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Abstract 
The cognitive ability to identify and respond differently to the presence of either a nest mate or non-nest 

mate exists in many organisms and is vital for members of most social insect colonies. Bioassay 

experiments showed that all four bee species could successfully discriminate nest mates from non-nest 

mates, as they all exhibited more aggression when exposed to hetero-specific nest mate extracts than 

when exposed to con-specific nest mate extracts (within or between nest), although aggression between 

same species colonies was not significantly different, with the species Meliponula ferruginea (black) 

exhibiting the most aggression, followed by Hypotrigona ruspoli, and Plebeina hildebrandti, while the 

least aggressive was Hypotrigona gribodoi. A high number of guard bees opened their mandibles and 

even proceeded to attack at their nest entrances when presented with an extract from (between nest) con-

specific non nest mates and (between species) hetero-specific non-nest mates compared to when 

presented with a solvent control. Gas chromatography revealed similar patterns of recognition cue 

compounds present in cuticular profiles and nest materials (nest entrance and involucrum sheaths) from 

the four African meliponine bee species. This comprised of alkanes, alkenes and methyl-branched 

alkanes ranging from C8-C35 with trace amounts of acids, esters, aldehydes and ketones. The electro-

antennography response to 9-Hexadecenoic acid and β-Farnesene (E) is consistent with that in Apis 

mellifera which showed positive responses to tricosene and the 16-C and 18-C fatty acids in particular, 

which suggests a generality of signal function in nest mate recognition between these closely related bees 

of the same family.   

 

Keywords: nest mate recognition, cues, meliponine bees, electro-antennography 

 

Introduction 
Social insects are known to possess a highly developed recognition system that facilitates 

either passive behaviors towards their nest mates or aggressive behaviour towards non-nest 

mates. This cognitive ability is particularly crucial for colony survival by offering protection 

from parasites during territorial interactions when defending their colonies and also during 

essential daily activities such as foraging [1, 2]. The use of certain mechanisms to transfer 

information between individuals to initiate certain behaviors has long been confirmed in 

honeybees [3–6]. Such discriminatory behaviour is majorly based on recognition cues, as 

members of a colony rely on the existence of a signature odor to fully carry out this function 

when in contact with each other either at an individual or colony level. CHCs amongst other 

channels may play a crucial role to function as contact pheromones, as surface hydrocarbons 

are essential cues for recognition in both solitary and social insects [7–10]. The cuticle of most 

insects is coated with a lipid layer, with hydrocarbons forming a dominant group of chemical 

components of this layer [7, 11].  

Cuticular hydrocarbons (CHs) have been categorized to typically range from C8- C40 [12] with 

3 major structural classes: n-alkanes, n-alkenes and mono-, di-, tri- methyl- branched alkanes 
[10] with additional components found in trace amounts such as fatty acids, glycerides, sterols, 

ketones, long chain alcohols and aldehydes [9, 10, 13]. Two of these major classes of chemical 

components have been speculated to play different physiological functions respectively: n-

alkanes form impermeable layers on the insects cuticle which help to form resistance against 

desiccation, while n-alkenes form permeable layers, that play a vital role in chemical 

communication [14, 15]. These hydrocarbons can be exchanged between individuals by means of 

trophallaxis, self and allo-grooming [16]. These hydrocarbons serves as unique chemical 

signatures, as they further help to maintain the social structure of colonies by differentiating  
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individuals according to caste and functions [10, 17]. They also 

function as an attractant or repellant during courtship [18-20] as 

they enhance the assessment of colony membership, and 

subsequent recognition allows individuals to act non-

aggressively towards nest mates and aggressively towards 

non-nest mates [21–23]. 

The chemical identity of recognition cues in the honey bee 

Apis mellifera has been intensively studied [2, 8, 24–27] and their 

role at either individual and population levels confirmed. In 

Apis mellifera, adults emerge without any “signature odors” 

which could serve as recognition cues for specific purposes 
[28–31]. Hence, individual worker bees earn such “signature 

odors” comprising majorly alkenes and fatty acids, only after 

coming in contact with chemical stimuli such as comb wax to 

acquire a “distinctive signature template” [28, 30]. Wax based 

nesting materials have been known to be viable acquisition 

channels for nest mate recognition in Apis mellifera. 

However, the major acquisition channels of recognition cues 

at both individual and nest-specific levels remain largely 

unknown in African meliponine bees. Therefore we carried 

out experiments to determine if wax based nesting materials 

(Involucrum sheaths and the nest entrance tubes) form 

additional acquisition channels to acquire recognition cues, 

apart from cuticular based hydrocarbons in these African 

meliponine bees species. We further investigated the 

components of these meliponine bee nesting materials for 

dominant compounds which have been implicated in nest 

mate recognition systems in the honey bee, Apis mellifera. 

We also bio-assayed synthetic forms of these putative 

dominant compounds including a representative alkane, an 

alkene, an aldehyde and a wax ester to predict recognition 

behaviors’ within-nest, between-nest con-specifics and 

between-nest hetero-specifics. By establishing which 

compounds, if any, affect nest mate recognition.  

Not until recently, has recognition behaviour been 

documented in some meliponine bee species [10, 32, 33] given 

that meliponine bees like honey bees are highly eusocial and 

should be able to recognize nest mates from non-nest mates. 

However, little is known about their recognition cue 

chemistry, what acquisition channels is utilized and how such 

cues shape recognition behaviour in these African bee 

species.  

Unlike honeybees, meliponine bees construct distinctive nests 

from endogenously produced wax, and they are likely to 

include more exogenously produced materials from the 

environment such as mixtures of resin and floral oils into their 

nests principally for construction [34, 35]. Studies have 

confirmed the use of a range of externally derived compounds 

as recognition cues in most social insects such as honey bees’ 

waxes, where the dominant hydrocarbons are odd-chained 

alkanes (C-21 to C-35) [36] and are primarily used as 

recognition cues. Lactones (fatty acid derivatives) had been 

shown to also function as recognition cues in the asocial 

sweat bee, Lasioglossum zephyrum [37, 38] and environmentally 

derived odors playing an important role in nest mate 

recognition in some ants [39-41], some species of social wasps 

largely depend on methyl-branched alkanes [2, 26], however, 

floral odors seem to be relatively unimportant in honey bee 

nest mate recognition [4, 13]. Honeybees are also known to 

exhibit recognition behaviors primarily at nest entrances, 

which should similarly occur in meliponine bee species, as 

they are believed to also be territorial at food sources like the 

honey bee; however nest mate recognition in these bees may 

also be expressed away from the nest as well as at the nest 

entrance [28, 41, 42, 28] revealed that the Neo-tropical meliponine 

bee Tetragonisca angustula could recognize con-specifics 

from hetero specifics even at nest entrances. Breed & Page 

(1991) also investigated nest mate recognition in some species 

of Meliponula and discovered that M. quadrifasciata and M. 

rufiventris were more tolerant of nest mates than of non-nest 

mates. In other studies focusing on meliponine recognition 

mechanisms, Trigona minangkabau [43] and Hypotrigona 

gribodoi [44] rejected con-specific non-nest mate at 

experimental feeding sites.  

Therefore this study sought to test the hypothesis that a) 

Similar recognition cues used by the honey bee, Apis 

mellifera could also be employed by African meliponine bees 

b) Additional acquisition channels (nest materials) can be 

used to acquire cues for discrimination in these bee species. 

These underlying olfactory cues responsible for recognition 

behaviour can be employed during foraging and territorial 

nest defense, which are the two most crucial behaviors for the 

survival of any colony. Using the well- researched honeybee 

as a reference point, we investigated whether these African 

meliponine bee species uniquely utilize either endogenous 

derived cues (cuticular compounds) more than exogenous 

derived cues (components from both nest entrance and the 

involucrum) in nest mate recognition or even a combination 

of both exogenous and endogenous derived cues.  

 

Materials and Methods 

Experimental colonies 

Studies were conducted between October, 2015 and February, 

2016 at the laboratory of the behavioral and chemical ecology 

unit of the International Centre of Insect Physiology and 

Ecology (Icipe), Duduville campus (1º 17S, 36º 49E) in 

Nairobi, Kenya. Colonies were surveyed in February, 2014 

from Taita taveta county (03° 20' S, 38o 15' E) and then 

transported to the meliponary section of the International 

center for insect physiology and ecology (icipe) where they 

were maintained throughout the experimental period. Four 

colonies in replicates of Meliponula ferruginea (black), 

Hypotrigona gribodoi, Hypotrigona ruspoli and Plebeina 

hildebrandti were used in the experiments. The colonies were 

queen right and estimated to be approximately similar in size 

and fitness, having similar number of workers (approx 500-

600 individuals. They were hived inside wooden boxes (45 x 

20 x 10 cm) and left to forage freely on nearby vegetation. 

 

Extraction of CHCs for bioassays 

Cuticular hydrocarbons from five nurse bees of each species 

were sourced from colonies and extracted (45) in replicates. 

Nurse bees were collected and freeze-killed by placing on ice 

for approximately 20 minutes. Cuticular hydrocarbons were 

extracted by washing them in 500µl of pentane for 10 minutes 

followed by a re-concentration of the extract (to rid it of 

excess solvent) under a stream of nitrogen gas and stored in -

20 oC until ready to use for bioassays. Ten extracts were 

prepared from each of the four species along with a control 

(pentane) in the same manner. These extracts were used as 

sources of chemical stimuli in mandibular opening response 

(MOR) [45] and nest entrance defense bioassays [46].  

 

Behavioral experiment 1: Mandibular opening response 

(MOR) bioassay  

On the day when each bioassay was to be conducted, worker 

bees were captured at their nest entrance while returning from 

foraging bouts and then immobilized by placing them on ice 
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for five minutes. A harnessing method described by (45) was 

employed for the selected worker bees from each colony (N = 

25) and then isolated with minimal disturbance for a period of 

one hour in order to accustom each individual bee to the 

harness (Fig 1). Aggressive behavior was thereafter quantified 

by presenting five different types of stimuli to the bees from 

four different species respectively, 1) Hypotrigona gribodoi 

extract 2) Hypotrigona ruspoli extract 3) Plebeina 

hildebrandti extract 4) Meliponula ferruginea extract and 5) 

control solvent extract (pentane, 99% purity). An approximate 

volume of 10 µl of pure pentane or pentane based 

hydrocarbon extract was applied to the tip of a glass Pasteur 

pipette and then held upright to evaporate the solvent from the 

tip before usage for the mandibular opening response (MOR) 

bioassay. 

For each test bee, extract from its own colony and species 

(con-specifics) served as nest mate stimuli, while extract from 

different species (hetero-specifics) served as non-nest mate 

stimuli. Only one stimulus was presented to each test bee by 

touching the antennae with the tip of the Pasteur pipette 

bearing the stimuli for an average period of 10 seconds. 

Aggressive behavior was scored as (1) when the test bee 

continuously opened its mandible (Fig 2) while non-

aggressive behavior was scored as (0) when the test bee 

repeatedly shook its antennae (Fig 3). A total of 25 bees from 

each species were subjected to this test assay, with one 

singular stimulus presented randomly to only one harnessed 

bee. Observations were considered to be null if the bee 

showed neither any of these behaviors. 

 

 
 

Fig 1: Harnessing set-up showing an individual bee, Hypotrigona 

ruspoli harnessed and conditioned prior to the mandible opening 

response bioassay (MOR). 

 

Behavioral experiment 2: Nest entrance defense (NED) 

bioassay  

Ten guard bees were used for this experiment to quantify 

aggression to both endogenous cues (nest mate and non-nest-

mate stimuli) and exogenous cues (nest entrance extract and 

nest material extract). To induce bees into initiating either an 

aggressive or non-aggressive behaviour, guard bees were 

exposed to 12 different types of stimuli from the four different 

species in this bioassay: 1) Hypotrigona gribodoi CHC and 

nest entrance extract 2) Hypotrigona ruspoli CHC, nest 

entrance and cerumen extract 3) Plebeina hildebrandti CHC, 

nest entrance and cerumen extract 4) Meliponula ferruginea 

CHC, nest entrance and cerumen extract and 5) control 

solvent extract (Pentane, 99% Purity). Hypotrigona gribodoi 

is known not to produce involucrum sheaths. 

For each test colony, pentane based extracts from both its own 

colony and species (con-specifics) served as nest mate 

stimuli, while extracts from another species (hetero –

specifics) served as non-nest mate stimuli. The behaviour of 

the guard bees toward each presented treatment was observed 

for five minutes starting from the first interaction. Aggressive 

behaviour was confirmed and recorded when one or more 

guard bees left the nest entrance, and proceeded to bite with 

open mandibles, while a non-aggressive behaviour was 

recorded when one or more guard bees retreated from the 

entrance into the hive or simply touched the stimuli bearing 

pipette tip only with its antennae.  

Experiments were considered null if all guard bees present at 

the entrance exhibited neither of these behaviors within five 

minutes. Moreover, since we wanted to be sure that both 

aggressive and non-aggressive behaviors occurred after close 

monitoring of the guard bee (s) (and that the respective 

treatments have been perceived by the guards) and were not 

based on visual stimuli, the assay was paused for a period of 

one hour before commencing another replicate with a 

different treatment. 

 

 
 

Fig 2: A harnessed bee showing aggressive response (continuous 

opening of mandibles) when presented with a hetero-specific non-

nest mate extract from another bee species. 

 

 
 

Fig 3: A harnessed bee exhibiting non- aggressive response 

(Continous antennation) when presented with a con-specific nest 

mate extract from another colony. 

 

Electrophysiological (GC-EAD) responses to natural 

extracts of forager bees. 

To determine if foragers can detect and positively respond to 

dominant compounds found in natural extracts of con-specific 

or hetero-specific foragers, we conducted coupled gas 

chromatography-electroantennogram detection (GC-EAD) 

analyses. Excised antennae of foragers of the four meliponine 

bee species: 1) Hypotrigona ruspoli 2) Hypotrigona gribodoi 

3) Meliponula ferruginea (black) 4) Plebeina hildebrandti 

were exposed to natural extracts from their species and other 
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hetero-specific species. We used an HP-5 column (30 x 0.25 

mm ID X 0.25 µm, Agilent, US) with nitrogen (2 ml/min) as 

the carrier gas. The oven temperature was 50 °C for 2 min and 

then increased at 10 °C/min to 230 °C. The Flame Ionization 

Detector (FID) was heated to 300 °C to detect all compounds. 

The electro-antennogram (EAG) system was connected to this 

GC system with a custom, 40 cm heated (250 °C) transfer 

line. The EAD signals and FID signals were separately 

recorded. We replicated EADs with three individual foragers 

from each of the four species.  

 

Extraction of headspace volatiles (CHCs) for chemical 

analyses  

Nurse bees, forager bees, nest entrance tubes and involucrum 

sheaths of all four species had their headspace volatiles 

extracted. Cuticular hydrocarbons of both nurse bees and 

foraging bees were routinely extracted using the protocol 

described by (45), by washing five bees in one ml of pentane 

for ten minutes, thereafter evaporating the solvent under a 

gentle stream of nitrogen gas. Extracts were stored in -20 oC 

until ready to use for chemical analyses. A pure pentane 

control was subjected to similar evaporation process. Volatile 

extraction for both nest entrance tubes and involucrum 

sheaths followed the same procedure [45].  

 

Chemical Analyses 

Coupled gas chromatography/mass spectrometric (GC/MS) 

analysis was carried out on an Agilent Technologies 7890A 

gas chromatograph equipped with a capillary column HP-5 

MS (30 m × 0.25mm ID ×0.25µm film thickness) and coupled 

to a 5795C mass spectrometer. An aliquot (1 µl) of the 

extracts from the different species was injected in the split 

less mode (Inlet temperature = 250 °C, Pressure = 6.8 psi), 

and helium was used as the carrier gas at 1.0 ml/min. The 

injector port was maintained at 280 °C. The oven temperature 

was then held at 35 °C for 5 min, increased to 280 °C at 10 

°C/min, and then held at 280 °C for 5.5 min. Mass spectra 

were recorded at 70 ev. Dominant n-alkanes, n-alkenes and 

methyl-branched alkanes were identified by comparing their 

retention times and mass spectral data with those recorded 

from the NIST 08 spectral library and by co-injection with 

authentic standards (47). For compound quantification, peak 

areas were compared to an external standard corresponding to 

5ng/µl of Eicosane (C20).  

 

Chemicals  

The following chemicals were to be used as synthetic 

standards: n-Octane, n-Hexadecane, n-Octadecane, n-

Docosane, n-Tricosane, n-Hexacosane, n-Triacontane, n-

Pentacosane, n-Heptacosane, n-Octacosane, n-Tetracosane, n-

Heneicosane, n-Pentatriacontene, 1-Docosene, Octadecanol 

acetate, Methylhentriacontane, Tridecanol, n-Octadecanol, 2-

Methyl-E-7-octadecene, Cyperotudone, Octamethyl, 

Cyclododecanemethanol, Cyclocolorenone (Epi), 

Cyclohexane, Cyclopentane, Zierone, β-amyrin, Farnesyl 

acetate (2E,6E) and α-amyrin. However, they were narrowed 

down to: n-Eicosane, Oleic acid, 9-Hexadecenoic acid (Z), β-

Farnesene (E) with the purity of >99%, obtained from Aldrich 

Chemical Company (UK).  

 

Behavioral experiment 3: Synthetic compounds tested in 

bioassay. 

Bioassays were conducted in January 2016, N=25 bees each 

(con-specifics and hetero-specific foragers) originating from 

four different colonies were collected from their respective 

nest entrances while returning from foraging and treated with 

pure synthetic compounds to estimate aggressive responses. 

The following compounds selected were based on the 

following criteria: a) GC-MS analyses showing compounds to 

have a relative abundance of > 5%. (b) demonstrated to affect 

nest mate recognition in Apis mellifera; (c) dominant in Apis 

and/ or meliponine wax/cerumen; and (d) represent the 

diversity of compound classes found in wax/ cerumen of 

meliponine bees. Dominant compounds selected were from 

the following: Nurse bees: Eicosane (C20); worker bees 

(foragers): 9-Hexadecanoic acid; nest entrance tube: Oleic 

acid and involucrum sheaths (cerumen): (E)-β-Farnesene. 

This was applied systematically by dispensing 10µl of the 

compound from a Pasteur pipette tube directly to the thorax of 

each individual bee. These treatment concentrations are 

similar to those used by [30]. 

Separate bioassays (N=25) were performed by placing con-

specifics in pairs (treated and untreated) from within-nest 

(nest mates), between-nest (con-specifics) and between 

species foragers (hetero specifics) in a large Perspex Petri 

dish (9 cm in diameter) mounted on a bioassay platform 

measuring (19.5cm length x 9.5 cm width). Aggressive 

behavior was quantified and had a specified range (biting or 

grappling of body parts: legs, wings or thorax) which was 

recorded as a bite, or one that typically escalated from a bite 

to grappling of body parts. These behaviors were observed for 

a time period of 10 minutes. 

 

Statistical Analyses  

The aggressive responses of all four meliponine bees species 

was subjected to one sample chi-square test by testing the 

differences of aggressive responses when exposed to natural 

extracts on both individual level (MOR), colony level (NED) 

and the tested synthetic compounds: Eicosane (C20), 9-

Hexadecanoic acid, Oleic acid and β-Farnesene (E). Further 

analysis was carried out to quantify the levels of aggression 

between the paired bees from the four species by subjecting 

the log-transformed data to Kruskal-Wallis ANOVA test. A 

canonical discriminant analysis was carried out to determine 

which of the tested compounds significantly caused 

aggressive behavior between con-specific nest mates, con-

specific non nest mates or hetero-specifics. All statistical 

analyses were carried out using Sigmaplot V 11.0 statistical 

software (Systat Software, San Jose, CA 2011). 

 

Results 

Mandibular opening response (MOR) Bioassay 

All four bee species successfully discriminated nest mates 

from non-nest mates. The number of bees that opened their 

mandibles when presented with a natural cuticular extract was 

significantly higher compared to when presented with a 

solvent control (Wald’s χ2=106.5, df = 2, P<0.005) (Fig 4). 

All species exhibited more aggression when exposed to 

hetero-specific nest mate cuticular extracts than when 

exposed to con-specific nest mate cuticular extracts (within or 

between nest), although aggression between same species 

colonies was not significantly different (P=0.066), with the 

species Meliponula ferruginea (black) (76.01%, N= 25) 

exhibiting the most aggression, followed by Hypotrigona 

ruspoli (69.3%, N= 22), and Plebeina hildebrandti (66.7%, 

N= 25 ), while the least aggressive was Hypotrigona 

gribodoi(62.7%, N= 21). There was less aggressive behaviour 

exhibited when closely related bees were presented with 
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treatments from within-nest foragers (con-specific nest mates) 

than between-nest foragers (con-specific non-nest mates) or 

between species foragers (hetero specific non-nest mates) 

(Wald’s χ2=70.5, df = 1, P < 0.005). In general, the levels of 

aggression (biting of body parts) increased significantly when 

a bee was exposed to a non-nest mate stimulus (between nest) 

(Wald’s χ2=17.9, df = 1, P = 0.001) or (between species) 

(Wald’s χ2=46.0, df = 1, P < 0.005) compared to a solvent 

control (Wald’s χ2=6.6, df = 1, P < 0.005).  

 

 
 

Fig 4: Aggressive responses exhibited by four meliponine bee 

species during the mandible opening response bioassay when 

presented with both con/hetero-specific stimuli (cuticular 

hydrocarbons). 

Nest entrance defense (NED) Bioassay 

Bioassays conducted at the nest entrance of all four bee 

species revealed that guard bees were able to successfully 

predict and discriminate nest mates extract from non-nest 

mate extract (cuticular hydrocarbons, nest entrance tubes and 

involucrum sheaths). A higher number of guard bees opened 

their mandibles and even proceeded to attack when presented 

with an extract from (between nest) con-specific non-nest 

mates and (between species) hetero-specific non-nest mates 

compared to when presented with a solvent control (Wald’s 

χ2=128.3, df = 2, P<0.001). Plebeina hildebrandti guard bees 

exhibited the highest level of aggression to non- nest mate 

stimuli (con-specifics and hetero-specifics) (Wald’s χ2=51.9, 

df = 2, P<0.001) than Meliponula ferruginea (black) (Wald’s 

χ2=36.7, df = 2, P<0.001), Hypotrigona ruspoli (Wald’s 

χ2=22.4, df = 2, P<0.001) and Hypotrigona gribodoi (Wald’s 

χ2=17.3, df = 2, P<0.001). Levels of aggression by guard bees 

increased significantly when a non-nest mate stimulus was 

presented to its nest entrance, but this varied significantly 

between treatments (ANOVA: F1,25 =0.74, N=130, P=0.002). 

 

 
 

Fig 5: Aggressive responses exhibited by the meliponine bee 

species, Hypotrigona ruspoli during the nest entrance defense 

bioassay when presented with respective con-specific stimulus 

(between nests). 

  

5.2.4.3 Cuticular profiles of four African meliponine bee 

species. 

Cuticular profiles from the four African meliponine bee 

species revealed similar composition as they are composed of 

a dominant complex mixture of alkanes, alkenes and methyl-

branched alkanes ranging from C8-C35 (Figure 6a) with trace 

amounts of acids, esters, aldehydes and ketones. The n-

alkanes had retention times and mass spectra that matched 

with those of authentic standards (El-Sayed, 2009). 12 major 

components 9- Hexadecanoic acid, Hexadecane (C16), 

Octadecane (C18), Eicosane (C20), 3-methylheneicosane 

(C21), Tricosane (C23), Tetracosane (C24), Hexacosane 

(C26), Heptacosane (C27), Triacontane (C30), Dotriacontane 

(C32), Pentatriacontene (C35), dominated both cuticular 

profiles of both nurse bees and worker bees (foragers) of these 

species as the proportions of short-chained alkanes in the 

cuticular extracts remained constant, with no significant 

difference (P=0.689) in the relative abundance of both alkenes 

and methyl-branched alkanes (Figure 6a-g). However, both 

the nest entrance and the involucrum sheaths of all four 

species largely comprised of terpenoids and aldehydes such as 

(E)-β Farnesene and a combination of the straight chained 

alkanes. 

These different four species could be distinguished by using 

the transformed peak areas of these 12 compounds that 
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dominantly occurred among the species. Using the stepwise 

DA, six variables grouped the bees according to their species 

with function 1 explaining 81.24% of the variation separating 

species 1 and 2 from both species 3 and 4, and function 2 

explaining 18.76% of the variation further separating species 

3 and 4 from species 2 and 1. The discriminating compounds 

selected by the stepwise DA were: 3-methylheneicosane, n-

Pentatriacontene, 9-Hexadecenoic acid (Z), β-Farnesene (E) 

and Heptacosane. 

 

Hypotrigona gribodoi house bees

Foraging workers

 
 

Fig 6a: Cuticular hydrocarbon profile of H. gribodoi house bees and foragers. 

 

Hypotrigona gribodoi nest entrance

Involucrum

 
 

Fig 6b: Cuticular hydrocarbon profile of H. gribodoi nest entrance and involucrum. 

 

Meliponula ferruginea (black)house bees

Foraging workers

 
 

Fig 6c: Cuticular hydrocarbon profile of M. ferruginea (black) house bees and foragers. 
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Meliponula ferruginea  (black) nest entrance

Involucrum

 
 

Fig 6d: Cuticular hydrocarbon profile of M. ferruginea (black) nest entrance and involucrum. 

 

Plebeina hildebrandti house bees

Foraging workers

 
 

Fig 6e: Cuticular hydrocarbon profile of Plebeina hildebrandti house bees and foragers. 

 

Plebeina hildebrandti nest entrance

Involucrum

 
 

Fig 6f: Cuticular hydrocarbon profile of Plebeina hildebrandti nest entrance and involucrum. 
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Fig 6g: Relative abundance of cuticular hydrocarbons (alkenes and methyl-branched alkanes) from the different stimulus (foragers, nurse bees, 

nest entrance tubes and involucrum sheaths) of the four meliponine bee species. 

 

Bioassays with synthetic compounds 

At least one compound from each representative group tested 

yielded a significant increase in aggression over control 

levels. 9-Hexadecanoic acid and β-Farnesene (E) significantly 

increased levels of aggression between hetero-specifics in all 

four species, while Eicosane (C20) and Oleic acid had no 

significant effect on aggression or recognition process. Figure 

7 showed the response observed by the pairs of bees from the 

same colony and different species in which one bee was 

treated by exposure to the respective synthetic compounds: 

Eicosane (C20), 9-Hexadecanoic acid, Oleic acid (C18) and 

β-Farnesene (E). 

 

   
 

Fig 7: Aggressive responses exhibited by four meliponine bee species during the (MOR) mandible opening response bioassay when presented 

with selected synthetic compound stimuli found to dominate their cuticular profiles. *M.F: Meliponula ferruginea, H.R: Hypotrigona ruspoli, 

H.G: Hypotrigona gribodoi, P.H: Plebeina hildebrandti. 
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Discussion 

Our findings have shown that similar recognition cue 

compounds utilized in Afro-tropical meliponine bee species is 

similar to the honeybee Apis mellifera, which is corroborated 

by our findings. Bioassays revealed Meliponula ferruginea 

(black), Plebeina hildebrandti, Hypotrigona gribodoi and 

Hypotrigona ruspoli all positively responded to a group of 

compounds similar to responses elicited from Apis mellifera 
[31]. The positive antennal response to a trans fatty acid (Z) 9-

Hexadecenoic acid and a sesquiterpene, β-Farnesene (E) is 

consistent with that in Apis mellifera [31, 48] which similarly 

revealed positive responses to (Z) 9-tricosene and 16-C and 

18-C fatty acids, suggesting a generality of signal function in 

nest mate recognition between these closely related bees of 

the same family. Nest mate recognition system of these four 

meliponine bee species operates remarkably in a similar to 

that of the honey bee, Apis mellifera, and this further confirms 

that individuals can predict the difference between the odor of 

a nest mate, and that of another bee they encounter coming 

from either a different nest or species [30]. Aggression levels 

observed in these four bee species could have resulted from 

differing olfactory perception for these compounds or an 

insignificant effect of some other compounds found in trace 

amounts being less important than others in making nest 

mate/non-nest mate recognition decisions. Such minute 

differences between an expected and an actual odor may 

definitely take longer to detect and process compared to 

compounds which make up a large proportion resulting in a 

rapid detection and hence a shorter time to exhibit aggression. 

Due to the probability that wax could be an additional 

acquisition channel of nest mate recognition cues in bees, it is 

noteworthy to observe that the composition of the nest 

material (nest entrance tube and involucrum sheaths) from 

these African meliponine bee species all contained slightly 

similar hydrocarbon and lipid content, especially the 

composition of the involucrum sheaths which is a mixture of 

wax and plant resin. The relative amounts from Meliponula 

ferruginea (black) contained 67% hydrocarbons, 21% fatty 

acids and 10% esters; Hypotrigona gribodoi contained 54% 

hydrocarbons,12% fatty acids and 10% esters; Hypotrigona 

ruspoli contained 71% hydrocarbons, 31% fatty acids and 

11% esters and Plebeina hildebrandti containing 43% 

hydrocarbons, 37% fatty acids and 18% esters revealed the 

same degree of similarity when compared with Apis mellifera 

wax which contained 16% hydrocarbons, 35% esters and 14% 

fatty acids (50)(Hart and Ratnieks, 2002; Patricio et al., 

2002). Similarly, the waxes of Trigona buyssoni and Trigona 

atomaria consist of 59% hydrocarbons, 27% monoesters and 

5% free acids, and 71% hydrocarbons, 26% monoesters and 

2% free acids, respectively [4, 52, 53, 54] found that the mixture of 

compounds in the involucrum sheaths of Melipona bicolor 

was more identical to those obtained from Trigona species 

than to that of Apis mellifera, although the involucrum sheaths 

of Melipona bicolor had significantly higher proportions of 

monoesters (23%) compared to these four African meliponine 

bees, Meliponula ferruginea (black) (10%), Hypotrigona 

gribodoi (10%), Hypotrigona ruspoli (11%), Plebeina 

hildebrandti (18%) [55]. Suggested that (16-C) palmitoleic and 

(18-C) oleic acids are the metabolic source for alkenes in 

Melipona bicolor wax, where (18-C) has been reported to 

function as dominant recognition cues [56] (Breed, 1998b). In 

this study, our results with the even chained alkane: Eicosane 

(20-C) on the four meliponine bee species is quite consistent 

with that of Apis mellifera as octadecane (18-C) significantly 

affected nest mate recognition. This indicates that these 

compounds, if present in substantial amounts in both their 

nest entrances and building structures (cerumen), could serve 

as additional channels to acquire recognition cues.  

The most important nest mate recognition cues in Apis 

mellifera are the free fatty acids [57] (Breed, 1998b), which 

also showed substantial behavioral activity in three out of the 

four meliponine bee species. Oleic acid (Z)-9-Octadecenoic 

acid yielded negative results in Meliponula ferruginea 

(black), Hypotrigona gribodoi and Hypotrigona ruspoli 

species except Plebeina hildebrandti, with 9-Hexadecenoic 

acid which is an unsaturated 18-C fatty acid yielding positive 

results in these three species. 16-C and 18-C fatty acids are 

prominent components in Apis mellifera wax (Tulloch, 1980) 

and are present in most meliponine bee waxes that have been 

studied [54, 58], although no information is available for the wax 

composition of these four African meliponine bee species, 

these fatty acids have higher melting points than alkanes and 

alkenes and may add important structural characteristics to 

bees’ waxes [51]. 

The dominant compounds found in the involucrum sheaths 

and nest entrance tubes of these bee species especially 

Plebeina hildebrandti may further point to the use of 

exogenous cues to discriminate nest mates from non-nest 

mates. Environmental odors are known to affect nest mate 

recognition in many eusocial insect species [59] and the use of 

these exogenous odors derived from the environment gives a 

complexity to nest mate templates, making room for more 

precise recognitions compared to the limited range of 

compounds found only in their cuticular profiles. Unlike 

honeybees, meliponine bees utilize more plant materials 

during nest construction, such as resins in addition to wax [60] 

which may contribute to a more complex blend. The use of a 

wider range of acquisition channels for recognition by all four 

bee species reveals that signals originating from 

endogenously produced cuticular hydrocarbons need not be 

the only acquisition channel of recognition cues in these 

species. Exogenous volatiles, such as those found in resins, 

when brought into the nest during construction and 

maintenance may also serve as readily available cue sources. 

 

Conclusion 

The results of both mandibular opening response (MOR) and 

nest entrance defense (NED) bioassays suggest that these 

species do make use of CHCs but in varying proportions, but 

the chemical profiles of both nest entrances and involucrum 

sheaths do suggest that these bee species do employ a 

mechanism to distribute chemical components, with very 

minute differential substances as unique compounds in their 

colonies, which could be responsible for the ability for these 

species to precisely recognize their nest mates from non-nest 

mates. This further confirms that Afro- tropical meliponine 

bee species can distinctly recognize nest mate using CHCs. 

However, other exogenously derived cues can potentially play 

a role in successful discrimination of nest mates from non-

nest mates. 
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