
| ©2022 by COMAP, Inc. | www.comap.com | www.mathmodels.org | info@comap.com | 

2022 HiMCM 
Problem A: The Need for Bees (and not just for honey) 

Honeybees, along with a few other key animals, are critical to human existence on our planet. Along with 
honey production, these insects provide the vital role of pollination of many trees and plants that provide 
food for our survival. In 2007, the term Colony Collapse Disorder (CCD) was created to describe the 
decline of honeybee populations around the world.[1] Bee decline can be attributed to factors such as 
viruses, pesticides, predators, habitat destruction, and environmental conditions.  

Some information to consider (but you may find other helpful information online): 

 Honeybees can travel up to 20 km, but 
typically stay within 6 km of their hive.[2] 

 A typical honeybee hive contains between 
20,000 and 80,000 honeybees. 

 A single honeybee can visit approximately 
2,000 flowers or more in a single day. 

 Because of the high workload during 
summertime, most honeybees work 
themselves to death, resulting in a shorter 
lifespan.  

 During autumn and wintertime, honeybees 
may live a bit longer (four to six months). 

 A honeybee’s level of activity, pollen consumption, and protein abundance impacts its lifespan. 

Requirements 

1. Develop a model to determine the population of a honeybee colony over time. 
2. Conduct sensitivity analysis on your model to determine which factors (e.g., lifespans, egg laying 

rates, fertilized/unfertilized egg ratios, or other factors) have the greatest impact on honeybee 
colony size. 

3. Model and predict how many honeybee hives you will need to support pollination of a 20-acre 
(81,000 square meters) parcel of land containing crops that benefit from pollination. 

4. Create a non-technical, one-page blog or infographic for a website that provides the information 
you developed. 

Your PDF solution of no more than 25 total pages should include:  
 One-page Summary Sheet. 
 Table of Contents. 
 Your complete solution. 
 One-page blog or infographic. 
 References list. 

 
Note: The HiMCM Contest has a 25-page limit to your PDF solution submission. All aspects of your 
submission count toward the 25-page limit (Summary Sheet, Table of Contents, Reference List, and any 
Appendices). 
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Requirements
1. Develop a model to determine the population of a honeybee colony over time.
2. Conduct sensitivity analysis on your model to determine which factors (e.g., lifespans,

egg laying  rates, fertilized/unfertilized egg ratios, or other factors) have the greatest
impact on honeybee colony size.

3. Model and predict how many honeybee hives you will need to support pollination of a
20-acre (81,000 square meters) parcel of land containing crops that benefit from
pollination.

4. 4. Create a non-technical, one-page blog or infographic for a website that provides the
information you developed.

● Honeybees can travel up to 20 km, but typically stay within 6 km of their hive.[2]
● A typical honeybee hive contains between 20,000 and 80,000 honeybees.
● A single honeybee can visit approximately 2,000 flowers or more in a single day.
● Because of the high workload during summertime, most honeybees work themselves to

death, resulting in a shorter lifespan.
● During autumn and wintertime, honeybees may live a bit longer (four to six months).
● A honeybee’s level of activity, pollen consumption, and protein abundance impacts its

lifespan.

Problem A: Bees
https://www.nass.usda.gov/Surveys/Guide_to_NASS_Surveys/Bee_and_Honey/

Population of colony over time
- Number hives per 20 acres (81,000 square meters)
- Create one-page infographic/blog

https://www.nass.usda.gov/Surveys/Guide_to_NASS_Surveys/Bee_and_Honey/


Lifecycle of a bee
- Colonies are perennial
- Three types of bees:

- egg-laying queens
- Can live for up to 5 years
- Virgin queens developed by feeding larvae royal honey

- sperm-producing male drones
- Only live for a few weeks, die after mating with queen
- Do not sting

- nonreproductive female workers.
- Lifespan of a few weeks to a few months

- Queens and drones are larger than workers
- When hive gets too big, queen takes half of colony and swarms

- EGG
- Layed by queen

- LARVAE
- Hatch from egg after 3-4 days
- Fed by worker bees and develop through several stages in the cells

- PUPAE
- Cells are capped by worker bees when the larva pupates

Type Egg Larva Cell
capped

Pupa Average
developmental
period
(Days until
emergence)

Start of
fertility

Body
length

Weight on
emerging

Queen up to day
3

up to
day
8½

day 7½ day 8 until
emergenc
e

16 days day 23
and up

18–22
mm
(0.71–0.8
7 in)

nearly 200
mg (3.1 gr)

Worker up to day
3

up to
day 9

day 9 day 10
until
emergenc
e (day 11
or 12 last
molt)

21 days
(range: 18–22
days)

N/A 12–15
mm
(0.47–0.5
9 in)

nearly 100
mg (1.5 gr)

Drone up to day
3

up to
day
9½

day 10 day 10
until
emergenc
e

24 days about 38
days

15–17
mm
(0.59–0.6
7 in)

nearly 200
mg (3.1 gr)



Days Developm
ental state

Weight Length Food source

1 egg 0.132 mg (0.00204 gr) 1.2 mm
(0.047 in)

yolk

2 egg not listed yolk
3 egg 0.09 mg (0.0014 gr) yolk

4 larva not listed royal jelly
5 larva 3.4 mg (0.052 gr) royal jelly

6 larva 33.3 mg (0.514 gr) royal jelly/honey and pollen
(bee bread)

7 larva 100.1 mg (1.545 gr) honey and pollen (bee
bread)

8 larva 134.5 mg (2.076 gr) honey and pollen (bee
bread)

9 larva 155.2 mg (2.395 gr) honey and pollen (bee
bread)

https://en.wikipedia.org/wiki/Royal_jelly
https://en.wikipedia.org/wiki/Honey
https://en.wikipedia.org/wiki/Pollen
https://en.wikipedia.org/wiki/Bee_pollen


Plan:

First task: Develop a model to determine the population of a
honeybee colony over time.

Determine location
■ US– North Dakota

Determine climate
■ Continental XXXXX (as is in ND)

Determine how colony population is decreased by: (and how it varies based on
seasons)

■ Bee mortality ratesXXXXX
■ In June XXXXX in July 50% of male honey bees die due to weather
■ Workers have
■ (look into  CCD Steering Committee )

Pests/parasites

Year Place Months Starting
month

%
colonies
affected
by ___

2022 ND Jan-Mar Jan 0.5

ND Apr-Jun Apr 0.7

ND Jul-Sept Jul 6.1

ND Oct-Dec Oct 0.9

2022 USA Jan-Mar Jan 8.9

USA Apr-Jun Apr 12.8

USA Jul-Sept Jul 11.6

USA Oct-Dec Oct 10.6

The microsporidian protozoa Nosema ceranae
■ a

Varroa Mites (& other mites/bacteria/viruses commonly found)
■ The period with the highest percentage of colonies reported to be affected

by varroa mites was July through September 2020 at 55.7 percent. The
percent of colonies reported to be affected by varroa mites during January

https://gf.nd.gov/wildlife/habitats/climate#:~:text=North%20Dakota's%20climate%20is%20continental,the%20region%20creates%20windy%20conditions.&text=North%20Dakota%20is%20affected%20by%20regular%20changes%20in%20atmospheric%20air%20masses.
https://efsa.onlinelibrary.wiley.com/doi/pdf/10.2903/sp.efsa.2020.EN-1880#:~:text=Honey%20bees,-The%20available%20dataset&text=As%20expected%2C%20honey%20bee%20foragers,at%20around%2010%E2%80%9312%25.
https://theconversation.com/extreme-heat-waves-threaten-honeybee-fertility-and-trigger-sudden-death-178504


through March 2021 and April through June 2021 are 31.3 percent and
48.7 percent, respectively. Southern Region News Release Honey Bee
Colonies ?????

■

Year Place Months Starting
month

%
colonies
affected
by
varroa
mites

2022 ND Jan-Mar Jan 12.0

ND Apr-Jun Apr 29.2

ND Jul-Sept Jul 31.7

ND Oct-Dec Oct 28.0

2022 USA Jan-Mar Jan 33.0

USA Apr-Jun Apr 50.7

USA Jul-Sept Jul 38.0

USA Oct-Dec Oct 33.6

■

https://www.nass.usda.gov/Statistics_by_State/Regional_Office/Southern/includes/Publications/Livestock_Releases/Bee_and_Honey/2021/BEECOL2021.pdf
https://www.nass.usda.gov/Statistics_by_State/Regional_Office/Southern/includes/Publications/Livestock_Releases/Bee_and_Honey/2021/BEECOL2021.pdf


■
Disease

■

Year Place Months Starting
month

%
colonies
affected
by
disease

2022 ND Jan-Mar Jan 1.0

ND Apr-Jun Apr (Z)

ND Jul-Sept Jul 2.2

ND Oct-Dec Oct 2.8

2022 USA Jan-Mar Jan 2.3

USA Apr-Jun Apr 5.2

USA Jul-Sept Jul 5.5

USA Oct-Dec Oct 3.9

Pesticides

Year Place Months Starting
month

%
colonies
affected
by
pesticides

2022 ND Jan-Mar Jan (Z)

ND Apr-Jun Apr (Z)

ND Jul-Sept Jul 4.1

ND Oct-Dec Oct (Z)

2022 USA Jan-Mar Jan 6.4

USA Apr-Jun Apr 12.4

USA Jul-Sept Jul 9.2

USA Oct-Dec Oct 5.6



Weather
■

Food
■

Determine how colony population is increased by:
New births

■
Determine how colony population is affected by:

■ General bee population fluctuation XXXXX
Lifespans

■ Queen XXXXX  honey bees live on average 1–2 years
■ Workers XXXXX  live on average 15–38 days in the summer and

150–200 days in the winter
■

Egg laying rates
■ The queen will lay 1,000-1,500 eggs during peak season

Any factors that affect egg laying of bees?
■ Weather/pollen availability, during the winter/colder months egg

laying rates slowed down
How many larvae survive

■
Fertilized/unfertilized egg ratios (drone vs worker)

■ Fertilized eggs will hatch into female worker bees, while unfertilized eggs
will become drones or honey bee males. Source

■ 10-15-25% should be drones
Competition with other hives

■
Total number of hives

■
Area of land

■
How many bees can coexist per area

■
Food available– nutrition

■ Has info for queen, drone, and worker
Any differences between drones and workers?

■
Season

■

https://bee-health.extension.org/seasonality-of-brood-and-adult-populations-basic-bee-biology-for-beekeepers/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2527632/#:~:text=Honey%20bees%20(Apis%20mellifera)%20are,200%20days%20in%20the%20winter.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2527632/#:~:text=Honey%20bees%20(Apis%20mellifera)%20are,200%20days%20in%20the%20winter.
http://www.bartelhoneyfarms.ca/index/Bee_FAQs_(and_Facts).html#:~:text=She%20will%20lay%20about%201000,that%20are%20five%20years%20old.
https://canr.udel.edu/maarec/honey-bee-biology/seasonal-cycles-of-activities-in-colonies/
https://extension.psu.edu/an-introduction-to-queen-honey-bee-development
https://www.perfectbee.com/beekeeping-articles/newbee-questions-expert-answers/how-drone-bees-benefit-the-colony
https://americanbeejournal.com/many-drones-enough/
https://carolinahoneybees.com/what-do-bees-eat/


Second task: Conduct sensitivity analysis on your model to
determine which factors have the greatest impact on honeybee
colony size.

Determine what a sensitivity analysis is
○ Sensitivity analysis determines how different values (% changes) of an

independent variable affect a particular dependent variable under a given set of
assumptions

Amy learns how to use machine learning 

Third task: Model and predict how many honeybee hives you will
need to support pollination of a 20-acre (81,000 square meters)
parcel of land containing crops that benefit from pollination.
What does it mean to pollinate plants?

Pollination is the act of transferring pollen grains from the male anther of a flower to
the female stigma. The goal of every living organism, including plants, is to create
offspring for the next generation. One of the ways that plants can produce offspring is
by making seeds.

Determine what “support means”
■ Bear fruit and produce seeds

How are crops affected by bees
■

How many times does a bee need to visit in order to pollinate?
■

Competition with other hives
■

Total number of hives
■

Area of land
■

How many bees can coexist per area
■

How many acres can one hive pollinate?
■ A single honeybee can visit approximately 2,000 flowers or more in a single day.

Any factors that modify pollination rate?
■

Weather conditions?
■



Bee death during the year
■

Time of year
■

What crops benefit from pollination (and are grown in North Dakota)
■

Choose a crop/crops to have 81,000 square meters acres of
■

Common plants grown by farmers
■

Necessary frequency of pollination
■

Number of flowers per plant, per acre
■

Loss/damage to crops (reduce # of flowers)
■

Crops eaten by things/ (reduce # of flowers)
■ Bees in agriculture

Assumptions
● Sunflowers are able to be self pollinated, but bees help the pollination process
● Every sunflower needs to be pollinated in two days

https://www.fda.gov/animal-veterinary/animal-health-literacy/helping-agricultures-helpful-honey-bees#:~:text=It's%20their%20work%20as%20crop,bills%20buzzing%20over%20U.S.%20crops.


Fourth task: Create a non-technical, one-page blog or infographic
for a website that provides the information you developed.

Determine content
Information
Images

Photos
Graphs

Layout

Possible programs:
CANVA
Visme

https://www.visme.co/make-infographics/


Assumptions
Task 1:

● Colony is a domesticated colony
● Colony is in North Dakota, in the US (as opposed to North Dakota, Tanzania or North

Dakota, Nevada)
● For task two

○ The 20 acres are not crops for a honey farm
○ The acres contain only one crop
○ 20 acres of sunflowers
○ Every floret in a sunflower needs to be pollinated even though a sunflower is self

pollinated
● Drones always get kicked out during the winter
● Beekeepers do not regulate the hive
● The hive does change queens
● Beekeepers treat varroa mites (in fall & december)
● The average number of all colonies in June is 60,000.
● Lay 3000 eggs per day in Summer
● Mites kill constant number of bees each day for three months
● Diseases affect the same percentage of the colonies year to year

Things we need to know
● Location

○ US

Factors that will impact bee lifespan
● Season

○ Summer
○ Fall
○ Winter

■ Lifespan of 4 to 6 months
○ Spring

● Pesticides
○ https://www.theguardian.com/environment/2019/jun/19/us-beekeepers-lost-40-of-

honeybee-colonies-over-past-year-survey-finds
● Availability of food

○
● Predators

https://www.ars.usda.gov/news-events/news/research-news/2022/ars-developed-varroa-resistant-honey-bees-better-winter-survivors/#:~:text=In%20this%20study%2C%20Pol%2Dline,survival%20rate%20of%203%20percent.
https://bee-health.extension.org/seasonality-of-brood-and-adult-populations-basic-bee-biology-for-beekeepers/
https://extension.psu.edu/an-introduction-to-queen-honey-bee-development#:~:text=Healthy%2C%20fertile%20queens%20are%20capable,in%20eggs%20in%20a%20day!
https://www.theguardian.com/environment/2019/jun/19/us-beekeepers-lost-40-of-honeybee-colonies-over-past-year-survey-finds
https://www.theguardian.com/environment/2019/jun/19/us-beekeepers-lost-40-of-honeybee-colonies-over-past-year-survey-finds


http://www.ikisan.com/ap-sunflower-pollination.html#:~:text=A%20minimum%20of%20tw
o%20to,equal%20to%20the%20plant%20population. 1 bee per 4 sunflower heads to
ensure pollination of all 4
https://www.extension.iastate.edu/alternativeag/cropproduction/sunflower.html 15,000 to
25,000 sunflowers per acre; avg 20,000
https://bees.caes.uga.edu/bees-beekeeping-pollination/pollination/pollination-man
aging-bees-for-pollination.html#Edit
https://extension.missouri.edu/publications/g4290 florets

https://www.ndstudies.gov/gr4/north-dakota-agriculture/part-2-production-agricult
ure/section-4-oilseed-and-row-crops#:~:text=More%20sunflowers%20are%20raise
d%20in,is%20processed%20into%20cooking%20oil. Grown for oil
https://www.nature.com/articles/s41598-019-42677-x yeet

https://downloads.usda.library.cornell.edu/usda-esmis/files/rn301137d/kh04fx05c/qb98nn582/hc
ny0822.pdf

http://www.ikisan.com/ap-sunflower-pollination.html#:~:text=A%20minimum%20of%20two%20to,equal%20to%20the%20plant%20population
http://www.ikisan.com/ap-sunflower-pollination.html#:~:text=A%20minimum%20of%20two%20to,equal%20to%20the%20plant%20population
https://www.extension.iastate.edu/alternativeag/cropproduction/sunflower.html
https://bees.caes.uga.edu/bees-beekeeping-pollination/pollination/pollination-managing-bees-for-pollination.html#Edit
https://bees.caes.uga.edu/bees-beekeeping-pollination/pollination/pollination-managing-bees-for-pollination.html#Edit
https://extension.missouri.edu/publications/g4290
https://www.ndstudies.gov/gr4/north-dakota-agriculture/part-2-production-agriculture/section-4-oilseed-and-row-crops#:~:text=More%20sunflowers%20are%20raised%20in,is%20processed%20into%20cooking%20oil
https://www.ndstudies.gov/gr4/north-dakota-agriculture/part-2-production-agriculture/section-4-oilseed-and-row-crops#:~:text=More%20sunflowers%20are%20raised%20in,is%20processed%20into%20cooking%20oil
https://www.ndstudies.gov/gr4/north-dakota-agriculture/part-2-production-agriculture/section-4-oilseed-and-row-crops#:~:text=More%20sunflowers%20are%20raised%20in,is%20processed%20into%20cooking%20oil
https://www.nature.com/articles/s41598-019-42677-x
https://downloads.usda.library.cornell.edu/usda-esmis/files/rn301137d/kh04fx05c/qb98nn582/hcny0822.pdf
https://downloads.usda.library.cornell.edu/usda-esmis/files/rn301137d/kh04fx05c/qb98nn582/hcny0822.pdf


2022 ND Jan-Mar Jan 51,000 65,000 180 (Z) 2,700 - -

ND Apr-Jun Apr 42,000 495,000 6,000

ND Jul-Sept Jul

ND Oct-Dec Oct

2022 USA Jan-Mar Jan

USA Apr-Jun Apr

USA Jul-Sept Jul

USA Oct-Dec Oct

Fun facts
● Because the male bee technically has only a mother, and no father, its genealogical tree

is unusual. The first generation has one member (the male). One generation back also
has one member (the mother). Two generations back are two members (the mother and
father of the mother). Three generations back are three members. Four back are five
members. This sequence – 1, 1, 2, 3, 5, 8, and so on – is known as the Fibonacci
sequence.

Sect 3
https://sites.psu.edu/beeseverywhere/2018/04/04/post15/#:~:text=They%20open%20ear
ly%20in%20the,the%20seed%20will%20remains%20useless. (2 days have for
sunflower pollination)
https://masonbeesforsale.com/pages/sunflower-bee-facts#:~:text=A%20single%20femal
e%20Sunflower%20Bees,honey%20bee%20visits%2050%2D1000. (how many flowers
1 bee pollinates per day)
honey bee visits 50-1000 sunflower blossoms per day

https://sites.psu.edu/beeseverywhere/2018/04/04/post15/#:~:text=They%20open%20early%20in%20the,the%20seed%20will%20remains%20useless
https://sites.psu.edu/beeseverywhere/2018/04/04/post15/#:~:text=They%20open%20early%20in%20the,the%20seed%20will%20remains%20useless
https://masonbeesforsale.com/pages/sunflower-bee-facts#:~:text=A%20single%20female%20Sunflower%20Bees,honey%20bee%20visits%2050%2D1000
https://masonbeesforsale.com/pages/sunflower-bee-facts#:~:text=A%20single%20female%20Sunflower%20Bees,honey%20bee%20visits%2050%2D1000


○ Destroy hive=honey=food for babies
○ Bees must sting=die
○ Energy expenditure

● Competitors
○ Compete for resources
○ D

● Disease
● General info

○ https://www.nass.usda.gov/Statistics_by_State/Regional_Office/Southern/include
s/Publications/Livestock_Releases/Bee_and_Honey/2021/BEECOL2021.pdf

Resources:
BEES UNDER SIEGE FROM HABITAT LOSS, CLIMATE CHANGE AND PESTICIDES
(WWF)
2020 NORTH DAKOTA HONEY BEE COLONIES (statistics and %s)
When bees know to start reproducing XXXXX
Fodder for hook
NORTH DAKOTA POLLINATOR PLAN
Honey Bee Colonies
USED source: equations for honey bee colony population XXXXX
FAT BEE XXXXX
https://www.mdbka.com/the-bee-keepers-year/ XXXXX
Pol-line bees had a winter survival rate of 72 percent while standard bees
had a survival rate of 56 percent.

Honey Bee Colonies:
ND info

Year Place Months Starting
month

Number
Colonies
in
Starting
Month

Max
colonies

Lost
colonies

% lost Added
colonies

Renovated
colonies

%
renovated

https://www.nass.usda.gov/Statistics_by_State/Regional_Office/Southern/includes/Publications/Livestock_Releases/Bee_and_Honey/2021/BEECOL2021.pdf
https://www.nass.usda.gov/Statistics_by_State/Regional_Office/Southern/includes/Publications/Livestock_Releases/Bee_and_Honey/2021/BEECOL2021.pdf
https://www.wwf.org.uk/sites/default/files/2019-05/EofE%20bee%20report%202019%20FINAL_17MAY2019.pdf
https://www.nass.usda.gov/Statistics_by_State/North_Dakota/Publications/Livestock_Releases/Bees_and_Honey/2020/ND-qcl2008.pdf
https://journals.biologists.com/jeb/article/220/9/1597/19600/The-cues-of-colony-size-how-honey-bees-sense-that
https://www.fs.usda.gov/wildflowers/pollinators/importance.shtml
https://www.nd.gov/ndda/sites/default/files/ND_Pollinator_Plan.pdf
https://downloads.usda.library.cornell.edu/usda-esmis/files/rn301137d/kh04fx05c/qb98nn582/hcny0822.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4493160/
https://www.honeybeesuite.com/what-are-winter-bees-and-what-do-they-do/
https://www.mdbka.com/the-bee-keepers-year/
https://www.ars.usda.gov/news-events/news/research-news/2022/ars-developed-varroa-resistant-honey-bees-better-winter-survivors/#:~:text=In%20this%20study%2C%20Pol%2Dline,survival%20rate%20of%203%20percent.
https://www.ars.usda.gov/news-events/news/research-news/2022/ars-developed-varroa-resistant-honey-bees-better-winter-survivors/#:~:text=In%20this%20study%2C%20Pol%2Dline,survival%20rate%20of%203%20percent.
https://downloads.usda.library.cornell.edu/usda-esmis/files/rn301137d/kh04fx05c/qb98nn582/hcny0822.pdf


Team Control Number

12526
Problem Chosen

A
2022

HiMCM/MidMCM
Summary Sheet

The Need for Bees (and not just for honey)
“If the bee disappeared off the surface of the globe, then man would only have four

years of life left.” - Albert Einstein

Bees are the world’s most important pollinators. Over 80% of plants rely on bees for
pollination (The Value of Birds and Bees, 2020), and without them, many would quickly die
as well. Because of this, it is critical to analyze how different sources affect the bee
population and track the population of bee colonies.

After extensive research, we have created two models: one to track the population of a
colony, and one to calculate how many honey bee hives are needed to pollinate a given area
of land. In addition, we analyzed external factors to see which one impacted the honey bee
population the most. After all of the analysis was concluded, an infographic was created to
display our findings.

To model the population of a colony of honeybees, we first started by creating a
utopian model. This model ignored all external sources of death, meaning the only way bees
died was when they reached the end of their lifespan. This model provides a baseline,
allowing a multitude of other factors to be analyzed and comparisons to be drawn. After our
utopian model was created, we made four dystopian models. These are models where
external death is factored in. From research, we found that bees are affected the most by
pesticides, pests (varroa mites), diseases, and high temperatures. Because of this, we factored
in each source separately in order to determine which source was the most detrimental to the
bee population.

The model we created analyzes the change in bee colony population day by day. This
allows for a multitude of factors to be analyzed since the bee population can be manipulated
day to day, rather than month to month or even season to season.

In the end, we determined that pesticides are the factor that causes the greatest
decrease in the bee population. However, varroa mites are also very damaging to bee
populations.

Next, we used our model to calculate the number of bee hives required to pollinate 20
acres of a crop. After research, dimensional analysis was conducted and we concluded that 27
hives were needed to pollinate the plot.

Finally, our infographic is at the end of this document. It not only summarizes the
information above but is also eye-catching and informative. This infographic can help spread
the word to save the bees.
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Team 12526 3

A Bee-autiful Introduction

Although bees are essential for pollinating 80% of the world's plants (The Value of
Birds and Bees, 2020), many external factors such as pests and pesticides have gradually
decreased their population. In order to analyze these factors, we were tasked with modeling a
honeybee colony to track its population over time. Then, we analyzed the factors that affected
the colony and performed a sensitivity analysis to see which one affected the population the
most. After, we took our colony and determined how many similar colonies would be needed
to successfully support and pollinate a 20-acre farm. Finally, we were tasked with creating an
infographic for a website that summarized this information.

In addition, the following information was given for us to consider:

❖ Honeybees are able to travel up to 20 km, but they typically stay within 6 km of their
hive.

❖ On average a honeybee hive contains between 20,000 and 80,000 honeybees.
❖ In a single day, a singular honeybee can visit 2,000 flowers.
❖ During the summer, most honeybees have a shorter lifespan because they work

themselves to death.
❖ During autumn and winter, honeybees may have a longer lifespan of four to six

months.
❖ Factors such as level of activity, pollen consumption, and protein abundance impact a

bee’s lifespan.

We split this problem up into two parts: the “Population Predicament” (Section I) and
the “Pollination Plight” (Section III). The sensitivity analysis is in Section II and the
infographic will be at the end in Section IV.

The Secret Life of Bees

First, here is a little background information on bees. In a beehive, there are three
types of bees: a queen bee, drones, and workers. There is only one queen bee at a time and
her sole duty is to lay eggs to populate the colony; the queen chooses when to lay these eggs.
As such, more eggs are laid when there are more resources. If a colony gets too big, new
queen bees are raised and the old queen takes half of the old colony and swarms, splitting the
hive (Ecocolmena, 2022). When there are fewer resources, the queen lays fewer eggs. In
addition, she can choose what eggs to fertilize. The fertilized eggs turn into female worker
bees while the unfertilized eggs turn into male drone bees. A drone’s sole job is to mate with
the queen. As such, they are not extremely crucial to the hive and are kicked out during the
winter in order to preserve resources (The Beekeepers Year, 2018).

On the other hand, worker bees are extremely critical for the survival of the hive.
Some workers stay in the hive, tending to the brood (the eggs, larvae, and pupae). Other
workers go out to forage. They will bring back pollen, water, and nectar for the hive. While
foraging, bees tend to stay near their hives, although they can go as far as 20 km away. Bees
pollinate a plant when they land in its flower and the pollen sticks to their legs. Then then
transport this pollen to other flowers.

With that information, here is our model.

https://www.zotero.org/google-docs/?HShW7h
https://www.zotero.org/google-docs/?HShW7h
https://www.zotero.org/google-docs/?6LJzdf
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Section I: The Population Predicament

In order to model the population of a honeybee colony, we broke down the process
into two steps: model the colony without any external deaths (from pests, pesticides, etc), and
then add in the external deaths afterward.

Assumptions: The Population Predicament

Utopian model
❖ The colony we are modeling is a domesticated honey bee colony
❖ Since the colony is domesticated, the beekeeper treats diseases and varroa mites, as

well as maintains the population of the colony so it never drops below 20,000 bees
❖ The colony is located in North Dakota, USA
❖ The queen bee remains the same year round and does not die
❖ The highest number of eggs a queen can lay per day is 2,000 eggs
❖ In order to preserve resources for winter, the queen does not lay eggs from November

until March
❖ During spring and fall, the egg laying rate will exponentially increase and decrease

respectively
❖ All the drones are kicked out of the hive in November in order to conserve food for

winter
❖ Besides during winter, 85% of the adult bees in the hive are worker bees
❖ 20,000 bees is the minimum colony size that is able to survive the winter
❖ The colony will not swarm (split apart) until the colony population is over 100,000
❖ Bee lifespan is determined by what time of year they are born

Dystopian Model
❖ If not affected by disease, mites, etc, bees will die at the end of their lifespans
❖ Varroa Mite Assumptions

➢ There are 50,000 bees in the colony
➢ The percent of bees in the colony affected by Varroa mites is  same as the

percent of colonies affected by Varroa mites in North Dakota
➢ The same number of bees are affected by Varroa mites for each month in a

group of three months.
➢ The same number of bees are affected by Varroa mites for each day in a month

❖ Disease Assumptions
➢ The percent of bees in the colony affected by disease is the same as the

percent of colonies affected by disease in North Dakota
➢ When the percent of colonies affected by disease is unavailable for a given

year, it is the same percentage as in the preceding year.
➢ The same number of bees are affected by disease for each month in a group of

three months.
➢ The same number of bees are affected by disease for each day in a month

❖ Pesticide Assumptions
➢ The colony starts out unexposed to pesticides
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➢ The Utopian Model is the unexposed colony
❖ Temperature

➢ The colony is located in North Dakota

The Utopian Model
Firstly, we chose to locate our hive in North Dakota. This is because North Dakota is

the state that produces the most honey in America (Shahbandeh, 2022). Then, we decided to
model the population day by day. This was to account for the deaths that occur daily and so
that day-to-day changes can be shown. To model the population of the colony sans external
sources, we must take into account the number of deaths versus the number of births. Thus,
these factors need to be considered: the lifespan of a bee per season, the number of worker
bees versus drones, the egg-laying rate per day, and the number of eggs that survive until
adulthood.

We first started by determining the queen’s egg-laying rate. Various sources had
different numbers, ranging from 1,000 to 3,000 (Honey Bee Eggs, n.d.). For the sake of
simplicity, throughout this model, we averaged ranges to account for the most possibilities.
We determined that the queen lays the most eggs during the summertime when resources are
abundant (Honey Bee Eggs, n.d.) and that queens often stop laying eggs in the wintertime to
perverse resources (The Beekeepers Year, 2018). Thus, we assumed our queen would lay
2,000 eggs per day at the peak of the summer and lay no eggs in winter when resources were
scarce.

For spring, we found that as it warms up, more and more bees become active.
Although there are very few drones at the beginning of spring, by the end, the hive is back in
full force (The Beekeepers Year, 2018). In addition, we referenced a bee population
fluctuation graph in order to determine egg-laying rates in spring and fall that showed a
drastic increase in bee population in spring, and a drastic decrease in fall (Seasonality of
Brood and Adult Populations, 2019).

Because of these facts, we decided to assume that the egg-laying rates would increase
exponentially in spring and decrease exponentially in fall.

Figure 1: Egg-laying rate per month

Thus, for the egg-laying rate in our model, no eggs are laid between November and
March. Since the beginning of May to the end of June is pollen season, our queen lays the
most eggs during that period of time (2,000 eggs). Between March and May, the egg-laying
rate increases exponentially per day. Between July and August, egg-laying rate decreases due
to dwindling resources. However, it jumps back up in September due to the fall pollen
season. Then, from September to November egg laying rate decreases exponentially to zero.

https://www.zotero.org/google-docs/?TU9zaX
https://www.zotero.org/google-docs/?iZHepK
https://www.zotero.org/google-docs/?aCxqea
https://www.zotero.org/google-docs/?aCxqea
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However, not all eggs will survive to adulthood. In a study regarding honey bee brood
mortality rate, (Mortensen & Ellis, 2018) it was found that only about 85% of the brood
survives until adulthood. Thus, we multiplied our egg-laying rates for each day by 0.85 to
calculate the number of eggs that will survive until adulthood.

Then, we factored in the differences between workers and drones. For one, workers
and drones have different lifespans, and also we assumed that all the drones would be
banished from the hive during winter to perverse resources. Although sources provided a
range of values, we ultimately decided that 15% of adult bees would be drones in our model
(How Drone Bees Benefit the Colony - PerfectBee, n.d.). Thus, we multiplied our number of
surviving eggs by 0.85 and 0.15 to find the number of workers and drones, respectively. This
tells us the increase in each kind of bee per day.

Unfortunately, bees also die. Thus, we also had to factor in bee deaths. We assumed
that if bees were unaffected by external sources, they would die after their lifespan.
Additionally, the problem statement information stated that bees have a shorter lifespan in the
summer due to strenuous work and high temperatures. Therefore we researched how long
these various lifespans are. After research, we learned that drones live 21–32 days in the
spring and summer (the only times when drones are produced, workers live on average 15–38
days in the summer and 30–60 days in the spring and fall (Remolina & Hughes, 2008). Since
we were given a range, we took the average of the upper and lower bounds. In addition, we
found that specific bees born at the end of fall, called winter bees, can survive for 200 days
since they store more fat (Burlew, n.d.). Thus, we decided that after bees are fully mature,
they will die after this 200-day lifespan ends.

Thus, to calculate the population of our hive day by day, we started on January 1st.
Since we assumed the beekeeper maintained the hive to prevent colony collapse, we start
with 20,000 bees. Each day, the number of eggs that survived to adulthood is added to the
population, and any bees that have died are subtracted. That gives us our model for one year.

The Solution
After calculating the population of our colony every day for one year, we ended up

with this graph:

Figure 2: Colony population size for one year

https://www.zotero.org/google-docs/?6U2xWP
https://www.zotero.org/google-docs/?maIftg
https://www.zotero.org/google-docs/?Vl3FAM
https://www.zotero.org/google-docs/?7B62WV
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It is worth noting that we started with 20,000 bees in January and we ended with
20,000 bees. Thus, without any external factors decreasing the population, the colony will
survive on its own. Our model can be used for different starting population sizes.

There are some limitations. For one, since our model never went above 100,000 bees,
we never accounted for swarming. Thus, if we use a different set of data where the population
does go above 100,000, we cannot account for the population after the hive swarms. In
addition, this model is only applicable for colonies located in continental climates, since bees
behave differently in different weather conditions. Another weakness in this model is that we
are assuming that at any given point there are 20,000 bees in this colony.

The Dystopian Model
An additional limitation of our above model was that it did not account for additional

variables that affect colony population. Thus, we expanded the model to include the external
factors of Varroa mites, diseases, pesticides, and temperature-related death, all of which
contribute to colony collapse in nature (Honey Bee Colonies, 2022)

Varroa Mites
Varroa mites are mites that feed on the fat tissue of bees. They are often identified as

the primary factor in bee population decline due to factors including their direct impact on
bee larvae and the fatal diseases they spread to bees (Ramsey et al., 2019).

To determine the number of bees killed by Varroa mites in the colony, we first
determined what percent of honey bee colonies were affected by Varroa mites, utilizing the
USDA’s August 2022 report on honey bee colonies. It provided the percentages of colonies
affected by Varroa mites in groups of three months each, beginning with 12% of colonies
affected by Varroa mites in the months of January to March, inclusive. To find the number of
bees in our colony affected by Varroa mites, we multiplied the percentage of colonies affected
by Varroa mites by a representative colony size. As the problem provided that the average bee
colony has a population of 20,000 to 80,000 adult bees, we took the average of the population
sizes, 50,000, as our representative colony size. We then multiplied this number by 56%, the
percent of bees affected by Varroa mites that are killed by them. As this calculation only
provided us with the number of bees killed over three-month intervals, we assumed that the
number of bees killed each month during the three months interval would be the same. Thus,
the number of bees killed per month was found by dividing our number of bees killed over
three months by 3. In order to produce a model that would determine the change in bee
population each day, we next assumed that the same change in number of bees was made
each day for each month. To find the change in bees per day, we divided the change in bees
per month by the number of days in the month. Finally, we multiplied our change in bees per
day by the percentage of workers in a colony and then by the percentage of drones in a
colony. The changes in worker population per day were subtracted from the number of
workers in the colony on that day for the number of workers alive after Varroa mites. The
number of drones alive after Varroa mites was calculated with the same method. The workers
and drones that survived Varroa mites each day were added to find the number of adult bees
left in the colony after that day’s Varroa mite deaths. Analyzing population changes in worker
and drone castes resulted in a more comprehensive model– one that showed Varroa mites’
effects on the population of adult bees, only workers, and only drones.

Disease
To determine the number of bees killed by the disease in the colony, we first

determined what percent of honey bee colonies were affected by disease, utilizing USDA’s
August 2022 and 2021 reports on honey bee colonies. A challenge we faced was that each

https://www.zotero.org/google-docs/?91HiHU
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report had gaps where information on the percentage of colonies affected by disease was
unavailable. Thus, we supplemented the percentages missing in the 2022 report with
information from the 2021 report.

We then used the same steps as we did for Varroa mites to calculate the deaths due to
disease: we found the number of affected bees in a colony per three months, the number of
killed bees in a colony per three months, the number of killed bees in a colony per month, the
number of killed bees in a colony per day, the number of killed workers in a colony per day,
and the number of killed drones in a colony per day. The number of killed workers in a
colony per day and the number of killed drones in a colony per day were used to find the
surviving number of workers, drones, and adult bees on that day, respectively.

A limitation of these two models is that the deaths due to Varolla mites and diseases
were rounded to the nearest whole number, as a fraction of a bee can not be killed. As many
of the values were rounded down, we ended up with a negative number of deaths.

Pesticides
In the United States, most farmers spray pesticides on their crops in order to protect

their crops from unwanted diseases (“Why Do We Spray?,” 2013). The main resource we
used to analyze pesticides informed us that the behavior of workers and queens is affected by
exposure to these sprayed chemicals. This results in a colony operating at suboptimal
conditions as worker and queen behavior is altered. Exposure to insecticides can affect
foraging, learning, and memory in worker bees, and egg laying rate in queens (Wu-Smart &
Spivak, 2016). For this model, we only considered the pesticide effect on queens because
egg-laying rates will have a higher effect on a colony’s population.

The study we looked at told us that queens that were not exposed to the neonicotinoid
insecticide Imidacloprid laid 35% more eggs than queens exposed to the insecticide
(Wu-Smart & Spivak, 2016). Another way to state that untreated queens were laying 35%
more eggs, is stating that queens exposed to insecticides lay 74% of the eggs that unexposed
queens will. Additionally, we learned that farmers usually first spray their crops in late May
to mid-June (“Why Do We Spray?,” 2013). In accordance with this information, we decided
that the honey bees would first be exposed to the pesticide in June. This meant that up until
June, the queen was laying at its normal rate. Therefore, we created a new table that included
a new egg-laying rate of 74%. We then used that new information to calculate what the
population of our Utopian Colony would be after pesticide exposure. All of that data is shown
in the graph below:

https://www.zotero.org/google-docs/?w0Jrzo
https://www.zotero.org/google-docs/?mrt0Pc
https://www.zotero.org/google-docs/?mrt0Pc
https://www.zotero.org/google-docs/?aAyo7I
https://www.zotero.org/google-docs/?FlsfQz


Team 12526 9

Figure 3: Population of a colony exposed to pesticides and population of a colony not exposed to pesticides over
a two-year period

As shown in Figure 3, as soon as the colony is exposed to pesticides, there is a
decrease in colony population. The colony started out with a population of 20,000 and ended
with a population of 7,799. This is because the number of births is no longer equal to the
number of deaths. When the analysis was extended to a second year where the queen was
now laying 74% of the eggs she used to, the colony population was far below what the
Utopian Model. In the second year, the population started out at 7,799 bees in the colony and
ended at 5,601.

Temperature
In the summer months, bees are susceptible to death from high temperatures. When

researching how temperature affects bee mortality, we learned that after a 6-hour exposure at
42 °C 54% of drones died. Drones are a lot more sensitive to heat than queens and workers
are so 42 ºC was chosen as the threshold the climate had to reach for any bees to die (McAfee
et al., 2020). Then we started looking into the climate of our chosen location North Dakota;
we quickly found that North Dakota occasionally reached 90 ºF, but July, their hottest month,
averages 73 ºF (Climate, n.d.). 90 ºF, is equivalent to 33 ºC which is a number greater than
what July would reach. Therefore, it was concluded that temperatures would never be great
enough to kill any bees in our colony.

Section II: Sensitivity Analysis
We analyzed four factors that impact bee population: presence of Varroa mites,

diseases, temperature, and pesticides. We determined the sensitivity of bees to the four factors
by comparing their effects on bee populations.

Temperature had the least effect on our bee population, due to our bee population’s
location. When the temperature exceeds 42 ºC, 54% of drones will from heat (McAfee et al.,
2020). However, we modeled our bee population in North Dakota, a state where temperatures
typically do not exceed 33 ºC (Climate, n.d.). Thus, as the temperature is not high enough to
kill bees, it does not affect the population.

Disease also does not have as great of an impact on bee colonies. It only affects an
average of 2.1% of colonies (Honey Bee Colonies, 2022). Looking at the upper bound of a
common bee disease, only 26% of bees affected by a disease are killed (Chalkbrood, n.d.).
Thus, disease only kills 0.55% of bees and thus has a minimal impact on bee populations.

https://www.zotero.org/google-docs/?wfcrHS
https://www.zotero.org/google-docs/?wfcrHS
https://www.zotero.org/google-docs/?67HFuO
https://www.zotero.org/google-docs/?0BJdKX
https://www.zotero.org/google-docs/?0BJdKX
https://www.zotero.org/google-docs/?m8zYRL
https://www.zotero.org/google-docs/?pHPyY5
https://www.zotero.org/google-docs/?uKN1Mk
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Though it reduces bee populations, bees are not as sensitive to disease as they are to Varroa
mites.

Varroa mites have a significant impact on bee colonies. It affects an average of
25.23% of colonies (Honey Bee Colonies, 2022). Out of the affected number of bees, 56%
will die, even with treatment against Varroa mites in both fall and December (Kaplan, 2022).
This means that 14.13% of bees die from Varroa mites. In addition to deaths, Varroa mites
cause harm to bee populations through spreading disease, such as deformed wing virus, a
disease that deforms bees’ wings (Hunt & Given, n.d.). With its debilitating impact on bee
populations, Varroa mites are as problematic to bees as stroke is to humans: both are fatal in
about 14% of cases, and, even if the victim survives, they may be left with major disabilities
(Stroke: Challenges, Progress, and Promise, n.d.).

The use of pesticides is the factor out of the four we analyzed which bees are the most
sensitive to. Pesticides cause a 26% decrease in egg laying, which can be interpreted as a
26% decrease in the colony’s population. Thus, 26% of bees die from pesticides. In addition
to its effect on egg-laying rates, exposure to insecticides can prove detrimental to the hive in
several different ways, including harming foraging, learning, and memory abilities in worker
bees (Wu-Smart & Spivak, 2016).

https://www.zotero.org/google-docs/?TbK7LO
https://www.zotero.org/google-docs/?XVCjlg
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Section III: The Pollination Plight
Once the colony without any external deaths was created, it was used to model how

many hives would be needed to support 20 acres of a plant.

Assumptions: The Pollination Plight

❖ The colony that is pollinating the plot is a colony that is not affected by external
factors

❖ The 20-acre plot is for crops and is not a honey farm
❖ The plot exclusively grows oilseed sunflowers
❖ Even though a sunflower can self-pollinate, in order for the 20-acre plot to be

sustained by honey bees, each floret in the field has to be pollinated
❖ Every sunflower must be pollinated within two days of blooming
❖ Sunflowers are grown from June to August
❖ Bees will visit different flowers every time they leave the hive

The Model
In order to model this system, the type of plant grown must be considered. We chose

oilseed sunflowers since they are commonly grown in North Dakota for sunflower seed oil
(Section 4: Oilseed and Row Crops, n.d.). Then, we had to figure out how many sunflowers
would be planted on said 20 acres of land. According to Iowa State University, around 20,000
sunflowers can be planted per acre. However, though oilseed sunflowers only have one head,
they have many florets. A floret is a small flower making up the head of the flower. It is
estimated that sunflowers have around 2,000 florets per sunflower head (Myers & Minor,
n.d.). It was given that bees can visit around 2,000 flowers per day. However, since a
sunflower’s florets are small flowers, we considered the 2,000 flowers per day metric to
actually mean 2,000 florets per day. Sunflowers only bloom for 2 days (Sunflowers and Bees,
2018) and thus we only have a two-day period to pollinate all the florets. Thus, each bee will
make 4,000 visits in this period (pollinating around 4,000 florets). According to our colony
model, there are 76081 workers in June, the month when sunflowers bloom. However, not all
worker bees leave the hive. In fact, only 30% of worker bees are foragers (workers that leave
the hive) (Binns, 2013). However, even with 30% leaving the hive, not all of them are
constantly foraging for pollen. Foragers also need to fetch water and nectar for the colony.
Because of this, only one in three forager trips is for pollen (Klein et al., 2019). Thus, we set
up a dimensional analysis equation.

The Solution

76081 𝑤𝑜𝑟𝑘𝑒𝑟𝑠
ℎ𝑖𝑣𝑒 × 3 𝑓𝑜𝑟𝑎𝑔𝑒𝑟

10 𝑤𝑜𝑟𝑘𝑒𝑟𝑠 × 1 𝑝𝑜𝑙𝑙𝑒𝑛 𝑓𝑜𝑟𝑎𝑔𝑒𝑟
3 𝑓𝑜𝑟𝑎𝑔𝑒𝑟𝑠 =  7608 𝑝𝑜𝑙𝑙𝑒𝑛 𝑓𝑜𝑟𝑎𝑔𝑒𝑟𝑠

20 𝑎𝑐𝑟𝑒𝑠 ×  20,000 𝑠𝑢𝑛𝑓𝑙𝑜𝑤𝑒𝑟𝑠
1 𝑎𝑐𝑟𝑒 × 2,000 𝑓𝑙𝑜𝑟𝑒𝑡𝑠

1 𝑠𝑢𝑛𝑓𝑙𝑜𝑤𝑒𝑟 × 1 𝑓𝑜𝑟𝑎𝑔𝑒𝑟
4,000 𝑓𝑙𝑜𝑟𝑒𝑡𝑠 × 1 ℎ𝑖𝑣𝑒

7608 𝑝𝑜𝑙𝑙𝑒𝑛 𝑓𝑜𝑟𝑎𝑔𝑒𝑟𝑠 =  27 ℎ𝑖𝑣𝑒𝑠

For our 20 acre plot, we need 27 hives. Thus, we need around 1-2 hives per acre. This
works because one acre is around 0.004 of a kilometer. Since bees will forage and stay within
6 km of their hive, they will definitely visit and pollinate all the sunflowers within this field.
This equation can be used with any dataset to figure out the number of hives required to
support a plot.

https://www.zotero.org/google-docs/?aSSjaZ
https://www.zotero.org/google-docs/?xqHKlb
https://www.zotero.org/google-docs/?xqHKlb
https://www.zotero.org/google-docs/?4Q5E57
https://www.zotero.org/google-docs/?4Q5E57
https://www.zotero.org/google-docs/?Ijk5cz
https://www.zotero.org/google-docs/?OvOZQ4
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Section IV: Infographic
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