
Fig. s4.2. Comparison of the mean shapes of clusters 1, 2 and 2.





5. RDA analysis – results and tables

Tab. s5.1: Permutation test for RDA of the entire dataset and individually for cluster 1, 2 and 3 for the entire period as well as before and after 30 ka cal BP with 999 permutations

	ALL
	Df
	Variance
	F
	Pr(>F)

	Cluster 1+2
	 
	 
	 
	 

	Model
	1
	0.085113872
	2.530057681
	0.057

	Residual
	265
	8.914886128
	NA
	NA

	Cluster 1
	 
	 
	 
	 

	1
	1
	0.174339918
	1.422270288
	0.205

	2
	72
	8.825660082
	NA
	NA

	Cluster 2
	 
	 
	 
	 

	1
	1
	0.239960704
	3.94454183
	0.011

	2
	144
	8.760039296
	NA
	NA

	Cluster 3
	 
	 
	 
	 

	1
	1
	0.427412632
	2.243613
	0.075

	2
	45
	8.572587368
	NA
	NA

	> 30 ka
	 
	 
	 
	 

	Cluster 1+2
	 
	 
	 
	 

	Model
	1
	0.656240782
	8.7302048
	0.001

	Residual
	111
	8.343759218
	NA
	NA

	Cluster 1
	 
	 
	 
	 

	1
	1
	0.432832763
	1.717757288
	0.137

	2
	34
	8.567167237
	NA
	NA

	Cluster 2
	 
	 
	 
	 

	1
	1
	1.541335358
	8.266012389
	0.001

	2
	40
	7.458664642
	NA
	NA

	Cluster 3
	 
	 
	 
	 

	1
	1
	0.58685836
	2.301913685
	0.056

	2
	33
	8.41314164
	NA
	NA

	≤ 30 ka
	 
	 
	 
	 

	Model
	1
	0.129984579
	2.227465801
	0.069

	Residual
	152
	8.870015421
	NA
	NA

	Cluster 1
	 
	 
	 
	 

	1
	1
	0.814892773
	3.58408742
	0.017

	2
	36
	8.185107227
	NA
	NA

	Cluster 2
	 
	 
	 
	 

	1
	1
	0.287353269
	3.364079175
	0.032

	2
	102
	8.712646731
	NA
	NA

	Cluster 3
	 
	 
	 
	 

	1
	1
	1.774878747
	2.456538354
	0.108

	2
	10
	7.225121253
	NA
	NA





Tab. s5.2: RDA and OCA values of the entire dataset and individually cluster 1 and 2 for the entire period as well as before and after 30 ka cal BP

	ALL
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Cluster 1+2+3
	RDA
	PC1
	PC2
	PC3
	PC4
	PC5
	PC6
	PC7
	PC8
	PC9
	RDA%
	Pr(>F)

	Eigenvalue
	0.0851
	4.1841
	1.4809
	0.9992
	0.9172
	0.7311
	0.5036
	0.0639
	0.0331
	0.0018
	 
	 

	Proportion Explained
	0.0095
	0.4649
	0.1645
	0.1110
	0.1019
	0.0812
	0.0560
	0.0071
	0.0037
	0.0002
	0.95
	0.057

	Cumulative Proportion
	0.0095
	0.4744
	0.6389
	0.7499
	0.8518
	0.9331
	0.9890
	0.9961
	0.9998
	1.0000
	 
	 

	Cluster 1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Eigenvalue
	0.1743
	4.5405
	1.6313
	0.8634
	0.7639
	0.5605
	0.4164
	0.0441
	0.0044
	0.0011
	 
	 

	Proportion Explained
	0.0194
	0.5045
	0.1813
	0.0959
	0.0849
	0.0623
	0.0463
	0.0049
	0.0005
	0.0001
	1.94
	0.205

	Cumulative Proportion
	0.0194
	0.5239
	0.7051
	0.8011
	0.8859
	0.9482
	0.9945
	0.9994
	0.9999
	1.0000
	 
	 

	Cluster 2
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Eigenvalue
	0.2400
	4.1660
	1.2831
	1.0086
	0.8933
	0.7715
	0.5684
	0.0459
	0.0209
	0.0022
	 
	 

	Proportion Explained
	0.0267
	0.4629
	0.1426
	0.1121
	0.0993
	0.0857
	0.0632
	0.0051
	0.0023
	0.0002
	2.67
	0.011

	Cumulative Proportion
	0.0267
	0.4896
	0.6321
	0.7442
	0.8434
	0.9292
	0.9923
	0.9974
	0.9998
	1.0000
	 
	 

	Cluster 3
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Eigenvalue
	0.4274
	4.0333
	1.6030
	1.1106
	0.7231
	0.5983
	0.4510
	0.0326
	0.0167
	0.0041
	 
	 

	Proportion Explained
	0.0475
	0.4481
	0.1781
	0.1234
	0.0803
	0.0665
	0.0501
	0.0036
	0.0019
	0.0005
	4.8
	0.075

	Cumulative Proportion
	0.0475
	0.4956
	0.6737
	0.7971
	0.8775
	0.9440
	0.9941
	0.9977
	0.9995
	1.0000
	 
	 

	> 30 ka
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Cluster 1+2+3
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Eigenvalue
	0.6562
	3.9953
	1.3261
	1.0708
	0.8144
	0.6359
	0.4321
	0.0506
	0.0174
	0.0012
	 
	 

	Proportion Explained
	0.0729
	0.4439
	0.1473
	0.1190
	0.0905
	0.0707
	0.0480
	0.0056
	0.0019
	0.0001
	7.3
	0.001

	Cumulative Proportion
	0.0729
	0.5168
	0.6642
	0.7832
	0.8736
	0.9443
	0.9923
	0.9979
	0.9999
	1.0000
	 
	 

	Cluster 1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Eigenvalue
	0.4328
	4.7920
	1.5859
	0.7991
	0.6355
	0.4077
	0.3040
	0.0405
	0.0014
	0.0010
	 
	 

	Proportion Explained
	0.0481
	0.5324
	0.1762
	0.0888
	0.0706
	0.0453
	0.0338
	0.0045
	0.0002
	0.0001
	4.8
	0.137

	Cumulative Proportion
	0.0481
	0.5805
	0.7567
	0.8455
	0.9161
	0.9615
	0.9952
	0.9997
	0.9999
	1.0000
	 
	 

	Cluster 2
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Eigenvalue
	1.5413
	2.8645
	1.3426
	1.0314
	0.9368
	0.7569
	0.4936
	0.0187
	0.0132
	0.0008
	 
	 

	Proportion Explained
	0.1713
	0.3183
	0.1492
	0.1146
	0.1041
	0.0841
	0.0548
	0.0021
	0.0015
	0.0001
	17.1
	0.001

	Cumulative Proportion
	0.1713
	0.4895
	0.6387
	0.7533
	0.8574
	0.9415
	0.9964
	0.9984
	0.9999
	1.0000
	 
	 

	Cluster 3
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Eigenvalue
	0.5869
	3.9162
	1.5501
	1.1438
	0.8378
	0.5607
	0.3550
	0.0318
	0.0141
	0.0036
	 
	 

	Proportion Explained
	0.0652
	0.4351
	0.1722
	0.1271
	0.0931
	0.0623
	0.0394
	0.0035
	0.0016
	0.0004
	6.5
	0.056

	Cumulative Proportion
	0.0652
	0.5003
	0.6726
	0.7997
	0.8928
	0.9551
	0.9945
	0.9980
	0.9996
	1.0000
	 
	 

	≤ 30 ka
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Cluster 1+2+3
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Eigenvalue
	0.1300
	4.1009
	1.3490
	1.0762
	0.9627
	0.7458
	0.5345
	0.0672
	0.0313
	0.0026
	 
	 

	Proportion Explained
	0.0144
	0.4557
	0.1499
	0.1196
	0.1070
	0.0829
	0.0594
	0.0075
	0.0035
	0.0003
	1.4
	0.069

	Cumulative Proportion
	0.0144
	0.4701
	0.6200
	0.7396
	0.8465
	0.9294
	0.9888
	0.9962
	0.9997
	1.0000
	 
	 

	Cluster 1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Eigenvalue
	0.8149
	3.7721
	1.5493
	1.1528
	0.7261
	0.5543
	0.4054
	0.0200
	0.0045
	0.0006
	 
	 

	Proportion Explained
	0.0905
	0.4191
	0.1721
	0.1281
	0.0807
	0.0616
	0.0450
	0.0022
	0.0005
	0.0001
	9.1
	0.017

	Cumulative Proportion
	0.0905
	0.5097
	0.6818
	0.8099
	0.8906
	0.9522
	0.9972
	0.9994
	0.9999
	1.0000
	 
	 

	Cluster 2
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Eigenvalue
	0.2874
	4.1221
	1.3310
	1.0766
	0.8377
	0.7259
	0.5283
	0.0731
	0.0149
	0.0030
	 
	 

	Proportion Explained
	0.0319
	0.4580
	0.1479
	0.1196
	0.0931
	0.0807
	0.0587
	0.0081
	0.0017
	0.0003
	3.2
	0.032

	Cumulative Proportion
	0.0319
	0.4899
	0.6378
	0.7575
	0.8505
	0.9312
	0.9899
	0.9980
	0.9997
	1.0000
	 
	 

	Cluster 3
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Eigenvalue
	1.7749
	3.1741
	1.5640
	1.0656
	1.0072
	0.3021
	0.0881
	0.0165
	0.0065
	0.0011
	 
	 

	Proportion Explained
	0.1972
	0.3527
	0.1738
	0.1184
	0.1119
	0.0336
	0.0098
	0.0018
	0.0007
	0.0001
	19.7
	0.108

	Cumulative Proportion
	0.1972
	0.5499
	0.7237
	0.8421
	0.9540
	0.9875
	0.9973
	0.9992
	0.9999
	1.0000
	 
	 



6. Retouch



[bookmark: _Hlk111120509]Fig. s6.1: Percent values of projectiles retouched on the dorsal and ventral side as well as on both sides. Assemblages are listed from old (left) to young (right). No temporal trend is discernible





Fig. s6.2: Percent values of projectiles retouched on the left and right side. Assemblages are listed from old (left) to young (right). No temporal trend is discernible


Fig. s6.3: Percent values of projectiles retouched at the tip, medial part and base as well as mean length of retouch. Assemblages are listed from old (left) to young (right). No temporal trend is discernible
7. Typology as canonical variable

Table s7.1 Permutation test for RDA of the with typological information as canonical variable and 999 permutations
	ALL
	Df
	Variance
	F
	Pr(>F)

	Model
	1
	0.506516138015836
	158.035.005.134.913
	0.001

	Residual
	265
	849.348.386.198.417
	NA
	NA







Table s7.2 RDA and OCA values of the entire dataset
	ALL
	
	
	
	
	
	
	
	
	
	

	
	RDA
	PC1
	PC2
	PC3
	PC4
	PC5
	PC6
	PC7
	PC8
	PC9

	Eigenvalue
	0.5065
	0.3845
	0.1401
	0.1004
	0.9033
	0.7643
	0.4872
	0.0560
	0.0284
	0.0014

	Proportion Explained
	0.0562
	0.4273
	0.1557
	0.1116
	0.1003
	0.0849
	0.0541
	0.0062
	0.0031
	0.0001

	Cumulative Proportion
	0.0562
	0.4836
	0.6393
	0.7510
	0.8513
	0.9363
	0.9904
	0.9966
	0.9998
	1
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Fig. s7.1: RDA of the entire dataset. X-axis: RDA, y-axis: first PCA-axis Triplot shows 48.3 of total variance
8. Location as canonical variable

Tab. s8.1 Permutation test for RDA of the with site location as canonical variable and 999 permutations
	ALL
	Df
	Variance
	F
	Pr(>F)

	Model
	1
	0.441871284708929
	136.824.175.404.896
	0.001

	Residual
	265
	855.812.871.529.107
	NA
	NA








Table s8.2 RDA and OCA values of the entire dataset
	ALL
	
	
	
	
	
	
	
	
	
	

	
	RDA
	PC1
	PC2
	PC3
	PC4
	PC5
	PC6
	PC7
	PC8
	PC9

	Eigenvalue
	0.4418
	0.3964
	0.1344
	0.1001
	0.9227
	0.7396
	0.4993
	0.0559
	0.0279
	0.0014

	Proportion Explained
	0.0490
	0.4405
	0.1493
	0.1113
	0.1025
	0.0821
	0.0554
	0.0062
	0.0031
	0.0001

	Cumulative Proportion
	0.0490
	0.4895
	0.6389
	0.7503
	0.8528
	0.9350
	0.9905
	0.9967
	0.9998
	1
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Fig. s7.1: RDA of the entire dataset. X-axis: RDA, y-axis: first PCA-axis Triplot shows 49 of total variance

9. Within-cluster variance

[image: ]
Fig. s9.1 PCA-Plot with different rotation than in Fig. 1 for better visualization of within-cluster variance


10. Artifacts from Krems-Wachtberg and Jarošov-Podvršťa.
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Fig. s10.1: Lithic projectiles from Krems-Wachtberg (after Simon et al., 2014; Thomas & Ziehaus, 2014; Thomas et al., 2016)
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Fig. s10.2: Lithic projectiles from Jarošov-Podvršťa (after Škrdla et al., 2005)
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