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Table S1. List of studies included in the systematic review, with information on the organism group, environments, beta diversity facet, spatial extent, and beta diversity components. Ref. = Reference, Brepl = Species replacement, Brich = Richness difference, AbDiff = Abundance difference, NA = Not applicable
	Ref.
	Study
	Country
	Group
	Environment
	Facet
	Spatial extent 
	Beta Components 

	1
	Adame et al. (2021)
	Brazil
	Algae
	Lakes
	Taxonomic
	51 to 500 km
	NA

	2
	Benone et al. (2020)
	Brazil
	Fish
	Streams
	Taxonomic and functional
	Over 500 km
	NA

	3
	Bispo et al. (2021)
	Brazil
	Macroinvertebrates
	Streams
	Taxonomic, functional, and phylogenetic
	51 to 500 km
	Turnover and nestedness

	4
	Branco et al. (2020)
	Brazil
	Algae
	Streams
	Taxonomic, functional, and phylogenetic
	Over 500 km
	Turnover and nestedness
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	Ref.
	Study
	Country
	Group
	Environment
	Facet
	Spatial extent 
	Beta Components 

	5
	Brito et al. (2024)
	Brazil
	Macroinvertebrates
	Streams
	Taxonomic
	51 to 500 km
	NA

	6
	Brittain et al. (2022)
	Finland, Sweden, and Norway
	Macroinvertebrates and Algae
	Rivers
	Taxonomic
	Over 500 km
	Brepl and Brich

	7
	Campos et al. (2021)
	Brazil
	Macroinvertebrates (Ostracoda)
	Lakes
	Taxonomic, functional, and phylogenetic
	51 to 500 km
	Brepl and Brich

	8
	Chaparro et al. (2018)
	Austria
	Algae and Zooplankton
	Wetlands
	Taxonomic
	Up to 50 km
	NA

	9
	Chen et al. (2022)
	China
	Fish
	Lake
	Taxonomic
	Over 500 km
	NA

	10
	Heino et al. (2012)
	Finland
	Macroinvertebrates and Algae
	Streams
	Taxonomic
	51 to 500 km
	NA

	11
	Jiang et al. (2021a)
	China
	Macroinvertebrates 
	Streams
	Taxonomic, functional, and phylogenetic
	51 to 500 km
	Turnover and nestedness

	12
	Jiang et al. (2021b)
	China
	Macroinvertebrates
	River
	Taxonomic
	51 to 500 km
	NA

	13
	Jiang et al. (2024a)
	Multiple
	Fish
	Lakes and Rivers
	Taxonomic
	Over 500 km
	Turnover and nestedness

	14
	Jiang et al. (2024b)
	China
	Macroinvertebrates 
	Lakes
	Taxonomic, functional, and phylogenetic
	Over 500 km
	Brepl and Brich

	15
	Keck & Kahlert (2019)
	Sweden
	Algae
	Lotic systems
	Taxonomic and phylogenetic
	Over 500 km
	NA

	16
	Keke et al. (2021)
	Nigeria
	Macroinvertebrates
	Rivers
	Taxonomic
	51 to 500 km
	Turnover and nestedness

	17
	Keke et al. (2022)
	Nigeria
	Macroinvertebrates
	Streams
	Taxonomic
	51 to 500 km
	Turnover and nestedness

	18
	Kiemel et al. (2023)
	Germany
	Zooplankton
	kettle holes
	Taxonomic
	Up to 50 km
	NA

	19
	Lansac-Tôha et al. (2019)
	Brazil
	Algae and Fish
	Rivers
	Taxonomic
	51 to 500 km
	Brepl and Brich

	20
	Lansac-Tôha et al. (2022)
	Brazil
	Zooplankton
	Lakes
	Taxonomic
	Over 500 km
	Brepl and Brich

	21
	Li et al. (2019)
	China
	Macroinvertebrates
	Streams
	Taxonomic
	Over 500 km
	NA

	22
	Lima et al. (2024)
	Brazil
	Fish
	Streams
	Taxonomic
	51 to 500 km
	Brepl and Brich

	23
	Liu et al. (2023)
	China
	Algae
	River
	Taxonomic and functional
	Over 500 km
	NA

	24
	López-Delgado et al. (2020)
	Colombia
	Fish
	River
	Taxonomic
	51 to 500 km
	Brepl, Brich and AbDiff

	25
	Martelo et al. (2024)
	Portugal
	Fish
	Pools
	Taxonomic
	51 to 500 km
	Brepl and Brich

	26
	Mondal & Bhat (2022)
	India
	Fish
	Streams
	Taxonomic
	51 to 500 km
	NA

	27
	Oliveira et al. (2024)
	Brazil
	Zooplankton 
	Rivers, channels, and lagoons
	Taxonomic, functional, and phylogenetic
	51 to 500 km
	NA

	28
	Onandia et al. (2021)
	Germany
	Zooplankton 
	Ponds
	Taxonomic
	Up to 50 km
	NA

	29
	Ortega et al. (2021)
	Sweden
	Macroinvertebrates
	Ponds, fens, wetlands, pools, and streams

	Taxonomic
	51 to 500 km
	NA

	30
	Pozzobom et al. (2021)
	Brazil
	Macrophytes 
	Lakes
	Taxonomic, functional, and phylogenetic
	51 to 500 km
	Brepl and Brich

	31
	Ramos et al. (2022)
	Brazil
	Zooplankton 
	Streams
	Taxonomic
	51 to 500 km
	Turnover and nestedness

	32
	Rocha et al. (2018)
	Finland
	Macroinvertebrates
	Streams
	Taxonomic, functional, and phylogenetic
	Over 500 km
	Brepl and AbDiff

	33
	Rodrigues-Filho et al. (2020)
	Brazil
	Fish
	Rivers
	Taxonomic and functional
	51 to 500 km
	Turnover and nestedness

	34
	Silva et al. (2021a)
	Brazil
	Zooplankton
	Rivers
	Taxonomic
	51 to 500 km
	Brepl and AbDiff

	35
	Silva et al. (2021b)
	Brazil
	Oomycetes
	Rivers
	Taxonomic
	51 to 500 km
	Brepl and Brich

	36
	Stoczynski et al. (2023)
	United States
	Fish
	Streams
	Taxonomic, functional, and phylogenetic
	51 to 500 km
	NA

	37
	Wang et al. (2021)
	China
	Macroinvertebrates
	River
	Taxonomic and Functional
	51 to 500 km
	Brepl and Brich

	38
	Warfe et al. (2013)
	Australia
	Fish and Macroinvertebrates
	Rivers
	Taxonomic
	Over 500 km
	NA

	39
	Wembo Ndeo et al. (2017)
	Democratic Republic of Congo
	Macroinvertebrates
	River
	Taxonomic
	Up to 50 km
	NA

	40
	Wu et al. (2021)
	China
	Algae
	Streams
	Taxonomic and functional
	51 to 500 km
	Turnover and nestedness

	41
	Wu et al. (2022a)
	China
	Macroinvertebrates
	Streams
	Taxonomic, functional, and phylogenetic
	51 to 500 km
	Turnover and nestedness

	42
	Wu et al. (2022b)
	China
	Fish
	Streams
	Taxonomic, functional, and phylogenetic
	51 to 500 km
	Turnover and nestedness

	43
	Zbinden et al. (2022)
	United States
	Fish
	Rivers
	Taxonomic, functional, and phylogenetic
	51 to 500 km
	Turnover and nestedness

	44
	Zhang et al.  (2021)
	Multiple
	Fish
	River
	Taxonomic and functional
	Over 500 km
	Turnover and nestedness

	45
	Zilli & Fernández (2023)
	Brazil and Argentina
	Macroinvertebrates
	Rivers
	Taxonomic 
	Up to 50 km
	Turnover and nestedness
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Table S2. Comparison among the environmental (E), spatial (S), and shared (Sh) fractions within each dataset using the Kruskal-Wallis test and Dunn’s post hoc test. The “All organism groups” dataset includes algae, zooplankton, fish, macroinvertebrates, macrophytes, and oomycetes.
	Dataset
	Kruskal-Wallis H
	P-value
	Post-hoc comparison
	Post-hoc p-value

	ORGANISMS
	
	
	

	Algae
	5.041
	0.080
	NA
	NA

	Zooplankton
	4.616
	0.099
	NA
	NA

	Fish
	19.54
	< 0.001
	E vs S
	0.002

	
	
	
	E vs Sh
	0.247

	
	
	
	S vs Sh
	< 0.001

	Macroinvertebrates
	41.18
	< 0.001
	E vs S
	< 0.001

	
	
	
	E vs Sh
	< 0.001

	
	
	
	S vs Sh
	0.118

	All organism groups*
	39.94
	< 0.001
	E vs S
	< 0.001

	
	
	
	E vs Sh
	0.002

	
	
	
	S vs Sh
	0.003

	ENVIRONMENT TYPES

	Lentic
	16.37
	< 0.001
	E vs S
	< 0.001

	
	
	
	E vs Sh
	< 0.001

	
	
	
	S vs Sh
	0.965

	Lotic
	25.54
	< 0.001
	E vs S
	< 0.001

	
	
	
	E vs Sh
	0.022

	
	
	
	S vs Sh
	0.008

	Lentic-lotic
	6.019
	0.049
	E vs S
	0.110

	
	
	
	E vs Sh
	0.309

	
	
	
	S vs Sh
	0.018

	SPATIAL EXTENTS

	Up to 50 km
	7.061
	0.029
	E vs S
	0.995

	
	
	
	E vs Sh
	0.022

	Table S2 (Continued)
	
	
	
	

	Dataset
	Kruskal-Wallis H
	P-value
	Post-hoc comparison
	Post-hoc p-value

	
	
	
	S vs Sh
	0.021

	51 to 500 km
	39.15
	< 0.001
	E vs S
	< 0.001

	
	
	
	E vs Sh
	0.006

	
	
	
	S vs Sh
	< 0.001

	Over 500 km
	8.865
	0.012
	E vs S
	0.004

	
	
	
	E vs Sh
	0.506

	
	
	
	S vs Sh
	0.049

	FACETS

	Taxonomic
	30.86
	< 0.001
	E vs S
	< 0.001

	
	
	
	E vs Sh
	< 0.001

	
	
	
	S vs Sh
	0.312

	Functional
	11.46
	0.003
	E vs S
	0.008

	
	
	
	E vs Sh
	0.585

	
	
	
	S vs Sh
	0.002

	Phylogenetic
	5.157
	0.076
	NA
	NA

	BETA DIVERSITY COMPONENTS

	Turnover
	5.906
	0.052
	NA
	NA

	Nestedness
	0.171
	0.918
	NA
	NA

	Btotal (Baselga)
	10.92
	0.004
	E vs S
	0.002

	
	
	
	E vs Sh
	0.828

	
	
	
	S vs Sh
	0.007

	Species replacement (Brepl)
	10.04
	0.007
	E vs S
	0.021

	
	
	
	E vs Sh
	0.003

	
	
	
	S vs Sh
	0.500

	Richness difference (Brich)
	2.093
	0.351
	NA
	NA

	Btotal (Podani)
	15.6
	< 0.001
	E vs S
	< 0.001

	
	
	
	E vs Sh
	0.001

	
	
	
	S vs Sh
	0.680




Table S3. Comparison of the environmental, spatial, and shared fractions among data categories using the Kruskal-Wallis test followed by Dunn’s post hoc test 
	Fraction
	Groups
	Kruskal-Wallis H
	P-value
	Post-hoc comparison
	Post-hoc p-value

	ORGANISMS
	
	
	
	

	Environmental
	Algae, Zoo, Fish, Macro
	2.626
	0.453
	NA
	NA

	Spatial
	Algae, Zoo, Fish, Macro
	10.19
	0.017
	Algae vs Zoo
	0.628

	
	
	
	
	Algae vs Fish
	0.282

	
	
	
	
	Algae vs Macro
	0.005

	
	
	
	
	Zoo vs Fish
	0.696

	
	
	
	
	Zoo vs Macro
	0.059

	
	
	
	
	Fish vs Macro
	0.033

	Shared
	Algae, Zoo, Fish, Macro
	28.79
	< 0.001
	Algae vs Zoo
	0.319

	
	
	
	
	Algae vs Fish
	< 0.001

	
	
	
	
	Algae vs Macro
	0.847

	
	
	
	
	Zoo vs Fish
	0.014

	
	
	
	
	Zoo vs Macro
	0.312

	
	
	
	
	Fish vs Macro
	< 0.001

	ENVIRONMENT TYPES

	Environmental
	Lentic, Lotic, Lentic-lotic
	1.383
	0.5
	NA
	NA

	Spatial
	Lentic, Lotic, Lentic-lotic
	0.868
	0.648
	NA
	NA

	Shared
	Lentic, Lotic, Lentic-lotic
	9.191
	0.01
	Lentic vs lotic
	0.020

	
	
	
	
	Lentic vs Lentic-lotic
	0.004

	
	
	
	
	Lotic vs Lentic-lotic
	0.147

	
	
	
	
	
	

	Tabela S3 (Continued)

	Fraction
	Groups
	Kruskal –Wallis H
	P-value
	Post-hoc comparison
	Post-hoc p-value

	SPATIAL EXTENTS

	Environmental
	Up to 50 km (S), 51 to 500 km (I), Over 500 km (L)
	3.559
	0.169
	NA
	NA

	Spatial
	Up to 50 km (S), 51 to 500 km (I), Over 500 km (L)
	18.72
	< 0.001
	S vs I
	< 0.001

	
	
	
	
	S vs L
	0.033

	
	
	
	
	I vs L
	0.021

	Shared
	Up to 50 km (S), 51 to 500 km (I), Over 500 km (L)
	4.279
	0.118
	NA
	NA

	FACETS

	Environmental
	Taxonomic, functional, phylogenetic
	1.191
	0.551
	NA
	NA

	Spatial
	Taxonomic, functional, phylogenetic
	0.473
	0.789
	NA
	NA

	Shared
	Taxonomic, functional, phylogenetic
	6.168
	0.046
	Tax vs Func
	0.022

	
	
	
	
	Tax vs Phylo
	0.158

	
	
	
	
	Func vs Phylo
	0.569

	BETA DIVERSITY COMPONENTS

	Environmental
	Turnover, Nestedness, Btotal
	2.736
	0.255
	NA
	NA

	Spatial
	Turnover, Nestedness, Btotal
	4.164
	0.125
	NA
	NA

	
	
	
	
	
	

	
	
	
	
	
	

	Table S3 (Continued)

	Fraction
	Groups
	Kruskal –Wallis H
	P-value
	Post-hoc comparison
	Post-hoc p-value

	Shared
	Turnover, Nestedness, Btotal
	3.431
	0.180
	NA
	NA

	Environmental
	Brepl, Brich, Btotal
	16.18
	< 0.001
	Brepl vs Brich
	< 0.001

	
	
	
	
	Brepl vs Btotal
	0.010

	
	
	
	
	Brich vs Btotal
	0.114

	Spatial
	Brepl, Brich, Btotal

	6.002
	0.050
	Brepl vs Brich
	0.922

	
	
	
	
	Brepl vs Btotal
	0.032

	
	
	
	
	Brich vs Btotal
	0.044

	Shared
	Brepl, Brich, Btotal
	2.45
	0.294
	NA
	NA



