Supplemental Material - Extreme rainfall disrupts freshwater energy flux without altering food-web structure - Antiqueira et al.


Table S1. Model comparison using Akaike Information Criterion (AIC) to evaluate the effects of rainfall variability and ecosystem size on food web properties. Linear (simple) and quadratic models were compared for each response variable. The simple model includes linear terms for rainfall amount (μ), rainfall frequency (κ), and ecosystem size, expressed as X ~ μ + κ + ecosystem size. The quadratic model includes additional second-order terms: X ~ μ + μ² + κ + κ² + ecosystem size. Response variables (X) include trophic centralisation, trophic connectivity, total energy flux, decomposition-related energy flux, and predation-related energy flux. ΔAIC indicates the difference in AIC between models; lower AIC values indicate better model fit. In all cases, the simpler linear model was favoured.

	Response variable
	Model type
	AIC value
	ΔAIC

	Trophic centralisation
	Simple
	849.52
	4.38

	
	Quadratic 
	853.90
	

	
	
	
	

	Trophic connectivity
	Simple
	707.72
	3.77

	
	Quadratic 
	711.49
	

	
	
	
	

	Total energy flux
	Simple
	-4180.73
	54.10

	
	Quadratic 
	-4126.63
	

	
	
	
	

	Decomposition energy flux
	Simple
	-4218.77
	54.37

	
	Quadratic 
	-4164.40
	

	
	
	
	

	Predation energy flux
	Simple
	-4771.53
	60.06

	
	Quadratic 
	-4711.47
	

	
	
	
	














Table S2. Summary of the fixed effects of rainfall amount, rainfall frequency, and ecosystem size on key food web and energy flux metrics. These include trophic centralisation (PC1), trophic connectivity (PC2), total energy flux, decomposition energy flux, and predation energy flux, as assessed using linear mixed-effects models. 
	Variation Source
	Rainfall amount (µ)
	Rainfall frequency (k)
	Ecosystem size

	
	F
	P
	F
	P
	F
	P

	Trophic centralisation
	0.13
	0.721
	1.23
	0.269
	0.57
	0.451

	Trophic connectivity 
	4.67
	0.032
	1.13
	0.288
	20.17
	<0.001

	Total energy flux
	7.93
	0.005
	1.44
	0.231
	7.46
	0.007

	Decomposition energy flux
	5.42
	0.021
	0.62
	0.428
	10.41
	0.001

	Predation energy flux
	8.19
	0.005
	3.92
	0.049
	0.061
	0.805

	
	
	
	
	
	
	






















Table S3. Site-specific effects of rainfall amount, rainfall frequency, and ecosystem size on key food web structure and energy flux metrics. Results are based on linear models fitted separately for each site. Statistically significant effects (P ≤ 0.05) are highlighted in bold.
	Site
	Variation Source
	Rainfall amount (µ)
	Rainfall frequency (k)
	Ecosystem size

	
	
	F
	P
	F
	P
	F
	P

	Argentina
	Trophic centralisation
	1.03
	0.320
	2.18
	0.152
	0.12
	0.730

	
	Trophic connectivity 
	0.00
	0.983
	2.04
	0.165
	0.83
	0.371

	
	Total energy flux
	0.45
	0.510
	0.02
	0.884
	3.12
	0.089

	
	Decomposition energy flux
	0.27
	0.605
	0.50
	0.486
	4.61
	0.041

	
	Predation energy flux
	0.23
	0.636
	0.86
	0.363
	0.01
	0.947

	Cardoso
	Trophic centralisation
	7.99
	0.009
	2.39
	0.134
	0.91
	0.348

	
	Trophic connectivity 
	0.25
	0.620
	1.31
	0.262
	2.80
	0.106

	
	Total energy flux
	10.17
	0.004
	0.98
	0.330
	0.01
	0.928

	
	Decomposition energy flux
	7.95
	0.009
	0.75
	0.395
	0.00
	0.962

	
	Predation energy flux
	7.16
	0.013
	0.74
	0.397
	0.26
	0.615

	Colombia
	Trophic centralisation
	0.63
	0.434
	0.71
	0.408
	0.15
	0.697

	
	Trophic connectivity 
	6.88
	0.014
	0.76
	0.391
	1.11
	0.302

	
	Total energy flux
	0.99
	0.329
	0.44
	0.513
	12.35
	0.001

	
	Decomposition energy flux
	1.05
	0.315
	0.44
	0.515
	12.51
	0.001

	
	Predation energy flux
	0.46
	0.501
	0.05
	0.824
	0.02
	0.893

	Costa Rica
	Trophic centralisation
	0.16
	0.689
	0.07
	0.795
	0.06
	0.805

	
	Trophic connectivity 
	4.34
	0.047
	0.21
	0.648
	0.89
	0.352

	
	Total energy flux
	6.01
	0.020
	0.07
	0.791
	2.04
	0.165

	
	Decomposition energy flux
	6.47
	0.017
	0.08
	0.778
	2.80
	0.106

	
	Predation energy flux
	0.01
	0.915
	0.00
	0.973
	1.10
	0.303

	French Guiana
	Trophic centralisation
	0.07
	0.796
	0.00
	0.984
	2.36
	0.137

	
	Trophic connectivity 
	1.16
	0.291
	0.00
	0.966
	3.31
	0.080

	
	Total energy flux
	1.61
	0.215
	0.17
	0.682
	3.75
	0.064

	
	Decomposition energy flux
	1.81
	0.189
	0.16
	0.689
	3.75
	0.064

	
	Predation energy flux
	1.97
	0.172
	0.05
	0.818
	0.02
	0.893

	Macae
	Trophic centralisation
	3.06
	0.092
	2.46
	0.129
	1.79
	0.193

	
	Trophic connectivity 
	1.89
	0.181
	2.98
	0.096
	5.15
	0.032

	
	Total energy flux
	0.07
	0.784
	3.71
	0.065
	0.11
	0.742

	
	Decomposition energy flux
	0.04
	0.84
	2.22
	0.148
	0.05
	0.822

	
	Predation energy flux
	2.94
	0.098
	4.14
	0.052
	0.21
	0.652

	Puerto Rico
	Trophic centralisation
	0.02
	0.885
	0.00
	0.975
	0.92
	0.346

	
	Trophic connectivity 
	0.76
	0.390
	0.13
	0.723
	1.55
	0.224

	
	Total energy flux
	0.20
	0.658
	0.45
	0.508
	2.83
	0.104

	
	Decomposition energy flux
	0.18
	0.675
	0.49
	0.488
	3.02
	0.094

	
	Predation energy flux
	0.39
	0.536
	0.37
	0.54
	0.86
	0.362






Table S4. List of unlikely trophic interactions (i.e., “forbidden links”) among bromeliad macroinvertebrates, based on prey unpalatability, morphological mismatches, or spatial segregation in microhabitat use. For each pair, the functional traits or ecological constraints underpinning the interaction exclusion are described. Site codes: AR = Argentina, CR = Costa Rica, Cl = Cardoso Island, PR = Puerto Rico, CO = Colombia, FG = French Guiana, MC = Mexico.
	Predator
	Prey
	Functional traits and differences in habitat use
	Sites

	Hirudinea (Annelida)
	Tabanidae (Diptera)
	Behavioral defense (anti-predatory defenses)
	AR, CR, CI

	Hirudinea (Annelida)
	Hydrophilidae adult (Coleoptera)
	Morphological defense (exoskeleton)
	CI

	Hirudinea (Annelida)
	Calamoceratidae (Trichoptera)
	Morphological defense (leaf case)
	CI

	Hirudinea (Annelida)
	Dytiscidae adult (Coleoptera)
	Morphological defense (exoskeleton)
	CI

	Hirudinea (Annelida)
	Lampyridae (Coleoptera)
	Behavioral defense (anti-predatory defenses)
	CI

	
	
	 
	 

	Toxorhynchites sp. (Diptera)
	Sphaeroceridae (Diptera)
	Microhabitat used
	PR

	Toxorhynchites sp. (Diptera)
	Stratiomyidae (Diptera)
	Microhabitat used
	CO

	Toxorhynchites sp. (Diptera)
	Ephydridae (Diptera)
	Microhabitat used
	CO

	Toxorhynchites sp. (Diptera)
	Anisopodidae (Diptera)
	Microhabitat used
	CO

	Toxorhynchites sp. (Diptera)
	Planaridae (Platyhelminthes)
	Behavioral defense (anti-predatory defenses)
	CO

	Toxorhynchites sp. (Diptera)
	Ptilodactylidae (Coleoptera)
	Morphological defense (exoskeleton)
	CO

	Toxorhynchites sp. (Diptera)
	Scirtidae (Coleoptera)
	Morphological defense (exoskeleton)
	CO

	
	
	 
	 

	Ceratopogoninae (Diptera)
	Tabanidae (Diptera)
	Behavioral defense (anti-predatory defenses)
	CR

	Ceratopogoninae (Diptera)
	Hydrophilidae larvae (Coleoptera)
	Behavioral defense (anti-predatory defenses)
	CR

	Ceratopogoninae (Diptera)
	Coenagrionidae (Zygoptera)
	Behavioral defense (anti-predatory defenses)
	CR

	
	
	 
	 

	Stilobezzia sp. (Diptera)
	Toxorhynchitinae (Diptera)
	Behavioral defense (anti-predatory defenses)
	CO

	Stilobezzia sp. (Diptera)
	Coenagrionidae (Odonata)
	Behavioral defense (anti-predatory defenses)
	CO

	Stilobezzia sp. (Diptera)
	Planaridae (Platyhelminthes)
	Behavioral defense (anti-predatory defenses)
	CO

	Stilobezzia sp. (Diptera)
	Ptilodactylidae (Coleoptera)
	Morphological defense (exoskeleton)
	CO

	Stilobezzia sp. (Diptera)
	Scirtidae (Coleoptera)
	Morphological defense (exoskeleton); Body shape (flat)
	CO

	
	
	 
	 

	Bezzia sp. (Diptera)
	Hydrophilidae adult (Coleoptera)
	Morphological defense (exoskeleton)
	CI

	Bezzia sp. (Diptera)
	Ostracoda (Crustacea)
	Morphological defense (shell)
	CI, FG

	Bezzia sp. (Diptera)
	Scirtidae (Coleoptera)
	Morphological defense (exoskeleton); Body shape (flat)
	CI, FG

	Bezzia sp. (Diptera)
	Calamoceratidae (Trichoptera)
	Morphological defense (leaf case)
	CI

	Bezzia sp. (Diptera)
	Culicoides sp. (Ceratopogonidae)
	Behavioral defense (anti-predatory defenses)
	CI

	Bezzia sp. (Diptera)
	Coenagrionidae (Zygoptera)
	Behavioral defense (anti-predatory defenses)
	CI, FG

	Bezzia sp. (Diptera)
	Corethrellidae (Diptera)
	Behavioral defense (anti-predatory defenses)
	CI, FG

	Bezzia sp. (Diptera)
	Dytiscidae adult (Coleoptera)
	Morphological defense (exoskeleton)
	CI

	Bezzia sp. (Diptera)
	Dytiscidae larvae (Coleoptera)
	Behavioral defense (anti-predatory defenses)
	CI, FG

	Bezzia sp. (Diptera)
	Empididae (Diptera)
	Behavioral defense (anti-predatory defenses)
	CI

	Bezzia sp. (Diptera)
	Hirudinea (Annelida)
	Behavioral defense (anti-predatory defenses)
	CI

	Bezzia sp. (Diptera)
	Lampyridae (Coleoptera)
	Behavioral defense (anti-predatory defenses)
	CI

	Bezzia sp. (Diptera)
	Tabanidae (Diptera)
	Behavioral defense (anti-predatory defenses)
	CI, FG

	Bezzia sp. (Diptera)
	Turbellaria (Platyhelminthes)
	Behavioral defense (anti-predatory defenses)
	FG

	
	
	 
	 

	Culicoides sp. (Diptera)
	Hydrophilidae adult (Coleoptera)
	 Morphological defense (exoskeleton)
	CI

	Culicoides sp. (Diptera)
	Hydrophilidae larvae (Coleoptera)
	Behavioral defense (anti-predatory defenses)
	MC

	Culicoides sp. (Diptera)
	Ostracoda (Crustacea)
	Morphological defense (Shell)
	CI, MC

	Culicoides sp. (Diptera)
	Scirtidae (Coleoptera)
	Morphological defense (exoskeleton); Body shape (flat)
	CI, MC

	Culicoides sp. (Diptera)
	Calamoceratidae (Trichoptera)
	Morphological defense (leaf case)
	CI

	Culicoides sp. (Diptera)
	Bezzia sp. (Ceratopogonidae)
	Behavioral defense (anti-predatory defenses)
	CI

	Culicoides sp. (Diptera)
	Coenagrionidae (Zygoptera)
	Behavioral defense (anti-predatory defenses)
	CI, MC

	Culicoides sp. (Diptera)
	Corethrellidae (Diptera)
	Behavioral defense (anti-predatory defenses)
	CI, MC

	Culicoides sp. (Diptera)
	Dytiscidae adult (Coleoptera)
	Morphological defense (exoskeleton)
	CI, MC

	Culicoides sp. (Diptera)
	Dytiscidae larvae (Coleoptera)
	Behavioral defense (anti-predatory defenses)
	CI

	Culicoides sp. (Diptera)
	Empididae (Diptera)
	Behavioral defense; Microhabitat used
	CI, MC

	Culicoides sp. (Diptera)
	Hirudinea (Annelida)
	Behavioral defense (anti-predatory defenses)
	CI

	Culicoides sp. (Diptera)
	Lampyridae (Coleoptera)
	Behavioral defense (anti-predatory defenses)
	CI, MC

	Culicoides sp. (Diptera)
	Tabanidae (Diptera)
	Behavioral defense (anti-predatory defenses)
	CI, MC

	Culicoides sp. (Diptera)
	Dolychopodidae (Diptera)
	Microhabitat used
	MC

	Culicoides sp. (Diptera)
	Elmidae (Coleoptera)
	Morphological defense (exoskeleton)
	MC

	
	
	 
	 

	Tabanidae (Diptera)
	Calamoceratidae (Trichoptera)
	Morphological defense (leaf case)
	AR, CI

	Tabanidae (Diptera)
	Culicidae (Diptera)
	Microhabitat use; Behavioral defense (anti-predatory defenses)
	AR, CI, FG, MC

	Tabanidae (Diptera)
	Hirudinea (Annelida)
	Behavioral defense (anti-predatory defenses)
	AR, CR, IC

	Tabanidae (Diptera)
	Tabanidae (Diptera)
	Behavioral defense (anti-predatory defenses)
	CI

	Tabanidae (Diptera)
	Corethrellidae (Diptera)
	Microhabitat use; Behavioral defense
	CI, FG, MC

	Tabanidae (Diptera)
	Hydrophilidae adult (Coleoptera)
	Morphological defense (exoskeleton)
	CI

	Tabanidae (Diptera)
	Hydrophilidae larvae (Coleoptera)
	Behavioral defense (anti-predatory defenses)
	CR, MC

	Tabanidae (Diptera)
	Coenagrionidae (Zygoptera)
	Behavioral defense (anti-predatory defenses)
	CR, CI, FG, MC

	Tabanidae (Diptera)
	Dytiscidae adult (Coleoptera)
	Morphological defense (exoskeleton)
	CI, FG, MC

	Tabanidae (Diptera)
	Dytiscidae larvae (Coleoptera)
	Behavioral defense (anti-predatory defenses)
	CI

	Tabanidae (Diptera)
	Lampyridae (Coleoptera)
	Behavioral defense (anti-predatory defenses)
	CI, MC

	Tabanidae (Diptera)
	Turbellaria (Platyhelminthes)
	Behavioral defense (anti-predatory defenses)
	FG

	
	
	 
	 

	Corethrellidae (Diptera)
	Canacidae (Diptera)
	Microhabitat used
	CI

	Corethrellidae (Diptera)
	Chironomidae (Diptera)
	Microhabitat used
	CI, MC

	Corethrellidae (Diptera)
	Hydrophilidae adult (Coleoptera)
	Morphological defense (exoskeleton)
	CI

	Corethrellidae (Diptera)
	Hydrophilidae larvae (Coleoptera)
	Behavioral defense
	MC

	Corethrellidae (Diptera)
	Psychodidae (Diptera)
	Morphological defense (hairs); Behavioral defense
	CI, MC

	Corethrellidae (Diptera)
	Sciaridae (Diptera)
	Microhabitat used
	CI

	Corethrellidae (Diptera)
	Scirtidae (Coleoptera)
	Morphological defense (exoskeleton); Body shape (flat)
	CI, FG, MC

	Corethrellidae (Diptera)
	Stratyomiidae (Diptera)
	Microhabitat used
	CI

	Corethrellidae (Diptera)
	Syrphidae (Diptera)
	Microhabitat used
	CI, MC

	Corethrellidae (Diptera)
	Tipulidae (Diptera)
	Microhabitat used
	I, FG, MC

	Corethrellidae (Diptera)
	Calamoceratidae (Trichoptera)
	Morphological defense (leaf case)
	CI

	Corethrellidae (Diptera)
	Corethrellidae (Diptera)
	Behavioral defense (anti-predatory defenses)
	CI

	Corethrellidae (Diptera)
	Coenagrionidae (Zygoptera)
	Behavioral defense (anti-predatory defenses)
	CI, FG, MC

	Corethrellidae (Diptera)
	Dytiscidae adult (Coleoptera)
	Morphological defense (exoskeleton)
	CI, FG, MC

	Corethrellidae (Diptera)
	Dytiscidae larvae (Coleoptera)
	Behavioral defense (anti-predatory defenses)
	CI

	Corethrellidae (Diptera)
	Hirudinea (Annelida)
	Behavioral defense (anti-predatory defenses)
	CI, MC

	Corethrellidae (Diptera)
	Lampyridae (Coleoptera)
	Behavioral defense (anti-predatory defenses)
	CI

	Corethrellidae (Diptera)
	Tabanidae (Diptera)
	Behavioral defense (anti-predatory defenses)
	CI, FG, MC

	Corethrellidae (Diptera)
	Turbellaria (Platyhelminthes)
	Behavioral defense (anti-predatory defenses)
	FG

	Corethrellidae (Diptera)
	Dolychopodidae (Diptera)
	Microhabitat used
	MC

	Corethrellidae (Diptera)
	Elmidae (Coleoptera)
	Morphological defense (exoskeleton)
	MC

	
	
	 
	 

	Dolichopodidae (Diptera)
	Culicidae (Diptera)
	Microhabitat use; Behavioral defense (anti-predatory defenses)
	MC

	Dolichopodidae (Diptera)
	Hirudinea (Annelida)
	Behavioral defense (anti-predatory defenses)
	CR

	Dolichopodidae (Diptera)
	Corethrellidae (Diptera)
	Microhabitat use; Behavioral defense
	MC

	Dolichopodidae (Diptera)
	Hydrophilidae larvae (Coleoptera)
	Behavioral defense (anti-predatory defenses)
	CR, MC

	Dolichopodidae (Diptera)
	Coenagrionidae (Zygoptera)
	Behavioral defense (anti-predatory defenses)
	CR, MC

	Dolichopodidae (Diptera)
	Dytiscidae adult (Coleoptera)
	Morphological defense (exoskeleton)
	MC

	Dolichopodidae (Diptera)
	Lampyridae (Coleoptera)
	Behavioral defense (anti-predatory defenses)
	MC

	
	
	 
	 

	Empididae (Diptera)
	Canacidae (Diptera)
	Microhabitat use
	CI

	Empididae (Diptera)
	Ceratopogonidae (diptera)
	Microhabitat use
	CI, MC

	Empididae (Diptera)
	Culicidae (Diptera)
	Microhabitat use
	CI, MC

	Empididae (Diptera)
	Ephydridae (Diptera)
	Microhabitat use
	CI, MC

	Empididae (Diptera)
	Hydrophilidae adult (Coleoptera)
	Microhabitat use; Morphological defense (exoskeleton)
	CI

	Empididae (Diptera)
	Hydrophilidae larvae (Coleoptera)
	Microhabitat used; Behavioral defense (anti-predatory defenses)
	CI, MC

	Empididae (Diptera)
	Psychodidae (Diptera)
	Behavioral defense; Morphological defense (hairs)
	CI, MC

	Empididae (Diptera)
	Sciaridae (Diptera)
	Microhabitat use
	CI

	Empididae (Diptera)
	Scirtidae (Coleoptera)
	Microhabitat use; Morphological defense (exoskeleton), Body shape (flat)
	CI, MC

	Empididae (Diptera)
	Stratyomiidae (Diptera)
	Microhabitat use
	CI

	Empididae (Diptera)
	Syrphidae (Diptera)
	Microhabitat use
	CI, MC

	Empididae (Diptera)
	Calamoceratidae (Trichoptera)
	Morphological defense (leaf case)
	CI

	Empididae (Diptera)
	Corethrellidae (Diptera)
	Microhabitat used; Behavioral defense (anti-predatory defenses)
	CI, MC

	Empididae (Diptera)
	Coenagrionidae (Zygoptera)
	Microhabitat used; Behavioral defense (anti-predatory defenses)
	CI, MC

	Empididae (Diptera)
	Dytiscidae adult (Coleoptera)
	Morphological defense (exoskeleton)
	CI, MC

	Empididae (Diptera)
	Dytiscidae larvae (Coleoptera)
	Microhabitat used; Behavioral defense (anti-predatory defenses)
	CI

	Empididae (Diptera)
	Hirudinea (Annelida)
	Microhabitat used; Behavioral defense (anti-predatory defenses)
	CI

	Empididae (Diptera)
	Lampyridae (Coleoptera)
	Microhabitat used; Behavioral defense (anti-predatory defenses)
	CI, MC

	Empididae (Diptera)
	Tabanidae (Diptera)
	Microhabitat used; Behavioral defense (anti-predatory defenses)
	CI, MC

	Empididae (Diptera)
	Phoridae (Diptera)
	Microhabitat used;
	CI, MC

	Empididae (Diptera)
	Ostracoda (Crustacea)
	Morphological defense (Shell)
	CI, MC

	Empididae (Diptera)
	Dolychopodidae (Diptera)
	Behavioral defense (anti-predatory defenses)
	MC

	Empididae (Diptera)
	Elmidae (Coleoptera)
	Morphological defense (exoskeleton)
	MC

	
	
	 
	 

	Tanypodinae (Diptera)
	Culicidae (Diptera)
	Microhabitat use
	PR, CI, FG, MC

	Tanypodinae (Diptera)
	Hydrophilidae adult (Coleoptera)
	Morphological defense (exoskeleton)
	CI

	Tanypodinae (Diptera)
	Hydrophilidae larvae (Coleoptera)
	Behavioral defense (anti-predatory defenses)
	MC

	Tanypodinae (Diptera)
	Scirtidae (Coleoptera)
	Microhabitat use; Morphological defense (exoskeleton), Body shape (flat)
	PR, CI, FG, MC

	Tanypodinae (Diptera)
	Calamoceratidae (Trichoptera)
	Morphological defense (case)
	CI

	Tanypodinae (Diptera)
	Empididae (Diptera)
	Behavioral defense (anti-predatory defenses)
	CI, MC

	Tanypodinae (Diptera)
	Cecidomyiidae (Diptera)
	Behavioral defense (anti-predatory defenses)
	CI, FG

	Tanypodinae (Diptera)
	Ceratopogoninae (Diptera)
	Behavioral defense (anti-predatory defenses)
	CI, FG, MC

	Tanypodinae (Diptera)
	Coenagrionidae (Zygoptera)
	Behavioral defense (anti-predatory defenses)
	CI, FG, MC

	Tanypodinae (Diptera)
	Corethrellidae (Diptera)
	Behavioral defense (anti-predatory defenses)
	CI, FG, MC

	Tanypodinae (Diptera)
	Dytiscidae adult (Coleoptera)
	Morphological defense (exoskeleton)
	CI, FG, MC

	Tanypodinae (Diptera)
	Dytiscidae larvae (Coleoptera)
	Behavioral defense (anti-predatory defenses)
	CI

	Tanypodinae (Diptera)
	Hirudinea (Annelida)
	Behavioral defense (anti-predatory defenses)
	CI

	Tanypodinae (Diptera)
	Lampyridae (Coleoptera)
	Behavioral defense (anti-predatory defenses)
	CI, MC

	Tanypodinae (Diptera)
	Tabanidae (Diptera)
	Behavioral defense (anti-predatory defenses)
	CI, MC, FG

	Tanypodinae (Diptera)
	Turbellaria (Platyhelminthes)
	Behavioral defense (anti-predatory defenses)
	FG

	Tanypodinae (Diptera)
	Ostracoda (Crustacea)
	Morphological defense (Shell)
	PR, CI, FG, MC

	Tanypodinae (Diptera)
	Elmidae (Coleoptera)
	Morphological defense (exoskeleton)
	MC

	Tanypodinae (Diptera)
	Dolychopodidae (Diptera)
	Behavioral defense (anti-predatory defenses)
	MC

	
	
	 
	 

	Muscidae (Diptera)
	Dolichopodidae (Diptera)
	Behavioral defense (anti-predatory defenses)
	MC

	Muscidae (Diptera)
	Ostracoda (Crustacea)
	Morphological defense (Shell)
	MC

	Muscidae (Diptera)
	Elmidae (Coleoptera)
	Morphological defense (exoskeleton)
	MC

	Muscidae (Diptera)
	Empididae (Diptera)
	Behavioral defense (anti-predatory defenses)
	MC

	Muscidae (Diptera)
	Scirtidae (Coleoptera)
	Microhabitat use; Morphological defense (exoskeleton), Body shape (flat)
	MC

	Muscidae (Diptera)
	Hydrophilidae larvae (Coleoptera)
	Behavioral defense (anti-predatory defenses)
	MC

	Muscidae (Diptera)
	Coenagrionidae (Zygoptera)
	Behavioral defense (anti-predatory defenses)
	MC

	Muscidae (Diptera)
	Corethrellidae (Diptera)
	Microhabitat used; Behavioral defense (anti-predatory defenses)
	MC

	Muscidae (Diptera)
	Dytiscidae adult (Coleoptera)
	Microhabitat used; Behavioral defense (anti-predatory defenses)
	MC

	Muscidae (Diptera)
	Lampyridae (Coleoptera)
	Microhabitat used; Behavioral defense (anti-predatory defenses)
	MC

	Muscidae (Diptera)
	Tabanidae (Diptera)
	Behavioral defense (anti-predatory defenses)
	MC

	Muscidae (Diptera)
	Tanypodinae (Diptera)
	Microhabitat used; Behavioral defense (anti-predatory defenses)
	MC

	
	
	 
	 

	Hydrophilidae larvae (Coleoptera)
	Calamoceratidae (Trichoptera)
	Morphological defense (case)
	AR, CI

	Hydrophilidae larvae (Coleoptera)
	Tabanidae (Diptera)
	Behavioral defense (anti-predatory defenses)
	AR, CR, CI

	Hydrophilidae larvae (Coleoptera)
	Oligochaeta (Annelida)
	Microhabitat used
	MC

	Hydrophilidae larvae (Coleoptera)
	Elmidae (Coleoptera)
	Morphological defense (exoskeleton)
	MC

	Hydrophilidae larvae (Coleoptera)
	Dytiscidae adult (Coleoptera)
	Morphological defense (exoskeleton)
	MC

	Hydrophilidae larvae (Coleoptera)
	Lampyridae (Coleoptera)
	Behavioral defense (anti-predatory defenses)
	MC

	Hydrophilidae larvae (Coleoptera)
	Tabanidae (Diptera)
	Behavioral defense (anti-predatory defenses)
	MC

	
	
	 
	 

	Dytiscidae adult (Coleoptera)
	Hydrophilidae adult (Coleoptera)
	Morphological defense (exoskeleton)
	CI

	Dytiscidae adult (Coleoptera)
	Oligochaeta (Annelida)
	Microhabitat used
	CI, MC

	Dytiscidae adult (Coleoptera)
	Phaoridae (Diptera)
	Microhabitat used
	CI, MC

	Dytiscidae adult (Coleoptera)
	Stratiomyidae (Diptera)
	Microhabitat used
	CI

	Dytiscidae adult (Coleoptera)
	Calamoceratidae (Trichoptera)
	Morphological defense (leaf case)
	CI

	Dytiscidae adult (Coleoptera)
	Dytiscidae adult (Coleoptera)
	Morphological defense (exoskeleton)
	CI, FG

	Dytiscidae adult (Coleoptera)
	Hirudinea (Annelida)
	Behavioral defense (anti-predatory defenses)
	CI

	Dytiscidae adult (Coleoptera)
	Lampyridae (Coleoptera)
	Behavioral defense (anti-predatory defenses)
	CI, MC

	Dytiscidae adult (Coleoptera)
	Tabanidae (Diptera)
	Behavioral defense (anti-predatory defenses)
	CI, FG, MC

	Dytiscidae adult (Coleoptera)
	Turbellaria (Platyhelminthes)
	Behavioral defense (anti-predatory defenses)
	FG

	Dytiscidae adult (Coleoptera)
	Elmidae (Coleoptera)
	Morphological defense (exoskeleton)
	MC

	
	
	 
	 

	Dytiscidae larvae (Coleoptera)
	Hydrophilidae adult (Coleoptera)
	Morphological defense (exoskeleton)
	CI

	Dytiscidae larvae (Coleoptera)
	Hirudinea (Annelida)
	Behavioral defense (anti-predatory defenses)
	CI

	Dytiscidae larvae (Coleoptera)
	Lampyridae (Coleoptera)
	Behavioral defense (anti-predatory defenses)
	CI

	Dytiscidae larvae (Coleoptera)
	Tabanidae (Diptera)
	Behavioral defense (anti-predatory defenses)
	CI

	Dytiscidae larvae (Coleoptera)
	Calamoceratidae (Trichoptera)
	Morphological defense (leaf case)
	CI

	
	
	 
	 

	Lampyridae (Coleoptera)
	Tabanidae (Diptera)
	Behavioral defense (anti-predatory defenses)
	MC

	Lampyridae (Coleoptera)
	Muscidae (Diptera)
	Microhabitat used
	MC

	Lampyridae (Coleoptera)
	Oligochaeta (Annelida)
	Microhabitat used
	CI, MC

	Lampyridae (Coleoptera)
	Ostracoda (Crustacea)
	Morphological defense (shell)
	CI, MC

	Lampyridae (Coleoptera)
	Ephydridae (Diptera)
	Microhabitat used
	MC

	Lampyridae (Coleoptera)
	Phoridae (Diptera)
	Microhabitat used
	CI, MC

	Lampyridae (Coleoptera)
	Dytiscidae adult (Coleoptera)
	Morphological defense (exoskeleton)
	CI, MC

	Lampyridae (Coleoptera)
	Empididae (Diptera)
	Microhabitat used
	CI

	Lampyridae (Coleoptera)
	Nematoda
	Microhabitat used
	CI

	Lampyridae (Coleoptera)
	Cecidomyiidae (Diptera)
	Microhabitat used
	CI

	
	
	 
	 

	Coenagrionidae (Zygoptera)
	Calamoceratidae (Trichoptera)
	Morphological defense (leaf case)
	CI

	Coenagrionidae (Zygoptera)
	Hydrophilidae adult (Coleoptera)
	Morphological defense (exoskeleton)
	CI

	Coenagrionidae (Zygoptera)
	Hydrophilidae larvae (Coleoptera)
	Behavioral defense (anti-predatory defenses)
	CI, CR, MC

	Coenagrionidae (Zygoptera)
	Dytiscidae adult (Coleoptera)
	Morphological defense (exoskeleton)
	CI, FG, MC

	Coenagrionidae (Zygoptera)
	Dytiscidae larvae (Coleoptera)
	Behavioral defense (anti-predatory defenses)
	CI

	Coenagrionidae (Zygoptera)
	Coenagrionidae (Zygoptera)
	Behavioral defense (anti-predatory defenses)
	CI

	Coenagrionidae (Zygoptera)
	Hirudinea (Annelida)
	Behavioral defense (anti-predatory defenses)
	CI

	Coenagrionidae (Zygoptera)
	Lampyridae (Coleoptera)
	Behavioral defense (anti-predatory defenses)
	CI, MC

	Coenagrionidae (Zygoptera)
	Tabanidae (Diptera)
	Behavioral defense (anti-predatory defenses)
	CI, CR, FG, MC

	Coenagrionidae (Zygoptera)
	Turbellaria (Platyhelminthes)
	Behavioral defense (anti-predatory defenses)
	FG
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Figure S1. Indirect effects of rainfall and ecosystem size on food web structure and functioning via food web architecture. Panels show standardized indirect effects of rainfall mean (μ), frequency variability (k), and ecosystem size on multiple response variables, mediated by either (A-C) trophic centralisation or (D) trophic connectivity according to the pSEM models in Figs 2 and 3. Specifically: (A) total energy flux, (B) decomposition energy flux, and (C) predation energy flux mediated by trophic centralisation; (D) predation energy flux mediated by trophic connectivity. Coloured bars represent different study sites spanning a latitudinal gradient across Central and South America. Asterisks denote statistically significant indirect effects (P < 0.05). Notably, ecosystem size consistently exerted strong positive indirect effects via trophic centralisation (A-C), whereas its effects through trophic connectivity were weaker, more variable, and primarily negative (D).
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Figure S2. Effects of rainfall regime and ecosystem size on food web structure in a detritus-based tank-bromeliad food web across sites. Effects of rainfall amount (μ), rainfall frequency (k) and ecosystem size (tank bromeliad volume, ml) on (A-C) trophic centralisation (PC1), (D-F) trophic connectivity (PC2). Coloured points represent individual bromeliads from different study sites. Black lines indicate overall linear trends across all sites.
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Figure S3. Effects of rainfall regime and ecosystem size on energy flux in a detritus-based tank-bromeliad food web across sites. Effects of rainfall amount (μ), rainfall frequency (k) and ecosystem size (tank bromeliad volume, ml) on (A-C) total energy flux, (D-F) decomposition energy flux, and (G-I) predation energy flux, respectively. Coloured points represent individual bromeliads from different study sites. Black lines 






















Supplementary Data – Separated file

Matrix of consumer–resource interactions compiled across experimental sites. This dataset includes all likely trophic links between bromeliad macroinvertebrates, annotated with evidence type (e.g., gut content, observation, literature, proxy taxa, stable isotopes). 
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