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Applying science to the practice of beekeeping



But most are laboratory  studies or reviews
that have little direct application to colony management.



.ŜŜƪŜŜǇŜǊǎ ǘƘŜƳǎŜƭǾŜǎ Ŏŀƴ ǇŜǊŦƻǊƳ άŀǇǇƭƛŜŘέ ǎŎƛŜƴǘƛŦƛŎ 
research in order to answer practical questions.

.ǳǘ ŀƴȅ άǊŜǎŜŀǊŎƘέ ƴŜŜŘǎ ǘƻ ōŜ ǇƭŀƴƴŜŘ ŀƴŘ ŜȄŜŎǳǘŜŘ 
using scientific logic.



Å Observational studies.

Å Exploratory investigations.

Å Confirmatory testing.

Å Comparative experimental trials.

Types of research:



Observational Study:

What is the amount of mite immigration 
into my hives in late summer?



Eliminate every mite 

in ñreceiverò hives



LƴǎŜǊǘ ǎǘƛŎƪȅōƻŀǊŘǎ ǘƻ ŎŀǘŎƘ ŀƴȅ άƛƳƳƛƎǊŀǘŜŘέ ƳƛǘŜǎΦ



Count the fallen mites twice a week.



Graph your data:  Yes, substantial immigration!



Findings: there was a median varroa immigration of 258 

mites per hive between mid Sept through end of 

November.

But it was not correlated with distance between hives.

Median tag recovery

Counts from10 hives at different 
distances from the collapsing colonies.



Exploratory investigations



Exploratory
If I place mint leaves in a hive 

every day, what will I 
observe?

Look for any changes, but 
understand that an apparent 
correlation does not confirm 

causality.

Measure every metric you 
can think of, and then look 
for possible correlations.

Confirmatory
I expect that placing mint 

leaves in a hive will decrease 
the varroa infestation.

Test to confirm the 
ƘȅǇƻǘƘŜǎƛǎ ŀƎŀƛƴǎǘ ǘƘŜ άƴǳƭƭ 
ƘȅǇƻǘƘŜǎƛǎέ ƻŦ ƴƻ ŜŦŦŜŎǘΦ

Compare the change in mite 
counts between the mint Test 
group and the Control group.



Exploratory preliminary research:

How do bees respond to dry powdered 
diets offered under the hive cover?



Observe through a glass cover, which of five offered feeds 
bees preferentially consume or carry off on their legs.

Dry pollen sub

Nat. pollen & sugar

Natural pollen

Dry sub & sugar

Powdered sugar



Exploratory preliminary research:

Is natural mite drop onto a sticky board 
affected by temperature or humidity?



No obvious correlations.



Confirmatory testing of a claim

The claim: The reason that a sugar roll works is due 
to the bees heating up.  

Was that claim based upon data/observation, or was 
it an unfounded assumption?



ά¢ƘŜ ǎǳƎŀǊ ŀŎǘǎ ŀǎ ŀƴ ƛǊǊƛǘŀƴǘ ŀƴŘ 
bees will generate heat when 
ǘǊȅƛƴƎ ǘƘŜ ǊŜƳƻǾŜ ǘƘŜ ǎǳƎŀǊΦ LǘΩǎ 
the heat that dislodges the Varroa 
ƳƛǘŜǎ ŦǊƻƳ ǘƘŜ ōŜŜǎΦέ



We checked with a thermistor 
and an infrared thermometer. 
The temperature  of the bees 

never rose above 95-96°F.



Confirmatory testing:

Hypothesis: In an alcohol wash, the mite 
sink rate will be relative to alcohol 

concentration.



Determine the 
density of a mite



Compare to densities of water and various alcohol solutions.



нѹέ

Measure the distance that a mite must sink.



Time how long it 
takes for a mite to 

sink 2 ½ inches.

Alcohol fill

Forceps to release mite

Sinking mite

Mite 
reaches 
sinking 
velocity 

Timed 
distance



Plot out the results: The higher the alcohol proof,
the faster the sink rate confirmed.



Applied research: Field experiments and trials.



²ƘŀǘΩǎ ǘƘŜ ōƛƎƎŜǎǘ ƳƛǎǘŀƪŜ ǘƘŀǘ ōŜŜƪŜŜǇŜǊǎ ƳŀƪŜ 
ǿƘŜƴ ǘƘŜȅ Ǌǳƴ ŀƴ άŜȄǇŜǊƛƳŜƴǘέΚ



Example: our queen cells were dying 
from Black Queen Cell Virus



It was recommended that we treat them with oxytet and/or 
fumagillin to solve the problem.  So I fed them a mix.



After a few days of treatment, the problem went away.
What did we learn?



What was the result in your control group?



The main error that beekeepers make 

ǿƘŜƴ ǊǳƴƴƛƴƎ ŀƴ άŜȄǇŜǊƛƳŜƴǘέΥ

Lack of a Control Group to compare to.



.ƛƭƭ ǘǊƛŜŘ ǘǊŜŀǘƛƴƎ ŀƭƭ Ƙƛǎ ƘƛǾŜǎ ǿƛǘƘ άȄΦέ
They made the best honey crop ever!

²Ƙŀǘ ŘƛŘ ƘŜ ƭŜŀǊƴ ŀōƻǳǘ ǘƘŜ ōŜƴŜŦƛǘ ƻŦ άȄέΚ



Absolutely nothing!



¦ƴƭŜǎǎ ȅƻǳ Ǌǳƴ ŀ /ƻƴǘǊƻƭ ƎǊƻǳǇΣ ȅƻǳ ŎŀƴΩǘ ŎƻƳǇŀǊŜ 
ǘƘŜ ǊŜǎǳƭǘ ǘƻ ǘƘŀǘ ƻŦ ŀ ƎǊƻǳǇ ƴƻǘ ƎƛǾŜƴ άȄέΗ



The 
Scientific 
Method

https://www.sciencebuddies.org/



Applied Science:



Test Group vs. Control Group

Differ by only a single variable.

Positive Controls (compare to treatment with known effect). 

Negative Controls (compare to no treatment).



#1 pointτAsk yourself, what is the single specific question 
that you are trying to answer with this experiment?

(and make sure that your experimental design will unambiguously answer the question).  Fill in 
the following blanks before you go further (take some time to think them through):
Your question: 

______________________________________________________________________
Your hypothesis:

____________________________________________________________________
The treatment (variable) to be tested:

_____________________________________________________________
The predicted effect:

_________________________________________________________________

{ha9¢La9{ ¸h¦Ω[[ I!±9 ahw9 ¢I!b hb9 v¦9{¢Lhb

Which pollen sub will cause my colonies to grow more for 
almond pollination ðGlobal 4% or Global 15%?

That the 15% of natural pollen will allow for greater colony growth.

The percent of natural pollen in the pollen sub.

Ending colony strength of the will be greater in the colonies fed the 15%
pollen sub.



Write the specificquestion that you wish to 
answer on the wall.



Write the specificquestion that you wish to 
answer on the wall.

Then make sure that your design collects the 
necessary data to answer the question.



Write the specificquestion that you wish to 
answer on the wall.

Then make sure that your design collects the 
necessary data to answer the question.

Eliminate anything from your experimental 
ŘŜǎƛƎƴ ƻƴ ǘƘŀǘ ŘƻŜǎƴΩǘ ƘŀǾŜ ǘƻ Řƻ ǿƛǘƘ 
specifically answering the question!



Q: Which pollen sub will cause my colonies to grow more 
for almond pollination ðGlobal 4% or Global 15%?

ÅShould I run a Control group fed another brand of sub not 

containing natural pollen?



Q: Which pollen sub will cause my colonies to grow more 
for almond pollination ðGlobal 4% or Global 15%?

ÅShould I run a Positive control of natural pollen?



Q: Which pollen sub will cause my colonies to grow more 
for almond pollination ðGlobal 4% or Global 15%?

ÅShould I run a Negative Control of sugar patty?



Q: Which pollen sub will cause my colonies to grow more 
for almond pollination ðGlobal 4% or Global 15%?

ÅShould I run a Negative Control group fed nothing?



Q: Which pollen sub will cause my colonies to grow more 
for almond pollination ðGlobal 4% or Global 15%?

ÅShould I measure the amount of brood?



Q: Which pollen sub will cause my colonies to grow more 
for almond pollination ðGlobal 4% or Global 15%?

ÅShould I pull every frame to measure colony strength, or use 

simple cluster size grading?



Q: Which pollen sub will cause my colonies to grow more 
for almond pollination ðGlobal 4% or Global 15%?

ÅShould I feed strong colonies more sub than the weak 

colonies?



Q: Which pollen sub will cause my colonies to grow more 
for almond pollination ðGlobal 4% or Global 15%?

ÅHow should I assign treatments?



INTRODUCTION AND YOUR OBJECTIVE



BE REALISTIC ς5hbΩ¢ .L¢9 hCC ahw9 ¢I!b ¸h¦ /!b /I9²Η

The three metrics with the most practical application to 
beekeepers are:

ÅColony strength (number of frames covered with bees).

ÅWeight gain (the final calculus of colony performance).

ÅVarroa infestation rate (or freedom from disease).

LΩƳ ƻƴƭȅ ƎƻƛƴƎ ǘƻ ƳŜŀǎǳǊŜ Ŏƻƭƻƴȅ ŦǊŀƳŜ ǎǘǊŜƴƎǘƘΦ 

Variable to test: the feeding of pollen sub.
Outcome variable to measure:  change in colony strength.
Null hypothesis: it wonõt make any difference.



BACKGROUND RESEARCH

ÅPerform an internet (e.g. Google Scholar) literature search. 

ÅSpeak to researchers familiar with this topic.

LΩƭƭ ǊŜŀŘ ŜǾŜǊȅ ǇŀǇŜǊ ǿǊƛǘǘŜƴ ƻƴ ǘƘŜ ǎǳōƧŜŎǘ  -- many 
ǉǳŜǎǘƛƻƴǎ ǿŜǊŜ ŀƴǎǿŜǊŜŘ ȅŜŀǊǎ ŀƎƻΣ ōǳǘ ŦƻǊƎƻǘǘŜƴΗ  .ǳǘ LΩŘ 

still like to run this experiment in my environment.



Your Experimental Design



PLAN AHEAD AND WORK BACKWARDS

First run the experiment backwards in your head, and then on 
paper.  

Begin by imagining exactlyhow you plan to 
present the results to an audience 
(in a manner so that they can fully understand the significance 
of your experimental findings).

I will show the results in a line graph to compare the gains in 
strength of the Test and Control groups. 



WRITE YOUR EXPERIMENTAL DESIGN AND PROTOCOL
IN DETAIL

BEFORE YOU BEGIN!

The Materials and Methods section should include sufficient 
technical information to allow the experiments to be repeated.



Define your independent vs. dependent variable(s)

Independentvariable Dependent variable(s)

Miticide(s)applied
Changein mite infestation?
Adverse effect upon colony?

Miticide application method Change incolony setback?

Feeding of pollensub types Differences in colony growth?

Applicationof OA dribble
Changein mite infestation, colony 

strength, weight gain?

Insulate hive
Winter survival rate?

Amount of honey consumption?

FeedάōŜŜ ƘŜŀƭǘƘέ ǇǊƻŘǳŎǘ
Colony performance?
Nosema prevalence?

Feed ag fungicide Change inbrood production?



Take Photos

If the independentvariable
is the artificial diet type.

¢ƘŜ ά¢Ŝǎǘέ ƎǊƻǳǇǎ ƎŜǘ ŦŜŘ 
protein patties. 

¢ƘŜ άbŜƎŀǘƛǾŜ /ƻƴǘǊƻƭέ 
group gets fed an equal 
amount of sugar alone.

! άtƻǎƛǘƛǾŜ /ƻƴǘǊƻƭέ ǿƻǳƭŘ 
be fed equal protein in 

patties of natural pollen.

The dependent variable
would be the change in 

colony strength.



The test hives all fell between the positive and negative 
controls.  This validates the experimental design.



Teasing out a signal from the noise

The problem:
ÅWithin-group variability vs. 
ÅSize of the effect due to treatment

The larger the number of replicates,
the smaller an effect you can detect.

wǳƴ ŀ ƭŀǊƎŜ ŜƴƻǳƎƘ άƴέ ƻŦ ǊŜǇƭƛŎŀǘŜǎΗ
(With colonies, a minimum of 12 per test group)



Compare the histograms of the test groups.
{ƻƳŜǘƛƳŜǎ άƴƻǊƳŀƭ ŘƛǎǘǊƛōǳǘƛƻƴǎΣέ ǎƻƳŜǘƛƳŜǎ ƴƻǘΦ



SOME SIMPLE FIELD TRIALS



Does Oxalic Acid Treatment of Nucs Affect:

Mite Buildup?



Nucs made with queen cells, 
dribbled with OA on Day 19



Apply OA to Test group,
plain syrup to Control group



Perform mite wash counts 
at four time points





Does Oxalic Acid Treatment of Nucs Affect:

Colony Buildup?



Cluster grade





Does Oxalic Acid Treatment of Nucs Affect:

Honey Production?



BUT DOES OXALIC TREATMENT AFFECT HONEY PRODUCTION?
2013 TRIAL: 38 hives, sister queens.

Hives weighed on 
parcel scale



Record hive 
weights over time, 
calculate net gain





Keep a Written Log,
Record all field notes, in the field
όŘƻƴΩǘ ǘǊǳǎǘ ȅƻǳǊ ƳŜƳƻǊȅΗύ
(not even for a moment!)



Print off data sheets for entering field data 
(cardstock or WP paper).   Keep a detailed logbook. 


