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Worth revising table of biological terminology in Davis. 
Review diagrams in Snodgrass 

 
The Candidate shall be able to describe in detail and illustrate where 

appropriate, referring to histological features as necessary:- 
 

5.1 The alimentary system including the process of digestion by enzymes and the absorption and 
assimilation of the products of digestion  

  

Components 

 (Glands. Hypopharyngeal, post-cerebral and thoracic. Hypopharyngeal glands 

deliver invertase, the latter two (the ‘labial glands) deliver saliver. (see 5.5)) 

 Pre-oral cavity/Cibarium/pharynx. Liquid sucked by proboscis into the cibarium 

and thence the pharynx. Solids (pollen) pushed by mandibles into the cibarium. 

Sac contracts and pushes food into the… 

 Oesophagus. Peristaltic muscles progress food along the oesophagus, through 

the thorax into the… 

 Crop, which is an enlargement of the oesophagus. Crop expands and contracts 

depending on honey load. 

 Proventriculus, is a one-way valve regulating passage of food into the 

ventriculus, retaining nectar in the crop if required to be regurgitated. Four 

triangular lips edged with spines at the junction of the proventriculus and the 

ventriculus filter out pollen and combine it into a bigger bolus before passing it 

into the ventriculus 

 Ventriculus is the functional (nutrient absorbing) stomach.  Structure like a bit 

of flexible pipe. Epithelial lining (layers of cells lining alimentary system) in folds 

and with villi. Cells ‘charged with enzymes’ (does that mean containing, or 

carrying?) continuously dividing and proliferating. Enzymes enter and break 

down: 

o pollen protein into amino acids 

o complex sugars into monosaccharides 

o pollen fats into fatty acids and glycerol 

 …which are absorbed through ventriculus wall and into surrounding 

haemolymph. Peritrophic membrane, jelly like substance, made by epithelial 

cells lines the inside of the ventriculus. Protects epithelial layer from impact 

damage from solid e.g.pollen grains, but allow passage of enzymes and soluble 

products into the haemolymph. 

 Malphigian tubules – see item 5.2 for the rest of the excretory system below… 

 Pyloric valve – controls flow into the small intestine. Sphincter-like. 

 Small intestine 

Yates 
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 Rectum – expands and contracts depending on amount to be stored when 

cannot be voided.  

 Anus, located in the proctiger, or 10th segment 

Note that nectar/honey can be regurgitated from crop back up oesophagus into the 

pharynx for food sharing – trophyllaxis. 

Metabolic equation: 

C6H1206 + 6O2 = 6CO2 + 6H2O + energy 

Glucose/fructose + oxygen produces CO2, water and energy 

 

 
After Yates 

 
ENZYMES 

 Component Enzyme Product(s) 

Pollen Protein Protease Amino acids 

 Fat Lipase Fatty acids, glycerol 

    

Nectar Sucrose Sucrase Glucose + Fructose 

 Poly saccharides Glycosidases Mono saccharides 

 ‘Starch’ Diastases (e.g. Amylase) Glucose + Maltose 

 
Enzyme – ‘protein catalyst of a specific biochemical reaction’ 
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5.2 The excretory system and the substances excreted 
  

General 

 Excretion is the removal of waste products of metabolism either by storage 

and/or transport outside the body. 

 Haemolymph removes waste from cell metabolism 

a) Carbon dioxide – excreted via respiratory system 

b) Nitrogenous waste  - excreted by excretory system 

 Four components of the excretory process 

a) Filtration of substances from haemolymph by walls of Malphigian 

tubules 

b) Secretion of substances into the system 

c) Reabsorption of useful substances (e.g. of water) back into 

haemolymph, also in small intestine and rectum 

d) Passing of substances outside the body (defaecation) 

Davis 

 

After Davis/Yates 

Components 

 Ventriculus – functional stomach. Enzymes break down sugars and proteins 

which then absorbed through the ventriculus walls into the surrounding 

haemolymph. 

 Malphigian tubules. ~100. Long, white, convoluted and threadlike. Closed at 

the far ends. Walls only one cell thick. Enter the very end of the ventriculus 

before the pyloric valve. Waste substances absorbed into the Malphigian 

tubules from the haemolymph, carried down and discharged into the intestine. 

Yates 
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 Pyloric Valve. Controls flow from ventriculus to the intestine. 

 Small intestine. Slender, looped tube. Folds on walls provide large surface area 

for further absorption. 

 Rectum. Stores waste material. Can enlarge significantly during winter, 

occupying almost entire abdomen. 

 Rectal pads. 6 near front of rectum, formed as thickening of the wall. Purpose 

to do with excess water absorption. 

 Anus. Opening on the tenth abdominal segment, which is reduced and hidden 

Note – Defaecation is during flight. 

Malphigian Tubules 

 ~100. Long, white, convoluted and threadlike. Closed at the far ends. Walls 

only one cell thick.  ‘Wave about’ in the haemolymph. 

 Single layer of cells attached to a thin membrane on outside. Membrane 

surrounded by tracheoles and muscles – respiration is energy-intensive. Inside 

microvilli to increase surface area. 

Davis 

 

 

After Davis 

Substances excreted 

 Healthy faeces are yellow and solid 

 Comprise 

a) Pollen husks (solid) 

b) Pollen fat globules 

c) Exhausted epithelial cells (solid) 

Yates 
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d) Nitrogenous waste (uric acid). Nitrogen comes from metabolised amino 

acids (which make up proteins). 

e) Water 

 
 
 

5.3 The respiratory system, including the muscular ventilation of the air sacs, the structure and 
operation of the spiracles and the exchange of respiratory gases: both at rest and during active 
flight 

  

Respiratory System 

 Respiration is the generation of energy through cellular metabolism (in our 

case oxidation) 

 Function of the system is to supply oxygen for respiration (combination of 

food (sugars) and oxygen in cellular tissues, to release energy) 

C6H1206 + 6O2 = 6CO2 + 6H2O + energy 

Glucose/fructose + oxygen produces CO2, water and energy 

…and to remove waste product (CO2) from the body 

 Note, using an air transport system for oxygen rather than a liquid (e.g. 

humans). Final diffusion pathway from end of trachioles to cells in short. 

 The honeybee respiratory system comprises: 

a) 10 pairs of spiracles 

b) Trachea 

c) Tracheal (air) sacs 

d) Trachioles 

Yates 
/Davis 

Spiracles 

 10 pairs, on T2 to A8 (note A8 hidden) 

 Smallest on T3, largest on A1. Remember T2 is key – nearest the brain, 

thoracic ganglion and wing muscles. 

 All have valves except T3 which is small.  Valves function to control water 

loss 

 Two types of valve: 

a) T2 covered by a flap (operculum), which cannot be fully closed ( 

hence allowing acarine mite to enter, despite fringe of hairs 

around aperture)  

b) Abdominal valves A1-A8 

Yates/ Goodman 
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After Snodgrass 

Trachea 

 Major outlets from the tracheal sacs, forming distribution network throughout 

the body 

 Formed from ingrowths of the body wall – ‘cuticular intima’ 

 Circumferentially ribbed (taenidia) to provide structure in face of changing 

internal pressures 

Yates 

Tracheal (Air) Sacs 

 Effectively trachea which widen at intervals, without taenidia, so are thin 

walled, flexible and expandable, formed of cuticular layer. 

 First three spiracles supply air sacs in head (for nervous system) and thorax (for 

flight muscles) 

 Two large air sacs in abdomen, ventilated by abdominal movement  

Yates 

Tracheoles 

 Ever finer branches of the trachea, down to 0.1 μm 

 Have taenidia 

 Adjacent to, or penetrate, cells? 

 Blind ends, containing a little haemolymph into which oxygen and carbon 

dioxide diffuse and thence through thin wall into cells 

Yates/Davis 

 

 

After Goodman/Snodgrass/Yates 
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Muscular Ventilation of Air Sacs 

 Achieved by expansion and contraction of abdomen – relative motion of 

tergites and sternites. See diagram below for muscles 

 Slight dorsoventral compression and dilation, mostly lengthening and 

contraction of abdomen 

 Serves to draw in air (oxygen) and expel waste gases 

Yates 

 

 
 
After Snodgrass 

 

Exchange of Respiratory Gases 

 Diffusion through walls of tracheoles due to small differences in partial 

pressure. 

Yates 

Rest vs Flying 

 When bee doing little work or resting, most air transport, both in and out, via 

T2 spiracle (nearest brain). 

 Significantly increased air demand during flying. Air in via T2 and abdominal 

spiracles, and out via A1 (which is the largest spiracle). 

Davis 

 
 
 

5.4 The circulatory system, including the heart, dorsal and ventral diaphragms and the 
composition and functions of haemolymph 

  

General 

 Haemolymph circulates through the action of the heart dilating and contracting, 

and the pulsation of the two diaphragms. 
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 Plus two subsidiary pulsating organs associated with head and wings – one in 

head between antennae supplies the antennae (the antennal vesicle), the other 

in the scutellum draws haemolymph from wings into the abdomen. 

 

 

After Davis and Snodgrass 

Heart 

 Propels haemolymph forward to the head 

 Hangs from body wall, in the dorsal sinus (cavity). Connected to wall and dorsal 

diaphragm by fibrous tissue. 

 Tubular form, closed at posterior. Five pairs of openings – ostia – allowing 

haemolymph to enter, effectively divide heart into five segments. 

 Muscular heart walls contract from rear to front, pumping contents forward. 

Increased pressure causes ostia to close. 

 Muscles relax, pressure falls, ostia open and heart recharges content 

Aorta 

 Tubular extension of heart which passes through petiole and thorax, finally 

opening out into the head. 

Dorsal diaphragm 

 Stretches from A3 to A6 

 Complex structure of cells and muscles between membrane sheets 

 Attached to apodemes (internal projections ) of tergites 

Davis 
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Ventral diaphragm 

 No cells, only muscle fibres 

 T2 to A6 

Rhythmic pulsation in both diaphragms serves to circulate haemolymph around the 

dorsal and ventral sinuses and swirls it around in the main abdominal cavity, with some 

crossflow between the d/v sinuses and central cavity. 

Haemolymph 

 Fluid, functionally comparable to blood/lymph in vertebrates, that circulates in 

contact with animal tissues. 

 Composition: 

a) Plasma – clear, colourless liquid, 90% water 

b) Haemocytes – nucleated cells ( functionally similar to white blood cells 

in vertebrates) 

 Fills the body cavity, surrounding the organs and other tissues 

 Does not circulate (in ‘tubes’) , but continually broken down and built up 

 Functions (FIVE): 

a) Transports (FOUR) 

 Digested food: sugars, amino acids, fatty acids, vitamins, 

minerals and glycogen  

o to all cells of the body 

 Carries waste products of metabolism from the cells to the 

Malphigian tubules 

 Transports hormones from glands to cell 

 ‘Defence cells and proteins’ 

 [NOT involved in transport of oxygen (does not contain 

haemoglobin) except at very end of tracheoles, where some 

oxygen carried in solution to tissues and muscles.] 

b) Provides structural support by filling body cavities 

c) Distributes heat around the body 

d) Maintains stable cellular environment (homeostasis). Baths cells in 

liquid and helps regulate cellular water content  

e) Protection 

 Phagocytosis -  haemocytes (phagocytes) involved in 

destroying bacteria and parasites 

 Repairs wounds – phagocytes remove damaged tissues 

 Proteins from fat bodies circulate in the haemolymph and 

attack pathogens 

Yates 

 
 
 

5.5 The exocrine glands of all castes and sexes of adult bees and larvae, the functions and main 
compositions of their secretions including pheromones, (hypopharyngeal, mandibular, tergite 
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glands of the queen (Renner-Baumann); Nasonov, sting, Arnhart, post cerebral, thoracic salivary, 
wax glands and wax production) 

 
NINE exocrine glands in Queen. EIGHT in workers 
 
Exocrine glands produce secretions via ducts to the outside of the bee’s body. 
 
Hormone – ‘signalling’ molecule produced in glands, passed to and circulated in 
haemolymph to regulate behaviour and physiology in distant organs 
 

 
From The Honeybee Illustrated 

 
 

 

Hypopharyngeal 

 Function:  Changes during life of worker: 

1. Initially produce brood food/royal jelly, and  

2. Later produce sucrase and glucose oxidase enzymes for use in converting 

nectar to honey. 

 Location: Two, one on each side, upper front of head. Ducts run to hypopharyngeal 

plate. 

 Composition: Clear liquid protein then enzymes (invertase and glucose oxidase) 

 Brood food.  Secretions from hypopharyngeal glands combine with secretions from 

mandibular glands to form ‘brood food’ (protein), which is directed by the 

mandibles into the brood cells. Gland is at largest when worker is a few days old 

and feeding brood. Later glands shrink and cease to produce protein. 

 Enzymes. In older workers, glands produce invertase (sucrase), mixed with nectar. 

Can revert to brood food production if bee consumes lots of pollen. 

 Only vestigial in queen. 

Yates 

Mandibular 

 Location: Two, one each side of head, above mandibles. Drains onto base of 

mandible and along a duct 

Yates 
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 Function:  

 Workers: Initially produce component of brood food and royal jelly, then 

later produce alarm pheromone 

 Queen: Produce queen substance 

 Queen mandibular pheromone; 

a) enables workers to recognise queen 

b) involved in formation of queen retinue 

c) attracts drones on mating flights, and workers to a swarm cluster  

d) inhibits worker ovary development and egg laying 

e) stimulates foraging 

f) stimulates release of Nasonov pheromone 

 Composition; 

a) 10-HDA (brood food) and 2-heptanone (alarm) in workers 

b) 9-ODA (9-oxodec-2-enoic acid), 9-HDA (9-hydroxydec-2-enoic acid) 

pheromones (queen substance). 9-0DA is drone attractant when mating, 9-

HDA holds swarms together 

 Drones. Mandibular gland is present but small. I can’t find any reference to any 

function. 

Thoracic & Post-Cerebral (the ‘labial’ glands) 

 Function; ‘Salivary’ glands discharging into the salivary duct/salivarium, whence 

then used to moisten food via proboscis 

 Location; Post-cerebral – behind brain, thoracic in the thorax 

 Composition; Mainly water 

Yates 

Sting 

 Function; Acidic poison gland, production of venom 

 Location: Posterior abdomen, as extensions of the venom sac 

 Composition; Mellitin, Phospholipase, Hyuralonidase (see 5.19) 

 Note: Venom produced after emergence and up to about 20 days in summer 

workers. Stored thereafter. Older workers cannot replenish. Winter bees can 

produce venom for much longer. 

Also Dufour’s (alkaline) gland, secretes between lancets at base of sting. Function 

unknown. 

Also sting scent gland. 

 Function: Powerful alarm pheromone, released when sting torn out, or can be 

fanned 

 Location: Glandular cells on inside of quadrate plates. 

 Composition: Isopentyl acetate 

Yates 

Wax Davis
/ 

Yates 
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 Function: Produces wax for comb-building 

 Location: Four pairs of specialised glands on sternites A4-A7 in workers only. Each 

gland is at the front of the sternite so covered by the edge of the preceding 

segment. 

 Composition(Yates); Complex, 300 components, principally… 

o 16% hydrocarbons 

o 31% alcohols 

o 31% acids 

o 13% hydroxy acids 

o plus others (diols ETC.)  

 Internally, glands overlaid by mass of oenocytes and fatty bodies where wax is 

actually produced. Components carrying in the haemolymph to the oenocytes. Wax 

passes as a liquid through the glands and wax mirrors. Hardens (as a result of 

oxidation, not solvent evaporation) onto, and in the same shape as the wax 

mirrors. Each mirror may build a number of wax flakes. Pushed out from pocket 

created by overlapping sternites and bee removes flakes using basitarsus of hind 

legs. Bee then manipulates wax with mandibles, having used forelegs and 

mandibles to remove it from the hind legs. 

 Bee needs substantial supply of nectar/honey, high temperatures 35oC and to 

festoon for 24 hours before producing wax (Yates). Workers able to secrete wax 

from 14 days onwards.  

 

 

After Davis 

Tergite (Renner-Baumann) 

 Function : Produces pheromone as part of the mix of ‘queen substance’, thus in 

combination with mandibular gland secretions, involved in queen retinue 

behaviour, inhibiting ovary development in workers, inhibiting queen cell 

production. 

Davis/ 
Yates 



MODULE 5 – HONEYBEE BIOLOGY Revision Notes 

 

 
- 14 - 

 

 Location: Small patches of glandular cells on the A3-5 tergites of the abdomen 

of queen only. 

 Composition; Yates says unknown, Davis cites hexa- and octa-decanoic acid. 

 Queen grooms several times per hour, spreading pheromones over exocuticle 

Nasonov 

 Function: Attractive to other workers, so used for ‘marking’ presence in 

circumstances such as: 

a) Deliberate (beekeeper manipulations) or accidental disturbance to hive 

causing bees to fly 

b) Help queen to return on mating flights 

c) Mark water sources 

d) Gather bees to initial swarm 

e) Guide bees to new home in swarm 

 Location; front of 7th tergite on abdomen of workers only 

 Composition; (REMEMBER ‘7th GEN’ ?) 

a) Geraniol,  

b) Nerol 

c) Geranic and nerolic acids 

d) (E)-citral, (Z)-citral 

 Volatile and short-lived 

 Visible light band (porous canal) between A6 and A7 when bee raises abdomen 

and curls end down. Glandular cells below canal. Fans wings to disperse 

pheromone. 

Davis 

Arnhart (Footprint) 

 Function: Pheromone attractant for other bees, marking hive entrance.  Spread 

as bees walk about. Persistent. Higher levels in queens than workers. 

 Location: Fifth tarsomere of each leg, all castes 

 Composition: ? 

 Note: In combination with queen mandibular pheromone, involved in 

suppression of swarming in overcrowded colonies. 

Davis 

Koschevnikov 

 Queen only (Yates contradictory – states queen only and later queen + workers. 

Winston says may exist in ‘reduced form’ in workers) 

 Sting chamber, outlet on quadrate plates 

 Queen recognition 

Yates 

 
 
 

5.6 The structure and function of the nervous system and sense organs (including the compound 
eyes, ocelli, organ of Johnston and the sensilla) 
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Basics 

 Ganglion, is a small solid mass of nervous tissue. Can act like a simple brain, 

controlling a local e.g. segment. (Think distributed control system). Many parts 

of bee body are controlled by modified segmental ganglia (Davis). Basic 

structure of outer cells enclosing an inner core of nerve fibres, some in 

networks, some in bundles. 

 Nerve cell (neuron or neurone). Usual cell body with drawn out extensions – 

axons and dendrites. These have many endings. 

 Mechanical, visual or chemical stimulus to a dendrite. Stimulus produces many 

impulses in dendrites, and the number and frequency of impulses determine 

the response.   (Electrical) impulse generated and runs down axon. 

 Nerve cells do not physically connect to each other. Small gaps at end of axon 

called synapses.  Impulse transmitted across gap by ‘chemical messengers’, 

leading to response in next neuron. 

Davis 

Central Nervous System 

 Coordinates activity in the whole system. 

 Nervous system comprises: 

o Brain and sub-oesophageal ganglion 

o The SEVEN ‘segmental’ ganglia, (2 thoracic, 5 abdominal) connect by 

the ventral nerve cord 

o Different types of sense receptors 

 Basic insect pattern is one pair of ganglia per segment. Modified in in honey bee 

at each end of body. 

See diagram below for main ganglia. 
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After Davis/Snodgrass 

Brain & Sub-oesophagal Ganglion 

 Insect head evolved from six segments. Brain formed from ganglia of three 

primitive and non-longer apparent segments. SOG from ganglia associated with 

mandibles, maxillae and labium. 

 Brain above oesophagus, SOG below oesophagus 

 

Davis 

 

 

After Yates 
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Structure of Brain 

 Protocerebrum, includes optic lobes (3 each side) and corpora penduculata. 

Complex learning processes take place here. 

 Deutocerebrum, mainly concerned with antennae 

 Tritocerebrum, small part, connections to the sub-oesophagal ganglion and 

nerves to labrum and front gut 

Davis 

Compound Eyes 

 5000-6000 ommatidia in the worker (fewer in queen, more in drone) each of 

which functions as an eye 

 Component parts: 

a) Light-gathering; lens and a crystalline cone 

b) Sensory processing; changes light stimulus into electrical nerve impulse 

 Light-gathering 

a) Corneal lens, hexagonal in shape 

b) Crystalline cone, hard transparent cone, immediately behind lens 

c) Primary pigment cells, round the outside to isolate each ommatidium 

d) Cone cells. Cytoplasm of four cone cells produces the cone, remnants of 

nucleus remain. 

 Sensory processing 

a)  NINE Retinula cells. Elongated nerve cells. Eight full length and one 

short one. Cells twist around themselves, with at the core the.. 

b) Rhabdom, comprised of the margins of the retinula cells in the form of 

microvilli 

c) Secondary pigment cells, similar to the primary pigment cells are 

isolating the ommatidium from neighbours. 

d) Nerve fibres from the retinula cells carry impulses to brain  

Davis 
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After Davis 

 

 

How do they Work? 

 Light focussed by corneal lens and cone down into the rhabdom strikes the 

microvilli in the rhabdom, which scatters light into the retinula cells 

 They contain rhodopsin, a photopigment 

 Temporary molecular structure change creates impulse, which travels down 

retinula and to the brain (eventually). 

 Retinulae 

o Two for green light 

o Two for blue light 

o Two for either blue or green 

o Two for UV light 

o One for UV polarised light 

 Note – not sensitive to red light, so objects appearing red to humans are black 

to bees. Bee spectrum shifted to shorter wavelengths (blue and UV) compared 

with humans. 

 Each ommatidia acts separately, so bee probably sees a mosaic-like image. 

 Has a high flicker-fusion frequency of >100 Hz (cf. humans 20 Hz), [Yates says 

300 Hz] so sees rapidly moving objects well. Also relevant to image-integration 

for distance measurement.  

Davis 

Ocelli 

 Three, at top of worker head, but towards the front of drones. 

 Comprise: 

o Single lens 

o Transparent retinula cells 

Davis 
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o ~800 light sensitive cells 

o Rhabdoms 

o Nerves, leading to brain and thoracic ganglia 

 Lens does not focus light onto the retinula, so no image formed. 

 Function is thought to be associated with light intensity. Ocelli are sensitive to 

UV light. 

Organ of Johnston 

 Between the pedicel and flagellum of the antennae 

 Example of sensilla scolopophora 

 Some dendrites in wall of pedicel, some in the membrane connecting pedicel 

to flagellum. 

 Thus, movement of flagellum relative to pedicel generates nerve impulses 

 Appears to be a relative wind speed indicator, to assess flight speed.  

 Also thought to be sensitive to airborne vibrations (which is sound isn’t it?) in 

dances 

Davis/Yates 

Sensilla Basics 

 SIX different kinds, excluding ocular. 

 Each reacts to one form of stimulus: 

o Light 

o Taste 

o Smell 

o Vibration 

o Relative humidity 

o Temperature 

o CO2 concentration 

o Cuticle stress 

o Muscle stretch 

o Etc. 

 Sensilla (pl.) are named according to their structure, as function was largely 

unknown at the time. 

Davis 

Basic structure, for example… 

 Sensilla trichodea – principle structure is a hair, which reacts to touch 

 Components: 

o Seta (hair). Bends when touched 

o Membrane, thin flexible part of cuticle which allows seta to move 

o Trichogen cell, which produces the seta 

o Tormogen cell, produces the membrane and fills space beneath it 

o Neuron, activated by stimulus and sends impulse down its axon to CNS 

o Scolopale, thin cap containing dendrite of nerve cell 
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Hairs all over body, legs and eyes.  Special sensilla trichodea in petiole detect gravity 

(possibly more about detecting relative angle of thorax and abdomen? – Goodman)and 

hence orient the bee (Yates) 

 

 

After Davis 

 

Sensilla Basiconica 

 Structure similar to trichodia, except nerve cell attached to a ‘peg’ and a 

bundle of nerve cells rather than just one. 

 On antennae, mouthparts and legs 

 Detect smell and taste 

Yates 
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After Snodgrass 

Sensilla Coeloconica 

 Similar to basiconica, but a pit rather than a peg 

 On antennae 

 Sense relative humidity and CO2 

Yates 

Sensilla Campaniformia 

 Similar to trichodia, but a stretched membrane rather than a hair 

 Organs of stress (strain?), occur at stress points – base of wings, legs etc 

Yates 

Sensilla Placodea 

 Elliptical plate, surrounded by two ridges. 

 Structure similar to basiconica  

 Small pores in inner ridge admit single gaseous molecule 

 Very sensitive olefactory detectors (pheromones) on antennae 

Yates 
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After Snodgrass 

Sensilla Scolopophora 

 Chain of three nerve cells 

 Few in antennae and legs 

 Vibration detection 

 Organ of Johnston is one 

Snodgrass 

 

 
 
After Snodgrass 
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Sensilla What Where Structure 

Trichodea Touch All over body, incl. antennae Hair 

Basiconica Taste, Smell Antennae, legs Peg 

Coeloconica RH, CO2 Antennae Pit 

Campaniformia Strain Base of wings, base of legs Membrane 

Placedea Smell Antennae Elliptical plate 

Scolopophora Vibration Antennae, legs 3x neurons 

 
 
 

5.7 The endocrine glands and the functions of their secretions particularly the neurosecretary 
cells, the corpora allata, corpora cardiaca and the prothoracic glands 

  

General 

 Endocrine glands secrete hormones directly into the haemolyph for circulation 

to other parts of the body, where they serve to stimulate biochemical reactions 

in cells or tissues: 

o Growth 

o Development 

o Moulting 

o Caste determination 

o Polyethism 

o …and others 

 Hormones not stored, but made when required 

 Endocrine system works with nervous system: 

 Nervous system 

a) Muscle movement 

b) Glandular secretions 

 Endocrine system 

a) Metabolism 

b) Digestion 

c) Growth/development 

 Also interact with pheromones 

 System comprises: 

a) Neurosecretory cells 

b) Corpora cardiaca 

c) Corpora allata 

d) Prothoracic glands (in larva only) 

Davis 
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After Davis after Snodgrass 

Neurosecretory Cells 

 In the brain. 

 Nerve cells which carry impulses, but also secrete chemicals which travel down 

the nerve fibres to other glands or organs. 

 The primary link between nervous and endocrine systems 

 Two nerve strands connect the NS cells to the…. 

Davis 

Corpora Cardiaca 

 Two, one each side of the aorta behind the brain 

 Chemicals produced by NS cells stored in the CC and released into the 

haemolymph 

 Also independently produce hormones (in larval stage) to stimulate prothoracic 

glands to produce ecdysone, moulting hormone. (Yates) 

 Function of CC in adult bee unknown 

 Connected to the…. 

Davis 

Corpora Allata (REMEMBER = JH) 

 Two, one each side of the oesophagus, close to the corpora cardiaca 

 Produce and release juvenile hormone (neotenin) 

 High levels of JH in the larva retain larval characteristics rather than allowing 

development of adult characteristics, but when levels fall, and ecdysone 

released from the CC, moulting and development takes place. 

Davis/ 
Yates 
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In adult bee, JH appears to influence; 

 glandular development 

 especially age polyethism (in conjunction with Vitellogenin – see 5.15) 

 defensive behaviour 

 reproductive behaviour 

 caste determination (see 5.13) 

JH remains low in house bees but rises significantly in foragers. Vitellogenin, is the 

opposite, high in young bees and low in foragers. 

Prothoracic Glands (larva only) = ECDYSONE 

 Front of thorax - between pro- and meso-thorax, near first spiracle 

 Produces ecdysone, the moulting hormone… 

…in response to hormones from the corpora cardiaca released into the 

haemolymph. 

 Gland degenerates at start of pupation as not required in adult bee 

Davis 

Summary Description 

 Larval growth regulated by hormones – JH and ecdysone 

 Neurosecretary cells substances released from the CC into the haemolymph to 

stimulate the prothoracic glands to ecdysone. Substances, from NSC via the CC, 

also stimulate Corpora Allata to produce JH. 

 Levels of ecdysone and JH flip flop in the larva. High ecdysone and low JH 

during moulting, situation then reverses, low ecdysone and high JH to allow 

pupa to grow. 

Yates 

 
 
 

5.8 The fat body and its storage of metabolites 

  

Fat describes a class of macro nutrients used in metabolism called triglycerides. These 

make up one of three classes of macronutrients including proteins and carbohydrates. 

Fats [provide a means of storing energy for most eukaryotes (cell with membrane-

bound nucleus) as well as act as a food source. 

Metabolite.  A product of a chemical process that modifies a molecule into another for 

storage, or for immediate use. 

‘Fat body’ is not a single structure but a loose aggregation of constantly changing cells in 

several places within the insect body (Davis) 

Cytoplasm (material within cell wall excluding the nucleus) of fat cells contains ‘fat’ 

(globules of oil liquid), protein and glycogen (complex carbohydrate that can be broken 

down to glucose when needed) (Yates) 

Wiki/ 
Davis 

https://www.biology-online.org/dictionary/Molecule
https://www.biology-online.org/dictionary/Storage
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Three types of fat cells: 

Oenocytes 

 Responsible for lipid processing and detoxification 

 Found at all stages 

 Larval oenocytes destroyed and new formed in adults 

 Involved in substances used to build the cuticle (hardened external layer of an 

insect) 

 Found in high concentrations over the wax glands 

 In queen, involved in formation of egg yolk 

 

Urate Cells 

 Only in lava and pupa. Disappear once Malphigian tubes function to deal with 

waste 

 Storage for nitrogenous waste 

 Contain uric acid 

Davis 

Trophocytes [cell which supplies nutrient] (fat cells).  

Found at all stages and the major part of the fat body [None of the sources seem to say 

much about trophocytes in context of fat bodies] 

 

Development and Changes of fat bodies 

 Very young Larva – few small polygonal fat cells containing oil globules 

 Growing Larva – number of fat cells increasing 

 Mature Larva – fat bodies occupy almost all the interior of body around major 

organs (ventriculus etc). Cells contain oil globules and glycogen. 

 

 Prepupa – fat cells float in haemolymph. As well as oil globules and glycogen, 

granules of protein in form of albumins appear. 

 Early Pupa – fat cells start to disintegrate, releasing contents into haemolymph 

to become material for new tissues. 

 Later Pupa – fat cells disintegrated, protein granules disappeared 

 

 Adult – New fat cells formed, from few remaining larval ones. Increase in 

numbers and form thin sheets, especially in dorsal and ventral sinuses and 

side wall of abdomen. 

Davis 

Seasonal Variation of the Fat Body 

 Summer (short life). HIGH fat, LOW protein 

Winter (long life). LOW fat, HIGH protein 

 In summer, swollen fat bodies are reserves of protein and glycogen for 

production of brood food and wax. In winter, large volume of albuminoids. 

Yates 
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Variation in protein content related to brood food production (Davis).  When not 

producing brood food (winter), protein accumulates. 

 
Function of Fat Bodies 
 

Larva Food supply for metamorphosis 

Pupa Release contents into haemolymph where becomes material for building 
new structures, organs 

Adult (summer) Reserves of protein and glycogen to produce brood food and wax.  

Adult (winter) Albuminoids act as food reserves 

 
 
 

5.9 The reproductive system of queen and drone and the production of sperm and eggs 

  

Queen 

 2 ovaries connected to dorsal diaphragm. Each contains 160-180 ovarioles 

 2 oviducts, connecting each ovary to the… 

 Common oviduct leading to the… 

 Genital chamber, comprising vagina in the form of a flattened pouch and bursa 

copulatrix (sting chamber) 

 Plus….a spermatheca for storing spermatozoa, connected to the fold in the 

vagina by the spermathecal duct. Spermathecal glands nourish the sperm. 

Note; from dorsal to ventral; anus, sting, genital chamber. Sting is in the bursa (Davis) 

Yates 

 

 

Drone 
Yates 
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 Testes. Max. size about four days before emergence and shrink until drone is 

sexually mature at 12 days. Shrinkage due to migration of spermatozoa through 

the… 

 Vas deferens, to the…. 

 Vesicula seminalis, where spermatozoa stick headfirst into the epithelial lining 

where they remain until used 

 Mucus glands. Surrounded by muscles. Mucus is slightly alkaline and coagulates 

in contact with water. Davis states that mucus sets into a thick mass on contact 

with air. 

 Ductus ejaculatoris combines and connects the mucus gland to the 

endophallus. 

 Endophallus. (Penis, intromittent organ). Complex, see diagram. Uneverted 

penis lies in ventral part of abdomen. Everts (turns inside out) before use. 

 

 

 

After Yates 
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After Davis 

 

After Yates 

Mating 

 Eversion of penis by squeezing action of abdominal muscles. 

 Endophallus thrust into queens’ bursa copulatrix 

 Muscular linings of seminal vesicles and mucus glands expel spermatozoa, 

followed by mucus. 

 Endophallus breaks off the drone and remains in queen until falls out or 

removed by another drone (the ‘mating sign’). Mucus plug hardens. 

Davis 

Production of Eggs 

 Produced in the 150-180 ovarioles (egg tubes) in the queen’s ovaries. 
Davis 
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 Germ cells (gametes, or reproductive cells) at the tips of the ovarioles divide 

(meiosis) creating oocytes and trophocytes in the ratio 1:48. 

 Queen has 32 chromosomes, so after meiosis, oocyte has 16 chromosomes. 

 Each oocyte and trophocytes surrounded by follicle cells, which keep them 

together. 

 Oocyte descends the egg tube, becoming larger as trophoctyes shrink 

(consumed?) 

 Yolk – comprising fats, proteins and carbohydrates – added to the oocyte in the 

lower part of the egg tube 

 Follicles produce the chorion.  

Mitosis – usual process of cell division. Chromosomes duplicate before cell division so 

each daughter cell has same chromosomes as mother cell. 

Meiosis – Two successive cell divisions, but chromosomes only duplicate once, before 

the first division, so number of chromosomes in the four (haploid) daughter cells is only 

half that of the original (diploid) cell. 

Production of Spermatozoa 

 Similar to production of eggs. Testes comprise series of spermatozoa-producing 

fine tubes. 

 Germ cells divide to produce spermatogonia. 

 Spermatogonia move down the tubes forming enclosed clumps called 

spermatocytes. 

 Spermatocytes grow and divide, undergoing failed meiosis (chromosomes 

remain at 16), producing spermatids (still cell-shaped) 

 Spermatids change shape to ‘head and tail’ to become spermatozoa about four 

days before drone emerges. 

 Spermatozoa travel via vas deferens into the seminal vesicles, where they 

embed head first into the wall/lining and are thus retained until copulation. 

Davis 
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After Davis 

 
 
 

5.10 The structure of the egg, development of the embryo within the egg and the hatching of the 
larva 

  

The Egg 

 1.5 mm long, 0.33 mm diameter (slightly thicker at one end than the other) 

 Weighs 0.13 g 

 Pearly white, slightly curved 

 

 Attaches to (honeycomb) cell wall at smaller end 

 Orifice at larger end (micropyle) to allow spermatozoa to enter 

Yates 

Nucleus  - a central organelle (internal structure) of a eukaryotic cell (one with a 

defined nucleus), containing most of the cell's DNA 

Micropyle – orifice to allow entry of spermatozoa 

Cytoplasm – internal contents of cell other than nucleus comprising cytosol (the gel-

like substance enclosed within the cell membrane) and the organelles – the cell's 

internal sub-structures. i.e. basically water, salts and proteins. 

Yolk – food source, in globules spread inside cytoplasm 

Wiki 
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Vitelline membrane  – membrane enclosing contents, i.e. ‘cell wall’ 

Chorion – outermost membrane 

 

Everyone but Yates suggests/illustrates that the yolk is in the form of globules enmeshed 

in a network of cytoplasm. The nucleus has its own surrounding of cytoplasm. 

Development of embryo and hatching of larva 

 Starts immediately egg is laid, assuming adequate temperature 

 Nucleus divides (mitosis – division of nucleus cells replicating DNA), and new nuclei 

scattered throughout yolk. 

 Resulting cells migrate through yolk and form blastoderm (layer of cells in eggs) 

underneath the vitelline membrane 

 Blastoderm forms sac enclosing the yolk inside the vitelline membrane – this is the 

start of the embryo 

 Thickening of blastoderm on the ventral side forms the germ band which spreads 

over side and ends of the egg. 

 Sac walls divide lengthways to form two lateral and one median plate. 

 Median plate moves inwards to become the mesoderm. Lateral plates grow and join 

forming the ectoderm.  Ends of blastoderm grow inwards to form endoderm. 

Transverse grooves as start of body segmentation.  

 Develops: 

o Thickenings of ectoderm become nerve cords and ganglia. 

o Endoderm develops into ventriculus and alimentary/excretory system 

o Mesoderm develops into linings of body cavity, muscles and circulatory 

system.  

 External appendages start to appear as rudimentary buds. 

 ~53 hours – embryo developed into young larva inside amnion (protective 

membrane) which grows out from the germ band 

 ~72 hours – sac breaks due to larva movement and chorion disappears. Larva lies on 

side in bottom of comb cell. 

Yates/ 
Wiki/ 
Davis 
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(After Mid Bucks) 

 
 
 

5.11 The external and internal structure of the honeybee larva 

  

External 

 1.6 mm long and 0.3 mm diameter at hatching (Yates). Shiny white. 

 (Small) Head plus 3 thoracic segments and 10 abdominal segments 

 No constriction between thorax and abdomen 

 As just lying there feeding, basic mouthparts but little else 

 Legs, wings and antennae as buds, and beginnings of eyes 

 Spinneret - opening from the silk glands (silk needed to make cocoon) 

 Spiracles visible 

Davis/ 
Yates 
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After Yates 

Internal 

 Alimentary tract – most obvious and largest part – sole aim of larvae to eat and 

grow 

a) Foregut (stomodaeum) 

b) Simple oesophageal valve 

c) Midgut (ventriculus) 

d) Hindgut (proctodaeum). Not yet connected to ventriculus 

 Excretory system. FOUR Malphigian tubules, at this stage distending and storing 

waste, as hind gut is not connected to ventriculus/Malphigian tubules 

 Reproductive system.  Ovaries in worker and queens (much larger ovaries) or 

testes (larger still) 

 Fat body. Large, fills space and gives white colour 

 Two silk glands connected to spinneret. Glands are basis for future thoracic 

glands. 

..and, not illustrated below/above: 

 Respiratory system.  10 pairs of open spiracles T2 to A8 . Connected to lateral 

tubes running length of body on each side and cross-connected at each end. No 

air sacs. 

 Nervous system. Brain formed in head segments, each segment except A8-A10 

has own ganglion (cluster of nerve cells) and nerve supply 

 Circulatory system. Heart extends T2-A9. 11 chambers, one for each segment 

and 10 ostia (aperture where haemolymph enters)  

 Endocrine glands (secrete hormones directly into haemolymph rather than via a 

duct) 

Yates / 
Davis 
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After Davis 

 
NB Next time redraw with ventriculus occupying more of the body 
 
 
 

5.12 The metamorphosis of the larva with outline accounts of ecdysis, larval defaecation, cocoon 
spinning, the external anatomy of the pro-pupa, its change to a pupa and then to an imago 

  

Metamorphosis is the transformation from larval to adult form 
 

Overview (NB timings for worker) 

 Open cell for six days after larva hatches. Fed by workers. Sheds skin (moults) 

Four times. Each stage after a moult is called an instar. 

 Cell is capped with porous wax. Larva now full grown, consumes remaining 

food in cell and thus stops feeding. Gut becomes fully connected once all 

food supply has been consumed and waste is vented into the cell. 

 Larva stretches out – head at capped end, and back down – and spins a 

cocoon with silk from spinnerets. [NB Yates says order of waste and cocoon is 

contradictory in classic texts but they believe it is waste then spin] 

 Two days later, fifth (partial) moult. Larval skin remains, surrounding insect 

inside, now called a pre-pupa (or pro-pupa). 

 New cuticle is soft and external structures start to develop; mouthparts, 

antennae, eyes, sting, small legs, wings appear as pads, segments A8-10 

telescope into A7. 

 Roughly another two days later, larval skin fully shed, completing fifth moult. 

Now a pupa. 

 External structures of pupa are recognisably adult in form, but wings are 

small. 

Davis 
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 However, internal form changing significantly. (External has to change first 

so that exoskeleton structure for e.g. muscle attachment is present before 

muscles evolve). 

a) The now empty ventriculus is shrunken. Digestive system broken 

down and rebuilt 

b) Four larval Malphigian tubules destroyed and ~100 new ones built 

c) Trachael system, largely unchanged.   More tubules and trachioles 

and evolution of air sacs. 

d) Circulatory system – little change 

e) Nervous system – brain enlarges, eyes formed, sensilla develop 

f) Reproductive systems evolve 

 Adult cuticle forming, so pupa colour darkening. 

 Final sixth moult to achieve adult cuticle. Bee, now an imago, remains in cell 

for a day for cuticle to harden and wings and hair to dry before chewing 

through capping and emerging. Dries out completely, stretches legs, and 

extends antennae and unfolds wings. 

 Imago = adult sexually mature insect 

 

 

Ecdysis 

 Ecdysis = periodic shedding of the cuticle of an insect, aka. ‘moulting’. 

 Caused by hormone ecdysone from prothoracic glands, triggered by 

neurosecretory cells. Remember that ecdysone and JH levels flip-flop – so 

either initiating moulting or growth, but not both at once. 

 When ecdysone levels increase, epidermal cells start to divide and multiply. 

‘Moulting fluids’ starts to form between epidermal cells and the old cuticle. 

Yates 
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o Moulting fluid starts to digest old cuticle and new cuticle starts to 

grow over epidermal cells. Products of digestion of the old cuticle 

assist in growth of new cuticle. 

o Process continues until only old epi- and exo-cuticle remain, which 

are then sloughed off 

o Ecdysone levels diminish and JH levels increase to initiate further 

growth 

 

 

 

Larval Defaecation & Cocoon Spinning 

 Early evolution of larva, ventriculus and two Malphigian tubules not 

connected to ‘hind-gut’ proctodaeum. 

 Once cell sealed, larva consumes all remaining food in cell. Connection 

between ventriculus and proctodaeum opens 

 Then: 

a) Larva rotates onto back and stretches out flat in the cell, head at 

capped end 

b) Ventriculus fully open to proctodaeum. Voids contents of alimentary 

tract into cell bottom. Ventriculus withers ready for remodelling in 

later stages of metamorphosis. 

c) Larva then spins a cocoon with silk from silk glands via spinneret. (not 

really clear why it needs a cocoon ?) 

 Larva lies quiescently up to fifth moult. 

Yates 

External anatomy of Pre-Pupa 

 Pre-pupal stage before fifth moult. 

 At the start, still larval in form. At completion, after fifth moult, externally 

adult in form 

 Changes over about 24 hours once cocoon is formed: 

o Head and thorax more adult-like. Abdomen still larval in form - 

petioles not yet present 

Yates 
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o Compound eyes present 

o Rudimentary antennae 

o Mouth parts evolving 

o Small jointed legs 

o Wings are just flaps 

o Rudimentary sting 

o Segments A8-10 telescope into A7 

 After fifth moult, insect is a pupa with adult-like form, wings still just pads, 

but petiole between thorax and abdomen now present 

Pupa to Imago 

 Pupal stage 8-9 days for worker (5 for queen) 

 Pupa does not grow in size nor change shape 

 Externally: 

a) Cuticle hardens 

b) Hairs (tomenta form) and wings fully develop 

c) Colour changes – eyes from purple to black 

d) Body darkens 

 Internally, significant remodelling, esp. 

a) Alimentary tract 

b) Musculature 

c) Nervous system 

d) Reproductive organs 

 Sixth moult completes metamorphosis 

 

 Queen – sealed on Day 8 and spends only one day as a pre-pupa 

 Drone – sealed on Day 10 

Yates 

 
 
 

5.13 The effect of feeding and other factors on caste determination including discussion about the 
differences between brood food and royal jelly 

  

In this context, caste means individuals of same species but having different 

appearance (which usually relates to roles in the colony) 

Caste determination 

 Females (workers and queens – 32 chromosomes) from fertilised cells 

 Drones (16 chromosomes) from unfertilised cells 

 Queen determines cell size with front legs. Larger (drone) cell produces 

stimulus which inhibits the release of a sperm to accompany egg when laid.  

 Not known how queen then knows to lay fertilised eggs in queen cells which 

are larger than drone cells. 
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 Cell size thus determines whether male or female, but not which caste of 

female.  

Female Caste Determination 

 Hypopharyngeal – Clear  (REMEMBER GOES ALPHABETICALLY HC-MW) 

 Mandibular – White 

 First two days of larval life: 

a) Queens receive 50/50 white and clear – this is Royal Jelly 

b) Workers get 60-80% hypopharyngeal (Clear) and remainder 

mandibular (white) i.e. more hypopharyngeal component. This is 

brood food. 

 Queens receive more food than workers, and with higher sugar content 

 From day 2 onwards: 

a) Queen mix as before, and fed more frequently 

b) Workers on almost entirely hypopharyngeal with a little pollen 

 Up to day 2, can switch from worker larvae to (poorer quality) queen. 

Differentiation accelerates on day 3 and caste is fixed on day 4. 

 Also from day 2, corporate allata in queen grow much faster than worker, as 

a result of feeding, and produce more Juvenile Hormone. Queens have 10x 

JH cf workers and this is key driver of caste differentiation. 

 Gene expression also different between workers and queen as result of 

feeding and hormone expression, resulting in differences between worker 

and queen; ovarian development, sting, wax glands, enlarged mandibular 

glands etc. 

Summary – Key differentiators 

 Food. What and How Much. 

 JH levels. Queen has 10x level of workers. Key differentiator. 

 Gene expression 

Davis 

Differences between brood food and royal jelly 

 Both derived from secretions of hypopharyngeal and mandibular glands plus 

some pollen derivatives: 

a) Clear from Hypopharyngeal glands 

b) White from Mandibular glands – contains pantothenic acid (vitamin?) 

and biopterin (both essential for cell division and growth) 

c) Yellow – pollen derived 

 BF and RJ not the same thing – mix of components differs. Brood food fed to 

worker larvae, royal jelly to queen larvae and adults. 

 Both: 

a) High in proteins 

b) 10 essential amino acids 

c) 10-HDA from mandibular glands -  antibacterial/preservative action 

Davis 
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After Davis 

 
 
 

5.14 The physiological and structural differences between laying workers and normal workers and 
the role of pheromones in bringing about these differences; 

  

Laying Workers 

 

Signs 

 Multiple eggs in cells, on side of cells as worker bodies shorter than queen 

 Dispersed raised comb – worker cells extended to accommodate larger 

drones (laying workers laying unfertilised eggs produce drones) 

 No queen seen 

 Unlikely any normal brood 

 Small, abnormal drones 

 Colony tries to build charged queen cells 

Conditions 

 Queenless for 30 or more days 

 Can’t raise emergency queen cells as no fertilised eggs 

M6,M1 
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 Queen and brood pheromones normally inhibit development of worker 

ovaries.  Ovaries start to work after 21 days of queenlessness. 

Treat 

 Can’t re-queen (will be rejected) and old bees not much use.  Can’t unite (as 

workers may attack queen). 

 Shake out near strong colony and take pot luck 

Ovaries and Pheromones 

 Workers have complete reproductive systems in reduced form (ovaries are 

small and can produce only a few eggs, cannot mate, rudimentary 

spermathecae) 

 Absence of brood pheromone (glycerol-1,2-dioleate-3-palmitate) is main 

contributor and causes worker ovaries to develop 

 Absence of queen substance (9-ODA = 9-oxodec-2-enoic acid, 9-HDA = 9-

hydroxydec-2-enoic acid) pheromones contributes. 

 Two weeks after colony goes queenless, worker ovaries start to develop and 

become functional at three weeks. But not all workers. 

 Drone brood produced by laying workers produces brood pheromone, thus 

limiting the number of laying workers 

 Colony always has small number of workers with developed ovaries that have 

potential to lay 

Yates 

Differences 

 Ovariole – tube forming part of ovary 
 

 

 Laying Worker Normal Worker 

Ovarioles 10-12 (REMEMBER A DOZEN) None, or vestigial 

Lay rate ~50 eggs/day None 

Spermatheca None None 

Hypo. Glands Enlarged Atrophied in older bees 

Fat Bodies Increase Low in summer bees 

Age Increase ~6 weeks in summer 
After Yates 

 
 
 

5.15 The differences between summer and winter worker honeybees 

  

Western Honey Bee 

In temperate climates 

 Collect excess of food (nectar) in summer when plentiful 

Yates 
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 Cluster next to that food in winter. To make last as long as possible, colony 

size is reduced and metabolic rate reduced. 

Life span of bee thus depends on: 

a) Race of bee 

b) Seasonal factors (affecting metabolism) 

c) Availability of food 

d) Activities performed 

Notes 

 All bees consume large amounts of pollen (protein) following emergence 

 When producing brood food (summer), protein is converted to brood food in 

hypopharyngeal and mandibular glands, and little is stored. 

 When not producing brood food (winter), protein accumulates. 

Hypopharyngeal glands remain plump (in a ‘young state’) and some protein 

diverted to fat bodies.  

 Vitellogenin is a particular protein, synthesised in fat bodies, peaks in newly 

emerged bees at height of pollen consumption. High levels promote 

longevity (works antagonistically in relation to juvenile hormone production 

(Mid Bucks)) 

Davis 

Summary 

 Longevity of bee is principally determined by amount of brood reared and 

pollen consumed. Absence of brood rearing and thus high level of protein in 

hypopharyngeal glands and fat bodies increases longevity. 

 See table below. 

Yates 

 

 Summer Winter 

Life Short (40 days) Long (140 days) 

Metabolic rate Higher Lower 

Work Lots (foraging) None 

Brood reared Maximum Minimum 

Fat High Low 

Protein Low High 

Vitellogenin Low High 

Rectal content Low High 

 
 
 

5.16 The structure and main constituents of the cuticle with an outline account of its invagination 
within the body to form linings of the gut and tracheae 

  

Definitions 
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 Cuticle – tough, outer covering of an organism which provides protection. 

Lying outside the epidermis, forms an exoskeleton. 

 Exoskeleton – external skeleton that protects insect, reduces water loss and 

provides rigid support for appendages/muscle attachment. 

 Invagination – process by which embryo takes shape (Wiki). More helpfully 

in Davis; ‘ folding in a layer of tissue, e.g. the cuticle) 

Function 

1. Waterproof covering 

2. Protects internal organs 

3. Rigid anchoring for muscles and external moving parts (legs and wings) 

4. Make hard body parts such as mouthparts and sting 

5. Provide lining for some internal structures, principally trachea and gut 

Davis 

 

 

After Yates 

Description 

 Basement membrane – anchor surface for epithelial layer on outside and 

connective tissue on inside 

 Epidermis – layer of living cells. Secretions from epidermal cells form the 

cuticle 

 Cuticle – in three layers (note gradual transition between layers, not hard 

boundaries as drawn) 

 Endocuticle – mainly soft chitin, a fibrous polysaccharide 

 Exocuticle – pigmented chitin, but outermost part also contains sclerotin so 

is hardened. 

 Endo- plus exo-cuticle = procuticle. Not waterproof. 

 Epicuticle – is the waterproof layer, comprising cuticulin protein layer 

covered by a waxy lipid layer. 

Yates 

General Structure 
Davis 
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 Cuticle is continuous over bees body, but not uniform. Typically 0.2 μm thick. 

 Epi- and exocuticle form plates called sclerites, held together by 

membranous and flexible endocuticle. Three types of sclerites according to 

position: 

a) Tergum (tergites pl.). On dorsal side. Called a notum (nota pl.) if on 

thorax. 

b) Sternum (sternites pl.) On ventral side. 

c) Pleuron (pleura pl.) On side of bee between tergites and sternites, on 

thorax only. 

 Inwards extensions of sclerites are invaginations. Various forms – ridges, 

pegs, narrow extensions. Corresponding structure on outside of cuticle, e.g. 

an invaginated peg shows a pit on the outside. 

Invaginations & Apodemes 

 See also Section 5.11 

 Invaginations are the stomodaeum and the proctodaeum as growths from 

the ectoderm.  As the -daea are turned inside out, their linings are part of 

the cuticle. The ventriculus arises from the endoderm and is not an 

invagination. 

 Stomodaeum forms the foregut, comprising pharynx, oesophagus, crop and 

proventriculus. (thick, dense cuticular linings) 

 Proctodaeum forms the hindgut, comprising rectum (thin cuticular lining) 

 

 Trachea are also ingrowth of pits in the body wall, and have an epidermal 

layer lined with cuticular material. Circumferential ribbing called taenidia 

provide structural stiffness under fluctuating pressure. 

 

Apodemes, inward growths, may be pegs, ridges or narrow extensions. Serve to 

strengthen overall structure and provide attachment strong points for muscles. 

 

 
 
 

5.17 The external anatomy of the queen, worker and drone 

  

Basics 

 Head, thorax and abdomen 

 Head includes mouthparts, antennae and eyes 

 Thorax supports six legs and four wings 

 Narrow, membranous bridge between thorax and abdomen is the petiole 

 Cuticular plates called sclerites 

o Tergum – on dorsal side. Called a notum if on thorax 

o Sternum – on ventral side 
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o Pleuron – on side, only in thorax 

 

 Head – not considered segmented 

 Thorax – three thoracic sclerites T1-T3 plus first abdominal sclerite A1. 

o A1 is the propodaeal segment (propodaeum) 

 Remainder of abdomen is correctly termed the gaster, as missing one 

segment. Comprises A2-A10, but A8-10 are hidden within A7 in worker. 

 Tomenta are hairy bands at front of each abdominal segment. Tergites and 

sternites overlap a little between segments, providing flexibility. 

 Ten pairs of spiracles (openings to the trachea) on T2-A8 

 Wax glands on sternites A4-A7 in worker 

 Nasonov gland on tergite A7 in worker 

 
 

 

 

After Davis 

Heads 

 Different because of different functions between castes 

 Workers need multifunctional mandibles and long proboscis for feeding etc. 

 Drones need enhanced senses – larger eyes, additional flagellum segment, 

additional sensilla – to chase queens, but don’t forage so shorter proboscis 

and weak mandibles. 

 I would describe queen mandibles as notched rather than toothed! 

Davis 
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After Davis 

Thorax 

 T1-T3 and A1 

 Prothorax (T1) – one pair of legs 

 Mesothorax (T2) – one pair of legs, one pair of spiracles and forewings. 

Divided into scutum and scutellum, divided by scutal fissure, which allows 

thorax to flex for flight. 

 Metathorax (T3) – one pair of legs, one pair of spiracles and rear wings 

Davis 

 

 

After Davis 
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To draw elevation, start with T2 as a left handed boxing glove, palm upwards! Then add 

T1 and T3/A1 on appropriate ends! 

Abdomen 

 Differ between all three castes 

 Queen abdomen is extended to accommodate large ovaries. Sting is short 

and barely barbed. 

 Drone abdomen is larger and shorter and stubbier, to accommodate 

reproductive organ musculature (but doesn’t need to incorporate sting). 

Thorax is bigger to accommodate large indirect flight muscles to get to/from 

DCA’s and chase queens. 

 Queen and drones do not have wax or Nasonov glands. 

 

 

 Worker Queen Drone 

Head    

Compound eyes Normal, side Normal, side Larger, touch on top 
of head 

Ommatidia 6,900 3,500 8,000 

Position of ocelli Top Top Front 

Mandibles Strong, spoon-shaped Toothed (tear down 
rival queen cells) 

Small, weak 

Proboscis Long (5.5-7 mm) Short Short 

Flagellum 10 segments 10 segments 11 segments 

Sensilla (plate organs) 5-6,000 Least (2-3,000) Most (30,000) 

Hypopharyngeal 
Gland 

Present Vestigial Absent 

Mandibular Gland Large Very Large Small 

Labial Glands Present Present Small/Vestigial 

    

Thorax   Larger (flight muscles) 

Wings   Broader than worker 

Legs  Longer than worker  

Pollen baskets Yes No No 

Hind leg pollen press Yes No No 

    

Abdomen    

Visible segments A2-A7 A2-A7 A2-A8, A9 

Shape ‘Normal’ Elongated (ovaries) Larger, stubby 
(reproductive organ 
muscles) 

Sting Yes. Straight. Barbed Yes, curved, v. small 
barbs 

No 

Nasonov gland Yes No No 

Wax glands Yes No No 

 
From Mid Bucks, in turn from Winston 
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5.18 The function and structure of the wings, legs, feet, antennae, mouth parts and setae (hairs) 

  

Wings 

 Function – flying and fanning 

 Two pairs. Forewings attached to mesothorax (T2) and Rearwings to metathorax 

(T3). 

 Pairs of wings furl independently back over the abdomen, but connect together, 

via ~20 hooks or hamuli, on rearwing which latch into a groove in the trailing 

edge of the forewing, thus forming a single wing on each side. 

 Only the forewings are driven by movement of thorax (forewings and scutal 

fissure both on T2) 

 Drone wings are broader than worker wings. 

 Wings formed from thin sheets of cuticle, including a network of supporting 

veins (these seem to be of most relevance in the newly hatched bee where the 

veins are filled with haemolymph to extend, form and stiffen the wing structure) 

 See Syllabus item 20 for more details about wing muscles and connection to 

thorax. 

 

 

Legs 

 Six legs. Motion is front and rear on one side and middle on the other act as 

a tripod, whilst other three legs move forward in turn then acting as tripod 

whilst other three legs move. 

 Basic structure of all three leg pairs the same (see below) 

 Rear leg in worker adapted to carry pollen (and propolis) 

 Tibia is wider, flatter and concave on external surface, fringed long curved 

hairs and single large hair in middle. All forms the corbicula – the ‘pollen’ 

basket. 

 Fibula (foreleg only) used for cleaning antennae 

 Inside of Basitarsus on all leg covered in rows of stiff bristles. On fore- and 

mid-leg, these used for moving pollen from head and thorax onto rear legs. 

On rear legs, used for moving the accumulated pollen into the ‘pollen press’ 

on the opposite leg, thence to the corbicula. 

Davis 
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After Davis 

Feet 

 Pretarsus 

 Specialised, comprising two claws (ungue) and a pad (arolium) 

 Tension in tendon make claws grip with their points. If can’t grip then they 

extend forward and the tension lowers the pad (otherwise retracted)to 

provide adhesion (adhesion mechanism unknown according to Yates) 

 All feet on all castes similar 

Yates 

Antennae 

 Carry many sense organs, mainly touch and smell, mostly on the flagellum 

 Can rotate in all directions 

 Three basic components 

a) Scape 

b) Pedicel 

c) Flagellum (10 segments queen and worker, 11 in drone) 
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Antennae – Sense Organs 

1. Sensilla trachodea (hairs) – hairs, touch 

2. Sensilla basiconica (pegs) - chemoreceptors, taste. (Also present in 

mouthparts and legs!) 

3. Sensilla coeloconica (pits) – temperature, relative humidity and CO2 

4. Sensilla campaniformia – cuticle strain (also on other parts of exoskeleton. 

Note – not on antennae – all others are) 

5. Sensilla placodea (porous plate) – chemoreceptors 

6. Sensilla scolopophora – ‘organ of Johnston’ in pedicel, vibration, muscle 

tension 

Yates 

Mouthparts 

 Function to obtain food.  

 Mouthparts function to suck food (nectar, water) and for grasping and 

manipulating (e.g. wax, pollen, fighting) 

 Proboscis has a z-shaped retracted position and swung forward and down for 

operation. 

a) Mouth or pre-oral cavity 

b) Labrum – behind which is the epipharynx which provides a seal when sucking 

c) Cibarium – sucking ‘pump’ – muscular chamber 

d) Cibarium plus pharynx = mouth cavity 

e) Hypopharyngeal suspensorium are rods dividing the mouth cavity 

f) Salvarium – delivers secretions from the thoracic and postcerebral glands 

into the mouth. 

g) Proboscis on posterior side of mouth 

Yates 

Functions of (Worker) Mandibles 

 Manipulating wax 

 Manipulating pollen into mouth 

 Scraping propolis 
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 Feeding brood and queen 

 Grooming 

 Threatening/fighting 

 

Proboscis 

Complex and hard to understand/remember structure in detail. Probably best to 

avoid longer questions on this. However, in the nine past papers I have looked at, 

detailed structure of proboscis has never come up.  

If time, try to work out how glossa/proboscis relates to the head cross-section 

above.   

 For solid food (eg sugar), secretions from salivary glands collects in 

salivarium, runs down the salivary canal in centre of proboscis to the 

flabellum, where it is mixed with solid and resultant liquid sucked back up 

the food canal in the glossa 

 

 

 

 



MODULE 5 – HONEYBEE BIOLOGY Revision Notes 

 

 
- 52 - 

 

 

After Thomas 

Setae (hairs) 

 Setae or macrotrichia = ‘hairs’ 

 Four generic types/functions; 

a) ‘Clothing hairs’ cover body. If branched and feather-like described as 

plumose. If singular, straight and rigid, known as bristle. 

b) Scales 

c) Glandular setae – outlet for secretion from epidermal glands 

d) Sensory setae – all have integral neuron (e.g. auditory hairs) 

 Most of honey bee exoskeleton covered with plumose hair. Evolved like lthis 

to trap pollen 

 Also specialised hairs: 

a) Tomenta – at edge of abdominal segments. Function unknown 

b) Sensilla trichodea – provide sensory information 

c) Hairs in compound eyes, thought to provide relative windspeed 

information 

d) On legs, associated with pollen collection 

i) Corbicula – pollen baskets on rear legs. Single large hair 

Yates 
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ii) Rastellum – pollen rakes on tibia. Rake pollen from pollen brushes 

on opposite leg into ‘pollen press’ and thence into corbiculum. 

iii) Pollen brushes – inside of basitarsis, function to gather pollen 

Eyes 

 Function of ‘simple’ eyes (ocelli) not known. Possibly by sensing light 

intensity they switch compound eyes into operating mode. Especially 

sensitive to UV light. 

 Compound eyes are for navigational purposes 

a) Provide an image (poor by human standards) 

b) Detect direction and intensity of UV light 

c) Detect direction and polarisation of polarised light 

Yates 

 
 
 

5.19 The structure of the sting mechanism and how this mechanism operates to penetrate human 
skin and deliver the venom 

 

General 

 Sting only as self/colony defence mechanism – two functions; injection of 

venom and release of alarm pheromone 

 Venom is acidic – contains peptides (amino acids) and enzymes.  Main 

component is mellitin. 

 When worker bee stings, barbs on lancet hold sting in place as bee tears 

itself away. Sting chamber containing whole stinging mechanism is weakly 

attached to bee. Stinger, muscles and ganglion (mass of nerve tissue) left in 

place on victim and assembly continues to operate for a while due action of 

muscles/plates. 

 Loss of sting gives advantage of delivering more venom. 

 Queen sting is curved with only rudimentary barbs. Queens only sting other 

queens and queen extracts sting without damage to self. 

 Drones do not have stings 

 Alarm pheromone (isopentyl acetate) released from lining of sting chamber 

as sting assembly torn out. 

Yates/ 
Thomas 
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After Yates/Thomas 

 Consider ‘the sting’ as three systems: 

a) Sting 

b) Venom supply 

c) Motion-generating system 

 

Stinger 

 Comprises two lancets working in coordination, running in a track/groove system on 

the stylet 

 Covering sheath swung away when stinger to be used 

 

Venom Supply 

 Created in the venom glands and passes via an accumulating venom sac (reservoir) into 

the ‘bulb’ 

 Two ‘umbrella valves’, operated by the action of the ramus/lancet, pass venom into the 

venom canal on the stinger 

 Venom drawn into the bulb from the sac by pressure difference created as lancet 

withdraws and bulb depletes 

 Also an alkaline gland (‘Dufour’), connects to bulb. function unknown 

 

 

Component Effect 

Mellitin (50%) Depression of breathing and blood pressure 

Phospholipase (12%) Pain 

Hyuralonidase (<3%) Hydrolyses connecting tissues opening up pathways for other 
components 

Acid Phosphatase (<3%) Allergic reaction 

Histamine Pain, itching 
Winston 

See also The Scottish Beekeeper, Feb12. Better description of action of sting chemicals. 

 

Motion- Generation 
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 Lower, oblong plate is fixed 

 Upper, quadrate plate is mobile and moved by protractor and retractor muscles 

 Quadrate plate is articulated against the triangular plate, which rocks accordingly when 

quadrate plate moves 

 Each triangular plate extends into the ramus, (projecting branch of ‘bone’) an arched 

rod which enters the bulb and exits forming the lancets  

 

After Thomas (TSB Nov.17) in turn after IBRA 

 

Stinging Action 

 Tip of abdomen swung down almost vertically 

 Sheath normally enclosing stinger swung upwards 

 Lancets inserted and venom flows (see above for details) 

 Lancets held in place by reverse-facing barbs and alternate in being pressed inwards – 

one lancet holds position giving purchase for the other to be pressed further in, i.e they 

ratchet each other deeper. 

 

 
 
 

5.20 The role of the direct and indirect muscles in flight 

 

Indirect Muscles 

 Produce only up and down motion of wings 

Yates / 
David 
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 ‘Indirect’ because not attached directly to the wings. Indirect muscles alter 

the shape of the thorax to which the wings are articulated. As the thorax is 

rigid, it is the scutal fissure which opens and closes allowing the shape 

change to occur. 

 Act only on the forewings. The rear wings are locked to the forewings in 

flight by hamuli – approx. 20 hooks on leading edge of rear wing hook onto a 

fold in the trailing edge of the forewing. Wings disconnect from each other 

when not in flight. 

 Indirect muscles are large and occupy almost all of the thorax 

 Wings rest on pleural plates. Lever effect allows small change in thorax to 

result in large movement at wingtip. 

 180 beats per minute (Thomas) 

 Don’t forget indirect muscles are used to help regulate hive temperature in 

winter – bees can operate muscles without engaging the wing – both sets of 

muscles contract and relax simultaneously to achieve this. 

 Dorsoventral muscles – attached to scutum above and mesothorax below. 

When contract they pull the notum down and the wings rise. 

 Longitudinal muscles – run front (mesoscutum) to downwards at back 

(mesothorax). Contraction makes the mesothorax dome and wings fall. 

 

 

After Davis 

Direct Muscles 

 Wing tip moves in a figure of eight pattern. Leading edge of wing angled 

downwards on upstroke to provide lift. 

 Sclerites (hardened plates) hinge wings to thorax and provide fine 

control/articulation. 

 Forewing (REMEMBER ‘Fore’ has ‘Four’) 

a) AX1 – produces figure of eight, enabling hover, motion forwards and 

backwards 

Yates 
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b) AX2 – twists wing, to provide stability 

c) AX3/4 – associated with furling. AX3 is only sclerite with a direct muscle 

attachments 

 Rearwing 

a) AX1,2 – as forewing 

b) AX3 – as forewing 
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Source Notes 
 
Have a good look at some closeup photos of honeybees before getting too far into this module. 
 
Because a lot of the material in this module is best understood and portrayed visually, Wikipedia, is 
useful in finding images and is also useful for definitions and explanations of biological terms, as 
are… 
 
https://biologydictionary.net/ 
 
https://www.biology-online.org/ 
 
I had an old Penguin Dictionary of Biology which came in useful from time to time, although could 
probably have used the internet to similar effect. 
 
Main reference books are Snodgrass, Winston and Dade. I didn’t have access to the latter, but did 
borrow the former two. Probably not essential to have these to get a pass  – Yates and especially 
Davis essentially comprise a more readable and succinct digest of both - but worth looking at if 
possible. 
 
Winston probably not worth it for one of Modules 5 or 6 only but probably worth having for if intend 
to do both and/or general interest. 
 
Yates - lots of information, and as usual, somewhat quirky.  Much reference to Snodgrass.  Most 
diagrams in Yates and Davis are simplified derivatives of Snodgrass.  However, worth looking at 
Snodgrass directly as some diagrams in exam papers seem to be taken directly from Snodgrass (and 
occasionally other books). 
 
Davis – also has a useful glossary of biological terms, which is worth revising. 
 
Mid Bucks – Their M5 notes are in a slightly different form to the other module, being described as 
‘background notes’ rather than syllabus item by syllabus item, and appear to be mostly derived from 
Yates, thus less useful.  Referred to them much less for this module than others. 
 
Thomas – refers to series of articles by Margaret Thomas NDB in the 2017 The Scottish Beekeeper 
magazine. 
 
Beecraft ‘The Honeybee Illustrated’.  Helpful but not essential. 
 
Goodman is also good for real pictures, and some explanations, although doesn’t cover everything 
 
Stell. I didn’t have or see the book, nor was aware of his website until after the exam! 
 
http://www.understandingbeeanatomy.com/ 
 
There is probably some merit in doing Module 5 before Module 6 as there is some content that 
would might help with M6 (e.g. glands, mating), although the reverse argument might apply. 
 
 
 

https://biologydictionary.net/
https://www.biology-online.org/
http://www.understandingbeeanatomy.com/
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