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Salmon life cycles are one of the most complex in the natural world. Representing them in a deterministic life history model, especially one attempting to capture the complexities of their foodweb interactions is quite challenging. This document layers out how to do this within the Atlantis modelling framework
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Salmon life cycle
[image: ]The salmon life cycle is made of multiple stages (Figure 1)

Figure 1: Schematic of the stages making up the salmon life cycle

River Stage
The river stage covers the period from hatching through to first entry into the oceanic environment. Unless the focus of your model is in the river, this stage is best represented implicitly in Atlantis. This is done by setting the parameter Recruit_Time for the species such that the “settlers” do not enter the model until the completion of the river stage (i.e. set Recruit_Time to the average length in days of the river stage for that species).
To allow for variability in survival and productivity in the river time series (ts) files are used either in combination with other reproduction (stock-recruit) relationships or in place of them.
Representing Survival
Representing differential survival can be done in two ways
1. Using a standard stock recruit relationship and generating the base number of new recruits dependent on the adult spawning stock within the model (i.e. closed population) and then scaling that using a multiplier derived from a time series file. To do this:
i. set flagrecruit to which ever recruitment function you prefer.
ii. set flagtsforcerecruit to 1 in the biol.prm file 
iii. in the force.prm file provide the filename of the ts file containing the multipliers to apply
Recruitment_enviro_forcing multipler_filename.ts 
The format of the multipler_filename.ts is as follows (shown for 1 species, if multiple species are being forced in this way add an additional column for each species)
# Scalar to produce spikes in recruitment
#
## COLUMNS 2
##
## COLUMN1.name Time
## COLUMN1.long_name Time
## COLUMN1.units days since 2000-01-01 00:00:00 +10
## COLUMN1.missing_value 0
##
## COLUMN2.name XXX
## COLUMN2.long_name XXX
## COLUMN2.units scalar
## COLUMN2.missing_value 1.0
1 1.0
2 5.0

Where the “days since” entry should be set to a sensible date given the time series being provided and XXX is the code of the group you want to apply the effects (recruitment scalars) to. These scalars are applied to all recruitment by the group across the entire model domain.
2. An alternative approach is to read in a time series of the number of recruits – either one time series for the entire model domain or one per box. To read in one time series set flagrecruit to 13, to read in multiple time series (one per box) set flagrecruit to 18.
If a single time series is being used then in force.prm specify the location of that file
Recruitment_time_series recruitment_filename.ts 
The format of the recruitment_filename.ts is as follows (shown for 1 species, if multiple species are being forced in this way add an additional column for each species)


# Number of recruits entering the model
#
## COLUMNS 2
##
## COLUMN1.name Time
## COLUMN1.long_name Time
## COLUMN1.units days since 2000-01-01 00:00:00 +10
## COLUMN1.missing_value 0
##
## COLUMN2.name XXX
## COLUMN2.long_name XXX
## COLUMN2.units scalar
## COLUMN2.missing_value 0.0
1 100000.0
2 0.0

Where the “days since” entry should be set to a sensible date given the time series being provided and XXX is the code of the group you want to provide recruits for.
If multiple time series files are being supplied (e.g. where different numbers are entering different boxes) then in force.prm identify the number of files to be loaded and their relevant information as follows (example given for case where 2 files are being loaded – one into box 3 and one into box 24)
# Recruitment_time_series
nMultRects 2
typeMultRects 1

MultRects0.name Bay1
MultRects0.location x1 y1 3
MultRects0.data Bay1Recruitment.ts
MultRects0.rewind 0

MultRects1.name Bay2
MultRects1.location x2 y2 24
MultRects1.data Bay2Recruitment.ts
MultRects1.rewind 0

The name entry is for your information purposes; it is not used by Atlantis. The location is the x y boxid for the point of arrival (set the x and y values to the inside.x inside.y points of the destination box as defined in the bgm file). The data entry is the actual filepath and name; and rewind indicates whether you want the time series looped if the run exceeds the length of the time series file. 
The typeMultRects setting indicates how the file should be read. If it is set to 1 then when the file is accessed the time values in the file are compared to the current time of the model and the last valid value at/before the current time is used. If typeMultRects is set to 0 then if the current time in the model sits between two valid times in the file, then the value used is an interpolation between the last valid value and the next one.
Representing Productivity (Recruit size)
Representing differential survival can be done in two ways, both of which use a time series file. To activate these set flag_modify_KWSR to a value greater than 0. In both cases KWRR will be reset so that it is KWSR * X_RS.
1. If flag_modify_KWSR is set to 1 then the model will load a time series of multipliers to apply to the constant KWSR supplied for the group in the biol.prm file. 
2. If flag_modify_KWSR is set to 2 then the model will load a time series file of values to use for KWSR.
In both cases the file for KWSR is supplied in force.prm as follows
KWSR_forcing KWSR_filename.ts
The format of the KWSR_filename.ts is as follows for the scalar (flag_modify_KWSR set to 1) option (shown for 1 species, if multiple species are being forced in this way add an additional column for each species)
# Scalar for structural sizes of recruits
#
## COLUMNS 2
##
## COLUMN1.name Time
## COLUMN1.long_name Time
## COLUMN1.units days since 2000-01-01 00:00:00 +10
## COLUMN1.missing_value 0
##
## COLUMN2.name XXX
## COLUMN2.long_name XXX
## COLUMN2.units scalar
## COLUMN2.missing_value 0.0
1 0.8
2 2.0

If the absolute value case (flag_modify_KWSR set to 2) is being used then the file format is as follows
# Structural sizes of recruits
#
## COLUMNS 2
##
## COLUMN1.name Time
## COLUMN1.long_name Time
## COLUMN1.units days since 2000-01-01 00:00:00 +10
## COLUMN1.missing_value 0
##
## COLUMN2.name XXX
## COLUMN2.long_name XXX
## COLUMN2.units mg N
## COLUMN2.missing_value 0.0
1 110.8
2 112.1

In both cases the “days since” entry should be set to a sensible date given the time series being provided and XXX is the code of the group you want to supply the values for.

Juvenile stage (inside model domain)
Two key processes must be considered for the juvenile phase once the fish have entered the model domain – movement and feeding.
Movement
When moving juveniles about within the model use the standard prescribed distribution option – in biol.prm ddepend set to 0. To allow for monthly distributional shifts set numMoveEntries in Groups.csv to the number of entries you desire (so monthly distributions would require 12 entries for both juveniles and adults). Then you need to supply the distributions in the biol.prm file (for both the juvenile and adults). These distributions are entered as follows (example for a case where numMoveEntries has been set to 2 in a model with 5 boxes).
# Distribution of adult stages - proportion in each box
XXX_S1  5
0.0 0.1 0.5 0.2 0.2
XXX_S2  5
0.0 0.05 0.4 0.1 0.45

# Distribution of juvenile stages - proportion in each box 
XXX_S1juv 5
0.0 0.01 0.05 0.04 0.9
XXX_S2juv 5
0.0 0.3 0.5 0.12 0.08

Feeding
During the first few months inside the model domain, salmon will stay close to shore and feed on terrestrial insects. To allow for this external input of food into salmon diet take the following steps:
i. Set isSupplemented to a value greater than 0 in Groups.csv. A value of 1 means all life history stages will consume the supplemental feed, a value of 2 is juveniles only and a value of 3 is adults only. 
ii. Add a vector to biol.prm to indicate the degree of supplemental feeding occurring per box. The individual values in this vector must have values between 0 and 1 (as the value indicates for that box how much of the potential supplemental feed is actually accessed). Note the vector does not need to sum to 1.0, just that each individual value in it must be < 1.0. For example, for group XXX in a 5 box model it would look like:
Supp_XXX 5
0.0 0.1 0.0 0.0 0.8

At present this proportional access is assumed to match across all ages undertaking supplemental feeding. If this is not the case contact Beth for an update to the code. Also note that supplemental feeding only occurs in surface waters.
Migration as a juvenile (outside model domain)
At some point the juveniles (or at least some of them) will move out of the model domain. There are two main issues that need to be addressed during this phase: (i) salmon are outside the model for more than a year; and (ii) we need them to mature outside the model (change stage from juvenile to adult), they will not return to the model domain as juveniles. 
Multi-year migration
[bookmark: _GoBack]To trigger multi-year migrations set flag_multiyr_migs to 1 in the run.prm. Then for each species (migrating and not) set flagXXXMultiyrMigrate to indicate whether the species uses multi-year migration or not. Setting this to 0 indicates the species always remain within the model domain or only migrate annually, setting it to 1 indicates the group migrates in/out of the model over periods of multiple years.
Migration out of the model domain is then set using the standard jXXX_Migrate_Time, jXXX_Migrate_Period and MigIOBox_XXX parameters. The time of year the adult returns is set using XXX_Migrate_Return as for standard migrations (you also need to provide a value for jXXX_Migrate_Return, but it should never be used by the model as the YearsAway will override it, if you want to be doubly safe set the value to 366 so it will not occur during any juvenile year). The number of years spent away is set using XXX_Migrate_YearsAway (set for juveniles and adults as for all other migration parameters, if adults don’t migrate in their own right set the YearsAway to zero).
External population model
To represent the juvenile (at sea) period, which occurs outside the model domain, a specific population model is triggered, which deals explicitly with growth and mortality during this external period (rather than the simple handling typical of standard Atlantis external migrations). To trigger this population model set external_populations to 1 in the run.prm file. This will then execute the external population model on all animals in the MIGRATION array (i.e. any individuals of that functional group that are outside the model domain). 
The additional parameters associated with the population dynamics model are from the the von Bertalanffy Growth equation: 
Linf_XXX – 'L infinity', the asymptotic length at which growth is zero. 
Kbert_XXX – growth rate
tzero_XXX – the age at which the functional group would have had zero size, this is tuned to adjust the equation for the initial size of the functional group.
Additional mortality parameters are also required – these need to be entered as vectors with one entry for each life history stage (i.e. juveniles and adults as for XXX_mL for example):
XXX_mLext – the base back ground mortality applied in the external population model
XXX_mPext – the “P” external mortality rate
These mortalities are applied as to give total external mortality (Next_mort) as:

where Nt is the number of individuals in an age class at time t and the mortality rates mLext and mPext.
This population model also uses the existing Atlantis parameters li_a_XXX, li_b_XXX, pR_XXX and age_mat_XXX.
Maturation while outside the model domain
Atlantis already allows for maturation to occur while the animals are outside the model domain. This will happen automatically if the juvenile and adult stages are outside the model domain when the annual aging code executes. To prevent those mature age classes that are still in the oceanic phase from contributing to spawning set the FSPB_XXX entry to 0 for each “mature” age class of salmon in their ocean phase and only have non-zero values for those age classes that should be in the rivers spawning. 
Adult stage (inside model domain)
No further modifications are required to the base Atlantis code for this stage, beyond allowing for migration back into the model domain (set using XXX_ Migrate_Return) and subsequent monthly spatial distributions, as already outlined above for juvenile movement.
River ‘reproduction’ stage (outside model domain)
The final stage of the salmon’s life cycle is the Adult migration back to the rivers, where they will spawn and die (once again outside of the model). This is achieved by setting flaglocalrecruitXXX to 2. To specify the mortality after spawning set flagmotherXXX to -1, all adults who have spawned (set by FSPB_XXX) will then die. 
Turbidity and survival rate
A logistic curve is applied to represent the escapement from predation due to turbidity (Ward et al., 2016):
	  	
The value of the escapement is a proportion (i.e. between 0 and 1). At present this escapement only modifies the availability of the prey to its predator during feeding, it does not alter the prey’s habitat dependent movement (i.e. the prey species move to their preferred habitat and ignore any turbidity effects, if you want prey to take turbidity into account as cover so that it modifies their movement please let us know and we will update the code).
To activate this effect (i) flagIsEstuary must be set to 1 in the run.prm file so that the SED_i tracer is active in the model – it will need to be included in the initial_conditions.nc file and can also be included in point source inputs (.ts files) to represent any material coming down the rivers into the model domain. The flag turbid_refuge_XXX for each species – set it to 1 if the prey benefits from turbidity, 0 if not. Then for each predator you need to enter the following three vectors, which include one value for each stage of the functional group (as defined by NumStages in the Groups.csv file):
XXX _turbid_L  which defines the minimum of the curve (per stage)
XXX _turbid_a  which defines the slope of the curve (per stage)
XXX _turbid_b  which defines the midpoint of the curve (per stage)

These vectors have the format like:
XXX _turbid_L  2
1.0 0.8

Mortality/growth field forcing
For scenario purposes spatially resolved scalars will be used to force nutrients (via point source inputs) or growth or mortality parameters. 
For the nutrients adjust the standard point source inputs (as identified in force.prm) to reflect the changed nutrient levels. 
Atlantis also allows modellers to provide scaling values for linear Mortality (mL), growth Rates (mum) and recruitment. To do this create a netcdf file that contains the scalars. The format of this file is the same as for the initial conditions netcdf file, except you include more than one timestep. You can will provide at least one timestep worth of data or you can provide as many timesteps worth of scaling data as you like. For each timestep you are providing data for, you will need to provide values for each box and each layer within your model for each of your variables in the netcdf file.
The time between each timestep in this file does not have to match the dt of your model. So for example you can provide a scaling value per year. Atlantis will apply a linear interpolation between values.
For age structured groups (cohort > 1 in your functional group definition file) you can provide a value per cohort. The cohort indexing starts at 1 for the first cohort and goes up to the number of cohorts you have defined for this group (just as in the initial conditions file). If your group is not an age structured group (number of cohorts in your functional group definition file is 1) then you can only specify a single mortality scaling variable. An example file for a model with 2 boxes, 3 watercolumn layers and 3 time steps is as follows – with mortality scaling provided for an age structured group GAG (with 3 ages) and the biomass pool groups LPP and LZP. 
netcdf externalMort {
dimensions:
	t = UNLIMITED ; // (3 currently)
	b = 2 ;
	z = 4 ;
variables:
	double t(t) ;
		t:units = "seconds since 2010-01-01 00:00:00 +10" ;
		t:dt = 86400. ;
	double LPPmort_ff(t, b, z) ;
		LPPmort_ff:_FillValue = 1. ;
	double LZPmort_ff(t, b, z) ;
		LZPmort_ff:_FillValue = 1. ;
	double GAG1mort_ff(t, b, z) ;
		GAG1mort_ff:_FillValue = 1. ;
	double GAG2mort_ff(t, b, z) ;
		GAG2mort_ff:_FillValue = 1. ;
	double GAG3mort_ff(t, b, z) ;
		GAG3mort_ff:_FillValue = 1. ;
	double LPPgrowth_ff(t, b, z) ;
		LPPgrowth_ff:_FillValue = 1. ;
	double LZPgrowth_ff(t, b, z) ;
		LZPgrowth_ff:_FillValue = 1. ;
	double GAG1growth_ff(t, b, z) ;
		GAG1growth_ff:_FillValue = 1. ;
	double GAG2growth_ff(t, b, z) ;
		GAG2growth_ff:_FillValue = 1. ;
	double GAG3growth_ff(t, b, z) ;
		GAG3growth_ff:_FillValue = 1. ;

// global attributes:
		:title = "SpatialForcing" ;
		:geometry = "BGMfilename.bgm" ;
		:parameters = "" ;
data:

 t = 86400, 172800, 259200 ;

 LPPmort_ff =
  1.2, 1.2, 1.2, 1.2,
  1.2, 1.2, 1.2, 1.2,
  1.1, 1.1, 1.1, 1.1, 
  1.1, 1.1, 1.1, 1.1, 
  1.4, 1.4, 1.4, 1.4, 
  1.4, 1.4, 1.4, 1.4 ;

 LZPmort_ff =
  2.2, 2.2, 2.2, 2.2,
  2.2, 2.2, 2.2, 2.2,
  3.1, 3.1, 3.1, 3.1,
  3.1, 3.1, 3.1, 3.1,
  1.4, 1.4, 1.4, 1.4,
  1.4, 1.4, 1.4, 1.4 ;

 GAG1mort_ff =
  0.2, 0.2, 0.2, 0.2,
  0.2, 0.2, 0.2, 0.2,
  0.1, 0.1, 0.1, 0.1,
  0.1, 0.1, 0.1, 0.1,
  0.4, 0.4, 0.4, 0.4,
  0.4, 0.4, 0.4, 0.4 ;

 GAG2mort_ff =
  0.2, 0.2, 0.2, 0.2,
  0.2, 0.2, 0.2, 0.2,
  0.1, 0.1, 0.1, 0.1,
  0.1, 0.1, 0.1, 0.1,
  0.4, 0.4, 0.4, 0.4,
  0.4, 0.4, 0.4, 0.4 ;

 GAG3mort_ff =
  0.2, 0.2, 0.2, 0.2,
  0.2, 0.2, 0.2, 0.2,
  0.1, 0.1, 0.1, 0.1,
  0.1, 0.1, 0.1, 0.1,
  0.4, 0.4, 0.4, 0.4,
  0.4, 0.4, 0.4, 0.4 ;

LPPgrowth_ff =
  0.5, 0.5, 0.5, 0.5,
  0.5, 0.5, 0.5, 0.5,
  0.4, 0.4, 0.4, 0.4,
  0.4, 0.4, 0.4, 0.4,
  0.3, 0.3, 0.3, 0.3,
  0.3, 0.3, 0.3, 0.3 ;

 LZPgrowth_ff =
  _, _, _, _,
  _, _, _, _,
  _, _, _, _,
  _, _, _, _,
  _, _, _, _,
  _, _, _, _ ;

 GAG1growth_ff =
  1.5, 1.5, 1.5, 1.5,
  1.5, 1.5, 1.5, 1.5,
  1.4, 1.4, 1.4, 1.4,
  1.4, 1.4, 1.4, 1.4,
  1.3, 1.3, 1.3, 1.3,
  1.3, 1.3, 1.3, 1.3 ;

 GAG2growth_ff =
  1.5, 1.5, 1.5, 1.5,
  1.5, 1.5, 1.5, 1.5,
  1.4, 1.4, 1.4, 1.4,
  1.4, 1.4, 1.4, 1.4,
  1.3, 1.3, 1.3, 1.3,
  1.3, 1.3, 1.3, 1.3 ;

 GAG3growth_ff =
  1.5, 1.5, 1.5, 1.5,
  1.5, 1.5, 1.5, 1.5,
  1.4, 1.4, 1.4, 1.4,
  1.4, 1.4, 1.4, 1.4,
  1.3, 1.3, 1.3, 1.3,
  1.3, 1.3, 1.3, 1.3 ;
}

Once the netcdf file is ready in the force.prm file provide the following information:
use_external_scaling 1
scale_all_mortality 0
externalBiologyForcingFile externalForcingFilename.nc
externalBiologyForcingFile_rewind 1

If the rewind value is set to 1 the file will be rewound once it gets to the end of the data. Otherwise the last value will be used indefinitely after the last time step included in the file (therefore if you want to remove the scalar effects after a certain period you need to add an additional entry where the scalar is set to 1.0).
If scaling mortality, there are two options for how mortality can be scaled – based on the scale_all_mortality value. If scale_all_mortality is set to 1 then all mortality values are scaled, including mortality due to fishing, predation and all forms of other mortality in the model[footnoteRef:1]. If scale_all_mortality is set to 0 then only linear mortality is scaled.  [1:  NB: Due to the way age structured biomass group predation values are currently handled the mortality due to predation values reported in the output files will be scaled by the juv cohort values. This means these values might be wrong if you are using different values per cohort for this group. If this is a big issue contact Bec and she can spend time fixing this issue. The actual scaling values used when calculating the flux per cohort is correct - this will only impact on reported mortality values (sorry a fix is coming).] 

If scaling growth, the scalar is applied after calculating the temperature corrected growth rates of the current layer. 
If recruitment is being scaled, the scalar is applied to the number of “total embryos” that are created. This is done at a functional group level; you cannot provide a scalar per cohort in this case.
Contaminant Tracers/ impact on growth
A contaminant tracer(s) is traced through the food web to allow for assessment of the accumulation of contaminants in the food chain. The handling and introduction of these contaminants follows the standard Atlantis contaminant procedures. The level of accumulated contaminants in the individual can impact its growth using the following logistic curve to set the scalar to be applied to the growth rate (mum_XXX), this again follows the same general form as for the turbidity effects:
	
A value must be provided per functional group per contaminant for L, a and b. In addition, the flag flag_contamGrowthModel must be set in run.prm to indicate how to apply the impact of contaminant on growth – 0 = no effect, 1 = InVitro method (using a simple scalar), 2 = logistic effects model. At present the contaminant may be “metabolized” by setting the decay terms in the standard Atlantis represent. 
Growth effects due to contamination can also be represented using a simple scalar – set flag_contamGrowthModel to 1 and then for each species and each contaminant provide the following parameters in the bio.prm file.
# The tissue contaminant level where growth effects start
XXX_Arsenic_GrowthThresh 10
# The size of the growth effect (as a scalar)
XXX_Arsenic_GrowthEffect 0.9

Defining Contaminants
The definitions of contaminant tracers are added to the run.prm files. For example, if you want to add a single Arsenic tracer you would add the following to the run.prm file:
# Set track contaminants to 1 to have active contaminants and 0 if no contaminants are desired
track_contaminants 1 
# The number of contaminants to read in
num_contaminants 1
# To identify the contaminants, add an array of space separated contaminant names. 
# Atlantis will search for tracers with these names in the initial conditions file.
# The number after contaminant names is the number of contaminant names to read in - same as other array definitions in the prm files.
contaminant_names 1
Arsenic
# The units of the contaminants. Again entered as a space separated array. 
contaminant_units 1
As/m^3

Reading in Contaminants
Continuing with the Arsenic example, Atlantis will expect the following tracer to be defined in the initial conditions model[footnoteRef:2]: [2:  NB: this needs to be changed to allow for passive and non-passive contaminants. The documentation on the Atlantis wiki will be updated once this change is made. ] 


double Arsenic(t, b, z) ;
  Arsenic:bmtype = "tracer" ;
  Arsenic:units = "As/m^3" ;
  Arsenic:long_name = "Amount of Arsenic" ;
  Arsenic:sumtype = 1 ;
  Arsenic:dtype = 0 ;
  Arsenic:inwc = 0 ;
  Arsenic:insed = 0 ;
  Arsenic:dissol = 0 ;
  Arsenic:decay = 0. ;
  Arsenic:partic = 0 ;
  Arsenic:_FillValue = 0. ;

For each contaminant tracer Atlantis must be provided with a forcing file in netcdf format. These can be all contained in a single netcdf file or with separate files per tracer. The following is an example forcing file in line with our example – the contaminant is for Arsenic in a model, for a model with 2 boxes and 3 water column layers. This example is for a single spill in a single box/layer of the model on the second time step in the file. This assumes the contaminant will be spread around the model using the existing transport model within Atlantis.
netcdf Arsenic_filename {
dimensions:
     t = UNLIMITED ; // (3 currently)
     b = 2 ;
     z = 4 ;
variables:
double t(t) ;
   t:units = "seconds since 1983-01-01 00:00:00 +10" ;
   t:dt = 86400. ;
double Arsenic(t, b, z) ;
  Arsenic:_FillValue = -999. ;
  Arsenic:missing_value = -999. ;
  Arsenic:valid_min = 0. ;
  Arsenic:valid_max = 300. ;
  Arsenic:units = "As/m^3" ;

// global attributes:
   :title = "trivial" ;
   :geometry = "VMPA_setas.bgm" ;
   :parameters = "" ;

data:
 t = 0, 86400, 172800 ;

 Arsenic =
  _, _, _, _,
  _, _, _, _,
 0.1, _, _, _,
  _, _, _, _,
  _, _, _, _, 
  _, _, _, _ ;
}
 
To identify the forcing file enter the following into the force.prm file:

use_force_tracers 1
# The number of tracers to search for in the files and the names of those tracers. 
nforceTracers 1
tracerNames 1
Arsenic
# Now the actual files. Can have more than one tracer in a file.
Arsenic_nFiles 1
Arsenic_File0.name Arsenic_filename.nc
Arsenic_rewind 0

Contaminant Uptake
The groups within Atlantis take up contaminants either through contact, general uptake or through consumption. 
For each group the contaminant option needs to be set. There are currently two options for uptake:
(i) Linear uptake (parameter is in parts/sec):
                       
where  is the uptake rate and C is the ambient contaminant level in the environment.
(ii) Sigmoidal uptake – this is ideal for representing interactions with a toxin that has no effect until a critical concentration is reached
                       
where Cin is the contaminant level within the functional group (i.e. internal level).
Required parameters
The following parameters need to be added to the biology.prm file for each contaminant, for the example this means:
# Half life in seconds[footnoteRef:3].  [3:  We could change this to days if more useful.] 

Arsenic_half_life 259200
# Flag indicating whether the contaminant effect is temperature dependent
Arsenic_temp_depend 0

If there is more than one contaminant in the model then interactions between them should be noted[footnoteRef:4]. [4:   Contact Beth or Bec for information on this if you need it.] 

The following functional group level parameters are also required:
XXX_Arsenic_uptake_option 1
# Uptake rate in mg/m^3 per second. 
XXX_Arsenic_uptake_rate 5e-07
# Instantaneous contact mortality rate. 
XXX_Arsenic_ InstantDoseMortality 0.01
# The number of seconds that it takes to kill of 50% of the population. 
XXX_Arsenic_TimeToLD50 100
# The concentration that will kill 50% of the population. 
XXX_Arsenic_LD50 100
# The concentration that will kill 100% of the population. 
XXX_Arsenic_LD100 1000
# The concentration where chronic effects persist. 
XXX_Arsenic_LDChronic 500
# Slope of the internal LDC relationship. 
XXX_Arsenic_LDslope 1.0
# First constant used in piecewise interpolation of mortality effects across multiple contaminants. 
XXX_Arsenic_Cx 2.0
# Second constant used in piecewise interpolation of mortality effects across multiple contaminants. 
XXX_Arsenic_Cy 2.0
# The minimum of the growth effects curve if the logistic effects curve is used. 
XXX_Arsenic_spL 0.2
# The curve of the growth effects curve if the logistic effects curve is used. 
XXX_Arsenic_spA 1.2
# The midpoint of the growth effects curve if the logistic effects curve is used. 
XXX_Arsenic_spB 25
# The tissue contaminant level at which growth effects manifest if using the InVitro growth effects model. 
XXX_Arsenic_ GrowthThresh 20
# Exponent used in the InVitro growth effects model for primary producers and microfauna. 
XXX_Arsenic_EC50 250
# Slope of the InVitro growth effects model for primary producers and microfauna.  
XXX_Arsenic_ECslope 2.0
# The size of the growth effect (as a scalar) on consumers if using the InVitro growth effects model. 
XXX_Arsenic_GrowthEffect 0.9
# Effect on movement (as a scalar) 
XXX_Arsenic_MoveEffect 0.95
# Effect on reproduction (as a scalar) 
XXX_Arsenic_ReprodEffect 0.7
# The scalar used to represent the generic effects of contaminants on other physiological parameters.
XXX_Arsenic_sp_ContamScalar 1.1

Output file modifications 
Spatial mortalities: The total and specific mortality (predation, natural & fishing) per box is recorded in MORT.nc. 
Mortality per predation with prey stages separated: An index of the age specific mortality for each group can be found in SpecificMort.txt and an age specific index of predation pressure in SpecificPredMort.txt. This will allow for an assessment of the relative impact of predation on salmon at different life history stages. It will also allow the calculation of the trophic level of each functional groups with more accuracy. This is not a perfect mortality estimate yet, but it will be updated in the near future, you will be advised as soon as this is done.
Uniform units for dietcheck matrix. The DietCheck.txt provides the diet composition for each age class of each group. These are proportional compositions so that the entire row sums to 1. This allows for the importance of each functional group in the diet to be evaluated. It is also useful for calculating trophic levels of the groups in the model.
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For further information
CSIRO Oceans & Atmosphere
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all Australians and the world. 
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