Table 1: Key information needs of a typical Atlantis model. Fisheries data are only needed if progressing the model beyond ecological only stages. Socioeconomic data are only required if using socio-economically driven effort models. Critical ecological data is marked with an *.
	
	Nutrients
	Primary producers
	Benthic invert.
	Plankton
	Nektonic invert.
	Fish
	Shark and rays
	Mammals and birds
	Humans

	Period of activity
	
	
	√
	√
	√
	√
	√
	√
	√

	Habitat dependency
	
	√
	√
	√
	√
	√
	√
	√
	√

	Distributions and abundances*
	√
	√
	√
	√
	√
	√
	√
	√
	√ 1

	Swimming speeds
	
	
	
	
	
	√
	√
	√
	

	Migration times and routes
	
	
	√2
	
	√2
	√
	√
	√
	

	Diets1*
	
	
	√
	√
	√
	√
	√
	√
	

	Consumption (clearance) and growth rates*
	
	√
	√
	√
	√
	√
	√
	√
	

	Length-weight relationships*
	
	
	
	
	
	√
	√
	√
	

	Size at age*
	
	
	
	
	
	√
	√
	√
	

	Non-predation mortality rates
	
	√
	√
	√
	√
	√
	√
	√
	

	Maximum age*
	
	
	
	
	
	√
	√
	√
	

	Age at maturity
	
	
	
	
	
	√
	√
	√
	

	Spawning area and season 
	
	
	√2
	
	√2
	√
	√
	√
	

	Larval or gestation period
	
	
	
	
	√
	√
	√
	√
	


	Location of recruits
	
	
	
	
	
	√
	
	
	

	Fecundity
	
	
	√2
	
	√2
	√
	√
	√
	

	Size of recruits (young of the year)
	
	
	
	√
	
	√
	√
	√
	

	Fisheries related
	
	
	
	
	
	
	
	
	

	Catchability (and/or selectivity)
	
	
	√
	
	√
	√
	√
	√
	

	Targeting 
	
	
	
	
	
	
	
	
	√

	Discarding
	
	
	
	
	
	
	
	
	√

	Catch and effort 

(time series and distributions)
	
	
	
	
	
	
	
	
	√

	Management rules
	
	
	
	
	
	
	
	
	√

	Socioeconomic
	
	
	
	
	
	
	
	
	

	Prices
	
	
	
	
	
	
	
	
	√

	Costs
	
	
	
	
	
	
	
	
	√

	Crew size
	
	
	
	
	
	
	
	
	√

	Vessel size
	
	
	
	
	
	
	
	
	√

	Trip length
	
	
	
	
	
	
	
	
	√


1. Of human population per port; for defining home ports for fisheries as well as the level of recreational fishing pressure in an area 

2. Only if using age structured biomass pools that show migration through the year

Table 2: List of Atlantis model applications in use (models currently only in the early stages of planning have not been included here) and their main purposes (or topics covered). P = primary use of the model, S = secondary use, E = exploratory use beginning.

	System
	No.
	Complexity
	Understanding
	System-level MSE
	Fisheries
	Nutrients
	Mining
	Climate

impacts
	Catchments
	Indicators
	Management
	Reference

	Australia
	
	
	
	
	
	
	
	
	
	
	
	

	SE Australia
	1
	
	P
	P
	P
	
	
	S
	
	P
	P
	Fulton et al 2007

	Victoria/

Tasmania
	2
	
	P
	
	S
	S
	
	S
	
	P
	P
	Johnson et al in press

	Port Phillip Bay 
	3
	P
	
	
	S
	S
	
	
	
	P
	
	Fulton et al 2004b

	Westernport 
	4
	
	P
	
	
	P
	
	
	P
	
	
	Savina et al 2005

	Eastern Tasmania 
	5
	P
	P
	
	S
	
	
	E
	
	
	E
	Johnson et al 2008

	Tasmania
	6
	
	P
	
	P
	
	
	
	
	
	S
	-

	Derwent-Huon
	7
	
	P
	E
	E
	E
	
	E
	E
	
	E
	Savina 2009

	New South Wales
	8
	P
	P
	
	P
	
	S
	
	
	
	S
	Savina et al 2008

	Clarence River 
	9
	
	P
	
	E
	E
	
	E
	P
	P
	E
	Hayes et al 2007

	North America
	
	
	
	
	
	
	
	
	
	
	
	

	NE United States
	10
	
	P
	P
	P
	
	
	
	
	S
	P
	Link et al in review

	California Current 
	11
	
	P
	P
	P
	
	
	S
	
	S
	P
	Brand et al 2007

	Central California 
	12
	
	P
	
	S
	
	
	
	
	
	P
	Kaplan et al in prep

	Gulf of California
	13
	
	P
	P
	P
	S
	
	E
	E
	E
	P
	Ainsworth et al in review


Table 3: Ecological structure of example Atlantis models. All models also contain oxygen, nitrate, ammonia, dissolved silica, labile and refractory detritus

	Model system
	SE Australia
	Victoria/Tasmania
	Port Phillip Bay
	Westernport
	Eastern Tasmania

	Primary producers
	2 planktonic

2 macrophyte


	2 planktonic

2 macrophyte


	3 planktonic

2 macrophyte

Microphytobenthos
	2 planktonic


	2 planktonic

2 macrophyte



	Pelagic invertebrates
	4 size-based zooplank.

bacteria

gelatinous 

cephalopods

shrimp
	4 size-based zooplank.

bacteria

gelatinous 

cephalopods

shrimp
	3 size-based zooplank.

bacteria
	3 size-based zooplank.

bacteria

gelatinous 

cephalopods
	3 size-based zooplank.

bacteria

gelatinous 

cephalopods

	Benthic invertebrates

(* indicates commercial invertebrates are resolved to species level)
	bacteria 

3 infauna

3 filter feeders

5 macrzoobenthos*
	bacteria

3 infauna

2 filter feeders

4 macrzoobenthos*


	bacteria

3 infauna

filter feeders

2 macrozoobenthos


	bacteria

3 infauna

filter feeders

2 macrozoobenthos


	Benthic bacteria

3 infauna

2 filter feeders

2 macrozoobenthos



	Fin-fish – target
	14 (most at species level)
	9 (most at species level)


	4 (functional groups, pelagic and demersal)


	5 (functional groups, pelagic and demersal)


	4 (most at species level)



	Fin-fish – other fished 
	6 (functional groups, pelagic and demersal)
	9 (functional groups; pelagic, demersal and site attached)
	
	
	8 (functional groups; pelagic, demersal and site attached)

	Fin-fish – other
	2 mesopelagic
	2 mesopelagic

1 oceanic planktivore
	
	
	2 mesopelagic

1 oceanic planktivore

	Sharks and rays
	skates and rays 

2 commercial sharks
4 sharks (depth structured functional groups)


	skates and rays

3 dogfish

2 shark (functional groups)
	
	
	skates and rays

3 sharks (functional groups)

	Birds, mammals and reptiles
	sea birds

2 pinnipeds

3 whales (size structured)
	sea birds

2 pinnipeds

2 whales 
	
	
	2 pinnipeds

2 whales


Table 3: Continued. Note the groups for Central California are very similar to those for the California Current model (with slightly more resolution of key conservation groups like rockfish and mammals). 

	Model system
	New South Wales
	NE United States
	California Current
	Gulf of California

	Primary producers
	2 planktonic

2 macrophyte
	2 planktonic
	2 planktonic

2 macrophyte
	2 planktonic

2 macrophyte

	Pelagic invertebrates
	4 size-based zooplank.

bacteria

gelatinous 

cephalopods

shrimp
	3 size-based zooplank.

bacteria

gelatinous 

cephalopods

shrimp
	3 size-based zooplank.

bacteria

gelatinous 

cephalopods 

shrimp
	3 size-based zooplank.

bacteria

gelatinous 

cephalopods 

shrimp 

	Benthic invertebrates

(* indicates commercial invertebrates are resolved to species level)
	bacteria

3 infauna

3 filter feeders

5 macrzoobenthos*
	bacteria

3 infauna

2 filter feeders*

2 macrozoobenthos*
	bacteria

3 infauna

3 filter feeders

4 macrozoobenthos 
	bacteria

2 infauna

3 filter feeders

5 macrozoobenthos

	Fin-fish – target
	11 (most at species level)

 
	9 (most at species level)


	14 (some at species level)
	9 (most at species level)



	Fin-fish – other fished 
	8 (functional groups, pelagic and demersal)
	5 (functional groups, pelagic and demersal)
	8 (functional groups, pelagic and demersal)
	8 (functional groups, pelagic, demersal and reef)

	Fin-fish – other
	2 mesopelagic
	mesopelagics
	mesopelagics
	mesopelagics

	Sharks and Rays
	skate and rays

5 sharks (conservation species + functional groups)
	skates and rays 

3 sharks (functional groups)


	skates and rays

3 sharks (functional groups)


	skates and rays

4 sharks (Squatina and functional groups)



	Birds, mammals and reptiles
	sea birds 

pinnipeds 

3 whales (size structured)


	sea birds

turtles

pinnipeds 

2 whales


	3 sea birds

sea otter

pinnipeds

3 whales (size structured)
	sea birds

turtles

pinnipeds 

vaquita

3 whales


Table 4: Hydrodynamic structure of example Atlantis models. Implicit handling of climate change is when extra mortality terms (related to acidification) or forced changes (e.g. for temperature) are used rather than flows from down scaled global circulation models. Advect = advection, temp = temperature, salt = salinity.

	
	SE Australia
	Victoria/

Tasmania
	Eastern Tasmania
	Port Phillip Bay
	Western-port
	New South Wales
	NEUS
	California current
	Central California
	Gulf of California

	Key oceanographic effects
	Boundary currents
	Boundary current
	Boundary current, upwelling
	River input and slow flushing
	River input and flushing
	Boundary current
	Gulf Stream,

Boundary current, Georges Bank
	Boundary current, upwelling, 

El Nino
	Boundary current, upwelling, PDO, El Nino
	Colorado River input, tidal mixing / stratification

	Spatial structure – number of boxes
	71
	80
	11
	601
	27
	43
	30
	62
	82
	66

	Max number of water column layers
	5
	6
	6
	1
	1
	5
	4
	7
	7
	6

	Ocean boundary depth
	2400m
	2400m
	2400m
	45m
	30m
	800m
	200m
	1200m 
	1200m
	2025m

	Hydrodynamic model used to supply flows
	OFAM-Bluelink2
	OFAM-Bluelink
	OFAM-Bluelink
	3D hyrdro model3
	Empirically defined
	OFAM-Bluelink
	HYCOM4
	ROMS5
	ROMS
	ROMS6

	Hydrodynamic time series length (years)
	10
	10
	10
	5
	1
	10
	1
	7
	50
	23

	Transport model variables
	Advect, temp, salt
	Advect, temp, salt
	Advect, temp, salt
	Advect
	Advect
	Advect, temp, salt
	Advect, temp, salt
	Advect, temp, salt
	Advect, temp, salt
	Advect, temp, salt

	Environmental drivers
	Inshore sediment change, temp, pH, nutrients, river flow
	Temp, nutrients
	
	Nutrients
	Nutrients
	
	Nutrients
	Temp, nutrients
	
	Temp, nutrients, river flow

	Climate change 
	Yes
	Yes (implicit)
	No
	No
	No
	No
	No
	Yes (implicit)
	No
	No

	Explicit larval advect.
	No
	No
	No
	No
	No
	No
	No
	No
	No
	Yes


1. 1, 3, and 8 box versions also exist, as they were used to explore the effects of spatial complexity on model performance.

2. Oke et al 2005

3. Walker 1997a, 1997b

4. hycom.rsmas.miami.edu/las/

5. ROMS Hermann – NOAA PMEL/JISAO, Seattle

6. ROMS Pares-Sierra -  Centro de Investigación Científica y de Educación Superior de Ensenada.

Table 5: Fishery structure of example Atlantis models (all of these can also be driven using historical catches)

	
	SE Australia
	Victoria
	Port Phillip Bay
	Eastern Tasmania
	New South Wales
	NE United States
	California current
	Central California
	Gulf of California

	Focal fleets(s) for the model
	Multiple fleets
	Multiple fleets
	Demersal trawl
	Demersal trawl
	Ocean trawl
	Multiple fleets
	Groundfish trawl
	Multiple fleets
	Artisanal fleets

	Number of fleets
	33
	1
	1
	1
	1
	18
	13
	20
	14

	Fleet structure
	Structured by gear and target species
	All fleets aggregated
	All fleets aggregated
	All fleets aggregated
	All fleets aggregated
	Structured by gear and target species
	Structured by port (trawlers)
	Structured by gear
	Structured by gear and target species

	Fleet dynamics
	Socio-economic driven
	Fishing mortality rate only
	Fishing mortality rate only
	Fishing mortality rate only
	Fishing mortality rate only
	CPUE vs desired range
	Optimize net profits
	Constant fishing effort per cell
	Optimize net profits

	Management policies
	Spatial management, quotas, catch shares, gear, effort
	Spatial management
	Spatial management, quotas, gear, effort
	Effort
	Spatial management,

gear,  effort
	Spatial management, quotas, catch shares, gear, effort
	Spatial management, quotas, catch shares
	Spatial management
	Spatial management, quotas, catch shares, gear, effort

	Investment/

disinvestment
	Yes
	No
	No
	No
	No
	No
	No
	No
	No

	Adaptive management
	Yes
	No
	No
	No
	No
	No
	No
	No
	No


Table 6: Major findings to date from Atlantis models

	Model
	Findings

	Atlantis-SE 

(SE Australia)
	- There is no single management lever that is a complete solution to ecosystem-based management 

- Complex tradeoffs exist when trying to satisfy the various ecological, economic and social objectives present in EBM

- Human behavioural uncertainty produces unanticipated outcomes of management decisions (ecosystem state and the non-economic or interacting pressures on fisheries operators mean that economic solutions often do not have clear cut outcomes)

- If companion TACs are implemented this leads to the ecological decline of weak stocks or significant economic costs (e.g. 75% of the catch foregone)

- Despite past trends where fishing moved further offshore, future target shifting back to popular shelf species is likely as fisheries are squeezed by management constraints and rising costs (causing unintended increases in pressure on the already intensively fished shelf species)

- Relative biomass indicators, ratios of biomass (e.g. pelagic:demersal), size structure and size at maturity are consistently the most robust indicators of the effects of fishing

	Atlantis-SM

(Victoria/

Tasmania)
	- Relative biomass indicators are consistently the most robust indicators of the performance of spatial management

- Universal reference points are unlikely to work (because different systems are under different pressures and respond in different ways)

- Some indicators (e.g. biomass ratios) are only effective at small or very large scales (due to how species are aggregated and distributed)

- Monitoring design is critical for long-term interpretation of time series

- Not all groups benefit from spatial management

	Atlantis-SETas

(Eastern Tasmania)
	- There are differential impacts of exploiting mid-trophic species (e.g. off Tasmania there appears to be minor effects of fishing squids, but large impacts of targeting myctophids, suggesting a wasp waist system)

	Atlantis-NSW

(New South Wales)
	- The size of no-take marine protected areas can be important for their ultimate success, but the redistribution of the catch and effort outside the closed areas is even more important (simply displacing effort is insufficient and will undermine the effectiveness of spatial management)

- No all species benefit from spatial management (e.g. prey species do not)

- Moderate levels of fishing pressure can lead to an increase in biodiversity

- The explicit representation of ontogeny can be important for correctly representing the dynamics of marine species that show large spatial or habitat shifts with age

	Atlantis-NEUS

(NE United States)
	- Multiple factors affect large marine ecosystems (production and fisheries) and for understanding they need to be considered simultaneously; even when focusing on fisheries impacts overlooking the role of nutrients, primary and secondary production can lead to erroneous conclusions (ecosystems grow fish, but the only the right kinds of ecosystem to grow bigger fish)

- Despite their complexity clear patterns are detectable in large complicated biophysical systems (making calibrated predictions feasible)

- Tradeoffs are central to both modelling and successful marine management, optimising everything is impossible (in the management realms this means simpler management is usually better)

- Modelling squid and shrimp is extremely difficult (a finding recurring in many ecosystem models), but should be attempted as it can lead to new system understanding

- Modelling ecology is much simpler than modelling a coupled ecological-anthropogenic system 

- When modelling whole systems concentrate on the general accuracy of what’s being done, do not become overly fixated on (potentially spurious) precision

	Atlantis-EMOCC

(California Current)
	- Catch shares are more economically efficient, even if catch levels remain unchanged

- There are differential impacts of the introduction of catch shares (and costs) across some fleets (and communities)

- Monitoring and enforcement is critically important for fisheries management and guidance of fleet behaviour

- Ocean acidification is likely to lead to the reduction in biomass (by an order of magnitude potentially) of predators depended on shelled invertebrate prey; in contrast other species (e.g. jellyfish) are likely to increase in biomass

- Ratios of functional group biomass (e.g. piscivore : planktivore) are strong indicatiors of community restructuring under fishing

	Atlantis-ECCAL (Central California)
	- Tradeoffs exist between economic and ecological objectives when comparing spatial management, gear switching (from trawl to pots and longlines) and effort control scenarios

- Fleets are differentially effected by the scenarios (some suffer significant economic declines while others see substantial increases)

- Shifting gears to minimise bycatch and habitat destruction does not restore age structures, but spatial closures can 

	Atlantis-GOC

(Gulf of California)
	- Reported catch values are insufficient to cause observed declines in species biomasses (by 3-5 times for most species) 


Figure 1: Maps for a representative selection of the Atlantis models (see Table 2 for numbering and a more complete list)
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