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25 COUNTRIES  
FROM WHICH EBA HAS MEMBERS 

(35 beekeeping organizations) 

In order of confirmation of the Statute of EBA  
 

350.818 beekeepers

Serbia  
Slovenia 

North Macedonia 
Bulgaria 
Greece 

Romania 
Malta 

Germany 
Hungary 
Ukraine 

Montenegro 
Lithuania 

Bosnia and Hercegovina 
Sweden  
Croatia 

Czech Republic 
Poland 

United Kingdom 
Netherlands 

Italy 
Ireland  
Belgium 
Cyprus  
Türkiye  

Switzerland  



Some time ago, the European Commission 
announced that almost 50% of the honey on the 
market is fake. These data should be more than 
an alarm for politics, which is the only one that 
can regulate this with appropriate legislation. At 
the initiative of Slovenia, the European Commis-
sion changed the directive on honey, and soon 
honey will have to be labeled with the country of 
origin. In addition, it has set itself the goal of de-
fining a harmonized method for determining fakes 

and also defining reference laboratories, but un-
fortunately this is all too slow, as it should only be 
in three years. The latest data show that the pro-
portion of fake honey has increased. The Euro-
pean Professional Beekeepers Association – 
(EPBA) did a survey in Germany and experi-
enced a real SHOCK, as approx. 80% of the 
honey in hypermarkets is fake, it was the same 
in Serbia. 

 
Beekeeping will not survive unfair competi-

tion from fake honey. Therefore, it is high time 
that we all act and cooperate, first in line are 
European politicians, to take strict measures 
against fake honey, to IMMEDIATELY establish 
coordinated methods of detecting fakes and ref-
erence laboratories. The method MUST be such 
that it will be followed by inspection in all Euro-
pean countries and will be able to eliminate all 
fake honey from the market immediately! 

 
We all need to make consumers aware of 

this problem, because we consume honey to 
strengthen our health, and fake honey some-
times only harms it. That is why the call goes out 
to consumers in Europe; "We Europeans choose 
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BEEKEEPING  

CANNOT SURVIVE  
UNFAIR COMPETITION!  

 
SCARY HONEY ANALYSIS DATA  

UP TO 80% FAKE! 



European bee products, preferably from the local 
environment or at least from our country or at 
least from Europe! 

 
All beekeeping organizations in Europe must 

join forces for the same goal. Unfortunately, there 

will be no success without cooperation and joint 
performance.  

The European Beekeeping Association EBA 
is open to cooperation with everyone, our only 
goal is the protection of beekeepers and con-
sumers!
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Boštjan Noč 
 

President of the Slovenian Beekeeping Association and European Beekeeping Association 

Is there a 
rainbow  
in sight  

in European 
beekeeping?



In a time of great challenges for the beekeep-
ing sector in Europe, only with joint efforts and 
support in work, together we can change the real-
ity of the beekeeping sector in Europe. 

EBA fully supports the action European Pro-
fessional Beekeepers Association - EPBA "Clean 
up the honey market" and we are concerned 
about the beekeeping sector in Europe, because 
this action gave birth to the information that 80% 
of the honey sampled was fake. 

EBA wants to cooperate with everyone and 
with EPBA and Bee Life to achieve the same goal 
STOP ADULTERATED HONEY! 

We hope that this action of our colleagues, 
with the support of all of us, will raise awareness 
of the problems we are facing. 

We convey the most important parts of his 
presentation to you, our readers. 

The President of the European Professional 
Beekeepers Association addressed the entire 
public with one specific piece of news. They 
tested honey from German supermarkets and got 
the results. They are terrifying. 80% of honey is 
fake. The campaign is called "Clean up the 
honey". In his address, the President of the Euro-
pean Professional Beekeepers Association de-
scribed all the steps of the action taken, pointed 
out the fact that honey producers cannot sell their 
honey and that markets are flooded with honey. 

He stated that in some European countries up to 
75% of professional beekeepers give up bee-
keeping, pointing out the dramatic consequences 
for the ecosystem and the environment. 

He made a parallel with the year 2021 with 
the situation in America and Europe. 50,000 tons 
of cheap honey ended up in Europe because 
America closed the entrance to such honey. 

Cheap honey then flooded the markets, in 
the exhibition he also showed pictures from Ger-
man supermarkets with the prices of cheap 
honey, indicating that no one on the planet can 
produce honey with such cheap sales prices, 
which was also pointed out by American profes-
sional beekeepers. Also in his presentation, he 
showed a calculator of the production price of 
honey. 

He pointed out that in March 2023, the Euro-
pean Anti Fraud Office published information that 
46% of honey in markets was imported from non-
EU countries of dubious origin, and that they do 
not comply with the standards that apply in the 
EU legislative. This created unfair competition. 
He believes that rigorous controls should be in-
troduced at border crossings in order to stop this 
phenomenon and protect consumers. 

He pointed to the appearance of fructose 
syrups in markets that have nothing to do with 
honey. 
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80% OF FAKE HONEY 
IN GERMANY  

EUROPEAN PROFESSIONAL  
BEEKEEPERS ASSOCIATION   

"CLEAN UP THE HONEY MARKET" 



He noted that ordinary laboratory tests can-
not detect fake honey and stated the laboratory's 
explanation: with regard to parameters eha-
mined, the honey complies with the legal regurie-
ments (EU Honey directive 2001/110/EC). 

Lab test the profile suger if the sugar profile 
resembles honey, it passes. 

They suspected a genetically modified bac-
terium that is used to produce enzymes, the 
enzymes produce a sugar profile and that bac-
terium can be programmed to make any sugar 
profile. It is a patented method (an example is a 
syrup that has a sugar profile and the laboratory 
says it is honey). 

In his presentation, he referred to companies 
that produce vegan honey without bees, stress-
ing to consumers not to eat such things. 

The samples they tested had a specific 
smell, taste and texture. 

EPBA  and  DBIB took 30 samples from Ger-
man markets from different cities and one control 
real honey from German beekeepers as a 
marker. They sent it for analysis (NMR, IRMS, 
Oligosaccharides), knowing that it was counter-
feit, but the result of the laboratory in Germany 
said that it was honey.  

They were looking for an alternative to the 
given situation and came across Estonia , new 
DNA mass sequencing for testing honey.  

Results DNA testing:  
3 samples out of 30 samples passed tha 

DNA test as a real honey; 
2 samples barely passed but with comments 

about notable features; 
25 samples failed-not typical DNA profile for 

honey; 

80% OF THE SAMPLES ARE FAKE! 
 
DNA mass sequencing: all DNA in the 

sample is specified: plants, humans, bacteria, vi-
ruses, bees, all organisams groups. 

- 4 different models of testing authenticity 
- 10-20 milion sequences for analysis 
- IN THE COMPOSITION, PROPORTIONS 

AND CONCENTRATION OF DNA DO NOT 
MATCH WITH REAL HONEY PROFILES, IT IS 
A FALL. 

DNA examples for fails: 
-if the sample only contains spider and bac-

teria DNA; 
-if the only 6 plants in the DNA spectrum 
-if there is little or no honey bee DNA at all in 

the sample 
-if the label says its from Mexico, but only has 

Asian DNA it 
-for different date analysis models for testing 

and authenticity 
-if the composition, proportions and concen-

tration of the DNA do not match with the real 
honey profile, it is a FALL. 

The President EPBA pointed out all bad as-
pects of this result, bad not for bees and bee-
keepers, but also for consumers, he pointed out 
that it is pure crime. In the coming days they will 
sharethe results with all relevant authorities in the 
EU, EUROPOL, INTERPOL. 

 
 
 
Video: 

https://vimeo.com/1013237687/087ac38d10?sh
are=copy
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The Lithuanian Beekeepers Association 
(LBA) takes care of the quality of honey and other 
bee products that are sold in Lithuania.  

In the spring, LBA received a letter from the 
Estonian Professional Beekeepers Association 
that they made an analysis of the "Mazurskie 
miody" honey sold in the Estonian supermarket 
LIDL in the German laboratory QSI. The labora-
tory detected foreign sugar additives in it and this 
product was withdrawn from the market.  

So, on April 18 we wrote to the Lithuanian 
State Food and Veterinary Service and asked 
them to check the quality of the same brand of 
honey sold in the Lithuanian supermarket LIDL.  

On July 25 we received an answer to our re-
quest. The Lithuanian State Food and Veterinary 
Service conducted an unscheduled inspection of 
JSC LIDL warehouse in Lithuania.  

During it they selected a sample of "Mazurs-
kie miody" honey to determine its authenticity. 

THE LITHUANIAN  
BEEKEEPERS ASSOCIATION 

ACHIEVED FIRST RESULTS IN 
THE FIGHT AGAINST  

FAKE HONEY  
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This sample was sent to the German lab-
oratory for analysis. After receiving the re-
search protocol, it became clear that 
honey does not meet the requirements 
for authentic honey.  

Foreign sugar additives were de-
tected in the sample. The supermarket 
LIDL was obliged to remove the product 
from the market. So, fake honey was 
withdrawn from the supermarket.  

The Lithuanian Beekeepers Associ-
ation continues active cooperation with 
the European Beekeeping Association, 
Estonian Professional Beekeepers As-
sociation and government institutions re-
garding the quality assurance of honey 
and other bee products. 

 
Lithuanian Beekeepers Association 
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On September 17, 2024, a meeting was held 
with the head of the cabinet of the President of 
the European Parliament, Mr. Kamil May, Mr. 
Nigel Mifsud – Communications Officer to the 
President. 

The meeting was attended by Mr. Jorge Spi-
teri, Vice President and member of the Executive 
Board of the EBA from Malta and Mrs.Biljana 
Tomić from Serbia, General Secretary of the 
EBA. 

Meeting took place in an excellent atmos-
phere, where EBA representatives presented the 
activities and work of EBA, pointed out the prob-
lems in the beekeeping sector in Europe, es-
pecially the problem of fake honey. The Head of 
the Cabinet expressed great gratitude for the ac-

tivities of the EBA, got acquainted with the work 
of our EBA and wished him good luck in his 
further work with support in the continuation of 
the further activities of the EBA. 

The meeting is of great importance, the head 
of the cabinet is the direct representative of the 
President of the European Parliament, Mrs. Ro-
berta Metsola, and we thank Mrs. Roberta Met-
sola for the trust shown and wholle team. 

  
 
Jorge Spiteri, Vice President and member 

of the Executive Board of the EBA  
 

Biljana Tomić, LL.B.  
General Secretary of the EBA
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MEETING WITH THE HEAD OF THE 
CABINET OF THE PRESIDENT OF  

THE EUROPEAN PARLIAMENT,  
Mrs. ROBERTA METSOLA 
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The European Beekeeping Association 
(EBA) is an organization dedicated to the protec-
tion and promotion of beekeeping across Europe 
and is deeply committed to safeguarding the well-
being of bees, beekeepers, and consumers 
throughout the continent. 

 
During September 2024, the European Bee-

keepers Association continues its work on coop-
eration with the Members of the European 
Parliament on the issue of protecting European 
honey markets from counterfeit products.  

All EBA members, the EBA Executive Board 
and the EBA Scientific Committee are discussing 
all possible measures necessary to consolidate 
the efforts of European officials, beekeepers, 
scientists, consumers in protecting national 
honey markets. Our slogan “Europeans choose 
European honey” works at all levels. 

 
EBA fully supports the action of the European 

Professional Beekeepers Association EPBA 
“Clean up the honey market”. The European Bee-

keepers Association is ready to cooperate with 
Bee Life European Beekeeping Coordination, 
EPBA European Professional Beekeepers As-
sociation, and other European beekeeping or-
ganizations to achieve positive results in the fight 
against honey falsification. 

 
In September a meeting of European Bee-

keeing Association was held with the Head of the 
cabinet of the President of the European Parlia-
ment, Mr. Kamil May, and Mr. Nigel Mifsud Com-
munications Officer to the President of the 
European Parliament. 

The meeting was attended by Mr. Jorge Spi-
teri, Vice President of the EBA and member of the 
Executive Board of the EBA from Malta and Gen-
eral Secretary of the EBA Biljana Tomić from Ser-
bia. 

 
At the meeting, representatives of the Euro-

pean Beekeepers Association informed about the 

BRIEF REPORT ON THE 
WORK OF THE EUROPEAN 

BEEKEEPING ASSOCIATION 
FOR SEPTEMBER 2024. 



activities of the EBA, the main goals and objec-
tives of the Association. Attention was paid to the 
issue of honey falsification and the problems as-
sociated with this fraud for beekeepers and con-
sumers in all European countries. 

 
The European Beekeeping Association con-

tinues to build its beekeeping capacity.   
 
In September, the following beekeeping as-

sociations joined the European Beekeeping As-
sociation:  

 
- The Foundation for the Conservation of 

the Maltese Honey Bee from Malta; 
- Imkers Nederland; 
- The Bulgarian Association of Organiza-

tions of Producers of Honey and Bee Products 
from Bulgaria; 

- The Irish Bee Foundation from Ireland; 
- The Cercle apicole de Charleroi (CAC 

asbl) from Belgium; 
- The Pancyprian Beekeepers Association 

from Cyprus; 
- The Turkish Association of Beekeepers. 
 
As of October 1, 2024, the European Bee-

keeping Association includes 34 beekeeping as-
sociations from 24 European countries.  

In September, the European Beekeeping As-
sociation's Scientific Committee met, consisting 
of the Beekeeping Products Safety and Quality 
Committee and the Bee Health Committee. The 
Scientific Committee brings together profes-
sionals and researchers who study issues and 
provide scientific advice on aspects of bee prod-
uct safety and quality, bee health protection in 
Europe, etc.  

 
At the end of September, all members, 

partners, sponsors, friends and supporters of the 
European Beekeepers Association will have the 
opportunity to read the news and events at EBA 
in the next fourth issue of the magazine “NO 
BEES, NO LIFE”. 

 
EBA is grateful to all partners and sponsors 

who help in its work and thus the European Bee-
keepers Association is able to work and develop 
for the benefit of European beekeepers 

 
 
 
 
 

Vasylkivska Tetyana 
Vice President of the European 

Beekeeping Association 
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ABOUT THE CALL 
  
The European Beekeeping Association 

(EBA) is offering support to its member organisa-
tions through the EBA Events Fund 2025. The 
aim of the Call is to promote and raise awareness 
of the importance of bees and bee products 
through different events, as well as connect all 
entities that can contribute to the improvement of 
the beekeeping sector in Europe. 

  

WHO CAN APPLY 
  
The call is open to EBA member organisa-

tions (individuals are not eligible), and each or-
ganisation may submit only one application. The 
proposed event must align with one or more of 
the priority areas outlined in EBA’s objectives. 
Events should be held in Europe and must be 
open to the general public. Only one application 
per event will be accepted. Additionally, the ap-

PUBLIC CALL  
FOR PROPOSALS 

FOR CO-ORGANISATION  
OF EBA MEMBERS’ EVENTS 

IN 2025 



JOIN THE EBA VIBER 
AND WHATSAPP 

GROUPS FOR FREE
Anyone interested can join the EBA Viber or 

WhatsApp groups free of charge to inform bee-
keepers about EBA activities, regardless of 
whether you are an EBA member or not, so that 
you can be timely and properly informed about 

everything important in EBA and European bee-
keeping. 

If you have the Viber or WhatsApp applica-
tion installed, in order to join the EBA groups, you 
just need to click on the following link:

 For Viber: https://ebaeurope.eu/join-the-eba-viber-group-for-free 
For WhatsApp: https://ebaeurope.eu/join-the-eba-whatsapp-group-for-free 
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plicants must secure their own funding for the 
event since EBA, as co-organiser, provides only 
a contribution to its realisation. 

Applicants who provide translation into at 
least one foreign language or lecturers who hold 
lectures in a foreign language with translation into 
the host language will have priority in selecting 
the event. 

  

APPLICATION  
PROCEEDURE 
  
Applicants are required to submit the follow-

ing documents: 
A completed application form (download on 

https://ebaeurope.eu/public-call-for-proposals-

for-co-organisation-of-eba-members-events-in-
2025); 

A description of the event, including its objec-
tives and the proposed agenda or programme; 

A plan detailing how EBA’s co-organiser role 
will be visibly acknowledged at the event. 

Applications must be submitted in English via 
email to eba@ebaeurope.eu with the subject line 
“EBA EVENTS FUND 2025 – Application”. 

The deadline for submission of applications 
is November 1st, 2024.  

  
The EBA Executive Board will select up to 

five events for co-organisation in 2025. Each se-
lected event will receive a grant of 1500 EUR 
(gross), disbursed to the applicants after the 
event,  following approval of a final report.

Results will be announced by the end of November 2024.

https://ebaeurope.eu/join-the-eba-viber-group-for-free
https://ebaeurope.eu/join-the-eba-whatsapp-group-for-free 
https://ebaeurope.eu/public-call-for-proposals-for-co-organisation-of-eba-members-events-in-2025/
https://ebaeurope.eu/public-call-for-proposals-for-co-organisation-of-eba-members-events-in-2025/
https://ebaeurope.eu/public-call-for-proposals-for-co-organisation-of-eba-members-events-in-2025/


Free sugars include white and brown sugar, 
glucose, high fructose syrup (HFCS, IFIS)), in-
verted syrups, molasses, and other sweetening 
substances added during cooking or food prep-
aration, as well as in soft drinks, alcoholic bever-
ages, and other commercial products. Free 
sugars are devoid of significant nutrients, and 
their excessive consumption leads to cardiovas-
cular diseases, fatty liver, type 2 diabetes, obes-
ity, hypertension, and chronic inflammation. This 
is why nutrition experts recommend avoiding their 
consumption as much as possible. 

The sugars in honey are mainly simple. In 
pure categories of Greek honey, glucose ranges 
from an average of 21% to 36% and fructose 
from 24% to 40%, depending on the botanical ori-
gin, approximately in a 1:1 ratio. This ratio is also 
true for common sugar (sucrose), which breaks 
down in the digestive tract into equal parts of glu-
cose and fructose (50:50), and for high fructose 
corn syrup (HFCS 55%), where the ratio is fruc-
tose and glucose 55:45%. This similarity of honey 
to sucrose and corn syrups is often misinter-
preted by some, resulting in honey being classi-

NO BEES, NO LIFE · EBA MAGAZINE                             Issue 4, October 2024 · www.ebaeurope.eu17

IT IS  
WRONG  

TO CLASSIFY HONEY 
AS FREE SUGARS  



fied as a free sugar, and consumers being ad-
vised to avoid it. 

Honey is a natural product that undergoes no 
chemical or other processing, and its biological 
effects on the body differ significantly from those 
of free sugars. The sugars in honey can resemble 
those found in fruits and vegetables but not su-
crose or other sweeteners. In addition to simple 
and complex sugars, honey contains minerals, 
trace elements, fatty and organic acids, amino 
acids, aromatic substances, antibiotics, vitamins, 
enzymes, phenolic acids, flavonoids, and other 
components. The organic integration and syn-
ergistic action of more than 200 different sub-
stances in honey give it unique properties entirely 
different from those of common sugar and 
syrups, which are products of industrial process-
ing. 

The different effects of honey on the body 
compared to free sugars have been documented 
by clinical studies published in international 
scientific journals (Samarghandian et al., 2017; 
Baglio, 2018; Bobis et al., 2018; Yaghoobi et al., 
2008). Honey is not just sugar. Its consumption 
shows a synergistic action of its components in 
controlling blood glucose, which includes a com-
bination of lower glycemic impact due to the natu-
ral composition of its sugars, enhanced insulin 
sensitivity through antioxidants and anti-inflam-
matory compounds, prebiotic effects on gut 
health due to the oligosaccharides it contains, 
enzymatic activity from glucose oxidase, which 

has antimicrobial properties and affects metabolic 
processes, and the potential regulation of incre-
tins, hormones involved in the physiological regu-
lation of glucose homeostasis. 

Honey is a healthy alternative to processed 
sugars, and its consumption does not cause the 
problems associated with free sugars.. 

Andreas Thrasyvoulou 
Emeritus Professor 

Aristotle University of Thessaloniki (AUTH) 
Hellenic Republic (Greece) 
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During this time, I want to have as many bees in my col-
onies as possible that are able to collect nectar. At the same 
time, I also want to ensure that bees have as few hive tasks 
as possible, and especially as little work as possible taking 
care of the young brood. With my interventions, I must there-
fore prepare the bees to make the best use of this forage. I 
do this as follows. Three to five days before the planned start 
of flowering of linden and chestnut trees or forest honeydew 
flow, I perform a thorough examination of the bee colonies. 
This is also the last thorough inspection of bee colonies in 
the season. During this inspection, I take away the queens 
from the colonies and thus interrupt the egg laying process. 

When inspecting, I do the following: 
– I assess the quality of the queen (with the help of

notes on the hive inspection sheet and the situation in the 
colony). If I assess that the queen is strong, then I use it to 
make a spare colony. If I judge that the queen is weak, re-
gardless of her age, I destroy her. For oneand two-year-old 
queens, I pay particular attention to the quality of the brood, 
the gentleness, the colony's level of congestion, the breed 
purity and the previous honey yields. I arrange the brood 
chamber; I only leave combs in the brood chamber that have 

INTERRUPTING EGG LAYING 
FOR HIGHER YIELDS 

AND MORE EFFECTIVE 
CONTROL OF VARROA MITES 

In my beekeeping, I have been interrupting egg laying on about 200 colonies in 
AŽ-beehives for quite a few years. I do this in the time before the flowering of the linden 
and chestnut trees (and the forest honeydew flow, if it is happening at the same time). 
My method of interrupting the egg laying is not the same as others that employ the 
confining of queens, as I take the queen and use her to make a spare colony. 
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a nice light brown colour with as few drone cells 
as possible. 

– For colonies that have at least seven to
nine brood combs and a large number of bees at 
this time, with normal development and a strong 
queen, I remove the queen together with the vast 
majority of the uncapped brood. 

– I replace the removed combs with brood
exclusively with comb foundations. 

– During this time, I also cut out the drone
comb on the natural comb, as this is a very im-
portant apitechnical measure. This is the last cut-
ting-out, as there will be no queen in the hive in 
the following period, and afterwards the young 
queen will usually no longer lay eggs in the drone 
cells. 

– In the colony, I mark the combs that have
some eggs on the edge of the combs. From 
these eggs, the bee colonies will pull out the 
queen cells so that they can breed a new queen. 

The next inspection of the same colony fol-
lows no later than the eighth day after the re-
moval of the queen. At that time, under 
favourable conditions, honeydew forage already 
takes place in nature and the bees are diligently 
bringing in nectar. This inspection should be car-

ried out in order to inspect all the combs with 
brood on them, to see where the bees have 
pulled out the queen cells in order to breed the 
new queen. I destroy all the queen cells that have 
been pulled out of the older brood, but leave the 
two queen cells on the comb that I had previously 
marked as having eggs on the edge of it. This 
tells me that the bees pulled quality queen cells 
from these eggs, which were supplied with royal 
jelly from the beginning. 

I always leave two queen cells: one in the 
brood chamber, and the other I cut off and place 
in the honey chamber, so that at least one queen 
will definitely hatch and, of course, at least one 
will also mate. Of course, I open the honey 
chamber so that the young queen, when she 
hatches in the honey chamber, will be able to fly 
away to mate. 

The next inspection is necessary only after 
15 to 18 days from the first inspection or on the 
23rd to the 26th day from the removal of the 
queen. There is no point in doing it earlier, as we 
have already inspected the colonies on the eighth 
day after the queen has been removed, and in 
the meantime the colonies should have a quiet 
period until the next inspection, so that they can 
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make the most of the honey flow in peace. Any 
unnecessary intervention during this time re-
duces the yield of honey by a few kilogrammes. 
The queen will hatch on the 15th to 16th day after 
the queen has been removed, and it is not until 
about 10 days after the queen has hatched that 
it is realistic to expect the first brood, i.e. it is 
possible to expect the brood of a new young 
queen hatched from the queen cell sometime 
around the 26th day after the queen has been re-
moved. 

At the third inspection, I look to see if the 
queen has mated in this colony, I look at the 

honey chamber and the brood chamber, as I left 
the queen cell in both parts of the hive. 

As soon as I realise that the queen has 
started to lay eggs after days 23 to 26, I have to 
get ready to extract the honey as soon as poss-
ible. This should be done at least two to three 
days before the brood is capped in the hive, so 
that I still have time to deal with the varroa mites. 
Usually, 30 days after the queen is removed, the 
brood is not yet capped. Since there is no brood 
in the hive at this time, or the young brood is only 
present on a comb or two, there will be honey in 
all the combs in the hive if the honeybee forage 
is good. This way, I can extract the entire honey 
chamber and for a maximum of four combs also 
from the brood chamber. I leave at least six 
honeycombs for the bees so that they have a 
good quality food supply. I leave the honeycombs 
that have a beautiful light brown colour and 
extract the older ones and melt them into wax. 

Since I have left one queen cell above and 
one queen cell below in the colony, it may happen 
that I get a young mated queen above and below 
in that colony.  

If the bee colony is very congested, I partition 
the hive with a hardboard and leave both queens 
and treat them as two colonies. In this case, I 
take a maximum of six honeycombs from the 
brood chamber and the honey chamber, leaving 
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at least four honeycombs for the bees on each 
floor. 

If I think there are not enough bees for two 
colonies (if there are not many bees in the brood 
chamber and if they are present in at least five 
combs in the honey chamber), I remove one 
queen and put her where I need the mated 
queen. 

Fighting varroa mites is the beekeeper's 
single most important task after the last honey-
bee forage! 

After you have extracted the honey, we im-
mediately begin suppressing varroa mites with a 
registered medicine according to the instructions 
of the competent veterinarian. Since the brood is 
not capped in the hive during this time, high effi-
ciency of varroa mite suppression is achieved. I 

would like to emphasise once again that we must 
suppress the varroa mites before the brood is 
capped in the hive again. This usually occurs 
after the 30th day after the queen has been re-
moved! 

Watch out for honeybee robbing! 
It is important to determine whether or not 

there is a queen in the hive before extracting. If 
there is no queen, it is imperative to add a mated 
queen to the hive before extracting. If you were 
to extract from a queenless colony, supress var-
roa mites and return honeycombs during the non-
foraging period, you would create a great risk of 
honeybee robbing. 

In my beekeeping, I do not interrupt egg lay-
ing by confining the queen. In my experience, it 
does not make sense to keep the queen confined 
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during the main forage period, thus preventing 
her from breeding. It is significantly better to cre-
ate a spare colony. In contrast to the queen-con-
fining method, in my case we use the queen to 
lay eggs in a newly made spare colony during a 
period of abundant honeybee forage. 

This will give us a quality and strong spare 
colony from each colony, which is very important 
in modern beekeeping. In a very simple way, we 
will get an extra spare colony with bees that the 
colony does not necessarily need in August and 
that are much more useful for making new col-
onies. We will be able to use this spare colony to 
strengthen colonies in the autumn or as a spare 
for the spring period. 

Boštjan Noč 
bostjan.noc@czs.si 

The article Interrupting egg laying for higher 
yields and more effective control of varroa mites 

was published in the magazine Slovenski 
čebelar 6/2021, p. 175. According to readers, 

this was the best expert article in 2021 – 
https://www.czs.si/objave_podrobno_czs/12408 
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Abstract 

The ectoparasitic mite Varroa destructor is 
considered one of the greatest threats to the 
honeybee Apis mellifera. To successfully manage 
mite populations residing in the colony, bee-
keepers must stay informed of infestation levels 
in their apiaries. The remote, non-destructive de-
tection of Varroa mites in honeybee hives would 
therefore be highly desirable. Here we show that 
an ultra-sensitive (1000 mV/g) accelerometer can 
detect vibrational waveforms originating from one 
individual mite. We further focus on a commonly 
observed pulsing behaviour never before de-
scribed, characterising its physical features, peri-
odicity and strength. The spectral features of the 
detected pulses strongly depend on the substrate 
on which they are produced. The characteristics 
of the vibrational pulse, particularly its repeatabil-
ity and strength, indicate that mite vibrations 
could be successfully detected in a fully popu-
lated honeybee hive. These features, combined 
with the remarkably high varroa muscular power 
output (up to 810nW) indicate that this pulse may 
be functional for the mite. Our results uncover an 
exciting novel behaviour and provide a founda-
tion for the remote detection of mites in beehives 
using vibration capture. 

Keywords: varroa, vibration, biotremology, 
honeybee, behaviour 

 1 Introduction 

The Varroa destructor mite (Anderson & 
Trueman 2000) is described as the most influen-
tial ectoparasite of the European honeybee, Apis 
mellifera, in terms of its destructive impact (Ro-
senkranz et al. 2010; Evans & Cook 2018). Bee 
health and development is negatively affected by 
the mite feeding on both adult bees and larvae, 
particularly as by doing so, it acts as a vector of 
viral diseases (Kevan et al. 2006; Chen & Siede 
2007). Evidence has recently been found to dem-
onstrate that mites feed primarily on the fat body 
of adult bees, which is an important tissue 
necessary for protein synthesis, pesticide detox-
ification and successful overwintering of colonies 
(Ramsey et al. 2019). Mite and bee are closely 
linked because the parasite lacks a free-living 
stage, instead adopting a two-phase life cycle: 
phoretic (on adult bees) and reproductive (within 
sealed brood cells). The adult bees carry a pho-
retic mite towards a brood cell, and the mite 
enters it a short time before the cell is capped in 
order to begin its reproductive phase (Rosenk-
ranz 2010; Nazzi & Le Conte 2016). Once in the 
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cell, mite reproduction appears tobe synchro-
nised with the development of bee larvae, regu-
lated by the production of larval signals (Fr ey et 
al. 2013). 

1.1 The importance of 
detecting and monitoring 
Varroa mites in 
honeybee hives 

Varroa infestation can lead to the complete 
destruction of colonies, particularly over the 
winter months as high mite levels in the autumn 
impact upon bee lifespan. This in turn affects the 
bees’ ability to transition from a winter bee into a 
summer bee, which is critical for colony success 
moving into the warmer months (Le Conte et al. 
2010). The phenomenon known as Colony Col-
lapse Disorder (CCD) is also thought to be linked 
to Varroa presence in a hive, as mites are the 
cause of many adverse reactions in honeybees. 
It is the interaction between these mite-related ef-
fects, combined with other stressors such as pes-
ticides that is accepted to lead a colony to CCD 
(Le Conte et al. 2010). Beekeepers therefore 
need to stay on top of Varroa mite infestation in 
their apiaries. Many beekeepers treat preven-
tatively, regardless of mite population size (Lee 
et al. 2010). However, ‘blind’ use of chemical con-
trol can be detrimental without knowing the full 
extent of the infestation level and whether treat-
ment is truly needed at that time. This is due to 
the adverse effects of acaricides on honeybee 
processes and functions (Tihelka 2018), and mite 
resistance to chemical control, which has been 
documented around the world (Milani 1999; Mar-
tin 2004). This could be avoided through infesta-
tion checks and the use of alternative or rotated 
treatment types (Milani 1999; Pettis 2004). Regu-
lar monitoring is particularly useful to identify 
trends in the mite population (Gregorc & Samp-
son 2019), so that the mite control treatment can 
be applied at the correct time, if at all needed. 
However, at present, the monitoring methods 
available to beekeepers and honeybee/Varroa 
mite researchers are time-consuming, require 
physical visitation to hives and can be disruptive 
to the colony. 

Counting the natural mite-fall to produce a 
whole colony infestation estimate, for example, is 
inaccurate unless it is done daily over a pro-
longed period (Bienkowska & Konopacka 2001; 
Pietropaoli et al. 2021), which leads to regular 
visitation requirements. Other techniques such as 
sugar shake, washing and brood sampling 
require the removal and/or destruction of adult 
bees and brood (Dietemann et al. 2013; Barlow 
& Fell 2006). Although the sugar shake method 
allows bees to be placed back in the hive, there 
is still colony disruption caused, as well as inac-
curacies that can be caused by sugar quality, 
temperature or humidity (Fakimzadeh et al. 2011; 
Gregorc et al. 2017). 

1.2 Remote Varroa 
monitoring techniques 

There has been a recent move towards in-
vestigation into remote monitoring techniques for 
honeybee colonies, including Varroa detection. 
Improvements to reduce the number of hive visi-
tations and negative impacts upon the colonies 
can be only be a positive step. Currently, the use 
of gas sensors (otherwise known as electronic 
noses, capable of identifying complex odours 
(Bąk et al. 2020)) and video for detecting mite 
presence in hives are being explored. At present, 
these sensors are being tested for their ability to 
discriminate between healthy and mite-infested 
colony odours (Bąk et al. 2020; Szczurek et al. 
2020a; Szczurek et al. 2020b; Konig 2021), and 
in most cases these can be inserted into a hive 
and left to carry out continuous measurements 
that can be accessed remotely (Szczurek et al. 
2020a; Szczurek et al. 2020b; Konig 2021). How-
ever, they are at risk of being propolised. In terms 
of video detection, various image processing 
techniques and training software have been em-
ployed to identify the presence of a mite in video 
recordings of the adult bees or within brood cells 
(Ramirez et al. 2012; Elizondo et al. 2013; Cha-
zette et al. 2016; Bjerge et al. 2019; Bilik et al. 
2021). This work is currently in a prototype phase 
with some limitations, including video clarity af-
fecting the chance of a successful detection (El-
izondo et al. 2013) and the requirement for 
powerful hardware to carry out complex com-
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putations (Bilik et al. 2021). In the field, videos 
can only be recorded at the hive entrance (Bjerge 
et al. 2019), high-lighting another flaw as this type 
of monitoring presently cannot take place within 
the darkness of the hive. 

Here, we employ ultra-sensitive (1000 mV/g) 
accelerometer sensors to capture vibrations pro-
duced by mite individuals. This technology has 
previously been employed by our research group 
for the remote detection of various individual 
honeybee vibratory signals, as well as providing 
vibration information on the status of the colony 
as a whole (Bencsik et al. 2015; Ramsey et al. 
2018; Ramsey et al. 2020). The sensors are se-
cured to the comb at the centre of the hive and 
can be left for unlimited, prolonged periods to 
continuously monitor and record the vibrations 
captured within the colony, irrespective of propo-
lis/wax coating or darkness levels. In this present 
work we establish whether mite vibrations can be 
successfully detected with this technology, with 
future implications for its use within honeybee 
hives to remotely and continuously monitor Var-
roa levels. In doing so, we also present a new 
Varroa behaviour. 

2 Methods and materials 

2.1 Mite collection 

Measurements were undertaken at Notting-
ham Trent University between August 2019 and 
December 2019. Live Varroa mites were ident-
ified and collected daily from the baseboard of a 
colony of Apis mellifera. Mites were immediately 
taken to the laboratory for use within one hour of 
collection. Live mites were weighed on a set of 
electronic scales (Kern ALJ 160-4NM) together, 
and an average taken, as a single mite was too 
small to register on the scales (n = 12, 0.42 mg). 

2.2 Visual and 
vibrational measurements 

Mites were placed either onto (i) a plastic 
Petri-dish (50mm × 10mm), (ii) a “British Stan-
dard” sized frame of fully built, but empty comb 
or (iii) a piece of loaded brood-comb, removed 

from a hive using a scalpel (two samples were 
used: 1 – 3.5 × 2cm diameter, containing 6 empty 
cells and 25 capped brood cells, and 2 – 4 × 2cm 
diameter, containing 17 empty cells and 20 
capped brood cells). An ultra-sensitive accele-
rometer (4507 B 002, Brüel and Kjær, 1000 
mV/g) was used to collect the vibrational data, 
glued to the Petri-dish or secured centrally to the 
frame of comb by pushing it into the comb and 
adding a small amount of molten wax to hold it in 
place. Brood-comb samples were placed on the 
Petri-dish with accelerometer attached. The ac-
tivity of the mites on each substrate was filmed 
and the vibrational data synchronously recorded 
with a camera (Sony 4K FDR-AX100E handy-
cam, China). Each filming session lasted from 10 
to 20 minutes, for all three substrates. Mites were 
placed on each substrate in randomly selected 
groups (ranging from 1 individual to 19 individ-
uals), dependent on the number of mites col-
lected that day. Overall, the number of videos 
recorded for each are as follows: i) Petri-dish (n 
= 10), ii) honeycomb (n = 5), iii) brood-comb (n = 
2). The full technical details for this set-up and all 
further experimental design can be found in sup-
plementary material S1. 

The recordings were then examined to ident-
ify behaviours of interest. Several behaviours 
were identified that produced a detectable vibra-
tional trace (supplementary Fig. S2, S3, S4 and 
S5), but we chose to focus on those that were 
deemed the most promising for yielding exciting 
science and for further analysis. The pulse that is 
the main focus of this study is a vibrational trace 
that is produced by a novel behaviour, which we 
term ‘jolting’. Attempts to capture acoustic sound 
from this behaviour with both a standard micro-
phone (Tascam DR-05X, USA) and ultrasonic bat 
detector (Magenta Bat 5, Tutbury, UK) were un-
successful, indicating that jolting pulses produce 
vibratory signals only. 

For all recordings (265 minutes of footage in 
total) where more than one mite was in the field 
of view, each individual mite was tracked to rec-
ord the corresponding number of jolting pulses 
produced, in order to obtain the percentages of 
mites that produced the behaviour of interest. 

For in-depth analysis of jolting pulse features, 
three videos comprising of a (different) jolting 
mite individual were chosen, one for each of the 

NO BEES, NO LIFE · EBA MAGAZINE             Issue 4, October 2024 · www.ebaeurope.eu28



three substrates. Focus was placed upon these 
individuals as they produced a high number of 
the pulses of interest in succession with visible 
and hearable accelerometer traces. 

 

2.3 Comparing Varroa  
vibrations with honeybee  
vibrations 
 
The strongest Varroa jolting accelerometer 

waveform on each substrate was compared with 
(i) mite walking vibrations, (ii) the vibrations of an 
individual honeybee and (iii) those originating 
from a full honeybee colony. The strongest jolting 
pulse was initially chosen to demonstrate the cur-
rent best-case scenario for discriminating be-
tween the vibrational trace of jolting and those of 
honeybee and Varroa behaviours. The magni-
tude of acceleration of every jolting pulse in the 
three collections was then also compared to the 
vibrational traces of honeybees and Varroa be-
haviours to provide an overall comparison. 

‘Low’ and ‘high’ signal recordings of the 
honeybee colony (depending on the comb mass 
density load) were collected for the full colony 
comparison. The entire colony is distributed on 
ten frames, resulting in typically 1000 to 2000 
honeybees per frame, and we expect that around 
10% of these individuals contributed to the 
measured signal. 

An individual honeybee vibratory signal (a 
‘whooping’ signal (Ramsey et al. 2017)), was also 
extracted from this data, for the individual honey-
bee comparison. 

The brood-comb substrate data was chosen 
for visual comparison to the colony and individual 
honeybee vibrations as the brood-comb set-up is 
(i) the closest to the mites’ natural environment, 
and (ii) is the best match of substrate types onto 
which accelerometers were attached. This 
allowed us to explore the possibility of detecting 
mites amidst the continuous honeybee signal. 

 

2.4 Estimating the power  
required for Varroa  
jolting pulse production

 
 

The power output of the jolting pulse (i.e. the 
muscular power required by the animal to pro-
duce the vibration (Michelsen et al. 1982)) was 
estimated by an experiment aiming at replicating 
the vibrational trace of the Varroa jolting signal. 
Glass beads (400 μm in diameter) were dropped 
from a height of 1cm onto the Petri-dish, both di-
rectly above and slightly offset the accelerometer, 
to replicate the differing positions of mites when 
jolting. Fifteen repeats were taken for each posi-
tion. 

The bead velocity was measured by estimat-
ing the distance travelled by the bead frame-by-
frame as it was dropped, using a video captured 
at 240 frames-per-second (FPS). The average 
weight of a collection of glass beads was taken 
as a single bead was too light to be detected by 
the scales (8028-series professional digital jewel-
lery scale, China) (0.07 mg). 

 

2.5 Signal analysis 
 
All signal analysis was conducted through 

Matlab (Refworks 2019a) using code written spe-
cifically for this study at Nottingham Trent Univer-
sity. The vibrational trace of the jolting behaviour 
was analysed directly from the audio track of the 
video footage. The synchronicity between the vi-
brational trace and the movement of the Varroa 
mite was demonstrated through the creation of a 
separate movie (one for each of the substrates 
investigated). Each jolting pulse vibrational trace 
was extracted from the accelerometer data and 
further analysed using their waveforms and spec-
trograms. All the pulses in each substrate collec-
tion were carefully synchronised using the 
cross-correlation product so that comparisons 
could be made within the three collections. Two 
methods of alignment were used, dependent on 
the type of analysis that was to be performed. 
Varroa walking pulse vibrational traces were also 
extracted from the three recordings for compari-
son against the jolting pulses on each respective 
substrate. 

 

2.6 Signal to noise ratio  
analysis/successful  
detection of jolting pulses 
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To establish how detect-
able the jolting pulse is, by ac-
celerometer evidence only, the 
signal-to-noise-ratio (SNR) 
value was first estimated for 
each substrate and each jolt-
ing pulse: Petri-dish, empty 
honeycomb and brood-comb. 
Critical listening of the accele-
rometer recording of the sig-
nals was then undertaken, 
separately. Playback speeds 
for each substrate were re-
duced accordingly, to best 
demonstrate the pulses 
audibly (Petri-dish reduced by 
a factor ten, honeycomb and 
brood-comb reduced by a fac-
tor 2).  

The percentage of audible 
signals was finally calculated 
to pinpoint the (independently 
calculated) SNR threshold 
value, indicating where the 
method begins to detect jolting 
signals. 

NO BEES, NO LIFE · EBA MAGAZINE             Issue 4, October 2024 · www.ebaeurope.eu30

Fig. 1. A diagram to demonstrate the process of analysing the jolting pulse data. All three mites on 
each substrate underwent the same video analysis. The mite is placed on the substrate with the 
accelerometer attached and is filmed with the camera, pro- ducing a movie that has synchronous 

audio and video. The left- hand side of this diagram demonstrates how the vibrational data are 
processed. The raw accelerometer waveform of the movie is transformed into a spectrum, which 

shows the frequency (Hz) (x axis) and magnitude of acceleration (m/s2) (y axis) of the vibra- tional 
data. A collection of such spectra are then stacked into a spectrogram, which shows time (sec-

onds) (x axis), frequency (Hz) (y axis) and magnitude of acceleration (logarithmic to the base 10) 
(pixel intensity). Dark red shows the highest magnitude and dark blue shows one 70th of this maxi-

mum. The maximum acceleration magnitude is forced to be that of the Varroa jolting pulses for 
better viewing, resulting in clipping of the irrelevant data at the lowest frequencies. The accelerom-

eter recording for the entire original movie is transformed into a spectrogram, run- ning with re-
spect to time. The bottom panel shows a two-sec- onds long section of this movie. The right-hand 
side of the diagram demonstrates how the visual data are processed. The original video data that 
is collected is further cropped to better focus on the mite for the purpose of simple edge detection 
(by means of the spatial gradient of the pixel intensity). The modulus (absolute value) of the differ-
ence image shows the changes in pixel intensity in two consecutive frames as seen in the spatial 
difference image. In the modulus of the difference image, the mite is mostly dark blue when mo-

tionless, but exhibits edges that flash red when moving abruptly.  
The sum of the pixel intensities in this panel are then displayed as the white line that is superim- 

posed on the spectrogram data of the bottom panel. This demon- strates the remarkable synchro-
nicity between video-detected mite displacement and accelerometer trace. This processing is used 

to create the supplementary videos S9, S10 and S11.



2.7 Accelerometer and  
Petri-dish resonance analysis 

To measure the inherent resonance of the 
accelerometer that is used in our work, a full fre-
quency sweep (0-24000 Hz) was conducted, 
using the same equipment as for the rest of the 
study. The amplitude of the accelerometer re-
cordings, taken at three signal magnitudes, was 
compared by plotting the ratio between the signal 
sizes. The Petri-dish with attached accelerometer 
was also measured with a full frequency sweep 
(0-24000 Hz) to establish the frequency response 
and to then compare it to that of the accelerom-
eter alone. The responses of the Petri-dish and 
accelerometer were then visualised together. 

3 Results 

3.1 The behaviour of interest: 
the jolting pulse 

The vibration that is the focus of this study, 
here termed ‘jolting pulse’, chosen because of the 
corresponding abrupt movement of the body, is 
extensively showcased and analysed. We de-
scribe this behaviour as a rapid pulsing of the 
body either in a left or right direction, before re-
turning to the original central resting position 
(supplementary video S6). When producing a jolt-
ing pulse and viewed from a side-on position, the 
Varroa legs can also occasionally be observed to 
flex, moving the body down and then back up 
again off the substrate (supplementary video S7). 
During all video observations, mites were only 
observed to jolt when stationary. 

Mite jolting behaviour was recorded and ana-
lysed on three substrates (empty honeycomb, 
brood-comb and Petridish). Overall, 55 mites 
were inspected for general jolting patterns. 46% 
of these were never observed to jolt. The remain-
ing 54% jolted at some stage during the video 
footage, categorised as either jolting without an 
obvious trend (42%), or jolting with an obvious 
trend (13%) (supplementary Fig. S8). We define 
‘obvious trend’ as a mite repeatedly jolting in 
quick succession, with 10 seconds or less be-
tween consecutive jolts for more than one minute 

following commencement of the behaviour. A 
substantial number of jolting vibrational pulses 
were measured on Petri-dish (n = 250) and on 
brood comb (n = 189), with a smaller sample size 
for honeycomb (n = 28). Other vibrational traces 
were also detected when mites produced recog-
nisable motions such as walking (supplementary 
video S2).  

All observed behaviours except one (defeca-
tion) produced measurable accelerometer traces 
(supplementary videos S3, S4 and S5).  

3.2 Relating the Varroa 
vibrational pulse to the 
video recording of jolting 

The absolute timing of each jolt accelerom-
eter trace was assessed within the sampling rate 
used for that signal, i.e. 48 000 Hz. The vibra-
tional trace is systematically seen (Fig. 1) to be 
produced within the time window of the videode-
tected mite jolting displacement, which is as-
sessed within an interval of two successive video 
frames i.e. 20ms. Despite this large discrepancy 
in the sampling rates of the two independent as-
sessments of the jolting, our analysis demon-
strates (Fig. 1) that the observed vibrational trace 
and the jolting behaviour of the mite are consist-
ently synchronous phenomena to within 20ms 
(Fig. 1, supplementary videos S9, S10, S11). Fig-
ure 1 also demonstrates that the visually as-
sessed time duration of the jolting (the width of 
the white peaks) is substantially longer to that as-
sessed from the vibration (the spectrogram 
traces). 

3.3 Effect of substrate 

The Varroa jolting vibrational trace that ex-
hibited the highest magnitude was extracted from 
each substrate-specific collection of measure-
ments (Fig. 2). This trace varies substantially, in 
shape mostly, and modestly in time duration, de-
pendent on the substrate on which the mite 
resides. The substrate-specific features observed 
in the loudest pulses can also be seen in most of 
the jolting vibrational traces. On the Petri-dish, 
the signal is mostly found at the highest 
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measured frequencies (19 to 23 kHz), with the 
strongest signal contribution found between 22 
and 23 kHz (Fig. 2, supplementary video S12, 
supplementary Fig. S13). On the brood-comb, 
the opposite situation occurs, with the signal of 
highest magnitude found at the lowest fre-
quencies between 1 and 1.5 kHz (Fig. 2, supple-
mentary video S14, supplementary Fig. S15). In 
the honeycomb the signal is found over a much 
broader bandwidth between 0.5 and 10 kHz (Fig. 
2, supplementary video S16, supplementary Fig. 
S17, supplementary Fig. S18). As the pulses in 
Fig. 2 are exceptionally strong, the Varroa jolting 
pulses also stimulate a collection of frequency 
bands rarely visible on the full collection of spec-
tra. 

The maximum acceleration values of the 
strongest jolts are similar between the honey-

comb (0.0032 m/s2) and brood-comb (0.0035 
m/s2), with a stronger acceleration for the loudest 
Petri-dish pulse (0.005 m/s2) (Fig. 2). In spite of 
this, the trace on the honeycomb spectrogram is 
noticeably fainter (typically reaching the yellow 
colour, i.e. approximately 5 times weaker than the 
signal seen otherwise in the deep red band), due 
to the signal being spread over a remarkably 
broad band. All jolting pulses have an excep-
tionally short time duration, regardless of the sub-
strate. The jolting pulse appears as a single, rapid 
pulse that takes between 0.05ms and 0.09ms to 
grow, exponentially, from the start of the signal to 
maximum acceleration on the honeycomb and 
Petri-dish substrates, respectively. On the brood-
comb, the growing wave front appears gaussian, 
with a 1ms typical time duration (supplementary 
Fig. S19). 
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Fig. 2. A series of accelerometer waveforms (top) and spectrograms (bottom) allowing the com-
parison of the vibration originating from the strongest Varroa jolt, detected within three separate 
substrates (Petri-dish (a and d), empty honeycomb (b and e), and broodcomb (c and f). The ac-

celerometer waveform has been high-pass filtered (500 Hz cut-off for all substrates) to remove ir-
relevant background vibrations that otherwise dominate the waveform. In the spectrogram, 

acceleration magnitude is logarithmic (to the base 10), where the highest magnitude is dark red 
(1.6×10-3 m/s2) and the lowest magnitude dark blue (and forced to 1/70 of the maximum). Panels 

found in the top, and the bottom, are scaled identically for ease of comparison
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Jolting waveforms registered in both honey-
comb and Petri-dish can be described as 
damped sine waves, with a typical decay con-
stant of 0.1ms and 1.2ms respectively for the 
strongest pulses (Supplementary Fig. S19). To 
assess the full pulse collections, average decay 
constants (λ) were calculated after visual fitting 
on the clearest individual wave-forms to quanti-
tate the variation in the population of pulses 
(Petri-dish (n = 20) λ = 1.94ms (mean), 1.03ms 
(s.d.), honeycomb (n = 5) λ = 0.5ms (mean), 
0.37ms (s.d.)). 

Separate, repeatable features observed in 
the pulses detected within the brood-comb sub-
strate prompted us to select the 40 traces with 
the highest magnitudes, and to average them to 
showcase the mean accelerometer waveform 
characteristics. The envelope of the correspond-
ing broodcomb pulse is very well described by a 
gaussian function (supplementary Fig. S19), with 

an average full width at halfmaximum of 1.33ms. 
It is worth noting that there is also a visible, but 
negligible, exponential decay of the signal. 

3.4 Within substrate 
comparison 

The strongest jolting pulses are not necess-
arily representative of the whole collection of 
measurements as deviations from pulse to pulse 
can take place. Amongst the three substrates, 
jolting pulses detected within the brood-comb ex-
hibit the highest repeatability (Fig. 3 for the wave-
forms, supplementary Fig. S15 for the 
corresponding power spectra). All pulses are 4 to 
10ms long, with three to five main lobes probably 
originating from one of the substrate’s resonant 
mode. A few Varroa pulses (3%, based upon vis-
ual examination of the spectrograms and wave-

Fig. 3. The collection of all 189 jolting pulses detected in the brood-comb after under-going cross-
correlation alignment with the reference pulse (pulse number 1 in this instance), and further sorted 
by magnitude, in decreasing order. The similarity between pulses observed in this figure is remark-

able. The polarity of acceleration has been forced to be positive to allow its magnitude to be 
shown on a logarithmic (log base 10) scale with dark red showing as the highest magnitude 
(3.4×10-3 m/s2) and dark blue showing as the minimum magnitude (1/50 of the maximum)
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forms) exhibit a double peak (e.g. the tenth pulse 
on Fig. 3), which, upon inspection of the video, 
appears to be produced by a matching rapid, re-
peated motion of the Varroa body (supplementary 
video S20). When slowed down appropriately, 
jolting pulses in this video can be heard as 
‘knocking’ noises, with the double trace pulses 
producing two separate knocks. 

In the case of the Petri-dish substrate, most 
of the visible traces in spectrogram format are 
short, single peaks mostly found at the ultra-high 
frequency range, again with a few instances ex-
hibiting more than one peak in quick succession 
(supplementary video S12). However, careful in-
spection of the original Petri-dish Varroa jolting 
video does not reveal behaviour changes that 
could be linked to the production of multiple 
peaks (supplementary video S9). 

Of the 40 strongest jolting pulses on the 
Petri-dish 25% (n = 10) of the spectra also exhibit 

lower frequency bands, additional to the ultra-
high frequency band (supplementary Fig. S21). 
These are found around 10.6 to 11.3 kHz, 13.4 
to 14.1 kHz, and 15.1 to 15.8 kHz. Of this 25%, 
seven are found in the top ten strongest of the 
whole sample. 

Varroa jolting pulses registered in the empty 
honeycomb substrate also exhibit variation. 
Some of the visible honeycomb pulses comprise 
of a ‘train’ of several pulses in quick succession. 
An exceptional instance of this can be seen (sup-
plementary Fig. S22) with six clear consecutive 
traces within 10ms of recording. In this case, 
when observing the mite on the video footage, 
the expected behaviour is not seen. Instead, the 
mite jolts its body to the right and then in a for-
ward motion, rather than back to the left (supple-
mentary video S23). This movement has not 
been seen in other pulses that produce multiple 
peaks, but still yields vibrational pulses with spec-

 Fig. 4. A series of 0.5s long spectrograms allowing the comparison of the vibration originating 
from the strongest Varroa jolt on broodcomb (panel a), a honeybee whooping signal that  

comprises of a single pulse (panel b), and the whole honeybee colony in both low signal (panel c) 
and high signal periods (panel d). Variation in signal strength between ‘c’ and ‘d’ occurs mostly as 
a result of changes in comb mass density throughout the 21-day period of the brood-cycle. In this 

figure, the magnitude of the acceleration is logarithmic (to the base 10), where the highest  
magnitude is dark red (7.5×10-3 m/s2) and the lowest magnitude dark blue (and forced to 1/200  

of the maximum). All four panels are scaled identically for ease of comparison. In the top  
spectrogram, the regular background vibration inherent to the room was calculated and subtracted 



tral features identical to those of a jolting behav-
iour. 

3.5 Comparison  
of jolting pulse with other 
vibrational traces 

Here, the Varroa jolting accelerometer wave-
forms are compared to those originating from (i) 
the mite walking and (ii) honeybees. We first 
compare the strongest jolting pulse with the sig-
nal captured from a full honeybee colony, using 
the brood-comb data for the comparison (Fig. 4). 
The strongest Varroa pulse is compared with a 
single honeybee ‘whooping’ signal, and the over-
all signal originating from the colony during two 
phases: low accelerometer signal (frame is 
heavily loaded with brood and/or honey, therefore 
attenuating vibrational signals) and high accele-
rometer signal (frame is mostly empty, therefore 

less attenuation occurs). Despite the large differ-
ence in mass and size between an adult honey-
bee individual (115 ± 7 mg (Schmolz et al. 2005), 
15mm) and a Varroa mite (0.42 mg, 1mm), it is 
most surprising to find that the acceleration mag-
nitude of the strongest jolting pulse is comparable 
to that of the colony during a period of low signal 
(jolting pulse = 9.4×10-3 m/s2, low signal colony 
= 1.9×10-3 m/s2). The jolting pulse is also only 
five times smaller than (i) an individual pulsed 
bee signal and (ii) the entire colony when accele-
rometer signal is high (Fig. 4, supplementary Fig. 
S24) (jolting pulse = 9.4×10-3 m/s2, whooping 
signal = 4.5×10-2 m/s2, high signal colony = 
4.5×10-2 m/s2). The quoted magnitudes of accel-
eration represent the integral of all acceleration 
frequency components for the maximum vertical 
point in time in each panel (supplementary Fig. 
S24). 

The strongest jolting pulse captured on the 
empty honeycomb also demonstrates the same 
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 Fig. 5. A series of histograms demonstrating the strength of Varroa jolting against the walking 
pulses on each substrate. In all three panels the vertical axis is normalised to showcase the  

distribution probability (Petri-dish jolting/walking pulses n = 250/89, honeycomb jolting/walking 
pulses n = 28/219, brood-comb jolting/walking pulses n = 189/1272). Histogram bin-width is  
identical for all plots – but the displayed black walking bars have been narrowed so that the  

red jolting bars, displayed behind, can be viewed



order of magnitude as the vibrations of the 
honeybee colony (loudest honeycomb jolting = 
9.2×10-3 m/s2 (supplementary Fig. S25), regis-
tered from within a normally loaded frame. 

The jolting vibrations are then compared to 
walking mite vibrations, registered on all three 
substrates (supplementary Fig. S26). On each of 
the three substrates, the maximum magnitude of 
acceleration is calculated for every jolting pulse, 
and a large collection of walking pulses, for com-
parison. Although for the case of the brood-comb, 
in rare instances, walking vibrations can be 
stronger than jolting pulses, the average jolting 
pulse strength is systematically higher than that 
of the walking pulses on all substrates (Fig. 5). 

The spectra of the walking and jolting pulses 
are then compared to each other to explore 
whether they could be discriminated (supplemen-
tary Fig. S27). The vibrational pulses originating 
from a Varroa walking on all three substrates are 
produced regularly at a frequency ranging from 
0.5 to 3 kHz. On the Petri-dish, the 0.5 kHz peak 
may be a resonance of the Petri-dish, as it is the 

only frequency clearly observed as a result of 
stimulation to this substrate (supplementary Fig. 
S28). On the brood-comb, the vibrations pro-
duced by both behaviours share the same fre-
quency band, whereas the Petri-dish and 
honeycomb demonstrate high discrimination. 
Both the jolting and walking pulses on honey-
comb stimulate the ultra-high frequency band-
width that seems to originate from a resonant 
mode inherent to the accelerometer itself (sup-
plementary Fig. S29). 

3.6 Estimation of 
pulse power output 

To estimate the power output provided by a 
mite delivering a jolting pulse, a well-controlled 
vibration was produced artificially, yielding a vi-
brational trace similar to that of a Varroa. 

The kinetic energy of the bead hitting the 
Petri-dish (see ‘Methods’) was estimated to be 
17.5nJ, which, when delivered within 0.54ms (the 
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 Fig. 6. Jolt occurrence time intervals with respect to time. The data for the mite jolting on  
Petri-dish (left column) and on brood-comb (right column) are shown here. Jolt occurrence time 

intervals are showcased in both linear (a, b) and logarithmic (c, d) scales. A change in the  
colour of the data points is indicative of the mite moving to a new position on the substrate 



time duration of a jolting pulse to go from 0 to 
maximum on the Petri-dish (supplementary Fig. 
S19) results in a power of approximately 32μW. 
As the mite vibrational pulse is forty times weaker 
than the artificially produced vibration, this means 
that the animal must typically deliver approxi-
mately forty times less power, i.e. 810nW in each 
jolting pulse. 

3.7 The detectability of 
jolting pulses using  
accelerometer sensors 

Not all video-evidenced jolting pulses pro-
duced a detectable vibrational trace. This must 
be due to the animal delivering vibrations with 
varying strength. The fraction of detected pulses 
decreases with a reduction in the accelerom-
eter’s sensitivity, and no jolting vibration was ever 
detected when using a ten-times less sensitive 
crystal (4507, Brüel & Kjær, 100 mV/g). 

In order to assess the detectability of jolting 
vibrational pulses on each substrate, the signal 
to noise ratio (SNR) was estimated for each vi-
brational trace, and we also independently noted 
the percentage of pulses that could be picked up 
by critical listening, to best perceive the collection 
of jolting pulses. On the brood-comb, 25% of 
pulses were hearable, corresponding to a SNR 
boundary of 0.7475. Petri-dish and honeycomb 
exhibited a higher percentage of audible pulses, 
47% (SNR boundary = 0.0142) and 68% (SNR 
boundary = 0.2265), respectively. 

3.8 Periodicity of 
the behaviour 

We now consider all the mite individuals ob-
served for jolting behaviour (supplementary Fig. 
S8), and describe the periodicity and pattern of 
the jolting. Mites produced this behaviour for 
varying lengths of time (from as little as one 
single jolt up to almost 50 minutes of regular jolt-
ing behaviour), often with a few location changes 
between where jolting was seen to temporarily 
cease. 

Of the mites that were observed jolting 
(54.5%, n = 30), individuals were categorised 

based upon the greatest length of time during 
which the behaviour was regularly produced. We 
call this a ‘bout’ of jolting, defined as a period 
where a mite remains in the same position and 
jolts with 10 seconds or less between consecu-
tive pulses. If more than 10 seconds elapsed, or 
mite re-positioning occurred, then the sub-
sequent jolt that followed this was considered to 
be the start of a new bout. 77% of these mites 
jolted for periods of less than one minute (sup-
plementary Fig. S8, panel ‘b’). Mites producing a 
jolting bout that lasted more than one minute 
(13%) were then further scrutinised to identify an 
overall behaviour pattern during their time spent 
on the substrate. 

The overall duration of jolting varied between 
individuals, with the longest time-period observed 
as 49 minutes and 50 seconds. The Petri-dish 
and brood-comb mites pulsed for approximately 
8 minutes each (Fig. 6). The periodicity of the jolt-
ing of the mite individual residing on the empty 
honeycomb is also shown alongside the data for 
other mites (supplementary Fig. S30) with 
broadly varying overall pulsing time durations 
demonstrated. In 50% of cases in this category, 
mites repositioned during jolting. This was either 
a minor displacement, where the mite simply 
stopped pulsing to turn and face another direc-
tion, or a larger motion, where it stopped then 
walked to another area on the substrate before 
immediately continuing with the behaviour.

For some mites, there appears to be a trend 
in their pulsing activity, but modest sample size 
prevents us from drawing interpretive comments. 
Some individuals jolt rapidly from commence-
ment of the behaviour, with very short time inter-
vals, around 0.5 seconds, between consecutive 
jolting pulses. As time increases, the temporal 
density of pulse occurrences decreases (see Fig. 
6, panels ‘a’ and ‘c’, see also supplementary Fig. 
S3, panels ‘a’ to ‘d’). Other individuals produce 
jolting pulses at more regular intervals regardless 
of time, with a similar rest period between con-
secutive pulses (Fig. 6, panels ‘b’ and ‘d’, supple-
mentary Fig. S30, panels ‘e’ to ‘h’). Where 
repositioning occurs, identified by a change in 
colour on the figures (Fig. 6, supplementary Fig. 
S30) the trends here described appear to con-
tinue regardless of the interruption due to move-
ment. 
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4 Discussion 
 
In this work, we detected vibrational signals 

originating from individual Varroa mites with ac-
celerometer sensors. As the jolting behaviour is 
very common, it comes to a great surprise that it 
has, until now, remained unnoticed. Only one 
previous study describes ‘jolting movements’ in 
Varroa (Piou et al. 2019), however this work in-
stead characterised the reaction of mites to elec-
trostatic substrate discharges. In our study, more 
than 50% of mites produced jolting behaviour at 
some stage during our observations, ranging 
from single jolts to mites that jolted hundreds of 
times for several minutes. 

The synchronicity between video-captured 
mite movements and accelerometer vibrational 
traces provides strong evidence that the dis-
placements of the body in left and right directions 
are features of the same behaviour which also 
yields a detectable vibration. Critical listening of 
the audio of the slowed video data also further 
demonstrates a robust synchronicity where the 
jolting pulses can be heard as ‘knocking’, ‘clap-
ping’ or ‘clinking’ noises, with a timbre clearly 
modulated by the nature of the substrate in which 
the vibration is detected. 

On all three substrates investigated, double 
or multiple peak vibrations were occasionally 
found in rapid succession. On brood-comb and 
honeycomb, two rapid, successive body dis-
placements can be seen alongside a double aud-
ible ‘knock’ or ‘clap’ consistent with the multiple 
peak vibratory trace seen. For Petri-dish, al-
though visible differences in the jolting vibrational 
traces are seen (some have single peaks, some 
multiple peaks), there are no visual or audible dif-
ferences in the production of both types of pulse 
when viewing the displacement of the mite. Per-
haps the double motion of the body observed on 
the brood-comb and honeycomb is a result of the 
uneven comb surface interfering with the flow of 
the displacement, whereas the Petri-dish is 
homogenous and flat. 

The mechanism behind jolting vibration pro-
duction can only be speculated presently. The 
visible motion of the body is approximately 20ms, 
the vibrational trace itself is only 0.3 to 1ms long, 
followed by a decay of 1 to 4ms that is likely to 
result from the resonance of the substrate. This 

could be indicative of a ‘spring’ or ‘click’ mechan-
ism, which is documented in a variety of species 
that produce ultra-short and ultra-fast movements 
(Gronenberg 1996; Patek et al. 2011). The 
relatively slow visual jolting would correspond to 
the loading of the ‘spring’, whilst its ultrafast re-
lease would cause the remarkably short accele-
rometer pulse. 

 

4.1 Substrate dependent  
jolting pulse features 
 
Dependent on the substrate on which it is 

transmitted, the jolting pulse vibrational trace 
varies substantially, as would be expected from 
any vibrational signal captured on a variety of 
media. In the honeycomb, in particular, there is a 
remarkably broad band trace that could be de-
scribed as resulting from a Dirac Delta function 
(note, also, that for similar accelerometer traces, 
the broader the spectral band is, the weaker the 
signal magnitude registered on the spectrum, 
necessarily, as seen in Fig. 2). This corresponds 
to an ultra-fast burst of energy delivered to the 
substrate (Reeping & Reid 2016). A jolting mite 
delivers a short burst of vibrational energy into 
the material on which it stands and the shorter 
this pulse is, the broader the environmental in-
formation gathered in the spectrum we register. 
The pulse growth appears to be the only part of 
the vibration highly specific to the mite. The os-
cillations following it, which contribute to the over-
all time duration of the pulse, must result from the 
vibrational energy gradually dissipating in the 
substrate. 

The platform on which a vibration is trans-
mitted produces a set of resonance signals that 
are characteristic of the substrate (Otten et al. 
2001), a strong feature that we see in our results. 
Stronger Petri-dish and honeycomb jolting pulses 
stimulated an increased number of frequency 
bandwidths than lower intensity ones, an indica-
tion that more resonance information is produced 
(Otten et al. 2001). Jolting pulses in general 
stimulate more frequencies than walking pulses, 
which have a lower frequency bandwidth of 0.5 
to 3 kHz, irrespective of the substrate they were 
delivered on. It is perhaps the result of the natural 
responding frequencies of the substrate that 
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cause brood-comb jolting and walking pulses to 
share a similar bandwidth. 

The main resonance of the accelerometer 
used (17.9 kHz) was coincidentally never stimu-
lated by mite activities. Deviation from signal 
strength linearity at the moderate resonances of 
the crystal (11, 15 and 22 kHz) was less than 
10% (supplementary Fig. S29), further indicating 
that the frequency components of the jolting 
pulses were a genuine result of mite stimulation. 

4.2 Successful accelerometer 
detection of mite signals 

Accelerometers have been used successfully 
by our research group to detect and characterise 
specific honey bee signals (Bencsik et al. 2015; 
Ramsey et al. 2018; Ramsey et al. 2020), and we 
have now demonstrated that the same sensors 
can also detect the vibrations of a much smaller 
and lighter organism, V.destructor, on three dif-
ferent substrates. Varroa jolting signal capture is 
particularly successful on the Petri-dish and 
honeycomb substrates, but still demonstrates an 
efficacy of 25% on the denser brood-comb. This 
is still remarkably good, considering that capped 
brood-comb is known to be poorer at transmitting 
vibrational signals in comparison to open, empty 
cells (Bencsik et al. 2015). 

4.3 Application of jolting 
pulse detection in beehives 

Our results suggest that it might be possible 
to continuously, non-invasively detect live Varroa 
mites within fully populated hives using accele-
rometers. We have demonstrated that this signal 
is highly repeatable, with an identifiable shape, 
spectrum and time duration, including for Varroa 
residing on brood-comb, which is the most similar 
to a real hive substrate. 

The average strength of the jolting pulse is 
well above what would be expected for an animal 
of such a small size. The vibrational strength of 
the honeybee colony recording, in which 
hundreds of bees contribute to the measurement 
during a period of high signal, is only one order 
of magnitude higher than that of a single mite jolt-

ing pulse. We can see in our data that when there 
are lulls in bee buzzing, jolting pulses exceed the 
maximum acceleration of the bee signal, provid-
ing a good opportunity for them to be detected. 
The high signal data strength is, even more sur-
prisingly, comparable to that of the jolting, al-
though there is a limitation to this result: The 
honeybee vibrations were emanating from an en-
tire hive’s frame, which during the low signal 
period was loaded with brood/honey, whilst the 
jolting pulse, in comparison, was delivered onto 
a much smaller section of brood-comb. This per-
haps led to the comparable signal strength seen 
in the low signal data when compared to the jolt-
ing pulse. Nonetheless, we have shown that 
honeycomb pulses are comparable in strength to 
brood-comb pulses, and these were recorded on 
a British standard sized frame which, although 
devoid of contents, was still fully built in terms of 
the wax cells, i.e close to the expected substrate 
in the hive. This is especially true for the high sig-
nal hive data, as the frame will be closer to a 
state of emptiness due to a lack of brood e.g. 
when eggs have just been laid, after a swarm and 
during winter (Bencsik et al. 2015). Success in 
detecting Varroa vibrational signals in the hive is 
therefore expected to vary throughout the year in 
response to the everchanging periods of high and 
low signal that occur due to the broodcycle and 
therefore shifts in frame load (Bencsik et al. 
2015). 

It is most likely that mites would be success-
fully detected when within the brood cells, as 
population modelling predicts that 65% of mites 
in a honeybee colony will be within the sealed 
cells at any time (Martin 1998). Varroa have 
phases where they come into direct contact with 
the comb in the reproductive phase (Donzé and 
Guerin 1994), so walking will take place and it is 
possible that jolting may also occur. We know 
from our experience that bees fill the cells sur-
rounding the accelerometer with their normal 
content, including brood. This increases the 
chances of a mite inhabiting the vicinity of the 
sensor for many days, improving the chance of 
its detection. Establishing the function of the jolt-
ing pulse may improve mite detection, as it is cur-
rently unknown whether it is produced in the 
brood cells. If we establish when and where the 
behaviour is likely to occur, we can focus on more 
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specific search times and locations for its detec-
tion. In previous studies, we have placed two ac-
celerometers in a central position on the frame, 
equidistant from one another and the frame edge. 
This has worked well for registering frequently oc-
curring honeybee signals (Ramsey et al. 2018) 
but may not be optimum for mite signal capture, 
particularly as detection success is likely to be af-
fected by the distance between the mite and ac-
celerometer. In our work so far, mites were 
always positioned within three to four cm of the 
sensor, but Varroa could reside everywhere in a 
real hive. It is likely that an array of accelerom-
eters will be needed for this exploration. 

The work discussed here therefore provides 
a pioneering step towards the detection of mites 
in a real hive using accelerometers. The features 
that we have extracted and described can be 
used to inform a search tool for jolting and walk-
ing pulses within a full-sized hive. We can now 
utilise this breakthrough as the foundation for fu-
ture endeavours, such as investigating whether 
the mite vibrational pulses can be detected when 
originating from the capped brood cells. 

Is the jolting pulse functional? – A better 
understanding of why the jolting pulse is trans-
mitted by the mite may provide additional in-
formation on where the behaviour will occur, 
which may then improve Varroa vibration detec-
tion. Some of the features of jolting vibrational 
trace indicate that it may serve a purpose. Mites 
lack the necessary anatomical features for de-
tecting airborne sound (Dillier et al. 2006), and 
they have no eyes (Dillier et al. 2006; Dowling 
2015). It is therefore presumed that the other 
sensory systems guide the species’ behaviour, 
such as the chemosensory and olfactory systems 
(Dillier et al. 2006; Zeigelmann et al. 2012), and 
perhaps vibratory information contributes to the 
successful completion of their life cycle. One fea-
ture that we see in our results is the remarkable 
strength of the jolting pulse. For an animal of its 
modest size and mass, the jolting vibration is ex-
ceptionally strong when compared to the vibra-
tional signals of much larger honeybees. It also 
requires a large power of 810nW, delivered by 
the mite. When comparing this to small species 
that produce functional vibratory signals (leaf 
cutter ant stridulatory distress signals: output 10–
20nW (Markl 1967), organism size 1–10 mg 

(Roces & Holldobler 1994), 3–16mm; Sehirus im-
pressus (Canthophorus impres  sus) communica-
tion signal: output 30nW, organism size 25 mg, 
6–7mm (Michelsen et al. 1982); Omocestus 
viridu  lus grasshopper courtship signal: output 
61nW (Michelsen et al. 1999), organism size 
165–310 mg (Kriegbaum 1997), 1–2cm), we can 
see that Varroa, an animal of a significantly 
smaller size, produces jolting vibrations that are 
of a much higher power output. Due to the cost 
inherent to the high energy requirement of this 
signal, it would seem unlikely that the vibration 
we register is simply a by-product of the animals’ 
activity. 

Jolting pulses also differ dependent on the 
substrate on which they are produced, which, as 
previously discussed, is the result of the fre-
quency response of the substrate. Some species 
engage in the production of probing pulses that 
are transmitted into a substrate so that the organ-
ism can detect the subsequent reflections and 
gain environmental information (Wäckers et al. 
1998). Parasitoid wasps, mole rats and aye-ayes 
(Broad & Quicke 2001; Kimchi et al. 2005; Ster-
ling & McCreless 2006) do so in order to identify 
hosts/ prey or gather knowledge on their sur-
roundings. As jolting pulses vary as a result of the 
substrate upon which they are transmitted, but 
walking pulses do not, this could be indicative of 
a probing function. 

We have also established that some mite in-
dividuals jolt hundreds of times, continuously, and 
for prolonged periods. This indicates a large ex-
penditure of accumulated energy, and thereby 
further suggests that perhaps jolting is beneficial 
to the animal in some way. The probing pulses of 
the species mentioned earlier also follow a repeti-
tive action, with parasitoid wasps transmitting vi-
brations repeatedly until a host is found (Wäckers 
et al. 1998), mole rats producing 198 ± 15 signals 
per metre of tunnel that they excavate (Kimchi et 
al. 2005), and aye-ayes tapping the material con-
taining their prey at a consecutive rate of 97.7 ± 
19.9ms over a range of a few seconds (Ramsier 
& Dominy 2012). Pulse repetition for mites is 
therefore compliant with the idea of them serving 
an exploratory purpose, although it remains to be 
explained why some individuals remain static and 
jolting for prolonged periods, and why some only 
jolt a few times. 
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At this stage, we can only speculate a poss-
ible function for the novel jolting behaviour and 
its corresponding vibrational trace. The results of 
this work extensively characterise the features of 
the vibration, but do not explore why the behav-
iour may be produced. Better understanding of 
the pulse function will provide exciting avenues 
to explore, perhaps even allowing further infesta-
tion management strategies to be designed, such 
as non-chemical traps. 

The results of this study demonstrate the 
successful detection of individual Varroa mites 
using accelerometers on multiple substrates and 
disclose a behaviour that is new to science, 
which we refer to as ‘jolting’. The features of the 
associated vibrational pulse strongly indicate that 
it is possible to detect mites in honeybee hives 
using accelerometers, and this now requires 
further work to narrow down the location of pulse 
production for a more lucrative search. By explor-
ing this, we may also shed light on the function 
of the pulse, as our early results tantalisingly sug-
gest that the jolting behaviour is beneficial to the 
animal. 
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I will always remember a conversation with 
now the late grandpa Mihailo Kulinčević from 
Rađeno Selo near Valjevo. He was a very re-
spected man. His endless faith in God, ethics, 
courage, wisdom and unselfishness always 
made him a desirable adviser and man to talk to. 
Grandpa Mihailo lived for 98 years and died on 
Christmas 2000. In a moment of the conversa-
tion, this great optimist and enthusiast seemed 
as if he had become suspicious. To my question 
whether young beekeepers still address him for 
help and advices, he said with wistfulness: “Son, 
today many children start to breed bees, some of 
them love them, and the other buy a spinner and 
honey pots first, and then acquire a colony. It is 
not likely that they will become good beekeepers. 
This, my son, does not relate to you, for my Jova 
(Jovan Kulinčević, PhD.) says you are a very 
hard working person and if you keep learning and 
endure, you can achieve a lot in beekeeping”.  

I was very flattered. The words of grandpa 
Mihailo still live inside of me. I have been trying 
to work both more and better. Whenever I wish 
to write an article about beekeeping, I think of 
how nobody will need my findings, of course you 
should have a “spinner and honey pots”. I hope 
that there are much more those who are inter-
ested in knowledge and experiences, because 
only through holding an abundance of informa-
tion, and by your own selection, you can build a 
personal attitude and approach, because there 
are no many occupations as individual as bee-
keeping. I always have in mind that faith and love 
in any kind of job open the door of success.  

How to achieve a success in the black lo-
cust and the following nectar flows? 

The main prerequisite for considering this 
topic is certainly in previously provided conditions 
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for good wintering, and therewith a successful 
wintering of all bee colonies. It would not be suf-
ficient to once more remind of these conditions; 
although we are maybe late for this winter, we are 
certainly on time for the next one. Well, which are 
the requirements that need to be met: 

- to have at least 15-20 thousand healthy 
long-lived bees in the winter cluster; 

- to have a young, favourable selected, 
queen in the cluster 

- to have provided and correctly arranged 
reserve of abut 20 kg of good quality honey; 

- to have at least one kilo of stored pollen in 
the hive; 

- to have a correct warming and ventilation 
of beehives provided; 

- to have the apiary protected against cold 
winds, and still have it moderately aired; 

- to fence the apiary in order to prevent the 
access of domestic and wild animals; 

- to protect the hive entrances against mice 
and shrews; 

- to have other conditions provided that 
could be specific for the locality at the which the 
apiary is situated 

If any of these requirements has not been 
met, you can not calmly and peacefully wait for 
the spring and the approaching beekeeping sea-
son. It is certain that the majority of professional, 
conscientious, experienced and responsible bee-
keepers have provided all these conditions on 
time, thus let’s see what kind of spring devel-
opment can be expected with them and with what 
kind of bee colonies we will enter the black-lo-
cust, but also all the following nectar flows. For 
the estimate of possible spring development in 
2005, we will use data from 2004, collected at the 
Apicentre.  

The size of brood was determined in 87 bee 
colonies in LR hives. The date of the first measur-
ing was April 1st, 2004. The average total brood 
surface per a colony was approximately 80.5 
dm2, or 4.6 frames completely full with brood on 
both sides, meaning that from March 11th to April 
1st (21 days) the queen laid approximately 
(32,200 cells laid in 21 days) about 1,533 eggs a 
day. On the day of the measuring, there were 
about 6.6 frames in the hives thickly occupied by 
bees, plus forages, which makes nearly 18,000 
bees. 

The date of the second measuring was May 
1st, 2004. The average brood surface per one 
colony was approximately 129.5 dm2, translated 
into frames, 7.4 fully laid frames on both sides. 
The conclusion is that (129.5 dm2 of brood × 400 
cells = 51 800 laid cells) from April 10th to May 
1st (21 days) the queen approximately laid 
(51,800 brood cells : 21 days) about 2,466 eggs 
a day. On the day of the measuring, the hives had 
approximately 10 frames thick with bees, plus for-
agers on the outside, which makes nearly 30,000 
of bees in total.  

The average inflow made for 3 days of black 
locust nectar flow measured in the period from 
May 12th to May 15th was 21.5 kg, reminding 
that in 2004 the majority of beekeepers did not 
make this kind of inflow even in two black locust 
nectar flows. We should especially emphasize 
the fact that none of these bee colonies 
swarmed. It is interesting to state the data that in 
44 colonies the queens were from 2003, and the 
rest of them from 2002, and that an insignificantly 
higher crop was achieved in the colonies which 
were in the second testing year, while in the pre-
vious years it was a much more common occur-
rence. We can approximately estimate or 
calculate with what number of bees these col-
onies participated in the black locust forage. If on 
May 1st, these colonies had the average of 30 
thousand bees and over 50 thousand brood cells, 
then every next day we could expect the addi-
tional 1,500 bees. These are the bees laid after 
April 10th, when the average laying ability of the 
queen was about 2,000 eggs a day. At the same 
time, we can expect that the mortality is nearly 
500 bees a day, and these are bees laid in the 
period from February 20th till March 10th, when 
the average laying ability of the queen was ap-
proximately the same.  

With this kind of colony growth, by May 6th, 
(St George’s day), there will be about 40,000 
bees in a hive. In that period, in the large area of 
Serbia, the opening of first black locust blossoms 
start, but there are still about 7 more days till the 
full blossoming and nectar flow. If about May 6th, 
when both of brood supers of the LR hive are full 
with bees, we reverse the brood supers (due to 
arches of honey that will now be in the lower 
super) and add a honey supper, we have com-
pletely freed the passage for bees from the brood 
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to the honey super. By this activity, without 
extracting the frames from the brood super into 
the honey super, we enabled the bees not over-
crowd in the brood super and undisturbedly store 
the honey above it. Now we already have an ex-
panded space of the hive, which will be filled with 
bees the number of which will by the full black lo-
cust flow be increased for about 10 thousand (7 
days x 1,500 = 10,500).  

By blocking the brood gradually, due to inten-
sive inflow of nectar, the comb surface with the 
young brood will become smaller, due to what 
several thousand bees will become free, thus the 
power of the bee colony will reach the absolute 
biological maximum of nearly 60,000 bees, and 
with timely adding of bee supers, it is possible to 
achieve maximum crops allowed by natural con-
ditions in that period. After the black-locust forage 
and removal of honey supers, in the brood super, 
in addition to the remaining frames with brood, 
we will leave enough honey and empty frames for 
the queen to lay in order to maintain the biological 

power of the colony and successful forage for the 
following intensive nectar flows (linden and sun-
flower).  

By the linden and sunflower nectar flow, a 
queen excluder and a honey super should be put 
on the brood super, because there is always the 
possibility of a not-so-intensive forage, and this 
kind of forages can provide conditions for the 
queen laying in the honey super, which would be 
quite irrational.  

In the linden nectar flow, and especially sun-
flower nectar flow, queen excluders can decrease 
the inflow even for 20%, and at the same time 
provide enough space for the queen laying, 
which could influence the weakening of the bee 
colonies and the inability to breed enough bees, 
the main job of which would be to, after the return 
from the forage in the late summer, raise the suf-
ficient number of long-lived bees with which the 
bee colony will enter the approaching winter. At 
the end of this article, I would like to thank Prof. 
Jovan Kulinčević, PhD, and his associates for 
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data about the performed measuring that I pres-
ented in this text. 

The fact is that the queens, the selection and 
testing of which are done at the “Apicentre”, are 
reared upon the same technology and conditions 
as all the queens from the Apicentre meant for 
the market. Due to that, in the majority of the bee 
colonies where the queens from this program has 
been installed, should achieve approximately the 
same result, but it obviously is not like that. The 
causes should certainly bee looked for in the rea-
sons such as: 

- beekeeping with insufficiently functional 
beehives, in which the brood space cannot be ex-
panded, if needed, and therewith create con-
ditions for a full biological development of the bee 
colony; 

- the unnatural and complicated technology 
of beekeeping; 

- bad quality, insufficient or too abundant 
nutrition of the bee colony; 

- unprofessional diagnostics of the diseases 
in bees and brood, and therewith the inadequate 
usage of medicines; 

- insufficient care, omitting of needed ac-
tions and disharmony with  the time, nectar flow 
and other environmental conditions, and similar.  

As many other, for several years I have been 
looking for the most optimal and most profitable 
way of beekeeping. During all this time, I have 
done the beekeeping with various types of hives: 
LR, DB, DB of ten and long hives. I have applied 

almost all beekeeping techniques I have heard 
about at lectures or found in beekeeping litera-
ture. I dealt with double, two-queen, or beekeep-
ing with several queens and with all other 
activities aiming the creation of some kind of 
phantom colonies that were supposed to bring 
tones and tones of honey. Finally, when I became 
the member of the “Apicentre” and gained some 
insight in their technology, I became aware of the 
uselessness of making these unnatural, dis-
organized and unstable artificial colonies that 
were the result of imagination, but with very weak 
backup of natural laws upon which bees behave 
and have been surviving for centuries. Finally, I 
realized that bees “do not read books” and make 
the beekeeper’s wishes true, but behave upon 
their own instincts.  

Many of us have had to pass a very long way 
in order to finally find what has been found a long 
time ago. I guess this is normal for people who 
do not know how much they know, but now, when 
we know how much we do not know, we can fi-
nally by the spinner and many more honey pots.  

Mileta Marković 
14226 Jabučje 

+381 14 74 581 
+381 64 1917 333 

mileta.pcelar@gmail.com
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Beekeepers familiar with my series of 
works could notice that the work methods I 
apply in my apiaries fit into general principles 
of beekeeping, but are used in general and 
without a recipe upon which beekeeping 
“should” be done. That is why the flexibility of 
my beekeeping methods leaves space for in-
dividual knowledge and intuition of each bee-
keeper to, in his/her own conditions and upon 
his/her own abilities, manage his/her colonies 
in the most rational way. That is the point and 
all the charm and the key of success of a 
modern beekeeper.  

The beekeeper is the only one knowing 
the biology of the bees, who feels the “spirit” 
of the colony and who can, in various situ-
ations, predict their behavior and react appro-
priately, with a big possibility of achieving the 
purpose he does the beekeeping for. All the 
others expecting to get everything in writing 
or said about how to do a successful bee-
keeping, almost never do it. That is why I will 
use one more opportunity to, in my own way, 
answer the question asked by several bee-
keepers from the middle of May till the middle 
of June. Why the bees swarm, although they 
have undertaken all the measures for pre-
venting swarms – in the way the books read? 

MYSTERY OF 
SWARMING 

FROM UNKNOWN 

DEPTHS OF BEEHIVE 
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It is nice and useful for beekeepers to read 
and learn from other people’s experience, but 
beekeeping is not a read book, because un-
known “depths” of beehive have kept the secrets 
of bee colonies for centuries. One of them is 
natural swarming, which is especially important 
to beekeepers, therefore they do everything they 
can to reveal it. Many scientists have been exam-
ining the pre-swarming and swarming stage of 
colonies and have come to diverse theories. Ger-
stung (1891) suggested a theory presenting a 
colony with maximum population of nursing bees, 
which make the critical factor of swarms, be-
cause they produce the surplus of food for pro-
portionally reduced area of young brood. Demuth 
(1921) thought that the overcrowding of the hive’s 
brood area by brood and bees is the main cause 
of swarming. Colin Butler (1952) established a 
theory upon which queens produce the sub-
stance known as Queens Mandibular Phero-
mones (Q.M.P.). When this substance is 
available for worker bees in sufficient quantities, 
the bees do not build queen cells. On contrary, 
when they get the substance in insufficient quan-
tities, swarming occurs. This theory has been 
proved experimentally. I accepted it personally 
and have been successfully using it in the form-
ing of nurse colonies with a queen. I limit the 
queen in the bottom super, above the excluder I 
place two honey supers with frames full of open 
honey. Above them there is a rearranged brood 
super full of young nurse bees. The Queen sub-
stance can not reach them or is below the 
needed threshold. The result of that is the accept-
ance of grafted larvae and the breeding of queen 
cells. Derek J. Gue (1998) published his new the-
ory about causes of bee swarming. He claims: 
”Pheromone of a swarm is produced by nurse 
bees in a numerous, healthy colony during the 
swarming season and this pheromone is stronger 
than all the other factors”.  

Many recognized beekeeping practitioners 
stated their opinions about the causes of natural 
bee swarming, but it still remains the mystery in 
the unknown depths of beehive! In my modest 
opinion, bee swarming is a law of nature and 
bees swarm because they want to swarm! They 
swarm because the reproduction of the species 
is the most sublime goal of their existence. There 
is not only one cause of this ancient urge, but is 

necessary to, in certain circumpstances, fulfill 
several favorable conditions.  

Fist of all, it is necessary that the bee colony 
reaches its full development according to its gen-
etic features, but also in accordance with the size 
of the habitat they live in. Nature arranged that 
the maximum development of bees fits into the 
period when at certain area there are enough 
honey plants blossoming, at which both the 
swarm and the parent colony will provide suffi-
cient food reserves for their survival.  

The bees will not miss this kind of concord-
ance of conditions, since the crown of their hard 
work, for centuries adjusted to many factors, are 
finished preparations and the act of swarming 
itself! Behind the stage in a crowded habitat, 
swarming bees take the reserve food from the 
comb that they will soon leave. When this 
happens, there is nothing else to wait for! With 
their mother queen, a crowd of bees burst out of 
the entrance of the hive and rush into the endless 
blue of a sunny day and the beginning of a new 
life together.  

The beekeeper watches them and realizes 
that, in front of him, in the crowd of agitated, al-
most in a trans, bees, something extraordinary, 
something sublime happens. He needs to under-
stand their joy and endless happiness charming 
them in their circling flight, by which they end the 
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ancient wish of all the generations - to survive as 
long as there is sunlight and eternity! 

And how can a beekeeper hold out, if by this 
fascinating swarms going out he loses his entire 
yearly profit from beekeeping? If you don’t make 
mistakes, you don’t make anything, but we can 
also learn from our mistakes and they should not 
be repeated. Therefore, a beekeeper for his fu-
ture work needs to learn more about the life and 
rules of bee colony and to use his own and the 
experiences of other beekeepers. In addition to 
this, a modern beekeeper needs to know that cor-
rections are necessary in beekeeping, even in 
the beekeeping “truths”, always in accordance 
with the time and always changeable conditions 
he does the beekeeping in. Beekeeping is a craft 
and art in breeding bees and their management, 
and the channeling of the laws of bee nature and 
subjecting them to the interests of beekeepers is 
not an easy job at all.  

But when a beekeeper learns how to bee 
happy for his success and to bear bad beekeep-
ing years, his omissions and disappointments, 

then he is already a real beekeeper, and the real 
beekeeper cannot be shaken by the mystery of 
swarms from the unknown depths of beehive! 

A special attention needs to be paid to each 
of the periods of the colony development. The 
works need to be adjusted to current circum-
stances we do the beekeeping in, because every 
beekeeping year is a story in itself. In the years 
like this one, when favorable time and nectar flow 
conditions accelerate the spring development of 
bees and maximize it before the main flow, for 
maintaining their working mood, the usual works 
such as expanding of the brood super, making 
young  bees busy with building combs and ad-
ding of honey supers, are not enough.  Dema-
ree’s method can for a while postpone the 
threatening swarming urge, but these are ob-
viously extremely swarming years and it will not 
be a guarantee that the bees will not start the 
nursing of queen larvae. 

The beekeeping literature describes many 
methods of using nectar flows and preventing of 
natural bee swarming. The most frequently rec-

49NO BEES, NO LIFE · EBA MAGAZINE             Issue 4, October 2024 · www.ebaeurope.eu



ommended is that, before the beginning of the 
nectar flow, the queen needs to be limited, which 
is supposed to provide a rational usage of the 
nectar flow and prevention of natural swarming. 
In my opinion, it is completely wrong and, in mod-
ern beekeeping, irrational. My beekeeping prac-
tice convinced me that before the beginning of 
the main nectar flow (black locust, meadow, lime-
tree…) the queen does not need to be limited but 
provided with space! 

About twenty days before the expected nec-
tar flow, the first main flow, bee colonies that have 
been developing successfully have almost or en-
tirely reached the maximum in the brood. Starting 
from then, the surface of young brood becomes 
decreased any way, without any kind of our inter-
vention, therefore the mass of just emerged bees 
is left without employment. The brood super be-
comes too tight for them, and in the honey super 
without nectar there is no more work for them. 
Therefore they usually stand still in clusters in the 
space between the frames and the floorboard, 

waiting for the maturing of the queen cells and 
the call of nature to go on with the prolongation 
of the species. There won’t be long until a swarm 
appears “out of the season”! 

Instead of limiting the queen and feeding the 
bees with syrup (about twenty days before the 
expected nectar flow) I provide the queen with a 
space for expanding the brood, and in bees I 
simulate the swarms they want.  

On the previously modified brood super (in 
my case consisting of a standard LR and one 
Farrar’s super), I add one additional super with 
well built empty comb and one frame of young 
brood, in order to have the bees with the queen 
occupy it as soon as possible. When this 
happens, I divide the former brood super and 
newly added super in which the queen already 
lays eggs by a queen excluder. I keep this kind 
of stage for the following 5-6 days, to provide the 
bees in the lower part of the quenelles brood 
super with a close contact with their queen and 
that the young brood they are nursing become 



too mature for the possible breeding of queen 
cells. Then, above the former brood super, and 
below the excluder and the added super in which 
the queen is intensively laying eggs, I add a 
honey super. With its volume and young comb it 
definitely divides the two brood supers. The col-
ony is practically divided, without any kind of bar-
rier, except for one queen excluder. Bees in the 
lower quenelles brood super cover and keep the 
mature brood warm, and the young bees coming 
out of it are recruited for the nursing of the bigger 
and bigger young brood, with their queen, but in 
“the other house”. This kind of directing of the 
work of bees in a strong colony activates all the 
bees and keeps them in a maximum working 
mood. In case, in swarming years like this one, 
the bees “get crazy” and decide to start swarming 
and nurse queen larvae any way, they can do it 
only in the upper brood super where there is the 
queen and the young brood, i.e. where, upon my 
wish, they crated the base for the future young 
colony.  

This kind of, most frequently, good quality 
swarming queen cells in the newly-formed brood 
super can be used, because, by the beginning of 
the nectar flow, I divide the newly formed swarm 
from their parent colony. I return the queen from 
the swarm to the former brood super of the pro-

duction colony, the bees of which accept it as a 
savior and with incredible working enthusiasm 
they start the renovation of the colony and using 
of the nectar flow.  

Beekeepers and my students familiar with 
my working technique most frequently ask: How 
much honey will the weakened parent colony 
bring after the removal of a swarm in the main 
nectar flow? My answer is that it can never be 
predicted for sure, because the inflow of nectar 
depends, first of all, on weather conditions during 
the blossoming of honey plants. There is the 
possibility of a bad summer flow, thus there might 
be no enough inflow even for the bees them-
selves. In that case, by removing of a swarm from 
a strong colony before the (never secure) nectar 
flow, we get something after all. In the years 
when the nectar flow is successful, my production 
colonies that have given a swarm will bring inside 
somewhat less honey than the others in full 
power and working mood, but the given swarm 
and the complete control over colonies in their 
swarming urge are sufficient compensation for 
maybe somewhat smaller honey crop from the 
main flow. In addition to that, if I later put the early 
swarm with a young queen together with the par-
ent colony, this kind of colonies can bring ex-
tremely high crops in summer nectar flows and 
they enter the winter period very strong and with 
sufficient food reserves.  

This does not mean that this is the only way 
it should be done. I myself always adjust my 
working technique to the circumstances of any 
kind I do my beekeeping in, thus, I would like to 
suggest everybody to adjust his/her beekeeping 
to the conditions and abilities. But, regardless all 
the differences, the dilemma remains about how 
to use intensive nectar flows with strong colonies 
in the most efficient way, and still keep the 
swarms under control, because, if there is no 
swarm control – the beekeeping lessons will be 
quite expensive! 

Milan Matić 
15000 Šabac 

77 Vojislava Ilića St. 
+381 62 415 075; +381 61 

226 4586 
maticm.pcelar@gmail.com
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Abstract 

The rapid increase in global plastic produc-
tion and usage has led to global environmental 
contamination, with microplastics (MPs) emerg-
ing as a significant concern. Pollinators provide 
a crucial ecological service, while bee popu-
lations have been declining in recent years, and 
MPs have been recognized as a new risk factor 
contributing to their losses. Despite the pervasive 
distribution and persistence of MPs, understand-
ing their risks to honey bees remains a critical 
knowledge gap. This review summarizes recent 
studies that investigate the toxicity of MPs on 
honey bee health from different perspectives. 
The findings revealed diverse and material-/size-
/dosage-dependent outcomes, emphasizing the 
need for comprehensive assessments in the fol-
low-up studies. MPs have been detected in 
honey and in bees’ organs (e.g., gut and brain), 
posing potential threats to bee fitness, including 
altered behavior, cognitive abilities, compromised 
immunity, and dysfunction of the gut microbiota. 
It should be noticed that despite several labora-
tory studies suggesting the aforementioned ad-
verse effects of MPs, field/semi-field experiments 
are still warranted. The synergistic toxicity of MPs 

with other environmental contaminants (pes-
ticides, antibiotics, fungicides, heavy metals, etc.) 
still requires further investigation. Our review 
highlights the critical need to understand the re-
lationships between MPs, pollinators, and the 
ecosystem to mitigate potential risks and ensure 
the sustainability of vital services provided by 
honey bees. 

Keywords Plastic pollution · Bees · Pollina-
tors · Ecotoxicity · Bee decline 

Introduction 

The deterioration of habitats due to human-
caused environmental pollution is one of the main 
factors that is currently threatening biodiversity 
(Jaureguiberry et al. 2022). There is a great deal 
of interest in studies that show how pollutants af-
fect an organism’s life cycle, including longevity, 
success in reproduction, developmental rates, 
underlying physiological and genomic effects, 
and feedback loop effects on population dy-
namics (Anetor et al. 2022; Harmon et al. 2024). 

These investigations deepen our knowledge 
of the ecological consequences of pollution in dif-
ferent habitats (Rai et al. 2023; Rangel-Buitrago 
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et al. 2024). Industrial plastic output has quickly 
expanded, reaching over 400 Mt (million 
tons)/year globally (Lampitt et al. 2023). Because 
of its low cost, plastic has become one of the 
most used materials, particularly in the packaging 
industry, and is now an important component of 
municipal garbage. Global plastic particle produc-
tion is estimated to have reached 19–23 Mt in 
2016, and some of these particles found their 
way into aquatic habitats. By 2030, up to 53 Mt 
particles are predicted to be produced annually 
(Borrelle et al. 2020).  

The quantity of plastic waste created an-
nually per person varies from 221 kg in the USA 
and 114 kg in OECD (Organization for Economic 
Cooperation and Development) countries in Eu-
rope to an average of 69 kg in Japan and Korea 
(OECD 2022). 

Most plastic pollution results from improperly 
collecting and disposing of larger plastic debris 
or macroplastics. However, there is also signifi-
cant concern over the leakage of microplastics 
(MPs), which are synthetic polymers smaller than 
5 mm in diameter and are further classified into 
two subgroups, i.e., primary and secondary MPs. 
Primary MPs are produced directly as tiny ma-
terials and are frequently designed for use in con-

sumer products such as cosmetics, detergents, 
and cleaning solutions. Secondary MPs are 
formed when bigger plastic materials degrade 
(break down) in the atmospheric or aquatic en-
vironment due to natural weathering processes. 
Items such as road markings, synthetic textiles, 
industrial plastic pellets, tire wear, and municipal 
sewage sludge have all been identified as poten-
tially significant contributors to environmental 
microplastics (Rolsky et al. 2020; Järlskog et al. 
2020). 

Given their widespread distribution and per-
sistent nature, MPs have become a serious en-
vironmental danger, drawing the attention of 
ecotoxicologists concerned about their potential 
toxicity (Wright et al. 2013; Ghosh et al. 2023). 
Exposure to MPs in aquatic biota has been 
shown to induce various toxicological effects (Du 
et al. 2021). Furthermore, recent research has 
demonstrated that MPs and nanoplastics (NPs; 
synthetic polymers with dimensions ranging from 
1 nm to 1 μm) are found in typical matrices such 
as soil, sediment, and freshwater inland, where 
their abundance is greater than in the marine en-
vironment (Li et al. 2024). As a result, these ma-
terials interact with terrestrial organisms, 
including invertebrates, terrestrial fungi, and ani-
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mal pollinators, which play a crucial role in medi-
ating important ecosystem services and functions 
(de Souza Machado et al. 2018; Al Naggar et al. 
2021; Dissanayake et al. 2022; Rai et al. 2023). 

Insects (class Insecta), with more than one 
million described species, constitute more than 
2/3 of all known animal species (Stork 2018). In-
sects are important components of virtually all 
terrestrial ecosystems and have a significant ef-
fect on the survival of all life, including humans. 
In addition to being food for other plants and ani-
mals, insects also serve as pollinators, decom-
posers, phytophagous, predators, and parasites 
in ecosystems (Scudder 2017). This implies that 
MPs originating from anthropogenic contributions 
have a high potential for interacting with insects 
because their life cycles involve numerous envi-
ronmental media, such as soil and water bodies 
(Al Naggar et al. 2021; El Kholy and Al Naggar 
2023; Haavik and Stephen 2023; Li et al. 2024), 
as well as diversity of biological characteristics 
among different insect orders. 

Insect pollinators, in particular honey bees, 
are integral to both the natural world and contem-
porary food production. They support a resilient, 
genetically diverse plant ecosystem, are necess-

ary for pollinating food crops, and are thus vital 
to the security of food for numerous human popu-
lations worldwide. MPs are everywhere and have 
been detected in various plant species foraged 
by bees, resulting in honey (Liebezeit and Liebe-
zeit 2013, 2015; DiazBasantes et al. 2020). In ad-
dition, it has been identified in apiaries in China, 
and honey bees have been used as samplers for 
MPs in Denmark’s urban and suburban areas 
(Deng et al. 2021; Edo et al. 2021). Furthermore, 
a recent study showed that MPs integrated by 
honey bees from their diet are transported to 
honey, wax, and larvae, raising concerns about 
their potentially harmful effects on bees and pol-
lination services (Fig. 1) (Alma et al. 2023). In ad-
dition, the use of microfiber sheets to trap the 
small hive beetle (SBH) (Aethina tumida) (Co-
leoptera: Nitidulidae) results in the integration of 
microfibers into honey as well as the gut and cu-
ticle of bees, providing further worries about tex-
tile microfiber contamination because bees can 
breakdown and fragment them (Buteler et al. 
2023). 

In 2021, we asked if the widespread occur-
rence of MPs would have unforeseen detrimental 
impacts on the health and fitness of honey bees, 
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as well as to bring the scientific community’s at-
tention to the probable risks of MPs to honey bee 
fitness (Al Naggar et al. 2021). There was only 
one published study; therefore, we posed a 
number of critical research questions that need 
to be answered before MPs can be considered a 
potential hazard to bees. Here, we reviewed the 
Web of Science (WOS) database literature to 
April 2024, using keywords (microplastics and 
pollinators). We found that nine studies evaluated 
the effects of MPs on honey bee health (Deng et 
al. 2021; Wang et al. 2021, 2022; Buteler et al. 
2022; Balzani et al. 2022; Al Naggar et al. 2023; 
Pasquini et al. 2024; Zhu et al. 2024; Ferrante et 
al. 2024). As a result, this review aims to sum-
marize available research on whether MPs en-
danger bees and pollination services, as well as 
to identify knowledge gaps. 

Toxicity of MPs on 
honey bee health 

Effects on survival 

Determining the survival of honey bees after 
exposure to any environmental toxicant is crucial 
for risk assessment, because any stressor that 
affects the health of individual honey bees, dra-
matically reducing their survival, could be repro-
duced at the colony level, eventually leading to 
colony collapse. The effects of MPs on honey 
bee survival have so far been proven to be quite 
limited and concentration-, shape-, and polymer-
dependent (Table 1). In every experiment, bees 
were exposed to MPs in sugar syrup, with chronic 
exposure ranging from 7 to 21 days in seven 
studies and acute exposure in two (48 h). Fur-
thermore, in seven studies (Deng et al. 2021; 
Wang et al. 2021, 2022; Balzani et al. 2022; Pas-
quini et al. 2024; Zhu et al. 2024; Ferrante et al. 
2024), bees were exposed to spherical MPs, 
whereas in just two studies (Buteler et al. 2022; 
Al Naggar et al. 2023), they were exposed to 
fibers or irregularly shaped MPs. 

Out of the four studies that utilized polysty-
rene (PS) spheres (Deng et al. 2021; Wang et al. 
2021, 2022; Al Naggar et al. 2023), only one 
demonstrated a lower survival rate (~ 25%) of 

bees exposed to a mixture of PS-MP spheres of 
varied sizes (0.5, 5, 50 μm) at 100 mg/L and also 
reported hair loss and body color change (Deng 
et al. 2021). Furthermore, there was no effect on 
survival when bees were either acutely exposed 
for 48 h to PS fibers (0.04–0.39–0.25 μm) (Bu-
teler et al. 2022) or chronically exposed for 14 
days to irregularly shaped PS-MPs (27–93 μm) 
(Al Naggar et al. 2023). Bee survival was found 
to decrease after 7 days of exposure to only 
higher concentrations (50 mg/L) of polyethylene 
(PE) MP spheres (lethal time (LT) at 7th day, 
52.5% PE bees vs. 33.3% control bees; LT at 9th 
day, 74.2% PE bees vs. 62.5% control bees) 
(Balzani et al. 2022). Additionally, oral exposure 
to 100-μm PE-MP spheres increased mortality (~ 
40%) and susceptibility to infections (Zhu et al. 
2024). 

Interestingly, exposing bees to different con-
centrations (0.5–50 mg L−1) of PS (4.8–5.8 μm 
in size) or polymethylmethacrylate/plexiglass 
(PMMA) (40 μm) for 10 days separately had no 
adverse effects on bee survival. However, at 
medium (5 mg/L) and high (50 mg/L) concentra-
tions of PS and PMMA, an additive negative ef-
fect on bee survival (20–25%) decrease was 
noted (Ferrante et al. 2024), raising concerns 
about the deleterious interactive effects of MPs 
on honey bee health because various MP 
polymers with varying sizes and shapes were 
found in honey and on the bodies of bees (Diaz-
Basantes et al. 2020; Deng et al. 2021; Edo et al. 
2021). 

NO BEES, NO LIFE · EBA MAGAZINE             Issue 4, October 2024 · www.ebaeurope.eu55



Table 1 Summary of the effects of MPs on honey bee health 
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Effects on food consumption 
and body weight 

A decrease in food intake can result in re-
duced energy reserves and a decrease in body 
weight. This can compromise the overall health 
and resilience of individual bees (Oliveira et al. 
2019). There is no clear pattern for the effects of 
MPs on food intake and body weight, and the re-
sults are opposed (Table 1). For example, expo-
sure to 25 μm PS-MP spheres reduced food 
intake at only a lower concentration (0.5 mg/L) 
without having a detrimental effect on body 
weight (Wang et al. 2021); in contrast, exposure 
to 100-nm PS spheres in size led to a significant 
decrease to 91.67% of the original weight of bees 
(Wang et al. 2022). In contrast, when bees were 
exposed to irregularly shaped PS fragments, both 
food intake and body weight were reduced by 
around 16% and 18.5%, respectively, which was 
independent of size and concentration (Al Naggar 
et al. 2023). The authors explained the later re-
sults by pointing to the high specific area and ir-
regular shape of PS-MP fragments, which may 
impede honey bees’ ability to digest food and 
hinder their digestive tracts. Other long-term ef-
fects were also proposed, like stomach lining 
damage or localized ulcerations that may cause 
a false sense of fullness, as shown in marine ani-
mals exposed to plastics (Cole et al. 2011; de 
Barros et al. 2020). 

On the other hand, PE-MPs affected feeding 
behavior in a concentration-dependent manner, 
with bees consuming more food than controls 
when exposed to low concentration PE (0.5 
mg/L); however, in bees exposed to a higher PE 
amount (50 mg/L), no effect on body weight was 
noted, despite a reduced survival, as indicated in 
the “Effects on food consumption and body 
weight” section (Balzani et al. 2022). Similarly, al-
though a decrease in survival rate was observed, 
no effects on body weight were seen in bees ex-
posed to PE-MPs of various sizes and concen-
trations (Zhu et al. 2024). 

Effects on behavior & cognition 

Honey bee behavior and cognition are crucial 
for the growth and success of a bee colony. The 

sophisticated social structure and division of 
labor within a honey bee colony are based on 
multiple tasks performed by individual bees, and 
their cognitive abilities are vital for the effective 
functioning of the entire colony (Klein et al. 2017). 
There are just four studies (Buteler et al. 2022; 
Balzani et al. 2022; Pasquini et al. 2024; Ferrante 
et al. 2024) that investigated the potential effects 
of MPs on honey bee behavior and cognition 
(Table 1). Buteler et al. (2022) investigated 
whether honey bee foragers visited resources 
and water solutions more frequently with or with-
out MPs. They discovered that bees absorbed 
PS microfibers supplied in water and sucrose sol-
utions indiscriminately, and no impacts on for-
aging behavior were detected, though bees 
consumed PS-free solutions quicker than sol-
utions with 10 and 100 mg PS microfibers/L (Bu-
teler et al. 2022). Whereas exposure to a higher 
concentration of PE-MP spheres (50 mg/L) has 
been shown to only alter the bees’ capability to 
consistently respond to sucrose, not their sensi-
tivity to it, their ability to get habituated to it, or 
their ability for learning and memory (Balzani et 
al. 2022). 

Recently, the effects of PS or/and PMMA 
spheres, either singly or mixed, on the cognitive 
and behavioral performance of bees were 
studied (Pasquini et al. 2024). Using the probos-
cis extension reflex (PER) assay, the researchers 
found that PS lowered sucrose responsiveness 
by around 10%, while PMMA had no significant 
effect; however, the combination had a significant 
negative effect, with around 30% drop in sucrose 
response. PS alone at the highest concentration 
(50 mg/L) had a significant impact on the learning 
phase, with a 40% decline in PER response, 
while PS and PMMA either individually or com-
bined impaired memory of bees both mid-term 
specific memory (MTM) and early long-term spe-
cific memory (eLTM) by around 25–35%. Inter-
estingly, using 3D brain imaging, the authors 
were also able to confirm the translocation of 
MPs to bee brain tissues within 3 days of oral 
treatment; nevertheless, a causal relationship be-
tween the reported cognitive deficiencies was not 
established (Pasquini et al. 2024).  

Surprisingly, changes in bee cuticle profiles 
were identified when exposed to PS or/and 
PMMA, with PMMA being the primary cause. De-
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spite these chemical changes, nest guards 
showed no intensified inspection or aggressive 
behavior toward exposed foragers, allowing them 
to enter the colony undisturbed (Ferrante et al. 
2024). 

Translocation, accumulation, 
and histopathological effects 

Translocation and accumulation of MPs in 
tissues can have several deleterious impacts 
(D’Costa 2022; Zeng et al. 2023). MPs have been 
shown to interact with the gut lumen in the fruit 
fly (Drosophila melanogaster) (Diptera: Droso-
philidae), be taken up by gut enterocytes, pass 
through the intestinal barrier to the hemolymph, 
be absorbed by hemocytes and malpighian 
tubules, and even translocate to flies’ compound 
eyes and ocelli (Lee and Jang 2014; El Kholy and 
Al Naggar 2023). Similarly, MPs have been 
shown to be ingested and accumulated in the 
midgut and hindgut, as well as transported to the 
trachea and malpighian tubules (Deng et al. 
2021; Wang et al. 2021) as well as brain tissues 
(Pasquini et al. 2024). Histological investigation 
showed that the intestinal tracts of bees exposed 
to PS-MP spheres (0.5 and 5 μm in size) had 
larger lumens, wider intercellular spaces that 
eventually disrupted the microvilli, compromised 
peritrophic membrane integrity that increased PM 
shedding, and nearly completely broken base-
ment membranes (Deng et al. 2021). Similar to 
this, after PS-NP spheres were administered, the 
bee gut basement membrane showed raptures, 
the cytoplasm showed signs of vacuolization and 
lysing without any visible nuclei, and the PS-100 
nm group’s crypt depth/intestinal wall thickness 
ratio value was noticeably higher than that of the 
control and 1-μm PE-MP treatment groups 
(Wang et al. 2022). For bees treated with 1-μm 
and 10-μm PE-MP spheres, fewer layers of cells 
were found in midgut tissues, as evidenced by re-
duced intestinal wall thicknesses. Conversely, the 
peritrophic membrane, dense layers of columnar 
cells, and basement membrane were damaged 
in bees subjected to 100-μm PE-MPs, leading to 
a decrease in the thickness of the intestinal wall 
and the dispersion of midgut contents into the ali-
mentary canal lumen (Zhu et al. 2024). 

Effects on immunity 
and gut microbiota 

The gut microbiota in honey bees plays a 
crucial role in maintaining their health and gen-
eral well-being (Zheng et al. 2017; Raymann and 
Moran 2018; Jones et al. 2018; Steele et al. 
2021; Dosch et al. 2021). However, exposure of 
bees to different environmental toxicants alters 
the diversity and composition of their gut micro-
biome as well as their immunity, resulting in major 
consequences for bee health (Motta et al. 2018; 
Rothman et al. 2019; El-Seedi et al. 2022; Al 
Naggar et al. 2022; Al Naggar and Wubet 2024). 

There are only three studies that have inves-
tigated the consequences of exposure to MPs on 
the gut microbiota (Table 1). In the first study, 
bees were exposed to PS-MP spheres for 14 
days, which reduced the diversity of bacteria in 
the gut, producing profound abnormalities in their 
gut microbiomes, as well as changes in gene ex-
pression related to oxidative damage, detoxifica-
tion, and immunity, although there was no 
decrease in bee survival (Wang et al. 2021). The 
second study found that administering 100-nm 
PS spheres reduced the relative abundance of 
Bifidobacterium and Lactobacillus in the guts. 
This, in turn, activated immune inhibitory genes 
and suppressed genes linked to energy balance 
and detoxification, increasing the susceptibility of 
bees to the pathogenic bacteria Hafnia alvei and 
resulting in mortality of 92% of bees, which was 
5 and 1.5 times higher than those from the “con-
trol” and the “H. alvei” groups, respectively (Wang 
et al. 2022). In the third study, honey bee mortal-
ity is linked to both gut physical damage and dys-
biosis of the microbiota (Zhu et al. 2024). 
Snodgrassella alvi, a core functional gut bac-
terium, was selectively enriched on the surface 
of PE-MPs, which perturbed the gut microbial 
communities in honey bees and made bees more 
susceptible to the pathogenic bacteria 

Hafnia alvei, resulting in around 30 and 40% 
higher mortality in bees co-exposed to 100-μm 
PE-MPs and H. alvei, compared to healthy bees 
exposed to 100-μm PE-MPs and those chal-
lenged with H. alvei, respectively (Zhu et al. 
2024). A crucial mechanism underpinning gut 
microbial dysbiosis in the later study appeared to 
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be the colonization of Snodgrassella from the in-
testinal wall to the surface of PE-MPs, which re-
duced its function as a protective barrier for the 
intestinal wall of honey bees. Given that a healthy 
and balanced gut microbiome is critical for main-
taining healthy colonies (Raymann and Moran 
2018), these MPinduced effects pose a potential 
risk to bee fitness and performance, but they 
must be validated by field and in-hive experi-
ments. 

Furthermore, ingestion of PS-MP spheres re-
sulted in a significant change in gene expression 
linked to membrane lipid metabolism, immune re-
sponse, detoxification, and the respiratory sys-
tem (Deng et al. 2021). Subsequently, the 
authors investigated whether PS could make 
honey bees more susceptible to Israeli acute par-
alysis virus (IAPV) infection and discovered that 
the IAPV titer of IAPV was much greater in the 
PS with the IAPV group than that in IAPV, but no 
significant difference in survival rate was found. 

Discussion 

Honey bees visit every environmental com-
partment when collecting nectar, honeydew, 
pollen, and other plant exudates. If MPs pollute 
surrounding compartments, they will eventually 
be introduced into honey bees and hive products 
(Al Naggar et al. 2021). Therefore, MPs were de-

tected in honey and in the bee body. As a result, 
nine studies have been conducted under con-
trolled laboratory conditions to investigate the po-
tentially harmful effects of MPs on honey bee 
health (Deng et al. 2021; Wang et al. 2021, 2022; 
Buteler et al. 2022; Balzani et al. 2022; Al Naggar 
et al. 2023; Pasquini et al. 2024; Zhu et al. 2024; 
Ferrante et al. 2024). Some data indicated detri-
mental effects on bee mortality, feeding rate, be-
havior, immunity, and gut microbiota, as 
described above and summarized in (Fig. 2). 

However, a single semi-field in-hive experi-
ment was carried out, and it was discovered that 
adult bees that consumed sugar solutions con-
taminated with 50 mg PS microfibers for 1 month 
dispersed the fibers throughout their colonies. 
Treated colonies did not demonstrate differences 
with control hives in honey reserves, adult or 
brood populations (Alma et al. 2023). Given that 
this is the only in-hive experiment to look into the 
potential impacts of MPs on honey bee health at 
the colony level, it is unclear whether the non-ob-
served negative effects are due to honey bee 
population dynamics or other causes.  

For example, one could argue that while 
some bees have died because of PS microfibers, 
this has been compensated by the enormous 
number of individuals in the hive. Or the number 
of PS microfibers translocated to bees through 
feeding was insufficient to cause detrimental ef-
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Fig. 2 A graphical summary of the effects of MPs on honey bee health so far 



fects at the colony level. On the other hand, this 
scenario might look different if bees were ex-
posed to different polymers, either separately or 
in combination, given that several polymers of 
varied forms, sizes, and concentrations were 
found in honey and on the bodies of bees (Deng 
et al. 2021; Edo et al. 2021). Therefore, more re-
search is required to test these hypotheses. 

Despite our emphasis on the importance of 
investigating the combined impacts of MPs and 
other environmental contaminants such as heavy 
metals, pesticides, and nanomaterials, as well as 
parasites and pathogens (Al Naggar et al. 2021), 
there have not been any studies conducted yet. 
Given that numerous studies have found severe 
interactions between MPs and pesticides on the 
health of living organisms (Wang et al. 2020, 
2023; Albendín et al. 2023; Guru et al. 2023), 
their combined effects are particularly important 
for bees, which are often exposed to agrochemi-
cals commonly used for pest control, as well as 
in-hive miticides used to control hive pests and 
parasites. Furthermore, the impacts of PS, PET-
MPs, and titanium dioxide (TiO2) nanoparticles 
were evaluated using the tropical pollinator Par-
tamona helleri (Apidae: Apinae: Meliponini). 
Changes in hemocyte counts (a shift in the pro-
portion of plasmatocytes and prohemocytes in 
treated individuals) and walking behavior (aver-
age speed (cm/s)), meanders (°/cm; the absolute 
sum of the angle the individual turned divided by 
the distance the individual covered), resting time 
(s), and interactions (considered interaction when 
the bees approached a distance ≤ 0.68 cm) were 
identified (Viana et al. 2023). 

On the other hand, communication between 
flowers and pollinators is a crucial component of 
sexual reproduction in flowering plants and is mu-
tually beneficial to both (Wester and Lunau 2017; 
Shah et al. 2023). For instance, plants require 
compatible pollen distribution and receipt at low 
costs, whereas pollinators need floral rewards 
that may be taken as fast and efficiently as feas-
ible. Regretfully, a recent study discovered that 
polypropylene (PP)-MP fragment deposits 
negatively affected seed production and the 
quantity of pollen tubes that reached the ovaries 
(Carvallo and Muñoz-Michea 2023). MPs and 
NPs have also been shown to affect plant phyto-
hormonal and metabolic profiles, potentially af-

fecting nectar production and synthesis (Li et al. 
2021; Bouaicha et al. 2022). These documented 
NP and MP-induced changes may affect the bi-
ology of pollination, most likely by impeding or 
postponing interactions between plants and pol-
linators. Thus, more investigation is required to 
validate these hypotheses. 

Conclusion and 
future directions 

The data demonstrate a wide range of ma-
terial-/size-/ dosage-dependent effects, under-
scoring the importance of comprehensive 
evaluations in future investigations. MPs have 
been found in honey and in bee organs (for 
example, the gut and brain), presenting potential 
hazards to bee fitness such as altered behavior, 
cognitive capacities, reduced immunity, and gut 
microbiome dysfunction.  

Even though multiple laboratory studies have 
demonstrated the negative effects mentioned 
above, field and semi-field investigations are still 
recommended to look into the potential negative 
effects of MPs on brood pattern, queen laying, 
drone vitality, and colony vigor and whether or not 
it depends on MP type, size, shape, and concen-
trations. 

Further research needs to be conducted to 
determine how MPs interact with various honey 
bee diseases and other environmental contami-
nants, including pesticides, antibiotics, fungi-
cides, heavy metals, and others.  

Additionally, the widespread existence of 
MPs as an increasing environmental contaminant 
highlights the necessity of acknowledging the sig-
nificant impacts of ensuing gut dysbiosis on the 
physiological condition of the bees. Taken to-
gether, our review indicates the significance of 
knowing the interactions between MPs, pollina-
tors, and the ecosystem to avoid potential threats 
and preserve the sustainability of critical services 
provided by honey bees. 
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Abstract 

Formic acid and oxalic acid field trials for con-
trol of Varroa destructor were carried out in au-
tumn according to the Swiss prescriptions during 
three successive years in different apiaries in 
Switzerland. The following parameters were de-
termined in honey that was harvested the year 
after treatment: formic acid, oxalic acid and free 
acidity. The following range of values were found 
in honeys of untreated colonies: formic acid, from 
17 to 284 mg/kg, n = 34; oxalic acid, from 11 to 
119 mg/kg, n = 33. There was a small, but un-
problematic increase in formic acid levels in com-
parison to the levels in the controls; average: 46 
mg/kg, maximum: 139 mg/kg. No increase in 
formic acid was found with increasing number of 
treatment years. If emergency formic acid treat-
ments were carried out in spring, the residue 
levels were much higher: average increase of 
193 mg/kg, maximum 417 mg/kg. The oxalic acid 
content remained unchanged, even after two 
successive treatments during the same autumn. 
No rise of free acidity was encountered after a 
combined treatment with formic and oxalic acid 
during the three trial years. 

1. INTRODUCTION

Presently synthetic acaricides are used regu-
larly for the control of Varroa destructor Anderson 
and Truman, (formerly Va rroa Jacobsoni Oude-
mans). However, due to their lipophilic and per-
sistent nature, they accumulate in wax, and to a 
smaller extent in honey (Bogdanov et al., 1998b; 
Wallner, 1999). Recently, acaricide resistant 
mites have appeared in many countries of the 
world (Milani, 1999). Because of these problems, 
natural, non-toxic substances such as different 
organic acids (Liebig, 1997; Imdorf and Char-
rière, 1998) and essential oils (Imdorf et al., 1999) 
were developed for the control of V. destructor. 
These substances are used increasingly through-
out Europe. 

Oxalic and formic acids are natural consti-
tuents of honey. They are allowed for use in bio-
logical beekeeping (EU Council Regulation, 
1999). According to the EU residue regulation 
(1995) formic acid has a GRAS status (Generally 
Recognised As Safe) and the establishment of a 
MRL (Maximum Residue Limit) is not necessary. 

Until now residue studies have been carried 
out under controlled experimental conditions after 
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single treatments with formic acid (Stoya et al., 
1986; Hansen and Guldborg, 1988; Krämer, 
1994; Barbattini et al., 1994; Capolongo et al., 
1996; Radke and Hedtke, 1998). There are sev-
eral short communications on residues after 
single treatments with oxalic acid (Radezki, 1994; 
Mutinelli et al., 1997; Del Nozal et al., 2000; Ber-
nardini and Gardi, 2001), but they do not allow 
for a detailed assessment of eventual residue 
problems. To date, no long-term field trials have 
been carried out measuring the possible residues 
after repeated use of formic and oxalic acid in 
practical beekeeping. Indeed, such studies are 
necessary for the assessment of possible long-
term effects of acaricide residues on the quality 
of bee products. Field trials on the elucidation of 
long-term effects of the repeated application of 
thymol (Bogdanov et al., 1998a) and synthetic 
acaricides (Bogdanov et al., 1998b) on honey 
and wax quality have been conducted. As organic 
acids are hydrophilic substances which do not 
accumulate in wax, only honey studies are 
necessary. The purpose of the present study was 
to determine honey residue levels following 
formic and oxalic acid treatments under practical 
Swiss beekeeping conditions. 

2. MATERIALS AND
METHODS 

2.1. Treatments with 
organic acids 

Three trials were carried out in apiaries, situ-
ated in various parts of Switzerland during 1996, 
1997 and 1998.  

The number of apiaries involved in the trials 
each year varied over the three trial years (see 
Tabs. III to VI).  

The average number of hives per apiary was 
12 (minimum 9). In these apiaries the bee-
keepers followed a definite treatment protocol.  

Two formic acid treatments were carried out 
in August–September, followed by one oxalic acid 
treatment during the broodless late autumn 
period between November and December. 
Honey samples from neighbouring apiaries, 
treated with Apistan were taken as controls (see 
also Sect. 2.2). 

2.1.1. Normal treatments  
with formic acid in autumn 

Formic acid treatments were applied twice in 
autumn, usually in August and September by dif-
ferent application devices, mostly by the Liebe-
feld dispenser (Charrière et al., 1998a). Two 
applications with 130 ml 70% formic acid per col-
ony were applied by evaporation over seven 
days. 

2.1.2. Emergency treatments 
with formic acid in spring 

Emergency treatments with formic acid in 
spring were carried out during 1997 and 1999 in 
7 different apiaries which did not take part in the 
trials indicated above (Tab. IV). The emergency 
treatments had to be carried out because of high 
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mite infestation pressure that endangered colony 
survival. One treatment with formic acid was car-
ried out just after the spring honey harvest during 
one week, in the period between the end of May 
and the beginning of June, as described above 
for the normal treatment. The honey supers were 
taken off before the treatment. 

2.1.3. Oxalic acid treatments 

Oxalic acid treatments by spraying were car-
ried out during the broodless period between be-
ginning of November and end of December. 
Spraying was carried out by applying a solution 
of 30 g oxalic acid dihydrate/L water according to 
Charrière et al. (1998b). 

In 1998, trickling was carried out in some 
apiaries before spraying in separate trials to test 
the efficacy of different methods of application of 
oxalic acid. In these cases, 50 ml of 60 g oxalic 
acid dihydrate/L water:sucrose (1:1) solution was 
trickled per bee colony according to Charrière et 
al. (1998b) before the spray treatment. 

2.2. Honey sampling 

Most trials samples were taken from the first 
honey harvested in spring. However under some 
circumstances (e.g. lack of a sufficient spring 
honey flow) beekeepers in Switzerland harvest 
the first honey in summer. For that reason we had 
to include summer honeys in the trial. 

Honey yields were not measured, as we 
wanted to test the residues under practical con-
ditions independent of the honey yield. The 
honey yields are taken from the official regional 
harvest reports of the Swiss Beekeeping Associ-
ations (averages and range of variation): 

1996: 4.1, 1.7–7.3   1997: 6.9, 2.0–12.6 
1998: 12.9, 7.9–15.6  1999: 9.9–12.4. 
As the control and trial samples were taken 

from neighbouring apiaries, the yields of the con-
trol and trial honeys were similar. 

Control and treatment samples were divided 
into two groups according to their electrical con-
ductivity (see Sect. 2.3). The hypothesis that the 
electrical conductivity for a given date did not 
differ among samples from untreated and treated 
colonies was tested by the Student’s t-Test 
(Microsoft Excel 1997). 

2.2.1. Trial honey samples 

After the autumn treatments, honey samples 
were collected from the first honey harvest in 
spring or in summer of the following year. After 
the spring treatments, the samples were col-
lected from the summer harvest of the same year. 
In each apiary three honey samples were col-
lected during the filling of honey from the honey 
tank at the beginning, middle and the end of the 
filling process. The average of the measurements 
of these three samples was used for the trial 
evaluation. 

2.2.2. Control honey samples 

Control honey samples were collected in the 
same way as the trial samples from apiaries that 
were in the neighbourhood of the treated apiaries 
to guarantee that the control honeys were as 
similar as possible to the trial honeys. The control 
apiaries were treated with Apistan. 

2.3. Honey analysis 

The honey samples were stored at room 
temperature until analysis within 6 months after 
the honey harvest. Formic and oxalic acid were 
assayed by the Böhringer oxalic acid kit, by which 
both acids are determined in the same sample 
(Böhringer Mannheim, 1997). 

The stability of formic and oxalic acids was 
tested by measuring these acids in two honeys, 
stored at room temperature (20–25 o C) for six 
months. The honeys had the following initial con-
centrations: 

honey 1: formic acid 71.6 mg/kg and oxalic 
acid 45.0 mg/kg; 

honey 2: formic acid 224.0 mg/kg and oxalic 
acid 89.0 mg/kg. 

Measurements after 3 and 6 months showed 
that the acid concentrations remained at their in-
itial level (all measurements fell within the preci-
sion limits of the method, see Tab. I). 

For determination of recovery, honey was 
spiked with 150 and 300 mg formic acid/kg and 
with 50 and 100 mg oxalic acid/kg (n = 8 for each 
concentration level). The recoveries for the two 
concentration levels were the same, thus, the re-
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covery is presented here as an average of both 
concentration levels: 

formic acid: 93% (sd = 4%, n = 16) for honey 
spiked with 150 and 300 mg/kg; 

oxalic acid: 84% (sd = 24%, n =16) for honey 
spiked with 50 and 100 mg/kg. 

The precision of the measurement, defined 
by the coefficient of variation CV %, was deter-
mined for three different concentration levels 
(Tab. I). One of the honeys measured was an 
“unspiked” blank, the others were the same 
sample of honey, spiked with 150 and 300 mg/kg 
formic acid and 50 and 100 mg/kg oxalic acid. 
The precision of the formic acid measurement 
was somewhat better than that of the oxalic acid 
determination. The limit of detection of the two 
enzymatic methods fell between 3 to 5 mg/kg. 

Free acidity (in milliequivalents (meq) per kg) 
and electrical conductivity (in millisiemens (mS) 
per cm) were determined according to the har-
monised methods of the International Honey 
Commission (Bogdanov et al., 1997). Honeys 
with less than 0.8 mS/cm belonged to the group 
consisting of floral honeys and blends of floral 
and honeydew honey, while those having more 
than 0.8 mS were assigned to the honeydew type 

(Bogdanov et al., 1999b). As the content of formic 
and oxalic acid depends on the honey type (Tab. 
II), the trial and the control honeys belonged to 
the same honey group, which, in all but one trial 
(see Sect. 3.1) belonged to the group consisting 
of blossom and blends of blossom and honeydew 
honeys. There was no statistically significant dif-
ference between the electrical conductivities of 
the trial and the control honeys. No unifloral 
honeys were present in the control and the treat-
ment honey groups as tested by sensorial analy-
sis. 

3. RESULTS

3.1. Natural content of formic 
acid, oxalic acid and free acidity 

Table II summarises the measurements of 
total acidity, and formic and oxalic acid in all con-
trol honeys during the three trial years. The natu-
ral formic acid content varied between 17 and 
284 mg/kg, while the oxalic acid content varied 
between 8 and 119 mg/kg. The average content 
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of both acids and of the free acidity in honeydew 
honey was significantly higher than that of the 
group consisting of blossom honey and blends of 
blossom and honeydew honey. On average, 
honeydew honeys contained twice the amount of 
formic acid, almost three times more oxalic acid, 
and 60% more free acidity. 

3.2. Effects of the treatments 
on formic and oxalic acid  
content and on free acidity 

3.2.1. Normal treatments  
with formic acid in autumn 

The effects of the formic acid treatments on 
honey residues over in three consecutive years 
are summarised in Table III. There was a signifi-
cant increase in formic acid in the honeys from 
apiaries which had been treated during the 
preceding autumn. The overall average increase 
of formic acid content during the three year trial 
was 46 mg/kg, range 0–139 mg/kg. 

In three different apiaries, formic acid treat-
ments were carried out over three successive 
years. No increase of the formic acid content of 
honey after the repeated treatments was ob-
served (Fig. 1). The lack of increase stems from 
the large natural variation in formic acid, so that 
small differences between the honeys harvested 
in the apiaries during the three years could not 
be detected. Originally we had planned to carry 
out formic acid accumulation experiments in 

seven apiaries. However, in four of them honey-
dew harvest was encountered in one of the trial 
years. As only blossom and blossom-honeydew 
honeys were considered for our study, the results 
from these four apiaries could not be taken into 
account. 

3.2.2. Emergency treatments 
with formic acid in spring 

As described in Section 2.1.2, emergency 
treatments due to high Varroa infestation rate had 
to be applied in seven apiaries in Switzerland. 
The results of the trials are summarised in Table 
IV. The average increase in the formic acid con-
tent was 193, (range 38 mg/kg–417 mg/kg). In 
some cases the increase of formic acid could 
changed of in honey taste (see Sect. 4.5.2). On 
the other hand, these urgent treatments caused 
only a slight, statistically insignificant increase in 
free acidity; the 40 meq/kg limit was never ex-
ceeded. 

3.2.3. Treatments 
with oxalic acid 

The effects of the oxalic acid treatments on 
honey residues, over three consecutive years are 
summarised in Table V. There was no increase of 
oxalic acid in the honeys from apiaries which had 
been treated during the preceding autumn; both 
control and trial honeys had similar values. A 
combined treatment with spraying and trickling of
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oxalic acid in autumn also did not lead to a sig-
nificant increase of the oxalic acid concentration 
in honey. 

3.2.4. Influence of a combined 
treatment with formic and  
oxalic acid on honey acidity 

In most apiaries both formic and oxalic acid 
were applied during the three trial years. The ef-
fect of these combined treatments on honey acid-
ity is summarised in Table VI. The free acidity of 
the control and treatment samples was practically 
the same. Only one honey, with 46 meq/kg 
slightly exceeded the present limit of 40 meq/kg 
for free acidity. 

 
4. DISCUSSION

4.1. Determination methods
 Enzymatic assays for the determination of or-

ganic acids in honey have been used mostly as

they are very specific and do not need expensive 
instrumentation. Our results showed that the 
measurements with the Böhringer oxalic acid kit 
has acceptable precision and recovery. In this 
test, both oxalic and formic acid can be deter-
mined in the same sample solution, which is very 
convenient. Alternatively, the Sigma company 
oxalic acid determination kit can be used (Muti-
nelli et al., 1997). HPLC (Del Nozal et al., 1998, 
2000) and GC-MS (Unterweger et al., 2001) are 
valuable alternatives, that have been used for or-
ganic acid determination in honey, especially 
when more then one organic acid is determined. 
The comparability of the enzymatic and the 
HPLC measurements has not been strictly estab-
lished, but the values found by both methods are 
similar. Indeed, Del Nozal et al. (1998 and 2000) 
measured formic and oxalic acid by HPLC and 
found formic and oxalic acid amounts, similar to 
the findings of all other researchers, who used 
enzymatic measurement (see Sect. 4.2). 

4.2. Natural content 
of organic acids 
 

Figure 1. Residues in honey after repeated long-term treatment with formic acid in autumn during 
three consecutive years. The trials were carried out in three Swiss apiaries. The honeys were of 

blossom and mixed blossom-honeydew type. (Further details, see Materials and methods.) 



Formic and oxalic acid are natural honey 
constituents. It is not clear to what extent they 
originate from bees or from the nectar, but it has 
been reported that oxalic acid is added to honey 
by the bees (Echigo and Takenaka, 1974). The 
formic acid content of honey has been deter-
mined by many researchers. Values from 9 to 

1229 mg/kg have been found, the highest values 
being those of chestnut honey (Stoya et al., 1986; 
Kary, 1987; Talpay, 1989; Sabatini et al., 1994; 
Capolongo et al., 1996; Del Nozal et al., 1998). 
Weakly aromatic honey like acacia, rhododen-
dron, and citrus have lower values than strongly 
flavoured ones like erica, honeydew, and chest-
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nut honeys (Talpay, 1989; Sabatini et al., 1994; 
Capolongo et al., 1996), which coincides with our 
results. 

There are few measurements of the natural 
content of oxalic acid in honey (Kary, 1987; Muti-
nelli et al., 1997; Del Nozal et al., 2000; Bernar-
dini and Garda, 2001). Values from 8 to 300 
mg/kg have been found in different honeys. Light 
honeys, such as rosemary and lavender, have a 
lower oxalic acid content than strong flavoured 
dark ones like honeydew and heather (Del Nozal 
et al., 2000), which also coincides with our re-
sults. 

4.3. Residues after treatment 
with formic acid 

In other publications, the formic acid residues 
after a long-term, 7-day formic acid treatments 
were measured in the sugar feed (Stoya et al., 
1986; Krämer, 1994; Capolongo et al., 1996). In 
two studies (Stoya et al., 1986; Capolongo et al., 
1996) a kinetic follow-up of residues after the 
treatment in autumn was carried out. The resi-
dues were measured before and after the treat-
ment and were followed until spring. After a 
strong initial rise of formic acid in autumn, the 
levels in spring diminished to reach the values 
before treatment. In all of these studies it was not 
tested if the formic acid content of honey was sig-
nificantly influenced. Our results show, that a 7 
day treatment with formic acid leads to a small, 
but significant increase of formic acid in honey. 
This rise is not problematic, as it does not in-

fluence the quality of the honey (see Sect. 4.5). 
The increases in formic acid content were similar 
during all trial years, although the honey yields 
during these years were different. We think that 
that formic acid that remains in the sugar feed in 
the brood combs is the main reason for these 
residues. Such feed remains are common in 
Swiss type hives. Under beekeeping conditions 
in magazine hives, as used in other countries, 
smaller residues are expected. 

In emergency cases with high mite infesta-
tion rate in spring, a treatment with formic is often 
necessary. Our results show that a treatment with 
formic acid in spring might lead to an increase of 
formic acid in summer honey that is near the 
taste threshold of this acid in honey (see Sect. 
4.5.2). Thus, under moderate climate conditions, 
formic acid should be used generally during the 
period outside the honey flow, mostly just after 
the honey harvest in late summer. 

4.4. Residues after 
treatments with oxalic acid 

Other researchers ( Radezki, 1994; Mutinelli 
et al., 1997; Del Nozal et al., 2000; Bernardini 
and Gardi, 2001) did residue studies after single 
oxalic acid treatments and could not detect resi-
dues in the sugar feed, compared to the levels 
found before the treatments. Our studies, carried 
out with honey, lead to the same conclusions. 
Even two oxalic acid treatments in autumn did 
not cause an increase of the oxalic acid concen-
tration in honey of the next year.
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4.5. Residues and 
honey regulations 

4.5.1. Acidity 

According to the present EU honey regula-
tion (2002) and also according to the Codex Ali-
mentarius draft for a new honey standard (2000), 
there is a maximum limit for free acidity of honey 
of 50 milliequivalents per kg honey. 

Our results, as those of Stoya et al. (1986), 
show that long-term formic acid treatment in au-
tumn according to the prescriptions will not in-
crease honey acidity above the required limit. 

4.5.2. Taste 

According to the existing honey standards no 
substances are allowed to be added to honey to 
change its natural taste. The taste threshold for 
formic acid added to honey was determined for 
mildy flavoured blossom honeys and waс found 
to be around 300 mg/kg (Capolongo et al., 1996; 
Bogdanov et al., 1999a). For stronger flavoured 
honeys like honeydew and chestnut honey it falls 
between 600 and 800 mg/kg (Capolongo et al., 
1996; Bogdanov et al., 1999a). The residues after 
normal formic acid treatments in autumn are 
much lower than these thresholds, hence there 
is no risk for a change of honey taste due to an 
increase of formic acid concen-
tration. However, according to 
our results, when emergency 
treatments with formic acid are 
carried out in spring, the formic 
acid residues in the summer 
honey might be close to the 
taste threshold of this acid. 
Therefore, this type of treatment 

should be avoided. It should be taken into con-
sideration, that the honey yields in Switzerland 
are relatively modest (see Sect. 2.2) and in the 
Swiss type honey hive, there are often some 
small remains of autumn sugar feeds. In coun-
tries with greater honey harvests and different 
honey types the residues of formic acid should 
be theoretically smaller. 

The honey taste will be changed only if about 
400 mg/kg of oxalic acid is added to blossom 
honey or if 900 mg/kg is added to honeydew 
honey (Bogdanov et al., 1999a). Treatments with 
oxalic acid do not cause oxalic acid residues, 
therefore there is absolutely no danger for a 
change of honey taste due to oxalic acid treat-
ments. 

 
4.5.3. Maximum residue limits 
 In an EU regulation, formic acid and com-

ponents of essential oils like thymol and menthol 
are defined as GRAS (Generally Recognised As 
Safe) substances, therefore it is not necessary to 
fix a MRL (EU Regulation 2796, 1995). Oxalic 
acid is a natural constituent of most vegetables 
and its content lies between 300 and 17 000 
mg/kg, the highest content being that of parsley 
(Agricultural Handbook, 1984). Thus, most veg-
etables contain much higher amounts of oxalic 
acid than honey. Considering the small daily in-
take of honey, its contribution to the total daily in-
take of oxalic acid is negligible. From a nutritional 
point of view, oxalic acid, like formic acid, also 
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should have a GRAS status. Moreover, no signifi-
cant residues are expected after oxalic acid treat-
ments. 

4.5.4. Registration of oxalic 
acid for the control  
of V. destructor 

The main registration problem of oxalic acid 
treatments seems to be the toxicity of oxalic acid 
for the person applying the treatment. Provided 
the necessary precautions are met, there is no 
risk for the user when spraying and trickling of 
this acid (Knuti, 1996). On the other hand, the 
user toxicity of the recently developed oxalic acid 
sublimation treatment (Radetzki and Bärmann, 
2001) has not been evaluated. 

No oxalic acid residues are to be expected 
after repeated field spraying and trickling use of 

this acid, therefore there are no objective argu-
ments against the registration of these treatment 
modes for the control of V. destructor. 
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As evident, the temperature has been rising 
in Slovenia in the last decade. We, beekeepers, 
have been noticing premature vegetation and 
blossoming of plants and longer periods of no 
grazing for the bees during the summertime, as 
a result of milder winters with minimal to no/zero 
snowfall.  

Plants that have been frostbitten sustain im-
mediate damage, which can be seen a few days 
after the frost with the death of the flower shoots 
followed by poorer flowering and no grazing for 
the bees.  

The consequences of climate change are 
also reflected in the altered precipitation patterns 
in the country.  

Slovenia has been experiencing longer 
periods of rainfall, especially during the best 
months for honey production - May and June.  

These prevent the bees from leaving their 
hives during the rain to collect pollen from the na-
ture.  

The shortage of pollen results in weaker de-
velopment of the bee colonies and ultimately 
lower production of honey during the subsequent 
grazing period.  

Frosts in the month of April can also cause 
great damage to honeydew agents, especially 
Physokermes piceae Schrank on Picea abies. 
Low temperatures do not harm them when they 
are dormant, but with mild winters and higher 

average temperatures they start to develop pre-
maturely resulting in hypothermia and sub-
sequent damage. Forests play an important role 
in Slovenia, as they cover more than 58% of its 
surface.  

Therefore, they also play a vital role in bee-
keeping. Honey producing plants in Slovenia, 
Picea abies and Abies alba, can provide excellent 
grazing for the bees during the favourable year/s. 

Climate change and global warming have 
been having adverse effects in our forests. In ad-
dition to more frequent natural disasters (ice 
rains, windstorms, forest fires), we have been re-
cording Picea abies with an extensive pest infes-
tation, reducing the proportion of conifers.  

The same scenario is also to be 
predicted/expected in the future where the cli-
matic conditions will be more favourable mainly 
for the growth of leafy species of plants, which 
unfortunately do not offer anything worth men-
tioning to the bees.  

Aleš Bozovičar 

Bee pastures specialist 
Slovenian Beekeeper`s Association 
Brdo pri Lukovici 8, 1225 Lukovica 

Slovenia 
ales.bozovicar@czs.si 
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Slovenia is known for its rich plant diversity, 
providing beekeepers with access to various bee 
pastures that enable the production of different 
types of honey. Each type of honey exhibits 
unique physico-chemical, microscopic, and sen-
sory properties. These characteristics are in-
fluenced by the sources of nectar and honeydew, 
as well as the climatic and regional conditions in 
which the honey is produced.  

Recently, environmental changes have 
slightly altered the properties of honey, leading to 
difficulties in accurately determining the type of 
honey. As a result, it has become essential to 
regularly update the descriptions of the sensory, 
physico-chemical and microscopic properties of 
the various types of honey produced in Slovenia. 
Additionally, new types of honey have emerged 
recently, and their characteristics are yet to be 
fully described. The aim of the “Characterisation 
of bee products” project, carried out by the Slove-
nian Beekeepers’ Association in collaboration 

CHARACTERISATION 
OF BEE PRODUCTS 

IN SLOVENIA

Figure 1: Results of analyses of the total phenolic 
compounds content and antioxidant activity using 
the FRAP and DPPH• methods in honey samples 
of Slovenian origin in the programme year 2024. 
Black dots are the results of individual samples, 

and the coloured diamonds with handles illustrate 
the average with standard deviation for each type 
of honey. Legend: CV-multifloral, LI-linden, BR-ivy, 

GO-honeydew, KO-chestnut, HO-fir  
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with University of Ljubljana and Jožef Stefan In-
stitute, is therefore to establish a comprehensive 
database of typical characteristics for not only 
honey, but also other bee products of Slovenian 
origin, including propolis, royal jelly, bee pollen, 
and bee venom. Data collection began in 2014 
for honey, in 2017 for propolis, royal jelly, and bee 
pollen, and in 2023 for bee venom. Each year, up 
to 40 samples of each bee product are analysed. 

In honey, we collect data on its basic physico-
chemical properties, antioxidant and antimicrobial 
activity. We also conduct palynological analysis 

and sensory analysis to identify the type of honey. 
Slovenian beekeepers produce a wide variety of 
honeys, with acacia, linden, multifloral, fir, spruce, 
chestnut, and honeydew honeys being the most 
common. Over the years, data has also been 
gathered on some rarer types of honey in Slove-
nia, such as rapeseed, buckwheat, wild cherry, 
and ivy honey. Our results confirm a known con-
nection between the honey colour and antioxi-
dant activity. We found that darker honey types 
(e.g. fir, chestnut, honeydew) exhibit higher anti-
oxidant and antimicrobial activity than lighter 
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Figure 2:  
Distribution and association of element vectors according to the botanical origin of bee pollen 

in programme year 2024. Legend: K-chestnut, OO-rapeseed, R-dandelion, RD-common  
dogwood, MJH-small ash and oak, J-maple, A-buckwheat, H-oak, ČD-red clover,  

RZ-dandelion and buttercups, ČB-figworts



honey types (e.g. acacia and linden) (Figure 1). 
For monofloral bee pollen, we collect data on 

the botanical origin (through palynological analy-
sis), antioxidant and antimicrobial activity, as well 
as the content of macro(K, P, S, Ca, Cl) and 
microelements (Fe, Mn, Zn, Rb, Br, Sr), along 
with sensory properties. The most common 
monofloral bee pollens in our database are from 
chestnut, dandelion, maple, and rapeseed. 
Chestnut bee pollen stands out for having the 
highest antioxidant activity. The data on element 
content in monofloral bee pollen (Figure 2) is par-
ticularly valuable to consumers seeking natural 
sources of nutrients as an alternative to synthetic 
supplements.  

For royal jelly, data is gathered on its 
physico-chemical properties (water, protein, and 
free acid content, pH), antioxidant activity and 
sensory properties (Figure 3). The characteristics 
of Slovenian royal jelly samples are typically well 
within ISO standards. In most of the samples 
chestnut pollen is present, similar to Slovenian 
honey, where 97% of samples contain chestnut 
pollen. Seasonal and environmental conditions 

are reflected in the sensory properties of the royal 
jelly, such as floral aroma, acidity and astrin-
gency.   

In propolis, we collect data on phenolic con-
tent and sensory properties. While the total phen-
olic content is relatively low, the diversity of 
phenolic compounds is high, reflecting the broad 
spectrum of natural sources for propolis used by 
bees. 

For bee venom, data is collected on melittin, 
total protein, and dry matter content, as well as 
visual properties (colour and purity level). Al-
though the number of samples analysed so far is 
limited, a significant correlation has already been 
observed between the visual assessment of pu-
rity and melittin content. The quality of bee venom 
is most influenced by the production technology 
and storage.   

The results of the project demonstrate that 
the bee products composition is influenced by the 
diversity of natural sources, environmental con-
ditions, and production technology. As the con-
sumption of bee products is increasing each year, 
so does the risk of encountering products of 
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Figure 3:  
Expert committee during sensory analysis of royal jelly samples from programme year 2024. 



questionable quality and origin. Therefore, the 
Slovenian bee product database, which is up-
dated annually, plays a critical role in comparing 
the characteristics and quality of bee products 
over time. Annual reports (available on SBA web-
site, in Slovenian language), and thus publicly 
available data serve as a vital resource for ensur-
ing the authenticity and quality of Slovenian bee 
products, benefiting beekeepers, researchers, 
and consumers alike. 

Dr. Urška Ratajc 

Food Safety Advisor, 
Slovenian Beekeepers’ 

Association 
 Head of 

the Scientific Committees, 
European Beekeeping 

Association

The results were produced within the frame-
work of the Strategic Plan of the Common Agri-
cultural Policy 2023-2027 for Slovenia, which was 
financed from the state budget and the budget of 
the European Union. 
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Slovenia has a rich beekeeping heritage 
deeply embedded in our culture. The Anton 
Janša Beekeeping School has started to take 
shape under the Slovenian Beekeepers’ Associ-
ation, bearing the name of Anton Janša, a pio-
neer of modern beekeeping. The school aims to 
continue his rich legacy through the education of 
future generations of beekeepers and aims to 
spread knowledge and preserve our beekeeping 
traditions. 

Although the school is still in its early stages 
of development, it already has a clear mission – 
to combine and transfer the rich knowledge of 
Slovenian beekeeping to the youngest through 
beekeeping clubs and beginner beekeeper 
courses, as well as to more experienced bee-

keepers through professional lectures and work-
shops.  

The school is currently working intensively on 
assembling its teaching staff, who will provide 
high-quality education in various areas of bee-
keeping in the future. The programs will be de-
signed to be accessible and relevant to all 
participants, allowing each individual to find the 
type of education that best suits their needs. 

Some of the school's programs are already 
based on educational activities that have proven 
to be successful in the past under the Slovenian 
Beekeepers’ Association.  

These include beekeeping clubs aimed at 
young learners, beginner beekeeping courses, 
where participants learn the basics of beekeeping 
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and a series of expert lectures covering topics 
such as queen bee breeding, apitherapy, bee-
keeping tourism, melliferous plants and others. 
Additionally, the school will offer practical work-
shops and seminars, where participants can ac-
quire practical skills essential for successful 
beekeeping in the modern world. 

Another significant part of our work will be the 
training of lecturers. We want our lecturers to not 
only excel in sharing knowledge but also to con-
tinually improve their competencies and follow of 
new trends. We have already successfully hosted 
an event known as Rihar's Day, dedicated to Dr. 
Jože Rihar, a distinguished beekeeper and lec-
turer who contributed greatly to the development 
of beekeeping in Slovenia. His dedication and 
passion for beekeeping and sharing knowledge 
serve as an inspiration to all of us in this field. We 
aim to make Rihar's Day a traditional event that 
will annually bring together lecturers and experts 
to exchange knowledge and experiences, 
thereby preserving his legacy. We understand 
that high-quality education is achieved when lec-
turers are well-prepared, motivated and ready for 
the challenges of the future. 

At this moment, the Anton Janša Beekeeping 
School is inviting Slovenian experienced lec-
turers and experts in the field of beekeeping to 
join our team. The opportunity to participate in 
shaping and implementing programs at the new 
school is unique, offering a chance to co-create 

the future of Slovenian and eventually, global 
beekeeping. 

We will connect with various beekeeping or-
ganizations, experts, and research institutions 
(both locally and internationally), providing oppor-
tunities for continuous exchange of knowledge, 
experiences, and new ideas. This will contribute 
to a better understanding and development of 
beekeeping. Together, we can create an educa-
tional center that meets the highest standards 
and becomes a source of knowledge for bee-
keepers. 

By joining forces, we can further contribute 
to the development of beekeeping, preserving 
our rich heritage, and protecting bees and biodi-
versity. 

Although the school is initially focused pri-
marily on Slovenia, our ambitions are high. We 
look optimistically toward the future, where we 
will combine tradition with new ideas. Our goal is 
to create sustainable and modern beekeeping 
that will inspire beekeepers not only in Slovenia 
but also around the world. 

We look forward to new challenges, oppor-
tunities, and possibilities that the future will bring, 
and we are open to new ideas and suggestions 
that will help us achieve our goals. 

Boris Potočnik 
Advisor for Education and Training 

at the Slovenian Beekeepers’ Association 
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Manual by Nina Ilič in which, in a profes-
sional, correct, and interesting way, the reader is 
introduced to a very complex issue related to in-
troducing children (of kindergarten, school, and 
older age) to the wonderful world of bees. The 
author conveys her rich experience, knowledge, 
and love to the reader with incredible ease and 
introduces him to all the necessary facts related 
to the basics of apitherapy and apipedagogy, 
healthy nutrition, selection of bee products, 
honey massage, and various other activities; 
presents experiences related to experiential 
learning and learning with bees intended for 
children of different ages. In addition to the 
above, the author seriously, responsibly, patiently, 
and extremely clearly conveys important advice 
related to responsibility when children visit 
apiaries, worked out to the smallest detail. Aware 
that children and their health are the greatest 
treasure for parents, she clearly outlines all the 
steps and defines the responsibility of all entities 
working with the youngest, which until now has 
been insufficiently known and cared about until 
now. The basic question that anyone who wants 
to do this very noble and specific calling respon-
sibly and correctly should ask himself is: Who is 
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responsible if something goes wrong at some 
point? Do I have the right, out of ignorance, best 
intentions, self-promotion, profit, or any other mo-
tive, to endanger the visitors of my apiary, es-
pecially the youngest ones? Are my 
competencies for working with children sufficient 
because I am a parent/grandfather, or do I still 
need more knowledge, expertise, and responsi-
bility? Can I provide first aid if needed and do I 
have everything I need for it? 

This manual tells so much clearly and inter-
estingly. I sincerely hope that all those who want 
to work conscientiously and professionally with 
children and young people will have it in their 
home library. The manual is intended for a wider 
readership, parents who want to learn the basics 
of proper nutrition for the development of their 
children, as well as the basics of apitherapy. It is 
intended for teachers, professors and educators 
who want to present the wonderful world of bees 
to children in a new and interesting dimension. It 
is certainly intended for apitherapists and bee-
keepers who need to learn a lot in order to be 
able to responsibly and professionally deal with 
the challenges they often set themselves by 
bringing children to their apiaries to whom they 
want to show the beauty of this noble profession 
and introduce them to bee 
products. You should al-
ways remember that the 
bee is the only poisonous 
animal that lives with hu-
mans, and with our love for 
these little creatures comes 
a great responsibility when 
we want to host someone in 
our apiary. 

I sincerely hope that the manual will 
stimulate not only significant changes in society 
and the local community but also in the work of 
state institutions that should emulate our Slove-
nian colleagues and support the development of 
apipedagogy, apitherapy, apiculture and bee-
keeping in such a way as to find models of finan-
cial support for professional training of educators, 
teachers and pedagogues who, with the support 
of local apitherapists and beekeepers, would par-
ticipate in the implementation of apipedagogical 
activities in the community. We have the oppor-
tunity to follow the innovative concept in Croatia 

and in all the countries of the region precisely 
thanks to the author who was understanding of 
the interest she aroused in her work and made it 
possible for the manual to be made available in 
Croatian and English in addition to the Slovenian 
language, for which I am especially grateful. The 
manual that we have in front of us sets clear 
guidelines and gives practical instructions on how 
to practically realize a whole series of socially 
beneficial activities. 

By sharing her practical experiences, the 
author opens the door to a wonderful world of 
new knowledge related to children and bees, api-
therapy, democracy and children's rights, and a 
completely innovative concept of apipedagogy, 
which was developed precisely thanks to Mrs. 
Nina Ilič, a certified apitherapist who, dare I say, 
started an api (r)evolution in working with 
children. With love and special attention, I will 
recommend the manual to everyone who wants 
good for our children, society, and community. 
Only with a lot of hard work and love can the new 
generation build a more beautiful and better world 
that we all aspire to, and we should start with the 
youngest in this endeavor. 

Mark Winston, a Canadian biologist, in his 
book Bee Time: Lessons from the Hive shares his 
thirty years of experience studying bees: We 

strive for altruism, work ethic, flexibility, team-
work and communication, which are 
the highlights of life in a bee colony, 
but we often fail. . achieve what bees 
do with ease. I believe that this manual 
will serve as a basis for the devel-
opment of our youngest into smart, re-
sponsible, and empathetic members of 
the society we want to live in. I am con-
vinced that by applying the knowledge 

pres-ented in this manual, children from rural, 
but more importantly, urban areas will have a 
beautiful and carefree childhood connected to na-
ture, plants, and animals where they feel safe 
and happy; to possess the ability to accept all the 
challenges that life puts before them and be the 
foundation of a more humane and beautiful so-
ciety. 

Gordana Hegić 
President of the Croatian Apitherapy Society 

Member of the 
APIS RETIS Developmental Group
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sponsorship package, if it improves the design of the magazine.  

Advertising in the magazine: 1. Through sponsorship packages; 2. It is possible to pay for 
an ad only for 1/4 page (100 euros), for a larger area by agreement. The entire page cannot 
be obtained, it belongs only to the General Sponsor. 

The total number of pages in the magazine is not fixed. 

There are no fees for published texts and photos. 

Editor in chief of the electronic edition of the magazine:  
MD Rodoljub Živadinović, Epidemiology Specialist, Apitherapist  
apikult@gmail.com, +381 60 444 01 01 (Viber, WhatsApp, Telegram, Signal, WeChat)




