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 Introduction:

Bee dances communicate distance and location of nectar sites to the hive by the type of dance performed. The purpose of this research is to find the optimum foraging habits of a colony of bees.  Foraging is exploration for food.   Bee foraging involves the following:

a. Scouts go out to assess various sites.

b. Scouts return to perform recruitment dances of varying vigor. 

c. According to vigor of dance, workforce self-allocates to various sites.

d. The subsequent foraging period, scouts go back to re-assess.  

i) If the site is depleted, the scout does not recruit

ii) The un-depleted sites are reevaluated and, if necessary, the workforce is reallocated to the remaining sites. 

e. The process of returning to sites, reevaluating and the termination of recruitment as each site is depleted continues until all resources are harvested.

 Motivation for this research is: 

· science as a process and integrating math and biology

· the research experience

· student-conducted research

To address these issues, we have devised a mathematical model to describe possible foraging strategy.

How do bees optimize their foraging strategies? Possible foraging strategies could include:

a. Sending the colony to the largest site.

b. Sending the colony to the smallest site

c. Sending half of the colony to only two of the three sites

d. Send one-third to each site

e. Send a percentage based on the size of the site

Background:

Bee foraging behavior would indicate that the density of available nectar does not always indicate the greatest presence of bees foraging for it.  For instance, your garden may be filled corner to corner with nectar-bearing flowers, but you may not see more than a couple of dozen bees.  However, a huge woodland meadow with sparse clover patches throughout would display hundreds and hundreds of busy bees.  Obviously, there is some scheme that bees instinctively follow to allocate their numbers to optimize nectar gathering. It is known that bee communicate the location and direction through the use of dances.  The two types of dances are the round dance, which is used for sites closer to the hive, and the waggle dance is used to indicate farther distance. 

Descriptors of three foraging sites are as follows:

· Colony size 50

· The capacity of each bee is two units of nectar

· Site A - 60 units available, richness (quality) of 3

· Site B - 100 units available, richness of 2 

· Site C - 300 units available, richness of 1

· Time: Bees made one trip a day.

This lead to other questions about does this show efficiency of the hive? This does not reflect what bees actually do.  Do bees evaluate the quality of site? Should bees deplete the richest site first? Is this the most efficient behavior of bees? Quality and quantity are inversely related. 

Can bees evaluate the quality of a specific site as well as quantity?  The concept of size does play a role in the allocation of bees for the day.

There was a discussion of penalties for efficiency.  Efficiency can be defined as a how long a single bee took to gather the nectar, which is based on the quality of the site (time and distance).    When sites are only described in terms of units available this does not take into account if the maximum number of bees can obtain their capacity of two units of nectar. This does not reflect on the degradation of the richness of the site after bees forage the area.  In the next time unit the bees have to work harder to obtain the two units per unit of time.

The calculation used to determine the efficiency rating is (units available at each site)/(degree)/(size of the colony).  A percentage was determined and allocation of the colony was determined.  

Main Results:

Construction of data tables

The data tables were constructed in Microsoft Excel.  Each table is identified as representing a permutation of the three sites ordered according to size from smallest to largest keeping the richness factor constant.  The constitution of the efficiency factor indicates that the cell formulas should be constructed in such a way that each site’s allocation of workers depends on depletion of the next (larger) consecutive site.  This will enable us to use the grids to study the impact of relative changes in size without recalculating the formulas.   The quality (richness) and size of each site and the size of the colony are embedded in the cell formulas.  The allocation of workers is found by adding the efficiency ratings to find a total efficiency for the three sites, then each site is allocated the appropriate number of workers based its percentage share of the total efficiency.  The total available units of nectar are reduced in each harvest cycle according to the original harvest capability of two (2) units per bee. As a site was depleted, workers were reallocated to other sites according to the adjusted richness availability. 

Allocation of Bees According to Efficiency Factor
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	6
	7.4
	Efficiency=size of site/richness of site/size of colony

	0.1
	0.1
	0.8
	1
	

	2.7
	6.8
	40.5
	50
	Initial Allocation of bees
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	1
	
	1.4
	

	0.285714
	0.714286
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	14.3
	35.7
	
	50
	Reallocation of bees


The first line in the Allocation of Bees According to Efficiency Factor table gives the efficiency factor for each site, A to C, consecutively.  This factor is then represented as a percentage of the total efficiency, which is then applied to the size of the colony.  This results in the initial allocation of bees to the appropriate sites. The performance of the data table indicates that site C will always be exhausted first; therefore the second allocation of bees is performed only on the relative efficiency between sites A and B


Foraging Data

	Richness Factor
	3
	2
	1

	Site
	A
	B
	C

	Units at site (Initial)
	60
	100
	300

	Harvested
	5.4
	13.5
	81.1

	Units remaining cycle 1
	54.6
	86.5
	218.9

	Harvested
	5.4
	13.5
	81.1

	Units remaining cycle 2
	49.2
	73.0
	137.8

	Harvested
	5.4
	13.5
	81.1

	Units remaining cycle 3
	43.8
	59.5
	56.8

	Harvested
	5.4
	13.5
	56.8

	Units remaining cycle 4
	38.4
	45.9
	0.0

	Harvested
	28.6
	45.9
	0.0

	Units remaining cycle 5
	9.8
	0.0
	0.0

	Harvested
	9.8
	0.0
	0.0

	Units remaining cycle 6
	0.0
	0.0
	0.0


The Foraging Data table assigns a column to represent each site and begins with its designated size representing the total number of units of nectar available.  The bee assignments are allowed to be given in tenths of a bee to enable observation of possible allocations of less than one bee for very small sites when in reality at least one bee should be allocated.  As site C is depleted, the table reflects the reallocation of bees.

Summary/Conclusions:

Linking quality and quantity produced a more efficient foraging strategy.  The allocation of bees seemed to be more consistent with what could happen in nature.  The size of the site in relation to the richness is more efficient than quality alone for the colony. 

The ratio of size to richness would be good indicator of relative potential in that it would tell exactly how many flowers (loci) were available. This would indicate how lucrative a site might be to a particular size colony.  If a foraging group were larger than the loci of a site, only a foraging crew equal to the number of loci could fulfill the original richness quota immediately and the remaining bees (having had to wait their turn at foraging) would then have access to a site made less rich than was originally established.  Therefore, the size of the colony must impact on the efficiency of the allocation of workers and the efficiency rating must reflect size of the site relative to the size of the colony.   The new efficiency factor would be the ratio of the loci to the size of the colony.  In effect, the following yielded our new rate:   (size of site) / (richness) / (size of colony).

Further Study:

Create a matrix represent distance over time foraging strategies and applying different vectors that may impact the harvesting efficiency rate.

Devise a mathematical technique incorporating distance and direction characteristics into the efficiency rating as indicated by the dance.

Abstract

A mathematical investigation is made of possible bee foraging strategies to optimize a colony’s nectar collection over time.

