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Supplementary 1. Source data summaries
A total of 6491 samples were retained from all regions across a range of river types. Site maps of retained sites and densities of fine sediment gradients (as visual fine sediment %) can be found in Figure S.1. 
[image: Chart

Description automatically generated]
Figure S.1 Sampling locations and histograms of fine sediment gradient (as visual estimates %) for each region.
1.1 Australia
Data comprises an aggregation of records collected on behalf of the New South Wales (NSW) Government as part of the Monitoring River Health Project (1994 – 2000), the Sustainable Rivers Audit (2002 – 2012) and the Monitoring Evaluation and Reporting program (2006 – ongoing). Data is freely available online via the NSW Government data portal (https://datasets.seed.nsw.gov.au/dataset/aquatic-macroinvertebrates-of-nsw-1994-ongoingc357e). Following the AUSRIVAS protocol for assessment, only samples from spring (March 15 – June 15) and autumn (September 15 – December 15) were retained. Invertebrate data were collected and processed according to the Australia River Assessment System (AusRivAS) protocol (Smith et al., 1999; Turak et al., 2004), which ensures a standard methodology for collecting and processing biological (invertebrate) and environmental data. In summary, biological samples are collected via a D-net kick sample (250 µm mesh size). Sampling is undertaken separately at distinct riffle and edge habitats. Riffles are defined as habitats of broken water with rapid velocities and some cobble and boulder substratum and edge as those with little or no flow with organic matter and silt deposits. Both riffle and edge samples were retained as individual samples for analyses. Invertebrates are live-picked post collection following a standardised process to ensure consistent effort and performance and preserved (70% ethanol with 2% glycerol) prior to identification. Taxa were identified to family level with the exception of Oligochaeta (class), Polychatea (class), Ostracoda (subclass), Nematoda (phylum), Acarina (order) and Chironomidae (subfamily). Substrate was recorded at each habitat using visual estimates of the percentage cover of bedrock, boulder (>200 mm), cobble (60 – 200 mm), pebble (20 – 60 mm), gravel (2 – 20 mm), sand (0.02 – 2 mm), silt (0.002 – 0.02 mm) and clay (<0.002 mm).
In order to remove variability from co-occurring stressors, the AusRivAS scores for each habitat was used as a data filter. The AusRivAS system compares the observed community at a given site to that which would be expected to occur if the site was undisturbed or in reference condition. Only sites considered to pass the AusRivAS assessment were retained (this includes sites in bands “X” and “A”). Lastly, to reduce influence from large river types, sites from reaches classified as Strahler order >5  according to the HydroRIVERS geographical database were removed (Lehner et al., 2011).
1.2 Brazil
Data were collated from research projects conducted in the Cerrado biome (neotropical savanna), Brazil (Agra et al., 2021; Callisto et al., 2019; Castro et al., 2017, 2018, 2020; Firmiano et al., 2021; Macedo et al., 2018; D. R. O. Silva et al., 2018; L. F. R. Silva et al., 2021). Biological and physical data were collected according to the US-EPA protocols (USEPA - United States Environmental Protection Agency, 2016) adapted for use in neotropical savanna headwater streams (Callisto et al., 2014). The stream sites were selected using a probability-based procedure and a spatially balanced design (Macedo et al., 2014; Olsen & Peck, 2008).
Each sample reach was divided into 11 equally spaced transects and biological and environmental data collected at each transect. Invertebrates were collected in September, at the end of the dry period, using a kicknet (30 cm aperture, 500 µm mesh size) in a systematic zig-zag sequence across the 11 transects per site. The samples were aggregated to form one composite sample per site totalling ~1 m2, preserved in 4% formalin and processed in the laboratory. Taxa were identified to predominantly family level with EPT (Ephemeroptera, Plecoptera and Trichoptera) orders identified to genus level. Substrate estimates were also carried out following the US-EPA guidelines across the 11 transects at each site. Visual estimates of the substrate were categorized as percentages of bedrock (>4000 mm), boulder (>250-4000 mm), cobble (>64-250 mm), coarse gravel (>16-64 mm), fine gravel (>2-16 mm), sand (0.06-2 mm), and fines (silt and clay <0.06 mm). As data were collected for academic studies, sampling locations were selected to be relatively unaffected by confounding pressures. However, any samples that appeared as anomalies in terms of water quality (dissolved oxygen, total nitrates and total phosphates) were excluded.
1.3 New Zealand
Data for New Zealand comprised an aggregate of several academic studies. Data collected by Hunter (2020) comprised data from the North Island with the remaining datasets from the South Island. Ecological data was collected via the standard quantitative methods of kick and Surber samples (Table S.1). All samples were preserved in the field and subsequently identified to the lowest taxonomic resolution possible for most taxa groups (Table S.1). In the case of Magbanua et al., (2010), the original study comprised a before/after experimental design and for the purposes of this study, only the ‘before’ data was retained for analysis. Fine sediment visual estimates followed the method developed by Clapcott et al., (2011) which aims to reduce subjectivity when taking in-stream visual estimates. This involves an operator using an underwater viewing box (or a bathyscope) to estimate the % fine sediment (<2 mm) within the gridded area of the streambed observed within the viewing area. The protocol is carried out at several locations across a number of random transects (specified in Table S.1) and the average percentage of fines per reach calculated. As the protocol involves assessing the overall percentage of fines only, other substrate categories are not available for New Zealand data.


Table S.1. Summary of source data for New Zealand.
	Source reference 
	Sampling date
	Invertebrate sampling method
	Invertebrate counting/ identification method
	Fine sediment sampling protocol

	(Hunter, 2020)
n = 206
	2016 – 2018 (December – April)
	D-net kick sample (x5 kick samples of 0.2 m2). 
Preserved in 70% isopropyl alcohol
	Fixed count of 200 plus scan for rare taxa. Identified to mixed taxon level (usually genus).
	Bankside visual estimates of sampling reach 


	(Lange et al., 2014)
n = 43
	March – April 2011
	D-net kick sample.
Preserved in 70% ethanol.
	Fixed count of 300 plus scan for rare taxa. Identified to genus level (except Diptera, Coleoptera and Crustacea to family level)
	Visual estimates at 10 random locations using a viewing box (area 12 x 12 cm) 

	(Magbanua et al., 2010)
n = 36
	February 2007
	Surber samples (x 3).
Preserved in 90% ethanol.
	Full count (plus subsampling for very abundant taxa and large samples). 
	Visual estimates at two random locations in each reach using a viewing box (diameter 20 cm)

	(Matthaei et al., 2006)
n = 24
	January 2003
	Surber samples (x 4). Preserved in 70% ethanol.
	Full count (plus subsampling for very abundant taxa). Identified to lowest taxonomic level possible.
	Visual estimates at 20 random locations using a viewing box (area 25 x 25 cm)

	(Wagenhoff et al., 2011)
n = 43
	January 2008
	D-net kick sample. 
Preserved in ethanol.
	Fixed count of 200 plus scan for rare taxa.
	Visual estimates at two random locations across five transects using a viewing box (area 12 x 12 cm)



1.4 United Kingdom
The Environment Agency, the regulatory authority in England, routinely collects invertebrate data for monitoring purposes and biological data is openly available online via the Ecology and Fish Data Explorer (https://environment.data.gov.uk/ecology/explorer/). Sample sites were screened to retain those that fulfilled the following criteria: (a) upstream catchment area greater than 10 km2, (b) located near a water quality monitoring site that was not downstream of discharge from a sewage treatment plant, (c) diffuse sources accounted for at least 70% of the total pollutant load on sampled days; (d) physicochemical parameters (pH, temperature, ammonia, phosphate and dissolved oxygen) were not classified as ‘Poor’ and ‘Bad’ according to Water Framework Directive (WFD) (2000/60/EC) classification; and (e) ecological parameters (invertebrates) were not classified as ‘Moderate’, ‘Poor’ or ‘Bad’.
Only data collected in either spring (March - May) or autumn (September - November) were retained. The Environment Agency follows standard protocols for sampling, processing, and identification of invertebrate samples. Samples were collected via the standard multi-habitat 3-minute kick survey (1 mm mesh size) followed by a 1-minute hand search for surface dwelling or animals attached to logs, stones, overhanging vegetation or other solid objects (Environment Agency, 2014b). Sampling time was distributed proportionally between the habitats present in the sampling area (e.g., riffle, marginal, pool etc). Following collection, the contents of the pond net were preserved (100% Industrial Methylated Spirits) and samples processed following Environment Agency operational instructions for the sorting and identification of invertebrates in the laboratory (Environment Agency, 2014a). Invertebrates were identified to mixed taxon level with most insect taxa identified to species level. Visual estimates of the substrate composition were carried out using the River Invertebrate Classification System (RIVPACS) categories: boulders (>256 mm), cobbles (64 – 256 mm), pebbles (16 – 64 mm), gravel (2 – 16 mm), sand (0.06 – 2 mm), silt (<0.06 mm), and clay (<0.06 mm sticky and cohesive).
A second data source collected for academic research (Murphy et al., 2015, 2017) was also collated that included additional sites from rural catchments in England and Wales. Sample sites were selected following filtering criterion applied to River Habitat Survey (RHS) stream sites (Environment Agency, 2003) using a combination of RHS data and GIS models (e.g. PSYCHIC) (Naura et al., 2016; Strömqvist et al., 2008). Sites were retained that were subject to fine sediment stress from agricultural sources (>75% as a proportion of total sediment input) and were not affected by confounding disturbance pressures (e.g., downstream of sewage treatment works, lakes and reservoirs, or urban areas). Following filtering, the final site list was selected to ensure a range of river types and sediment pressures were incorporated. Additional data from headwater streams in Wales (Jones et al., 2017) were provided from sites located in independent watersheds in agricultural catchments with low urban/suburban (<10%) and forestry (<10%) cover. All sites in the UK were sampled in spring and autumn. As with the Environment Agency data, invertebrates were sampled using a standard 3-minute kick (1 mm mesh size) followed by a 1-minute hand search. Habitats were sampled proportional to their total coverage within the reach. Invertebrates were fixed (10% formalin) and identified in a laboratory to mixed taxon level. 
1.5 Regional environmental variation
We used the RiverATLAS (Linke et al., 2019) in the HydroATLAS database to obtain the following environmental variables for each region: long-term (1971-2000) average ‘naturalized’ discharge (m3 s-1) according to the global integrated water model WaterGap v2.2 (Döll et al., 2003), degree of flow regulation expressed as the percent ratio (%) between the total reservoir storage volume of all dams or impoundments on or upstream of the reach and the total annual discharge volume (Lehner et al., 2011), elevation in reach catchment (m) and stream gradient (decimeters per km) according to EarthEnv-DEM90 digital elevation model (Robinson et al., 2014), air temperature (°C) in reach catchment according to WorldClim v1.4 (Hijmans et al., 2005), percentage (%) of reach catchment used for agricultural land (and the constituent elements of cropland and pasture %) according to EarthStat global dataset (Ramankutty et al., 2008), and urban extent (%) in reach catchment according to the Global Human Settlement Framework (Pesaresi et al., 2016).
Table S.2 Mean and standard deviation (SD) values of environmental variables for each dataset, acquired from RiverATLAS (https://www.hydrosheds.org/page/hydroatlas). 
	
	Australia
	Brazil
	United Kingdom
	New Zealand

	Natural discharge (m3/s)
	2.8 (7.4)
	44.5 (482.3)
	0.9 (1.1)
	5.4 (13.3)

	Flow regulation (%)
	12.9 (65.4)
	0.6 (7.0)
	0.9 (15.1)
	0.1 (0.8)

	Elevation (m)
	500.6 (382.1)
	394.2 (110.7)
	185.2 (110.9)
	320.4 (233.7)

	Stream gradient (decimeters per km)
	94.3 (141.6)
	41.8 (31.4)
	102.2 (88.0)
	106.9 (109.4)

	Air temperature (°C)
	15.1 (2.9)
	23.0 (0.8)
	8.8 (1.0)
	10.7 (2.1)

	Agricultural land (%)
As cropland (%)
As pasture (%)
	31.4 (34.6)
	81.7 (16.3)
	66.9 (19.8)
	44.8 (32.5)

	
	7.3 (16.1)
	10.7 (9.5)
	26.0 (20.7)
	4.2 (8.4)

	
	24.0 (28.7)
	71.0 (18.2)
	40.9 (18.4)
	40.6 (30.3)

	Urban land (%)
	0.9 (5.8)
	0.8 (5.5)
	2.4 (8.0)
	1.0 (7.5)



Table S.3 Trait categories and modalities used in analyses (Kunz et al., 2022) 
	Trait category
	Modes
	Short name

	Voltinism (generations per year)
	<1
1
>1
	vol_semi
vol_uni
vol_multi

	Oviposition
	Aquatic eggs
Ovoviviparity
Terrestrial eggs
	ovip_aqu 
ovip_ovo
ovip_ter

	Locomotion and relationship to substrate
	Burrower
Crawler
Sessile
Swimmer
	locom_burrow
locom_crawl
locom_sessi 
locom_swim

	Body form
	Cylindrical
Flattened
Spherical
Streamlined
	bf_cylindrical
bf_flattened
bf_spherical 
bf_streamlined

	Feeding mode
	Filterer
Gatherer
Herbivore
Parasite
Predator
Shredder
	feed_filter
feed_gatherer
feed_herbivore 
feed_parasite
feed_predator
feed_shredder

	Respiration
	Gills
Plastron/spiracle
Tegument
	resp_gil
resp_pls_spi
resp_teg
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