
Parameter   Function 	  

walk_drop_rate  α  

Probability each time step that an ant 
walking from the nest will stop walking and 
begin to search.  

	  

search_giveup_rate - 
probability of giving up search and 
returning to nest during the random walk. 

 

dir_dev_const ω  

For searching ants moving in a correlated 
random walk, ω determines the baseline 
degree of deviation in the direction an ant 
will move from one time step to the next. 
See equation 1.  

   (1) 

dir_dev_coeff2	  

γ  

Determines the additional degree of 
deviation in turning early on in an ant's 
search. See equation 1.  

	  

dir_time_pow2	  

δ  

Exponent determines how quickly turning 
behavior approaches the baseline turning 
behavior as time spent searching (ts) 
increases. See equation 1.  

	  

trail_drop_rate ε  

For ants following a pheromone trail, 
determines the probability each time step 
that an ant will abandon the trail and begin 
searching before reaching its end. 

	  

dense_thresh	  
λr 

Determines ants' constant probability of 
recruiting to a site when picking up food. 
See equation 2. 

(2)	  

dense_const	  
μr 

Determines how ants' probability of 
recruiting to a site responds to the count C 
of additional food in neighboring cells. See 
equation 2. 

	  

dense_thresh_patch	  

λs  

Determines ants constant probability of 
returning to a site when picking up food. 
See equation 3.  

(3)	  

dense_const_patch	  
μs 

Determines how ants' probability of 
returning to a site responds to the count C if 
additional food in neighboring cells. See 
equation 3. 

	  

dense_thresh_influence	   μt	   Determines ants constant probability of 
following trails when departing the nest. 
See equation 4.	  

(4)	  

dense_const_influence  

λt	   Determines how ants' probability of 
following trails when departing the nest 
responds to additional food in neighboring 
cells at the last location it picked up food. 
See equation 4.	  

	  

decay_rate	   η	   Determines the rate at which pheromones 
evaporate. See equation 6.	    (6)	  

   	  
dir_dev_coeff1   unused 	  
dir_time_pow1   unused 	  
dense_sens   unused 	  

  

The following parameters have no effect 
in the posted code, but can be used to 
adjust the proportion of ants that forage 

	  

prop_active   
Proportion of ants that forage at the start of 
the simulation–set to 1 

	  

activate_sensitivity   
Likelihood an ant leaves the nest based on # 
of encounters with incoming individuals 

	  

decay_rate_return   
Determines the length of time an ant 
remembers contacted incoming individuals  

	  

Ants' turning behavior while searching is determined as follows.  At each time step t, each 

searching ant selects a direction to move Θt from a normal distribution with mean equal to Θt-1 and 

standard deviation (SD) determined by SD = ω for ants that have traveled to a random direction from 

the nest (i.e., have arrived in a location about which they have no information), or

SD = ω + γ / ts
δ (1)

for ants that have arrived at the end of a pheromone trail or returned to a location they have 

previously found food.  Equation (1) allows ants to express a greater degree of turning determined by 

parameter γ, during their search of an area where food may be likely to be found; but as time spent 

searching ts increases, the degree of turning decreases and approaches the baseline determined by 

parameter ω, at a rate adjusted by parameter δ.  This allows ants to search a local area more thoroughly 

at the beginning of a search, and to straighten out and move off to explore if no food has been found 

locally.  Searching ants move at ¼ the speed of ants traveling from the nest to foraging sites (observed 

empirically in Pogonomyrmex in [21]).

Finding Food

Ants detect and move to seeds within 1 grid cell (½ cm for Pogonomyrmex in the field [21]). 

When an ant arrives in a cell containing a seed, it takes a count C of the other available seeds in the 

eight cells neighboring its current location.  Ants the field may sample the availability of other food in 

the local area by handling other foods before returning to the nest [15], or perhaps by a scent of food in 

the vicinity.  Based on this count, the ant makes a series of decisions – whether to lay a trail, whether to 

remember and return to the site, and whether to follow trails away from the nest if they are present – 

that determine how it will begin its next foraging trip.  Working with previous versions of this model, 

we found that this ability to base recruitment and site fidelity decisions on the availability of other local 

foods was important to the efficacy of the pheromone system, as well as producing a reasonable match 

between the behavior of the model and observations of Pogonomyrmex in the field [16,17].  These 

9

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

decisions to lay a pheromone trail or to return to a foraging site may in response to the availability of 

other food may be analogous to that in Lasius niger [29].

Trail-Laying

If the model has pheromone recruitment enabled, the ant decides to lay a recruitment trail with 

probability pr:

pr = λr + C / μr (2)

where λr determines the ants' baseline probability of laying a pheromone trail, while μr adjusts 

how responsive ants are to the count C of other available foods in neighboring cells.  Note that the 

value of equation (2) is truncated to the interval [0,1] such that negative values are treated as 

probability zero while values greater than one are treated as probability one; and that λr can accept 

values less than zero, such that an ants' probability of laying a pheromone trail may still be zero even if 

it counts one or more other available foods in the neighborhood, or values greater than zero, such that 

ants lay trails every time they pick up a seed regardless of the availability of other food.

Ants have two types of pheromone.  Trail-laying ants deposit a 'stop' pheromone on the cell 

where they have picked up food, which marks the end of the trail to other ants that may follow it to the 

site.  Then as they return to the nest they deposit trail pheromone, incrementing the weight of 

pheromone on each cell across which they move.  Trails can become reinforced either via multiple 

trails running parallel to each other, or through multiple ants laying trail pheromone across the same 

cells, which increases the weight of pheromones and causes them to be more attractive to trail-

following ants (described below).

Site Memory

If the model has site fidelity enabled, similar to the decision to recruit to the site described 

above, the ant decides to return to the current site with probability ps:
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ps = λs + C / μs (3)

If so, the ant stores its current x,y location, and will navigate back to the site after delivering its 

seed to the nest.

Attention to Pheromone Trails

Finally the ant decides if it will follow pheromone trails from the nest (if any are present) with 

probability pt:

pt = λt - C / μt (4)

Note that pt decreases with increasing C, such that discovery of a site with a high local density 

of food decreases the probability that the ant will rely on the social information represented by 

pheromone trails on its next trip from the nest.  If the ant decides to follow pheromone, this decision 

supersedes the previous decision to return to the current site.  If the ant decides to do neither (or if 

neither recruitment nor site fidelity are enabled in the model), it will select a random direction to walk 

from the nest on its next trip, as at model initialization when all ants depart the nest with no 

information.

Return to the Nest

Following these decisions, the ant picks up the seed at its current location and returns to the 

nest.  Ants know the location of the nest and can navigate to it, as by landmarks and the polarization of 

sunlight in harvester ants in the field [15].  At each time step, a returning ant moves to the grid cell that 

most reduces the ant's distance to the nest, and, if the ant is recruiting, it increments the value of the 

trail pheromone on each cell.  Once the ant reaches the nest, it delivers the seed and begins the next 

foraging trip, either via pheromone trails, site fidelity, or travel in a random direction, based on the ant's 

previous decisions when picking up food.

Ants Following Pheromone Trails
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Note that pt decreases with increasing C, such that discovery of a site with a high local density 

of food decreases the probability that the ant will rely on the social information represented by 
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information.
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Following these decisions, the ant picks up the seed at its current location and returns to the 

nest.  Ants know the location of the nest and can navigate to it, as by landmarks and the polarization of 

sunlight in harvester ants in the field [15].  At each time step, a returning ant moves to the grid cell that 

most reduces the ant's distance to the nest, and, if the ant is recruiting, it increments the value of the 

trail pheromone on each cell.  Once the ant reaches the nest, it delivers the seed and begins the next 

foraging trip, either via pheromone trails, site fidelity, or travel in a random direction, based on the ant's 

previous decisions when picking up food.
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to older foraging sites that have not been reinforced recently.  At each time step t, the weight of 

pheromone Пx,y,t on each cell x,y is evaporated at a rate determined by the parameter η:

Пx,y,t = Пx,y,t-1 * (1 – η) (6)

Over time this approximates an exponential decay of pheromone from the grid.  When the 

weight of trail or spot pheromone on a cell falls below a threshold of 0.001, it is considered to be below 

the ants' ability to detect it, and the weight of pheromone on that cell is set to zero.

Optimization by Genetic Algorithms

GAs are an optimization scheme inspired by natural selection.  They operate on a population of 

potential solutions to a problem, in this case a population of parameter sets that control the behavior of 

our ant colony models.  GAs discover solutions by iteratively evaluating each parameter set in the 

population against a fitness function, and then selecting successful parameter sets to populate the next 

generation.  This process is repeated until the population converges on a solution to the problem.  Here, 

we use the GA to select parameter sets for three different food distributions (piled, power-law 

distributed, and random; described below) and four foraging strategies (site fidelity alone, recruitment 

alone, both strategies together, or neither).  By optimizing our model for each combination of food 

distribution and foraging strategy, we are able to observe how much each foraging strategy for 

information use can improve foraging success above that obtained by foraging without information use 

(i.e. neither site fidelity nor recruitment) in each type of food distribution.

Each colony is represented by 100 workers and a parameter set.  We initialize a population of 

200 parameter sets by randomly assigning values to each parameter.  We evaluate each colony by 

running the model for 10,000 time steps with each set of parameters, and assign a “fitness” value to 

each colony equal to the number of seeds it collects.  Because the models are stochastic, and the 

number of seeds collected is subject to chance in the placement of food and the behavior of the ants, we 

repeat these evaluations in each generation on eight standard grids each with a randomly generated 
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