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ABSTRACT
Dancing with carniolan bee

Slovene heritage in beekeeping is based on knowledge-
able bee management practice documented well in 18th cen-
tury. Well described mating biology of honeybees was first 
detailed description of specific behavior of honeybees based 
on observation in well know subspecies of Carniolan bee. 
Later in 20th century special focus was on dance communi-
cation, which was described by von Frisch (1965) as a dance 
language. In the work alone it was not described as a special 
cognitive capability of the honeybees but rather instinctive 
highly specialized behavior pattern. From original work to 
nowadays many detailed studies of the dance communica-
tion were published and also used as a tool to study orienta-
tion and learning during foraging behavior. New concept 
have been involved, especially in sense of new views and 
methods in cognitive science. How much cognition is in-
volved in foraging behavior of honeybees depends on how 
wide we accept definition of cognition.

Key words: Apis mellifera carnica, communication, wag-
gle dance, recruitment, foraging, information transfer

IZVLEČEK
Plešemo s kranjsko čebelo

Slovenska čebelarska dediščina temelji na dobrem poz-
navanju čebelarske prakse, ki je bila dokumentirana že v 18. 
stoletju. Dobro opisana biologija parjenja medonosne čebele 
je bil prvi podroben opis posameznega vedenja medonosne 
čebele temelječe na opazovanjih dobro poznane podvrste 
kranjske čebele. Kasneje v 20. stoletju je bila posebna pozor-
nost na plesnem sporazumevanju čebel, ki jo je opisal von 
Frisch (1965) kot čebelji jezik. V samem njegovem delu sicer 
ni bilo opisano kot posebna razumska zmožnost čebel 
ampak bolj kot močno usmerjen nagonski vedenjski vzorec. 
Od originalnega dela pa do danes je bilo objavljenih veliko 
podrobnih raziskav plesnega sporazumevanja in tudi upora-
bljeno kot orodje za raziskavo orientacije in učenja med 
pašnim vedenjem. Razvili so se novi koncepti, še posebej v 
smislu novih pogledov in metod v kognitivni znanosti. Ko-
liko razuma je vključeno v pašno vedenje čebel je odvisno od 
tega, kako na široko sprejmemo definicijo razuma.

Ključne besede: Apis mellifera carnica, sporazumevanje, 
zibajoči ples, novačenje, paša, prenos informacije
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Many researchers around the world use specifically 
Carniolan bee (Apis mellifera carnica Poll. 1879) for 
their research. These were more typically in the past 
when majority of bee research activities were in Eu-
rope, also pioneering research in dance communica-
tion in honeybees. Nowadays, scientist are using bee 
dance as a tool to learn more about biology, especially 
foraging behavior of honeybees (Dyer 2002; Chittka 
2004). We learned a lot about sensory capability, orien-

tation and learning of bees using observation of danc-
ing bees and their attendance. Modern science is try-
ing to dig into cognitive capability of the bees with the 
help of dancing behavior (Menzel & Giurfa 2001; 
Menzel 2012; Chittka 2017). These developments 
put under investigation basic questions about dance 
communication: What are mechanisms of information 
transfer? What kind of learning is involved and how is 
that combined with fixed behavior pattern? We will 

1 INTRODUCTION

Figure 1: Carniolan bee (Apis mellifera carnica) on flowers of Hacquetia epipactis, which is common spring flowering plant in 
beech forest in Slovenia and some neighboring geographic areas. This plant species from the family of Apiaceae got genus name 
from Balthasar Hacquet who worked together with  Antonio Scopoli in Idria for few years from 1766. This picture symbolize 
early scientific reports about bees from homeland of Crniolan bee (photo: J. Božič). (https://www.slovenska-biografija.si/oseba/
sbi554298/#slovenski-biografski-leksikon)
Slika 1: Kranjska čebela (Apis mellifera carnica) na cvetju tevja (Hacquetia epipactis), ki je običajna pomladi cvetoča rastlina 
bukovih gozdov Slovenije in nekaterih sosednjih geografskih območij. Ta rastlinska vrsta iz družine kobulnic (Apiaceae) je 
dobila rodovno ime po Baltasarju Hacquetu, ki je delal skupaj z  Antonom Scopolijem v Idriji nekaj let od leta 1766. Slika 
simbolizira zgodnja znanstvena poročila o čebelah iz rodne dežele kranjske čebele (foto: J. Božič). (https://www.slovenska-bio-
grafija.si/oseba/sbi554298/#slovenski-biografski-leksikon)
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start with historical involvement of Carniolan bee in 
behavior research, continue with pioneering work in 
dance communication, development of first contro-
versy, modern studies of information transfer and po-
tential developments of new controversies related with 
dance communication in honeybees and how to over-
ride it with fruitful scientific research.

Carniolan bee was the most frequent used sub-
species in detailed behavior observations

Carniolan bee was spread around the world mainly 
from county Carniola of former Austria- Hungarian 
Imperium (later part of Yugoslavia and nowadays Slo-
venia)  in second half of 19th and first half of 20th cen-

tury (Gnilsak 2003; Šalehar & Gregori 2011). Slo-
venian beekeepers were not known only because of 
interesting bees that they managed, but also for good 
beekeeping practice (Gregori et al. 2003). In 18th 
century that was recognized by Austrian court, where 
Slovenian beekeeper Anton Janša started teaching 
beekeeping in established beekeeping school. He also 
wrote a book with details about honey bee colonies 
reproduction with emphasizes on management of 
swarming behavior (Janša 1771). There he described 
in detail also matting of queens outside of the hive 
with multiple drones during several mating f lights of 
young queens before they start laying eggs. That was 
general knowledge (Šalehar 2015). Even several 
years earlier was written by Scopoli (Figure 1) in his 
book Enthomologica Carniolica, that queen is mated 

Figure 2: Carniolan bee on the buckwheat flower. Buckwheat was regular and wide spread pasture of late summer for honeybees 
in time of A. Scopoli and A. Janša. It enabled well developed overwintering colonies with well established honey stores, two 
important predispositions for good early spring bee colonies development (photo: J. Božič).
Slika 2: Kranjska čebela na cvetu ajde. Ajda je bila redna in razprostranjena paša čebel poznega poletja v času A. Scopolija in 
A. Janše. Omogočila je dober razvoj prezimovalnih družin z dobro oblikovanimi rezervami medu, dve ključni predpostavki za 
dober zgodnji pomladni razvoj čebeljih družin (foto: J. Božič).
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in the air (Scopoli 1763). That experienced well doc-
umented beekeeping in 18th century (Figure 2) built 
up foundation for later development of massive breed-
ing of Carniolan bees to sheep around the world bee 
swarms and queens. Carniolan bee become the sec-
ond most frequent subspecies that is used in commer-

cial bee hives (Crane 1990). In central and western 
Europe Carniolan bee replaced authentic dark bee 
Apis meliffera meliffera which leed to the use of Car-
niolan bees in the most of the research performed in 
Europe regarding bee biology and especially bee be-
havior. 

Figure 3: Two types of dances of 
foraging bees were originally 
described, round dance (A) and 
waggle dance (B) (von Frisch 1965). 
Drawing from (Božič 1988).
Slika 3: Originalno sta bila opisana 
dva plesa pašnih čebel, krožni (A) 
in zibajoči ples (B)  (von Frisch 
1965). Risba iz (Božič 1988).

2 DANCE COMMUNICATION

Also Karl von Frisch started with Carniolans in Graz 
and continued latter also in Germany with the same 
subspecies studying intriguing behavior of foraging 
bees, which he latter described in detail and called it 
“Tanzsprache” (Dance language) (von Frisch 1965).

His laureated work with Nobel price (von Frisch 
1974) introduced naming of behavior in a sense of bet-
ter exception by general public and also to get more 

attention also by scientific community. Basically it is 
communication behavior pattern, which codes infor-
mation about direction and distance of the food source. 
Coding is not made in the sense of language but rather 
of linear adjustment of the few parameters of the fixed 
action patter based on the experience of the foraging 
bee. So it is better to name it dance communication 
then dance language (Rosin 1978).
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Von Frisch detailed description

It took one quarter of century to find out whole decod-
ing value of dance behavior of foraging bees inside of 
the hive (von Frisch 1923; von Frisch 1946). Initial 
observations of dancing behavior related it to special 
excitement or arousal of foraging bees with no specific 
information content (Buttel-Reepen 1915 in von 
Frisch 1965). It was soon noticed that circle dance is 
related to short distance of the source and waggle 
dance to long distance (von Frisch 1923). Later it has 
been recognized as a potential way to more efficiently 
spread olfactory signals related to the foraging site. Not 
earlier then in 1940’s have been described potential 
coding of food source in the pattern of the dance be-
havior regarding to distance and direction (von 
Frisch 1946). Karl von Frisch recognized that orienta-
tion of the dancer’s waggling path (waggle run) in fig-
ure eight pattern is related to the orientation of the 
food source from where she arrived (Figure 3). Coding 
is related to the angle between the food source and 
horizontal projection of the sun direction which is 

translated into the angle between the waggle run and 
vertical direction on the comb in the dark hive (Figure 
3). The distance has even simpler correlation, farther is 
the forage longer is waggle run. Waggle run can be also 
observed as number of waggles that are performed 
during the run and even whole dance cycle, waggle 
run plus return run to start new waggling can be re-
lated to the distance of forage (von Frisch 1965). It is 
important to note that return runs are going inter-
changeable to the left and right side of the direction of 
waggle run. This stereotype change in path could be 
important in establishing potential followers that are 
in the position to pic up dance information (Božič & 
Valentinčič 1991, Figure 4). Further investigations of 
details in dance performance revealed some interest-
ing differences between subspecies of Apis mellifera 
and also between different species of genus Apis. From 
the focus of this paper I’d like to point out some earlier 
observations that showed Carniolan bee (A.mellifera 
carnica) as most distant foraging tuned subspecies 
(von Frisch 1965). There has been recognized also the 
only existing difference between Carniolan bee and 

Figure 4: Waggling dancer in the middle with the follower on her left side pushing its antennae into dancer’s abdomen (photo: J. 
Božič).
Slika 4: Zibajoča plesalka v sredini s sledilko na njeni levi strani, ki potiska tipalnice v zadek plesalke (foto: J. Božič)
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other subspecies in the change of circle dance into 
waggle dance. This uniqueness has been studied also 
genetically (Johnson et al. 2002). It looks like there 
exist genetic basis although exact gene involved in that 
is not known jet. One recent study of Carniolan and 
dwarf bee colonies arise some doubt in all studies of 
racial and species differences summarized in K.von 
Frisch book (Sen Sarma et al. 2004).

Emergence of controversy, olfactory hypothesis

Well documented research of waggle dance communi-
cation didn’t completely convinced the whole research 
community. There had been developed alternative hy-
pothesis for recruitment of bees. Adrian Wenner was 
the leader in opponent research and clearly demon-
strated that bees can be well recruited by olfactory sig-
nals alone (Wenner et al. 1969; Munz 2005). With 
his help and involvement of some philosophers waggle 
dance communication become a key example how sci-
entific controversy develops and how hard is to resolve 
it (Rosin 1978; Wenner & Wells 1990). One of the 
most important obstacle in researchers thinking is 
postulating teleological hypothesis. In fact most re-
ports started with preposition that dance communica-
tion is working and enable information transfer about 
reported sources. Among hundreds of scientific papers 
are only few that are actually experimentally testing 
recruitment success of the bees that came into position 
to pick up dance information (Wenner et al. 1967; 
Mautz 1971; Gould 1975a; Gould 1975b; Judd 1994; 
Abramson & Božič 2004; Tanner & Visscher 2009). 
In all of them can be justified critics done by Wenner 
that olfactory hypothesis was not taken into account in 
the design of the experiment (Wenner et al. 1969). 
Most close to the proper experimental setup was Gould 
with the redirection of the followers by the dancer to 
different location that actually dancers danced (Gould 
1975a). That is possible if the dancers have covered 
ocelli which causes increase of threshold when the bees 
are oriented toward light source instead of gravitation 
on vertical comb. In that way dancers oriented their 
dances according to gravity but the followers recog-
nize direction according to the light source, which was 
rotated for specific angle.  Although ingeniously de-
signed experiment from technical point of view missed 
proper control that would dismissed olfactory hypoth-
esis experimentally tested by Wenner and coworkers. 
Such developments in research of dance communica-
tion results in statements that scientists write their be-
lieves even not thoughts about hypothesis (Rosin 
1978).

Searching additional modalities for information 
transfer

After partially resolved problem between Wenner’s ol-
factory and von Frisch’s dance language hypothesis 
(Vadas 1994; Kirchner & Grasser 1998; Munz 
2005), most of the research were further focused to po-
tential channels for communication signals’ transfer 
and orientation capabilities of the bees. Although 
many findings related to the orientation of the bees 
were well summarized by the von Frisch, it was not 
very clear how bees actually use sun compass during 
search of the food and successful returning into the 
hive. In 80’s we got very detailed behavior model for 
sun compass in honeybees (Rossel & Wehner 1986; 
Cheng & Freas 2015). At that time were known more 
in detail also physiological background in polarized 
light detection by bees. One of the most significant 
finding is that bees must have internal compass that is 
aligned with the external polarized pattern. They can 
achieve that during circling in orientation phase of 
flight. This is one of the key finding that can help a lot 
in explaining of the recruitment behavior of the bees, 
which I will interpret latter in the manuscript. One of 
the most fruitful direction was study of the sounds 
produced by the waggle dancers. Although first obser-
vations of the dance sound were done by Esch (1961) 
and nearly at the same time by Wenner (1962) in a time 
of von Frisch preparation of the synthesis of dance lan-
guage hypothesis. In the new wave of the sound re-
search lead by Axel Michelsen made detailed descrip-
tion of the sound field around the dancer and even 
showed that bees could detect those signals in close 
approach (Michelsen et al. 1986; Michelsen et al. 
1987; Kirchner et al. 1988). With mechanical robot 
bee they tried to recruit bees by artificialy produced 
signals (Michelsen et al. 1992). They did get some 
recruits but in the view of Wenner’s research bees were 
able to find the experimental location through olfac-
tory cues. Researchers, fascinated by their results, hy-
pothesized that sound is a main channel for dance sig-
nals transfer from the dancer to the potential recruits. 
In this case they count all bees in the dancer’s vicinity 
as a potential recruits.

Details of behavior patterns around the dancer – 
clue to understanding of dance information trans-
fer?

Meanwhile I studied behavior of all bees in the dancers 
surroundings and find out that we can clearly distin-
guish followers and attenders (Božič & Valentinčič 

Folia_2018_02_.indb   10 2. 12. 2018   17:56:10



JANKO BOŽIČ: DANCING WITH CARNIOLAN BEE

11FOLIA BIOLOGICA ET GEOLOGICA 59/2 – 2018

1991). The follower has to move with the dancer at list 
two waggle runs and that is possible only in close ap-
proach which actually enables direct contacts by the 
vibrating and waggling dancer’s abdomen. Also re-
cruitment experiments showed that following is linked 
to the recruitment success, but it shouldn’t be too long 
(Abramson & Božič 2004). That means it is more 
likely that the recruit before final leaving of the hive, 
when was successful in finding communicated food 
source, followed fewer waggle runs in one attempt 
than during previous sessions inside of the hive. 
Around the dancers we can detect passing by bees with 
no special attention to the dancer’s behavior, there 
could be occasional observers that are only once 
evoked to orient toward the dancer or better signals 
that she emits. There are attenders which stood around 
the dancer, typically at list one waggle run, oriented to 
the dancer, but hardly to be able to move along the 
dancer. These are potential followers that can jump 
into the dancer’s vicinity and follow them for at list 
two waggle runs. We could say that there are typically 
two behavior patterns of the bees in the dance field, 
dancing and following. Dancing is performed by for-
agers after arrival into the hive. Not all foragers are 
dancing. There should be specific arousal due to qual-
ity of food source and stimulation of hive bees. During 
experiments on artificial feeders we can observe that a 
scout bee (first time forager) does not necessary dance 

during the first arrival (Abramson & Božič 2004). It 
can be observed that they can be even too much 
aroused. They are moving vigorously, exchanging food 
with the nestmates and do short shivering dance with 
no specifically oriented stereotypical pattern that is 
observed in waggle dance. Sometimes they stay in the 
hive for longer time but more often they leave it very 
soon and then they could perform waggle dance after 
next arrival. We could say that there should be specific 
level of arousal regarding forage quality that waggle 
dance can be initiated after touches of bees when the 
forager moves with specific tempo across the hive. 
After several visits arousal drops down below the 
threshold that enables stimulations by the hive bees to 
trigger waggle dance. They still share the food and im-
mediately leave the hive. They are still well motivated 
for foraging activity. That is also indication of relative 
stable arousal for foraging activity. This classical etho-
logical approach is missing more support from the 
neurophysiological data. There are recent attempts to 
identify neural networks that are involved in direction 
and distance information processing by the foraging 
bee (Stone et al. 2017). There have been observed 
some differences between dancers and followers in 
brain regions regarding biogenic amine contents and 
contents of their metabolites (Božič & Woodring 
1998; Barron et al. 2007). From early results we 
could say that higher number and stronger correla-

Figure 5: Dependence of follower’s 
body angle from the orientation of 
the dancer’s body through all phases 
of waggle dance. Polynomial 
regression line represents 9 dances 
observed with 14 followings and 
2294 positions measured in the rate 
of 5/s. Adapted from (Božič 1992).
Slika 5: Odvisnost kota položaja 
sledilke od orientacije telesa ple-
salke skozi vse faze zibajočega 
plesa. Polinomska regresijska linija 
predstavlja 9 opazovanih plesov s 14 
sledenji in 2294 položajev izmer-
jenih s pogostostjo 5/s. Prilagojeno 
po (Božič 1992).
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tions might be indicators of activation and coordina-
tion of specific neuronal networks in honeybee brain. 
Identification of this networks is difficult in direct 
way, because classical neurophysiological approach is 
hard to apply. That was very successful to learn a lot 
about learning in bees, where bees can be fixed, per-
formed behavior experiment and also using electrodes 
for recording nerve signals and to label them (Menzel 
& Giurfa 2001; Menzel 2012). To get comparable data 
in free flying bees it is just time to come reality. More 
about that at the end.

I’ve just touch motivation as one of the classical 
ethological term that is used to describe ability of the 
animals to perform behavior patterns. Most often can 
be related hormonal regulation to the motivational 
states, at list as an import precondition that is needed 
that some kind of behavior orientation can be ex-
pressed. In case of honey bee foraging it has been 
shown that onset of foraging activity is related to high-
er levels of juvenile hormone (Fahrbach & Robinson 
1996). It was mainly recognized as a maturation factor 
that directs specific development of the honeybee 
brain. Part of this regulation is also maturation of 
subesophageal gland that starts producing enzyme 
alpha glucosidase for sucrose cleavage. Both can be ob-
served using biochemical methods (radio-labeled syn-
thesis rate of JH and enzyme test for subesophagial 
gland). It is interesting that there have been found in-
dications that followers, potential recruits have JH 
synthesis rate in the range of foragers, but hive resting 
bees in much lover range (Božič & Woodring 2000). 
That could be one indication that followers, future for-
agers have to be mature to be able to forage.

Recruitment success and recruitment dynamic, 
maturation and learning

Maturation enforced by JH might go enough fast that 
bees that starts attending and following of the dancers 
can be successful recruits on the next day. Also during 
the same day we might be able to observe active follow-
ers, even exiting the hive, but they are not making to 
the location communicated inside of the hive. In most 
of recruitment and related papers, researcher try to in-
terpret unsuccessful flights as fail in message transfer 
(Mautz 1971; Tautz 1996; Tanner & Visscher 
2009). For such experiments Wenner would use it as 
another proof for olfactory hypothesis. Although un-
derstanding that during experimentation most of the 
recruits are naive foragers (design of the experiments, 
e.g. marking bees at hive entrance)  and not redirected 
existing foragers, we should take a note that they are 

actually in the process of maturation into regular for-
agers. Similar processes have been observed in field 
crickets (Stout et al. 1991). Also, if bees didn’t forage 
for a while it might be redirected to some hive activi-
ties and has to be motivated again for foraging activity. 
This process needs some time. It might be directed to 
proper sensitivity of the neuronal networks which are 
involved in information transfer and food search. An-
other possible reason even for former forgers could be 
that bees are not just flying to communicated location, 
but they are actually searching new food site after 
stimulation inside of the hive. That also Wenner said 
and mentioned that followers after leaving of the hive 
are actually making circling flights similar to orienta-
tion flights during first flight outside of the hive (Wen-
ner 1967). We did observe that as well and see that 
circling is typical behavior of the follower after leaving 
the hive (Pliberšek 2002). What could that mean? 
Following of the dancer is instinctive behavior trig-
gered after approach to the aroused forager inside of 
the hive. This behavior synchronization enables shar-
ing olfactory stimuli from the dancer, which after 
some food sharing in the dance field can be interpreted 
as classical conditioning of the future forager, which 
can be interpreted as explicit learning of foraging sig-
nals (Bitterman et al. 1983). Along that the follower 
moves with the dancer which is most likely connected 
with some kind of latent learning of the forage direc-
tion and distance (Figure 5). The direction is some how 
stored in latent learning memory, well connected with 
detection of sun compass (Menzel et al. 2001; Ca-
hill et al. 2001). Roots of that might be searched even 
in solitary wasps, nesting inside of dark cavities, where 
they have to orient themselves based on gravitational 
fields to return to their nest where they store collected 
insects or spiders for future young (Brockmann 1980; 
Zeil 1993; Stürzl et al. 2016). They also do have well 
established orientation based on latent learning of ob-
jects near nest sites and most likely for longer foraging 
paths also connected with some compass. Gravitation-
al orientation and sun compass orientation had been 
linked somehow during evolution of genus Apis 
(Gould & Towne 1987; Dornhaus & Chittka 1999). 
Newer view on evolution of genus Apis suggests that its 
development actually started with nesting in cavities 
and not outside and also regarding to that evolves wag-
gle dance in genus Apis (Kotthoff et al. 2013), but 
that was not taken in account by newer reviewers (Av-
arguès-Weber et al. 2015; Barron & Plath 2017). 
Researchers mainly see waggle dance as food source 
locator, but evolutionary it might be even more impor-
tant as a nest site locator then foraging site. If it evolved 
first really as a nest site locator would be intriguing 
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scientific hypothesis to solve. Distance information 
didn’t seemed to be so complicated as direction infor-
mation. But, we can reed in von Frisch book many en-
vironmental and even internal factors that effects gen-
eration of signals related to the distance (von Frisch 
1965). Most of the research invoked explanation based 
on some kind energetic level, longer distance more en-
ergy is spent and different way of perception of that by 
bees. Already this early studies gave some hints that 
visual experience of the bees might play important 
part of the perception of distance. Detailed research 
decades later showed that actually use of some kind of 
visual odometer that is based on optic flow in visual 
field of the flying, even waking bees (Srinivasan et 
al. 1997; Srinivasan et al. 2000). That was success-
fully manipulated in the experiments providing differ-
ent speed of visual feed around flying bees.  As I sug-
gested that direction is perceived with some kind of 
latent learning, also distance seems to be communi-
cated in similar way.

Wenner was right that olfaction is a primer clue to 
find food source. Bees are conditioned to the smells of 
the brought food, not only due to touching the dancer, 
but also due to food exchange in the region of the 
comb where dances are performed. In general condi-
tioned learning is accepted as explicit learning, which 
directly guide animals according to the conditioned 
signal to perform related behavior. In our case, forag-
ing is a part of feeding behavior continued outside of 
the hive due to high excitement by signals brought by 
the foragers. If they find strong flow of specific smell 
learned inside of the hive they would choose that path 
as showed by Wenner (Wenner et al. 1969). But not 
always are available paths of smell. Bees could find 
valuable pasture also in the direction where winds are 
blowing and taking away from the hives specific smells 
of the pasture. So bees can’t find a proper smell path 
and they are searching in front of the hives during cir-
cling wider and wider around the hive. Here can take 
part latent learned information about the direction. 
The bee is suddenly switched from circle type of flight 
in more or less straight flight at list for a while. My 
interpretation is that during the circling bees are scan-
ning the sky and when the direction excitation in the 
field of internal e-vectors of polarized pattern aligned 
with latent “imprinted” direction during following the 
dancer that stops circling search and continues in 
straight search. We know that this is not perfectly 
straight flight. Occasionally bees do additional cir-
cling on the so called straight flight. That can be rec-
ognized through close dots from radar images of re-
cruited bees (Riley et al. 2005; Landgraf et al. 
2018). Also in that case they might repeat searching 

and are switched again in straight line. And how far 
are bees doing that? Here comes in play distance infor-
mation. Distance information keeps enough high 
arousal for straight flight that it is possible to reach 
communicated site. Researchers observed that bees 
don’t reach typically on first exit of hive communi-
cated location (Mautz 1971; Wenner et al. 1991). As 
I already mentioned here can come in account matu-
ration in our game of recruitment, but not only that, 
also a proper arousal of foraging neural pathways that 
bees are able to reach communicated distance. When 
bees finally reach the right distance they still search 
for the food, most likely mainly on olfactory cues, be-
cause they don’t have other information about food 
site that might be released during performing dance in 
the hive. Perhaps existence of many different food 
smell around the dance field in the hive might make 
searching even tougher at the reached location. So, at 
the end we can say von Frisch was right,  too, but only 
in a sense of communicating dance information but 
not in using language. That was argued already (Rosin 
1978) and seems pretty clear, although modern scien-
tists still use the term language because it is better 
heard by general public? Short conclusion could bee 
that recruitment is based on conditionally learned olfac-
tory signals that are searched outside of the hive. This 
instinctive searching behavior is guided in latent way by 
dance information obtained inside of the hive as de-
scribed above.

Subspecies specifics in dance code

Communication of the distance information is the 
only major difference that can be observed between 
subspecies inside of Apis mellifera. Comparisons of the 
waggle run time and related signals in dance pattern 
between different subspecies reveals that Carniolan 
bee is on one extreme side with the best steep curve of 
dependency regarding distance of communicated loca-
tion (Boch 1957). It is also interesting that two closely 
related subspecies Italian (Apis mellifera ligustica) and 
Carniolan (Apis mellifera carnica), have one of the larg-
est differences. It is open question if that could be par-
tial barrier for admixing of this two subpopulations of 
honeybees. In last century it was observed strong effect 
of Carniolan bee on population of Italian bees in 
Northern Italy (Rúa et al. 2009; Marina D Meixner 
et al. 2009), but only minor in Slovenia as the closest 
neighbor with Carniolan bee, where we could expect 
similar effect of Italian bees on Slovene part of Carni-
olan bee population (Sušnik et al. 2004). In recent 
decades that can be explained with management of 
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Figure 6: Bees in the swarm, time for collective decision for new home location (Photo: J. Božič).
Slika 6: Čebele v roju, čas za skupinsko odločitev za novo lokacijo doma (Foto: J. Božič)
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bees, special care in Slovenia for authentic population 
and no similar program in Northern Italy for Italian 
bee. Old reports about subspecies didn’t report major 
mixed area (Ruttner 1988; Comparini & Biasiolo 
1991). Perhaps minor differences in dance communi-
cation could lead to lower fitness in mixed colonies if 
they have some problems in communicating colony 
resources. Perhaps forage is not so critically as finding 
new nesting site during swarming (Figure 6). Colony 
in the swarm has to establish enough high quorum re-
garding new nesting site, before they are leaving tem-
poral resting location close to mother site (Jaycox & 
Parise 1980; Seeley & Towne 1992; Schmidt 1995; 
Camazine et al. 1999; Seeley & Visscher 2004; 
Passino & Seeley 2006). It might be possible that de-
parture of the swarm would be delayed if enough high 
quorum can not be achieved. Different translation of 
the distance information could result in wrong search 
location by the bees that try to re-find communicated 
new nest site. That means that bees could spent too 
much food reserve during the resting and searching 
and have worse possibilities to successfully start build-
ing new comb at new location. That bees could have 
problem with the departure as it was shown during 
observation of extreme situation when two swarms 
were mixed together during take off and were not able 
to establish straight flight to new location (personal 
observation).  They sit down together on lower branch 
and tried to fly away again, but with no success. They 

tried that several times but at the end, when was at the 
lowest branch, they were captured in a new hive. Since 
swarming is the unit of genetic reproduction in honey-
bees that could be one of the potential mechanism to 
achieve partial separations of the two populations, but 
that has to be experimentally verified. It has been 
shown that observed difference in waggle run that re-
lates to the distance interpretation, change for circle 
run into waggle run is coded with one locus (Rinder-
er & Beaman 1995; Johnson et al. 2002). That 
doesn’t necessary mean that that specific locus is di-
rectly related to the pattern of the dance but rather to 
the specific arousal of the neuron network that is in-
volved in expression of waggle runs. Some research 
suggests that change from circling to waggling is not 
change from A to B behavior but rather continuum 
form simple circling to perfect waggle runs (Kirchner 
et al. 1988). That support idea that there might be only 
tinny genetic change that is related to the specific be-
havioral arousal as described above. Dance tempo re-
lated to the distance might define also geometric pos-
sibility for change from circle runs to waggle runs. 
What exactly is that genetic base we don’t know jet, but 
it could be something common with observed other 
behavior differences between Italian and Carniolan 
bees as well typical difference in colorization of cuticle. 
All recent attempts were not able to find specific func-
tional genomics difference between this two subspe-
cies of honeybee.

3 PERSPECTIVES FOR FUTURE RESEARCH

Functional genetic difference is just one opened ques-
tion that needs to be solved in future to find out what 
makes essential difference between two closely related 
subspecies of honeybees. Along with recognized more 
calm behavior of Carniolan bee, the dance pattern is 
one of more exact difference that can be checked be-
tween populations. Some recent research gave some 
clues, but more molecular mining is needed and ex-
perimental testing to solve that opened question. It 
might drag along some other not jet explained ob-
served differences between respected subspecies of 
honeybees.

Signals’ processing in the brain of honeybee is 
more clear than ever (Dyer et al. 2011; Menzel 2012; 
Zeller et al. 2015; Held et al. 2016; Stone et al. 2017). 
Although specific stereotyped patterns of signals have 
not been tested and that could be big adventure in fu-
ture neurophysiology research in honeybee. Some 
progress can be done with new experiments with fixed 

bees in the lab, but the key experiments is needed with 
free flying bees. In the past were some attempts to have 
mounted electronic devices on the back to monitor 
specific brain activity (Pickard & Welberry 1976; 
Brill et al. 2014). Miniaturization of electronic de-
vices and use of radio-frequency identification tech-
nology (de Souza et al. 2018; Nunes-Silva et al. 
2018), even building small computers inside of the tags 
on the thorax of the bee gives definitely new possibili-
ties to monitor behavior during active flight (Sulei-
man et al. 2018). Classical behavior experiments are 
still welcome and it looks like researchers are not en-
couraged to repeat innovative experimental design to 
collect more data and especially in better controlled 
conditions. One of such experiment is Gould redirec-
tion of the recruits to different site that was actually 
reported by the dancers (difference in change to orient 
directly to light by followers and dancers) (Gould 
1975a). Additionally we need more quantitative docu-
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