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In Thailand, stingless beekeeping (meliponiculture) of Heterotrigona itama has expanded significantly, particularly in 
rural southern communities, where the Ministry of Agriculture and Cooperatives promotes it as a secondary occupation. 
However, the increasing interest in meliponiculture has led to the relocation of colonies beyond their native ranges, 
disrupting local bee populations and altering gene flow across large geographic areas. Additionally, large-scale artificial 
propagation using a limited number of colonies has contributed to increased inbreeding within managed populations 
and genetic introgression into wild populations. Colony expansion is also constrained by a shortage of queens. To 
address these challenges, investigating local genetic variation, mass-rearing virgin queens using in vitro method, and 
improving honey production practices could strengthen commercial stingless beekeeping. Our findings indicate slightly 
lower nuclear genetic variability but higher mitochondrial genetic variability, likely due to gene flow, colony transport, and 
nest division. Expanding colonies through nest division does not appear to negatively impact genetic diversity, as small-
scale male dispersal and human-mediated transport help maintain it. For in vitro rearing, we observed that H. itama 
larvae developed into queens when fed 120–150 μL of larval food, producing in vitro queens with body sizes comparable 
to naturally produced ones. Microscopic analysis revealed that in vitro-reared queens had well-developed ovaries and 
spermathecae, whereas workers had smaller ovaries and lacked spermathecae. The acceptance of in vitro-reared queens 
was independent of worker age, and although their mating frequency was low, it did not significantly differ from that 
of naturally produced queens. Regarding honey production, heat treatment at 37 °C and 45 °C had minimal effects on 
physicochemical properties, total phenolic and flavonoid contents, and antioxidant activity (p > 0.05). Since heat treatment 
helps preserve the physicochemical and bioactive properties of dehydrated honey, the proposed method could serve as 
an alternative approach for preserving stingless bee honey. These findings support sustainable stingless beekeeping, 
conservation efforts, and enhanced honey production for native stingless bee species.
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Heterotrigona itama
Overview of

• The species successfully managed in standard wooden 

hive boxes for commercial pollination, honey and 

propolis productions, and the commercial sale of 

colonies.

• This  species  is  a  medium - sized,  with  a  worker  body  

length  of  5.5−5.6 mm . 

• Perennial  colonies  comprise  of  approximately  8,000 –

10,000  worker  bees  and  a  single  physogastric  queen .

• H . itama  is  a  limited  distribution  in  southern  Thailand , 

Malaysia , Singapore , and  Indonesia  

Commercial apiary of H. 
itama

Distribution map of H. 
itama

H. itama brood 
cells



Heterotrigona itama
Importance of

• The species is commonly used in meliponiculture 

in Thailand, where it is propagated in apiaries for 

the purpose of selling colonies, producing honey 

products, and pollinating crops.

• The selling price of H. itama  products 

⚬ honey is approximately 32–40 USD/kilogram

⚬ colonies of H. itama  are typically priced 

between 80 –134 USD/colony

Wongsa et al (2024) 

Traditional 
hive

Traditional 
hive

Modern 
hive



• With the growing demand for stingless bee 

honey, stingless bee keepers are expanding 

their apiaries by acquiring colonies, from 

other commercial apiaries and natural 

colonies. 

Heterotrigona itama
Importance of

• Additionally, Trade in colonies enable their 

geographic displacement both within and out 

side their natural range,  might effect on local 

genetic structure.

• Thus, mass artificial rearing of virgin queens 

could address for commercially colony 

propagation.



Objectives
Genetic structure of the population

• We determined the genetic structure of managed 

and wild populations of H. itama , in Thailand.

Artificial queen rearing

•  We explored the efficacy of  in vitro  queen rearing for  

H. itama , assessing the queen’s  body size , reproductive 

organ size ( ovary and spermatheca ), acceptance rate 

into new , and mating frequency .

01

02

03 impact of heat treatment on stingless bee honey

•  We examine thermal treatment on the physical characteristics, phenolic 

and flavonoid contents, and antioxidant capacity of H.  itama  honey.



Genetic structure of 
the population01

Wild colony

Managed colony

Workers sample 

collection

1 bee/hive ; 70 

hive total

01 02
• DNA extraction

• PCR: COI, 16s 

and 28s

• DNA Seq. 

alignments

03
• diversity indices 

analyses

• Genetic 

differentiation

•  gene flow

https://doi. 
org/10.1371/journal.pone.0312386

04
• Phylogenetic

• Haplotype 

network



•  Based on mitochondrial and 

nuclear sequences, the mean value 

of hd  and Pi  of all colony samples 

were high.

01
DNAsequencevariatio

n
1.1

Molecular diversity indices and population expansion test statistics 

of mitochondrial and nuclear gene sequences data of commercial 

and wild H. itama in THailand

Results

https://doi.org/10.1371/journal.pone.0312386.t00

2

Wongsa et al. ( 

2024)

•  Both mtDNAs and  nDNA diversity 

was high in both the managed  

and the wild.

• Sample collected from managed 

apiaries exhibited higher 

haplotype diversity compared to 

wild colonies

• Higher number of haplotypes in 

the managed than in the wild.



•  Based on sequence data,  low to moderately 

high genetic differentiation and not 

significant (p > 0.05), suggesting that several 

population pairs of H. itama  established a 

unique genetic group.

01
Genetic differentiation 

and gene flow 1.2

Results

Wongsa et al. ( 

2024)

•  Pairwise Nm  values, most population pairs 

had values greater than one, implying that 

more than one queen per generation was 

estimated to exchange between all pair of 

populations.



•  The phylogenetic tree 

clearly illustrates the 

monophyly  of H. itama .

• Two major clades were 

identified: Clade1 and 

Clade2.

• There was no strong 

evidence of differentiation 

between wild and managed 

colonies  within these two 

clades.

01
Phylogenetic relationship1.3

Results

Wongsa et al. ( 

2024)



01
Haplotype network1.4

Results

Wongsa et al. ( 2024)

• COI shows highly structuring 

network, whereas, 16s and 28s 

are lower - resolution structure.

• This study showed that wild and 

managed of H. itama  exhibit 

high genetic variability, 

suggesting that the colony 

management practices of Thai 

beekeepers do not significantly 

affect mitochondrial or nuclear 

variability in the H. itama  

populations.



Artificial queen 
rearing

Effect of larval food 

amount and incubation 

conditions on larva 

development in in - vitro  

condition

01

02

Wongsa et al. (2024)

larval food amount  

100 uL

120 uL

150 uL

larval food and queen - laid egg collection



Artificial queen 
rearing

Effect of larval food amount and 

incubation conditions on larva 

development in in - vitro  condition

01

02 emergent in-vitro queen 

emergent in-vitro worker 

in vitro  

development 

stages

• No significant 

difference was 

found between 

the two larval 

food levels 

provided in 

response to 

queen 

emergence ( t = 

1.115, df = 4, P  = 

0.327)



•  We conducted a 

comparative analysis of 

the ovaries and body size 

⚬ in vitro  queens  

⚬ newly emerged 

workers  obtained from 

natural colonies 

Artificial queen 
rearing

Microscopic analysis of the 

reproductive system and  

External morphometry

02

02



• In vitro  queens from the 120 and 150 μL 

treatments were larger than workers, 

with a considerable abdomen and 

well - developed reproductive system.

• Discriminant analysis showed no 

significant differences between the  in 

vitro  and virgin queens produced 

under natural conditions.

Artificial queen 
rearing

Microscopic analysis of the 

reproductive system and  

External morphometry

02

02



(a)  Introducing the in 

vitro  queens into the 

new artificial queenless 

colonies

 -  AQCa : newly emergent 

workers only

-  AQCb : newly emergent 

and old workers

Artificial queen 
rearing

Acceptance rate of the in 

vitro - reared virgin queens

03

02

1- week - old queens reared in 

vitro

in - vitro queen was 

introduced

-

(b)  Analyzing the 

acceptance of in vitro 

queens

- The acceptance rate of 

the in vitro  queens was 

compared between AQCa  

and AQCb  using the 

Pearson’s chi - square.



-  Over 70%of the in vitro -

reared queens were 

accepted after being 

introduced AQCa

-   A lower acceptance rate 

(approximately 46%) was 

found in AQCb

- There was insignificant

 (χ2 = 1.784, df = 1, P = 0.182)

Artificial queen 
rearing

Acceptance rate of the in 

vitro - reared virgin queens

03

02

Wongsa et al., 

2024



-  No significant 

difference was 

found in 

observed mating 

frequency  

between the 

natural and in 

vitro  reared 

queens. 

Artificial queen 
rearing

Mating frequency 

04

02 Wongsa et al., 

2024



Impact of heat treatment 
on stingless bee honey03

Three different 

forest types 

honey (mangrove 

forest, swamp 

forest, and mixed 

01 02

• The samples 

were heated 

to 37 °C and 

45 °C for 24 

and 48 h

• physicochemical properties

• total phenolic content

• the flavonoid content, and 

antioxidant activity

03

Thermal treatment on H. itama honey 
samples

04



Impact of heat treatment 
on stingless bee honey03

•  Raw honey from mixed forest had the highest 

radical scavenging activity with IC50 of 43.996 ±0.377 

mg/ml.

•  After incubation at 45 °C for 48 hours, the moisture 

content decreased 27.93 ±0.17 to 20.14 ±0.34 g/100 g.

•  Interestingly, heat treatment at 37 °C and 45 °C did 

not affect the total phenolic, flavonoid contents, 

and antioxidant activities (p > 0.05) in the honey 

samples.

•  Heat treatment can be employed as an alternate 

method for preserving stingless bee honey from 

stingless bees



Conclusion
Genetic structure of the population

• We found no evidence that the trade of stingless 

bees affected population structure of H. itama  

populations in this region.

Artificial queen rearing

• The in - vitro  rearing technique potentially increases the 

number of new colonies and the economic value for 

stingless beekeepers.

01

02

03 impact of heat treatment on stingless bee honey

•  heat treatment at 37 °C and 45 °C for 24 and 48 h had no effects on total 

phenolic, flavonoid contents, and antioxidant activity all H. itama  honey 

samples
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