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Supplementary Material:
Supplementary Figure 1: Length of time series according to their geographic origin
[image: ]
Figure S1: Length of time series according to their geographic origin.

 
Supplementary Figure 2: Number of Ponto-caspian invaders in time series according tot heir geographic origin[image: ]
Figure S2 The number of sites at which different total numbers of Ponto-Caspian macroinvertebrate species were recorded segmented by country. 










Supplementary Figure 3: Response of Generalized Linear Model[image: ]
Figure S3: Response of the Generalized Linear Models for a) number of Ponto-Caspian over time and b) cumulative richness of Ponto-Caspian species. The dashed green line refers to the opening of the Rhine-Main-Danube Canal in 1992.



Supplementary Figure 4: Relationship between time series length and the number of Ponto-Caspian species.
 [image: ]
Figure S4: Relationship between the time series length and the number of Ponto-Caspian invaders. Circles represent the flag of the country of origin of the time series. The blue line and  gray area represent the trend and its standard error (SD), respectively.



Supplementary Figure 5: Order of arrival of Ponto-Caspian invaders.
 [image: ]
Figure S5: Percentage of Ponto-Caspian taxa to be recorded first in invaded sites and (b–d) the composition of the taxa recorded second after the top-three first-recorded major taxa (i.e. Bivalvia, Amphipoda and Gastropoda).



Supplementary Table 1: The sampling methods used on each time series.

	Time series
	Sampling method
	Season
	Rivers/Stream
	Period
	Country

	100000001
	Multiplate artificial substratum1
	summer
	Rhone
	1980-2014
	France

	100000002
	Multiplate artificial substratum
	summer
	Rhone
	1999-2014
	France

	100000011
	Indice Biologique Global Normalisé2
	summer
	Ill
	1997-2016
	France

	100000217
	Indice Biologique Global Normalisé
	summer
	Saone
	1994-2016
	France

	100000308
	Multiplate artificial substratum
	summer
	Rhone
	2000-2019
	France

	100000309
	Multiplate artificial substratum
	summer
	Rhone
	2000-2019
	France

	100000310
	Multiplate artificial substratum
	fall
	Rhone
	2000-2019
	France

	100000311
	Multiplate artificial substratum
	fall
	Rhone
	2000-2019
	France

	100000312
	Multiplate artificial substratum
	fall
	Rhone
	2000-2019
	France

	100000313
	Multiplate artificial substratum
	fall
	Rhone
	2001-2019
	France

	103000046
	Multi-habitat Kick-sampling3
	summer
	Ebro
	2008-2015
	Spain

	103000213
	Multi-habitat Kick-sampling
	summer
	Ebro
	2007-2015
	Spain

	107000201
	Kick-sampling4
	spring
	Mølleå
	1992-2019
	Denmark

	107000213
	Kick-sampling 
	spring
	Halleby Å
	1992-2018
	Denmark

	107000224
	Kick-sampling 
	spring
	Ringsted Å
	1999-2018
	Denmark

	108000010
	DIN 384105
	fall
	Rhein
	1971-2007
	Germany

	108000011
	DIN 38410
	fall
	Rhein
	1969-2007
	Germany

	108000020
	DIN 38410
	summer
	Buttergraben
	1986-2006
	Germany

	108000022
	DIN 38410
	summer
	Meierbach
	1986-2006
	Germany

	108000026
	DIN 38410
	fall
	Fintau
	1986-2006
	Germany

	108000028
	DIN 38410
	fall
	Waakhauser Polder
	1986-2001
	Germany

	108000030
	DIN 38410
	spring
	Osenhorster Bach
	1986-2013
	Germany

	108000031
	DIN 38410
	summer
	Rehbaeke
	1986-2006
	Germany

	108000032
	DIN 38410
	fall
	Rhein
	1971-2007
	Germany

	108000033
	DIN 38410
	fall
	Rhein
	1971-1998
	Germany

	108000034
	DIN 38410
	summer
	Rhein Herne Canal
	1972-2007
	Germany

	108000035
	DIN 38410
	summer
	Rhein Herne Canal
	1972-2007
	Germany

	108000036
	DIN 38410
	summer
	Datteln-Hamm-Canal
	1972-2007
	Germany

	108000037
	DIN 38410
	summer
	Datteln-Hamm-Canal
	1972-2007
	Germany

	108000038
	DIN 38410
	summer
	Datteln-Hamm-Canal
	1973-2010
	Germany

	108000039
	DIN 38410
	summer
	Wesel Datteln Canal
	1972-2007
	Germany

	108000040
	DIN 38410
	summer
	Wesel Datteln Canal
	1972-2007
	Germany

	108000041
	DIN 38410
	summer
	Wesel Datteln Canal
	1972-2007
	Germany

	108000042
	DIN 38410
	summer
	Dortmund Ems Canal
	1972-2007
	Germany

	108000043
	DIN 38410
	summer
	Dortmund Ems Canal
	1984-2007
	Germany

	108000044
	DIN 38410
	summer
	Dortmund Ems Canal
	1984-2007
	Germany

	108000045
	DIN 38410
	summer
	Dortmund Ems Canal
	1972-2008
	Germany

	108000046
	DIN 38410
	summer
	Dortmund Ems Canal
	1972-2008
	Germany

	108000047
	DIN 38410
	summer
	Dortmund Ems Canal
	1972-2008
	Germany

	108000049
	DIN 38410
	summer
	Mittelland Canal
	1973-2008
	Germany

	108000050
	DIN 38410
	summer
	Mittelland Canal
	1973-2008
	Germany

	108000051
	DIN 38410
	fall
	Rhein
	1971-1991
	Germany

	108000053
	DIN 38410
	fall
	Sieg
	1971-2005
	Germany

	108000054
	DIN 38410
	fall
	Rhein
	1982-2001
	Germany

	108000060
	DIN 38410
	fall
	Rhein
	1971-2005
	Germany

	108000061
	DIN 38410
	fall
	Rhein
	1971-2007
	Germany

	108000062
	DIN 38410
	fall
	Rhein
	1971-2005
	Germany

	108000063
	DIN 38410
	fall
	Rhein
	1978-2005
	Germany

	108000064
	DIN 38410
	fall
	Rhein
	1971-2007
	Germany

	108000065
	DIN 38410
	fall
	Rhein
	1973-2005
	Germany

	108000066
	DIN 38410
	fall
	Rhein
	1971-2007
	Germany

	108000067
	DIN 38410
	fall
	Rhein
	1971-2005
	Germany

	108000068
	DIN 38410
	fall
	Rhein
	1971-2007
	Germany

	108000069
	DIN 38410
	fall
	Rhein
	1976-2005
	Germany

	108000070
	DIN 38410
	fall
	Rhein
	1972-2007
	Germany

	108000071
	DIN 38410
	fall
	Rhein
	1982-2007
	Germany

	108000072
	DIN 38410
	fall
	Rhein
	1971-2007
	Germany

	108000073
	DIN 38410
	fall
	Rhein
	1972-2007
	Germany

	108000074
	DIN 38410
	fall
	Rhein
	1971-2007
	Germany

	108000077
	DIN 38410
	fall
	Lahn
	1983-2006
	Germany

	108000078
	DIN 38410
	fall
	Rhein
	1971-1994
	Germany

	108000079
	DIN 38410
	fall
	Rhein
	1977-1994
	Germany

	108000080
	DIN 38410
	fall
	Rhein Herne Canal
	1975-2005
	Germany

	108000081
	DIN 38410
	fall
	Mittelland Canal
	1972-2001
	Germany

	108000082
	DIN 38410
	fall
	Mittelland Canal
	1972-2001
	Germany

	108000083
	DIN 38410
	fall
	Rhein
	1968-1992
	Germany

	108000084
	DIN 38410
	fall
	Rhein
	1976-1991
	Germany

	108000085
	DIN 38410
	fall
	Rhein
	1969-1984
	Germany

	108000086
	DIN 38410
	fall
	Rhein
	1972-1991
	Germany

	108000087
	DIN 38410
	fall
	Rhein
	1972-1985
	Germany

	108000088
	DIN 38410
	fall
	Rhein
	1972-1990
	Germany

	108000089
	DIN 38410
	fall
	Queich
	1983-2003
	Germany

	108000090
	DIN 38410
	fall
	Rhein
	1983-2003
	Germany

	108000091
	DIN 38410
	fall
	Rhein
	1971-1991
	Germany

	108000094
	DIN 38410
	fall
	Rhein
	1982-2001
	Germany

	108000095
	DIN 38410
	fall
	Rhein
	1982-2001
	Germany

	108000096
	DIN 38410
	fall
	Rhein
	1982-2003
	Germany

	108000104
	DIN 38410
	fall
	Rhein
	1982-2001
	Germany

	108000106
	DIN 38410
	fall
	Rhein
	1983-2001
	Germany

	108000107
	DIN 38410
	fall
	Moselle
	1983-2004
	Germany

	108000108
	DIN 38410
	fall
	Moselle
	1983-2003
	Germany

	108000109
	DIN 38410
	fall
	Moselle
	1982-2003
	Germany

	108000110
	DIN 38410
	fall
	Moselle
	1982-2003
	Germany

	108000111
	DIN 38410
	fall
	Moselle
	1982-2003
	Germany

	108000112
	DIN 38410
	fall
	Saar
	1983-2004
	Germany

	108000113
	DIN 38410
	fall
	Saar
	1983-2004
	Germany

	108000114
	DIN 38410
	fall
	Saar
	1983-2003
	Germany

	108000115
	DIN 38410
	fall
	Moselle
	1982-2002
	Germany

	108000116
	DIN 38410
	fall
	Moselle
	1982-1995
	Germany

	108000117
	DIN 38410
	fall
	Moselle
	1982-2003
	Germany

	108000118
	DIN 38410
	fall
	Moselle
	1982-2003
	Germany

	108000119
	DIN 38410
	fall
	Moselle
	1982-2003
	Germany

	108000120
	DIN 38410
	fall
	Moselle
	1982-2003
	Germany

	108000121
	DIN 38410
	fall
	Moselle
	1982-2003
	Germany

	108000122
	DIN 38410
	fall
	Moselle
	1982-2003
	Germany

	108000123
	DIN 38410
	fall
	Moselle
	1982-1999
	Germany

	108000124
	DIN 38410
	fall
	Moselle
	1982-2003
	Germany

	108000125
	DIN 38410
	fall
	Moselle
	1982-1999
	Germany

	108000126
	DIN 38410
	fall
	Moselle
	1982-1999
	Germany

	108000127
	DIN 38410
	fall
	Moselle
	1982-1992
	Germany

	108000128
	DIN 38410
	fall
	Moselle
	1982-1996
	Germany

	108000129
	DIN 38410
	fall
	Moselle
	1982-2003
	Germany

	108000130
	DIN 38410
	fall
	Moselle
	1982-2003
	Germany

	108000131
	DIN 38410
	fall
	Moselle
	1982-1999
	Germany

	108000132
	DIN 38410
	fall
	Moselle
	1982-1999
	Germany

	108000133
	DIN 38410
	fall
	Moselle
	1982-1999
	Germany

	108000134
	DIN 38410
	fall
	Moselle
	1982-2003
	Germany

	108000135
	DIN 38410
	fall
	Moselle
	1982-2003
	Germany

	108000136
	DIN 38410
	fall
	Moselle
	1982-2003
	Germany

	108000137
	DIN 38410
	fall
	Moselle
	1982-2003
	Germany

	108000138
	DIN 38410
	fall
	Rhein
	1982-2001
	Germany

	108000143
	DIN 38410
	fall
	Rhein
	1972-1992
	Germany

	108000144
	DIN 38410
	fall
	Rhein
	1971-2007
	Germany

	108000145
	DIN 38410
	fall
	Rhein
	1971-2007
	Germany

	108000146
	DIN 38410
	fall
	Rhein
	1972-2007
	Germany

	108000149
	DIN 38410
	fall
	Lahn
	1983-2003
	Germany

	108000162
	Multi-habitat Kick-sampling
	summer
	Weisse Elster
	2005-2013
	Germany

	108000164
	Multi-habitat Kick-sampling
	summer
	Havel
	2005-2013
	Germany

	109000048
	UK RIVPACS protocol6
	spring
	Thames
	2005-2019
	United Kingdom

	109000049
	UK RIVPACS protocol
	fall
	Thames
	2005-2016
	United Kingdom

	109000050
	UK RIVPACS protocol
	fall
	Thames
	2005-2016
	United Kingdom

	109000051
	UK RIVPACS protocol
	fall
	Thames
	2006-2015
	United Kingdom

	109000068
	UK RIVPACS protocol
	spring
	Severn 
	2011-2019
	United Kingdom

	109000069
	UK RIVPACS protocol
	spring
	Severn
	2007-2019
	United Kingdom

	109000125
	UK RIVPACS protocol
	spring
	Wyre
	2009-2019
	United Kingdom

	109000169
	UK RIVPACS protocol
	fall
	Stour 
	2005-2014
	United Kingdom

	109000201
	UK RIVPACS protocol
	fall
	South Forty Foot Drain
	2004-2019
	United Kingdom

	109000215
	UK RIVPACS protocol
	spring
	South Forty Foot Drain
	2003-2015
	United Kingdom

	109000218
	UK RIVPACS protocol
	fall
	Nene
	2003-2019
	United Kingdom

	109000226
	UK RIVPACS protocol
	spring
	Welland
	2004-2019
	United Kingdom

	109000235
	UK RIVPACS protocol
	spring
	Welland
	2006-2019
	United Kingdom

	109000242
	UK RIVPACS protocol
	spring
	Nene
	2003-2019
	United Kingdom

	109000243
	UK RIVPACS protocol
	spring
	Nene
	2003-2019
	United Kingdom

	109000244
	UK RIVPACS protocol
	spring
	Nene
	2005-2019
	United Kingdom

	109000246
	UK RIVPACS protocol
	spring
	Nene
	2006-2019
	United Kingdom

	109000247
	UK RIVPACS protocol
	spring
	Nene
	2003-2019
	United Kingdom

	109000254
	UK RIVPACS protocol
	spring
	Nene
	1997-2019
	United Kingdom

	109000260
	UK RIVPACS protocol
	spring
	Welland
	2003-2019
	United Kingdom

	109000261
	UK RIVPACS protocol
	spring
	Welland
	2003-2019
	United Kingdom

	109000262
	UK RIVPACS protocol
	spring
	Welland
	2003-2019
	United Kingdom

	109000264
	UK RIVPACS protocol
	spring
	Welland
	2003-2017
	United Kingdom

	109000290
	UK RIVPACS protocol
	spring
	Ure
	2003-2016
	United Kingdom

	109000321
	UK RIVPACS protocol
	fall
	Trent
	1996-2018
	United Kingdom

	109000330
	UK RIVPACS protocol
	spring
	Trent
	2006-2019
	United Kingdom

	109000331
	UK RIVPACS protocol
	spring
	Trent
	2011-2019
	United Kingdom

	109000340
	UK RIVPACS protocol
	spring
	Trent
	2008-2019
	United Kingdom

	109000359
	UK RIVPACS protocol
	spring
	Trent
	2008-2019
	United Kingdom

	109000364
	UK RIVPACS protocol
	spring
	Ancholme
	2003-2019
	United Kingdom

	109000366
	UK RIVPACS protocol
	fall
	Ancholme
	2003-2018
	United Kingdom

	114000001
	Multi-habitat Kick-sampling
	spring
	Nádor-Canal
	2007-2017
	Hungary

	114000002
	Multi-habitat Kick-sampling
	fall
	Danube
	2000-2017
	Hungary

	114000003
	Multi-habitat Kick-sampling
	fall
	Danube
	2001-2017
	Hungary

	114000004
	Multi-habitat Kick-sampling
	spring
	Mosoni-Danube
	2001-2017
	Hungary

	114000005
	Multi-habitat Kick-sampling
	fall
	Mosoni-Danube
	2000-2017
	Hungary

	114000006
	Multi-habitat Kick-sampling
	spring
	Lajta
	2004-2017
	Hungary

	114000007
	Multi-habitat Kick-sampling
	spring
	Ikva
	2001-2017
	Hungary

	114000009
	Multi-habitat Kick-sampling
	summer
	Répce
	2007-2017
	Hungary

	114000010
	Multi-habitat Kick-sampling
	fall
	Rába
	2007-2016
	Hungary

	114000011
	Multi-habitat Kick-sampling
	spring
	Rába
	2001-2017
	Hungary

	114000014
	Multi-habitat Kick-sampling
	spring
	Marcal
	2001-2017
	Hungary

	114000015
	Multi-habitat Kick-sampling
	fall
	Concó
	2000-2016
	Hungary

	114000016
	Multi-habitat Kick-sampling
	spring
	Által-ér
	2007-2017
	Hungary

	114000017
	Multi-habitat Kick-sampling
	spring
	Kenyérmezei
	2001-2017
	Hungary

	114000019
	Multi-habitat Kick-sampling
	summer
	Ipoly
	2005-2017
	Hungary

	114000020
	Multi-habitat Kick-sampling
	summer
	Kígyós-Canal
	2008-2017
	Hungary

	114000021
	Multi-habitat Kick-sampling
	summer
	Ferenc-Canal
	2008-2017
	Hungary

	114000022
	Multi-habitat Kick-sampling
	fall
	Tisza
	2005-2017
	Hungary

	114000023
	Multi-habitat Kick-sampling
	fall
	Sió
	2001-2016
	Hungary

	114000024
	Multi-habitat Kick-sampling
	fall
	Kapos
	2001-2016
	Hungary

	114000025
	Multi-habitat Kick-sampling
	fall
	Danube
	2008-2017
	Hungary

	114000028
	Multi-habitat Kick-sampling
	fall
	Dráva
	2005-2017
	Hungary

	114000029
	Multi-habitat Kick-sampling
	fall
	Pécsi-víz
	2005-2015
	Hungary

	114000030
	Multi-habitat Kick-sampling
	fall
	Fekete-víz
	2005-2017
	Hungary

	114000032
	Multi-habitat Kick-sampling
	spring
	Tisza
	2007-2017
	Hungary

	114000033
	Multi-habitat Kick-sampling
	fall
	Tisza
	2005-2017
	Hungary

	114000034
	Multi-habitat Kick-sampling
	summer
	Tisza
	2009-2017
	Hungary

	114000035
	Multi-habitat Kick-sampling
	fall
	Tisza
	2005-2017
	Hungary

	114000037
	Multi-habitat Kick-sampling
	spring
	Szamos
	2005-2017
	Hungary

	114000038
	Multi-habitat Kick-sampling
	spring
	Kraszna
	2005-2017
	Hungary

	114000040
	Multi-habitat Kick-sampling
	fall
	Keleti-Canal
	2007-2017
	Hungary

	114000041
	Multi-habitat Kick-sampling
	fall
	Berettyó
	2007-2017
	Hungary

	114000042
	Multi-habitat Kick-sampling
	fall
	Hortobágy-Berettyó
	2007-2017
	Hungary

	114000043
	Multi-habitat Kick-sampling
	fall
	Fehér-Körös
	2006-2017
	Hungary

	114000044
	Multi-habitat Kick-sampling
	fall
	Fekete-Körös
	2006-2017
	Hungary

	114000045
	Multi-habitat Kick-sampling
	fall
	Sebes-Körös
	2007-2017
	Hungary

	114000046
	Multi-habitat Kick-sampling
	fall
	Ketts-Körös
	2007-2017
	Hungary

	114000048
	Multi-habitat Kick-sampling
	spring
	Cuhai-Bakony-ér
	2001-2017
	Hungary

	114000049
	Multi-habitat Kick-sampling
	spring
	Únyi-patak
	2001-2015
	Hungary

	114000050
	Multi-habitat Kick-sampling
	summer
	Dunavölgyi-Canal 
	2008-2017
	Hungary

	114000051
	Multi-habitat Kick-sampling
	fall
	Maros
	2005-2017
	Hungary

	114000052
	Multi-habitat Kick-sampling
	fall
	Hármas-Körös
	2005-2017
	Hungary

	114000054
	Multi-habitat Kick-sampling
	fall
	Tisza
	2005-2017
	Hungary

	114000055
	Multi-habitat Kick-sampling
	fall
	Dráva
	2005-2017
	Hungary

	114000056
	Multi-habitat Kick-sampling
	fall
	Tisza
	2005-2017
	Hungary

	114000058
	Multi-habitat Kick-sampling
	fall
	Hármas-Körös
	2007-2017
	Hungary

	114000059
	Multi-habitat Kick-sampling
	fall
	Danube
	2000-2017
	Hungary

	114000061
	Multi-habitat Kick-sampling
	fall
	Rába
	2000-2016
	Hungary

	114000062
	Multi-habitat Kick-sampling
	spring
	Rábca
	2001-2017
	Hungary

	114000063
	Multi-habitat Kick-sampling
	summer
	Répce upper
	2008-2016
	Hungary

	114000065
	Multi-habitat Kick-sampling
	spring
	Koppány
	2005-2017
	Hungary

	114000066
	Multi-habitat Kick-sampling
	summer
	Kígyós-Canal
	2008-2017
	Hungary

	114000067
	Multi-habitat Kick-sampling
	spring
	Tocó
	2007-2017
	Hungary

	114000068
	Multi-habitat Kick-sampling
	spring
	Villongó-ér
	2007-2017
	Hungary

	114000069
	Multi-habitat Kick-sampling
	fall
	Berettyó
	2006-2017
	Hungary

	114000070
	Multi-habitat Kick-sampling
	fall
	Halastói-főcsatorna
	2007-2017
	Hungary

	114000071
	Multi-habitat Kick-sampling
	fall
	Maros
	2005-2017
	Hungary

	114000073
	Multi-habitat Kick-sampling
	spring
	Gőgő-Szenke-Canal
	2005-2015
	Hungary

	114000074
	Multi-habitat Kick-sampling
	fall
	Hármas-Körös
	2006-2017
	Hungary

	114000075
	Multi-habitat Kick-sampling
	spring
	Tocó
	2007-2017
	Hungary

	114000076
	Multi-habitat Kick-sampling
	spring
	Túr-Belvíz-Canal
	2005-2015
	Hungary

	114000077
	Multi-habitat Kick-sampling
	spring
	Ér
	2005-2017
	Hungary

	114000078
	Multi-habitat Kick-sampling
	fall
	Duna
	2008-2017
	Hungary

	114000080
	Multi-habitat Kick-sampling
	fall
	Bodrog
	2006-2019
	Hungary

	114000081
	Multi-habitat Kick-sampling
	fall
	Bódva
	2006-2018
	Hungary

	114000082
	Multi-habitat Kick-sampling
	fall
	Bódva
	2005-2019
	Hungary

	114000083
	Multi-habitat Kick-sampling
	spring
	Hanyi-Canal
	2008-2019
	Hungary

	114000084
	Multi-habitat Kick-sampling
	summer
	Hernád
	2005-2018
	Hungary

	114000086
	Multi-habitat Kick-sampling
	summer
	Hortobágy-Berettyó
	2007-2019
	Hungary

	114000087
	Multi-habitat Kick-sampling
	spring
	Mirhó-Gyolcsi-Canal
	2008-2019
	Hungary

	114000089
	Multi-habitat Kick-sampling
	summer
	Sajó
	2005-2019
	Hungary

	114000091
	Multi-habitat Kick-sampling
	summer
	Tisza
	2002-2018
	Hungary

	114000092
	Multi-habitat Kick-sampling
	fall
	Tisza
	2006-2019
	Hungary

	114000093
	Multi-habitat Kick-sampling
	summer
	Zagyva lower
	2007-2019
	Hungary

	116000004
	Multi-habitat Kick-sampling
	spring
	Danube
	2008-2018
	Austria

	116000007
	Multi-habitat Kick-sampling
	summer
	Pulkau
	2008-2019
	Austria

	117000003
	Standard invertebrate net7
	spring
	Dommel
	2003-2019
	Netherlands

	117000005
	Standard invertebrate net
	spring
	Dommel
	2004-2019
	Netherlands

	117000006
	Standard invertebrate net
	spring
	Regge
	1981-2019
	Netherlands

	117000007
	Standard invertebrate net
	spring
	Regge
	1984-2019
	Netherlands

	117000009
	Standard invertebrate net
	spring
	Linderbeek
	1984-2019
	Netherlands

	117000010
	Standard invertebrate net
	spring
	Hagmolenbeek
	1984-2019
	Netherlands

	117000012
	Standard invertebrate net
	spring
	Dinkel
	1981-2019
	Netherlands

	117000014
	Standard invertebrate net
	fall
	Geelebeek
	1984-2012
	Netherlands

	117000015
	Standard invertebrate net
	fall
	Dinkel
	1981-2012
	Netherlands

	117000016
	Standard invertebrate net
	spring
	Glanerbeek
	1982-2019
	Netherlands

	117000017
	Standard invertebrate net
	fall
	Ruenbergerbeek
	1981-2016
	Netherlands

	117000019
	Standard invertebrate net
	fall
	Overijsselse Vecht
	1991-2016
	Netherlands

	117000020
	Standard invertebrate net
	spring
	Aastrang 
	1990-2019
	Netherlands

	117000021
	Standard invertebrate net
	spring
	Berkel 
	1989-2019
	Netherlands

	117000022
	Standard invertebrate net
	spring
	Boven Slinge 
	1989-2019
	Netherlands

	117000027
	Standard invertebrate net
	summer
	Oude IJssel 
	1990-2006
	Netherlands

	117000028
	Standard invertebrate net
	spring
	Astense Aa
	2000-2019
	Netherlands

	117000030
	Standard invertebrate net
	fall
	Aa
	2000-2019
	Netherlands

	117000031
	Standard invertebrate net
	fall
	Aa
	2006-2019
	Netherlands

	117000032
	Standard invertebrate net
	spring
	Aa
	2002-2019
	Netherlands

	117000033
	Standard invertebrate net
	fall
	Aa
	2000-2019
	Netherlands

	117000034
	Standard invertebrate net
	fall
	Aa
	1996-2016
	Netherlands

	117000035
	Standard invertebrate net
	fall
	Dieze
	2007-2019
	Netherlands

	117000036
	Standard invertebrate net
	fall
	Dieze
	1995-2005
	Netherlands

	117000038
	Standard invertebrate net
	fall
	Goorloop
	2006-2019
	Netherlands

	117000042
	Standard invertebrate net
	fall
	Leijgraaf
	2006-2019
	Netherlands

	117000047
	Standard invertebrate net
	spring
	Grift
	1981-2018
	Netherlands

	117000048
	Standard invertebrate net
	spring
	Dorpse Beek
	1981-2019
	Netherlands

	117000052
	Standard invertebrate net
	spring
	Kleine Barneveldsebeek
	1981-2019
	Netherlands

	117000053
	Standard invertebrate net
	spring
	Barneveldsebeek 
	1981-2019
	Netherlands

	118000004
	Multi-habitat Kick-sampling
	spring
	Glatt
	1995-2018
	Switzerland

	120000001
	Multi-habitat Kick-sampling
	summer
	Salaca
	1986-2015
	Latvia

	120000002
	Multi-habitat Kick-sampling
	summer
	Salaca
	1996-2015
	Latvia

	120000003
	Standardized quantitative sampling 
	summer
	Salaca
	1996-2015
	Latvia

	121000183
	Artificial substrate sampling8
	summer
	Dender I
	2003-2019
	Belgium

	121000196
	Artificial substrate sampling
	summer
	Netekanaal
	2001-2016
	Belgium

	121000251
	Artificial substrate sampling
	summer
	Canal dessel-kwaadmechelen, dessel-schoten bocholt-herentals

	1991-2007
	Belgium

	121000252
	Artificial substrate sampling
	summer
	Canal dessel-kwaadmechelen, dessel-schoten bocholt-herentals
	1990-2020
	Belgium

	121000253
	Artificial substrate sampling
	summer
	Canal dessel-kwaadmechelen, dessel-schoten bocholt-herentals
	1993-2010
	Belgium

	121000254
	Artificial substrate sampling
	summer
	Canal dessel-kwaadmechelen, dessel-schoten bocholt-herentals
	1993-2017
	Belgium


1 Invertebrates are sampled during two seasons, spring and autumn, using standardized artificial substrates called Verneaux (Verneaux et al., 1976), consisting of concrete slats and brushes. For each station, two substrates were submerged for four weeks, with the net lowered and deposited on the bottom of a boat and then attached to fixed structures in the river. When lifting nets to the surface, the pulled rope deployed the 250 μm mesh net in order to trap and not lose the most mobile invertebrates during the ascent. Then, the substrates are cleaned and the invertebrates are recovered and stored in a 5% formalin solution.
2 Macroinvertebrate sampling was conducted following a common, normalized protocol using a 25×25 cm and 500 μm meshed hand-net (multi-habitat sampling technique; norm XP T 90-333 in AFNOR, 2009).
3 A multi-habitat type sampling was carried out, following the IBMWP protocol (sampling all the existing microhabitats), with the exception that the substrate that was sampled must have a surface of 0.5 m2. All the existing microhabitats in the river section were sampled, counting the number of kicks collected in each one of them. The sample is examined in the field, capturing a specimen of each different taxon and the sampling ends when new kicks do not contribute new taxa (Alba-Tercedor et al., 2002).
4 Macroinvertebrates were sampled using a standard kick-sampling net (mesh size = 500 µm) following a standardised procedure for Danish stream monitoring (Skriver et al., 2001). In brief, sub-samples were collected at 25%, 50%, 75%, and 100% of the stream width along three equidistant transects positioned within the 50 m reach for each station. If riffle sequences were present within the reach, a minimum one of the transects was positioned at the riffle. All sub-samples were pooled and conserved in 96% ethanol in the field (Skriver et al., 2000).
5 Determination of the Saprobic Index in Running Waters in Germany (DIN 38410, 2004; Friedrich and Herbst, 2004).
6 A 3-minute kick sample (25 x 25 cm net opening with 1 mm mesh net) of the wetted channel bed, with effort distributed between in-stream habitats in proportion to their areal coverage, followed by a 1-minute hand search of any other habitats not effectively sampled by the kick method, e.g. large stones, woody debris. Material retained in the net was fixed in dilute formalin or high strength alcohol (>70%), returned to the laboratory where animals were sorted from mineral and plant material, identified and counted  (Wright et al., 1984; Star Consortium, 2003).
7 In a representative river stretch (approx 50 m), 10 subsamples of 0.5 m were taken with a pond net (net opening width 30 cm x height 20 cm, mesh size 0.5mm) divided over the microhabitats present in the stretch (multi-habitat). These samples were pooled into a 5 m sample of the site, which was processed in the laboratory and identified to the lowest taxonomic level practical  (Bijkerk et al., 2014).
8 Comprising a plastic netting/potato bag filled with medium-sized pieces of brick (4-8 cm); three replicates per sampling site; an exposure time of 3 weeks. The substrates were not placed in the open water, but along the banks of the watercourse (De Pauw et al., 1986; Gabriels et al., 2010).
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Supplementary Table 2: The taxonomic group and origin of the 29 Ponto-Caspian macroinvertebrate species considered in our study. PC: Ponto-Caspian region; eMed: East Mediterranean; GBIF: Global Biodiversity Information Facility (GBIF.org; NOBANIS; North European and Baltic Network on Invasive Alien Species (Nobanis.org)
	Species (number of time series)
	Taxonomic group
	Origin
	Source

	Chelicorophium curvispinum (n= 146)
Chelicorophium robustum (n= 34)
Dikerogammarus bispinosus (n= 6)
Dikerogammarus haemobaphes (n= 63)
Dikerogammarus villosus (n= 132)
Chaetogammarus ischnus (n= 64)
Trichogammarus trichiatus (n= 8)
Obesogammarus obesus (n= 8)
Cyptorchestia garbinii (n= 25)
Pontogammarus robustoides (n= 2)
Niphargus hrabei (n= 5)
Synurella ambulans (n= 25)
	




Amphipoda 
	PC
PC
PC
PC
PC
PC
PC
PC
PC+eMed
PC
PC
PC+eMed
	NOBANIS; den Hartog et al., 1992
GBIF; Gusynskaya and Zhdanova, 1978
GBIF
Bij de Vaate et al., 2002
Bij de Vaate et al., 2002
Bij de Vaate et al., 2002
Bij de Vaate et al., 2002
Bij de Vaate et al., 2002
Essl and Rabitsch 2002; Kinzelbach, 1972
Ketelaars, 2004
Bij de Vaate et al., 2002
GBIF; NOBANIS

	Jaera istri (n= 87)
	Isopoda
	PC
	Bij de Vaate et al., 2002

	Hemimysis anomala (n= 5)
Katamysis warpachowskyi (n= 3)
Limnomysis benedeni (n= 53)
	
Mysida
	PC
PC
PC
	Bij de Vaate et al., 2002
Bij de Vaate et al., 2002
Bij de Vaate et al., 2002

	Hypania invalida (n= 58)
	Annelida
	PC
	Bij de Vaate et al., 2002

	Dreissena bugensis (n= 6)
Dreissena polymorpha (n= 164)
	Bivalvia
	PC
PC
	Casties et al., 2016
Bij de Vaate et al., 2002

	Cordylophora caspia (n= 30)
	Hydrozoa
	PC
	Bij de Vaate et al., 2002

	Caspiobdella fadejewi (n= 10)
Piscicola haranti (n= 7)
	Hirudinea
	PC
PC
	Bij de Vaate et al., 2002
Gollaschand and Nehring, 2006

	Potamothrix bavaricus (n= 5)
Potamothrix heuscheri (n= 8)
Potamothrix moldaviensis (n= 28)
Potamothrix vejdovskyi (n= 2)
Psammoryctides moravicus (n= 5)
	Oligochaeta
	PC
PC
PC
PC
PC
	GBIF
Bij de Vaate et al, 2002
GBIF
Bij de Vaate et al., 2002
GBIF

	Lithoglyphus naticoides (n= 47)
	Gastropod
	PC
	Bij de Vaate et al., 2002

	Dendrocoelum romanodanubiale (n= 17)
	Tricladida
	PC
	Bij de Vaate et al., 2002
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Supplementary Table 3: Number of time series across 11 European countries in which at least one Ponto-Caspian macroinvertebrate species occurred.

	Country
	Number of time series

	Germany
	103

	Hungary
	74

	United Kingdom
	31

	Netherlands
	30

	France
	10

	Belgium
	6

	Denmark
	3

	Latvia
	3

	Austria
	2

	Spain
	2

	Switzerland
	1













Supplementary Table 4: Response of the meta-regression model for all Ponto-Caspian species and each key taxa (i.e. amphipods, bivalves and prosobranchia). k refers to the number of time series in each group.
	Model
	Estimate
	Standard Error
	P value
	Ci. lower
	Ci. upper

	Overall
k= 190
	1.16
	1.84
	0.62
	-2.45
	4.76

	Amphipods
k= 137
	-0.90
	3.94
	0.81
	-8.63
	6.82

	Bivalves
k= 118
	0.27
	1.29
	0.83
	-2.27
	2.82

	Gastropods
k= 37
	0.79

	4.14
	0.84
	-7.33
	8.92

	Richness

	Overall
k= 169
	12.97
	2.54
	<0.001
	7.97
	17.96

	Amphipods
k= 99
	6.38
	1.26
	<0.001
	3.90
	8.86






Supplementary Table 5: Response of the Generalized Linear Model for a) distance to the native range and b) years after the arrival of the next Ponto-Caspian species
	a) Distance to the native region
	Estimate
	Standard error
	P value

	Intercept
	33.221
	13.592
	0.014

	Distance to native region
	-0.001
	0.001
	0.071

	First year of time series
	-0.014
	0.006
	0.121

	a) Years after the arrival of the next Ponto-Caspian species
	Estimate
	Standard error
	P value

	Intercept
	1.354
	0.177
	<0.001

	Number of years
	-0.017
	0.006
	0.002










Supplementary material 2: Sensitivity analysis
We conducted a sensitivity analysis, excluding (i) the two cryptogenic species (Synurella ambulans and Cyptorchestia garbinii) based on evidence that their native ranges are not limited to the Ponto-Caspian region (Table S1) and (ii) time series from Hungary (n= 74), acknowledging their spatial heterogeneity, skew towards these data and their late first sampling years (2005–2008). For this, we repeated analyses of (1) the relationship between the number of Ponto-Caspian species at a site and the distance from the site to the native region, (2) the trend of the average years between consecutively appearing Ponto-Caspian macroinvertebrate species and (3) the cumulative richness over time, each following the methods in the main text.
 
i) The effect of Synurella ambulans and Cyptorchestia garbinii
Distance to the native region
The removal of S. ambulans and C. garbinii led to the loss of nine time series, without which, the relationship between the number of Ponto-Caspian macroinvertebrate species and the distance to the Ponto-Caspian region found in the main text did not vary (Figure S4).
[image: ]
Figure S4: Relationship between the number of Ponto-Caspian species per time series and the average distance to their native Ponto-Caspian region.
 


Consecutive Ponto-Caspian species
The relationship between the time (in years; averaged across all time series) between sequentially occurring Ponto-Caspian macroinvertebrate species remained significantly negative with the rising number of alien species (R² = 0.86; d.f. = 13; p < 0.01; Figure S5).
 
[image: ].
Figure S5: Relationship between the averaged difference in years of sequentially detected Ponto-Caspian macroinvertebrate species per time series and the number of such species per time series.
 


Cumulative richness over time
We identified 27 Ponto-Caspian macroinvertebrate species in the 256 time series, i.e. all but S. ambulans and C. garbinii (Figure S6) We observed an increase in their cumulative richness, coinciding with the pattern presented in the main text.
[image: ]
Figure S6: The cumulative richness of Ponto-Caspian macroinvertebrates detected over time. The green dashed line represents the opening of the Rhine-Main-Danube Canal in 1992.
 


ii) The effect of Hungarian time series
 
Distance to the native region
The relationship between the number of Ponto-Caspian macroinvertebrate species and the distance to their native region (Figure S7).
[image: ]
Figure S7: Relationship between the number of Ponto-Caspian species per time series and the average distance to their native Ponto-Caspian region..
 


Consecutive Ponto-Caspian species
There remained a significant decline in time to the next invasion with an increase in the number of alien species (R² = 0.81; d.f. = 8; p < 0.01; Figure S8).

[image: ]
Figure S8: Relationship between averaged difference in years of consecutively appearing Ponto-Caspian macroinvertebrate species per time series and the number of Ponto-Caspian species per time series.
 


Cumulative richness over time
We identified 25 Ponto-Caspian macroinvertebrate species in the 191 time series remaining after excluding those collected in Hungary, reflecting the occurrence of four species (Katamysis warpachowskyi, Niphargus hrabei, Piscicola haranti and Synurella ambulans) only in Hungarian time series. We observed an increase in their cumulative richness, but the marked increase in 2005 (Figure 3)—which reflected the first year of many Hungarian time series—was replaced by a steadier increase over time.
[image: ]
Figure S9: The cumulative richness of Ponto-Caspian macroinvertebrates detected over time. The green dashed line represents the opening of the Rhine-Main-Danube Canal in 1992.

 


Supplementary material Excel file: First record of Ponto-Caspian macroinvertebrates in each country
https://docs.google.com/spreadsheets/d/1ngrXMhqaU5LDA6C57mB9Ih88BTGDAevp/edit?usp=sharing&ouid=112604765661978933823&rtpof=true&sd=true




































25



	Country
	C.fadejewi
	C.caspia
	C. curvispinum
	C.robustum
	D.romanodanubiale
	D.bispinosus
	D. haemobaphes
	D.villosus
	Dreissena polymorpha
	D.rostriformis (bugensis)
	E.ischnus
	E.trichiatus
	H. anomala
	H. invalida
	J. istri
	K. warpachowskyi
	L.benedeni
	L.naticoides
	N. hrabei
	O.obesus
	O. cavimana
	P.haranti
	P.robustoides
	P. bavaricus
	P.heuscheri
	P. moldaviensis
	P.vejdovskyi
	P.s moravicus
	S. ambulans

	Austria
	2009
	
	
	
	
	2008
	
	2008
	
	
	2008
	2013
	
	2011
	2008
	
	
	
	
	2014
	
	
	
	2015
	
	2011
	2013
	2008
	

	Belgium
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	2003
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Denmark
	
	
	
	
	
	
	
	
	2000
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	France
	
	2018
	2005
	2017
	
	
	2014
	2000
	1991
	2018
	
	
	2004
	2004
	2007
	
	2010
	2000
	
	
	
	
	
	
	
	
	
	
	

	Germany
	
	1982
	1983
	2005
	1986
	
	2007
	1994
	1972
	
	1972
	2002
	
	1995
	1996
	
	2013
	2005
	
	
	1983
	
	2005
	
	
	1993
	
	
	

	Hungary
	2005
	
	2005
	2009
	2007
	2010
	2005
	2005
	2005
	2009
	2005
	2014
	2010
	2005
	2005
	2009
	2005
	2005
	2012
	2005
	2012
	2005
	
	
	
	
	
	
	2005

	Latvia
	
	
	
	
	
	
	
	
	1986
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1997
	2007
	1987
	

	Netherlands
	
	
	2003
	2012
	
	
	2012
	2004
	1991
	2015
	
	
	2007
	2012
	2013
	
	2004
	1998
	
	
	2012
	
	
	2008
	1984
	1981
	
	2012
	

	Spain
	
	
	
	
	
	
	
	
	2011
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Switzerland
	
	
	
	
	
	
	
	2011
	1995
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	United Kingdom
	
	
	2006
	
	
	
	2012
	
	2003
	
	
	
	
	2012
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