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Introduction

This Excel/VBA program is a generalized modeling framework based on the model theory of Arnot and Gobas (2004). The present version builds on the model application that was developed by Condon (2007) for the Strait of Georgia, British Columbia. The present version is a generalized framework with the goal that the user is not required to do any editing of the VBA code or any spreadsheet formulas to adapt the model to different waterbodies with different food webs with more or fewer species in any trophic level.

In addition to making the program generalized, the following new features are included:

- calculation of goodness of fit with different methods including the ratio of max(pred, obs)/min(pred, obs), chi-square, and relative difference. Calculation of 'model bias' as defined in Arnot and Gobas (2004) is also included.

-  comparison of predicted and observed concentrations (wet weight, lipid-normalized, and carbon-normalized), including calculation of predicted values for the sum of all congeners, and the sum of only the observed congeners for better matching of predicted and observed data where the observed data are from a subset of all of the congeners that are being simulated.

- input of water column total concentrations for use with eqn 2 and 4 of Arnot and Gobas (2004) as an option to Colm's default method of estimating water column dissolved concentration as a function of the sediment concentration.

- calculation of the bio-accumulation factor (BAF) as ng/g wet weight in biota per ng/mL water column total concentration, as well as biota-sediment accumulation factor (BSAF) as ng/g wet weight in biota per ng/g dry weight in sediment and .

- automatic creation of charts of the comparisons of predicted and observed concentrations (wet weight, lipid-normalized, and carbon-normalized), BAF, and BSAF (wet weight and carbon-normalized) for all observed data.

- an optional genetic algorithm to automatically find the optimum values of parameters to provide the best possible goodness of fit. An example application of the genetic algorithm is set up and described in the 'pikaia' sheet to find optimal dietary uptake efficiencies of lipids and non-lipid organic matter.

The computer code used to implement the calculations for the food web bioaccumulation model is written in Visual Basic for Applications (VBA). Excel worksheets serve as the user interface for entering input data and viewing output results.

For the macros to run properly, the macro security settings in Excel should be set to low or medium. To check the macro security settings use the Excel menu Tools>Macro>Security and select low or medium security. This version was written in Excel 2003 (Excel version 11.0) and may not be compatible with some earlier versions of Excel.

Colors of worksheet cells are used to signify whether information is to be input by the user or output by the program:

· Pale Blue designates variable and parameter values that are to be entered by the user.

· Pale Yellow designates data that the user enters. These data are then displayed on graphs generated by foodweb.xls for comparison with predicted values and also for calculation of goodness-of-fit statistics.

· Pale Green designates output values generated by foodweb.xls.

· Dark solid colors are used for labels and should not be changed.

Each worksheet has a button that is labeled “Run the model” as shown in Figure 1. Clicking on this button from any worksheet will run the model. When the model runs, it reads the input values that are entered in the blue cells from the input sheets and stores the model results in the green cells in the output sheets. Input worksheets are color-coded with light blue tabs, observed data worksheets are color-coded with yellow tabs, output worksheets are color-coded with green tabs, and charts of model predictions are color-coded with dark blue tabs.

Detailed instructions or information about required inputs in the input worksheets are provided with Excel comments, indicated by red triangles in the upper right corner of the worksheet cells (Figure 2). To view the comments in Excel, hover the cursor over the cell with the comment indicator.
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Figure 1. The ‘main’ input worksheet in foodweb.xls
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Figure 2. An example of a comment to explain an input value in the ‘gen_bio_pars’ input worksheet in foodweb.xls

The following worksheets are inputs, observed data, and outputs:

· Input worksheets

· Main – general model control

· Gen_bio_pars – general biological parameters

· Ocean_bars – environmental parameters

· Conc_data – constituent concentration data for boundary conditions (sediment, water, and immigrant organisms)

· Props – chemical properties of congeners

· Plant_pars – plant parameters

· Invert_pars – invertebrate parameters

· Fish_pars – fish parameters

· Bird_pars – bird parameters

· Mammal_pars – mammal parameters

· Foodweb – feeding relationships between predators and prey

· Observed data worksheets

· Obs_conc – observed concentrations in biota (ng/g wet weight), sediment (ng/g dry weight), water (ng/mL), and air (ng/mL)

· Obs_lnconc – observed lipid-normalized concentrations (ng/g lipid)

· Obs_cnconc – observed carbon-normalized concentrations (ng/g carbon)

· Obs_baf – observed bioaccumulation factors (ng/g wet weight in biota per ng/mL water column total concentration)

· Obs_bsaf – observed biota-sediment accumulation factors (ng/g wet weight in biota per ng/g dry weight sediment)

· Obs_bsafc – observed carbon-normalized biota-sediment accumulation factors (ng/g carbon in biota per ng/g carbon in sediment)

· Output worksheets

· Pred_conc – predicted concentrations in biota (ng/g wet weight), sediment (ng/g dry weight), water (ng/mL), and air (ng/mL)

· Pred_lnconc – predicted lipid-normalized concentrations (ng/g lipid)

· Pred_cnconc – predicted carbon-normalized concentrations (ng/g carbon)

· Pred_baf – predicted bioaccumulation factors (ng/g wet weight in biota per ng/mL water column total concentration)

· Pred_bsaf – predicted biota-sediment accumulation factors (ng/g wet weight in biota per ng/g dry weight in sediment)

· Pred_bsafc – predicted carbon-normalized biota-sediment accumulation factors (ng/g carbon in biota per ng/g carbon in sediment)

· Fit_conc – goodness of fit values comparing observed and predicted concentrations in biota and abiotic media

· Fit_lnconc – goodness of fit values comparing observed and predicted concentrations in lipid-normalized biota

· Fit_cnconc – goodness of fit values comparing observed and predicted concentrations in carbon-normalized biota

· Fit_baf – goodness of fit values comparing observed and predicted bioaccumulation factors

· Fit_bsaf – goodness of fit values comparing observed and predicted biota-sediment accumulation factors

· Fit_bsafc – goodness of fit values comparing observed and predicted carbon-normalized biota-sediment accumulation factors

· Sorted_results – predicted biota concentrations (wet weight, lipid-normalized, and carbon-normalized), BAF, and BSAF  (wet weight and carbon-normalized) sorted by concentration and also showing the model bias compared with observed data

· Charts of predictions and comparisons with observed data

· Chart_sort_conc (all) – comparison of predicted and observed concentrations (ng/g wet weight) for sums of all congeners

· Chart_sort_conc (obs) – comparison of predicted and observed concentrations (ng/g wet weight) for sums of congeners with observed data

· Chart_sort_lnconc (all) – comparison of predicted and observed lipid- normalized concentrations (ng/g lipid) for sums of all congeners

· Chart_sort_lnconc (obs) – comparison of predicted and observed lipid-normalized concentrations (ng/g lipid) for sums of congeners with observed data

· Chart_sort_cnconc (all) – comparison of predicted and observed carbon- normalized concentrations (ng/g carbon) for sums of all congeners

· Chart_sort_cnconc (obs) – comparison of predicted and observed carbon-normalized concentrations (ng/g carbon) for sums of congeners with observed data

· Chart_sort_baf (all) – comparison of predicted and observed BAF (ng/g wet weight in biota per ng/mL in water column) for sums of all congeners

· Chart_sort_baf (obs) – comparison of predicted and observed BAF (ng/g wet weight in biota per ng/mL in water column) for sums of congeners with observed data

· Chart_sort_bsaf (all) – comparison of predicted and observed BSAF (ng/g wet weight in biota per ng/g dry weight in sediment) for sums of all congeners

· Chart_sort_bsaf (obs) – comparison of predicted and observed BSAF  (ng/g wet weight in biota per ng/g dry weight in sediment)for sums of congeners with observed data

· Chart_sort_bsafc (all) – comparison of predicted and observed carbon-normalized BSAF (ng/g carbon in biota per ng/g carbon in sediment) for sums of all congeners

· Chart_sort_bsafc (obs) – comparison of predicted and observed carbon-normalized BSAF  (ng/g carbon in biota per ng/g carbon in sediment) for sums of congeners with observed data

· Chart_conc (i) – comparison of observed and predicted concentrations (ng/g wet weight) for each congener in each organism (i) with observed data

User instructions

The required inputs are in the light-blue colored cells in the sheets with light blue tabs. The model outputs are in the light-green colored cells. Observed data are entered in sheets with yellow tabs in yellow cells. In some cases, some output cells (light green cells) may be present in sheets for input data or observed data. 

Charts of predicted and observed bio-accumulation factors (BAF defined as ng/g wet weight in biota per ng/mL water concentration total) and biota-sediment accumulation factor (BSAF defined as ng/g wet weight in biota per ng/g dry weight in sediment) are in the sheets with dark blue tabs.

Optional scratch sheets and cells for intermediate calculations by the user are shown with gray color cells or tabs. The user may add as many sheets as needed for any additional calculations (e.g. to derive the required inputs, calculate goodness of fit, etc.). Data below or to the right of the colored cell areas are scratch data or extra notes that are not required to run the program.

Do not insert or delete any rows or columns in, above, or to the left of the colored ranges of any sheets with light blue or light green tabs except where noted (the foodweb sheet).

Do not change the names of any of the input/output sheets with tabs that are colored light blue or light green.

To run the model, click on the button named "Run the model" after entering all of the required inputs in the light blue cells.

Genetic algorithm

A genetic algorithm is also provided in the sheet named pikaia (light orange tabs). The use of the genetic algorithm is not required to run the food web bioaccumulation model. The genetic algorithm is provided as an optional tool for the user. The genetic algorithm may be configured by the user to automatically optimize rate parameters instead of manual adjustment of rate parameters to improve the goodness of fit. Instructions for use of the pikaia genetic are provided in the cell comments and at the bottom of the pikaia sheet. The pikaia genetic algorithm is set up to optimize for the dietary absorption efficiency of lipids and non-lipid organic material as an example to illustrate how it can be integrated with the food web model to find the optimum values for any input parameters. 

The genetic algorithm is set up to find the optimum values of the dietary absorption efficiencies of lipids and non-lipid organic matter. When the user clicks on the 'run pikaia' button, the genetic algorithm will attempt to solve for a set of parameter values that will result in the closest possible match between predicted and observed BSAF by maximizing the reciprocal of the geometric mean over all biota of the ratios of max(BSAFpred, BSAFobs) to min(BSAFpred, BSAFobs), where BSAFpred is the predicted BSAF for the sum all measured congeners, and BSAFobs is the observed BSAF for the sum all measured congeners. The reciprocal is used for the fitness function in this example because the genetic algorithm maximizes the fitness value. The notes below provide more information on how to use the genetic algorithm in general.
The following steps are a quick guide to the general use the pikaia genetic algorithm with the food web bioaccumulation model:

1) Select the parameters to optimize and input the parameter ranges. Decide which model parameters that you want to optimize. Enter the parameter names and the possible minimum and maximum values in rows 20-22 of this pikaia sheet starting in column B. For example, if the dietary absorption efficiency of lipids for zooplanktion is the first parameter being optimized, and the optimum value is between 0.5 and 1, then enter 0.5 and 1 in cells B21 and B22.

2) Create a fitness function. Calculate a goodness-of-fit statistic (fitness) for the model results. Enter a reference to where the fitness value is calculated in cell B26 if this pikaia sheet. The only requirement for the fitness function is that it must increase as the goodness-of-fit improves. In this example, the equation "=1/fit_conc!AP50" is entered in cell B26 to use the reciprocal of the geometric mean over all biota of the ratios of max(BSAFpred, BSAFobs) to min(BSAFpred, BSAFobs), where BSAFpred is the predicted BSAF for the sum all measured congeners, and BSAFobs is the observed BSAF for the sum all measured congeners.

3) Link the required model inputs to the pikaia optimum values using cell references. Enter cell references in the required input cells of the food web model input sheets. The input cells for the parameters being optimized must refer the the output solution from the pikaia genetic algorithm. For example, if the dietary absorption efficiency of lipids for zooplanktion is the first parameter being optimized, then pikaia will write the optimum value in cell B31 of the pikaia sheet, and the formula "=pikaia!B31" should be enetered in cell E13 of the gen_bio_pars sheet.

4) Set the general control parameters for pikaia. The default controls in cell B5-B16 will be adequate in most cases. The number of generations (cell B7) may be increased to 100 if the fitness is still improving after 50 generations. A different random seed (cell B5) can be used to find a different optimum solution. 

 5) Run the genetic algorithm by clicking on the 'run pikaia' button. The program may take several hours to run depending on the speed of your computer and number of individuals in the polulation (cell B6) and the number of generations (cell B7). After the program is finished, the food web model will be calculated with the final optimum set of parameters. The improvement in the goodness-of-fit during the evolution may be inspected in the 'output generations' sheet (filter by rank, with rank=1 representing the parameter set with the best fit for each generation).
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