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Honeybees are non-native to the Unites States and 
different subspecies can be brought into the United 
States.  Apis mellifera has up to 30 subspecies in 
different regions of the world (Pentek-Zakar et al. 
2015).  The purpose of this study was to determine 
if Italian (Apis mellifera ligustica) and Carnio-
lan (Apis mellifera carnica) subspecies of honey-
bee forage on the pollen from the same flowering 
plants.  With limited knowledge on pollen collec-
tion the question arises, if the different subspecies 
are not foraging on the same pollen is this due to 
the pollens value, availability, or other factor?  To 
provide supporting evidence that the honeybees are 
not foraging on the same pollen this study shows 
counts made from pollen samples on microscope 
slides of multiple hives of both races of honeybee.  
Three slides were created for each day of collection 
over a two-week span.  Averages were calculated 
from counts per day by thirty potential opportunities 
for the pollen type to be present and used to compare 
what each subspecies foraged on each day.  
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Foraging of Pollen by Subspecies of 
Honeybee, Apis mellifera: Italian vs. 

Carnolian
Different subspecies of honeybee portray differ-

ent characteristics and can either show more aggres-
sion or can focus efforts on higher honey production.  
Beekeepers use this information to determine which 
subspecies best suits their needs or which subspe-
cies to crossbreed.  The significance in selective 
breeding is to maximize life span and resistance 
to diseases.  The next question to approach is the 
pollen collection between subspecies.  The goal is to 
determine if subspecies of honeybee are utilizing the 
same pollen species or if they are foraging on differ-
ent plants.  Then the question can be asked why are 
they foraging on the same, and if not the same, why 
different species of plant?  Identification of pollen 
species on which the two subspecies are foraging at 

a particular sample timeframe will provide evidence 
to either support or disprove the hypothesis.  

In general terms pollen grains are very tiny and 
are produced by plants as the male portion of the 
reproductive process for fertilization.  Each plant 
has a uniquely shaped and sized pollen grain that 
can be identified to correlate the pollen to the corre-
sponding plant.  Previously, this knowledge was 
important for specialists who would look at honey 
to find the pollen grains that can be used to deter-
mine the most likely origin of the honey. 

The importance of this study includes impacts 
that climate change has on phenology of flowering 
plants can be observed by collecting pollen.  This 
pollen collection study is significant to providing 
additional evidence to climate change impacts.  The 
study will potentially show if plants are flowering 
sooner or later than their typical flowering periods 
which could be a result of climate change.  While 
contributing to the ten-year climate change proj-
ect, this study focuses on subspecies of honeybee 
pollen foraging.  

Overall, it is expected to see that the two subspe-
cies are foraging similar amounts on similar pollen 
species.  If this is supported, future studies can 
discover if they are foraging on the same pollen 
species due to being the only pollen available, if a 
pollen has higher value than others, or caused by 
another factor.   

Literature Review

Use of Pollen Collection to Determine Foraging 
Patterns

 The topic of investigation is from what 
species of plant do honeybees forage for pollen.  The 
next question to approach is are the subspecies of 
bee (Italian and Carnolian) foraging on the same 
species of pollen?  A problem to solve would be the 
difficultly of morphologically differentiating the 
species of pollen under the microscope.  The pollen 
grains so dispersed can be collected and studied to 
know the species of plant to which they belong and 
ascertain their origin based on a plant profile done 
of particular regions (Balasubramanya Sharma et al. 
2015).  This article explains the steps to pollen iden-
tification by identifying structure, morphological 
regions, and features.  This information is relevant 
because it describes an identical procedure to how 
I prepared my slides and the techniques I utilized 
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to identify different pollen granules.  The problems 
that I am trying to approach and solve include the 
ability to differentiate pollen granules by structure, 
morphological region, and feature, and if different 
subspecies of honeybee are foraging similarly.  

 This article discussed the normal foraging 
habitats of bees in addition to normal hive habits.  
The forager bees can be classified into two cate-
gories; scout bees who search for the best food 
resource, and the reticent bees who wait in the 
beehive until the scout bees return and give them 
information about the food source by dancing.  The 
type of foraging, whether for pollen or nectar, is a 
colony-level trait with a genetic component (Hunt 
et al. 1995) and is affected by the genotype of bee 
strain (Pankiw et al. 2002).  It also describes the 
natural changes from stage development and tran-
sitions between roles within and outside of the hive.  
In this literature review, information was focused on 
determining species of plant from pollen granules 
and on honeybee (Apis mellifera) foraging.  

Pollen Factors and Determining Features
Generally, pollen is tiny and comes from plants; 

it is used for reproductive purposes.  Each plant has 
a uniquely shaped and sized pollen grain that can be 
identified to correlate the pollen to the correspond-
ing plant.  Previously, this knowledge was important 
for those people who would look at honey to find 
the pollen grains that can be used to determine the 
most likely origin of the honey.  Pollen research has 
only been around for the last one-hundred years and 
has greatly developed since the original compound 
microscope was created.   

(Balasubramanya Sharma et al. 2015) gives 
a brief explanation on structure, morphological 
regions, features, and materials. The results end 
in photographs matching scientific names of plant 
pollen and creating a reference guide with an iden-
tification key.  (Abou-Shaara 2014) focuses on all 
of the factors of foraging in addition to the signifi-
cance of foraging.  The foraging activity of honey-
bees has also been used to help monitor flowering 
plant species in an area.  (Nadja et al. 2017) explains 
typical honeybee foraging between good and 
poor-quality landscapes.  The results explain that 
when poor landscape quality and less plant diversity 
are provided, the honeybees travel further to find 
better pollen.  A factor to note is that this study was 
conducted in Germany.  (Toth et al. 2005) discusses 
foraging habits altered by treatments of synthesis 
inhibitors, social and isolated, and different-aged 
honeybees.  An important change is from working 
within the hive responsibilities to foraging outside 
of the hive and the internal changes within the bee.  
Results do support a change in behavior related to 

lipid change, but cannot determine if treatments, 
isolation, or other factors caused this change.  

Pollen Foraging: Where from and Why
Abou-Shaara (2014) describes natural honey-

bee foraging behavior to developmental changes 
during transitions in roles within and outside of the 
hive including normal foraging.  The third study 
described quality of landscape availability versus 
actual choice of foraged plant species (Nadja et al. 
2017).  The availability of pollen is essential for the 
growth, development, and reproduction of honeybee 
colonies (Nadja et al. 2017).  Pollen provides fats, 
vitamins, minerals, and is the main source of protein 
for honey bees. Another important factor noted in 
this study was that when low floral diversity was 
available, the bees’ landscape range did significantly 
increase, but it also depended on the date.  (Toth et 
al. 2005) included experiments that altered foraging 
habits by decreasing nourishment, and it explained 
impacts of treatment and experiments on individ-
ual bees compared to the hive.  Racial or intraspe-
cies differences in physiology can be important 
life history adaptations for species that are able to 
occupy widely different environments (Martin et 
al., 2004), such as the honey bee (Toth et al. 2005).

Literature Review Conclusion
The reviewed literature can be used as a guide 

because it outlines ideas to follow and further each 
aspect of research around the honeybees’ foraging.  
Provided by (Balasubramanya Sharma et al. 2015), 
photographs of pollen grains with corresponding 
key and scientific names will help to guide my 
research in the identification of species of pollen.  
When viewing samples of collected pollen grains, 
it can be challenging to determine if the granules 
are from the same species.  This task is difficult 
because the granules could be in different matura-
tion stages and look different although the granules 
are from the same species of plant.  Further analy-
sis of all the factors that contribute to the foraging 
habits may create a better argument for my hypoth-
esis and why looking at subspecies of bees and their 
foraging could be important.  The benefit to using 
the glycerin jelly and compound microscope is that 
the process is relatively easy to conduct and low 
cost.  A major restriction to research on the forag-
ing ecology of honey bees is the time-consuming 
identification of pollen grains via light microscopy 
and its limited taxonomic resolution, typically to the 
family level (Nadja et al. 2017).  Further investiga-
tion could include use of additional subspecies of 
bee such as Russians or comparison of mixed hives 
of subspecies.  A suggestion to consider is what the 
results would look like with the use of larger data 
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sets.  Larger data sets could include more days of 
collecting pollen samples and/or including more 
hives in the collection counts.  By taking these 
additional steps, a researcher would have stron-
ger evidence to support the results.  The following 
two unanswered questions could be further investi-
gated: 1) how to determine the species of plant from 
fragmented granules, and 2) how to determine the 
species of plant from granules that look very similar.

Methodology
Pollen samples were collected from hives within 

the Apiary on the UW-Superior campus.  Pollen 
was collected during a two-week period at the end 
of June and early July in 2019.  Pollen traps were 
constructed and modified for the fronts of the hives.  
A fence was placed in front of the hive’s opening 
with holes that were just large enough for the honey-
bee’s body to squeeze through.  This hole size forced 
the pollen sacs on the legs of the bees to drop into a 
tray placed below the opening.  The collecting trays 
and fence were open for four hours in the morning 
to allow the honeybees to collect food at a sufficient 
rate to not deprive the bees of their food source.  An 
additional precaution made to prevent over collec-
tion of pollen was collecting from each individ-
ual hive every other day in order to obtain seven 
days’ worth of data from each hive over a two-week 
collection period.   

  On each collection day, the pollen grains 
were placed in a desiccator to remove all moisture 
from the pollen packets.  The samples were frozen 
until later use for slide preparation.  The entire 
daily sample was weighed, and 1 gram of pollen 
was removed and mixed with 5 mL of methanol in 
a 15 mL centrifuge tube.  The solution was vortexed 
for 3 minutes and 0.5 μL was pipetted onto a well 
plate.  A small chunk of the stained glycerin jelly 
the size of the end of a plastic straw was placed 
on top of a well slide with the 0.5 μL solution then 
melted and stirred.  A slide cover was placed on top 
and sealed with clear nail polish from a syringe and 
properly labeled.  After 24 hours of drying, the slide 
was viewed and analyzed with a compound micro-
scope.  Slides were randomly sampled at 15 differ-
ent designated areas.  This methodology involved 
with slide preparation and viewing for analysis can 
be compared to the methods of study 1. 

Within a designated area on the slide, the total 
number of pollen grains will be counted, but only 
if an area shows a minimum of 10 or more pollen 
granules.  The different kinds of pollen grains will 
be identified and enumerated.  This information will 
allow me to determine if the subspecies of honey-
bees were foraging on the same or different species 
of plants and to determine if the bees show prefer-

ences in pollen. 

Results
Overall, twenty-one different types of pollen 

were found.  Table 1 is a color key to the graphs 
depicting average pollen count from four different 
hives in Figure 1 - 4.  The graphs were created by 
taking the average number counted for pollen type 
by day per the three slides.  This provided thirty 
opportunities for the pollen type to be present for a 
day’s sample.  The average per day by thirty times 
caused for some pollen types to be nearly zero or 
zero. 

Table 1
Color key to pollen types collected from four hives

Between the two subspecies all types were 
foraged on with the exception of type numbers four-
teen and twenty were not present in the Carnolian 
hive samples and the type numbers eight, seventeen, 
and eighteen were not present in the Italian hive 
samples.  Some pollen types are practically nonexis-
tent in the means of averages from the counts but are 
included on the graphs to represent presence over-
all in the sample.  Trends can be seen throughout 
the dates as pollen types become present and then 
either spike and are no longer collected or are slowly 
substituted for a different pollen type that appears.  

Both subspecies had similar most common 
choices including type numbers one, six, seven, nine, 
ten, and eleven.  Again, both subspecies had lower 
counts but shown similarities by foraging from type 
numbers five and thirteen.  
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Figure 1
Carnolian Hive D average pollen counted on three slides 
per day over seven day. 

Figure 2
Carnolian Hive F average pollen counted on three slides 
per day over seven days
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 Figure 3
Italian Hive C average pollen counted on three slides per 
day over five* days 

Note: Dates are irregular from corresponding Italian hive and were 
collected every other day. *Hive C missing data due to adverse weather 
causing loss of pollen sample. **Hive C 7/6/2019 missing data due to 
adverse weather causing loss of pollen sample.

Figure 4
Italian Hive E average pollen counted on three slides per 
day over seven days
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Discussion
There is supportive evidence from the collected 

samples that the two subspecies did forage on 
different species of plant pollen.  Overall forag-
ing between the subspecies appears to be similar 
in preference of plant species by presence of the 
same pollen type numbers.  This could be caused 
due to the species of plant being available at the 
time or could have a higher nutritional value for the 
honeybees that would explain the preference over 
other types available (Toth et al.  2005).  Trends do 
appear and show a pollen type becoming present and 
then increasing by average count further within the 
sampling dates and in other cases appear to corre-
spond while decreasing in count to another increas-
ing pollen type.  Previous literature supported the 
idea of all subspecies of honeybee to forage on the 
same pollen due to availability by location (Abou-
Shaara H.F.  2014).  This study was conducted from 
the apiary at campus where the hives reside next 
to each other and would deplete the assumption of 
different region foraging and difference in avail-
ability because both subspecies had the same loca-
tion and plant availability.  The other consideration 
mentioned in previous literature included the diver-
sity availability within the foraging range of the 
honeybees.  Further investigation of plant avail-
ability around the campus apiary would need to be 
conducted to conclude if diversity in plant species 
availability factors in on the resulted pollen types 
collected as suggested from Honeybee Foraging 
Ecology (Nadja et al. 2017).   

This study did document the types of plant pollen 
that the honeybees foraged on but did not identify 
the pollen type to the specific plant species.  Addi-
tional studies in the future could compare the litera-
ture on documented pollen species and the findings 
of this study to determine species.  Continuing this 
study over following years can create a map for 
future studies considering changes in flowering 
plant phenology and foraging patterns of subspe-
cies of honeybee.  

Future considerations could include collecting 
the pollen samples daily from each hive versus every 
other day as this study did.  By collecting pollen 
every day, trends could be more closely documented 
and potential random pollen types could have been 
missed within those days.  Another consideration 
would be to include additional subspecies such as 
African or Russian type of honeybee.  Collecting 
samples for a longer period of time could show 
if the plant species foraged on appear again later 
in the season.  Considering all of these additions 
to a future study could provide further evidence 
to support the question of if species of flowering 
plants are blooming outside or later than their typi-

cal phenology timeline.  Supporting the change in 
phenology question it could be further looked into if 
climate change was a factor in the change of phenol-
ogy of flowering plants.  

Conclusion
To conclude the findings, supportive evidence 

was provided to support the previous literature that 
different honeybee subspecies forage mostly on 
the same plant species.  Although this study did 
conclude that five overall pollen types were only 
present in samples from one subspecies or the other.  
This suggests that there are differences in pollen 
preference between subspecies or another unknown 
factor that could have caused the differences.  The 
graphs show all pollen types foraged on and trends 
of the collected pollen over the sampled timeline.  
A Few improvements could be made to gain more 
information on the foraging patterns of the honey-
bee subspecies.  Potential ideas to continue further-
ing include additional subspecies of honeybee such 
as African or Russian, extending the timeline of 
collection dates, and collecting everyday versus 
every other.  Adding more subspecies of bee would 
give a greater range of knowledge on how much 
difference in foraging is present between subspe-
cies of honeybees.  Extending the timeline of collec-
tion dates and collecting everyday would give a 
more precise timeframe of what’s being collected, 
when, and a better knowledge of potential change 
in phenology.  
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