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Dung beetle trait assignment
Species were characterized in terms of seven ecological attributes: food relocation habitat, diet, diel activity, body mass, body mass-adjusted front leg area, body mass-adjusted pronotum volume, and back:front leg lengths.  Protocols for trait assignments are described below.

Food relocation habit: Food relocation habit assignment followed the classificatiom of Hanski and Cambefort (1991) who categorized dung beetle species as rollers (telecoprids), tunnellers (paracoprids) or dwellers (endocoprids). Roller species remove portions of dung, which are rolled various distances and then buried. Tunneler species construct tunnels below or adjacent to the food resource and transport dung into the bottom. Dweller species live within a dung pat and do not exhibit resource allocation; 
Diet: Diet preference was investigated using traps baited with cattle dung (n = 72 traps) carrion (n = 72 traps) using the same sampling design described in the Materials and Methods section. We used the proportion of individuals of each species attracted to a certain bait to determine bait specificity. Species was considered as “coprophage or necrophage” when its occurrence was ≥80% on one bait used (cattle dung or carrion), otherwise it was considered “generalist” (Halffter and Arellano 2002). The minimum number of individuals of each species required to calculate diet n = 3.
Diel activity: We obtained information on dung beetle diel activity from the published literature (Pêssoa et al. 2017; Beiroz et al. 2017; Iannuzzi et al., 2016; Audino et al., 2014, Hernández 2002) and personal observations of specialist (Fernando Vaz-de-Mello). 
Body mass: To determine the body mass, all individuals of each species were dried at 42°C for 72 hours and weighed using a balance accurate to 0.0001 g
Morphological traits (Body mass-adjusted front leg area; body mass-adjusted pronotum volume; back: front leg lengths): We measured pronotum area, front tibia and femur area, and front and back leg length using a Leica M250 microscope and Life Measurement software (Leica, Wetzlar, Germany); with digital calipers (0.01-mm resolution) we measured pronotum height. Front tibia and femur area were summed to provide a total front leg area, and pronotum height and area were multiplied to estimate pronotum volume (see Griffiths et al. 2015).
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Table S1. Identity and traits for 23 species of dung beetles (Scarabaeinae: Coleoptera) sampled in natural grassland sites in the Brazilian Pantanal. NA: missing data.
	 
	Food 
	 
	Diel
	Body
	Body
	Body
	Back:front

	
	relocation
	Diet
	Activity
	 Mass
	mass-adjusted
	mass-adjusted
	leg lengths 

	Species
	Habitat
	 
	 
	 
	front leg area
	pronotum volume
	 

	Ateuchus aff. ovalis
	Tunneler
	Generalist
	Nocturnal
	0.0071
	56.3809
	513.2356
	0.667

	Ateuchus sp. 1
	Tunneler
	Generalist
	Nocturnal
	0.0079
	38.6081
	461.7164
	0.732

	Ateuchus sp. 2
	Tunneler
	Generalist
	Nocturnal
	0.0097
	43.2716
	554.7964
	0.8764

	Canthidium aff. viride
	Tunneler
	Generalist
	Diurnal
	0.0254
	34.3261
	774.5236
	0.6113

	Canthon aff. maldonadoi
	Roller
	NA
	Diurnal
	0.0199
	19.598
	146.6533
	0.6707

	Canthon conformis 
	Roller
	Necrophage
	Diurnal
	0.0174
	35.0137
	533.5141
	0.584

	Canthon curvodilatatus
	Roller
	Necrophage
	NA
	0.4601
	20.1462
	637.0834
	0.5299

	Canthon histrio
	Roller
	Generalist
	Diurnal
	0.0406
	46.4894
	759.1104
	0.5761

	Coprophanaeus bonariensis 
	Tunneler
	Necrophage
	Mixed
	1.2786
	10.6263
	883.9542
	0.7369

	Deltochilum cf. komareki
	Roller
	Necrophage
	NA
	0.0889
	18.6912
	422.339
	0.6503

	Deltochilum pseudoicarus 
	Roller
	Necrophage
	Diurnal
	1.2786
	10.6263
	883.9542
	0.7369

	Dendropaemon nitidicollis
	Tunneler
	NA
	Diurnal
	0.0072
	110.723
	1158.7351
	0.7178

	Dichotomius glaucus 
	Tunneler
	Coprophage
	Nocturnal
	0.2682
	17.1766
	642.8564
	0.7339

	Dichotomius nisus
	Tunneler
	Coprophage
	Nocturnal
	0.7552
	6.8206
	228.0884
	0.6955

	Dichotomius opacipennis 
	Tunneler
	Generalist
	Nocturnal
	0.0665
	36.0232
	919.8393
	0.6905

	Digitonthophagus gazella 
	Tunneler
	Coprophage
	Nocturnal
	0.0459
	68.9821
	1131.607
	0.8308

	Eurysternus carybaeus 
	Dweller
	Coprophage
	Mixed
	0.0705
	36.7601
	785.9048
	0.6874

	Malagoniella punctatostriata 
	Roller
	NA
	NA
	0.1099
	40.0471
	695.7604
	0.6892

	Malagoniella puncticollis 
	Roller
	Generalist
	NA
	0.1094
	41.3538
	752.458
	0.6461

	Ontherus appendiculatus 
	Tunneler
	Generalist
	Nocturnal
	0.0466
	31.3303
	534.9569
	0.7786

	Onthophagus aeneus
	Tunneler
	Coprophage
	Mixed
	0.0054
	63.7901
	764.3143
	0.7003

	Onthophagus ptox 
	Tunneler
	Generalist
	Mixed
	0.0051
	51.7242
	676.6979
	0.7364

	Uroxys aff. corporaali
	NA
	Generalist
	NA
	0.0029
	49.0099
	430.5344
	0.7972



Table S2. Spearman's rank correlations between landscape variables measured at different spatial scales (100, 200, and 300 m radius) and dung beetle taxonomic diversity, functional diversity, and ecosystem functions used for spatial scale selection. Values in bold indicate the spatial scale with the highest absolute correlation coefficient (|ρ|) selected for subsequent analyses. FOR = Forest; GRASS = Grassland; SAV = Savannah.
	 
	FOR (100)
	FOR (200)
	FOR (300)
	GRASS (100)
	GRASS (200)
	GRASS (300)
	SAV (100)
	SAV (200)
	SAV (300)

	Taxonomic
	
	
	
	
	
	
	
	
	

	q0
	-0.4615931
	-0.781631
	-0.7139306
	0.5295976
	0.6043643
	0.7037573
	0.7842258
	0.7385489
	0.867795

	q1
	-0.2606061
	-0.2969697
	-0.2121212
	0.6074077
	0.3497196
	0.4924035
	0.3314119
	0.5151515
	0.4181818

	q2
	-0.2484848
	-0.09090909
	0.006060606
	0.5460534
	0.1901984
	0.3039528
	0.3376649
	0.4666667
	0.3575758

	Abundance
	-0.5636364
	-0.7575758
	-0.5636364
	0.398803
	0.3619904
	0.4498501
	0.6753298
	0.6484848
	0.7333333

	Abudance without Canthidum aff. viride
	-0.3100318
	-0.662617
	-0.5835893
	0.4061712
	0.4861746
	0.570122
	0.6366171
	0.553194
	0.6990914

	Biomass
	-0.5515152
	-0.769697
	-0.6363636
	0.4724282
	0.4969699
	0.5714312
	0.7816317
	0.7818182
	0.8666667

	Functional
	
	
	
	
	
	
	
	
	

	FDis
	-0.1878788
	-0.1272727
	-0.04242424
	0.3374487
	0.1901984
	0.218846
	0.06878359
	0.1393939
	0.2

	FEve
	-0.1151515
	0.01818182
	-0.006060606
	0.4110739
	0.2515527
	0.2310041
	-0.1250611
	0.1878788
	0.05454545

	FRic
	-0.4060606
	-0.7090909
	-0.6
	0.6196786
	0.6196786
	0.6869333
	0.5565218
	0.6727273
	0.6848485

	Functions
	
	
	
	
	
	
	
	
	

	Dung removal
	-0.1515152
	-0.4181818
	-0.2606061
	0.4110739
	0.3006361
	0.2978737
	0.5064974
	0.2969697
	0.4181818

	Soil bioturbation
	-0.5272727
	-0.5393939
	-0.3575758
	0.07976061
	0.04294802
	0.1033439
	0.6190523
	0.4909091
	0.5878788






Fig. S1. Pearson’s correlation plot among local environmental and landscape variables for taxonomic (A) and functional and ecological functions (B). SAND – sand content; CMP – soil compaction; VGDEN – vegetation density; FOR = Forest cover; GRASS = Grassland cover; SAV = Savanna cover. Numbers indicate the best scale (100, 200 and 300). * p < 0.05; ** p <0.01; *** p < 0.001.
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