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Rural avenues as a refuge for feral honey bee population
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Abstract Several honey bee (Apis mellifera) subspecies

are in danger of local extinction because their feral popu-

lation have almost completely disappeared. An important

threat to the feral populations of bees is loss of habitat and

loss of woodlands. In many places the only habitat suitable

for honey bee nesting are rows of trees along roadsides. We

studied a feral population of honey bees inhabiting avenues

in northern Poland. We inspected 142 km of avenues and

found 45 feral colonies. The estimated density of feral

population inhabiting the avenues was 0.10 nest km-2.

Honey bees preferred to build their nests in trees with a

thick trunk and a somewhat weak state of health. There was

no strong preference of bees to any species of trees. We

stress the importance of protection of existing avenues and

creating new ones. This can provide suitable habitat not

only for honey bees but also for other endangered species.

Keywords Apis mellifera � Honey bee � Hollow tree �
Feral population

Introduction

The honey bee (Apis mellifera) is native to Africa, Middle

East and Europe, except its most northern part (Ruttner

1988). In this area, more than twenty subspecies or geo-

graphical races have been described (Ruttner 1988). Some of

the subspecies are at local risk of extinction. The major

threats to feral honey bees include: intensive land use, spread

of new pathogens and introductions of non-native subspe-

cies by beekeepers (De la Rúa et al. 2009). Feral (unman-

aged) population of honey bees have almost completely

disappeared in Europe (Jaffé et al. 2010). In many places,

managed populations kept by beekeepers in hives do not

consist of native subspecies. For example in Germany the

native A. m. mellifera was to a large degree hybridised with

A. m. carnica (Moritz 1991; Maul and Hähnle 1994).

In some parts of the world there are viable feral popu-

lations of honey bees. Relatively large natural populations

are still present in Africa (Dietemann et al. 2009). The feral

populations are also present in places where the honey bee

was introduced, for example in North America (Seeley

1978), South America (Schneider et al. 2004) and Australia

(Oldroyd et al. 1997). In Europe feral colonies of honey-

bees are relatively rare and were found in British Isles and

Italy (Jaffé et al. 2010; Thompson et al. 2010). Some of the

feral populations in Europe can be small and consist mainly

of swarms which have escaped from managed apiaries.

An important threat to the feral populations of bees is loss

of habitat (Brown and Paxton 2009; De la Rúa et al. 2009). In

natural conditions tree cavities are usually used by the bees

for nesting (Seeley and Morse 1976). Suitable cavities may

be found only in large and old trees which are generally rare

in Europe, where most woodland areas were replaced with

agricultural landscape or have been intensively managed.

Therefore it was suggested that the main strategy of bees

conservation should be minimising habitat loss and making

agricultural habitats bee-friendly (Brown and Paxton 2009).

The elements of agricultural landscape which are par-

ticularly bee-friendly are avenues, i.e. routes lined with
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trees. Many of the avenues were planted in previous cen-

turies (Couch 1992) and now consist of old trees with

cavities suitable for honey bee nesting. Moreover, some of

the tree species, for example lime trees (Tilia sp.) can

provide bees with nectar and pollen. The avenues are still

present in many parts of Europe including: France,

Germany (Lehmann and Rohde 2006), Switzerland (Tart-

aro and Kunz 2008), Denmark, Sweden, Poland (Pradines

2009) and Great Britain (Crane 2001). The avenues are

important not only to honey bees but also other insects

which deserve protection (Oleksa et al. 2006; Oleksa et al.

2007).

The aim of this study was to verify if the avenues in

agricultural landscape can support viable feral population

of honey bees. We estimated the density of the population

and described trees in which bees build their nests.

Methods

Area under study

The study was carried out in the northern Poland (18�360–
21�10E, 53�140–54�240N) between June and the beginning

of September in two consecutive years, 2010 and 2011.

The climate of the studied region is one of the coldest in

lowland Poland. It is influenced by the Baltic Sea, marked

with a continental impact. The average annual temperature

is about 7 �C. The vegetation period lasts 190–200 days

per year. Average annual precipitation ranges from 600 to

700 mm (Woś 1999). The dominant form of land use is

agriculture, especially intensive in the fertile soils in the

delta of the Vistula River as well on clay moraines of the

Vistulian (Weichselian) glaciation (Kondracki 2002).

About 68 % of the studied area consists of lands that are

used for agricultural purposes (mainly arable land, but also

orchards and meadows), while forest covers 26.8 % of the

total area. It was shown that native A. m. mellifera still

occurs in the region adjacent to the study area (Meixner

et al. 2007; Oleksa et al. 2011).

Field methods

To determine the occupation of trees by feral colonies of

honey bee, an extensive survey of trees was conducted.

Detailed inventories of avenues (trees planted along roads)

were conducted at sites designated in advance (Fig. 1).

These sites were selected to ensure uniform coverage of the

studied area by generating evenly distributed points using

the tool ‘‘Regular points’’ of the plug-in fTools for the

Quantum GIS software (Quantum GIS Development Team

2010). Points were generated so that the distance between

them was about 10 km, assuming a random deviation of

each point from the uniform grid. Points were then dis-

played on the background of current aerial photographs

(Google Earth and geoportal.gov.pl) and manually shifted

to the nearest avenues (i.e. linear stands of trees along

roads). If the inspection in the field proved that the location

had been wrongly identified (usually, linear tree stand

turned out to be cluster of trees along a watercourse instead

of a road), then the closest avenue was chosen instead.

At each site, a sample of approximately 70 trees was

examined. Tree position was determined using a GPS

receiver (PathFinder ProXT, Trimble). The trees were

described in terms of several variables, i.e. tree species

identity, trunk diameter at 1.3 m (‘‘diameter at breast

Fig. 1 a Location of avenues

with feral nests (filled circles)

and avenues without feral nests

(empty circles); b The study

area was divided into 170

polygons and 17 of them (filled)

were used for estimating density

of the avenues; c location of the

study area in Europe
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height’’, DBH), health state and the presence of hollows

and bee colonies. Lime trees Tilia sp. were determined to

the genus level because we encountered hybrids, however

in most cases (ca. 90 %) Tilia sp. refers to small-leaved

lime T. cordata, native to northern Poland. The presence of

hollows was assessed by visual inspection from the ground

level, in doubtful cases supplemented by tapping the trunk

and inspection with a ladder. We used the 5 point scale of

Pacyniak (1992) to assess tree health 1—trunk and crown

healthy; 2—hollows possible, up to 25 % of crown dam-

aged (loss); 3—25–50 % damaged (loss); 4—50–75 %

damaged (loss); 5—above 75 % damaged (loss) or a dead

tree. Trees with health status 1 by definition are not hollow;

trees with poor health could contain cavities.

Detection probability of insect could be affected by air

temperature and overall weather condition. In order to

eliminate the effect of temperature, observations were

conducted when the temperature exceeded 15 �C. Trees

were carefully viewed from all sides in search of bees

entering/exiting hollows or of flying in their vicinity.

Buzzing sound generated by the colony provided another

important clue in detecting of bees. In case of Tilia sp trees,

special care was taken during the time of their flowering, in

order to make sure that detected bees were confirmed to be

nesting in hollows of the particular tree examined.

Statistical methods

The occurrence of honey bee colonies was examined at two

levels. First, we used data concerning all examined trees to

qualify preferences of bees for specific characteristics of

trees. Next, we computed summary characteristics of the

entire field sites (avenues) to check whether there are some

characteristics allowing prediction of bee occurrence at this

level.

Tree level

We used generalized linear/non-linear models or GLZs

with a binomial distribution of the response variable and

Logit link function to describe the presence/absence of

honey bee colonies in trees in relation to tree species,

health state and trunk diameter. Such specified GLZ

method is equivalent to Logistic regression, which is

commonly used to estimate occurrence probabilities in

relation to predictors, however, it allows for including

categorical predictor variables. As input, only data con-

cerning hollow trees were included as only such trees

represented potential nesting site for bees. In order to

develop an optimal set of explanatory variables responsible

for presence/absence of bee colonies, a comparison of all

possible GLZs was performed to find the most parsimo-

nious model. The selection of final variables in the GLZ

model was based on Akaike’s information criterion (AIC).

AIC provides a measure of model fit and penalizes candi-

date models for including variables that do not add

explanatory power to the result. We used AIC weights (xi)

to generate weighted model-averaged parameter estimates.

We used ANOVA to compare averages between groups.

Computations were done with Statistica v10.0 software

(Statsoft 2011).

Preferences of feral bees with respect to tree species,

circumference and health state were further compared with

a random sample model. Occurrences of bee colonies were

randomly drawn from the overall pool of trees and the

resulting frequencies per variables (species identity, cir-

cumference and health state) were compared with the

observed ones. Expected frequencies and standard devia-

tions were generated from 5,000 random samples each

using the program Sample (Ulrich 2003, Ulrich and Ollik

2005). The frequency distribution of these random samples

was in all cases approximately normally distributed. Hence

we used the common Z-transformation [Z = (x - l)/r] to

infer the probability levels for the observed values from the

standard normal distribution. Z-scores above 2 or below -2

indicate significant (p \ 0.05) deviations of the observed

value x from expectation l.

Site level

Again, a GLZ model with a binomial distribution of the

response variable and Logit link function was derived to

describe the presence/absence of honey bee colonies in

relation to characteristics of avenues. Each avenue was

characterized in terms of proportion of trees with hollows,

average health state and average DBH. A comparison of all

possible GLZs was performed to find the best model based

on Akaike information criterion.

The regression approach outlined above is based on the

assumption that the values of observations in each sample

are independent one from another. The existence of spatial

autocorrelation in dependent variables could bias this

assumption, therefore it was checked by computing Mor-

an’s coefficient (I) with SAM ver. 4.0 software (Rangel

et al. 2010).

Estimation of population density

To estimate the overall density of the population through-

out the region, we computed average density of bee colo-

nies in the inventoried avenues. The obtained data were

extrapolated in order to obtain value corresponding to the

entire area. To do that, we estimated density of the ave-

nues. The study area was divided into hexagonal 100 km2

polygons (QMarxan tool in Quantum GIS software,

Quantum GIS Development Team 2010) and 10 % of them
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(N = 17) were randomly selected for detailed avenue

inventory (Fig. 1b). Tree-lined avenues within these poly-

gons were mapped based on aerial photographs and verified

during field examination.

Results

Occurrence of bees in trees

In total, 15,115 trees on 201 sites were examined. In this

sample, 3,571 trees were recognized as possessing hollows

(23.6 % of all trees), and 45 trees were occupied by col-

onies of bees (Fig. 2); bees occurred in 0.3 % of all trees

and in 1.3 % of hollow trees.

DBH (average ± SD) of trees without hollows, hollow

trees without honey bee nest and hollow trees with honey

bee nest was: 59.7 ± 19.7 cm, 71.5 ± 19.9 cm and

76.5 ± 17.0 cm, respectively (Fig. 2). One-way ANOVA

showed that mean DBH differed significantly between the

three groups (F2,15112 = 497.5, p \ 0.0001).

Comparison of observed numbers of occupied trees and

values expected from the random sample model for

assumed diameter classes showed that bees avoided trees

thinner than 50 cm (Z = -2.08, p = 0.04; Table 1).

Conversely, there was a slight tendency towards occupancy

of trees with diameter 100–125 cm, however this result

was not statistically significant (Z = 1.71, p = 0.09).

The largest number of colonies was recorded on lime

trees Tilia sp. (28 records, i.e. 62.2 % off all observations),

nine colonies were found in Norway maple (Acer plat-

anoides), three in European ash (Fraxinus excelsior), two

in pedunculate oak (Quercus robur) and one colony in each

of several other species: sycamore maple (Acer pseudo-

platanus), horse-chestnut (Aesculus hippocastanum) and

black alder (Alnus glutinosa). When the frequencies of bee

colonies were compared with the expectations of the null

model (random colonisation of hollow trees, depending on

their availability), it turned out that bees showed preference

to Alnus glutinosa and avoidance of Carpinus betulus

(Table 2). The lack of records from hornbeams could be

probably attributed to small trunk diameter of these trees

(average diameter of hollow C. betulus was 52.8 cm, while

other species of trees occupied by bees had average

diameter 73.4; the difference was highly significant,

p \ 0.001).

No significant departures from the expectations of the

random sample model were observed for health classes

(Table 3). Most bee colonies were encountered in trees of

health class 2, however it should be noted that such trees

are the most abundant in avenues due to selective removal

of trees with the worse health by road managers.

Based on the data containing 45 occupied hollow trees

and 3,526 hollow trees without bees, we estimated

parameters of GLZ model explaining presence/absence of

bee colonies in hollow trees (Tables 4, 5). An increasing

probability of bee occurrence was associated with tree

diameter, i.e. thicker trees were colonised at a higher

chance, however this variable was barely significant

(p = 0.058). Incorporation of tree species in the GLZ

model did not improve its explanatory power. Table 6

shows AIC-weighted model-averaged parameter estimates.

Occurrence of bees in avenues

Honey bee colonies were recorded in 37 of 201 studied

fragments of avenues (18.4 % of all sites, Fig. 1). Occu-

pation of sites by bees as well as all explanatory variables

did not show any signs of spatial aggregation (Moran’s

I statistics showed no significant difference from 0).

Therefore, all data points were treated as independent and

estimation of the single global model was valid.

The best GLZ model included only the proportion of

hollow trees in avenue fragment as the most informative

predicator of bee presence (Table 5). The variables elimi-

nated from the model were average tree diameter and

average tree health. Although tree size and health were

positively associated with bee occurrence, their inclusion

did not result in improved performance of the model.

Estimation of population density

Examined avenue fragments had total length of 142.0 km.

In these stretches we found 45 colonies of honeybees. It

gave the density of 0.32 colonies per kilometre of avenue.

The density of avenues in the 17 polygons inventoried

in details ranged between 0.26 and 0.38 km km-2 with

an average of 0.31 ± 0.04 km km-2 (mean ± SD). The

density of feral colonies in the study area was estimated to

be 0.10 nests km-2.
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Fig. 2 Relative frequency of trees with various diameters. The trees

were divided into three groups: trees without hollows (white bars),

hollow trees without honey bee nest (gray bars) and hollow tree with

honey bee nest (black bars)
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Discussion

The results presented here show that rural avenues are

inhabited by feral colonies of honey bees. The density of

the feral population (0.10 nests km-2) seems relatively low

but comparable to some earlier reports: 0.2 (arid island,

Wenner 1989), 0.4 (temperate forest, Galton 1971), 0.5

(temperate forest, Visscher and Seeley 1982), 0.4–1.1

(urban environment, Baum et al. 2008). In most studies the

density of feral populations was much larger: 2.3 (urban

environment, Morse et al. 1990), 2.4–3.2 (national park,

Moritz et al. 2007), 4.2 (savannah, McNally and Schneider

1996), 6.2–9 (agricultural environment, Ratnieks et al.

1991), 7.8 (savannah, Schneider and Blyther 1988), 12.5

(urban environment, Baum et al. 2005), 12.4–17.6

(savannah, Moritz et al. 2007), 40–148 (riparian woodland,

Oldroyd et al. 1994; Oldroyd et al. 1997). The density of

the feral population of honey bee inhabiting avenues is

Table 1 Differences between

observed and expected

occupancies of hollow tree

diameter classes

Expected occupancies were

obtained by a random sampling

of 45 trees (the actual number of

trees in which bee colonies were

found in) out of the total of

3,571 hollow trees. Significant

values are shown in bold

Diameter

(upper limit, cm)

Number

of trees

with hollows

Number

of trees

with bees

Expected

number of

occupied trees

SD Z p

25 10 0 0.1 0.35 -0.36 0.72

50 485 1 6.1 2.46 -2.08 0.04

75 1,703 20 21.5 4.60 -0.32 0.75

100 1,091 18 13.7 3.68 1.15 0.25

125 241 6 3.0 1.73 1.71 0.09

150 36 0 0.5 0.67 -0.68 0.50

175 5 0 0.1 0.25 -0.25 0.80

Total 3,571 45

Table 2 Differences between

observed and expected

occupancies of hollow trees

belonging to different species

Significant values are shown in

bold

Tree species Number of

trees with

hollows

Number

of trees

with bees

Expected

number of

occupied trees

SD Z p

Acer platanoides 638 9 8 2.82 -0.01 0.99

Acer pseudoplatanus 51 1 1 0.80 0.45 0.65

Acer saccharinum 2 0 0 0.16 -0.16 0.87

Aesculus hippocastanum 62 1 1 0.88 0.25 0.80

Alnus glutinosa 8 1 1 0.32 2.85 0.004

Betula pendula 69 0 0 0.93 -0.94 0.35

Carpinus betulus 315 0 0 1.98 -2.01 0.04

Fagus sylvatica 21 0 0 0.51 -0.52 0.60

Fraxinus excelsior 131 3 3 1.28 1.06 0.29

Fraxinus pensylvanicus 4 0 0 0.22 -0.23 0.82

Malus domestica 25 0 0 0.56 -0.56 0.57

Populus balsamifera 3 0 0 0.19 -0.20 0.84

Populus tremula 1 0 0 0.11 -0.11 0.91

Populus 9 canadensis 3 0 0 0.19 -0.20 0.84

Pyrus communis 1 0 0 0.11 -0.11 0.91

Quercus petrea 1 0 0 0.11 -0.11 0.91

Quercus robur 108 2 2 1.16 0.55 0.58

Quercus rubra 1 0 0 0.11 -0.11 0.91

Salix alba 5 0 0 0.25 -0.25 0.80

Salix caprea 1 0 0 0.11 -0.11 0.91

Sorbus intermedia 12 0 0 0.39 -0.39 0.70

Tilia sp. 2,108 28 27 5.12 0.09 0.93

Ulmus laevis 1 0 0 0.11 -0.11 0.91

Total 3,571 45
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much lower than the density of managed populations,

which is estimated to be 4.4 nests km-2 for the study area

(Semkiw and Skubida, 2010).

The population density reported in this study can be an

underestimation because some colonies could have been

overlooked, particularly when their nest entrance was

located high above the ground. In addition, the population

present in the avenues is probably only a part of larger feral

population present in woodlands, which cover 27 % of the

study area. It is not clear what proportion of the feral

colonies started as swarms which escaped from managed

colonies. At least some of the cavities were occupied by

bees during the last 3 years (unpublished data). Part of the

managed population is not subjected to artificial selection.

Every year on average 51 % of managed colonies are

requeened in Poland and most of the queens comes from

swarming, supersedure and own breeding, only 28 % of

them are purchased from queen breeders (Bieńkowska,

2012). Even the purchased queens usually are not insemi-

nated and mate with local population of drones. As a result

79 % of managed colonies in the study area do not differ

from A. m. mellifera (unpublished data). In this situation

the feral population inhabiting rural avenues should be

considered as an important reservoir of genetic variation.

In our study, the occupancy of any particular tree species

depended mainly on its availability. However, we observed

two exceptions to this pattern. First, the occupancy of alders

was higher than expected, and secondly, hornbeams were

avoided. The first observation may be biased by the small

sample of alders, but the latter one probably reflects the fact

Table 3 Differences between

observed and expected

occupancies of hollow tree

health classes

Health state

class

Number of trees with

hollows

Number of trees

with bees

Expected number of

occupied trees

SD Z p

2 3,150 37 39.7 6.26 -0.43 0.67

3 358 7 4.5 2.11 1.18 0.24

4 46 0 0.6 0.76 -0.77 0.44

5 17 1 0.2 0.46 1.71 0.09

Total 3,571 45

Table 4 Model selection results for the effect of trunk diameter

(DBH), tree health and tree species on the presence of honey bee nests

in hollow trees

Rank Model K AIC DAIC xi

1 DBH 2 483.49 0 0.461

2 DBH ? health 3 483.89 0.40 0.377

3 Health 2 485.59 2.10 0.161

4 Tree species 2 510.81 27.32 \0.0001

5 DBH ? tree species 3 511.05 27.56 \0.0001

6 Health ? tree species 3 511.26 27.77 \0.0001

7 DBH ? health ? tree

species

4 511.46 27.97 \0.0001

The model selection statistics are: number of parameters (K),

Akaike’s information criterion (AIC), difference between model and

minimum AIC values (DAIC), and AIC weights (xi)

Table 5 Model selection

results for the effect of avenue

characteristics on the presence

of honey bee nests

Abbreviation as in Table 4

Rank Model K AIC DAIC xi

1 Prop. of hollow trees 2 186.94 0 0.41

2 Average DBH ? prop. of hollow trees 3 187.77 0.83 0.27

3 Average health ? prop. of hollow trees 3 188.86 1.92 0.16

4 Average DBH ? average

health ? prop. of hollow trees

4 189.50 2.56 0.11

5 Average DBH 2 192.11 5.17 0.03

6 Average DBH ? average health 3 194.07 7.13 0.01

7 Average health 2 195.88 8.94 0.005

Table 6 AIC-weighted model-averaged parameter estimates gener-

ated from the top three models of presence of honey bee nests in

hollow trees (Table 4, R xi = 1.000) and avenues (Table 5, R
xi = 0.839)

Level of analysis Variable Coeff SE

Tree level DBH 0.877 0.465

Health 0.114 0.082

(Intercept) -8.805 2.401

Site level (avenues) Prop. of hollow trees 2.200 0.652

Average DBH 0.006 0.006

Average health -0.011 0.065

(Intercept) -2.577 1.004
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that hornbeam are usually not appropriate for bees due to

relatively small trunk diameter. Contrary to our expectation

bees did not prefer lime trees for nesting. The greater

occurrence of bee colonies in this tree species could be fully

explained by its greater availability.

Although native subspecies of honey bees can be protected

in managed apiaries and such protection can be essential in

some places (De la Rua et al. 1998), a feral population should

be considered as an important part of the protection program.

Feral colonies usually consist of native subspecies which are

under natural selection pressures to survive in local environ-

ment. Moreover, the feral colonies have higher genetic

diversity than managed colonies (Moritz et al. 2007; Lowe

et al. 2011). On the other hand, honey bee breeders

often selectively breed subspecies preferred by beekeepers

(Magnus et al. 2011). In most places there is no regulations

prohibiting import of non-native subspecies and even if there

are such regulations it is difficult to enforce them.

In places where the natural environment has been

replaced with agriculture, avenues of trees can be a refuge

for the feral population of honey bee. Even if the avenues

only support a low density population, there should be no

problems with inbreeding because of the large mating

range of queens and drones (Jensen et al. 2005). Unfortu-

nately the avenues are relatively rare. In Europe they are

present only in some places and they are gradually disap-

pearing (Pradines 2009). The data presented here show that

hollow trees, thicker than 50 cm in diameter, should be

particularly preserved as potential nesting sites for honey

bees. The avenues not only should be protected and

restored but new (replacement) avenues should be planted.

Despite not confirming that honey bees prefer to build their

nests in lime trees or maple trees, the two species can be

particularly suitable for planting in avenues because they

provide not only nesting sites but also nectar and pollen for

bees and other insects. Although lime trees produce more

nectar (Corbet et al. 1979; Waś et al. 2011) than maple

trees (Haragsim 1977), the later species grows faster

(Rowntree and Nowak 1991; Larsen and Kristoffersen

2002) and can reach trunk diameter suitable for honey bee

nesting earlier. The two species also flower at different

time of year and avenues consisting of both species can

provide bees with food both in spring and in summer.

The data presented here allow us to conclude that ave-

nues of trees should be protected as a potential nesting site

for feral colonies of honey bees. We recommend planting

new mixed species avenues consisting of both lime trees

and maple trees.
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