Parameterizing Atlantis ecology

Parameterizing biology and ecology files
Parameterizing the biology and ecology mainly involves setting up the biology prm file and the biology .nc file. The nc file is derived by ‘packing’ a .cdf file.  
Parameterizing the biology .cdf file (initial conditions): 

See Appendix C for a generic description of .cdf file format.  

The CDF format (and its packed version, the .NC file) are inherited from oceanographers.  

In general, the files contain 3-dimensional variables that are structured (t,b,z), meaning (time, numberOfBoxes, numberOfDepthLayers).  For initial conditions files (like a biology.cdf file), we only have one time step, so the matrices simplify to just (b,z). 

It is useful to remember that Atlantis has age structured vertebrates that have time-varying weight-at-age, but just biomass pools of invertebrates. Therefore the biology.cdf file must specify these things: 

1. Concentration (mg N/m^3) of invertebrates and nutrients

2. Numbers-at-age for vertebrates (# individuals per age class per box)

3. Reserve (meat+gonad) weight-at-age for vertebrates (mg N/individual)

4. Structural (bone) weight-at-age for vertebrates   (mg N/individual)

At the top, the biology .cdf file contains headers, where you declare the variable.  For instance, to declare Diatom concentration: 

double Diatom_N(t, b, z) ;



Diatom_N:bmtype = "tracer" ;



Diatom_N:units = "mg N m-3" ;



Diatom_N:long_name = "Diatom Nitrogen" ;



Diatom_N:dtype = 0 ;



Diatom_N:sumtype = 1 ;



Diatom_N:inwc = 1 ;



Diatom_N:insed = 1 ;



Diatom_N:dissol = 0 ;



Diatom_N:decay = 0. ;



Diatom_N:partic = 1 ;



Diatom_N:passive = 1 ;



Diatom_N:svel = -1.0e-007 ;



Diatom_N:xvel = 0. ;



Diatom_N:psize = 1.e-005 ;



Diatom_N:b_dens = 1000000000. ;



Diatom_N:i_conc = 200000000. ;



Diatom_N:f_conc = 200000000. ;



Diatom_N:_FillValue = 0.05 ;

Much farther down in the file, there is the data associated with this variable: 

Diatom_N =

0.028, 0.107, 0.549, 17.216, _, _, _, 0,

2.625, _, _, _, _, _, _, 0,

3.045, _, _, _, _, _, _, 0,

… total matrix has dimension (b,z)

The headers specify a default FillValue for each variable, which will be applied any place in the data matrix where there is an underscore ( _ ). 

Generally it is easiest to handle each of the key components in this way: 

1. Concentration of invertebrates and nutrients ( Specify values in data matrix

2. Numbers-at-age for vertebrates ( Specify values in data matrix

3. Reserve weight-at-age for vertebrates ( Specify as fill value in header; leave as _ in data matrix. 

4. Structural weight-at-age for vertebrates( Specify as fill value in header; leave as _ in data matrix. 

Examples of #3 and #4 from the headers are: 

      Planktiv_O_Fish10_StructN:_FillValue = 8203.985119 ;

Planktiv_O_Fish10_ResN:_FillValue = 3925.659316 ;

For the California Current model, these values come from weight-at-age from von Bertalanffy growth parameters, converted to nitrogen-weight-at-age (see “Biological Parameter Conversions” below). 

If you have specified FillValues for StructN and ResN in the header, you can leave them blank in the data, to accept these fill values. For example:  
Planktiv_O_Fish10_ResN =

_, _, _, _, _, _, _, _,

_, _, _, _, _, _, _, _,

_, _, _, _, _, _, _, _,

etc.

 Abundance per area (# 2 above) is derived from surveys or assessments. The format for it is as follows, for example for age class 1 of planktivorous fish:  

Planktiv_O_Fish1_Nums =

0,0,0,0,0,0,0,0,

0,0,0,0,0,0,0,0,

18904,0,0,0,0,0,0,0,

250395,0,0,0,0,0,0,0,

7860,0,0,0,0,0,0,0,

etc., with 1 row for each 2D box.

;

The matrix has # of columns equal to maximum # of depth layers + 1 (sediment). The 1st entry in each row is the deepest water column layer, with subsequent entries moving up through the water column. Nearshore boxes will have some entries (in the middle of a row) that will necessarily be 0, since the full number of depth layers don’t exist nearshore. The last entry is always the sediment. Each row corresponds to a 2 dimensional ‘box’, for instance the colored boxes in Figure 1.  The resulting matrix therefore has as many rows as the  # of boxes in figure 1. The boxes follow the same numbering as in the .bgm box geometry file. 

For vertebrates, total Nitrogen can be left blank, because Atlantis will calculate it based on the numbers and reserve N and structural N that you’ve specified. For instance: 

Planktiv_O_Fish_N =

_, _, _, _, _, _, _, _,

_, _, _, _, _, _, _, _,

_, _, _, _, _, _, _, _,

etc.

For invertebrates, you must specify total nitrogen per box. For 3D invertebrates, the matrix entries have the same dimensions as shown above for vertebrate numbers-per-box. 
One weird quirk: Two dimensional benthos have only one entry per 2 dimensional box. An example is for shallow filter feeders’ total nitrogen (mg N/m^2), for the California Current model with 62 boxes: 

Filter_Shallow_N =

   0.00, 0.5 , 0.5 , 0.5 , 0.5 , 0.5 , 0.5 , 0.5 , 0.00, 0.05, 0.05, 0.05, 0.05, 0.05, 0.05, 0.05, 0.05, 0.05, 0.05, 0.05, 0.05, 0.05, 0.05, 0.00, 0.05, 0.05, 0.05,

   0.05, 0.05, 0.05, 0.05, 0.00, 0.05, 0.05, 0.05, 0.05, 0.05, 0.05, 0.05, 0.0, 0.05, 0.05, 0.05, 0.05, 0.05, 0.05, 0.05, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.5 , 0.05, 0.05, 0.05, 0.05, 0.05, 0.00;
There is one entry for each of the 62 boxes.

Parameterizing the biology .prm file:

Here I focus on a few key parameters from the biology prm file. GroupName means any species code (like FPL, FPS, etc.), VertName means any vertebrate, InvertName means any invertebrate.  There are many, many parameter entries in the prm file, but typically you can ignore many of them because they are for unused options (such as Holling type III, while we use Holling type II functional response).  Below are the most important parameters to get the biology running. In general, these are dynamics parameters that you would expect to enter into any ecosystem model:  growth rates, consumption rate, diet composition, ‘additional’ mortality, recruitment, and migration parameters. 
flagGroupName – turns groups on or off. 

GroupName_ddepend_move  0    flag to specify whether you want density dependent movement

mum_XX  maximum consumption rates. This is proportional to the asymptote of the predation functional response. 

 Invertebrates have 1 entry, while vertebrates have 10 (1 per age class). Invertebrates must use units of mg N/m^3/day. 

For vertebrates, there are two options for units:  A) consumption per day, relative to biomass, or B) consumption in terms of mg N/day/individual.  Flagfishrates toggles between the two choices of units. 

For option A, consumption per day relative to biomass can be derived from Ecopath QB parameters, converting to a daily rate and multiplying by a factor like 1.2 to account for the fact that Atlantis uses this as a maximum.  However, it is more common to use option B, consumption in terms of mg N/day/individual. For the California Current model, we estimated this by calculating daily growth (in mg N/day/individual) from the von Bertalanffy and length-weight equations. We then assumed that consumption up till the age-at-maturity was 10x growth (i.e. the conversion efficiency was 0.10). After the age-at-maturity we assumed that consumption scaled to the 3/4 power of body weight, as body weight increased above weight-at-maturity.  

c_GroupName  -- a shape parameter for the functional response. Invertebrates have 1 entry, while vertebrates have 10 (1 per age class). Invertebrates must use units of mg N/m^3/day. 

mL_GroupName    ‘unexplained’ linear mortality. A tuning parameter. 

mQ_XX   ‘unexplained’ quadratic mortality (density dependent). A tuning parameter. 

pPREY1GroupName1    diet or predator-prey interaction terms, for juvenile consumption of juveniles. It’s easiest to change these in the diets.xls spreadsheet, then paste them in to the biology prm.   Values of 0 mean no consumption of that prey by that predator. We generally start with 0.01 for a strong interaction and 0.001 for a weak interaction, and calibrate from there. However, Jason Link and Robert Gamble have a new tool for estimating these from diet data. 
Each of these variables is  vector that is 1 row x NumberOfGroupsInModel. 
pPREY2GroupName1 – same as above, but for juvenile consumption of adults
pPREY1GroupName2 - same as above, but for adult consumption of juveniles
pPREY2GroupName2 - same as above, but for adult consumption of adults
p_InvertNameVertName    interaction (diet) parameters  for vertebrate predation  on invertebrates. Per age class of vertebrates. These generally must be low, near 0.0001, because there is no gape limitation in these cases. 

BHalphaVertName  and BHbetaVertName --

 Beverton Holt alpha and beta parameters in recruitment. Alpha represents the maximum number of recruits produced (number of indivuals), and Beta represents the spawning stock biomass at which recruitment is ½ maximum (measured in mg N). Here we use the ecological definition of recruits:  fish that are approximately 30-180 days old and have settled out of the plankton and begun feeding.   Alpha can generally be taken from stock assessments, which report Ro. Beta can be calculated if you know alpha and assume a steepness appropriate for that group. To convert between steepness and beta, see for example: http://www.fish.washington.edu/research/coleraine/coleraine.pdf  ( page 4. 

Flagfishrates     specifies whether vertebrate mum_ and c_ are relative rates (growth rate per day, as a proportion of weight) , or  absolute (mg N/day). 

FGroupName_S1  , FGroupName_S2,   _S3, _S4 :  These are the spatial distribution of  each species, per season (season 1-4). Values in the vectors represent proportion of the population in each box.  Typically this comes from trawl survey data, or some knowledge of the areas (2D boxes) where the creatures spend their time.  By using different values for each season you can simulate seasonal movement patterns  *within* the model region. 

Dimensions: 1 row x numberOfBoxesInModel. (e.g. 1x 62 for EMOCC). 

Vertday , vertnight  : these are the vertical distribution of the species, in terms of proportion in each of the depth layers.  You specify this here as if the creature lived in the areas farthest offshore, where you have the maximum number of depth layers present.  The flag flagdemGroupname denotes whether this species is a demersal or pelagic species, and adjusts the vertical distribution accordingly in cases where there are less than the maximum number of depth layers present (in other words, when you are close to shore). 

Dimensions: 1 row x numberOf WaterColumnDepthLayers. 
GroupName_habdepend – a flag stating whether presence of any species is linked to presence of a geologic or biogenic habitat type. 

Habitat_GroupName – specifies which geologic or biogenic habitat type each species is dependent on. 

Dimensions: 1 x numberOfPossibleHabTypes   

Migrate_Time    -  day on which species leave the model if they migrate. Enter multiple values if the species does multiple migrations per year. 

Migrate_Return  -- day on which species re-enters the model if they migrate. Enter multiple values if the species does multiple migrations per year. 

Migrate_Period – length of time over which the species leave and enter the system. This just allows the migrations to occur over a couple weeks or month, instead of happending instantaneously. 

FSMG- proportional growth in weight of individuals while they are outside the model region, if they migrate 

KMiga_GroupName, KMiga_GroupNamern, KMiga_GroupNamesn :  The  numbers at age, reserve N at age, and structural N of age of each functional group that begins the model run (day 0) outside the model domain. 
KWRR, KWSR: The weight of individual recruits of each functional group. Units are mg structural nitrogen (SR) and mg reserve nitrogen (RR). 

Biological Parameter Conversions:

Atlantis uses nitrogen as a currency for all biological groups. In setting up the initial conditions for the simulation, we assume the following for all living groups: 

Wet weight(mg)/20 = carbon weight

Carbon weight./5.7 = Ash Free Dry Weight

AFDW/3.65 =  Structural Weight

(S.W.)(2.65) = Reserve Weight

