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Biomass time-series
Cnidarians and ctenophores were allocated to the functional group jellyfish, while forage fish species considered to share the same pelagic habitat where allocated to the functional group small pelagic fish (Table S1). For three of the studied areas, the functional group jellyfish consisted of a single species making up a large fraction of the sample weights; the Southeastern Bering Sea [> 95 %] 1, the Northern California Current [> 99 %] 2 and the Northern Benguela [> 99 %] 3. The functional group small pelagic fish consists of three or more species (Table S1).
For the Southeastern Bering Sea (Fig. S1a), jellyfish and small pelagic fish were sampled at the same stations during summer in two different programs: the BASIS surface trawl survey 2002-2014 4, and the RACE bottom trawl survey for the period 1982 – 2014 1,5. Although the BASIS survey started in 2002, data on jellyfish biomass were not available before 2004. Crustacean zooplankton biomass was estimated during summer (1960-2006) using a twin NORPAC net frame (333 µm mesh size) hauled vertically from near the bottom to the surface at 1 m s-1. A calibrated TSK flowmeter was mounted in the center of each net mouth. Sampling locations were variable before 1995, after which yearly fixed sampling stations were established 6,7. Annual biomasses were calculated using concentrations (g m-3) converted to g m-2 using an average tow (bottom) depth of 70 m (Jeff Napp, NOAA, pers. comm.).
For the Northern California Current (Fig. S1b), small pelagic fish, jellyfish and crustacean zooplankton were sampled tri-annually (May, June and September, 1998-2013) during daytime pelagic surveys at the same stations through a surface pelagic survey off the Washington and Oregon coasts, USA 8-10. Crustacean zooplankton were sampled from 100 m depth to the surface using vertically towed ring nets (0.5 m diameter, 200 m mesh), with a frame-mounted General Oceanics calibrated flowmeter. See Suchman et al. 2 for detailed field and laboratory methods and Ruzicka et al. 9 for statistical methods used to estimate regional biomasses for log-normally distributed pelagic survey data.
For the Black Sea (Fig. S1c), small pelagic fish biomass was estimated from virtual population analysis based on catch and survey data 11,12. Stations for both crustacean and gelatinous zooplankton 1965-2010; 11 were sampled on a monthly basis in the western, northern and northeastern Black Sea by two different survey programs: the YuGNIRO (1959-2005), and the IFR (1959-2010).
Crustacean zooplankton were sampled using two different vertically towed plankton nets: a Juday net (37 cm diameter, 150 µm mesh size) and a Bogorov - Rass net (80/113 cm diameter, 500/300 µm mesh size). Until 1988 jellyfish (Aurelia aurita) were sampled with both a specially designed 23 m pelagic trawl with an opening of 5 m combined with a vertically towed (0-100 m) Bogorov - Rass net to resolve depth distribution. Filtered water volume was calculated using net mouth area and towed distance. After 1988 jellyfish (A. aurita and Mnemiopsis leidyi) were sampled using obliquely towed Bongo nets (61 cm diameter, 500/300 µm mesh size) in addition to a vertically towed Bogorov - Rass net (with a frame- mounted flowmeter), which allowed for calibration with pre-1988 sampling. See Kovalev et al. 13 for a detailed description. 
For the Northern Benguela Current (Fig. S1d), small pelagic fish biomass 1961-2000; 14,15,16 was also estimated from catch and survey data 17, while jellyfish biomass (only year 2003) was estimated from a single acoustic/trawl survey 18. Crustacean zooplankton (1978-2010) were collected monthly along a transect off Walvis Bay (23°S) during the SWAPELS program 1978-1989; 19, usually using obliquely towed paired Bongo nets (0.25 m2 mouth area, 300 μm mesh, 50-0 m) and occasionally a vertically hauled N50V net (0.196 m2 mouth area, 80 μm mesh, 50-0 m; 20) and during the Monthly Oceanographic Monitoring (2000-2010) program 21 using a vertically hauled WP2 net (0.25 m2 mouth opening, 200 μm mesh, 200-0 m), and along two transects north and south of Walvis Bay in 1997 22 using obliquely towed paired Bongo nets (0.25 m2 mouth area, 300 μm mesh, 200-0 m). During each program, calibrated digital flowmeters were used to measure the volume of water filtered through the nets used for sample collection. Methodological differences between these sampling programs were accounted for according to Verheye et al. 23 so that the three datasets could be combined to reconstruct a single time-series dataset 24. In addition, abundances of cyclopoid copepods (Oithona spp.) from the 300-μm meshed net collections were multiplied by 1.85 to make them comparable with those in 200-μm meshed net collections 25. Biomass of crustacean zooplankton was estimated based on species- and stage-specific abundances (No. m-2) in the upper 200 m, multiplied by their respective individual body masses 24.
Harvest rates
Harvest rates (fraction of population biomass removed by the fishery per year) of small pelagic fish were estimated based on a series of published sources. For the Southeastern Bering Sea, most of the small pelagic fish biomass consist of species or age groups of species that are not harvested directly, including capelin, smelt and juveniles of cod and pollock. However, there is a directed fishery for spawning herring, and annual estimates of the harvest rates in three main areas of the herring fishery are available from the Alaska Department for Fish and Game; the Bristol Bay area 26-28, the Kuskowim area 29 and the Alaskan Peninsula – Alutian Islands 30. This allowed us to estimate the overall annual harvest rate of small pelagic fish based on the fraction of herring biomass in each of the three areas and the relative fraction of herring in the total biomass of small pelagic fish. Harvest rates for the Northern California Current were based on the annual exploitation rate for the U.S.A. (Northern) component of the Pacific sardine population 31, scaled to the annual fraction of sardine in the small pelagic fish biomass. For the Black Sea, total catches of sprat, anchovy and whiting are used 32,33, while for the Northern Benguela harvest rate was based on the catches of horse mackerel 15 and sardine 14. 


Tables and figures
	
Table S1. Time-periods and the most abundant species used to estimate biomass. Combined with mean individual weights, estimated respiration rates and production, these data were used to estimate and compare energy consumption rates of small pelagic fish and jellyfish in four different ecosystems.

	Description 
and area
	For pelagic fish
	For jellyfish

	
	Value or type
	Reference
	Value or type
	Reference

	Time period
	
	
	
	

	  Bering Sea
	
	
	
	

	    BASIS survey
	2002-2014
	4
	2004-2014
	4

	    RACE survey
	1982-2012
	1, ext.
	1982-2012
	5, ext.

	  NCC
	1998-2013
	8, 9
	1999-2013
	10

	  Black Sea
	1960-2010
	11
	1965-2010
	11

	  N. Benguela
	1960-2007
	14,15, 16
	2003
	18

	Most abundant species
	
	
	
	

	  Bering Sea
	herring, capelin, smelt, juveniles of cod and pollock
	39
	Chrysaora melanaster
	5

	  NCC
	sardine, anchovy, herring
	2
	Chrysaora fuscescens
	2

	  Black Sea
	anchovy, sprat, horse-mackerel
	11
	Aurelia aurita, Mnemiopsis leidyi
	11

	  N. Benguela
	sardine, horse-mackerel
	16
	Aequorea forskalea
	18



	Table S2. Power analyses related to the associations presented in table 2 and figure 2 in the main text. Statistical power was estimated using the pwr.r.test function 40, in the statistical software R 35 based on number of observations (n), the estimated effect size (Pearson’s R) and significance level (95%) 41. The effect of jellyfish on small pelagic fish recruitment, was analysed with a 1-3 year lag of fish biomass (see Methods). For the Southeastern Bering Sea, two independent surveys are available: a bottom trawl survey (RACE, 1982-2012) and a surface trawl survey (BASIS, 2004-2009). Significant correlations (p-value < 0.05) after correcting for first order autoregressive processes 42 are denoted in bold.  

	Associations
and system
	pelagic fish~
jellyfish
	with 1-3 year time-lag
(best negative fit shown)
	zooplankton~
jellyfish
	zooplankton~
pelagic fish

	
	n
	R
	power
	n
	lag
	R 
	power
	n
	R
	power
	n
	R
	power

	Bering Sea
	
	
	
	
	
	
	
	
	
	
	
	
	

	  BASIS 2002-
	10
	0.21
	0.09
	8
	1
	0.24
	0.09
	6
	0.39
	0.12
	8
	0.61
	0.38

	  RACE 1982-
	31
	0.15
	0.13
	28
	2
	0.24
	0.25
	28
	0.21
	0.22
	28
	0.01
	0.05

	NCC
	15
	0.16
	0.09
	14
	1
	0.16
	0.08
	13
	0.23
	0.12
	14
	0.27
	0.16

	Black Sea
	46
	0.07
	0.08
	43
	3
	0.10
	0.10
	46
	0.57
	0.99
	51
	0.09
	0.09

	N. Benguela
	
	
	
	
	
	
	
	
	
	
	19
	0.18
	0.11



	Table S3. Structural equation model fit evaluation for three ecosystems, including the exact-fit test Chi-Square Test of Model Fit (Chi-square) and the approximate fit indices Root Mean Square Error of Approximation (RMSEA), Standardized Root Mean Square Residual (SRMR) and the Comparative Fit Index (CFI). Model structure is shown in figure S3a. df = degrees of freedom and NCC = Northern California Current.

	Fit indices and system
	Sample size 
	Chi-square, χ2
	RMSEA, ε
	SRMR
	CFI

	
	n
	df
	χ2
	p-value
	ε
	90% CI
	p-value
	estimate
	estimate

	Bering Sea
	26
	4
	14.4
	0.006
	0.317
	0.151 – 0.500
	0.009
	0.193
	0.00

	NCC
	12
	4
	2.36
	0.670
	0.000
	0.000 – 0.340
	0.682
	0.089
	1.00

	Black Sea 
	43
	4
	29.0
	0.000
	0.381
	0.258 – 0.517
	0.000
	0.258
	0.439
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	Figure S1. Coverage of survey areas and sampling stations for jellyfish, small pelagic fish and crustacean zooplankton. For the Southeastern Bering Sea (a), jellyfish and small pelagic fish are sampled at the same stations during summer in two different programs: the BASIS surface trawl survey (only grey triangles) 2002-2014 4, and the RACE bottom trawl survey (grey squares and triangles) for the period 1982 – 2014 1,5. For crustacean zooplankton (green), yearly fixed sampling stations between 1995 and 2006 are denoted with green circles, while green diamonds are examples of shelf sampling stations in 1993 and 1963 6,7. For the Northern California Current (b), small pelagic fish, jellyfish and crustacean zooplankton were sampled tri-annually (May, June and September, 1998-2013) at the same stations (triangles) through the pelagic trawl survey 8-10. For the Black Sea (c), small pelagic fish biomass was estimated from catch and survey data 11 within the blue hatched area 12. Stations for both crustacean and gelatinous zooplankton 1965-2010; 11 were sampled on a monthly basis by two different survey programs: the YuGNIRO (1959-2005, triangles), and the IFR (1959-2010, squares. For the Northern Benguela Current (d), small pelagic fish biomass 1961-2000; 14,15,16 was estimated from catch and survey data within the blue hatched area 17, while jellyfish biomass (only year 2003) was estimated from a single acoustic/trawl survey along the red line 18.  Sampling stations for crustacean zooplankton 1978-2010; 24 are denoted by green markers. Triangles represent stations sampled during the SWAPELS program (1978-1989) and the Monthly Oceanographic Monitoring (2000-2010) program 21 along the Walvis Bay transect, while circles indicate sampling stations for the year 1997 22.
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	Figure S2. Harvest rates (fraction of population biomass removed by the fishery each year) of small pelagic fish in four ecosystems. For the Southeastern Bering Sea (squares), harvest rates are estimated based on the fishery for spawning herring. Other species and age groups in the Bering Sea (smelt, capelin and juveniles of cod and pollock), are not targeted by the fishery. For the Northern California Current (NCC, diamonds), harvest rate is based on the sardine fishery and the annual sardine fraction in the total small pelagic fish biomass. For the Black Sea (triangles), harvest includes all small pelagic fisheries (anchovy, sprat and horse mackerel), and in the Northern Benguela (circles) harvest rate includes both the sardine and horse mackerel fishery.
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	Figure S3. Setup of the structural equation model used to test hypotheses H2 and H3 related to associations between biomass of jellyfish, small pelagic fish and crustacean zooplankton. Effect of fishery is also included. Jellyfishprev denote jellyfish biomass in previous (1-3) years, hypothesised (H3) to influence small pelagic fish recruitment and consequently small pelagic fish biomass. Error terms are denoted with e, and whole line arrows denote first order direction of causality. Dotted lined arrow suggest expected covariation. 
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