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Abstract

Little information exists on the history and ecology of free-living colonies of European honey bees (Apis mellifera L.) in
Europe, including its dark north-western subspecies (Apis mellifera mellifera). Our aim was to investigate the presence of
colonies of free-living, native honey bees (A. m. mellifera) during the last two centuries in Sweden. For this we examined
systematic interviews of beekeepers (176 answers from 158 questionnaires) performed in the years 1928—1981, with informa-
tion dating back to the early 1800s. An overwhelming majority of answers (96%) confirmed the past presence of free-living
colonies of honey bees in Sweden. While some stated that free-living colonies were simply absconded swarms from man-
aged hives, the majority of interviewees (69%) believed that free-living colonies were of a truly wild origin. A decreasing
trend in first-hand accounts of free-living colonies suggests that free-living populations underwent a dramatic decline at the
end of the 19th century. This was also expressed in words by many interviewees, who in 14 cases stated that the loss of old
forests and tree-cavity nest sites at the end of the 1800s was the primary cause of the decline. Direct accounts of perennial,
free-living colonies, combined with detailed descriptions of the collection of large free-living colonies and/or wild honey,
is strong evidence of free-living honey bees being well adapted to winter survival. These accounts contradict the officially
supported view that the honey bee is a recently imported, domesticated, non-native species in Sweden. The results give
a scientific underpinning and provide inspiration for the restoration of native forests which could facilitate populations of
free-living colonies of A. m. mellifera exposed to natural selection. This could potentially lead to its return as a fully wild
species. In an uncertain future, allowing for a natural lifestyle could increase resilience and reinstate characteristics that are
otherwise lost in honey bees due to the increasing effects of artificial trait selection.

Implications for insect conservation Our results present strong evidence for populations of free-living colonies of A. m. mel-
lifera in the recent past, which calls for a revised look at its conservation status and management. Allowing and supporting
free-living colonies of this subspecies should be evaluated as a method for conservation.

Keywords Free-living honey bees - Apis mellifera - Apis mellifera mellifera - Wild honey bees - Old-growth forests -
Hollow trees - Rewilding
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well-described subspecies (Ruttner 1988). There are sev-
eral possible explanations for the lack of such studies. For
example, there is a presumed absence of wild colonies due
to a massive loss of natural forests in earlier times and the
expansion of agriculture over forests (Crane 1999; Banaszak
2009; De la Rua et al. 2009). Spillover of pathogens from
managed to wild colonies, particularly via vectors like the
Varroa destructor mite, is also a common explanation for the
alleged disappearance of wild colonies of European honey
bees (Anderson and Trueman 2000). Above all, its great
economic importance and human attempts to control honey
bee breeding have led to the view that A. mellifera is a highly
domesticated species.

With the exception of some recent studies (Oleksa
et al. 2013; Kohl and Rutschmann 2018; Requier et al. 2019;
Dubaic et al. 2021; Kohl et al. 2022), there is a lack of fun-
damental ecological and biological information about free-
living colonies of honey bees on the European subcontinent,
such as their population densities, lifespans, sources of mor-
tality, and nest properties. This situation has turned attention
to free-living honey bees on other continents such as North
America, where A. mellifera established populations of wild
colonies in the early 1600s (Carpenter and Harpur 2021).
These populations have been key to our understanding of the
ecology and behaviour of honey bees living under natural,
unmanaged conditions (Seeley 2019).

There is a long history of human management of A. mel-
lifera, and the last two centuries have brought the intro-
duction of more intensive beekeeping practices, including
plastic hives, queen breeding, introgression of genes from
non-native races, frequent medications for disease control,
and winter feeding. Parallel with the onset of intensive
beekeeping is the decline or local extinction of colonies of
locally adapted subspecies (both managed and free-living)
(Crane 1984; Weber 2013; Ellis et al. 2018). Together, these
factors have contributed to the long-standing lack of scien-
tific interest in Europe about free-living honey bees. Because
of this, the past and present status of free-living colonies of
native honey bees is largely unknown, even if there exists
strong evidence of these bees, such as mediaeval collection
of wild colonies (swarms), wild honey, and beeswax (Hus-
berg 1994; Crane 1999).

The native Nordic subspecies of European honey bee,
Apis mellifera mellifera, once had a large area of distribution
in north and west Europe (Ruttner 1988). Native popula-
tions of A. m. mellifera (both managed and wild) are now
extinct or close to extinction in many countries as a result of
introgression by import of southern subspecies (De La Raa
et al. 2009). A. m. mellifera is locally adapted to the Nordic-
Baltic’s short summers and cold winters and has co-evolved
with local flora and fauna (Ruottinen et al. 2014). Further
adaptations, such as winter hardiness, good flight strength in
cold and windy conditions, high levels of pollen collection,
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and low honey consumption in winter, may explain why A.
m. mellifera is ecologically important in the Northern Euro-
pean climate (Ruttner 1988; Norrstrom et al. 2021).

We have analysed the situation in Sweden in the 19th
and early 20th centuries regarding free-living populations of
native honey bees, A. m. mellifera. We based our analysis on
the records of systematic and extensive interviews with bee-
keepers, conducted in the years 1928—1980. In one section,
the interviews specifically referred to wild colonies of honey
bees and to the practice of harvesting honey from hollow tree
nests in the 19th and early 20th centuries (a practice here-
after referred to as “bee hunting”) (Husberg 1994). Based
on the fact that Sweden in the 1800s still had vast areas of
semi-natural forest (Eliasson 2002), we hypothesised that
we would find records confirming the presence of popula-
tions of free-living colonies of A. m. mellifera at this time.
In addition, we hypothesised that we could deduce temporal
and spatial information about past population declines of
free-living colonies, which has important implications for
future conservation efforts for these bees.

Materials and methods

Questionnaire from institutet for Sprak Och
Folkminnen (Isof) and Nordiska Museet

In 1928, the Institutet for Sprak och Folkminnen (Isof)
(Institute for Language and Folklore) issued a question-
naire on beekeeping, “Bin och Biskotsel” (Bees and bee-
keeping) (Landsmalsarkivet 1928; for more details, see
Online Resource 1). Answers to these questionnaires were
found in the Isof archives in Lund and in Uppsala (Folk-
minnesarkivet), Sweden. The same questionnaire was also
distributed by Nordiska Museet (Nordic Museum) in 1949
to a network of interviewees (questionnaire Nm 148, link:
https://dokument.nordiskamuseet.se/, Online Resource 1).
The questionnaire is a 7-page list of questions concerning
beekeeping practices of the past (hive types, swarm han-
dling, honey production, and honey use).

Questions evaluated in this study

For our study, we were mostly concerned with the first sec-
tion of the questionnaire which asked about wild colonies of
honey bees, specifically the harvesting of wild honey and/
or wild colonies, and the collection of hollow tree sections
with wild colonies and honey used for primitive log hives
(Husberg 1994; Crane 1999). We also included any other
reference to free-living colonies of honey bees from later
sections of the questionnaire. The following questions were
used in this study (here translated from their original Swed-
ish to English). Note that the original wording is kept here
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and at some places further in the text; “wild bees”” meaning
free living colonies of honey bees (not solitary bees), “wild
honey” meaning honey from free living colonies of honey
bees and “tame bees” meaning managed honey bees):

Section of the questionnaire titled ‘“Wild bees and wild
honey?’

1. Are there examples of harvesting honey from wild bees
in trees (“bee trees”) in the forest?

2. Without killing the bees?

3. To harvest honey from trees, was an additional hole
opened up?

4. If yes, in which position?

5. How was a tree marked when a bee colony was discov-
ered, so that no one else would take the honey?

6. Were trees with bee colonies cut down and the log with
the colony brought home?

Section of the questionnaire titled ‘Bee houses?’

7.  Were logs used for bee hives, more than temporarily?
8. Which tree species were used?
9. Were they used upright or lying down?
10. How were they produced?
11.  What about their bee entrance hole and other arrange-
ments for honey harvest?

A single question concerning wild [honey] bees was
found in a different section of the questionnaire.

12. Bees, different types, wild bees, tame bees?

Extraction of data from questionnaires

In total, 176 (96 Isof + 80 Nm) answers were examined.
Forty-nine of these answers did not contain any other infor-
mation other than a title page with meta data, and 12 did not
contain answers to the section on wild colonies of honey
bees and were therefore excluded from the analysis. Thus,
in total, 115 answers formed the basis for the analysis (76
Isof + 39 Nm).

The questionnaires were answered between the years 1928
and 1981 (mean = 1940, median = 1936). Fifty-one interview-
ees had provided birth dates, with a mean age of 75 years
(Table 1; Fig. 1). All relevant text concerning wild colonies
and their log homes was transcribed and translated from Swed-
ish to English, and the key information was summarised into
a Microsoft Excel spreadsheet. Categories for further analysis
were created, and answers assigned to these accordingly. Place
names mentioned in each answer were investigated (many
names were no longer in use and could not be found through
modern map services) and given the proper geographic

Table 1 Descriptive statistics of the interviews and interviewees

Mean birth year 1865 Mean interview 1941 Mean age 75

year

Median birth 1865 Median inter- 1936 Median age 77
year view year

Earliest birth 1841 Earliest inter- 1927 Youngest age 47
year view year

Latest birth year 1904 Latest interview
year

1981 Oldest age 93

coordinates, which were used as a basis for subsequent map
creation in QGIS 3.28 (QGIS Development Team 2023).

The original sequence of questions was rarely followed,
and interviewees tended to answer several questions within
one large paragraph. Additionally, many interviewees offered
additional insightful information related to free-living honey
bees that was not explicitly asked for. Therefore, instead of
only analysing direct answers to the questions asked by the
questionnaire, we searched the answers for information on
several key topics: (i) presence of free-living honey bees;
(ii) origin of free-living honey bees; (iii) cause of decline;
(iv) nest types; (v) geographical location; (vi) approximate
date when the transition from skeps (straw hives) to frame
hives began, and (vii) approximate date that importation of
non-native subspecies of honey bees began.

From the answers, it was clear that the term “wild honey
bees” used in the questionnaire had variable meaning among
interviewees, and it was not often clear whether the observa-
tions referred to bees of truly wild origin or bees that had
absconded from a managed beehive. Undoubtedly, gene flow
occurs between wild honey bee colonies, absconded colonies
and managed colonies, and it is not feasible to make a clear
morphological or genetic distinction between these catego-
ries. Therefore, we use the term “free-living” to refer to both
wild honey bees and previously-managed honey bees which
have become free-living (Browne et al. 2021). We use the
terms “wild” and “feral” only when referring to the original
statements from interviewees’ in order to respect the range
of opinions on the origin of free-living colonies (Table 2;
Fig. 5). Where individuals referred to tracking or following
recently absconded swarms from a certain and known hive,
these bees were treated as managed rather than free-living
and were excluded from the analysis.

The specific information we were searching for and con-
sidered important for the discussion of the past presence of
free-living colonies of honey bees is as follows:

The presence of free-living colonies of honey bees
Accounts that referred to the presence of free-living colonies

were categorised depending on the interviewee’s degree of
personal experience (Table 3).
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Fig. 1 Lifespan of each individ-
ual interviewee (that provided
data for birth year) at the time
of the interview (n=51). The
start of the line equals the birth
year, and the end of the line
equals the year of the interview.
The majority of interviews were
conducted from 1928-1950

Individual interviewee

1840 1855 1870 1885 1900 1915 1930 1945 1960 1975
Calendar year

Table 2 Number of accounts relating to different opinions on the origin of free-living honey bees

Category Type of bee Number of
accounts

Free-living colonies of bees originate from managed colonies of bees 23
Both free-living (either “wild” or “feral” in the original phrasing) and managed colonies co-occur 8

3 Free-living colonies (“wild” but here excluding “feral” in the original phrasing) and managed colonies are the only 50

existing types of honey bee colonies

4 Unsure if the bees in free-living colonies are truly wild or if they originated from previously managed colonies 3

Total 84

Table 3 Categories of interviewees’ experience with free-living bees and/or direct observation of free-living bees

Category Quality of observation Description

A Direct/indirect experience  Direct, first hand observation of free-living colonies of honey bees
Direct experience of bee hunting
Indirect experience (observation or bee hunting by a family member, usually father)
Free-living honey bees still found today

B Detailed knowledge Highly detailed description of free-living colonies of honey bees or of bee hunting, suggesting direct
personal experience

C Historical knowledge Free-living colonies of honey bees and the practice of bee hunting were not observed by the interviewee
personally, but it was known that they occurred, also in other areas
Interviewee is aware that free-living colonies of honey bees were previously found in this area but are
no longer or are rare

D Wild colonies are unknown Interviewee explicitly states that they do not know about free-living colonies or the tradition of bee
hunting

Opinion on the origin of free-living colonies of bees previously managed bees that had absconded from a hive
and become free-living (“feral” in the original Swedish

We categorised the interviewees’ opinions on the origin ~ phrasing).

of free-living colonies of bees, i.e., whether bees observed

living in the wild were of a truly wild origin and dif- 1. Free-living colonies of bees originate from managed
fered from managed bees, or whether they were actually colonies of bees.
@ Springer
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2. Both free-living (either “wild” or “feral” in the original
phrasing) and managed colonies co-occur.

3. Free-living colonies (“wild” but here excluding “feral”
in the original phrasing) and managed colonies are the
only existing types of honey bee colonies.

4. Unsure if the bees in free-living colonies are really wild
or originated from previously managed colonies.

Cause of the decline of free-living colonies

We recorded the interviewees’ opinions on the cause of the
decline of free-living colonies of honey bees, if stated. This
was not specifically asked for by the questionnaire but was
stated regardless in several accounts.

Nest types of free-living colonies of honey bees

The nest type of free-living colonies was stated in many
interviews, i.e., the structure in which free-living colonies
were found. If the nest type was a hollow tree, then the spe-
cies of tree was recorded if it was provided.

Geographical location

The location of free-living colony observations was recorded
whenever stated. The Swedish Land Survey online search
tool (https://minkarta.lantmateriet.se) was used to find the
coordinates of place names. Where more precise geographi-
cal information on bee observations was missing, the home
address or location of the nearest parish was used.

Timing of transition from skeps to frame hives
for managed bees

Several interviewees noted when the change from skep to
movable-frame hive beekeeping began in their region. This
information is significant as skep hives promote swarm-
ing (which results in these bees becoming free-living if not
caught), whereas movable-frame hive beekeeping tends to
prevent swarming.

Importation of non-native subspecies

Any information on the importation of non-native honey bee
subspecies was recorded (subspecies, date, location, etc.).
Results

The presence of free-living colonies of bees

The past presence of free-living honey bee colonies as
interpreted from direct eyewitness accounts (category A) or

Table 4 Categorised observations of free-living colonies of honey
bees

Category Level of knowledge Number of
accounts
A Direct/indirect experience 38
B Detailed knowledge 37
C Historical knowledge 35
D Free-living colonies (originally named 5
“wild bees” in the accounts) unknown
Total 115

detailed or historical knowledge (categories B and C) was
confirmed in 110 out of 115 interviewees’ accounts (96%,
Table 4; Fig. 3). These accounts were almost equally distrib-
uted in categories A—C (38, 37 and 35, respectively; Fig. 4).
The remaining 5 interviewees (4%) stated that they did not
know about wild colonies and/or the tradition of using bee
logs from the forest (category D) (Table 4). Example quota-
tions from accounts for each category are found as Online
Resource 2.

The majority of interviewees (72/115) who confirm the
presence of free-living colonies refer to unspecified periods,
usually before their own lifetime (“in the past”), which likely
took place in the early to mid-1800s. Thirty-eight of these
accounts were direct observations of free-living colonies
with a date or with the possibility to tentatively assign an
approximate date, which were unevenly distributed in time,
with 30 observations in the late 1800s (Fig. 2) and only eight
observations after 1900, after which a sharp decline was
visible. A small number of accounts (4/115) suggested that
free-living colonies were possible to find, albeit rare, at the
time of the interview. No accounts stated that free-living
colonies were common at the time of the interview. The ear-
liest dated record (1817) was referring to a court verdict on
burning an oak tree while collecting honey from a free-living
colony (oaks were legally protected until 1830) (Eliasson
and Nilsson 1999).

Opinion on the origin of free-living colonies

Out of the 115 accounts, 84 had an opinion on the origin
and life history of free-living honey bee colonies (Table 2;
Fig. 5). Fifty-eight of the 84 accounts (70%) acknowledged
the existence of wild honey bees which are different from
previously managed (“feral”’) or managed bees (categories 2
and 3). Two accounts were unsure if free-living bees should
be classified as “wild” or “feral” (category 4). Only 23 of 84
accounts (28%) did not acknowledge the existence of wild
bees, stating that free-living colonies (often called “wild”
in quotation marks or “so called wild bees”) were descend-
ants of previously-managed (“feral”) or absconded honey
bees (category 1). Six out of 58 accounts that stated that
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Fig.2 Timing (cumulative pres- 40
entation) of direct and indirect
observations of free-living colo-
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wild bees were different from previously-managed (“feral”)
or managed bees stated that they had a different look or
temper (“smaller and almost black”, “small and reddish”,
“smaller”, “more angry”, “angrier”, “more hardy and took
the winter better””). Example quotations from accounts for

each category are found as Online Resource 3.

Cause of the decline of free-living colonies

Fourteen accounts stated a cause for the decline of free-
living colonies. All fourteen attributed the decline to the
loss of old forests with hollow trees by clear felling and
thinning. Four accounts stated that the hollow tree decline
was within the period 1880-1900. Two of these 14 accounts
gave an additional cause for free-living colony decline: the
introduction of modern frame-hive beekeeping resulted in
less frequent swarming; also, beekeepers began to keep a
careful watch to prevent swarms from escaping. Example
quotations from accounts that state a cause for the decline of
free-living colonies are found as Online Resource 4.

Nest types of free-living colonies

One hundred and eleven accounts described the nest type
of free-living colonies. Eighty-seven of these were tree
hollows, and the other 24 were: buildings (11), chimneys
(5), churches/bells (2), dead trees or stumps (3), cliffs (2)
and inside tree crowns (1) (Table 5). Hollows in trees were
distributed over 11 species, with oak (Quercus sp.), Scots
pine (Pinus sylvestris), and Norway spruce (Picea abies)
being the most common (Table 6). Nine accounts had the
information that hollows were produced by woodpeckers,
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Table5 Frequency of different nest types of free-living colonies in
interview accounts

Nest type Frequency

Hollow tree 87
Building, wall 11
Chimney 5
Dead tree 3
Church-bell 2
Cliff 2
Inside dense tree crown 1
Total 111

Table 6 Frequency of different hollow tree species used as nests by
free-living colonies in interview accounts

Hollow tree species Frequency

Oak (Quercus sp.)
Scots pine (Pinus sylvestris)

—_ =
[\

—_— = NN WA RO O =

Norway spruce (Picea abies)
Eurasian aspen (Populus tremula)
Lime (7ilia spp.)

European beech (Fagus sylvatica)
Birch (Betula spp.)

Common ash (Fraxinus excelsior)
Common alder (Alnus glutinosa)
Pear (Pyrus communis)

Willow (Salix sp.)

Total

W
(V)]
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with the black woodpecker (Dryocopus martius) men-
tioned in two cases.

Past geographic distribution of free-living colonies
of honey bees

The answers that directly or indirectly confirmed that free-
living colonies existed were evenly distributed over south-
ern Sweden, barely exceeding the 60th parallel (Fig. 3). An
exceptional case is the observation of a free-living colony
on Alnon island, near the northern Swedish town Sunds-
vall (at 62°25'N), some 300 km north of the main distribu-
tion of the honey bee. With the exception of this northern
outlier, the main distribution coincides closely with the
northern limit of the hemi-boreal vegetation zone, also
being the northern distribution limit of oaks in Sweden
(Quercus robur, Quercus petraea) (Figs 4 and 5).

Timing of transition from skeps to frame hives
for managed colonies

Fifty-nine accounts had provided information on the date
that beekeepers transitioned from using skeps to frame hives,
ranging from 1865 to 1935, with a high frequency from 1880
to 1915 (Fig. 6).

Importation of non-native subspecies

Five accounts provided dates of importation of non-native A.
mellifera subspecies and genetic material, during 1885-1895
(Fig. 6). Their origins were Carniolan (A. m. carnica) Italian
(A. m. ligustica), and German dark bee (“Heath bee”) (A.
m. mellifera).

Discussion

With an overwhelming majority (110 out of 115) of direct
or indirect accounts describing the presence of free-living
colonies of honey bees, we confirmed our hypothesis that
free-living colonies (defined as either wild or previously
managed) were present in 19th and 20th century Sweden.
To our knowledge, this is the most comprehensive evidence
of a wild original lifestyle of honey bees in Europe presented
to date.

Present day records of free-living honey bee colonies and
perennial free-living colonies are rare but do exist (Banaszak
and Jaroszewicz 2009; Kohl and Rutschmann 2018; Kohl
et al. 2022). To our knowledge, no serious attempts to sys-
tematically gather data on free-living colonies of honey bees
have been conducted in Sweden, thus it is uncertain whether
there has been or still are any truly wild populations (not

H°

® Free-living colonies existed
X Free-living colonies did not exist

A |ater beekeeping,
no mention of free-living colonies

it Quercus robur limit

Projection: SWEREF99
Map data: Caudullo et. al, 2017; Statistics Sweden, 2023

Fig.3 Map showing the distribution of observations of free-living
(wild) colonies from 1817-1942. Filled circles (filled circle) repre-
sent observations (both direct and indirect), crosses (X) confirmed
non-presence of wild colonies (’I have not seen any wild colonies”
etc.), and triangles (filled triangle) are areas where beekeeping only
recently started at the time of the interview, with no previous tradi-
tion and no information (or explicit no observation) given on free-
living colonies. The dashed line represents the approximate northern
limit of Quercus robur , which also constitutes the northern border of
the boreo-nemoral vegetation zone (Sjors 1999). Map created using
QGIS (version 3.28).

originating from managed honey bees) present. The com-
monly held, and officially supported, view of authorities in
Sweden is that the honey bee is a domesticated, non-native,
alien or invasive species' (cf. http://www.artportalen.se).
This most likely reduces the interest to report findings of
free-living honey bee colonies today and in the past, and it
may have strengthened disinterest in reporting these colonies
among entomologists. Therefore, the abundance of free-liv-
ing honey bee colonies today may have been underestimated.

' Swedish zoologist and taxonomist Carl von Linné was the first

descriptor of the honey bee Apis mellifera in 1758 in his Systema
naturae.
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Direct or indirect experience
Detailed knowledge
Historical knowledge
Free-living colonies unknown
<t Quercus robur limit

Projection: SWEREF99
Map data: Caudullo et. al, 2017; Statistics Sweden, 2023

Fig.4 Presence and absence of free-living colonies of honey bees.
Observations of presence sorted according to degree of personal
experience. Filled circles (filled circle) represent answers containing
direct or indirect experience with wild colonies, triangles (filled trian-
gle) detailed knowledge, squares (filled square) historical knowledge,
and crosses (X) lacking knowledge of wild colonies. The dashed line
represents the approximate northern limit of Quercus robur, which
also constitutes the northern border of the boreo-nemoral vegetation
zone (Sjors 1999). Map created using QGIS (version 3.28)

The apparently sudden and strong decline of free-living
colonies that occurred in the 1880s and 1890s as inter-
preted from accounts was, according to many interview-
ees, caused by loss of hollow trees and old-growth forests
(Online Resource 4). In fact, this is a plausible explanation;
in strong contrast to neighbouring countries, south Sweden
in the early-mid 1800s still had vast areas of forest (Eliasson
2002) and extensive wood pastures with high densities of
hollow oaks (Eliasson 2002; Ranius et al. 2008). However,
in the late 1800s the fast developing forest industry and onset
of organised forest management introduced methods focused
on timber and pulpwood-production, which put a strong
pressure on remaining old-growth forests (Eliasson and Nils-
son 1999; Enander 2007). This directly and negatively influ-
enced the availability of hollow trees on which free-living
colonies of honey bees and many other organisms depend,

@ Springer

|

Free-living (wild or previously-managed)
and managed colonies exist

A Wild and managed colonies exist

Free-living colonies are
previously-managed colonies

Unsure of origin

Projection: SWEREF99
Map data: Caudullo et. al, 2017; Statistics Sweden, 2023

Fig.5 Map of interviewees’ opinions on the origin of free-living
colonies. Filled circles (filled circle) represent the opinion that free-
living (either wild or previously managed) and managed colonies
all exist, triangles (filled triangle) that wild and managed colonies
exist, crosses (X) that free-living colonies are previously managed
colonies, and squares (filled square) that there is uncertainty regard-
ing their origin. The dashed line represents the approximate northern
limit of Quercus robur, which also constitutes the northern border of
the boreo-nemoral vegetation zone (Sjors 1999). Map created using
QGIS (version 3.28)

such as bats and other small mammals, beetles and a number
of cavity-dwelling bird species (Nilsson et al. 2001; Ranius
2002; Michaelsen 2016). Several studies have shown that
availability of suitable hollow trees for nesting is a critical
factor for free-living honey bee presence in Europe (Oleksa
et al. 2013; Kohl and Rutschmann 2018) and only a small
fraction of existing tree hollows are suitable for nesting in
terms of volume, height above ground and thermal proper-
ties (Seeley 2017; Seeley 2019). Forests managed for wood
and pulp production since the end of the 19th century have
extremely low availability of suitable hollow trees compared
to old-growth forests (Linder and Ostlund 1998; Walankie-
wicz et al. 2014; Andersson et al. 2018; Kohl et al. 2022).
Therefore, the availability of suitable tree cavities may be
a major limiting factor for the occurrence of natural and
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Fig.6 Onset of beekeeping with frame hives (cumulatively pre-
sented) (n=59, filled circles); and importations of foreign subspecies
(n=35, open circles). For reference and comparison, cumulative pres-
entation of direct and indirect encounters with free-living colonies
(n=38, triangles, see Fig. 2) is shown underneath. The figure shows
that the onset of frame-hive beekeeping began later than the early

free-living honey bee populations in modern managed forest
landscapes (Seeley 2017; Seeley 2019; Requier et al. 2019;
Kohl et al. 2022). The abundance of free-living colonies
of honey bees was probably already in decline before the
time of the interviewees, as the majority of the accounts
referred to colonies living in tree cavities during previous
generations or “in the past”. In summary, our data suggest
a strong decline in free-living colonies of honey bees in the
1800s, but they do not present proof of complete extinction
of these colonies either. Several interviewees indeed stated
that free-living colonies of honey bees were still to be found
at the time of interview.

Although we believe loss of nesting sites was a primary
reason for the decline of free-living colonies of honey bees,
there are also other variables that may have contributed.
In the late 1800s, frame hives gradually replaced skeps
(Fig. 6) which probably considerably reduced the number of
absconded swarms and thus the number of managed colonies
which could have become free-living, as was suggested by
two of the interviewees. The introduction of frame hives was
also a prerequisite for more controlled beekeeping practices,
such as queen breeding and importation of foreign subspe-
cies, which is likely to have started in Sweden in the 1860s
at the very earliest (Dahm 1878; Nielsdatter et al. 2021).
Importation was recorded in a few cases in our material at
the very end of the 19th century, but major effects of genetic
introgression are likely to have occurred only much later.

observations of free-living colonies. Onset of frame-hive beekeeping
increased exponentially from approximately the year 1880. Observa-
tions of free-living colonies were also increasing until the early 1900s
when observations of free-living colonies began to level off and tran-
sition to frame-hive beekeeping continued to increase

Commonly imported Apis mellifera subspecies in Sweden
include A. m. ligustica, A. m. carnica, and the Buckfast
hybrid. The gradual hybridisation with other subspecies with
lower winter hardiness may, for example, have negatively
affected winter survival in the wild. But this must remain
as speculation.

Disease transmission from intensely managed colonies
to free-living colonies may be yet another cause for the
decline in the abundance of free-living honey bee colonies
(Potts et al. 2010; Pirk et al. 2017). Also, the hunting of
free-living colonies for both honey and colonies/bee logs,
as documented in this study, probably had a direct nega-
tive impact on both nest availability and the abundance of
free-living colonies. With disappearing old-growth forests
and hollow trees, bee hunting likely exacerbated the impacts
on free-living populations. Historical records suggest that
this population decline may have started already in the late
mediaeval period in Sweden when previously large yields of
wild honey sold to the royal court were drastically reduced
(Husberg 1994, p. 246, graph on p. 244).

There is not a uniform picture of the perceived origin
of free-living colonies. For someone chasing a swarm as it
absconded from a hive and then settled in a tree, it was obvi-
ous that it originated from a managed colony. At the same
time, colonies that are randomly encountered in hollow trees
in forests and meadows do not have a known origin, and are
thus named by the interviewee as either “wild”, “feral” or of

@ Springer

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Journal of Insect Conservation

uncertain origin, probably depending on the experience of
the witness. Interestingly, some (n=_8) state that “both feral
and wild” honey bees were found, indicating that there could
be a perceived difference between them. However, our data
suggests that in the early part of our study period, before
importation and change over to frame hives became firmly
established, there was a continuous gene exchange between
free-living colonies and colonies living in log hives or skeps.
On the one hand, bees in hives were swarming away to settle
in hollow trees, and on the other hand, hollow trees with bee
colonies were cut down and brought home. Thus, it is ques-
tionable if it is even possible to establish that there existed a
difference between these populations, genetic or behavioural.

Hollow trees were by far the most common nest site.
The preference of honey bees for selecting trees for nest-
ing is well documented in literature (Seeley and Morse
1976; Ruttner 1988; Crane 1999). We could not see any
clear preference for a certain tree species out of a total of
eight tree species that were reported as nest trees, which
is in line with previous findings (Oleksa et al. 2013). The
three most common species (oak, pine, spruce) were likely
dominating in south Sweden during this time period as
well as today (SLU 2023), but since we do not have any
data on the frequency of different tree species from these
times, it is difficult to conclude if some tree species were
preferred over others. Interestingly, the high number of tree
species used for nests indicate that honey bees in Sweden
were less selective of host tree species but more selective
of hollow properties (Seeley 2017; Seeley 2019). Most of
the observations of free-living colonies in trees were within
forests, however, some observations clearly show that nest
trees were also found in other habitats such as fields and tree
alleys (See Online Resource 3, account NM8541, and Online
Resource 2, account NM11226). The observations of honey
bee nests found in cliffs and buildings is good evidence of
large flexibility in choice of nests. Even today, escaped man-
aged honey bees in Europe have a strong ability to adapt
to life in the wild when habitat requirements are met, for
example, in Poland (Oleksa et al. 2013), Germany (Kohl
and Rutschmann 2018), and Ireland (Browne et al. 2021).
Indeed, there have been recent finds of perennial free-living
colonies in Europe, which supports this finding (Kohl and
Rutschmann 2022). In peri-urban areas, human structures
are the most common nest sites for free-living honey bees
(Browne et al. 2020; Dubaic¢ et al. 2021).

First- and secondhand testimonies of free-living honey
bee colonies were recorded across southern Sweden, up to a
latitude approximately 60 degrees north, closely following
the northern border of the oak Q. robur and Q. petraea. The
natural range of A. m. mellifera in Sweden has earlier been
suggested to follow the distribution of the common hazel
Corylus avellana L. (Hansson 1955; Crane 1999). Our data
suggest that the natural northern limit of A. m. mellifera
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was further south, and closer to the northern limit of the
pedunculate oak (Quercus robur L.) (Fig. 3). Spatial mod-
elling such as Maximum Entropy modelling (e.g., Dudik
et al. 2007) would likely provide higher accuracy for such
predictions, but we considered this beyond the scope of this
present study. Several accounts suggested that beekeeping
had not reached areas north of this line until the early 1900s,
implying that the potential of observing absconded managed
swarms was very unlikely. Nor were there observations of
truly wild bees (not previously managed bees) recorded in
the north. This indirectly supports our suggestion that the
general distribution of free-living colonies did not surpass
the northern distribution of oak.

Introgression has had far-reaching consequences for the
European honey bee as a whole with several subspecies
becoming locally extinct and/or hybridised, resulting in loss
of genetic diversity and local adaptations (De la Rda et al.
2009; Soland-Reckeweg et al. 2009). In Scandinavia, A. m.
mellifera is severely impacted by competition from imported
subspecies (Ruottinen et al. 2014, Nielsdatter et al. 2021).
However, the few surviving pure-bred A. m. mellifera popu-
lations in Sweden show a high degree of uniqueness and
very little introgression from other subspecies (Jensen et al.
2005), indicating potential for further developed conserva-
tion efforts. A. m. mellifera populations in Sweden, Norway,
Denmark, Ireland and Scotland have been targeted for con-
servation due to their isolation, which has allowed colonies
to retain genetic purity. Sweden has a hive density of 0.2
hives per km?, compared to 10-20 hives per km? in Central
Europe (Ruottinen et al. 2014).

Isolated areas may have an additional benefit for pre-
venting disease transmission and increasing resistance to
the Varroa destructor mite. Current beekeeping methods
within apiaries, such as management to prevent swarming,
may increase the occurrence and severity of honey bee dis-
eases (Brosi et al. 2017). As suggested by several authors,
conservation of locally adapted bees with higher resistance
to Varroa transmitted pathogens can be achieved by assign-
ing areas where human trait selection is removed in favour
of natural selection (Requier et al. 2019; Panziera et al.
2022). Several studies have shown the remarkable plastic-
ity and ability of the honey bee to rapidly select for Varroa
resistance under natural and unmanaged conditions (Fries
et al. 2006; Seeley and Smith 2015). However, when used
to promote Varroa-resistance, natural selection-based pro-
grammes may still require human intervention to optimise
genetic diversity and ensure survival of desirable selected
populations (Guichard et al. 2023).

An increasing number of ‘rewilding’ projects are being
established, whereby free-living honey bee colonies are
reintroduced to nature and left completely unmanaged
(examples: https://www.freelivingbees.com/projects). The
rich evidence presented here of free-living colonies in
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the recent past may encourage and guide future rewilding
efforts. Restored native forest and other tree-bearing habitats
in southern Sweden (such as wooded meadows, parks, and
alleys) could support populations of free-living colonies of
native honey bees. This in turn would improve conservation
of the threatened A.m. mellifera subspecies and promote the
reinstatement of its natural characteristics and selective pro-
cesses (Blacquiere and Panziera 2018; Requier et al. 2019).

Conclusions

To conclude, we found strong evidence that free-living colo-
nies of native honey bees existed in southern Sweden in the
19th and 20th century. The results also suggest that A. m.
mellifera underwent a strong population decline during the
1900s. We believe that the decline was mainly driven by
loss of nest habitats. Together with earlier research, we rein-
force the view that free-living populations of native honey
bees can thrive in southern Sweden if habitat requirements
are met, and we suggest that it is yet another hollow-tree
dependent species which has become locally extinct in the
wild due to massive habitat loss. Our results support ongo-
ing and future honey bee rewilding projects in Sweden, as a
broad outlook of past long-term population dynamics, geo-
graphic distribution, and as evidence of the original wild
lifestyle of this native honey bee subspecies.

Supplementary Information The online version contains supplemen-
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