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Abstract – The tiny population of the endemic Maltese honey bee (A. m. ruttneri) is threatened by anthropogenic 
influences, such as urbanisation, habitat loss, and unsustainable agricultural practices, but most prominently by 
the importation of commercially important non-native stock. To obtain data on the colony life cycle parameters 
of A. m. ruttneri and to measure its apicultural performance in relation to imported A. m. ligustica under Maltese 
conditions, we conducted a comparative study between mid-2017 and early 2020. Over one full season, colonies 
of both subspecies (A. m. ruttneri (n = 15) vs. A. m. ligustica (n = 18)) were regularly assessed for survival, 
colony size, behaviour, and presence of diseases. The comparative assessments were completed in September 
2018, but monitoring and sampling of the surviving colonies of A. m. ruttneri continued until March 2020. Our 
results clearly indicate that the tested group of sister queens of A. m. ruttneri is well adapted to the prevailing 
environmental conditions in Malta. The colonies survived significantly longer compared to the tested group of 
sister queens of A. m. ligustica and performed better in several parameters measured, their colony development, 
and health being well in tune with the environment. A. m. ruttneri received acceptable scores for behavioural 
traits (gentleness and calmness on the comb), showing potential for improvement by breeding. The results from 
this pioneering study clearly indicate that A. m. ruttneri, with its superior adaptation to Maltese conditions and 
the potential to improve by breeding, represents a prime option towards economically sound beekeeping on the 
Maltese archipelago.
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1.  INTRODUCTION

The subspecific diversity of the western honey 
bee (Apis mellifera L.) is particularly high around 
the Mediterranean basin and in adjacent regions. 

More than 12 of the currently recognised 30 sub-
species worldwide occur in this region, represent-
ing the species’ four major lineages A (African), 
M (West and North Europe), C (South-Eastern 
Europe), and O (Oriental and Western Asia) 
(Ruttner 1988; Sheppard et al. 1997). Several 
distinct subspecies have been described from 
Mediterranean islands, such as A. m. cypria 
from Cyprus, A. m. adami from Crete, or A. m. 
siciliana from Sicily. The subspecies native to 
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the Maltese archipelago is A. m. ruttneri, a rep-
resentative of the A (African) lineage, with A. m. 
siciliana and A. m. intermissa from North Africa 
as its closest relatives (Sheppard et al. 1997).

The native honey bee population of Malta  
is very small, encompassing between 4,000  
and 6,000 colonies, with 5,459 reported in 2021 
(NAP 2019; National Livestock Database 2022; 
Gemma 2022, Alexander, personal communica-
tion). Like numerous indigenous honey bee popu-
lations occurring in southern Europe, it is threat-
ened by anthropogenic influences, such as habitat  
loss and unsustainable agricultural practices, 
including the excessive use of plant protection 
products (De la Rúa et al. 2009). In addition, 
honey bees of commercially important foreign 
stock, predominantly A. m. ligustica, Buckfast 
and, probably to a lesser extent, A. m. carnica, 
have been imported for decades in significant 
numbers, by individual beekeepers, or by large-
scale operations that produce queens for the 
European market (Sheppard et al. 1997; Zammit-
Mangion et al. 2017; Mifsud, unpublished data). 
One key motivation for importing queens of 
non-native origin is the beekeepers’ perception 
of their superiority in regard to economically 
important apicultural traits such as docility and 
honey production. The lack of extension services 
in Malta, such as beekeeper training and support, 
may also play a role. In consequence, introgres-
sion of foreign genotypes presents a particularly 
severe threat for A. m. ruttneri (Uzunov et al. 
2022) and not only may lead to loss of specific 
adaptations but could result in the loss of the  
entire gene pool.

However, recent research showed that, although 
signatures of introgression, such as mitochondrial 
DNA patterns typical for Italian and Carniolan 
stock, can be detected in the gene pool of present-
day A. m. ruttneri (Zammit-Mangion et al. 2017), 
a significant proportion of the native honey bee 
population can still be addressed as comparatively 
unhybridised. Genomic (Momeni et  al. 2021; 
Chen et al. 2022) and geometric morphometric 
(Janczyk et al. 2020) analyses confirmed the pres-
ence of a distinct Maltese population of honey 
bees that still resembles the original description 
of Sheppard et al. (1997). Amongst the reasons 

hypothesised to limit introgression are a lack of 
adaptation of imported genotypes to the season-
ally extremely harsh environmental conditions of 
Malta, with summer temperatures often exceed-
ing 40 °C, windy conditions, and nectar dearth 
between May and July caused by drought (Sup-
plementary Material). There are observations of  
disparity in the availability of sexuals of both  
subspecies, which, together with potential assor-
tative mating (Oleksa et al. 2013), may contribute  
to restraining hybridisation.

Recently, the native Maltese honey bee has 
been regaining popularity amongst beekeepers 
(Uzunov et al. 2018), and efforts have been initi-
ated for its conservation, propagation, and sus-
tainable management. Amongst other measures, 
local breeding programmes for the improvement 
of its apicultural performance have been estab-
lished to promote its acceptance amongst local 
beekeepers. As a consequence of these efforts, A. 
m. ruttneri queens are now increasingly available 
for beekeepers on the islands, which may contrib-
ute to reducing beekeepers’ motivation to import 
foreign genotypes (Galea, unpublished data).

Nonetheless, apart from anecdotal observa-
tions, there is currently no data available on 
colony life cycle parameters and other traits 
of A. m. ruttneri with adaptive or apicultural 
relevance. At the same time, driven by the 
demand for docile stock with satisfying eco-
nomic performance, Maltese beekeepers con-
tinue to import honey bee queens, mostly from 
Italy. Yet, evidence that would substantiate the 
perception of superior performance of A. m. 
ligustica under the environmental conditions 
of Malta is lacking.

To fill this knowledge gap, we conducted an 
experiment to study colony life cycle param-
eters and performance of native A. m. ruttneri 
and imported A. m. ligustica under Maltese con-
ditions. Over one full season, colonies of both 
subspecies were regularly assessed for survival, 
colony size, behaviour (gentleness, calmness, 
and swarming), and presence of diseases (Var-
roa, viruses, and Nosema). In this paper, we 
present the results of this experiment that may 
serve as a valuable basis for strategies in regard 
to breeding and conservation of A. m. ruttneri.
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2. � MATERIAL AND METHODS

2.1. � Experimental set‑up and colony 
management

The study was initiated in May 2017 on the 
island of Malta. Colonies headed by queens of the 
native subspecies A. m. ruttneri (n = 15) and the 
introduced A. m. ligustica (n = 18) were compara-
tively assessed for traits of apicultural and eco-
nomic relevance. The comparative assessments 
were completed in September 2018, but monitor-
ing and sampling of the surviving colonies of A. 
m. ruttneri continued until March 2020.

The A. m. ruttneri queens consisted of a sis-
ter group, descending from a breeding apiary 
of the SMARTBEES project on Malta (www.​
smart​bees.​eu) that was confirmed to consist of 
pure A. m. ruttneri (Momeni et al. 2021). The 
A. m. ligustica queens also consisted of a sis-
ter group, obtained from a registered breeder 
in Bologna (region of Emilia-Romagna, Italy) 
maintaining a well-selected population for the 
main economically relevant traits. They were 
imported to Malta with valid documentation. 
Both groups of queens were open mated in their 
respective area of origin.

The queens were introduced into nucleus  
colonies of equal size in regard to bees as well  
as brood combs (two brood combs fully occupied  
with bees) and food. They were established in  
newly constructed British standard wooden 
hives, and sugar syrup was frequently sup-
plemented to the colonies to induce colony 
development. The colonies were evenly dis-
tributed between two locations, Msida (Wied 
Gћollieqa–University of Malta grounds) and 
Siġġiewi (Wied Qirda), with an in-between 

distance of about 7 km (Table I). The colonies 
were arranged in line and in a randomised order.

The colonies were managed according to a 
standardised protocol (Table II) and in accord-
ance with the local beekeeping practice, in par-
ticular regarding the aspects of swarming pre-
vention, food supply for the period with limited 
food sources, and disturbance by ants. Our main 
interest was to follow the fate of the colonies and 
not that of the queens. Thus, we allowed a single 
supersedure after queen loss and continued to 
assess the colony after queen change.

To minimise the initial Varroa mite (Varroa 
destructor) infestation and to standardise it, all 
colonies were subject to a single treatment with 
Apitraz (active substance Amitraz) in September 
2017. No further treatments against any patho-
gen or parasite were applied until the end of the 
experiment in March 2020.

The main forage sources at both locations 
consisted mainly of wild flora including Carob 
Trees (Ceratonia siliqua), Eucalyptus (Eucalyp-
tus camaldulensis and E. gamphocephala), Boar 
thistle (Galactites tomentosa), Common Borage 
(Borago officinalis), Summer Asphodel (Aspho-
delus ramosus), Cape sorrel (Oxalis pes-caprea), 
and Sulla (Hedysarum coronarium).

2.2. � Colony assessment

The colony monitoring started in August 
2017, when the majority of the workers in the 
colonies were descendants of the newly intro-
duced queen. Colony assessments for the main 
traits of interest (Table II) were performed at 
regular intervals of two months (± 2.5 days) and 

Table I   Location names, GPS data of the locations, and the number of colonies per population at the begin-
ning of the study in June 2017

Location GPS location data A. m. ruttneri A. m. 
ligustica

University 35°54′15.2″ N 14°29′00.8″ E 8 9
Siġġiewi 35°51′50.0″ N 14°27′22.3″ E 7 9

http://www.smartbees.eu
http://www.smartbees.eu
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concluded in September 2018. They included a 
complete assessment of colony size (number of 
bees and brood cells) following the Liebefeld 
method (Imdorf et al. 1987, 2019) as well as the 
traits of gentleness and calmness on the comb 
(Costa et al. 2012; Büchler et al. 2013). Honey 
yield was assessed once, at the honey harvest on 
the 26th of May 2018. A colony was recorded 
as lost either when it had died or when it was 
considered too weak for further measurements.

2.3. � Sampling and analysis for 
identification of honey bee pathogens

Samples for V. destructor analysis consisted 
of about 50 g of adult bees and were collected 
monthly, starting in December 2017. The last sam-
ples from A. m. ligustica colonies were collected in 
July 2018, but the sampling of A. m. ruttneri colo-
nies was continued until March 2020. Samples for 
the analysis of the gut parasite Nosema spp. and 
for the analysis of honey bee viruses consisted of 

about 40 g of bees and were collected once before 
the winter period (October 2017) and twice during 
the spring of 2018 (April and May). These samples 
were collected from the outer frames of the brood 
chamber or from a honey super (when present) 
(Meixner et al. 2014). All samples were stored in 
96% ethanol at − 20 °C, until analysis.

2.4. � Determination of Varroa mite 
infestation levels

The mite infestation in relation to the adult 
bees was assessed using the powdered sugar 
method described in Dietemann et al. (2013). 
Briefly, the bee sample was weighed and then 
placed in a wide opened jar that was covered 
with mesh. About 35 g of dry powdered sugar 
was applied through the mesh, and the jar was 
rolled for three minutes to ensure that all bees 
were covered with sugar. Subsequently, the jar 
was left to settle for an additional minute, then 
turned mesh-side down and shaken thoroughly 

Table II   Methods, units, periods, and frequencies of inspections/samplings for the parameters/traits

Parameter/test Unit Frequency Reference Comments

Adult bee population Number of bees Bimonthly Imdorf et al. (2019) Workers and drones
Worker brood Number of worker 

brood cells
Costa et al. (2012) Pattern frame with 

5 × 5 cm grid
Drone brood Number of drone 

brood cells
Pollen stores Number of cells with 

pollen
Gentleness Score Büchler et al. (2013) Scoring from 1 to 4
Calmness
Honey production kg Whenever honey was 

extracted
Costa et al. (2012)

Varroa infestation Mites/10 g worker 
bees

Monthly Dietemann et al. 
(2013)

DWV/ABPV/CBPV/
SBV

One-step RT PCR (10 
bees)

Trice during 
experiment duration 
(Oct 2017, Apr 
2018, May 2018)

Genersch et al. 
(2010); de Miranda 
et al. (2013)

Nosema spp. Spores/bee (60 forager 
bees)

OIE (2018)

Hygienic behaviour Percentage of cleaned 
cells

Every three to four 
months

Büchler et al. (2013)
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over an additional mesh and white surface to 
detach the mites from the bees. Mites fallen onto 
the white surface were counted, and the mite pro-
portion per 10 g bees was calculated.

2.5. � Determination of infection levels with 
Nosema spp.

Following the OIE guidelines (Fries et al. 
2013; OIE 2018), the abdomens of 60 bees per 
sample were separated, homogenised in water, 
and subsequently filtered through fabric with 
a mesh size of 10 µm. The final volume of the 
macerate was then adjusted to 1 ml per bee with 
water. A drop of the suspension was examined 
in a counting chamber (Bürker), and the spores 
were counted.

2.6. � Analysis of honey bee viruses

Ten bees per sample were analysed for the 
presence of four common honey bee viruses; 
deformed wing virus (DWV), acute bee paraly-
sis virus (ABPV), sacbrood virus (SBV), and 
chronic bee paralysis virus (CBPV). Following 
procedures described in Genersch et al. (2010) 
and de Miranda et al. (2013), the bees’ heads 
were homogenised in RTL buffer (Mixer Mill, 
Retsch MM300), and total RNA was extracted 
using the QIAamp Viral RNA Mini Kit (Qiagen, 
Hilden, Germany). A one-step RT-PCR proto-
col was used to detect viral RNA (Qiagen one 
step RT-PCR kit, MultiGene Optimax Thermo-
cycler). Primers and PCR conditions followed 
those described by Genersch et al. (2010).

2.7. � Hygienic behaviour

The assessment of hygienic behaviour was 
carried out following the procedure described 
in Büchler et  al. (2013). Fifty sealed worker 
brood cells, containing pupae with pink eyes, 
were pierced with an insect pin (No. 2). After 9 
to 16 h, depending on the daylight duration and 
weather conditions, the number of cleaned cells 

was counted and the percentage in relation to all 
pierced cells was calculated.

2.8. � Swarming tendency

The incidence of swarming (presence of 
swarming cells or occurred swarming) was mon-
itored during the regular inspections, as well as 
by additional colony check-ups throughout the 
swarming season.

2.9. � Data analysis and statistical analysis

An overview of all traits and parameters 
measured is given in Table II.

Due to environmental conditions, including 
extreme heat and lack of forage, connected with 
a higher risk of robbing and attacks from hornets 
(Vespa orientalis), it was not always possible to 
assess, test, or sample all colonies at all sched-
uled inspections.

The data was collected using tailor-made 
record-keeping cards and introduced into an 
online database with logical and conditional 
functions. The characteristics of adult bee popu-
lation, worker and drone brood, gentleness, and 
calmness were analysed with GLM (Generalised 
Linear Model) with date of colony inspection, 
location, and origin as fixed factors. A combina-
tion of relevant co-variables, such as adult bee 
population, worker and drone brood and pollen 
stores, were applied as appropriate. A One-Way 
ANOVA (Analysis of Variance) was used to 
detect differences between the groups (ruttneri 
vs. ligustica) at each inspection for adult bee 
population, worker and drone brood. Var-
roa mite infestation was analysed by One-Way  
ANOVA (Analysis of Variance). For the analysis 
of infections with DWV and ABPV, the effect of 
date of sampling, location, and origin were con-
sidered in the GLM analysis. In addition, each 
virus was used as a co-variable for each other in 
a vice-versa approach. The Varroa mite infesta-
tion for the last two relevant samplings (April 
and May 2018) was also used as a co-variable 
in the virus analysis. The effect of the month of 
test, origin, and location on hygienic behaviour 
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was analysed with GLM. The effect of the honey 
bee origin on honey production was analysed by 
ANOVA. The correlation between gentleness 
and calmness was estimated by Pearson correla-
tion. The survival analysis was performed with 
a Kaplan–Meier model. All statistical analyses 
were performed in SPSS 20.

3. � RESULTS

The comparative assessment of the colonies 
from both origins was possible until September 
2018. Complete assessments of the remaining 
A. m. ruttneri colonies continued until March 
2019, and monitoring of Varroa mite infestation 
on adult bees continued until March 2020.

3.1. � Colony survival

Under our experimental regime without any 
treatments, 12 of the initial 15 A. m. ruttneri 
colonies were still alive by September 2018, 
but only three of the initial 18 A. m. ligustica 
colonies survived by then, and none of the A. m. 
ligustica colonies survived after January 2019. 
The average survival duration for untreated A. 
m. ligustica was 11.3 ± 0.9 months, whereas 
untreated A. m. ruttneri colonies lived an aver-
age of 25.4 ± 2.7 months, with some colonies 
surviving past the end of the field observa-
tions (Figure 1). The difference in survival time 
between colonies of the two origins was highly 
significant (p < 0.01).

Figure 1.   Trajectories of colony survival for A. m. ruttneri and A. m. ligustica colonies.
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3.2. � Colony development

The size of A. m. ruttneri colonies increased 
faster when compared to A. m. ligustica, and they 
were significantly stronger between December 
2017 and March 2018 (December: ANOVA, 
p < 0.05; January, March: ANOVA, p < 0.01). 
The average values of the number of adult bees, 
including workers and drones, are reported in 
Figure 2. The peak colony size of both subspecies 
was observed in March 2018, with an average 
number of 23,127 and 16,400 adult bees in colo-
nies of A. m. ruttneri and A. m. ligustica, respec-
tively. The colony size of both groups decreased 
rapidly after March, reaching a minimum in July 
(6,400 bees for A. m. ruttneri) and September 
(3,540 bees for A. m. ligustica). The develop-
mental curve of A. m. ruttneri shows a bimodal 
shape, with a minor second peak in late autumn. 
Besides origin and month of colony inspection, 
colony size was also significantly influenced by 
the amount of worker and drone brood and pollen 
stores in the colonies (GLM, p < 0.01, S1).

Similar to the number of adult bees, the 
amount of worker brood cells in the colonies 
reached a peak in March 2018, with a mean of 
35,010 worker brood cells for A. m. ruttneri and 
25,997 cells for A. m. ligustica (Figure 3). From 
December 2017 onwards, A. m. ruttneri colonies 
had significantly more worker brood cells than A. 
m. ligustica (ANOVA, p < 0.01). Similar to the 
adult bee population, the A. m. ruttneri brood 
curve followed a bimodal pattern, with the main 
peak in March, and a minor second peak from 
September to November. In both populations, the 
lowest amount of worker brood was observed in 
mid-summer and late autumn. Month of colony 
inspection, adult bee population, and drone 
brood significantly influenced the amount of 
worker brood (GLM, p < 0.01, S1).

The highest number of drone brood cells was 
observed in March, with an average of 2,484 and 
1,282 cells for A. m. ruttneri and A. m. ligustica, 
respectively (Figure 4). In A. m. ruttneri colo-
nies, a minor second peak was observed in mid-
autumn (November 2018). In total, A. m. ruttneri 

Figure 2.   Box plot of number of adult bees (workers and drones) per inspection and origin. (N) indicates the number 
of cases per group
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colonies reared significantly more drone brood 
(ANOVA, p < 0.05). Month of colony inspection 
and location were fixed factors that affected the 
amount of drone brood, whilst adult bee popu-
lation, worker brood, and pollen stores as co- 
variables significantly influenced the amount of 
drone brood (GLM, p < 0.01, S1).

3.3. � Colony behaviour

Gentleness and calmness on the comb dif-
fered significantly between the colonies of the 
two populations (gentleness: GLM, p < 0.05; 
calmness: GLM, p < 0.01, S2). The average 
colony scores of A. m. ligustica were higher for 
both traits (gentleness 3.51; calmness 3.65) than 
those of A. m. ruttneri (gentleness 3.25; calm-
ness 3.17). However, the scores were, to a sig-
nificant extent, also influenced (GLM, p < 0.01, 
S2) by time of inspection (seasonality) and, for 
the calmness score, by the presence/absence of 
pollen stores (GLM, p < 0.05, S2). Scores of the 

two traits were significantly correlated with each 
other (Pearson, r = 0.584 and p < 0.01).

No swarming drive was observed during the 
comparative assessment of the colonies from 
either origin.

3.4. � Hygienic behaviour

The A. m. ruttneri colonies were significantly 
more hygienic (pairwise comparison, mean dif-
ference 14.3%, GLM, p < 0.01, S3) than the colo-
nies of A. m. ligustica (Figure 5). However, the 
trait was variable over time, with months of test-
ing significantly (GLM, p < 0.01, S3) affecting 
the scores. There was no significant effect of the 
location on the trait (GLM, p > 0.05, S3).

3.5. � Honey yield

Colonies with A. m. ruttneri queens produced 
significantly (ANOVA, p < 0.05) more honey 

Figure  3.   Box plot of number of worker brood cells per inspection and population. (N) indicates the number of 
cases per group.
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than A. m. ligustica, with an average of 6.2 kg 
and 2.0 kg respectively. Excluding the origin as 
a factor, the difference between the locations was 
not significant (ANOVA, p > 0.05).

3.6. � Parameters of colony health

3.6.1. � Infestation with Varroa destructor

During the first few months of the experi-
ment, the mean Varroa mite infestation level 
in both groups remained below 10 mites/10 g 
bees. A sharp increase in Varroa mite infesta-
tion was observed in the A. m. ligustica colonies 
after April 2018, with maximum values of 57 
mites/10 g bees in May 2018 and 36 mites/10 g 
bees in June 2018. As a consequence, a rapid 
collapse of these colonies was observed, with 
most of them perishing by September 2018, and  
only a single one surviving until January 2019. 
In contrast, the increase of Varroa mites in A. 
m. ruttneri colonies was comparatively small, 

and between May and July 2018, mite infesta-
tion remained significantly lower than in A. m. 
ligustica colonies (May 2018: ANOVA, p < 0.01; 
June 2018: ANOVA, p < 0.03; July 2018: 
ANOVA, p < 0.014). The maximum infestation 
level observed in A. m. ruttneri colonies never 
exceeded 22.3 mites/10 g bees. By January 2019, 
11 colonies of this group survived. The peak 
of the mean infestation level for both groups 
occurred in May 2018 (Figure 6).

Following the end of the comparative 
assessment, the A. m. ruttneri colonies were 
maintained without any acaricide treatments 
until March 2020, and monthly assessments 
of their mite infestation were continued. The 
mean infestation levels during this time contin-
ued to follow an annual pattern, with the low-
est values observed in October and the high-
est ones in May/June, but they never exceeded 
7.1 mites/10 g bees. In March 2020, eight of 
the initial 15 A. m. ruttneri colonies were still 
alive. The remaining seven colonies collapsed 
due to high Varroa mite infestation.

Figure 4.   Number of drone brood cells per inspection and population. (N) indicates the number of cases per group.



Uzunov and Mifsud et al.

1 3

34  Page 10 of 17

3.6.2. � Viruses and Nosema spp. infections

The infection rate of the two viruses known 
to be associated with Varroa mites, deformed 
wing virus (DWV) and acute bee paralysis 
virus (ABPV), increased with time in both 
populations; this was, however, only significant 
for DWV (GLM, p < 0.01, S4). In May 2018, 

significantly more colonies of the A. m. ligus-
tica group were infected with DWV (ANOVA, 
p < 0.01) (Figure 7). We could not verify a sig-
nificant contribution (GLM, p > 0.05, S4) of  
the V. destructor infestation level to the occur-
rence of either virus. However, the presence of 
one of the two viruses significantly influenced 
the detection of the other one (GLM, p < 0.05).

Figure 5.   Hygienic behaviour by percentage of cleaned cells. (N) indicates the number of cases per group.

Figure 6.   Varroa mite infestation per subspecies. (N) indicates the number of cases per group.
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Sacbrood virus was not detected in any of the 
samples. Chronic bee paralysis virus was only 
observed in a total of five samples collected in 
April and May 2018 (two A. m. ligustica and 
three A. m. ruttneri samples). These positive 
cases were too few to enable statistical analysis.

In colonies of either group, spores of the 
gut parasite Nosema spp. were only sporadi-
cally found in very low quantities (< < 1 mil-
lion spores/bee).

4. � DISCUSSION

In this paper, we provide the first systematic 
data collection on development, behaviour, pro-
ductivity, and vitality of the endemic honey bee 
subspecies of Malta, A. m. ruttneri. We describe 
and compare the performance and Varroa mite 
infestation of native A. m. ruttneri and imported 
A. m. ligustica genotypes over one full apicul-
tural season under Maltese environmental con-
ditions. The two groups of colonies were man-
aged with standardised methods, but without the 
application of chemical disease treatments.

Colonies of the native A. m. ruttneri survived 
substantially and significantly longer than those 
of imported A. m. ligustica, confirming results 
of previous research in that native genotypes sur-
vive longer than foreign ones in a given environ-
ment (Büchler et al. 2014).

The peak size of the A. m. ligustica colonies 
in our experiment was about 16,400 adult bees, 
which is slightly higher than the summer val-
ues of about 11,000 to 14,000 bees previously 
reported by Hatjina et al. (2014). Colonies of 

A. m. ruttneri developed faster and reached a 
significantly larger average size of more than 
23,000 bees at the developmental peak in spring. 
Whilst there is no data for A. m. ruttneri avail-
able from the literature, Hatjina et al. (2014) 
report a much lower maximum colony size for 
the closely related A. m. siciliana, with about 
11,500 to 14,800 bees on Sicily and in Italy, 
respectively. In our experiment, the average A. 
m. ruttneri colony size was unexpectedly high 
and reached values known from the C-lineage 
subspecies A. m. carnica and A. m. macedonica 
(Hatjina et al. 2014). Thus, our results contra-
dict the general description in the literature that 
honey bee colonies in Mediterranean environ-
ments, and especially in island populations, are 
of smaller size than those in northern European 
or continental subspecies (Ruttner 1988). We 
consider our figures reliable and think the pos-
sibility of grave measurement errors unlikely, 
as the measurements reported here and the data 
cited above were obtained using the same stand-
ardised methods and, at least partially, by the 
same experimenters. Nevertheless, as our study 
was limited to testing one sister group each, they 
may not be representative of the entire subspe-
cies and should be interpreted with caution.

At the time of the developmental peak, the 
population size of native colonies outnumbered 
the introduced ones by 30% or almost 7,000 
bees. Not surprisingly, this difference in colony 
strength is also reflected in a significant differ-
ence of honey production, with colonies of A. m. 
ruttneri producing significantly more honey than 
those of the introduced A. m. ligustica.

Figure 7.   Prevalence of DWV (left) and ABPV (right) in colonies of the two subspecies. (N) indicates the number 
of cases per group.
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A similar result was observed for the number 
of worker and drone brood cells, where A. m. 
ruttneri colonies also developed considerably 
faster and, at the peak of development, had sig-
nificantly more worker brood cells than A. m. 
ligustica. When compared to the only compara-
tive studies available in the literature, previously 
reported for A. m. siciliana (about 24,000 brood 
cells; Hatjina et al. 2014), the mean number of 
A. m. ruttneri worker brood cells in March, with 
more than 35,000 cells, was considerably higher.

Brood rearing in A. m. ligustica started later in 
the season, maybe precluding the colonies from 
reaching their maximum potential to exploit the 
main nectar flow in late spring. In particular, the 
rearing of drones appeared delayed in compari-
son to A. m. ruttneri, and in total, significantly 
less drones were produced per colony. Poten-
tially, this could provide an explanation for the 
limited signs of introgression of foreign geno-
types found in the Maltese honey bee popula-
tion (Zammit-Mangion et al. 2017; Momeni et al. 
2021), maybe together with potential assortative 
mating (Oleksa et al. 2013).

Whilst A. m. ligustica colonies mostly perished 
by July (eight months after establishment), colony 
development data, number of bees and number 
of brood cells of A. m. ruttneri followed a clear 
bimodal distribution. In close adaptation to the 
Maltese environmental conditions defined by 
annual cycles of rainfall and vegetation, colonies 
of both genotypes showed a clear major peak in 
number of adult bees, drone and worker brood 
cells in March. Moreover, the surviving colonies 
of A. m. ruttneri showed a second developmental 
peak in November, indicating a typical Mediter-
ranean annual display (Ruttner 1988; Hatjina et al. 
2014). The lowest values of colony size and num-
ber of worker and drone brood cells were observed 
in July, during the period of drought and nectar 
dearth. During our study, we did not observe peri-
ods without brood in summer, although there are 
anecdotal reports of such summer brood breaks.

From the point of view of apiculturists, 
behavioural traits such as gentleness, calmness, 
and swarming (categorised from 1—worst, to 
4—best scores) play an essential role in bee-
keeping operations (Ruttner 1972). Although 

A. m. ruttneri is generally perceived as “aggres-
sive” by Maltese beekeepers, and there have 
never been any attempts to select for docility, our 
experimental colonies reached very acceptable 
gentleness scores, with a mean value of 3.25. On 
the other hand, queen breeders in Italy place a 
high value on the gentle behaviour of their bees 
and consistently select for gentleness; therefore, 
it is not surprising that the A. m. ligustica colo-
nies reached a higher mean score of 3.51. Inter-
estingly, the gentleness scores for A. m. ligustica 
genotypes reported by Uzunov et al. (2014) were 
much lower (3.07 and 3.15), whilst a mean score 
of 3.7 was documented for A. m. siciliana, the 
close relative of A. m. ruttneri. Our results, thus, 
may indicate that the Maltese honey bees do not 
deserve their negative reputation amongst local 
beekeepers and the general public. One expla-
nation for this low esteem may lie in the very 
active and noisy behaviour that Maltese bees 
display during manipulations, as demonstrated 
by their lower mean score for calmness (3.17). 
The bees tend to fly off when the hives are 
opened, creating an intensive humming sound, 
particularly during the reproductive season, 
with the presence of airborne drones (personal 
observations). The lower calmness score of A. 
m. ruttneri also indicates that colonies are harder 
to manage, an aspect that significantly affects 
beekeepers’ perception as well as the economics 
of beekeeping. In addition, it could be possible 
that, similar to the case of A. m. siciliana, A. m. 
ruttneri’s reputation of aggressiveness may pre-
dominantly stem from beekeepers’ observations 
with hybridised colonies (Uzunov et al. 2014). 
As also known from previous research with A. 
m. mellifera (Fresnaye and Lavie 1976; Ruttner 
1988), hybridised colonies may show signifi-
cantly increased defensiveness in comparison 
to their parental generation of pure origin.

We did not observe any swarming drive dur-
ing the first year, which is not surprising as the 
colonies in both groups were headed by young 
queens (Winston 1987), and the season was 
particularly dry (Supplementary Material) with 
scarce nectar flow. Also later, in the continu-
ing monitoring of A. m. ruttneri, no significant 
swarming drive was observed, contradicting the 
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observations of Ruttner (1988) and Tiemann and 
Brückner (1993) of high swarming tendency 
in the neighbouring and closely related A. m. 
siciliana. Our results may, however, not be rep-
resentative as we only tested one sister group, 
and they could also be explained by improved 
colony management.

Varroa mite infestation levels in both groups 
increased sharply after April 2018. From May 
to July 2018, they were significantly higher in 
A. m. ligustica colonies than in A. m. ruttneri 
ones. Whilst infestation levels in A. m. ruttneri 
mostly remained below 10 mites/10 g of bees, 
maximum infestation levels in A. m. ligustica 
reached almost 60 mites/10 g of bees. Such high 
levels were particularly observed during the 
period of low brood rearing between May and 
July, when most of the mites were present on 
the adult bees. Similar extreme infestation lev-
els were reported previously in untreated colo-
nies in hot climates that partially even survived 
the following winter (Meixner et al. 2014).

The relative mite infestation curve followed a 
similar pattern as known from bee populations in 
temperate regions, where relative infestation also 
increases after the developmental peak around 
midsummer (Rosenkranz et al. 2010; Traynor 
et al. 2020). In A. m. ruttneri, the Varroa mite 
infestation levels also followed the bimodal 
curve of the adult bee population and brood, 
showing a second minor peak in late autumn.

In contrast to previous studies (Meixner 
et al. 2014), we observed a strong influence of 
the genotype on Varroa mite infestation, with 
levels in the introduced A. m. ligustica by far 
exceeding those of the native A. m. ruttneri. This 
observation is conspicuous; especially since A. 
m. ruttneri colonies were much stronger and 
had significantly more brood, particularly more 
drone brood, during late winter and early spring, 
thus offering optimum opportunities and condi-
tions for mite reproduction. Similar observations 
were, however, reported by Francis et al. (2014) 
in a case study in Greece with native A. m. mac-
edonica. There, in an experimental apiary with 
four different honey bee genotypes, significantly 
lower mite infestation levels were observed in 
colonies of the native genotype compared to the 

three foreign ones. Most of the native colonies 
survived more than two years without treatment, 
whilst the great majority of the foreign colonies 
developed extreme mite infestation levels and 
perished after one year.

The consistently and significantly higher scores 
for hygienic behaviour of A. m. ruttneri colonies, 
measured with the pin test, offer a ready explana-
tion for their comparatively low Varroa mite infes-
tation rates that, in contrast to expectations, also 
did not show a notable increase over time.

In a further study (Galea 2020), 10 of the sur-
viving A. m. ruttneri colonies were screened for 
other behavioural traits of Varroa mite resistance, 
such as suppression of mite reproduction (SMR; 
Harbo and Harris 2005; Mondet et al. 2020) and 
opening and recapping of infested cells (REC; 
Oddie et al. 2018). Although A. m. ruttneri had 
never been subject to any selection and breeding 
attempts at all, the colonies from A. m. ruttneri 
reached scores (SMR: 0.57; REC: 0.9) that are well  
in the range of colonies originating from resist-
ant “survivor” populations (Grindrod and Martin 
2021), or from long-term selection programmes 
(Büchler et al. 2022). Varroa reached Malta in 
the 1990s, followed by devastating colony losses 
(Zammit-Mangion et al. 2017). Given the lack of 
extension services and governmental support for 
the Maltese beekeeping community even today, 
we can assume that such kind of support, includ-
ing advice on Varroa control strategies, did not 
exist in the 1990s. In consequence, A. m. ruttneri’s 
strong behavioural response to parasite reproduc-
tion might indeed result from natural selection. 
Unfortunately, however, no data from earlier years 
on mite population development or reproduction 
are available that would allow further exploration 
or testing of this hypothesis.

The prevalence of DWV and ABPV and mite 
infestation levels increased in parallel during the 
comparative colony assessment. Against expec-
tations, the relationship between both parameters 
was not significant, maybe due to high variation 
of mite numbers, particularly in A. m. ligustica 
colonies. According to our data, other pathogens, 
such as Nosema spp. or other viruses, occurred 
only sparsely and do not seem to play a major 
role for colony health in Malta.



Uzunov and Mifsud et al.

1 3

34  Page 14 of 17

In conclusion, our results clearly indicate that 
A. m. ruttneri is well adapted to the prevailing 
environmental conditions in Malta. The colo-
nies survived significantly longer compared to 
the A. m. ligustica group and performed better 
in several parameters measured, their colony 
development and health being well in tune  
with the environment. They received acceptable 
scores for behavioural traits, showing potential 
for improvement by selection. Large bee popula-
tion numbers of the A. m. ruttneri colonies at the  
developmental peak promise potential for produc-
tive honey harvests, and superior performance  
in Varroa mite resistance traits has been found 
to limit mite population growth. In contrast, our 
results show that in the absence of Varroa treat-
ments, A. m. ligustica colonies perform poorly 
under Maltese conditions, produce little honey, 
and mostly perish within one year. Nonetheless, 
A. m. ligustica is highly popular amongst Mal-
tese beekeepers, so our results seemingly pre-
sent an open discrepancy. Several reasons could 
explain this. First, it is important to stress that 
our results originate from an extreme experimen-
tal scenario that should not be compared to the 
real-life beekeeping situation on Malta. Whilst 
reliable data on chemical Varroa treatments in 
Malta do not exist, we can safely assume that 
Maltese beekeepers frequently treat imported 
A. m. ligustica colonies. Therefore, colonies 
in the care of beekeepers are highly unlikely to 
accumulate Varroa infestation levels compara-
ble to the colonies in our experiment that were 
left untreated for several months. Consequently, 
their colony strength and performance including 
honey production in the course of the season will 
not suffer, at least not in dimensions comparable 
to our experimental colonies. Secondly, due to 
insufficient extension services and beekeeper 
education in Malta, few Maltese beekeepers 
possess the skills to restock their colonies with 
queens raised by themselves and consequently 
are forced to purchase queens. Many of them 
may resolve to purchase queens of Italian stock, 
not primarily because they favour Italian queens 
over Maltese ones, but simply because they are 
easily available whereas production of native 
queens is low and hard to come by.

Until recent years, the native A. m. ruttneri has 
not been too popular amongst local beekeepers, and 
selective breeding efforts were more or less absent. 
Recently initiated breeding efforts, although still in 
their infancy, appear promising and could make a 
significant contribution to the preservation of the 
Maltese honey bee as part of the natural heritage. 
In addition, the development and implementation 
of beekeeper education and extension efforts will 
promote sustainable beekeeping on the Maltese 
archipelago. Better knowledge and experience in 
colony management, promoting the use of biotech-
nical Varroa mite management methods and basic 
queen production skills, will help local beekeep-
ers to obtain better beekeeping results and honey 
harvests. The results of local breeding efforts will 
increase the appreciation of the native Maltese 
honey bee and may contribute to reducing impor-
tations of foreign genotypes, one of the main threats 
to the native gene pool.
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