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Abstract Honeybee colonies are declining in some parts
of the world. This may have important consequences for
the pollination of crops and native plant species. In Spain,
as in other parts of Europe, land abandonment has led to a
decrease in the number of non professional beekeepers,
which aggravates the problem of honeybee decline as a
result of bee diseases In this study, we investigated the
effects of honeybees on the pollination of three native plant
species in northern Spain, namely wildcherry Prunus avi-
um L., hawthorn Crataegus monogyna Jacq., and bilberry
Vaccinium myrtillus L. We quantified fruit set of individ-
uals from the target species along transects established
from an apiary outwards. Half the samples were bagged in
a nylon mesh to avoid insect pollination. Mixed-effects
models were used to test the effect of distance to the apiary
on fruit set in non-bagged samples. The results showed a
negative significant effect of distance from the apiary on
fruit set for hawthorn and bilberry, but no significant
effects were detected for wildcherry. This suggests that the
use of honeybees under traditional farming practices might
be a good instrument to increase fruit production of some
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native plants. This may have important consequences for
wildlife conservation, since fruits, and bilberries in par-
ticular, constitute an important feeding resource for
endangered species, such as the brown bear Ursus arctos L.
or the capercaillie Tetrao urogallus cantabricus L.

Keywords Apis mellifera - Bilberry - Cantabrian
Mountains - Hawthorn - Pollination - Tetrao urogallus -
Ursus arctos - Wildcherry

Introduction

The pollination of flowering plants by animals represents a
critical ecosystem service of great value to humanity, both
monetary and otherwise (Kearns and others 1998). Hon-
eybee (Apis mellifera L.) is a non-native pollinator in most
continents and may be detrimental for native bees and other
pollinators (Roubik 1978; Schaffer and others 1983; Paton
1993; Vaughton 1996; Gross and Mackay 1998; Gross
2001; Hansen and others 2002; Thomson 2006). Even
within its native European range, the species could be
displacing other insects by reducing the resource base
(Forup and Memmott 2005). Honeybees are however crit-
ically important for crop pollination worldwide (Watanabe
1994; Klein and others 2007), and the yields of some fruit,
seed and nut crops can decrease by more than 90% without
these pollinators (Southwick and Southwick 1992). Several
studies have stressed the importance of honeybees for fruit
and seed yields in different crops and cultivars, including
sunflower Helianthus annuus L. (Degrandi-Hoffman and
Chambers 2006), buckwheat Fagopyrum esculentum Mo-
ench (Goodman and others 2001; Racys and Montviliene
2005), cotton Gossypium hirsutum L. (Rhodes 2002),
canola Brassica napus, L. (Manning and Boland 2000;
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Manning and Wallis 2005; Oz and others 2008), Assam
lemon Citrus limon (L) Burm. (Gogoi and others 2007),
pear Pyrus communis L. (Stern and others 2007), apple
Malus domestica Borkh. (Stern and others 2007), Japanese
plum Prunus salicina Lundl. (Stern and others 2007),
rabbiteye blueberry Vaccinium ashei Reade (Dedej and
Delaplane 2003), and the ornamental flower Salvia splen-
des Sello (Sanchez and others 2002). Fewer studies have
focused on the effects of managed honeybees on the pol-
lination of native plants, reporting either positive effects
(e.g., Gross (2001) in Australian woodlands; Chamberlain
and Schlising (2008) in Californian savannas), no effects
(e.g., Dupont and others (2004) in sub-alpine deserts of the
Canary Islands, Spain), or even negative effects (e.g.,
Gross and Mackay (1998) in Australian tropical rainfor-
ests) when compared to the performance of wild
pollinators.

Honeybee colonies are declining in some parts of the
world (Williams and others 1991; Matheson and others
1996; Delaplane and Mayer 2000) largely owing to: (i) the
spread of pests such as parasitic mites (Varroa jacobsoni
Oudeman, V. destructor (Anderson & Trueman) and
Acarapis woodi Hirst; Downey and Winston 2001; Chen
and others 2004), the small hive beetle (Aethina tumida
Murray; Evans and others 2003) and the microsporidian
parasite Nosema ceranae n. sp. (Higes and others 2006);
(i) improper pesticide and herbicide use (Ingram and
others 1996); (iii) ageing of the beekeper population,
especially in Europe and North America; and (iv) low
market prices for their products and services (MacDonald
and others 2000). The number of beekeepers has declined,
and so has the number of colonies being kept over most of
Europe (Potts and others 2010) and North America (Ellis
and others 2010). Pollination has been adversely affected
by this decline, and farmers have reported difficulties in
obtaining services for crops such as blueberries in Maine,
pome fruit in the northeastern United States and Canada,
almonds in California, field cucumbers in the eastern
United States and Canada, and hybrid seed production in
western Canada (Kevan and Phillips 2001).

Within Europe, where the species is native, Spain holds
one of the largest numbers of bee colonies (after Turkey
and Romania), with some 1,800,000 hives (APISERVIC-
ES, available at www.beekeeping.com/countries, accessed
in September 2010). However, professional beekeeping
involves only 32% of the 24,606 beekeepers currently
carrying out this activity in Spain (Bulboa Cortés and
Martinez Avilés 2007). This highlights the importance of
apiculture as a secondary economic activity in rural areas,
where it provides a supplementary income and food to
beekeepers and their families, in addition to its contribution
to agricultural development through crop pollination.
Unfortunately, 40% of Spain’s bee flock has been wiped

out in recent years, mainly due to bee diseases. This situ-
ation has been aggravated by intensification of traditional
farming practices and land abandonment, especially in
mountain areas (MacDonald and others 2000).

In northern Spain, adequate pollination of plants with
fleshy fruits can be critical for the conservation of wildlife.
Species such as the brown bear Ursus arctos L. (Palomero
2007) and the capercaillie Tetrao urogallus cantabricus L.
(Storch and others 2006), which are currently in the
Spanish Red List of endangered species, rely for feeding on
fruits from different native plants, at least during part of the
year. To date, no studies have investigated the effects of
honeybees on native plant species in traditional agroeco-
systems, where apiculture has been a common practice for
centuries (but see Gross and Mackay 1998; Gross 2001;
Dupont and others 2004; Chamberlain and Schlising 2008
for some examples in natural ecosystems). The main goal
of this study was to assess the influence of honeybees on
fruit set of different native tree and shrub species. For this
purpose, we collected data about fruit set from flowers
visited by insect pollinators versus unvisited flowers at
different distances from bee hives. Experimental treatments
were applied to three different native plants, namely the
wildcherry Prunus avium L., the hawthorn Crataegus
monogyna Jacq., and the bilberry Vaccinium myrtillus
L. We tested whether flowers of target plant species were
successfully pollinated by wild pollinators as the influence of
honeybees diminished at increasing distances from hives.
The implications of our results for wildlife conservation are
discussed in the context of the intense debate developed
during recent years around the respective contributions of
wild and managed pollination service components and the
potential impacts of honeybees on native flora and fauna.

Material and Methods
Study Area

The Cantabrian Mountains of north-western Spain run east-
west along the Atlantic coast, with a maximum altitude of
2,648 m (Fig. 1). The regional climate is a complex mix-
ture of Atlantic, Alpine and Mediterranean influences. The
proximity to the ocean and its geographic orientation result
in high rainfall on north-facing slopes (average annual
rainfall of 900-1900 mm) and rain shadow on southern
slopes (average annual rainfall of 400700 mm). The study
area is located within the Orocantabrian province in the
Eurosiberian region, on the border with the Mediterranean
domain, which is dominant in the Iberian Peninsula.
Twenty-five percent of the territory is covered by a natural
wooded surface, mainly beech Fagus sylvativa L. and oak
Quercus petraea (Matts. Liebl.) and Q. pyrenaica Willd, in
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Fig. 1 Representation of the
study area in the world (A),
within Spain (B) and location of
the five study sites in relation to
the real and potential
distribution of the brown bear
(Ursus arctos L.). The
distribution of the capercaillie
(Tetrao urogallus L.) is not
shown as it largely overlaps
with the distribution of the
brown bear

addition to abundant chestnut Castanea sativa Mill.; 2% of
forest crops (Pinus sp. and Eucalyptus globulus Labill.),
8% of broom (Genista florida L. and Cytisus scoparius L.),
32% of heath (Erica sp.) and gorse (Genista hispanica L.),
23% of herbaceous plants, 3% of rocky outcrops, and 2%
of sub-alpine or alpine territory, and the remaining artificial
or highly modified areas. The Cantabrian mountains are
also home to an important variety of animal species,
including the brown bear Ursus arctos, cataloged as being
in danger of extinction (Palomero 2007), and the caper-
caillie Tetrao urogallus cantabricus, cataloged as being of
special interest in the Spanish Red List (Storch and others
2006).

The region has a long history of human settlement.
Agriculture probably started in Roman times, as in much of
the Mediterranean region. The current appearance of this
cultural landscape is therefore the product of many centu-
ries of interaction between humankind and the environment
(Gomez-Sal 1994).

Experimental Design and Field Sampling

Sampling sites were located within or close to the range of
the brown bear and/or the capercaillie, in mountain valleys
where there was a single apiary and no evidence of feral
honeybees in order to avoid overlapping effects in the
experimental design. Five sampling sites were selected
(Fig. 1). The main characteristics of these locations are
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summarized in Table 1. Three woody species were targeted
in this study: the wildcherry, the hawthorn, and the bil-
berry. These species were selected because they are largely
dependent on cross-pollination to produce fruit (Guitian
and others 1992a; Stern and others 2007), are wide spread
in the region, and represent an important feeding resource
for many species, some of them particularly important for
conservation such as the brown bear (Naves and others
2006; Rodriguez and others 2007) or the capercaillie (Selas
2001; Gregersen and Gregersen 2008).

At each sampling site, a transect was established from
the apiary outwards, up to ca. 1400 m, depending on site
accessibility and the presence of target species (Table 2).
Although honeybees can eventually fly up to seven miles to
forage, the economical distance for honey-gathering is
sometimes no more than one-quarter of a mile (i.e.
approximately 800 m), particularly under adverse weather
conditions (Ribbands 1951); therefore it was expected to
have absence of honeybees, or at least foraging activity at
very low densities, at the end of these transects. In January
and early February 2008 all target species were identified
and tagged along each of the five transects. For wildcherry
and hawthorn, four branches were selected from each
individual tree/shrub, two of which were bagged in a 2-mm
nylon mesh exclosure to avoid insect pollination, whereas
the other two were left uncovered. Each branch represented
a sampling. In the case of bilberry, the sampling scheme
was slightly different as bilberry twigs are short (just a few
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Table 1 Main characteristics of the five study sites in the Cantabrian mountains

Pelofio

Pandiella

Navariega

La Ermita

Aguino

Sampling site

—5,119
43,149

—6,151
43,247

—5,011
43,372

—6,301
43,312

—6,267
43,109

Longitude (°)
Latitude (°)
Altitudinal

929-1134

471-593

250-520

330-570

795-875

range (m)

Main

Mixed forest dominated by Beech forest

Shrubland and pastureland

Mixed forest dominated by chestnut

Open oak forest

chestnut (Castanea sativa),

interspersed with fruit trees

and chestnuts

(Castanea sativa) interspersed with

pastureland and shrubland

(Quercus ilex and Q.

petraea)

vegetation

English oak (Quercus robur) and elder

(Sambucus nigra)

Wildcherry, Hawthorn, Bilberry Wildcherry, Hawthorn,

Wildcherry, Hawthorn

Wildcherry, Hawthorn Wildcherry, Hawthorn, Bilberry

Species

Bilberry

sampled

20

40

8

Number of

hives

Table 2 Number of sampling sites and maximum distance from
apiary (m) where each species was recorded, number of individual
trees/shrubs sampled, and summary of the total, mean and maximum
number of flowers and fruits recorded for each species

Species

Wildcherry Hawthorn Bilberry

N. of sampling sites 5 5 3

Maximum distance from 1100 1171 1391
apiary (m)

N. of individual trees/shrubs 17 20 34
sampled®

N. of branches sampled

Control 34 40 17

Nylon mesh 34 40 17
N. of branches sampled with n. flowers > 10°

Control 32 16 5

Nylon mesh 34 10
Total number of flowers

Control 5160 1437 104

Nylon mesh 4129 1151 129
Mean number of flowers

Control 161.2 89.8 20.8

Nylon mesh 1214 115.1 18.4
Maximum number of flowers

Control 939 333 36

Nylon mesh 486 522 37
Total number of fruits

Control 885 218 32

Nylon mesh 212 53 23
Mean number of fruits

Control 27.6 13.6 6.4

Nylon mesh 6.2 53 32
Maximum number of fruits

Control 121 109 26

Nylon mesh 60 30 13

* In the case of bilberry, each sample consisted of five branches taken
from the same site and pooled together for data analysis

° In the case of bilberry, the minimum number of flowers required for
analysis was five

centimeters) and produce few flowers compared to the
other two species. To obtain representative sample units,
ten twigs were selected at each individual bush: five were
bagged in a 2-mm nylon mesh exclosure, and the other five
were left uncovered. Each group of five twigs in each
bilberry bush represented a sampling unit.

From late February to October 2008 sampling sites were
visited every two to three weeks. Flowers were first
counted and fruit production was measured thereafter. The
response variable was fruit set, i.e. the proportion of
flowers that produced fruits, a measure of pollination
success. To obtain a robust measure of fruit set, only
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branches with more than ten flowers were used for analy-
ses, except for the bilberry, where the minimum number of
flowers required for analysis was five. A summary of the
sampling effort conducted in this study is shown in
Table 2.

Statistical Analyses

We identified variables that significantly affected the
probability of fruit set for each species using generalized
linear mixed-effects models (McCullagh and Nelder 1989)
with a binomial error distribution and a logit link function.
Mixed-effects models are appropriate for representing
clustered and therefore potentially autocorrelated data
(Pinheiro and Bates 2000), as it is the case of samples
aggregated within individual plants and locations. In this
particular case, random variability in the response variable
may stem from: (1) differences in fruit set performance
caused by the plant identity; and (2) differences in topog-
raphy, surrounding vegetation and number of hives at each
sampling site. Because each plant was only located at one
sampling site, plant identity was nested within location.
The proposed model was stated as follows:

fruit set = distance + exclosure + distance x exclosure

+ plant : location

where: fruit set = proportion of flowers that produced
fruits; distance = distance to apiary (m); exclosure = a
two level factor specifying whether the branch/twig had
been bagged in a nylon mesh exclosure (control) or not
(treatment); plant:location = a random term specifying the
effect of individual plants, nested within each one of the
five studied locations.

We explored the effects of random effects on the model
intercept (i.e., how individual plants and/or sites can affect
fruit set performance) but also on the treatment effects (i.e.,
how individual plants and/or sites can influence the
observed differences between fruit set performance in
bagged and non-bagged samples). Following Zuur and
others (2007) we compared models with different random
error structure using the restricted maximum likelihood
(REML) estimation procedure. As for the fixed effects, we
were specifically interested in testing the significance of the
effects of the interaction between distance to the apiary and
the nylon mesh exclosure on fruit set. Our hypothesis was
that, if honeybees have an effect on fruit set for a particular
species, there should be a negative relationship between
fruit set and distance to the apiary for non-bagged samples
(treatment), and a null effect on samples bagged in a nylon
mesh exclosure (control). These effects are accounted for
by the interaction between both variables (distance to
apiary and exclosure). To help interpret the effects of such
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interaction, we represented the estimated values of fruit set
for both exclosure (control) and non-bagged (treatment)
samples as a function of distance to the apiary according to
the resulting models. All analyses were conducted with the
R package ‘Ime4’ (Bates and others 2008).

Results

Total, mean and maximum number of flowers and fruits
recorded for each species can be found in Table 2. Our
results showed that the effect of distance in itself was not
significant in all three models (Table 3). The exclosure
(control) produced a significantly lower fruit set in all three
species as compared to non-bagged (treatment) samples
(Table 3). The interaction between distance to apiary and
exclosure was significant only for hawthorn and bilberry
(Table 3). Non-bagged samples of wildcherry produced only
a slightly higher amount of fruits than exclosure samples,
regardless of distance to the apiary (Fig. 2a). Models pre-
dicted a decrease in fruit set of hawthorn from about 10% to
0% over a distance of approximately 750 m from the apiary
(Fig. 2b), whereas this decrease spanned from 100% to 0% in
the case of bilberry over the same distance range (Fig. 2c).

Discussion

Impact of Honeybees on Fruit Set and Wildlife
Conservation

The fruit yields observed in this study demonstrate that
honeybee activity significantly increases pollination and
fruit set in two out of the three native plant species
investigated. Although the results for bilberry are based on
a small number of samples, it is important to note that each
sample is a compound measure of five twigs and does
therefore represent a robust estimate of fruit set. The low
levels of fruit set found for hawthorn contrast with those
found for bilberry. Guitian and others (1992b), however,
reported similar levels of fruit set (<30%) for hawthorn,
Prunus mahaleb L. and P. spinosa L., even in the presence
of pollinators. They argued that fruit production in these
species is limited by intrinsic factors (e.g., adaptive life
history associated with reproductive effort) rather than
simply the result of insufficient pollination (see also Ash-
man and others 2004; Brown and McNeil 2006; Knight and
others 2006). Our results for wildcherry indicate that wild
pollinators, at least in our study area, can successfully
replace honeybees to efficiently pollinate this tree. Fruit set
in this case, as for hawthorn and other Rosaceae (Guitian
and others 1992b), is very low, possibly due to intrinsic
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Table 3 Results of the generalized linear mixed-effects models for the three studied species
Wildcherry (Prunus avium)
Random effects Variance Std.
Dev.

Tree in sampling site (intercept) 4.410 2.100
Tree in sampling site 2.970 1.723

(treatment)
Fixed effects Estimate Std. error z value Pr(>lzl)
Intercept —4.638 1.582 —2.932 0.003
Distance 0.002 0.003 0.753 0.451
Treatment (non-bagged) 2432 0.232 10.500 <2e-16
Treatment * Distance —0.003 0.001 —3.493 4.77e-04
Hawthorn (Crataegus monogyna)
Random effects Variance Std. Dev.
Tree in sampling site (intercept) 6.017 2.435
Fixed effects Estimate Std. error z value Pr(>lzl)
Intercept —4.255 0.971 —4.382 0.000
Distance 0.000 0.001 —0.006 0.996
Treatment (non-bagged) 2319 0.235 9.852 0.000
Treatment * Distance —0.003 0.001 —-3.792 0.000
Bilberry (Vaccinium myrtillus)
Random effects Variance Std. Dev.
Shrub in sampling site (intercept) 3.433 1.853
Fixed effects Estimate Std. error z value Pr(>lzl)
Intercept —2.384 2.032 —1.173 0.241
Distance 2.40e-04 0.003 0.081 0.935
Treatment (non-bagged) 7.309 1.538 4.751 2.03e-06
Treatment * Distance —0.010 0.002 —4.533 5.82e-06

The estimated variance and standard deviation are shown for the random effects. The estimated coefficient and standard error, z-value and p-
value are shown for the fixed terms, including the interaction between the two main explanatory variables. Significant values at p < 0.05 are

shown in bold

factors that limit fruit production. Although we have not
tested this hypothesis specifically, our results seem to
indicate that both intrinsic factors and pollination are
important in determining fruit set. Other species that
strongly depend on insect pollination, such as P. spinosa or
P. mahaleb (Guitian and others 1992a), have been reported
as visited more frequently by honeybees than by any other
pollinator.

From a conservation perspective, different studies have
investigated the effect of honeybees on endemic, rare or
threatened plant populations, reporting either positive
(Gross 2001; Chamberlain and Schlising 2008), negative
(Gross and Mackay 1998), or neutral effects (Dupont and
others 2004) when compared to the performance of wild
pollinators. The role of honeybees for pollination of native

plants can however have wider effects for other trophic
levels. Many species feed on fruits produced by shrubs and
trees. Such fruits may constitute an important feeding
resource during certain periods of the year. For example,
berries, fleshy fruits, and hard mast constitute the bulk of
the brown bear diet during the hyperphagic season, i.e. the
period that follows the mating season when the bear’s food
intake increases markedly (June—July), allowing them to
gain weight until they enter a den for hibernation in
November—December (Naves and others 2006; Rodriguez
and others 2007). Bilberries have been reported to consti-
tute 11.3% of the volume of the bear’s diet during this
season, followed by Prunus fruits (P. avium, P. domestica
L., P. persica L. (Batsch.), P. spinosa) (6.8%), and haw-
thorn berries (0.8%) (Naves and others 2006). Although
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Fig. 2 Estimated effects of distance to apiary on fruit set for
exclosure (dashed lines) and non-bagged samples (solid lines) for the
wildcherry (a), the hawthorn (b) and the bilberry (c). Fruit set was
calculated as the proportion of flowers that produced fruits, as a
measure of pollination success. Dotted lines represent 95% confi-
dence intervals for the models’ estimates in the case of non-bagged
samples. Observed values are also represented for exclosure (crosses)
and non-bagged (circles) samples
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there are no studies demonstrating that populations of bear
are limited by food, two factors are likely to turn out food
shortage a serious problem: (1) a recovery of bear popu-
lations in the Cantabrian Mountains (Palomero 2007)
which may be followed by increasingly intra-specific
competition for resources; and (2) the problem of the lack
of carrion for bears. Traditionally, dead livestock was left
abandoned or dumped in the mountains, but a recent EU
law now prohibits this practice because of fears of mad
cow disease.

The Honeybees Versus Wild Bees Debate

In recent years, an intense debate has developed around the
respective contribution of wild and managed pollination
service components (Allsopp and others 2008), as well as on
the impact of honeybees on native flora and fauna. Results of
some studies suggest that foraging patterns and abundance of
wild pollinators are altered in the presence of honeybees
(Roubik 1978; Schaffer and others 1983; Paton 1993;
Vaughton 1996; Gross and Mackay 1998; Gross 2001;
Hansen and others 2002; Forup and Memmott 2005;
Thomson 2006). Although stressed as important by most
researchers, the potential detrimental effects of introduced
honeybees on food storage or on reproduction of native bee
species have been difficult to investigate (Butz Huryn 1997;
Steffan-Dewenter and Tscharntke 2000), and no studies to
date have documented local extinction of native bees caused
by Apis mellifera (Forup and Memmott 2005; Moritz and
others 2005). The impact of honeybees on the pollination of
native flora includes effects on pollen dispersal and thus
patterns of seed set and genetic structure of plant popula-
tions. Honeybees are often found to be less efficient pollin-
ators compared to native flower-visiting animals (Schaffer
and others 1983; Taylor and Whelan 1988; Westerkamp
1991; Paton 1993; Vaughton 1996; Gross and Mackay 1998;
Hansen and others 2002). However, other studies have found
that A. mellifera does not adversely affect plant reproductive
success, perhaps due to the numerical abundance of honey-
bees compared to wild bees (Vaughton 1992; Gross 2001;
Dupont and others 2004).

In most environments, both wild pollinators and hon-
eybees will exploit flowers of both crops and native flora
(Klein and others 2007). Honeybees are undoubtedly
important pollinators due to their high demand for pollen
and nectar, their hairy body, which collects and disperses
the pollen, and the high number of bees that can live in a
single hive (30-50 thousand bees, Stern and others 2007).
For example, Heinrich (1979) calculated that a single,
large apiary in the USA would collect the equivalent
amount of nectar and pollen to support 38.400 bumblebee
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reproductives, or 102 colonies in one year (Forup and
Memmott 2005). In addition, because A. mellifera colo-
nies persist longer than most native bee species, it may be
a more reliable pollinator throughout a season than spe-
cies that have shorter activity periods (Chamberlain and
Schlising 2008). Other bee species, on the contrary, have
proved to be more efficient pollinators than honeybees for
certain plant species due to specific co-evolutionary traits
(Westerkamp 1991). Bumblebees, for example, have been
reported to pollinate bilberry flowers more effectively
than honeybees, both in terms of fruit set and quality
(Nuortila and others 2002; Raspe and others 2004; Ratti
and others 2008). Pollination of certain species might
prove most efficient when both honeybees and wild
pollinators are present. For example, strawberry flowers
visited by both wild bees and honeybees are more likely
to achieve complete development in contrast with flowers
that are visited by only honeybees or only wild bees, that
tend to have misshapen fruits (Chagnon and others 1993;
Greenleaf and Kremen 2006). These effects have rarely
been investigated, but may prove to be widespread (Klein
and others 2007). Thus, in the view of these studies and
our own results, we advocate for the preservation of tra-
ditional apicultural practices in rural areas where low
density of hives are unlikely to cause any harm to wild
pollinators, while augmenting pollination services and
increasing fruit set for some native plant species that are
key feeding resource for wildlife species of conservation
concern.

Conservation in Practice

Given the current situation of land abandonment (Mac-
Donald and others 2000) and the decline of honeybees in
rural agroecosystems of northern Spain, a suitable option to
increase fruit set as a measure to provide more feeding
resources for different animal species would consist in
promoting the recovery of traditional apicultural practices
at low densities. This initiative may also contribute to
develop a secondary economic activity, particularly in rural
areas, where it provides a supplementary income, which
helps fix the rural population, therefore contributing to the
amelioration of the environmental impacts resulting from
land abandonment (MacDonald and others 2000). In the
study region, a non governmental organization (Fondo
para la Proteccion de los Animales Salvajes) has been
leading a conservation initiative to promote pollination of
native plants since 1999 and, to date, almost 540 hives have
been allocated in 69 sites in mountain agroecosystems.
These hives are left in charge of local farmers that can
exploit them for their own benefit. Further investigation is

required to determine the specific honeybee densities that
are desirable to promote fruit set of native plants without
interfering much in the dynamics of other native pollina-
tors. This might help establish general guidelines for best
practices of honeybee management in order to implement a
broad scale honeybee recovery program.

Although this study has shed some light on the impor-
tance of honeybees as pollinators of some native plant
species, further studies such as long-term research that
incorporates inter-annual variability in fruit production,
evaluation of the relative importance of fruit size/mass vs.
fruit set for plant fitness, pollen limitation in the absence of
honeybees, quantification of cross-pollination vs. self-pol-
lination, and assessment of factors affecting fruit set others
than pollination are needed. More studies are also needed
to investigate the role and functions of wild pollinators so
actions for conservation and enhancement of their popu-
lations could be also implemented as a complementary
alternative to the ones proposed in this study.

Conclusions

This study assessed the importance of honeybees for the
pollination of three native plant species whose fruits are
important feeding resources for many animal species,
including the endangered brown bear and the capercaillie
in northern Spain. Whereas no effects of distance to the
apiary were found for wildcherry, significant effects were
found for hawthorn and bilberry. This suggests that the use
of honeybees as pollinating agents under traditional farm-
ing practices may be an effective instrument to increase
fruit production of, at least, some native plants, and
therefore increase availability of feeding resources for
wildlife species of conservation value. In addition to the
pollination service they provide, honeybees constitute a
secondary economic activity, particularly in rural areas,
where they provide a supplementary income. Therefore,
mechanisms that promote and stimulate traditional api-
culture in mountain areas are likely to generate economic,
environmental and conservation benefits.
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