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Impacts of depleting forage species in the California Current
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Figure S1.1 Example of projections from one simulation. Projection of Atlantis-CCAM from 2008–2058, with no fishing on euphausiids (solid lines) versus complete depletion of euphausiids (dashed lines and symbols without solid lines). Biomass is plotted relative to 2008 (initial) abundance. Black lines represent biomass of euphausiid, green squares represent baleen whales, yellow triangles represent mesopelagic fish, brown crosses represent microzooplankton, purple diamonds represent copepods, and blue circles represent forage fish. 




 Single species approaches to forage fish harvest rules

Other authors have addressed the need to define appropriate harvest rates for forage fish, but primarily with single species models that cannot explicitly include links to predators and prey. Much of the recent single-species literature for forage fish is in response to applications of the approach of (Gulland 1971), which assumed a logistic population model and set optimal fishing mortality rate (F) equal to natural mortality rate (M). For forage groups as well as other species, multiple authors have criticized the use of this rule of thumb in fisheries management, as well as the simplifying assumptions of this model (e.g. no age at recruitment, and applicability only to unexploited stocks) (Die & Caddy 1997; Maunder 2003). Nonetheless, the natural mortality rate (M) remains a useful reference point that can be estimated from available data (Pauly 1980), and fishery managers can relate harvest rates to it without necessarily setting these rates equal. Focusing on a range of small pelagic stocks. Caddy and Csirke (1983) reviewed existing literature and suggested that forage species may only be able to sustain harvests (F) considerably less than M. They noted that lower trophic level species experience higher natural mortality rates, and therefore maximum fishery harvests must be reduced, since harvest and natural mortality should not exceed total stock production. Thus Caddy and Csirke (1983) essentially suggested harvest rates of F < M to minimize disruption to the needs of predators, without specifying the exact predators or their energy requirements. Patterson (1992) went further and suggested that F = 0.6 M is a better approximation of FMSY (fishing mortality rate at maximum sustainable yield). Mertz and Myers (1998) suggest that for 12 small and medium sized pelagic groups, FMSY ~ 0.5 M, lower relative to M than for other types of fish. Hilborn (2010) also notes that yields close to MSY or MSY proxy levels can typically be achieved at relatively high stock sizes, such ‘pretty good yield’ generally provide catches that are highly comparable to those achieved with more aggressive harvest rate policies. As a point of comparison, our results here for three fish groups and two models suggest FMSY/M ranges from 0.17–0.67 (with M taken from Horne et al.(2010)). For krill, if we assume M is equal to the productivity: biomass parameter in Field et al. (2006), our estimate of FMSY from Ecosim is 0.63 * M, and for Atlantis it is 0.24 * M. 

Prior approaches to defining impacts of sardine harvest in the California Current

Two prior analyses of the indirect effects of sardine harvest in the California Current involved a static (Ecopath) version of Ecosim-NCC. Hanneson et al. (2009) analysed how marginal changes in sardine catch would impact harvest of other members of the food web. This work assumed the linear relationships built into Field et al.’s (2006) Ecopath system of equations, and did not model dynamic responses in the populations of predators or forage species. Hanneson and Herrick (2010) used a sardine yield-per-recruit model to estimate how sardine biomass would change with fishing, and then linked this to the abundance of harvested predators based on transfer efficiencies calculated from the Field et al. (2006) static Ecopath model. Our work here expands beyond this to consider reference points based on both biomass and fishing mortality, nonlinearities in functional relationships, and full dynamic responses throughout the food web (including multiple forage species, plankton, and predators on forage species). Our results are broadly consistent with Ecosim results by Mackinson et al. (1997), who simulated fishing of sardines in upwelling systems of Monterey Bay, Venezuela, and Peru. Those authors found that sardine depletion led to a general decline in sardine predators, and an increase in abundance of sardines’ prey and competitor groups. 

Comparison of Atlantis-CCAM results to version in Smith et al. (2011)

Atlantis-CCAM is mainly unchanged from the parameterization in Smith et al. (2011), but further model tuning and refinement were focused on euphausiids, forage fish, and mackerel. This did not change the broad response of the food web to depletion of forage groups; the modifications did however bring Atlantis estimates of biomass closer to those in other published sources. Specifically, we adjusted stock-recruit relationships for mackerel and forage fish so that biomasses were more stable over the course of 50 years, and biomasses were closer to those in Ecosim-NCC; the resulting parameterization yielded equilibrium unfished abundance of mackerel of 97 000 t versus an original 450 000 t, and 3.5 million t versus an original 1.5 million t of forage fish. Krill abundance was limited by imposing density dependence, with the result that krill more closely match published reports (Pacific Fishery Management Council 2008) than did simulated krill in Smith et al. (2011). 

These modifications do not greatly change model dynamics in terms of the scale of food web impacts caused by depleting forage groups. The largest difference is for forage fish: we parameterized the newer version of Atlantis-CCAM to have about 2.3x the abundance in the original parameterization. The impacts of fishing forage fish to B40 are now that 19% of species change by > 20%, vs. originally only 2%. Results on a species-level for mackerel are almost identical. For myctophids still only 2–3 species (but different species) respond by > 20%. For euphausiids the affected set of species is similar but the new responses are less than the old, since krill biomass is lower in the new simulations. Overall the general patterns hold, as does the relative importance of the forage fish and krill harvest versus minor effects triggered by myctophid and mackerel depletion. 


APPENDIX 2
Equilibrium yield and biomass

Mackerel 
Mackerel could sustain moderate levels of fishing mortality in both models (Figs S2.1–S2.4). In Ecosim-NCC, the reference points were F0 = 0.45, F20 = 0.25, F40 = 0.17, F75 = 0.06 with FMSY at about F = 0.18. B100, i.e. unfished biomass at year 50, was 0.28 t km–2. In Atlantis-CCAM, MSY for mackerel was 0.05 t km–2 at an F of 0.19. Unfished biomass (B100) was estimated to be 1 tonne km–2, about half the Atlantis-CCAM assumption regarding current (2009) standing stock. F40 and F75 were reached with F ≈ 0.10 and F ≈ 0.05, respectively. 
Both models were consistent with a recent single-species stock assessment’s values of reference points, and therefore stock productivity. Both Atlantis-CCAM and Ecosim-NCC predicted FMSY close to the values either estimated or assumed in stock assessments for Pacific mackerel, one of the two species in this functional group. Our estimates of FMSY were 0.19 and 0.18 for Atlantis and Ecosim, respectively. The recent Crone et al. (2011) assessment does not estimate FMSY, but in a prior assessment Dorval et al. (2008) estimated FMSY to be 0.14, but also presented alternate methods (assuming FMSY = F30 or F40) that equate to an FMSY of 0.44 and 0.32, respectively. Current management sets harvest at 30% of biomass above 18 200 tonnes (Crone et al. 2011). The unfished biomass of mackerel was greater in Atlantis-CCAM than in Ecosim-NCC (1 t km–2 in Atlantis-CCAM and 0.28 t km–2 in Ecosim-NCC), but neither biomass is large relative to B100 for abundant forage groups such as euphausiids or forage fish. Unfished biomass (B100) in both models is an order of magnitude less than peak biomass estimated for Pacific mackerel by stock assessments (Dorval et al. 2008; Crone et al. 2009), as might be expected because mackerel are primarily found south of both the Atlantis-CCAM and Ecosim-NCC model domains. 
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Figure S2.1 Equilibrium biomass of mackerel vs. realized fishing mortality rates, for Ecosim-NCC
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[bookmark: _Toc255304679][bookmark: _Toc255305826]Figure S2.2 Equilibrium catch of mackerel vs. realized fishing mortality rates, for Ecosim-NCC
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Figure S2.3 Equilibrium biomass of mackerel vs. realized fishing mortality rates, for Atlantis-CCAM
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Figure S2.4 Equilibrium catch of mackerel vs. realized fishing mortality rates, for Atlantis-CCAM
Forage fish
In Ecosim-NCC, the aggregated forage fish could sustain high levels of fishing mortality. The reference points were F0 = 3.4, F20 = 1.7, F40 = 1, F75 = 0.35, and FMSY at about F = 1 (Figures S2.5-S2.6). This high productivity was also evident in a high estimate of MSY, 23t km–2. B100 was 55 t km–2. 
Forage fish (small planktivores) in Atlantis-CCAM and sardine (a single species group) in Ecosim-NCC could sustain more moderate levels of fishing mortality, as compared to Ecosim-NCC. In Ecosim-NCC, the sardine reference points were FMSY = 0.18, F0 = 0.45, F20 = 0.26, F40 = 0.17, F75 = 0.05 (Figures S2.7,S2.8). In Atlantis-CCAM, fishing forage fish (e.g. small planktivores) suggests FMSY = 0.16. F0, F40, and F75 were 0.78, 0.19, and 0.12, respectively (Figures S2.9, S2.10). MSY in Atlantis-CCAM was 3.12 t km–2. B100 was estimated to be 37.4 t km–2, approximately equal to our biomass estimate for 2007, and one third lower than the B100 estimate from Ecosim-NCC. 
Forage fish in Atlantis-CCAM and sardines in Ecosim-NCC generally matched the recent stock assessment’s values of FMSY and B100 or peak biomass, and therefore stock productivity; whereas the aggregate forage fish group in Ecosim-NCC was more productive as measured by FMSY and MSY. Atlantis-CCAM forage fish and sardines in Ecosim-NCC were consistent with the harvest fraction (FMSY) of 0.15 assumed by fisheries managers (Hill et al. 2008). B100 (i.e. biomass at year 50) for forage fish in both models is broadly consistent with the stock assessment for sardines. More specifically, Hill et al. (2008) estimated peak sardine biomass to have been 1.6 million t, much of which would be in waters south of our model domain. Assuming half the biomass was in our model domain would give an average density of 8 t km–2 for this species alone, and the functional group might have B100 several times this amount. The higher productivity of the aggregate forage fish group in Ecosim-NCC was based on heavier weighting of high turnover species such as sandlance, as well as juveniles of sardine and anchovies (Field 2004). Appropriate weighting of species and life stages within this functional group is uncertain without coast-wide surveys of forage groups. 
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Figure S2.5 Equilibrium biomass of forage fish vs. realized fishing mortality rates, for Ecosim-NCC 
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Figure S2.6 Equilibrium catch of forage fish vs. realized fishing mortality rates, for Ecosim-NCC
[image: ]
Figure S2.7 Equilibrium biomass of sardine vs. realized fishing mortality rates, for Ecosim-NCC[image: ]
 Figure S2.8 Equilibrium catch of sardine vs. realized fishing mortality rates, for Ecosim NCC
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Figure S2.9 Equilibrium biomass of forage fish vs. realized fishing mortality rates, for Atlantis-CCAM
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Figure S2.10 Equilibrium catch of forage fish vs. realized fishing mortality rates, for Atlantis-CCAM 
Mesopelagic fish
Mesopelagic fish (such as myctophids) in Ecosim-NCC could sustain moderate levels of fishing mortality, with FMSY at about F = 0.3, MSY of 1.2 t km–2, and B100 of 10.2 t km–2. Other reference points were F0 = 0.75, F20 = 0.45, F40 = 0.3, F75 = 0.1 (Figs S2.11, S2.12 ). 
In Atlantis-CCAM, mesopelagics (deep vertical migrators) had FMSY of 0.08, with MSY of 0.14 t km–2. B100 was estimated to be ~3.5 t km–2. F0, F20, F40, and F75 were reached with F ≈ 0.4, 0.16, 0.11, and 0.03, respectively (Figs S2.13—S2.14). 
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[bookmark: _Toc255305849]Figure S2.11 Equilibrium biomass of mesopelagics vs. realized fishing mortality rates, for Ecosim-NCC
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Figure S2.12 Equilibrium catch of mesopelagics vs. realized fishing mortality rates, for Ecosim-NCC
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Figure S2.13. Equilibrium biomass of mesopelagics vs. realized fishing mortality rates, for Atlantis-CCAM
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Figure S2.14 Equilibrium catch of mesopelagic fish vs. realized fishing mortality rates, for Atlantis-CCAM

Euphausiids
In Ecosim-NCC, euphausiids could sustain extreme high levels of fishing mortality. The reference points were F0 = 12.5, F20 = 8, F40 = 5, F75 = 1.7 with an FMSY at about F = 5 (Figs S2.15, S2.16). Estimates of B100 and MSY were therefore high, at 35 t km–2 and 70 t km–2, respectively. 
In Atlantis-CCAM, euphausiids show large fluctuations in abundance, due to both their high productivity and high responsiveness to the seasonality built into Atlantis-CCAM oceanography. Focusing on average catch and biomass over the last 20 years of the simulations suggests that fishing mortality rates up to 1.9 yr–1 result in catch near an MSY of approximately 0.17–0.42 t km–2, with total depletion occurring at very high levels (F0 = 6.6) (Figs S2.17, S2.18). We estimate B100 to be 7.6 t km–2, which is near the lower bounds of standing stock suggested in a recent review (Pacific Fishery Management Council 2008). 
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Figure S2.15 Equilibrium biomass of euphausiids vs. realized fishing mortality rates, for Ecosim-NCC 
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Figure S2.16 Equilibrium catch of euphausiids vs. realized fishing mortality rates, for Ecosim-NCC
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Figure S2.17 Equilibrium biomass of euphausiids vs. realized fishing mortality rates, for Atlantis-CCAM
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Figure S2.18 Equilibrium catch of euphausiids vs. realized fishing mortality rates, for Atlantis-CCAM. The jagged curve arises from large fluctuations in abundance, due to euphausiids’ high productivity and high responsiveness to seasonality. The population can sustain high catches at fishing mortality rates up to 1.9 yr–1; higher levels of fishing mortality lead to steep declines in catch. 
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APPENDIX 3

Food web response to depletion of forage groups
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Figure S3.1 Impact of alternative fishing mortality levels for mackerel on other components of the ecosystem. A value of 0 on the x-axis represents no difference from a base case equilibrium biomass (no fishing on this forage group); +0.2 indicates values 20% higher than the base case, and –0.2 indicates values 20% lower than the base case. Purple bars are predictions from Atlantis-CCAM, and gray bars are predictions from Ecosim-NCC. For each model and group, bars are colored from light to dark in terms of increasing fishing mortality rates (i.e. F75, F40, F20, F0 ). Increases of > 1.0 for the F40 case are noted to the right of the figure. Model results are presented in terms of standardized functional groups that are consistent across models; carnivorous zooplankton and sardine are reported for Ecosim-NCC only because these were aggregated with other forage species in Atlantis-CCAM. Subsequent figures are at the original taxonomic resolution of each model.
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Figure S3.2 Impact of alternative fishing mortality levels for mackerel on other components of the ecosystem (Ecosim-NCC). Model results are presented at the original taxonomic resolution of this model. A value of 0 on the x-axis represents no difference from a base case (no fishing on this forage group); +0.2 indicates values 20% higher than the base case, and –0.2 indicates values 20% lower than the base case. For each functional group, the stack of four bars from top to bottom correspond to increasing fishing mortality rates on this forage group (i.e. F75, F40, F20, F0 ). The bar corresponding to F40 is shaded red. Increases of > 1.0 are noted to the right of the figure. 
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Figure S3.3 Impact of alternative fishing mortality levels for mackerel (large planktivores) on other components of the ecosystem (Atlantis-CCAM). Model results are presented at the original taxonomic resolution of this model. See details in legend for Figure S3.2. 
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Figure S3.4. Impact of alternative fishing mortality levels for forage fish (excluding sardine) on other components of the ecosystem (Ecosim-NCC). Model results are presented at the original taxonomic resolution of this model. See details in legend for Figure S3.2. 
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Figure S3.5. Impact of alternative fishing mortality levels for sardine on other components of the ecosystem (Ecosim-NCC). Model results are presented in terms of standardized functional groups that are consistent across models. See details in legend for Figure S3.1, except that only results for Ecosim-NCC are shown because Atlantis-CCAM aggregates sardine with other forage species. 
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Figure S3.6 Impact of alternative fishing mortality levels for sardine on other components of the ecosystem (Ecosim-NCC). Model results are presented at the original taxonomic resolution of this model. See details in legend for Figure S3.2. 
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[bookmark: _Toc255305854]Figure S3.7. Impact of alternative fishing mortality levels for forage fish (small planktivores) on other components of the ecosystem (Atlantis-CCAM). Model results are presented at the original taxonomic resolution of this model. See details in legend for Figure S3.2. 
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Figure S3.8. Impact of alternative fishing mortality levels for mesopelagic fish on other components of the ecosystem. Model results are presented in terms of standardized functional groups that are consistent across models. See details in legend for Figure S3.1. 
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Figure S3.9. Impact of alternative fishing mortality levels for mesopelagic fish on other components of the ecosystem (Ecosim-NCC). Model results are presented at the original taxonomic resolution of this model. See details in legend for Figure S3.2. 
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Figure S3.10. Impact of alternative fishing mortality levels for mesopelagic fish (deep vertical migrators) on other components of the ecosystem (Atlantis-CCAM). Model results are presented at the original taxonomic resolution of this model. See details in legend for Figure S3.2. 
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Figure S3.11. Impact of alternative fishing mortality levels for euphausiids on other components of the ecosystem (Ecosim-NCC). Model results are presented at the original taxonomic resolution of this model. See details in legend for Figure S3.2. 
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 Figure S3.12. Impact of alternative fishing mortality levels for euphausiids (large zooplankton) on other components of the ecosystem (Atlantis-CCAM). Model results are presented at the original taxonomic resolution of this model. See details in legend for Figure S3.2. 

APPENDIX 4

Table S4.1 The Ecosim-NCC and Atlantis-CCAM ecosystem models have similar species composition and functional groups. Here we have formed standardized functional groups that are consistent between the two models, to facilitate comparison of outputs. Mapping between the original taxonomy of the models and the standardized groups is presented below. 


	Standardized Functional Group (consistent across both models)
	Original Ecosim-NCC group 
	 
	Standardized Functional Group (consistent across both models)
	Original Atlantis-CCAM group

	Albacore
	albacore
	 
	albacore
	Albacore

	amphipods, epibenthos
	amphipods
	 
	amphipods, epibenthos
	Deep macrozoobenthos

	amphipods, epibenthos
	epibenthic
	 
	amphipods, epibenthos
	Deposit feeders

	baleen whales
	grey whales
	 
	baleen whales
	Baleen whales

	baleen whales
	baleen whales
	 
	benthic fish, macrourids
	Deep demersal fish

	benthic fish, macrourids
	benthic fish
	 
	benthic fish, macrourids
	Shallow pisciv fish (sculpin)

	benthic fish, macrourids
	macrourids
	 
	benthic shrimp
	Shrimp

	benthic shrimp
	benthic shp
	 
	canary rockfish
	Canary rockfish

	canary rockfish
	canary
	 
	cephalopds
	Shallow macrozoobenthos

	carniv-zooplankton
	carniv-zoops
	 
	cephalopods
	Cephalopods

	Cephalopods
	cephalopods
	 
	coastal sharks
	Large demersal sharks 

	coastal sharks
	coastal sharks
	 
	coastal sharks
	Misc. pelagic sharks 

	Copepods
	copepods
	 
	copepods
	Mesozooplankton

	Crab
	dungeness
	 
	Crab
	Megazoobenthos

	Crab
	tanner crb
	 
	Detritus
	Labile detritus 

	Detritus
	fishery offal
	 
	Detritus
	Refractory detritus 

	Detritus
	pelagic detritu
	 
	Detritus
	Carrion 

	Detritus
	Detritus
	 
	dogfish
	Small demersal sharks

	Dogfish
	dogfish
	 
	Dover sole
	Dover sole

	Dover sole
	dover
	 
	euphausiids
	Large zooplankton 

	Euphausiids
	euphausiids
	 
	forage fish
	Small planktivores

	forage fish
	forage fish
	 
	hake
	Pacific hake

	Hake
	hake
	 
	infauna
	Other benthic filter feeders

	Infauna
	infauna
	 
	infauna
	Carnivorous infauna

	Jellyfish
	small jellies
	 
	jellyfish
	Gelatinous zooplankton 

	Jellyfish
	large jellies
	 
	lingcod
	Lingcod, cabezon

	juv rock
	juv rock
	 
	mackerel
	Large planktivores

	Lingcod
	lingcod
	 
	mesopelagics
	Deep vertical migrators

	Mackerel
	mackerel
	 
	microzooplankton
	Microzooplankton

	Mesopelagics
	mesopelagics
	 
	midwater rockfish
	Midwater rockfish

	micro-zooplankton
	micro-zoop
	 
	pandalids, grazers
	Benthic herb. grazers

	midwater rockfish
	POP
	 
	phytoplankton
	Large phytoplankton 

	midwater rockfish
	widow
	 
	phytoplankton
	Small phytoplankton

	midwater rockfish
	yellowtail
	 
	pinnipeds
	Pinnipeds

	None
	climateforcer
	 
	pisciv. flatfish
	Large piscivorous flatfish

	None
	oceanproduction
	 
	sablefish
	Sablefish

	pandalids, grazers
	pandalid shp
	 
	salmon
	Salmon

	Phytoplankton
	phytoplankton
	 
	seabirds
	Surface seabirds

	Pinnipeds
	harbor seals
	 
	seabirds
	Diving seabirds

	Pinnipeds
	sea lions
	 
	shearwaters
	Migratory birds

	Pinnipeds
	fur seals
	 
	shelf rockfish
	Shortbelly rockfish

	pisciv. flatfish
	petrale
	 
	shelf rockfish
	Small shallow rockfish

	pisciv. flatfish
	arrowtooth
	 
	shelf rockfish
	Yelloweye and cowcod

	pisciv. flatfish
	halibut
	 
	shelf rockfish
	Shallow large rockfish

	Sablefish
	sablefish
	 
	skates
	Skates and rays

	Salmon
	salmon
	 
	slope rockfish, thornyheads
	Deep small rockfish

	Sardine
	sardine
	 
	slope rockfish, thornyheads
	Deep large rockfish 

	Seabirds
	murres
	 
	small flatfish
	Small flatfish

	Seabirds
	gulls
	 
	toothed whales
	Transient orcas

	Shearwaters
	shearwaters
	 
	toothed whales
	Small toothed whales

	shelf rockfish
	black
	 
	toothed whales
	Toothed whales

	shelf rockfish
	shelf rock
	 
	None
	Nearshore fish (surfperch)

	Skates
	skates
	 
	None
	Sea otter

	slope rockfish, thornyhead
	slope rock
	 
	None
	Shallow benth. filt feeders

	slope rockfish, thornyhead
	ssthorny
	 
	None
	Deep benthic filter feeders

	slope rockfish, thornyhead
	lsthorny
	 
	None
	Macroalgae 

	slope rockfish, thornyhead
	juv thorny
	 
	None
	Seagrass 

	small flatfish
	juv flat
	 
	None
	Pelagic bacteria 

	small flatfish
	english
	 
	None
	Benthic bacteria

	small flatfish
	small flat
	 
	None
	Meiobenthos

	small flatfish
	rex
	 
	 
	 

	toothed whales
	orcas
	 
	 
	 

	toothed whales
	toothed whales
	 
	 
	 

	toothed whales
	sperm whales
	 
	 
	 

	None
	juv round
	 
	 
	 





Table S4.2: Diet composition of predators in the Atlantis-CCAM and Ecosim-NCC models. To facilitate comparison between the models, here the model functional groups (for predators and prey) have been aggregated into standardized functional groups that are consistent between the two models. Diet composition is proportion of total diet of each predator; color scale ranges from 0 (red) to 1 (green). The bottom row calculates the Per cent Similarity Index (Miller and Brodeur 2007, Fish. Bull. 105(4):548–559; Schoener, T. W. 1974, Science 185:27–39) between the two models, for each standardized functional group. Values > = 60 are typically viewed as similar. 



	
	
	Predator
	
	
	
	
	
	
	
	
	

	 
	 
	Ecosim-NCC
	Atlantis-CCAM
	Ecosim-NCC
	Atlantis-CCAM
	Ecosim-NCC
	Atlantis-CCAM
	Ecosim-NCC
	Atlantis-CCAM
	Ecosim-NCC
	Atlantis-CCAM

	 
	 
	Infauna
	amphipods, epibenthos
	micro-zooplankton
	copepods
	euphausiids

	Prey
	Phytoplankton
	0.00
	0.00
	0.10
	0.00
	0.75
	0.25
	0.80
	0.80
	0.47
	0.56

	
	Infauna
	0.00
	0.00
	0.22
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	amphipods, epibenthos
	0.00
	0.57
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.01

	
	micro-zooplankton
	0.00
	0.00
	0.00
	0.00
	0.00
	0.17
	0.20
	0.20
	0.04
	0.07

	
	Copepods
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.28
	0.20

	
	Euphausiids
	0.00
	0.14
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.18
	0.14

	
	Jellyfish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.04
	0.02

	
	pandalids, grazers
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	benthic shrimp
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Crab
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Cephalopods
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	forage fish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Mesopelagics
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	benthic fish, macrourids
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Mackerel
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Salmon
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Hake
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Skates
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Dogfish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Sablefish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	midwater rockfish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	canary rockfish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	shelf rockfish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	slope rockfish, thornyhead
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Lingcod
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	small flatfish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	pisciv. flatfish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Dover sole
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Albacore
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	coastal sharks
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Shearwaters
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Seabirds
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	toothed whales
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Pinnipeds
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	baleen whales
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Detritus
	1.00
	0.29
	0.68
	1.00
	0.25
	0.58
	0.00
	0.00
	0.00
	0.00

	 
	Per cent Similarity Index, Ecosim-NCC vs. Atlantis-CCAM
	 
	29
	 
	68
	 
	50
	 
	100
	 
	88

	
	
	



Predator
	
	
	
	
	
	
	
	

	 
	 
	Ecosim-NCC
	Atlantis-CCAM
	Ecosim-NCC
	Atlantis-CCAM
	Ecosim-NCC
	Atlantis-CCAM
	Ecosim-NCC
	Atlantis-CCAM
	Ecosim-NCC
	Atlantis-CCAM

	 
	 
	jellyfish
	pandalids, grazers
	benthic shrimp
	crab
	cephalopods

	Prey
	phytoplankton
	0.25
	0.31
	0.00
	0.78
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	infauna
	0.00
	0.00
	0.25
	0.00
	0.40
	0.16
	0.60
	0.16
	0.00
	0.00

	
	amphipods, epibenthos
	0.00
	0.00
	0.07
	0.00
	0.44
	0.48
	0.17
	0.66
	0.01
	0.10

	
	micro-zooplankton
	0.14
	0.17
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	copepods
	0.15
	0.16
	0.10
	0.00
	0.00
	0.00
	0.00
	0.00
	0.15
	0.02

	
	euphausiids
	0.31
	0.33
	0.23
	0.00
	0.00
	0.00
	0.00
	0.00
	0.53
	0.23

	
	jellyfish
	0.03
	0.03
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	pandalids, grazers
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.02

	
	benthic shrimp
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.10
	0.05
	0.01
	0.01

	
	crab
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.27

	
	cephalopods
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.05

	
	forage fish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.05
	0.05
	0.20
	0.05

	
	mesopelagics
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.10
	0.01

	
	benthic fish, macrourids
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.00
	0.00
	0.00

	
	mackerel
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	salmon
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	hake
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.11

	
	skates
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	dogfish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02

	
	sablefish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	midwater rockfish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	canary rockfish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	shelf rockfish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.05

	
	slope rockfish, thornyhead
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.03

	
	lingcod
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	small flatfish
	0.00
	0.00
	0.00
	0.00
	0.01
	0.00
	0.02
	0.02
	0.00
	0.02

	
	pisciv. flatfish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Dover sole
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Albacore
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	coastal sharks
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Shearwaters
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Seabirds
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	toothed whales
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Pinnipeds
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	baleen whales
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Detritus
	0.13
	0.00
	0.35
	0.22
	0.15
	0.36
	0.06
	0.06
	0.00
	0.00

	 
	Per cent Similarity Index, Ecosim-NCC vs. Atlantis-CCAM
	 
	88
	 
	22
	 
	75
	 
	51
	 
	34

	
	
	



Predator
	
	
	
	
	
	
	
	

	 
	 
	Ecosim-NCC
	Atlantis-CCAM
	Ecosim-NCC
	Atlantis-CCAM
	Ecosim-NCC
	Atlantis-CCAM
	Ecosim-NCC
	Atlantis-CCAM
	Ecosim-NCC
	Atlantis-CCAM

	 
	 
	forage fish
	mesopelagics
	benthic fish, macrourids
	mackerel
	salmon

	Prey
	phytoplankton
	0.14
	0.11
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	infauna
	0.00
	0.00
	0.00
	0.00
	0.23
	0.08
	0.00
	0.00
	0.00
	0.00

	
	amphipods, epibenthos
	0.01
	0.00
	0.03
	0.04
	0.39
	0.42
	0.01
	0.01
	0.00
	0.02

	
	micro-zooplankton
	0.06
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	copepods
	0.43
	0.23
	0.32
	0.01
	0.00
	0.01
	0.05
	0.10
	0.00
	0.00

	
	euphausiids
	0.36
	0.46
	0.56
	0.88
	0.00
	0.04
	0.68
	0.61
	0.31
	0.17

	
	jellyfish
	0.01
	0.00
	0.07
	0.00
	0.00
	0.00
	0.01
	0.02
	0.00
	0.00

	
	pandalids, grazers
	0.00
	0.18
	0.00
	0.00
	0.01
	0.00
	0.00
	0.01
	0.00
	0.00

	
	benthic shrimp
	0.00
	0.00
	0.00
	0.00
	0.04
	0.12
	0.00
	0.01
	0.00
	0.02

	
	crab
	0.00
	0.03
	0.00
	0.00
	0.00
	0.12
	0.00
	0.05
	0.00
	0.04

	
	cephalopods
	0.00
	0.00
	0.02
	0.00
	0.15
	0.09
	0.01
	0.00
	0.01
	0.03

	
	forage fish
	0.00
	0.00
	0.00
	0.00
	0.01
	0.00
	0.20
	0.12
	0.64
	0.46

	
	mesopelagics
	0.00
	0.00
	0.01
	0.07
	0.03
	0.04
	0.01
	0.00
	0.00
	0.00

	
	benthic fish, macrourids
	0.00
	0.00
	0.00
	0.00
	0.03
	0.04
	0.00
	0.02
	0.00
	0.03

	
	mackerel
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	salmon
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	hake
	0.00
	0.00
	0.00
	0.00
	0.03
	0.02
	0.00
	0.01
	0.00
	0.00

	
	skates
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	dogfish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	sablefish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	midwater rockfish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.03

	
	canary rockfish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	shelf rockfish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02

	
	slope rockfish, thornyhead
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.08

	
	lingcod
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02
	0.00
	0.03

	
	small flatfish
	0.00
	0.00
	0.00
	0.00
	0.02
	0.00
	0.03
	0.02
	0.02
	0.03

	
	pisciv. flatfish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Dover sole
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	albacore
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	coastal sharks
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	shearwaters
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	seabirds
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	toothed whales
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	pinnipeds
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	baleen whales
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Detritus
	0.00
	0.00
	0.00
	0.00
	0.08
	0.03
	0.00
	0.00
	0.00
	0.00

	 
	Per cent Similarity Index, Ecosim-NCC vs. Atlantis-CCAM
	 
	70
	 
	60
	 
	70
	 
	82
	 
	68

	
	
	



Predator
	
	
	
	
	
	
	
	

	 
	 
	Ecosim-NCC
	Atlantis-CCAM
	Ecosim-NCC
	Atlantis-CCAM
	Ecosim-NCC
	Atlantis-CCAM
	Ecosim-NCC
	Atlantis-CCAM
	Ecosim-NCC
	Atlantis-CCAM

	 
	 
	Hake
	Skates
	dogfish
	sablefish
	midwater rockfish

	Prey
	Phytoplankton
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Infauna
	0.00
	0.00
	0.02
	0.00
	0.00
	0.02
	0.02
	0.00
	0.00
	0.00

	
	amphipods, epibenthos
	0.00
	0.00
	0.22
	0.06
	0.05
	0.03
	0.05
	0.09
	0.02
	0.02

	
	micro-zooplankton
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Copepods
	0.00
	0.07
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.30

	
	Euphausiids
	0.61
	0.79
	0.00
	0.05
	0.20
	0.51
	0.07
	0.14
	0.65
	0.39

	
	Jellyfish
	0.00
	0.00
	0.00
	0.00
	0.05
	0.01
	0.09
	0.07
	0.14
	0.18

	
	pandalids, grazers
	0.02
	0.01
	0.02
	0.01
	0.00
	0.00
	0.02
	0.02
	0.02
	0.00

	
	benthic shrimp
	0.01
	0.00
	0.20
	0.28
	0.00
	0.01
	0.00
	0.00
	0.00
	0.00

	
	Crab
	0.00
	0.00
	0.08
	0.02
	0.02
	0.06
	0.00
	0.03
	0.00
	0.00

	
	Cephalopods
	0.01
	0.00
	0.01
	0.13
	0.01
	0.00
	0.05
	0.09
	0.02
	0.01

	
	forage fish
	0.32
	0.10
	0.05
	0.00
	0.20
	0.11
	0.26
	0.15
	0.08
	0.01

	
	Mesopelagics
	0.02
	0.00
	0.00
	0.04
	0.00
	0.00
	0.03
	0.01
	0.05
	0.02

	
	benthic fish, macrourids
	0.00
	0.00
	0.05
	0.07
	0.07
	0.01
	0.09
	0.06
	0.01
	0.00

	
	Mackerel
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Salmon
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.00
	0.00
	0.00

	
	Hake
	0.01
	0.02
	0.05
	0.04
	0.20
	0.13
	0.13
	0.07
	0.01
	0.04

	
	Skates
	0.00
	0.00
	0.00
	0.00
	0.00
	0.05
	0.00
	0.00
	0.00
	0.00

	
	Dogfish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Sablefish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	midwater rockfish
	0.00
	0.00
	0.00
	0.02
	0.00
	0.00
	0.02
	0.01
	0.00
	0.00

	
	canary rockfish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	shelf rockfish
	0.00
	0.00
	0.00
	0.09
	0.00
	0.00
	0.00
	0.01
	0.00
	0.00

	
	slope rockfish, thornyhead
	0.00
	0.00
	0.00
	0.04
	0.00
	0.00
	0.07
	0.19
	0.00
	0.00

	
	Lingcod
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	small flatfish
	0.00
	0.00
	0.26
	0.11
	0.16
	0.02
	0.03
	0.02
	0.01
	0.01

	
	pisciv. flatfish
	0.00
	0.00
	0.02
	0.01
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00

	
	Dover sole
	0.00
	0.00
	0.02
	0.04
	0.01
	0.03
	0.00
	0.00
	0.00
	0.00

	
	Albacore
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	coastal sharks
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Shearwaters
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Seabirds
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	toothed whales
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	pinnipeds
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	baleen whales
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Detritus
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.03
	0.03
	0.00
	0.00

	 
	Per cent Similarity Index, Ecosim-NCC vs. Atlantis-CCAM
	 
	73
	 
	53
	 
	55
	 
	69
	 
	62



	
	
	Predator
	
	
	
	
	
	
	
	

	 
	 
	Ecosim-NCC
	Atlantis-CCAM
	Ecosim-NCC
	Atlantis-CCAM
	Ecosim-NCC
	Atlantis-CCAM
	Ecosim-NCC
	Atlantis-CCAM
	Ecosim-NCC
	Atlantis-CCAM

	 
	 
	canary rockfish
	shelf rockfish
	slope rockfish, thornyhead
	lingcod
	small flatfish

	Prey
	Phytoplankton
	0.00
	0.00
	0.00
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Infauna
	0.00
	0.00
	0.00
	0.00
	0.05
	0.03
	0.00
	0.00
	0.40
	0.07

	
	amphipods, epibenthos
	0.00
	0.13
	0.05
	0.17
	0.09
	0.20
	0.05
	0.01
	0.48
	0.64

	
	micro-zooplankton
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Copepods
	0.00
	0.00
	0.00
	0.21
	0.05
	0.00
	0.00
	0.00
	0.03
	0.02

	
	Euphausiids
	0.93
	0.63
	0.29
	0.26
	0.41
	0.05
	0.00
	0.00
	0.03
	0.02

	
	Jellyfish
	0.00
	0.00
	0.05
	0.02
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00

	
	pandalids, grazers
	0.03
	0.01
	0.06
	0.09
	0.02
	0.07
	0.01
	0.04
	0.00
	0.01

	
	benthic shrimp
	0.00
	0.11
	0.03
	0.01
	0.10
	0.01
	0.01
	0.00
	0.03
	0.13

	
	Crab
	0.00
	0.00
	0.00
	0.02
	0.08
	0.23
	0.05
	0.00
	0.00
	0.11

	
	Cephalopods
	0.00
	0.00
	0.01
	0.00
	0.02
	0.05
	0.15
	0.05
	0.00
	0.00

	
	forage fish
	0.02
	0.00
	0.38
	0.08
	0.02
	0.05
	0.11
	0.17
	0.01
	0.00

	
	Mesopelagics
	0.02
	0.01
	0.05
	0.02
	0.04
	0.06
	0.00
	0.00
	0.00
	0.00

	
	benthic fish, macrourids
	0.00
	0.00
	0.04
	0.04
	0.03
	0.05
	0.26
	0.20
	0.00
	0.00

	
	Mackerel
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Salmon
	0.00
	0.00
	0.01
	0.00
	0.00
	0.00
	0.00
	0.02
	0.00
	0.00

	
	Hake
	0.00
	0.00
	0.00
	0.00
	0.03
	0.05
	0.10
	0.07
	0.00
	0.00

	
	Skates
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Dogfish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.06
	0.00
	0.00

	
	Sablefish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	midwater rockfish
	0.00
	0.02
	0.00
	0.02
	0.00
	0.02
	0.02
	0.04
	0.00
	0.00

	
	canary rockfish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.00
	0.00
	0.00

	
	shelf rockfish
	0.00
	0.02
	0.00
	0.01
	0.00
	0.00
	0.02
	0.17
	0.00
	0.00

	
	slope rockfish, thornyhead
	0.00
	0.06
	0.00
	0.00
	0.03
	0.07
	0.00
	0.10
	0.00
	0.00

	
	Lingcod
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	small flatfish
	0.00
	0.00
	0.03
	0.03
	0.00
	0.00
	0.19
	0.02
	0.00
	0.00

	
	pisciv. flatfish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.01
	0.00
	0.00

	
	Dover sole
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.02
	0.00
	0.00

	
	Albacore
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	coastal sharks
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Shearwaters
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Seabirds
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	toothed whales
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Pinnipeds
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	baleen whales
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Detritus
	0.00
	0.00
	0.00
	0.00
	0.02
	0.06
	0.00
	0.00
	0.00
	0.00

	 
	Per cent Similarity Index, Ecosim-NCC vs. Atlantis-CCAM
	 
	66
	 
	58
	 
	46
	 
	53
	 
	62



	
	
	Predator
	
	
	
	
	
	
	
	

	 
	 
	Ecosim-NCC
	Atlantis-CCAM
	Ecosim-NCC
	Atlantis-CCAM
	Ecosim-NCC
	Atlantis-CCAM
	Ecosim-NCC
	Atlantis-CCAM
	Ecosim-NCC
	Atlantis-CCAM

	 
	 
	pisciv. flatfish
	Dover sole
	albacore
	coastal sharks
	shearwaters

	Prey
	phytoplankton
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	infauna
	0.00
	0.00
	0.85
	0.59
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	amphipods, epibenthos
	0.07
	0.08
	0.13
	0.37
	0.00
	0.05
	0.00
	0.03
	0.00
	0.00

	
	micro-zooplankton
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	copepods
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	euphausiids
	0.02
	0.10
	0.00
	0.01
	0.10
	0.03
	0.00
	0.00
	0.05
	0.03

	
	jellyfish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.00

	
	pandalids, grazers
	0.03
	0.03
	0.01
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	benthic shrimp
	0.09
	0.02
	0.01
	0.00
	0.00
	0.00
	0.00
	0.01
	0.00
	0.00

	
	crab
	0.01
	0.03
	0.00
	0.01
	0.00
	0.01
	0.01
	0.01
	0.00
	0.00

	
	cephalopods
	0.00
	0.01
	0.00
	0.00
	0.25
	0.04
	0.01
	0.23
	0.11
	0.07

	
	forage fish
	0.18
	0.35
	0.00
	0.00
	0.35
	0.81
	0.40
	0.12
	0.83
	0.58

	
	mesopelagics
	0.00
	0.02
	0.00
	0.00
	0.20
	0.04
	0.03
	0.00
	0.00
	0.13

	
	benthic fish, macrourids
	0.08
	0.04
	0.00
	0.00
	0.00
	0.00
	0.03
	0.11
	0.00
	0.02

	
	mackerel
	0.00
	0.00
	0.00
	0.00
	0.08
	0.01
	0.03
	0.02
	0.00
	0.00

	
	salmon
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00
	0.05
	0.07
	0.00
	0.00

	
	hake
	0.32
	0.22
	0.00
	0.00
	0.00
	0.00
	0.25
	0.06
	0.00
	0.08

	
	skates
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.01
	0.00
	0.00

	
	dogfish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.00
	0.00
	0.00

	
	sablefish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	midwater rockfish
	0.01
	0.00
	0.00
	0.00
	0.01
	0.00
	0.03
	0.01
	0.00
	0.02

	
	canary rockfish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.00
	0.00
	0.00

	
	shelf rockfish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02
	0.01
	0.00
	0.01

	
	slope rockfish, thornyhead
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.01
	0.08
	0.00
	0.05

	
	lingcod
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.02
	0.00
	0.00

	
	small flatfish
	0.14
	0.06
	0.00
	0.00
	0.00
	0.00
	0.08
	0.02
	0.00
	0.00

	
	pisciv. flatfish
	0.00
	0.01
	0.00
	0.00
	0.00
	0.00
	0.02
	0.02
	0.00
	0.00

	
	Dover sole
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00
	0.01
	0.02
	0.00
	0.00

	
	albacore
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.06
	0.00
	0.00

	
	coastal sharks
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.00
	0.00

	
	shearwaters
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	seabirds
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	toothed whales
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	pinnipeds
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.08
	0.00
	0.00

	
	baleen whales
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	Detritus
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	 
	Per cent Similarity Index, Ecosim-NCC vs. Atlantis-CCAM
	 
	68
	 
	73
	 
	47
	 
	38
	 
	69



	
	
	Predator
	
	
	
	
	
	

	 
	 
	Ecosim-NCC
	Atlantis-CCAM
	Ecosim-NCC
	Atlantis-CCAM
	Ecosim-NCC
	Atlantis-CCAM
	Ecosim-NCC
	Atlantis-CCAM

	 
	 
	seabirds
	toothed whales
	pinnipeds
	baleen whales

	Prey
	phytoplankton
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	infauna
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.00

	
	amphipods, epibenthos
	0.01
	0.00
	0.00
	0.02
	0.01
	0.01
	0.49
	0.54

	
	micro-zooplankton
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	copepods
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.00

	
	euphausiids
	0.02
	0.58
	0.00
	0.00
	0.00
	0.00
	0.25
	0.41

	
	jellyfish
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	pandalids, grazers
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	benthic shrimp
	0.00
	0.05
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	crab
	0.00
	0.00
	0.00
	0.02
	0.01
	0.00
	0.00
	0.00

	
	cephalopods
	0.11
	0.05
	0.32
	0.33
	0.19
	0.51
	0.02
	0.01

	
	forage fish
	0.77
	0.15
	0.17
	0.06
	0.30
	0.08
	0.22
	0.02

	
	mesopelagics
	0.02
	0.01
	0.04
	0.05
	0.01
	0.00
	0.00
	0.01

	
	benthic fish, macrourids
	0.00
	0.04
	0.01
	0.05
	0.03
	0.05
	0.00
	0.00

	
	mackerel
	0.00
	0.00
	0.01
	0.06
	0.01
	0.00
	0.01
	0.00

	
	salmon
	0.01
	0.00
	0.04
	0.05
	0.07
	0.00
	0.00
	0.00

	
	hake
	0.00
	0.01
	0.07
	0.05
	0.16
	0.11
	0.00
	0.00

	
	skates
	0.00
	0.00
	0.02
	0.00
	0.01
	0.06
	0.00
	0.00

	
	dogfish
	0.00
	0.00
	0.02
	0.00
	0.01
	0.07
	0.00
	0.00

	
	sablefish
	0.00
	0.00
	0.06
	0.00
	0.01
	0.01
	0.00
	0.00

	
	midwater rockfish
	0.00
	0.02
	0.04
	0.00
	0.05
	0.01
	0.00
	0.00

	
	canary rockfish
	0.00
	0.00
	0.00
	0.00
	0.01
	0.00
	0.00
	0.00

	
	shelf rockfish
	0.00
	0.02
	0.01
	0.00
	0.02
	0.01
	0.00
	0.00

	
	slope rockfish, thornyhead
	0.00
	0.05
	0.01
	0.00
	0.01
	0.05
	0.00
	0.00

	
	lingcod
	0.00
	0.00
	0.00
	0.00
	0.01
	0.00
	0.00
	0.00

	
	small flatfish
	0.02
	0.02
	0.01
	0.00
	0.08
	0.01
	0.00
	0.00

	
	pisciv. flatfish
	0.00
	0.00
	0.04
	0.00
	0.01
	0.00
	0.00
	0.00

	
	Dover sole
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	albacore
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	coastal sharks
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	shearwaters
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	seabirds
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	
	toothed whales
	0.00
	0.00
	0.05
	0.00
	0.00
	0.00
	0.00
	0.00

	
	pinnipeds
	0.00
	0.00
	0.03
	0.29
	0.00
	0.00
	0.00
	0.00

	
	baleen whales
	0.00
	0.00
	0.03
	0.04
	0.00
	0.00
	0.00
	0.00

	
	Detritus
	0.05
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	 
	Per cent Similarity Index, Ecosim-NCC vs. Atlantis-CCAM
	 
	26
	 
	59
	 
	48
	 
	77
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