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Partl: Ovcrview of honcybee

« What are the social divisions of labor of honeybees?
« Why are honeybees “selfless”?

How do bees communicate with groups?



Leading representative of researchers of honeybees

Karl Ritter von Frisch (November 20, 1886 =June 12, 1982)
was an Austrian ethologist who received the Nobel Prize in
Physiology or Medicine in 1973, along with Nikolaas
Tinbergen and Konrad Lorenz.

Research: Bee Perception ; Dances as languag ; "Dialects” ;Pheromones .

Martin Lindauer (1918=2008), Prime mover in behavioural physiology and sociobiology

Research: how honeybees communicate and learn, sense the world,
find their way, and live m socictics




The definition of honeybee

Honeybees(tribe Apini), any of a group of insccts in the family Apidae (order
Hymenoptera) that

+ in a broad sense includes all bees that make honey.
= Ina stricter sense, honeyvbee applies to any one of seven members of the genus Apis=and usually

only the single species, Apis mellifera, the domestic honeybee

@ Honewprocuong bees @ Cffer bess Less than § percent of all bee species make
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i . i i i * i e o S i eight species of true honeybees (genus Apis).
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Diversity facts of bees

BEE FAMILY APPROXIMATE NUMBEER OF SPECIES  COMMON TYPES IR L

Apldae 5,700 bumbletees and honeybees
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What are the social divisions of labor of honeybees?



Social composition and sex determination of honeybees

— Forager
\ Guard

\ Cleaner, Builder etc.
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Possible regulatory mechanisms of social division of labor in bees
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Tachykinin signaling inhibits task-specific behavioral responsiveness
in honeybee workers

' Be 'aTSpedahzm-n
 via Various Mechanisms
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RNA m®A modification functions in larval development and caste
differentiation in honeybee(Apis mellifera)
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Why are honeybees “selfless”’(worker bees)?



The life of a worker bee
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The process of honey making by bees

Worker Bees Collect Plant
Mectar

Femate workers arcccalind fomgers: They
corlect nectar from millicns of bloosming plants.

Noctar s takon t6 tha hiwe in & spacial organ

Nectar to Honey Conversion
Begins
Irside the hive, house beds begin the process of

rmeaking horwey. Enzymes are added (o the
nectar and chemical changes begin.

Ripening the Honey

‘MNeclar has a high maisture percent - honey
doos rol. Bees place nectar/honey an comb’
and fan wings to remove the excess moisture.

{ Honey is Stored in Honeycomb
CN Dnce Lhe ensyme action s complete and the
maistirs level is fow - ripe honey s storsd in
cells of ioneyoomb. A wax cap an top keeps it
claan,
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Honey bees increase social distancing when facing
the ectoparasite Varroa destructor
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Allogrooming
Spatial shift toward the periphery of the colony Spatial shift toward the core of the colony
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(Michelina Pusceddu et al.Sci. Adv.2021)
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|.Honeybees use directed volatile communication to locate their queen

A Bees as chemical signal-amplifiers C Aggregation around the queen
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The scent of the waggle dance

Comparison ot air samples above waggle dancers and
nondancing bees
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Effects of queen pheromone on worker and drone bees

Queen preromone alocks aversive learning
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Il.The dancing behavior of honeybees

A
Hive talkin®

Thee horeybee's wagghe dance IS amang the most mpressive pleces of animial
communiation ewer dncovened. but han it significance been overblown?
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Social signal learning of the waggle dance in honeybees

B Dance quality
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waggle phise dumidon (s

Different species of honeybees can understand “dialects”
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l1l.Physical communication between bees—sound

The whistles of two virgin queens were Emission of copulation bLzzes by Collefes males Sounds made in the face of danger of
recorded as the vibretions of the hive a Colletes male
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Thoracic vibrations in bees can transmit information

Vibratory communication in stingless bees (Meliponini) The ho1ey bees” waggle dance
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Physical communication between bees—Trophallaxis
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Take home message

1. TToncybccs arc typically social insccts, with a colony consisting of a queen bee, a [cw drones, and a large
number of workers and sex determmation in Apis mellifera is controlled by heterozygosis at a single locus
carrying complementary sex determination genes (¢sd);

2. The average lile span ol a worker bee 1s only about 45 days, when eclosion, they rarely rest and undcertake
diffcrent kinds of work to keep the wholc colony functioning;

3. Honeybees communicate with their species through pheromones, dancing, and physical contact.

*  The pheromoncs of bee colonics include QMP, worker pheromaones, dronc pherothones and larval pheromoncs and diffcrent pheromones arc
uscd Lo transmit inlormation in dillerent social division ol labor;

* Honcybceces dance to convey information about food :direction of the food source =—angle of the direction of waggle and the direction of
gravily ; the distance =———(uration of waggle;

* lloncybeces can send messages by thoracic vibrations or wing vibrations, and they transmi: food by trephallaxis.
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Behavior of Honeybees -
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Which one can exhibit fighting behavior?

honeybee
(Apis mellifera)

queen
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# Why do bees exhibit fighting behavior?

Compete for the throne

Feeling under threat
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Mite bombs or robber lures?
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Alarm pheromones are closely related to the fighting or defensive
behavior of honeybee

Alarm pheromones e s \
. . Hypopharyngeal
are produced by honey bee workers in the mandibular =~  — e
oland and through the Koschevnikov gland, over 10 ———— —
chemical compounds have cseen identified. wd Faiiwich
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Effects of hornet attacks
Honey Bee Inhibitory Signaling Is Tuned to Threat Severity upon colony foragmg
and Can Act as a Colony Alarm Signal allocation and defense

Ken Tan [l @ Shihao Dong [, Xinyu Li, Xiwen Liu, Chao Wang, Jianjun Li, James C. Nieh (B

A) Colony foraging B) Colony defense b
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What is STOP signal?

The stop signal is "beeping” sound produced when the signaler heat=butts the receiver,
usually another forager.
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Colony stop signaling increased according to predator size

A) Feeder attacks B} Mest entrance attacks
Waggle dancing Waggle daneing A) Effect on stop signal frequency B) Effect on stop signal pulse duration
0 T o o | o Cinbrny schemalic
o - {confral  small horel  large homet) =1 — — = -—
1 . -
T g ) £
E E Ent -
O B ” G- “—:"'
Vg o Mo :
d 4 ed E
5 B L
22 23 i
f i b B L 580+
oo |1 2 s [l = = B o oo L1 s [{E [ ™ | W Sl homax: . L hotvt
Ent 71 22 Ent 21 22 Eni 21 2 Ent It 22 Em Xz Enl Il IZ E:-. 560 - b 4] 3104
2 Stop signaling 4 = Siop signaling E E
=
- » g. 540 § 270
Jé"ﬁ-- :E‘Hs E E;
E B 2 -g 520 © 230
= R @ o
w10 o =10 = %
2 2 . i P 8 500- a 190
5 B b 5 T c
b =] =
& i 5 s ('8
ola[ls BUZ 2 olazs & 480 150
Ent 21 22 Em Z1 Z2 Enl Z1 Z2 Ent 2t Z2 Edl 21 Z2 Em 21 22
A Bk s Ligs St il eaifonet  Laipsiormet Forager attacks Nest attacks Forager attacks Nest attacks

Traatmeant Traatmani



5% Current Biology

REPORT | VOGS 33, 155LF LTIl 4, Downiload Full lssue

An inhibitory signal associated with danger reduces honeybee dopamine
levels

Shihao Dong * » Gaoying Gu * »Tao Lin = ... Jianjun Ui » Ken Tan 2 &« James C. Mish 2 5 51 s Show all - 2

‘W) Chock for updates

Hornet attacks decreased waggle
dancing and increased stop signaling
at the colony level

Colony effects
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Hornet attacks increased stop signaling and decreased
waggdle dancing by individuals
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A

Attacks by hornets and stop signals reduced bee
dopamine levels, but increasing dopamine reduced the
aversive effects of attacks

B Treatment effects on dopamine
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Honeybee
Don‘t
Care!

(dopamine boosted
bees ignore giant
hornet)
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Fighting behavior between bumblebee workers
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Honeybee olfactory system and pheromones

« Brood pheromones
 Workers' pheromaones

» Queen’s pheromones

« Drones’ pheromones

s
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QMP have no effect on appetitive learning in young workers

A B QMP+

Effects of QMP on appetitive learning in 6=day=old workers



QMP have no effect on aversive learning in old workers
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Effects of QMP on aversive learning in 15=day=old workers
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Why honeybees fight?

Protecting food, compete for the throne, feeling under threat.

How bees repel hornets?

Make a “Hot Defensive Ball”.

What is alarm pheromone and queen pheromone?

Alarm pheromone is produced by workers, it allows bees to develop defensive behavior,

“QMP” : classic queen pheromone, can inhibil dopamine signal and young workers aversive learning.






PART3:

Decision-making behavior and regulatory factors
In bees

XLM



At the individual level, what decisions bees make?
When to foraging? Which flower to choose?

« As a typical group animal, do bees have group decisions and how to
regulate them? (e.g. nest splitting behavior, nest choosing behavior)




When to foraging”?

Starving honey bee larvae encourage worker bees to forage by releasing pheromones
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How do bees quickly decide which flowers are right for honey?
(e.g. Vvision, olfaction, taste?)



Lubbock J (1882)

Visual (color) perception of bees

Grey card
experiments

Honeybees were the most
significant ones proving the
existence of colour vision in
non=human animals.

Karl Ritter von Frisch (1914)

The spectral range of
bees’ vision includes
ultraviolet (UV)

Kihn (1924) Karl Daumer (1956)
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Karl Ritter'® von Frisch, ForMemRs!!! (20 November 1886 — 12 June 1982) was a German-
Austrian ethologist who received the Nobel Prize in Physiology or Medicine in 1973, along
with Nikolaas Tinbergen and Konrad Lorenz.l?! [3]

His work centered on investigations of the sensory perceptions of the honey bee and he was
one of the first to translate the meaning of the waggle dance. His theory, described in his 1927
book Aus dem Leben der Bienen (translated into English as The Dancing Bees), was disputed
by other scientists and greeted with skepticism at the time. Only much later was it shown to

be an accurate theoretical analysis.*

Frisch's investigation of a bee's powers of

orientation were significant: ﬁr—\\

1. by the Sun,

2. by the polarization pattern({BRIET) of
the blue sky, a

3. by the Earth's magnetic field




The color and completeness of the flowers will influence the bees' choice
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The quality of food is very important to the colony
Nectar primarily contains carbohydrates, while most other macronutrients are provided by pollen

1 kA |
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Honeybees have shorter life Pollen of comparatively higher Adult bees and larvae performed
spans when fed a diet high protein content was found to benefit better on higher sugar

in proteins (Pirk ef ak, 2010; larval growth and development concentrations (Kaftanoglu et al,
Archer et al, 2014 ). (Herbert et ak, 1977; Herbert, 1992; 2011)a

Tasei and Aupinel, 2008)
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Involvement of smell and taste in pollen foraging
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Olfaction and taste were involved in the detection of pollen composition and
concentration, respectively

cesein versus pollen ; apple versus dimond sollen
00y A B
:; i 100
™ i a0
f il e &80
i a— g
fi o0 F /_ 1
# a0 = &0
30 50
20 40
]
o A — b Ay T —— x
1.2 4 4 5 8 7 ¢ 0#0' 7 2 3 &4 58 7 & 810
Triais il
Li]
100,
1007 A 90
50 |
an : ; -1 B0
- ]
60 " - 5 E’ &0
50 ® T “ B =y . 50
an — __:_-4"'-‘-'_?\/..4 " 7 _’__,.-*—‘./‘\/ - T
W — [ T] ) |
20 / 20
w{ o v
e 0 ..-"" IE.
# “:": c 100
- o
. 4]
80 i T
50 P ) . | /'-- ]
40 T = n " & £ =0
a0 —"--.‘/F '_:\\./:n _.-lk\‘/r ./i\ - 40
i 5 30
L 20

i 2 3 4 5§ 8T B B 10

1 2 % 4 5% & T 6 # 10 10

a

differertial’y conditioned on the oder of pollen:ce'lulose o case'n:cellulose

OHlaction

pdllen:celldose

casein:ccllulose

4 & &8 T B8 8 10 1 2 3 4 &§ &8 ¥ 8 8 W
Triads
Taste

Faban As et ah J Exp Biol. 2015

concentrations of
2:1 versus 1:2

5:1 versus 1:5

10:1 versus 1:10



Octopamine influences honey bee foraging preference to sugar
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Bumblebees negotiate a trade-off between nectar quality and floral biomechanics

5 l High foraging cost

" Higher sugar conc®

@ —= Choice
Low foraging cost

w Lower sugar conc”

Experimental treatments
& bee behaviour

Same sugar High conc” Low conc”
conc"on both difference  difference

Bee behaviour gy W w
Maximizes
energy efficiency? v X 4

Maximizes rate of
energy return to v " 4 o
the nest?

Pallrick JGa o( al. /Scrence. 2023
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Horizontal

Bumblebees prioritize immediate carbohydrate flow to the nest
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The influence of acquired factors on decision making in bees

Honeybees learn floral odors while receiving]
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Collective decisions in bees
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As a typical group animal, do bees have collective decisions?
And how to regulate?



The choice of nest design groups takes into account many aspects

Table 1  Properties of nest sites that have been tested in choice tests with honey bees
and ants, and the preferences shown

Nest-site property I Frequency of occupation, given choice” Reference(s)
Apis mellifera

Mest height from ground Fm=>1m 82

Mest exposure/visibility Visible = hidden 82

Distance from parent nest No pn:ﬁ:n:nu: {7} 33,34, 66, 81, 82
Entrance area 12.5 em® > 75 em? 82

Entrance locatdon Bottom = wop 82

Entrance direetion Southward = northward (2) 33, 34,82
Caviry volume 10 livers < 40 liters = 100 liters 82

Previous occupancy Previously used = new 67, 100
Masanov pheromone With pheromone = without pheromone 39, 69, 70
Cavity dryness Damp sawdust = dry 82

Clavity soundness Walls with holes = sound walls 82

Presence of disease American foulbrood edor = no AFB odor 62

Tewenothorax albspenmis

Cavity height 1.6 mim = 0.8 mm 21

Cavity floor area 512 mm? = 456 mm? 46, 54

Cavity entrance width 2 mm = 4 mm 21

Cavity illumination Dark = light 21

Presence of dead ants Grrit particles = dead conspecifics 20

A = B indicares that potential nest cavities with propersy A were occupied in preference ro cavities with
property B, and A= B indicates no preference. A question mark indscates that results of different studies varied.

Visscher PK. Anny Rev Chfomok
2007



Octopamine increases collective foraging behaviors in bees
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What exactly causes a colony to nurture its queen and thus begin the process
of grouping?

When worker bees make the key decision to begin the swarm process, they are
feeling and synthesizing what the specific motivation is?

IT'S NOT CLEAR.



Nest=site scouts send inhibitory stop signals to other scouts producing waggle dances
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The cross=inhibition prevents the overall system from coming to an impasse
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Honey bees selectively avoid difficult choices
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The first pan=neuronal genetic driver expressing GCaMP6f in honey bee
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Take home message

« Different visual cues of flowers attract bees to land (e.g. completeness, size, color, etc.)
« Smell and taste are involved in the selection of nectar quality in bees.
+ Bees' foraging decisions are also regulated by a variety of other external factors.

« However, the various factors affecting group decision=making behavior and the regulatory
mechanism are still unclear.
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