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HOW THE DSS WORKS* 

1. Start running 70 simulations (RunSimulations) 

1.1. Start a single simulation (RunModel_Main) 

1.1.1. Initialize files (InitFiles) 

1.1.2. Initialize the World (InitWorld) 

1.1.2.1. Create the World (CreateTerritoryGrid) 

1.1.2.2. Store the Grid in Memory (ExpandDSS) 

1.1.2.3. If evaluating landscape polygons (RetrieveLandscapeEvaluationPolygons) 

1.1.2.3.1. Initiate Search for landscape polygons (GetLandscapePolygonsToEvaluate) 

1.1.2.3.1.1. Evaluation each specific landscape polygon (EvaluateLandscapePolygon) 

1.1.2.4. Prepare for landscape evaluation (ProcessLandscapeGroupings) 

1.1.2.4.1. Evaluation each specific polygon (EvaluateLandscapePolygon) 

1.1.2.5. Identify habitat polygons (IdentifyHabitatPolygons) 

1.1.2.5.1. Evaluate each polygon (EvaluateNestingForagingHabitatPotential) 

1.1.3. Initialize Scenario (Init)  

1.1.4. Initialize internal variables (InitVariables) 

1.1.4.1. Create a gap layer and process recruitment clusters (InitEvents) 

1.1.4.1.1. Process recruitment clusters (ReadRecruitCentersFromLayer) 

1.1.4.1.2. Create a gap layer (CreateGapLayer)  

1.1.4.1.2.1. Generate one attribute from age and type (CompileAgeTypeInfo) 

1.1.4.1.2.2. Extract the Raster from the shapefile (ExtractRasterGapData) 

1.1.5. Initialize population (InitPopulation) *** Stopped here information 

1.1.6. Initialize fecundity (InitFecundity) 

1.1.7. Start the Simulation (TimeStep)  

1.1.7.1. Breed 

1.1.7.1.1. Calculate birth rates (Fecundity) 

1.1.7.2. Introduce Recruitment Clusters (IntroduceRecruitmentClustersForYear) 

1.1.7.2.1. Verify sufficient nesting and foraging habitat (VerifyNFH) 

1.1.7.2.2. Add Territory if location is appropriate (AddTerritory) 

1.1.7.3. Males search the landscape as necessary (SearchMale) 

1.1.7.4. Females search the landscape as necessary (SearchFemale) 

1.1.7.4.1. Females use the new search routine (RadialSearchOnGrid) 

1.1.7.5. Calculate any budding for that year (CheckBudding) 

1.1.7.5.1. Prepare to add any buds (AddBuds) 

1.1.7.5.1.1. Each bud must have appropriate NFH (VerifyNFH) 

1.1.7.5.1.1.1. Find bud neighbors (GetIDsAlongPerimeter) 

1.1.7.5.1.1.1.1. New territory shape is Thiessen (AdjustTerritoryShape) 

1.1.7.5.1.1.2. Evaluate location for suitability (IsGoodPlacement) 

1.1.7.5.1.2. Add the suitable territory to the model (AddTerritory) 

1.1.7.5.1.2.1. Add suitable territory to the grid (ReplaceTerritory) 

1.1.7.5.1.2.2. Establish neighbors that are helpers that could compete for territory (SetHelpersForBudding) 

1.1.7.6. Males fight to occupy an empty territory (ReplaceBreeder) 

1.2. Summarize output data 
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AddBuds* 

 Iterate over all the territories. Assume each territory is eligible to bud unless there are no birds in the territory or the territory has 

been completely abandoned. All territories that are eligible to bud are randomized. 

 Each eligible territory center (ETC) is then processed.  

1. Retrieve an ETC and move a test point around in a donut from 600 meters to 1 km.  

 
2.  If the test point is within the extent of the territory grid and does not lie in an existing territory, then it becomes the 

proposed new territory (PNT). 
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a. Move around 2 circles with PNT as center (300 and 500 meters).  If no territories on the minimum radius and ETC on 

the max radius, then have a good location. By proxy, PNT is sufficiently far away from parent and other territories. 

5ƻƴΩǘ ƴŜŜŘ ǘƻ ǇǊƻŎŜǎǎ ŀƴȅ ƳƻǊŜ test points. 
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 Each PNT within a good location is sent to VerifyNFH to ensure enough NFH. If it passes this verification, it is sent to AddTerritory 

to be officially added to the model. 

AddTerritory * 

This code is called to add either a bud or a recruitment cluster. Because of this, buds go through a bit of a 
redundant verification process.  

 For each proposed new territory (PNT) that was determined to have a good location, find out if the new territory is too close.   It 

is too close if the distance between the PNT center and the center of any occupied territory is less than 400 meters. LŦ ƛǘΩǎ ƴƻǘ ǘƻƻ 

close, then simply add it to the data structures and the grid (ReplaceTerritory). If it is a bud, then call SetHelpersForBudding. Setting 

the helpers for budding is used in CheckBudding. 

AdjustTerritoryShape * 

 Take the proposed new territory (PNT) and intersect it with each buffered territory center. Get the line of intersection. Cut the 

PNT with the cutline and determine which side the PNT center belongs on. This shape replaces the PNT shape and it does the same 

thing again with a new buffered territory center. This creates a Thiessen polygon. 

Breed * 

This gets called when season = 1. Randomize all territories. Avoid incest. Calculate Fecundity. Based on the number of fledges 

produced in the Fecundity routine, determine gender and, if male, status class. 

CheckBudding*  

Determine how many buds to add based on number of occupied territories (from TotalOccupied, set in 
TimeStep) and the budding rate (from BudRate, set in In itEvents). 
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 Calculate the number of buds for this season ((BudRate / 100) * TotalOccupied) / 4 

 Call AddBuds sending in the number of buds to add and the current year. 

CompileAgeTypeInfo* 

 In the extracted gap shapefile, add a field to store the combined attributes of age and type. Select all features that are gaps by 

type only or via landscape evaluation and assign them a value that defines άalways a gapέ. Then select all features that are only gaps 

because their age might make them so at some point in the model (therefore type would be NFH). The value of the attribute here is 

the age of the polygon. Store these values in the field that was added to the shapefile at the beginning of the routine. 

CreateGapLayer 

This procedure is called once, and then for each landscape evaluation, if that option is selected.   

Creating a gap layer is a multi-step process. First, all features are selected that are (based on type and landscape evaluation 

option) or could be (based on age) a gap. All of these features are exported to their own shapefile. Now, polygons can be a gap based 

on three attributes, type, age, and landscape evaluation group, but grids only store one attribute. Therefore, this layer is sent to 

CompileAgeTypeInfo to create one attribute that stores all three bits of information. Afterwards, send this layer to 

ExtractRasterGapData to create the grid. The intermediate layers are deleted from the map and the hard drive once the process is 

complete.  

Go back 

CreateTerritoryGrid  

 Buffer each territory by 500 meters to create a circle.  Intersect each circle to create Thiessen polygons.  Rasterize the polygon 

layer. 

Go back 

EvaluateLandscapePolygon 

 The polygon has to meet the minimum criteria in order to be considered for landscape evaluation. If it does not meet the 

minimum, then it is always a gap, therefore removing it from the model will have no effect. Critera #1 - Has to be greater than or 

equal to the minimum stand score, if that criteria is being used. Criteria #2 - Has to be able to reach proper age at some point during 

the model run. If it fails these criteria, then it will always be a gap. Since it will always be a gap, there will be no impact on removing 

it from the model. So, it is not included in the landscape evaluation. 

Go back 

EvaluateNestingForagingHabitatPotential  

The habitat is evaluated for the following criteria: 

1.  The habitat polygon must be the correct type (Good NFH) 

2. The habitat polygon must meet the Minimum Stand Score (if the model is incorporating this criteria) 

3. The habitat polygon must be able to reach the Minimum Age For NFH at some point in the model. 
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If it meets the above criteria, its site index is added to the running total and the polygon is added to the appropriate data 

structure for use in the model as potential NFH. 

Go back 

ExpandDSS 

 Grab the grid data source and store it as a 2D array in memory.  

Go back 

ExtractRasterGapData 

 Converts all features to raster. Extracts the grid to store in memory. Deletes the intermediate raster data from the hard drive. 

Go back 

Fecundity 

Using a Two-stage model. Using coefficients, calculate chance of nest failure. Use a random process to see if the nest fails.  The 

number of helpers and breeders increase the chance for a nest to produce fledges. This determines the number successfully born to a 

nest. 

GetIDsAlongPerimeter* 

  For each vertex that makes up the proposed new territory (PNT) buffered polygon, determine if that point lies in an already 

existing territory in the grid.   If it does, get the existing territory center (ETC) and calculate the distance between the PNT and the 

ETC. If the distance is acceptable (<= 1600 meters)Σ ŀƴŘ ƛǘ ƘŀǎƴΩǘ ŀƭǊŜŀŘȅ ōŜŜƴ ŜƴŎƻǳƴǘŜǊŜŘ, then it is added to the collection as a 

polygon with a radius of 800 meters. Acceptable distances mean that the polygon is close enough to affect the shape of the PNT. 

GetLandscapePolygonsToEvaluate 

 Using the where clause sent in as a parameter to the routine, select all features and send them to EvaluateLandscapePolygon 

Go back 

IdentifyHabitatPolygons  

 Gets each feature from the habitat layer and sends it to EvaluateNestingForagingHabitatPotential.  

Go back 

Init  

 Initialize variables stored within the class, clsScenario.  

Go back 

InitEvents  
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Calls ReadRecruitCentersFromLayer, if recruitment clusters are being evaluated. 

Calls CreateGapLayer. 

Go back 

InitFecundity  

Initializes all of the fecundity values based on the demographic model chosen. 

Go Back 

InitFiles  

Create a temporary point layer to store information about Initial Cluster Abandonment. Note: There are several files used to 

store and compile information about Initial Cluster Abandonment because the data can be considered in two ways, looking at specific 

cluster abandonment, and average cluster abandonment during a simulation. Non-shapefiles are stored as DBFs. 

Go Back 

InitPopulation  

Here the territories are assigned their initial population and an initial count of the birds is conducted. 

Check to see if using a default initial population or a custom initial population file. Based on the appropriate population model, 

create initial birds. Use the Age Distribution Matrix to determine an age for the initial bird. 

Go back 

InitVariables  

 Initializes search ranges and mortality. Calls InitEvents, InitPopulation, and InitFecundity. Once all the variables are initialized, 

call TimeStep to begin the actual model. 

Go back 

InitWorld  

 Goes into the initial territory layer and gets all of the features in the territory layer. Stores this data into the data structures 

within the model. Also, converts those features into a Thiessen polygon grid layer, TGrid on the hard drive (CreateTerritoryGrid). This 

grid information is extracted and stored as a two-dimensional grid in memory (ExpandDSS). It establishes if a territory is initially 

occupied based on the feature layer attribute, Occupied, and compiles information about migration tracking if that option is enabled.    

 The habitat landscape is divided into quadrants to speed up processing.  This is only done once. 

 If the model is to conduct landscape evaluation, then the landscape polygons are extracted 

(RetrieveLandscapeEvaluationPolygons) and grouped (ProcessLandscapeGroupings). All features are stored with the group attribute 

name for removal from the model at the appropriate time. 

 Next step is to call IdentifyHabitatPolygons to evaluate each polygon feature for nesting and foraging habitat.    
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Go back 

IntroduceRecruitmentClustersForYear  

When each recruitment cluster is added to the model at the appropriate year, it is evaluated for sufficient nesting and foraging 

habitat (VerifyNFH). If it is determined that the location provides insufficient NFH, the event is logged and the recruitment cluster is 

not added to the model. If there is sufficient NFH, then a call to AddTerritory is made. This call is also made before entering the 

TimeStep year loop for situations where the model is to start with active recruitment clusters. 

IsGoodPlacement 

Not a perfect assessment if input geometries are bad. Overlapped areas could be counted twice. 

 Given a proposed new territory (PNT) shape, get the intersections with all the habitat polygons. Avoid overlaps of exact polygons 

(by vertices) so double area is not included. Sum the areas of all the intersections until you reach the minimum acreage or until you 

have counted all intersections.  

ProcessLandscapeGroupings 

 Retrieves all features with a landscape group value assigned to it. For each feature, get its group value. Find out if the polygon is 

ǿƛǘƘƛƴ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀΦ LŦ ƛǘ ƛǎƴΩǘΣ ŘƻƴΩǘ ōƻǘƘŜǊ ǿƛǘƘ it. Call EvaluateLandscapePolygon on the feature. 

Go back 

SearchFemale 

 If required, the bird is initialized to its territory center and given a random direction. This does not hold true for birds that are 

initialized during the population initialization process.  

LŦ ǘƘŜ ōƛǊŘ ƳƻǾŜǎΣ ƛǘ ƳƻǾŜǎ ŀ ŘƛǎǘŀƴŎŜ ōŀǎŜŘ ƻƴ ƛǘǎ ǎŜŀǎƻƴŀƭ ǎŜŀǊŎƘ ǊŀƴƎŜΦ LŦ ȅƻǳǊ ǎǘŀǘǳǎ ƛǎ CƭŜŘƎŜ5ƛǎǇŜǊǎŜǊΣ ȅƻǳ ŘƻƴΩǘ ƳƻǾŜΣ and 

ȅƻǳ ŘƻƴΩǘ ŦƻǊŀȅ ŀŎǊƻǎǎ ƎŀǇǎΦ LŦ ȅƻǳǊ ǎǘŀǘǳǎ ƛǎ .ǊŜŜŘŜǊΣ ȅƻǳ ŘƻƴΩǘ ƳƻǾŜΦ 

The bird begins a radial search, RadialSearchOnGrid. Within this process, it compiles a list of territories sorted by distance. These 

are simple territories that are seen by the bird.  

Upon compiling this list, it checks each territory: If there is no female, if there is a male, if the male is not her son or her dad, then 

the male becomes a breeder and the female leaves the old territory and occupies the new one. 

Finally, if no territories have been compiled, do a forward search to see if the bird is out of the study area. 

SearchMale 

 Each bird is initialized to its territory center and given a random direction. The bird moves a distance based on its seasonal search 

range. The bird begins a radial search using the legacy code. It moves along the radius of each arm in a radial pattern and looks for 

territories. It compiles all territories found. It merely has to see the territory at this point. Sorts By distance such that territories closer 

to the center are evaluated first. It uses a .3 radial angle. Then does a forward search to check of out of study area condition. 

SetHelpersForBudding 
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 Get the oldest helper from the territory that spawned the bud. If there is a helper, store that information for later use in 

CheckBudding. 

RadialSearchOnGrid 

Obtain the initial location of the bird (territory center). Get the radial angle (which depends on the range).  Work from 0 to pi in a 

back and forth motion. Work along an arm at the specific radius step of 0.1 KM. Get a test point. Look for a territory. If there is a 

ǘŜǊǊƛǘƻǊȅΣ ǎŀǾŜ ǘƘƛǎ ǾŀƭǳŜ ŀƴŘ ƛǘΩǎ ·¸ ƭƻŎŀǘƛƻƴ ŀƭƻƴƎ ǘƘŜ ŀǊƳ.  

Checks for gaps. It moves along each arm in the radius and looks for territories. It compiles all territories. Sorts by distance such that 

territories closer to the center are evaluated first. It uses a 0.25 radial angle. Then does a forward search to check out of study area 

condition. It does grid the habitat layer for gap analysis due to the efficiency of the program. 

Females search the landscape in a circle around their current location out to the distance specified by their current status class.   

Cover the radius working to the left and right of the previous arm(s) ǎǳŎƘ ǘƘŀǘ ǘƘŜ ōƛǊŘΩǎ ǎŜŀǊŎƘ ǇŀǘǘŜǊƴ Ŧŀƴǎ ƻǳǘ ŦǊƻƳ ǘƘŜ ƻǊƛƎƛƴŀƭ 

direction. 
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Along any specific arm, a female will step 100 meters and look for any available territories.  Each territory is preserved for analysis 

later.  All territories seen are sorted by distance such that territories closer to the center are evaluated first.  While stepping out, 

females look for gaps.  Breeders and FledgeDispersers will not cross gaps.  Dispersers will cross gaps according to the following 

criteria: Gaps less than 150 m are always crossed, Gaps between 150 and 630 meters use the equation (-.00163 * length) + 1 to 

calculate a probability for crossing, Gaps greater than 630 m have a 10% chance to jump across.  Because we are using grids, the gap 

lengths are categorical rather than continuous.  So, you only have gap lengths in steps of 100 m.  This does not exactly match the 

range in which the equation has been verified.  While searching for territories, the female keeps track of the first occurrence of a 

direction that is longer than it will be able to move when it can move.  This and the fan pattern ensures the female remains as true as 

possible to her original direction, while also moving around the landscape gaps she will not cross. 








