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de Bragança, Bragança, Portugal; dApigenix, Twann, Switzerland
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Apis mellifera mellifera (Linnaeus), the Western European honey bee, is considered extinct in the wild over most of its
range due largely to hybridisation and replacement by other subspecies, parasitism by Varroa destructor, habitat loss, and
effects from agricultural pesticides. The purity of the subspecies within the managed cohort is also at risk over much of
its range. Here, we investigated if honey bee colonies inhabited locations outside of the apiaries. In those we located,
we explored how long the colony persisted and we investigated the genotypes of the bees using multiple markers. We
show here that unmanaged free-living honey bee colonies are present and widespread in Ireland, inhabiting a mixture of
nesting habitats with some colonies persisting naturally and unaided over multiple years. Molecular data including mito-
chondrial, microsatellite, and SNPs evidence indicate that the free-living population sampled is largely comprised of pure
A. m. mellifera. Finally, we discuss the implications of conserving free-living A. m. mellifera in Ireland and its possible role
in improving the fitness of the managed population both in Ireland and the rest of its European range.

Keywords: Apis mellifera; subspecies; Varroa destructor; wild bees; feral bees; conservation; molecular data; survival

Introduction

Some subspecies of Apis mellifera (Order Hymenoptera,
Family Apidae), e.g., A. m. mellifera, are currently in a
state of near extinction across much of their range due
to multiple factors including varroosis caused by the
mite Varroa destructor (Order Mesostigmata, Family
Varroidae) (Anderson & Trueman, 2000), changes in
land use and the proliferation of pesticide use. An add-
itional factor creating risk for the continued survival of
native subspecies is the replacement of native with
imported honey bee strains by beekeepers. The pres-
ence of non-native breeding stock and hybrid strains
such as A. m. carnica and A. m. ligustica (C-lineage) and
cross-lineage commercial hybrids such as ‘Buckfast’ has
resulted in large-scale introgression between these and
native bees reducing the population of pure A. m. melli-
fera and altering its genetic integrity, leading to the
strong possibility that genes for locally adapted traits
may have been removed from the population (De la
Rua et al., 2009; Ellis et al., 2018; Jensen et al., 2005;
Parejo et al., 2018; Pinto et al., 2014; Randi, 2008;
Soland-Reckeweg, 2006). In the midst of efforts to
address such issues mentioned above in the managed
honey bee cohort there has been insufficient investiga-
tion into the status of wild honey bees leaving consider-
able uncertainty about their current state (e.g.,

abundance, distribution, longevity) and conservation
need (Moritz et al., 2005; Nieto et al., 2014).

Wild A. m. mellifera colonies are thought to be
extinct or near extinct in all but a handful of conserva-
tion areas and nature reserves (Kohl & Rutschmann,
2018; Moritz et al., 2007). In Ireland, few wild colonies
have been seen by experienced beekeepers in recent
times (e.g., Micheal MacGiolla Coda, Personal
Communication). Though members of the public some-
times reported the presence of bees in chimneys to the
authors and to beekeeping associations they were
assumed to be escapees from local apiaries and likely
hybrids. However, Jaffe et al. (2010) indicated that there
were more colonies present in Ireland than could be
accounted for by managed colonies only using a molecu-
lar approach. For all other countries sampled in that
study (apart from one location in Italy), the numbers of
colonies estimated from the genotyping approach
matched with the number of managed colonies docu-
mented, indicating a loss of wild colonies at these loca-
tions (Jaffe et al., 2010). We thus sought to investigate
if honey bees live under wild conditions in Ireland and if
so to determine their status in terms of habitat choice,
survival and genetic diversity. Due the difficulty with
knowing if bees are truly wild (descended from colonies
that never inhabited a beehive) or feral (having swarmed
from a nearby apiary) we will use the term ‘free-living’
to define those bees that have been collected from any
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habitat excluding a beehive (it includes wild and feral
colonies). We considered that this study was essential
to inform stakeholders in honey bee conservation both
in Ireland and worldwide given that the conservation of
native and wild honey bee populations, and local eco-
types, are increasingly considered of high importance
(e.g., Requier et al., 2019) particularly those that may be
Varroa tolerant/resistant and that pure A. m. mellifera
has been reported to be common in Ireland (Hassett
et al., 2018; Henriques et al., 2018).

Materials and methods

Colony sampling and monitoring

In November 2015 and August 2016 a nationwide
appeal for information on the location of free-living
honey bee colonies was made via The Irish Times, a
national newspaper. Reports were gathered by tele-
phone, email, and social media contact, and sightings
determined to be honey bee swarm capture or other
bee species were excluded. Samples of honey bees
were collected from entrances of all 76 colonies both
validated as being free-living honey bee colonies at the
time of sampling and accessible for sampling (Figure 1)
using a combination of long-handled butterfly nets, clear
glass jars, and a proprietary “Bug buster” suction tube.
Samples were cooled immediately upon capture before
storage at �20 �C until DNA extraction. Colony sur-
vival was observed by determining the presence or
absence of activity in Spring and late Autumn of each
year, and by identifying the cause of death where pos-
sible/applicable.

DNA extraction, PCR and sequencing

DNA was extracted from the two hind legs of worker
bees using the E.Z.N.A. Forensics DNA extraction kit
(Omega Bio-Tek). Mitochondrial DNA consisting of the
highly polymorphic intergenic region between the 30

end of the tRNAleu gene and the 50 end of the COII
subunit gene was amplified using E2 (50-
GGCAGAATAAGTGCATTG-30) and H2 (50-
CAATATCATTGATGACC-30) primers (Garnery et al.,
1998) with Illustra PuReTaq Ready-To-Go PCR Beads
(GE Healthcare). Polymerase chain reactions (PCR)
included an initial denaturation of 5 mins at 95 �C, fol-
lowed by 35 cycles of 94 �C for 45 secs, 45 �C for 43
secs and 62 �C for 2 mins with a final extension of
20min at 65 �C (Garnery et al., 1993). PCR products
were purified using a GeneJet PCR Purification kit
(Thermo scientific) and sequenced by LGC Genomics,
Germany. Resulting sequences were manually assessed
against their chromatographs in MEGA7 (Kumar et al.,
2016) before being imported into a multiple alignment.

Mitochondrial DNA sequence analysis

A total of 99 sequences of satisfactory quality were gen-
erated from 49 of the 76 free-living colonies (Table 1).
Previous work (Hassett et al., 2018) indicated that all
sequences from the free-living bees were of the M lin-
eage. Here we explore further the relationships of the
free-living bees using networks as implemented in TCS
1.21 (Clement et al., 2000). Firstly a network was pro-
duced from an alignment of the Irish free-living honey
bee sequences with related sequences from Genbank
and 156 sequences from the Irish managed honey bee
cohort (Hassett et al., 2018; Pinto et al., 2014). The
extra Q elements present in some haplotypes have a
large influence on determining clusters given their
length therefore an additional alignment was analysed
that included only the informative sites in each Q elem-
ent (showing some variation between bees). All unique
sequences from the free-living honey bee colonies have
been deposited into GenBank (accession numbers
MT823282-MT823299).

Microsatellites analysis

Genotyping using a twelve microsatellite panel (A273,
A43, Ac306, Ap33, B24, Ap226, A76-2p, A007, Ap001,
A28, Ap289 and A29) was carried out by Ecogenics,
Switzerland. Satisfactory data (ie. low amounts of null
alleles) was returned from 59 of the free-living colonies
as indicated in Table 1. This includes data from Hassett
et al (2018) plus 24 additional free-living colonies (total
N¼ 94). Equivalent data (the same loci, and carried out
by the same laboratory using the same standards) were
included from reference populations of A. m. ligustica
(Soland-Reckeweg et al., 2009) from Italy (n¼ 55); A. m.
carnica from Austria (n¼ 182) and Slovenia (n¼ 21), A.
m. mellifera from Sweden (n¼ 10), France (n¼ 24),
Norway (n¼ 18), Switzerland (n¼ 22) and managed
bees from Ireland (n¼ 171) (Hassett et al., 2018).
Bayesian analysis and visualisation of population assign-
ment between C and M lineages was conducted in
STRUCTURE V2.3.4 (Pritchard et al., 2000) using the
admixture and correlated allele frequency models with
the unsupervised option. A total of 750,000 Markov
chain Monte Carlo (MCMC) iterations after an initial
burn-in of 250,000 were performed for 20 iterations of
each of K¼ 1 to 6. The optimal value of K (Evanno
et al., 2005) was calculated using the CLUMPAK
(Kopelman et al., 2015) online calculator. Nine popula-
tions were designated prior to analysis; seven based on
the reference populations as above, and two for the
Irish population divided between managed and free-liv-
ing cohorts (1: Italy ligustica, 2: Austrian carnica, 3:
Slovenian carnica 4: Swedish mellifera, 5: French melli-
fera, 6: Norwegian mellifera, 7: Swiss mellifera 8: Irish
managed and 9: Irish free-living). The Q-value threshold
used for full assignment to a particular population was
� 0.900 (Vaha & Primmer, 2006). The populations were
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Figure 1. Locations of the 76 free-living colonies sampled in Ireland between 2015 and 2018 from the 182 reported. Some locations
contained multiple colonies.
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Table 1. Details of all free-living honey bee colonies sampled including information on their indicated lineage (M versus C) via mito-
chondrial, microsatellite and SNP data.

mtDNA Msats SNPs
Colony ID ]bees Lineage ] bees Prop M ] bees Prop M
F1T nd nd nd Nd 1 0.978
F2L 1 M 2 0.997-8 1 0.989
F3CE nd nd nd Nd 9 0.999
F4L 2 M 3 0.996-8 1 1
F5LA nd nd 3 0.998 1 0.991
F5LB 1 M nd nd nd nd
F6L 1 M 2 0.996 nd nd
F7L 1 M 1 0.997 nd nd
F8KEA nd nd 2 0.992-5 1 0.991
F8KEB 1 M 1 0.998 1 0.980
Fl9DA 1 M 1 0.998 1 1
Fl9DB 1 M 1 0.981 1 0.976
F10G 1 M 1 0.997 1 1
F11R 1 M nd Nd nd Nd
F12R 1 M 2 0.998 1 0.980
F13R 1 M 2 0.989-0.993 1 1
F14G 2 M 1 0.998 9 1
F15G 2 M 1 0.989 nd Nd
F16G 1 M 1 0.997 9 0.983
F17G nd nd nd nd nd Nd
F18G 1 M nd nd 1 0.968
F19D 1 M nd nd 1 1
F20CE 1 M 2 0.998 9 0.984
F21C 5 M 4 0.607-0.998 1 0.728
F22 1 M 1 0.996 nd Nd
F23 2 nd nd nd nd Nd
F24G 2 M nd nd nd Nd
F25G 1 M nd nd nd Nd
F26g nd nd nd nd nd Nd
F27G 2 M 2 0.9980 9 1
F28G 1 2 0.9980 1 1
F29G 7 M 5 0.933-997 8 1
F30G 1 M 1 0.9980 9 1
F31G 2 M 1 0.9900 nd Nd
F32WX nd nd nd nd 1 0.974
F33KY nd nd 1 0.9980 1 1
F34W 2 M 1 0.9960 nd Nd
F35CW 1 M nd nd nd Nd
F36C 2 M 1 0.9970 nd Nd
F37C nd nd 1 0.991 1 0.9903
F38C 2 M 1 0.997 nd Nd
F39G nd nd nd nd nd Nd
F40G nd nd nd nd nd Nd
F41G 3 M 2 0.993-4 9 1
F42G nd nd 1 0.997 nd Nd
F43G 1 M 1 0.998 nd Nd
F44G 7 M 5 0.893-0.997 nd Nd
F45G 2 2 0.998 9 0.988
F46G nd nd nd nd nd Nd
F47G 3 M 2 0.989-0.998 9 1
F48G 8 M 4 0.997-0.998 9 1
F49R 1 M 1 0.994 nd Nd
F50R 2 M 1 0.989 nd Nd
F51MO 1 M 1 0.996 1 0.994
F52D 1 M 1 0.986 1 0.967
F53LO 1 0.997 1 0.985
F54MN 2 M 2 0.986-0.997 1 0.943
F55MN 2 M 2 0.821, 0.988 1 0.967
F56LS 2 M 1 0.994 1 0.968
F57OY 2 M 1 0.997-8 1 0.991
F58C nd nd 1 0.9960 nd Nd
F59L nd nd 1 0.9980 nd Nd
F60L nd nd 1 0.9920 nd Nd

(Continued)

232 K.A. Browne et al.



arranged into four groups; European C-lineage (popula-
tions. 1, 2 and 3), European mellifera (populations. 4, 5,
6 and 7), Irish managed (population 8) and Irish free-liv-
ing (population 9). Analysis was carried out both with
all sampled bees and also with only one bee per colony
to remove bias that may be caused by the presence of
related bees. Using the groups above and the reduced
dataset of one representative bee per colony for Irish
colonies (Irish managed cohort N¼ 64, free-living bee
cohort, N¼ 56) an analysis of molecular variance
(AMOVA) was conducted using Arlequin V3.5.2.2
(Excoffier & Lischer, 2010).

Single nucleotide polymorphisms (SNPs) analysis

As a further approach to investigate the subspecies purity of
the free living bees, DNA from 127 free-living bees, repre-
senting 39 colonies, were diluted to 10–15ng/ml and sent to
Instituto Gulbenkian de Ciência (Portugal) for genotyping
using the Agena BioScience iPLEX chemistry and the
MassARRAYVR MALDI-TOF platform (Gabriel et al., 2009)
using a highly informative 127 SNP assay, designed for reli-
able introgression estimation of C-into M-lineage
(Henriques et al., 2018). After quality control to identify
SNPs with missing data, data from 36 colonies were kept in
the final analysis (Table 1). While for most colonies one bee
was tested for introgression, for 11 colonies nine individual
bees were tested and for one colony eight bees were tested
(Table 1). Membership proportions (Q-values) were esti-
mated using ADMIXTURE V1.23 (Alexander et al., 2009)
for K¼ 2 with 20 independent runs of 10,000 iterations.
The convergence between iterations was examined by com-
paring log-likelihood scores (LLS) using the default termin-
ation criteria set to stop when LLS increases by <0.0001
between iterations. A total of 36M-lineage and 36C-lineage
individuals were used as reference populations (Henriques
et al., 2018). CLUMPAK was used to summarise and visual-
ise the Q-values. A Q-value threshold of Q-value � 0.900
was considered full assignment to either lineage.

Results

Location, health and survival of free-living colonies

Between November 2015 and November 2018, a total
of 209 reports of putatively free-living bee colonies
were received of which 7.2% (15) were identified as
bumble bees, solitary bees, or wasps, and 5.7% (12)
were captured swarms of unconfirmed provenance.
Colonies reported in early Spring 2016 (prior to
expected swarming season), were assumed to have
been present since at least late Autumn 2015. The
reported habitats of all honey bee colonies (n¼ 182)
consisted primarily of cavities in buildings (68%) where
mainly the roof space was occupied by the colony
whereas trees formed the second most utilised habitat
(10%) (Table 2, Figure 2). Of the 76 colonies that were
monitored for survival from Autumn 2015 to Spring
2019, the survival reports on 16 colonies were consid-
ered ambiguous (e.g., property containing colony no
longer accessible) and removed from further study, 21
colonies (27.63%) survived for 2-2.5 years and 22
(28.95%) survived three or more years (Figure 3).
Colony deaths primarily occurred over winter or in
early spring. Internal causes of colony death were
unknown while external causes of death were extermin-
ation by the homeowner and predation by Pine marten
(Martes martes).

Population structure from mitochondrial data

All 99 COI-COII mitochondrial sequences generated
from free-living colonies were designated as A. m. melli-
fera as they contained the P element (Cornuet et al.,
1991). After pruning to remove identical sequences, 52
sequences remained; 37 PQQ, 11 PQQQ and four
PQQQQ mitotypes (Figure 4). When the entire Q ele-
ments were included in the TCS analyses (Clement
et al., 2000), unsurprisingly separate networks were
formed for sequences that contained different numbers
of duplicated Q elements (i.e., PQQ, PQQQ or

Table 1. (Continued).

mtDNA Msats SNPs
F61L 5 M 4 0.995-8 nd Nd
F62L nd nd 1 0.9940 nd Nd
F63WX nd nd 1 0.9980 nd Nd
F64CE nd nd 1 0.9740 nd Nd
F65OY nd nd 1 0.9970 nd Nd
F66G nd nd 1 0.9160 nd Nd
F67G 1 M 1 0.9730 nd Nd
F68G 1 M 1 0.9980 nd Nd
F69WW nd nd 1 0.9970 nd Nd
F70CE nd nd 1 0.9850 nd Nd
F71G 1 M nd nd nd Nd
F72G 1 M 2 0.9970 nd Nd
F73G 1 M 1 0.9970 nd Nd
76 99 49 94 123 36
Note: ]¼ number of, Msat¼microsatellite, SNP¼ Single Nucleotide Polymorphism, Prob M¼ probability of individual bee being part of M lineage.
Colonies highlighted in grey are those that have results from all three types of data. The three colonies in bold are those where one or more data-
type indicate introgression of C into M lineage.
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PQQQQ). When the Q elements were represented
only by one base pair each, plus the seven sites where
variation occurred within them, clusters with PQQ,
PQQQ or PQQQQ were still evident in the network
but the three clusters were now connected (Figure 4)
except for a single haplotype (F36C056) and a group of
three (F28G267, F35CW055 and F51MO096) which
were distinct.

Trimming of the 50 and 30 ends of the alignments led
to no differentiation between the M4d and M4e, and
the M4a and M4m, haplotypes. As shown in Figure 4,
just over half of colonies (27, 52%) yielded sequences
that were identical to M4e and M4d reference haplo-
types and two of the Irish free-living bee sequences
were identical to M4f, while the rest of the mitochon-
drial sequences (23, 44%) were distinct from any avail-
able European sequence in GenBank. In a comparison of
the data from free-living and managed bees sampled to
date from Ireland, seven variants were found only in the
free-living bees. Four of these sequences (F31G50,
F45G085, F13R036, and F43G080/FKe017) had varia-
tions represented by single indels or point mutations.
Three variants (F6L011, F36C056 and F28G267/
F35CW055/F51MO096) had multi-base deletions of
between 6 bp and 10 bp (Figure 4). A fourth variant
(F18G104/F47G256), with a significant deletion (6 bp
from sites 17 to 22), was found in the Irish managed
population but not in any available data from elsewhere
in Europe.

Subspecies purity of free-living bees from
microsatellite and SNP data

Both microsatellite and SNP data indicate a clear struc-
ture between the C-lineage bees and the M-lineage bees
for K¼ 2 with Irish free-living bees showing a high
degree of purity with both sets of markers (Table 1 and
Figure 5 (for the microsatellite data)). The free-living
colony F21CE (Table 1) was located in County Clare in
an area known to contain beekeepers that keep
‘Buckfast’. This colony contained a mixture of bees with
different levels of putative purity, with some bees being
assigned to M lineage with Q-value of 0.998 while one
bee had a Q-value of 0.607. Colony F44G was collected
in the walls of a castle in east Galway and again showed
bees with mixed ancestry, some assigned to M lineage
with Q-value of 0.997 and others dropping below the
0.900, cut off for confident lineage assignment. Similarly,

colony F55MN, collected in the roof of an old cottage
in County Monaghan, showed one bee that could be
assigned to M lineage with confidence while the other
bee could not (Table 1).

SNP data identified only one colony falling below a
Q-value threshold of 0.900, and this was colony F21CE,
also identified by microsatellites as showing introgres-
sion (Table 1). While lineage assignment was not tested
for colony F44G via the SNP approach, the bee from
colony F55MN had a Q-value of 0.967. Where SNPs
data was returned for 8/9 bees per colony, all bees
from all 12 tested colonies could be clearly assigned to
the M lineage. Unfortunately, colonies F21CE, F44G and
F55MN were not included in that experiment.

AMOVA (carried out including only one bee per col-
ony) indicated segregation of the M and C lineages with
33.28% of the genetic variation evident between groups.
The greatest proportion of variation occurred within
the populations (63.76%), with little distinction between
populations within groups. A low pairwise FST value
(0.001), indicated little distinction between the managed
and free-living honey bee cohorts in Ireland. Average
gene diversity (0.53 ± 0.28) was the same in the two
groups of bees whilst observed heterozygosity was
slightly lower in the managed honey bee cohort (0.47
compared with 0.51). The numbers of alleles found
across populations were not fully comparable due to
the differences in population sizes included. While num-
bers of alleles from the 64 managed bees (128) was
higher than the 113 alleles reported from the 54 free-
living bees both numbers are far lower than the 240
alleles reported from the 182 A. m. carnica bees from
Austria but higher than the numbers of alleles returned
from all the other populations included.

Pairwise Fst values between the free-living Irish
cohort and the A. m. mellifera populations from
Switzerland and Norway (0.045 and 0.067 respectively)
was an order of magnitude lower than pairwise values
between Irish bees and those from Sweden and France
(0.12 and 0.0.18 respectively). Fst values between the
Irish bees and A. m. ligustica and A. m. carnica were
between 0.32 and 0.55 reflecting the subspecies differ-
entiation. Genetic diversity in the Irish free-living cohort
was similar but slightly higher than the A. m. ligustica
population sampled from Italy with similar numbers of
bees included in analyses (0.53 versus 0.31). Average
gene diversity estimates of the other A. m. mellifera pop-
ulations were similar to those from Ireland (ranging

Table 2. Reported residency periods (by those who reported them to the authors) and range for 182 honey
bee colonies by habitat type.

Habitat Number (%) of colonies Mean residency (Years) Residency range (Years)
Buildings 124 (68%) 4.6 1 to 40
Walls 7 (4%) 6.0 1 to 30
Trees 18 (10%) 5.9 1 to 40
Other 33 (18%) 1.2 1 to 5
All types 182 4.2 1 to 40
“Other” includes, inter alia, graves, a statue, a cattle grid and a bird nest box.
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from 0.37 France to 0.56 Sweden) despite the higher
numbers of bees included in the Irish sample set.

Discussion

This study provides the first fully documented evidence,
since the discovery of V. destructor in Ireland in 1998,
that free-living honey bees exist in the country, primar-
ily using the cavities provided in new and historic build-
ings to house their colonies. While the majority of
colonies have been monitored as part of this study for
only three years, some of these colonies had already
been in place for a period prior to the study commenc-
ing. Very few sampled free-living colonies showed signs

of introgression from introduced subspecies and hybrids
and we provide sequences of novel mitochondrial hap-
lotypes from this cohort.

In contrast to our findings where 68% of colonies
were located in buildings, in the UK there was no sig-
nificant difference between the use of trees, houses and
walls for colony sites (Thompson, 2012). In Ireland
approximately 11% land cover is woodland, the majority
of which is commercially grown coniferous species
(D.A.F.M., 2018). A high turnover of trees in man-
aged forests combined with loss of mature decidu-
ous woodland is likely to produce a low density of
trees with cavities of sufficient size for colonisation
by honey bees. Conversely, although the UK has a

Figure 2. Images of some locations from where free-living honey bee colonies were collected. A. cavity in a tree showing honey bees
at entrance and propolis staining, B. Sampling bees from a house roof fascia with a bee vacuum, C. holes in castle walls are a common
location for free-living honey bee colonies (the location of two colonies are indicated by the arrows), D. Tree that hosts a colony of
free-living honey bees for over four years (the arrow points to the colony entrance).
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similar relative woodland cover (13%), it consists of
roughly even areas of coniferous and broadleaved
woodland, which creates a higher age profile than
that found in Ireland (Forest Research UK, 2018)
and this may help explain the relatively greater use
of trees by UK colonies. The difference may also
be related to sample design with colonies in houses
being easier to spot by members of the public.
Searches for wild honey bees in old Irish woodland
should be made to expand this dataset. However,

colonies in house cavities obtain the benefits of a
long lasting, insulated space, giving them the time
needed to expand both individual colonies and the
dynasty of the queen, an arrangement which may be
a benefit over the use of tree cavities. It maybe
that honey bees have learnt to exploit the increase
in building numbers given the decline in other suit-
able habitat.

As we reported in Hassett et al. (2018) for the Irish
honey bee population generally, over 50% of the

Figure 3. Survival of colonies (n¼ 76) monitored between Autumn 2015 and Spring 2019. Sixteen colonies were removed from the
study due to incomplete records or ambiguity regarding survival as reported by the custodian, 22 have survived at least three winters
of which two have survived four. In some cases, custodians reported that locations have been housing colonies for decades.

Figure 4. Statistical parsimony network of the 19 different mitotypes from Irish free-living bees. These have been included with
European haplotypes downloaded from Genbank. Each circle (o) on a branch represents a single indel or point mutation. Branch
lengths are not representative of distance. The variants in grey are those variants that were only present in the free-living population
in Ireland, being absent from the managed population sampled so far. PQQ: All sequence types in the PQQ box contain the intergenic
P motif and two Q repeat elements, PQQQ: all sequences included contain the intergenic P motif and three Q repeat elements,
PQQQ: all sequences included contain the intergenic P motif and four Q repeat elements.
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mitochondrial haplotypes identified in the Irish free-liv-
ing colonies were identical to Dutch haplotypes and are
likely descendants from the significant imports that
were brought in from Holland. Remarkably none of the
free-living bees showed haplotypes from elsewhere in
Europe (i.e., not identical to any of the sequences from
Rortais et al. (2011) or Pinto et al. (2014)). Hassett
et al. (2018) revealed two Irish bees with identical mito-
chondrial sequences to a French haplotype and one bee
showed identity to bees from Colonsay. These bees
were from the managed cohort and together the results
so far indicate little influence in Ireland of A. m. mellifera
from mainland Europe, apart from a major influence
from the importations from Holland. Most of the mito-
chondrial variants found in the free-living bees could
also be found within the managed Irish population
(Hassett et al., 2018), meaning Ireland has a free-living
population that appears fundamentally undifferentiated
from the managed one, also confirmed by AMOVA of
microsatellite data. That said, seven mitochondrial var-
iants were found exclusively in the Irish free-living bees,
which might indicate unique genetic variation present in
free-living bees. However, this is a relatively small study
and additional sampling may identify the putatively
exclusive free-living variants in the managed population.

Interestingly, the retention of clusters that are essen-
tially defined by the number of Q elements present may
provide some evidence that each duplication occurs as
a single event such as the AT-rich homologous motifs
suggested by Cornuet et al. (1991). If the duplication
event is a synapomorphy, then the Q element architec-
ture represents separate M lineages, creating a problem
with the current naming system for mitochondrial hap-
lotypes. Putative mitochondrial lineages as evident in
Figure 4 and in Hassett et al. (2018) and more recently
in Henriques et al. (2018) will need to be confirmed
with other data. Highly significant is that both microsat-
ellite and SNP data indicate that, in keeping with the
Irish population as a whole, the free-living population
sampled consists mostly of bees that can be assigned to
A. m. mellifera with high confidence.

Genetic diversity estimates from data generated
from the free-living honey bee population in Ireland
indicates a healthy population with no evidence of a
genetic bottleneck. While results are not directly com-
parable (given that only some of the same microsatel-
lites were used and were performed via a different
laboratory), the levels of heterozygosity and gene diver-
sity reported here are higher than those for France and
Sweden reported by Estoup et al. (1995) and for Spain
(De la R�ua et al., 2003).

Evidence now hints at colony survival past the stage
where Varroosis related death would be expected
(Korpela et al., 1992). In periods as short as ten years,
experimental survivorship tests in isolated areas have
indicated that a balanced host-parasite relationship can
develop in colonies from a small population (Fries et al.,
2006; Le Conte et al., 2007). The high rate of genetic
recombination in honey bees (Beye et al., 2006) may
produce a sufficiently diverse population from only a
few survivors to allow genes linked to resistance/toler-
ance mechanisms to quickly proliferate in a small popu-
lation. Under natural conditions, colony density can
return to the levels present before the arrival of Varroa
(Mikheyev et al., 2015; Seeley, 2007) and given the low
levels of commercialised beekeeping in Ireland, com-
bined with the existence of a putatively large free-living
population, it seems plausible that colonies with Varroa
resistance/tolerance mechanisms have emerged in
Ireland in the 20 years since Varroa was first discovered.
Colonies with traits that allow survival in the presence
of Varroa probably existed in Irish apiaries, as well as in
the wild population, providing the resources on which
natural selection could act. The lack of differentiation
between the managed and free-living populations
sampled so far may not be considered a negative condi-
tion if it leads to the discovery of Varroa resistant/toler-
ant genotypes. Sampling brood from free-living colonies
for disease screening is remarkably difficult.
Development of methods to access and study pathogens
and parasites in resident free-living colonies are now

Figure 5. Structure K¼ 2 assignments of 598 individuals from 9 putative populations (1: Italian A. m. ligustica, 2: Austrian A. m. carnica,
3: Slovenian A. m. carnica 4: Swedish A. m. mellifera, 5: French A. m. mellifera, 6: Norwegian A. m. mellifera, 7: Swiss mellifera 8: Irish man-
aged and 9: Irish free-living) including 95 individual honey bees from 50 free-living colonies. Each bar represents an individual bee with
assignment apportioned between orange (C-lineage) and blue (M-lineage). Assignment values are from 0.000 to 1.000.
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required to elucidate variability in disease loads and
mechanisms of survival/tolerance.

Given the interactions between genotype and envir-
onment that have been clearly shown in honey bees
(B€uchler et al., 2014; Meixner et al., 2014), and the fact
that local ecotypes seem to do better than bees trans-
located from different microclimates (Costa et al.,
2012), there is also a need to protect local adaptations.
Research on free-living bees in Ireland now requires
expansion to allow an accurate indication of colony
density on a national scale, together with observation of
survivorship and associated mechanisms, as well as char-
acterisation of local strains. We believe that the results
presented here, combined with those of Hassett et al.
(2018), and the observations of beekeepers, require the
immediate application of the precautionary principle of
conservation practice (Finnoff et al., 2007), for the pro-
tection of Ireland’s locally adapted free-living honey bee
population. We join with other researchers in request-
ing legal protection for local adaptations in A. mellifera
(Fontana et al., 2018) through stricter control on the
movement of live bees and the banning of imports.
Inter-country movement of A. m. mellifera, even where
it is the indigenous subspecies, needs to be given careful
consideration in each case to avoid out-breeding locally
adapted gene complexes. However, having been the
welcome recipient of Dutch honey bees following the
collapse of Irish beekeeping at the beginning of the 20th

century, Ireland may yet be able to return the favour by
returning bees of Dutch haplotypes home to the
Netherlands from a free-living population.
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by Portuguese funds through FCT (Fundaç~ao para a Ciência e
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