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Supplementary tables

Table S1. Final models (GAM or tGAM) for each indicator per region (Bornholm Basin, BB; or Gotland Basin, GB) and type of linked indicators. Generalized Validation Criterion (GCV) scores for individual models are also shown. Five models include thresholds (tGAMs) and the remaining models are GAMs. The estimated degree of freedom (edf) for each smooth term is shown, which represents the complexity of the smoother. Where no edf is given the value is 1, i.e. a linear term. Explanatory variable acronyms:  TZA - total zooplankton abundance, MS - zooplankton mean size, RCC - abundance ratio of cladocerans to copepods (excluding nauplii), F - fishing mortality (species-specific), ChlSummer - chlorophyll a, TempSummer - summer sea surface temperature, SalinWinter - winter deep-water salinity (the latter two with species-specific time-lags based on prior knowledge). See also Figs. S3-S4 for partial effects plots and model diagnostics.

	Basin
	Types of indicators
	Indicator (Response variable)
	Formula 
s designates smooth terms (GAM) and are shown in {} if the term only applies above/below a threshold (r) for a variable
	GCV

	BB
	Abundance ZPI – Abundance FI
	TZA
	s(Stickleback, edf=2.83) + TempSummer + s(SalinWinter, edf=2.75) + s(ChlSummer, edf=2.12)
	0.123

	
	
	Sprat
	TempSummerAv1-2yrsBef + if (FSprat<=r) { (s(TZA, 1.68) + s(Cod, 1.38) } 
+ if (FSprat>r) { s(TZA, 1.38) + s(Cod, 1.38) }                    
	0.544

	
	Size-based ZPI – Abundance FI
	MS
	s(SalinWinter, 2.57) +  ChlSummer + if (Cod<=r) { s(Stickleback, 1.38) + s(Sprat, 2.13) }
+  if (Cod>r) {  s(Stickleback, 2.30) + s(Sprat, 1.38) }                                                                          
	1.16*10-6

	
	
	Sprat
	No statistically sound and ecologically sensible model
	-

	
	Ratio ZPI – Abundance FI
	RCC
	s(TempSummer, 2.58) + if (TempSummer <=r) { s(SalinWinter, 2.25) + s(ChlSummer, 1.29) + s(Sprat, 1.29) } + if (TempSummer >r) { s(SalinWinter, 2.35)
	0.547

	
	
	Sprat
	TempSummerAv1-2yrsBef  + if (Cod<=r) { s(RCC, 1.67) } 
+  if (Cod>r) {  s(RCC, 1.67) } 
	0.335

	
	All ZPI – Abundance FI
	Herring
	No statistically and ecologically sound model
	-

	
	
	Cod
	s(TempSummerAv2-3yrsBef, 1.11) + s(SalinWinterAv2-3yrsBef, 2.92) + FCod
	0.0951

	
	Abundance ZPI – Size-based FI
	TZA
	s(TempSummer, 1.03) + s(SalinWinter, 2.15) +  s(ChlSummer, 1.41) 
	0.198

	
	
	SPF
	s(SalinWinter, 2.86) + TZA + TempSummer
	4.82

	
	Size-based ZPI – Size-based FI
	MS
	s(SalinWinter, 1.76) 
	2.85*10-6

	
	
	SPF
	No statistically sound and ecologically sensible model
	-

	
	All ZPI – Size-based FI
	LPF
	s(SalinWinterAv2-3yrsBef, 2.79) + s(SPF, 2.02) + s(FCod, 1.49)
	0.422

	GB
	Abundance ZPI – Abundance FI
	TZA
	s(Sprat, 2.79) + s(TempSummer, 2.26) + s(SalinWinter, 2.29) + s(ChlSummer, 2.43)                                                        
	0.103

	
	
	Sprat
	s(Cod, 2.85)
	0.637

	
	
	Herring
	Not connected to any other trophic levels
	-

	
	Size-based ZPI – Abundance FI
	MS
	s(Herring, 1.27) + s(TempSummer, 2.99) + s(SalinWinter, 2.11) 
	0.157*10-6

	
	
	Sprat
	s(Cod, 2.85)
	0.637

	
	
	Herring
	FHer + TempSummerAv1-3yrsBef + SalinWinterAv1-3yrsBef 
	0.0667

	
	Ratio ZPI – Abundance FI
	RCC
	s(Sprat, 2.57) + s(SalinWinter, 1.82) 
	1.84

	
	
	Sprat
	s(RCC, 1.77) + s(Cod, 2.81)
	0.557

	
	
	Herring
	Not connected to any other trophic levels
	-

	
	All ZPI – Abundance FI
	Cod
	No statistically sound and ecologically sensible model
	-

	
	Abundance ZPI – Size-based FI
	TZA
	TempSummer + s(SalinWinter, 2.25) + if(ChlSummer<=r) { s(SPF, 2.39) }
	0.0534

	
	Size-based ZPI – Size-based FI
	MS
	s(TempSummer, 2.87) + s(SPF, 1.82)
	3.02*10-6

	
	All ZPI – Size-based FI
	SPF
	s(TempSummer, 1.68) + LPF
	8.16

	
	
	LPF
	No statistically sound and ecologically sensible model
	-


Table S2. Simulation results for the Bornholm Basin food-web models sorted by indicator. Cascading effects are indicated in gray.

	Type
	Indic.
	Coupled model
	Final GLS [Correlation structure]
	Effect sizes
	
	
	

	ZPI
	TZA
	TZA - FIAbund
	TZA ~ Nutrients*Climate  [AR(2)]
	Climate   \     Nutrients
	Reduction 
	Current
	Increase

	
	
	
	
	ECHAM5
	8.96
	9.11
	8.91

	
	
	
	
	HadCM3
	9.15
	9.37
	9.48

	
	
	TZA - FISize
	TZA ~ Nutrients + Climate  [AR(1)]
	Nutrients
	Reduction 
	Current
	Increase

	
	
	
	
	
	10.0
	10.3
	10.5

	
	
	
	
	Climate  
	ECHAM5 
	HadCM3
	

	
	
	
	
	
	10.2
	10.3
	

	ZPI
	RCC
	RCC - FIAbund
	RCC ~ Nutrients*Climate  [AR(2)]
	Climate   \     Nutrients
	Reduction 
	Current
	Increase

	
	
	
	
	ECHAM5
	0.974
	-0.248
	-1.89

	
	
	
	
	HadCM3
	1.47
	1.33
	1.17

	FIAbund
	Sprat
	TZA - FIAbund
	Sprat ~ Nutrients + FClup*FCod*Climate  [AR(2)]
	Nutrients
	Reduction 
	Current
	Increase

	
	
	
	
	
	8.54
	8.72
	8.68

	
	
	
	
	ECHAM5:
	
	
	

	
	
	
	
	FClup   / FCod
	FCod=0.3
	FCod=0.6
	

	
	
	
	
	0.5* FClup=MSY
	5.90
	9.36
	

	
	
	
	
	FClup=MSY
	10.3
	6.51
	

	
	
	
	
	HadCM3:
	
	
	

	
	
	
	
	FClup   / FCod
	FCod=0.3
	FCod=0.6
	

	
	
	
	
	0.5*FClup=MSY
	6.76
	11.1
	

	
	
	
	
	FClup=MSY
	11.9
	7.37
	

	FIAbund
	Sprat
	RCC - FIAbund
	Sprat ~ Nutrients*Climate  [AR(2)]
	Climate   \   Nutrients
	Reduction 
	Current
	Increase

	
	
	
	
	ECHAM5
	9.89
	8.74
	7.23

	
	
	
	
	HadCM3
	11.5
	11.4
	11.2

	FIAbund
	Cod
	TZA/RCC - FIAbund
	Cod ~ FCod + Climate  [AR(2)]
	FCod
	F0.3 
	F0.6
	

	
	
	
	
	
	4.27
	3.50
	

	
	
	
	
	Climate  
	ECHAM5 
	HadCM3
	

	
	
	
	
	
	3.54
	4.23
	

	FISize
	SPF
	TZA - FISize
	SPF ~ Nutrients + Climate  [AR(2)]
	Nutrients
	Reduction 
	Current
	Increase

	
	
	
	
	
	6.35
	6.76
	7.15

	
	
	
	
	Climate  
	ECHAM5 
	HadCM3
	

	
	
	
	
	
	6.54
	6.97
	

	FISize
	LPF
	TZA - FISize
	LPF ~ FCod + Climate  [AR(2)]
	FCod
	F0.3
	F0.6
	

	
	
	
	
	
	4.21
	2.98
	

	
	
	
	
	Climate  
	ECHAM5 
	HadCM3
	

	
	
	
	
	
	3.56
	3.63
	






Table S3. Simulation results for the Gotland Basin food-web models sorted by indicator. Cascading effects are indicated in grey.

	Type
	Indic.
	Coupled model
	Final GLS [Correlation structure]
	Effect sizes

	ZPI
	TZA
	TZA - FIAbund
	TZA ~ Cod stock size + Nutrients*Climate  [AR(1)]
	Cod stock size  
	Current trend
	Reversed tr.
	High cod
	Low Cod

	
	
	
	
	
	10.13
	10.24
	10.28
	10.02

	
	
	
	
	Climate \  Nutrients
	Reduction 
	Current
	Increase
	

	
	
	
	
	ECHAM5
	10.15
	10.13
	10.28
	

	
	
	
	
	HadCM3
	10.18
	10.15
	10.11
	

	ZPI
	MS
	MS - FIAbund
	MS ~ FClup + Climate  
	FClup
	0.5*FMSY
	FMSY
	
	

	
	
	
	
	
	0.0132
	0.0144
	
	

	
	
	
	
	Climate  
	ECHAM5
	HadCM3
	
	

	
	
	
	
	
	0.0136
	0.0139
	
	

	ZPI
	RCC
	RCC - FIAbund
	RCC ~ Cod stock size*Climate  
	Climate \ Cod stock 
	Current trend
	Reversed tr.
	High cod
	Low Cod

	
	
	
	
	ECHAM5
	-0.310
	-0.446 	
	-0.786	
	-0.951

	
	
	
	
	HadCM3
	-0.558
	-0.681
	-0.940
	-2.229

	FIAbund
	Herring
	MS - FIAbund
	Herring ~ FClup + Climate  [AR(2)]
	FClup
	0.5*FMSY
	FMSY
	
	

	
	
	
	
	
	9.91
	9.43
	
	

	
	
	
	
	Climate  
	ECHAM5
	HadCM3
	
	

	
	
	
	
	
	9.96
	9.38
	
	

	FIAbund
	Sprat
	TZA/MS - FIAbund
	Sprat ~ Cod stock size  [AR(1)]
	Cod stock 
	Current trend
	Reversed tr.
	High cod
	Low Cod

	
	
	
	
	
	10.36
	9.23
	7.84
	10.85

	
	
	RCC - FIAbund
	Sprat ~ Cod stock size  [AR(2)]
	Cod stock 
	Current trend
	Reversed tr.
	High cod
	Low Cod

	
	
	
	
	
	10.57
	8.56
	7.79
	11.10
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