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Abstract. Pollinator decline is one of the most significant ecological problems of the 21% century. This
decline threatens human food security and global economy. In order to address this problem governments
across Europe and the USA have introduced national pollinator conservation strategies. These strategies,
however, significantly differ in approaches to conservation. The differences at least in part stem from lack
of consensus in the literature on whether pollinator biodiversity or abundance of a few common species
determines crop pollination. Critical evaluation of empirical evidence available to date outlined in this paper
suggests that pollinator biodiversity rather than abundance of dominant species determine quality,
magnitude and resilience of pollination ecosystem services to agriculture. In order to maintain pollinator
biodiversity conservation strategies and initiatives should focus on enhancing habitat quality,
complementarity and connectivity, rather than solely on increasing floral resource abundance and diversity
within farmland fields. Conservation strategies currently underway need to be improved to address all three
factors through landscape scale interventions. Countries that intend to design and introduce pollinator
conservation strategies should take best practices from several existing strategies rather than choosing a
single strategy as an example.

pollination ecosystem service to agriculture and resulting
contribution to human food security is essential for
effective conservation intervention design [11]. Discords,
in the literature may limit effectiveness of pollinator

1 Introduction

Contribution of pollination ecosystem service to global
economy exceeds 1.5 billion USD, which is equivalent to

about 10% of the value of the world agricultural output
[1]. Numerous studies found that pollination by wild bees
Hymenoptera, flies Diptera, and butterflies and moths
Lepidoptera, is more significant than by domestic
pollinators [2,3,4]. At the same time, recent global
pollinator assessment carried out by the International
Science-Policy Platform on Biodiversity and Ecosystem
Services revealed that pollinator biodiversity is in decline
all over the world [5]. This situation is alarming, and it
has stimulated governments of numerous countries and
regions to design and start implementing national and
regional pollinator conservation strategies and initiatives
[6]. However, approaches to pollinator conservation
significantly differ in their capacity to protect pollinator
diversity [7]. These differences at least in part may be a
result of lack of consensus in the literature on whether
pollinator biodiversity or abundance of common species
ensures pollination ecosystem service [8], as well as
differences in opinion on whether landscape pattern or
solely floral resource availability is important for
maintaining pollinator biodiversity [9]. Lack of
consistency in conservation approaches is likely to result
in uncoordinated activities that may fundamentally
undermine effectiveness of pollinator biodiversity
conservation at larger spatial scales [10]. Understanding
the role of pollinator biodiversity in delivery of
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conservation due to differences in local approaches
undermining implementation of coordinated conservation
efforts at larger scales (i.e. regional and transnational).
Moreover, lack of clarity may accommodate vested
interests of stakeholder groups opposing complex
conservation interventions essential for pollinator
biodiversity conservation. Thus, the aim of this paper is
to discuss the ways in which pollinator biodiversity
contributes to pollination ecosystem service and to
evaluate effectiveness of pollinator conservation
strategies currently underway in terms of their capability
to maintain pollinator diversity. For this purpose, first
empirical evidence on contribution of pollinator
biodiversity to crop pollination is discussed. After that
factors important for maintaining pollinator diversity at a
landscape scale are discussed. Finally, pollinator
conservation strategies are critically evaluated.

2 Pollinator species diversity and
pollination ecosystem service

A widespread opinion suggests that abundance of few
dominant pollinator species, rather than pollinator species
diversity, ensures crop pollination [12]. However, recent
empirical evidence indicates that species diversity
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determines crop pollination quality, magnitude, and
resilience. Numerous studies found niche
complementarity to be the mechanism that determines
pollination quality, yield stability and productivity of
agricultural crops [e.g. 13,14,15]. This phenomenon was
observed in strawberry, apple, cherry, oilseed rape, bean,
and sunflower, suggesting that it is most likely common
to pollinator depended crops.

Nevertheless, some authors argue that the magnitude
of pollination ecosystem service is determined by
abundance of few dominant species [16]. However,
recent findings by Winfree et al [17] suggest that
dominant species determine sufficient level of pollination
at a single field scale, while at a landscape scale a full
regional species pool is essential for sufficient pollination
magnitude. These findings indicate that the number of
species essential for effective crop pollination increases
with spatial scale.

Another important aspect of pollination is its
resilience to a global environmental change. In line with
Biodiversity Insurance Hypothesis [18] biodiversity
sustains delivery of ecosystem services under stress.
However, is this the case for pollination service to
agriculture? Indeed, substantial amount of empirical
evidence proves relevance of the hypothesis to crop
pollination. For instance, a number of studies [19,20,21]
have found that response diversity in species rich
pollinator assemblages buffers crop pollination against
extreme weather events. Moreover, several authors [22,
23] revealed that inter-annual complementarity of
pollinator species phenology ensures resilience of
pollination delivery in the context of climate change
driven shifts in plant phenology in the Northern
Hemisphere. Furthermore, Winfree and Kremen [24]
have found that due to differences in pollinator species
dispersal capabilities may buffer pollination service from
negative impact of landscape fragmentation. Overall, the
evidence discussed above suggests that pollinator
biodiversity critical for determining pollination service
quality, magnitude, and resilience. Thus, the diversity
rather than abundance of common pollinator species
underpins human food security. It is, therefore, important
to understand which factors maintain pollinator
biodiversity at landscape and regional scales.

3 Causes of pollinator biodiversity loss

Scientific understanding of insect pollinator decline
causes is still incomplete [25]. A broad array of factors is
frequently cited as likely direct drivers of pollinator
decay. However, there seems to be no consensus in the

literature about relative importance of these stressors [26].

Furthermore, recent findings indicate that different
drivers of pollinator decline act in synergy, making
addressing impacts of different factors even more
complex [27]. Nevertheless, numerous authors refer to
landscape alteration [e.g. 28] and excessive pesticide
application [e.g. 29] as to major immediate drivers of
pollinator decay. This assumption is supported by the fact
that the most intensively farmed geographical areas
coincide with the sharpest pollinator decline areas [30].

Land management and pesticide use tend to be directly
targeted by pollinator conservation policies [31].
However, while there seems to be relative consensus on
harm of pesticides, significant disagreements surround
impacts of different aspects of land use change [24]. In
addition, it is important to note that landscape
homogenization often leads to loss of natural enemies of
crop pests and increased need to apply pesticides.
Therefore, landscape alteration merits particular attention.

Pollinator decline may be driven by loss,
fragmentation or degradation of natural habitats [32].
Studies on natural habitat loss demonstrate that decline of
foraging and nesting resources have negative impacts on
pollinator communities [33]. Still, loss of natural floral
resources may be mitigated to some extent, as diversified
agricultural landscapes were found to support species-
rich pollinator communities [34]. At the same time,
hypothesis exists that loss of nesting resources may be
equally or even more detrimental to pollinators than
shortage of forage [35]. For instance, about three quarters
of bee species are ground nesting and tillage may destroy
their nests [36].

Despite the fact, that natural and semi-natural
landscapes play a central role in sustaining wild
pollinator biodiversity, surprisingly few studies consider
impacts of land use changes within such landscapes [5].
Forest patches are often the main type of natural habitat
in temperate ecosystems, and provide multiple insect
pollinator species with nesting and reproduction sites [37].
Furthermore, pollinator species nesting in open
landscapes depend on forests for over-wintering sites,
refugia during adverse weather conditions and permanent
foraging resources [38]. It is important to remember,
however, that not only deforestation, but also forest
growth may drive to pollinator decline. Several studies
have revealed that due to lack of natural disturbances (e.g.
wildfire) structural changes in temperate forest canopies
may cause decline in pollinator species richness [39, 40].
Furthermore, widespread forest re-growth on abandoned
agricultural lands leads to loss of natural meadows and
High Natural Value farmlands (HNVfs), which tend to
harbor diverse pollinator communities [41]. Ignorance of
afforestation risks for pollinators may be particularly
detrimental in the context widespread climate mitigation
strategies, where governments provide subsidies for
forest plantation establishment on abandoned lands.

Relatively large proportion of land has been converted
for urban infrastructure in Europe and in the U.S. [42].
Urban areas are expanding and this land use change may
contribute to wild pollinator decline [43]. Nevertheless,
some studies demonstrate that heterogeneous urban
landscapes with substantial proportion of green spaces
can support biodiverse pollinator assemblages [e.g. 44].
Bee species richness in urban and sub-urban landscapes
can even exceed that in agricultural lands [45]. Thus, it
appears most plausible that any anthropogenic land use
change can decrease pollinator biodiversity in case such
change leads to landscape homogenization and associated
loss of diverse nesting and forage resources.

Global climate change is expected to increase risk of
multiple pollinator species extinctions in the nearest
future [46] and most likely already plays a significant
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role in pollinator decline [47]. However, climate
adaptation activities are often omitted in pollinator
conservation strategies. In part this ignorance may be
explained by scarcity of studies proving impacts of
climate change on pollinators and pollination. Still, it is
important to remember that insect pollinators are
ectoterms and tend to be sensitive to changes in ambient
temperatures. Several transcontinental studies already
report range counteractions of bumblebees [48] and
butterflies [49] across Northern hemisphere. This
happens due to range losses at the trailing latitudal range
limits and insufficient expansion at northern range limits
[5]- Bioclimatic envelope models for butterflies [50] and
bumblebees [51] indicate that even under most optimistic
climate change scenarios pollinator species will need to
migrate substantial distances in order to keep pace with
species thermal limits. Inability to tackle climate change
is likely to result in multiple species extinctions [50].
Furthermore, empirical evidence proves that extreme
weather events, including droughts [52] and heat waves
[53], negatively affect pollinators or can limit their
resource base. Landscape fragmentation and loss of
diverse habitats with different microclimates are likely to
reduce ability of pollinators to escape adverse impacts of
climate change [54]. Thus, there seems to be a consensus
between the authors that impacts of climate change are
likely to be particularly damaging in synergy with the

land use change and other drivers of pollinator decline [5].

As follows from the facts discussed above, land use
change can simultaneously tackle multiple other drivers
of pollinator decline; therefore, landscape level
interventions appear to be pivotal to pollinator
conservation success. However, approaches to pollinator
conservation differ in their capability maintain pollinator
species diversity [55]. Concerns exist that widespread
measures applied for sustaining pollination services
benefit few common species [56].

4 Factors important for maintaining
pollinator biodiversity

Many empirical studies demonstrate that landscape
composition can determine pollinator diversity [e.g. 57,
58]. However, a recent meta-analysis [59] has found that
only drastic habitat losses have negative impacts on bee
abundance and species richness. Referring to this meta-
analysis, Roulston and Goodell [60] argue that the most
important limiting factor affecting bee population
abundance and species richness is availability of food
resources. If this hypothesis holds true, conclusion can be
made that increasing amount and diversity of floral
resources within agricultural fields could be the main tool
of pollinator conservation [61]. However, bees, as well as
other pollinator taxa, are multi-habitat species, requiring
different resources for nesting/reproduction and foraging
during their lifecycle [62]. Furthermore, pollinator
communities consist of multiple species with different
habitat requirements (e.g. cavity nesting bees and
saproxilic hoverflies vs. ground nesting bees), and also
range greatly in species mobility within each taxonomic
group. Therefore, it seems plausible that maintaining

habitat heterogeneity, rather than simply increasing
amount of floral resources within agricultural fields, is
essential for conservation of pollinator biodiversity.
Landscape complexity appears to be particularly
important in sustaining species rich pollinator
communities in temperate ecosystems, where pollinator
species tend to be adapted to landscape fragmentation
[63]. Indeed, in concordance with a plausible hypothesis
articulated by Pykala [64] historically biodiversity in
temperate realm was maintained by heterogeneous
landscape mosaics. Complex landscape patterns in pre-
historic times were shaped by large scale natural
disturbances (e.g. fires and large herbivores). After
suppression of natural disturbances by humans up until
current expansion of intensive agriculture landscape
heterogeneity was maintained by traditional extensive
farming, thereby supporting biodiversity.

Still, given the fact that landscape heterogeneity is
often shaped by disturbances, different opinions exist on
how landscape alteration may impact pollinator
biodiversity [65]. These concerns, in fact, are rooted in
fundamental scientific debate on whether ecosystems
should be managed towards equilibrium or dynamic state
in order to support species diversity [66]. Empirical
evidence, tends to support Connell’s Intermediate
Disturbance Hypothesis [67], which suggests that
landscape heterogeneity shaped by moderate disturbances
can maintain the highest species richness [68]. For
instance, numerous studies in temperate forests [69, 70]
and rangelands [71, 72] have revealed that succession and
resulting landscape homogenization lead to pollinator
diversity decline. At the same time, moderate
disturbances such as grazing [73], fire [74], forest
thinning and selective logging [75], if resulting in
heterogeneous landscape mosaic, increase pollinator
community richness.

Increasing habitat complexity is often associated with
increase in floral resource availability, making it hard to
disentangle positive impacts of these changes on
pollinator communities. Nevertheless, a number of facts
prove that structural landscape heterogeneity per se plays
a significant role in supporting pollinator biodiversity.
First of all, Chesson’s coexistence theory [76], suggests
that heterogeneous ecosystems are able to support greater
species richness than homogenous due to reduced
competition between species at the same trophic level.
Indeed, both mathematical models [77] and empirical
evidence [78] proves that landscape heterogeneity
facilitates niche partitioning in pollinator communities.
Secondly, complex landscapes usually provide pollinators
with multiple refugia, reducing risks of e.g. predation or
exposure to pesticides [79]. Thirdly, heterogeneous
landscapes usually provide wide range of microclimatic
conditions [80]. Recent findings indicate that structural
heterogeneity of habitat types and topography may buffer
pollinator communities from negative impacts global
warming and extreme weather events [81].

Contribution of landscape heterogeneity to pollinator
species richness and abundance becomes even more
evident when considering interplay between different
ecosystem types at multiple spatial scales. Fahrig et al.
[82] suggest that while species richness at a local scale
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can be maximized trough heterogeneity within the
landscape, biodiversity at a regional scale depends on
diversity of very large patches, requiring presence of both
structurally homogenous and heterogeneous landscapes.
Empirical evidence indicates validity of this hypothesis
for pollinator communities. For instance, several meta-
analyses [83, 84] demonstrate that diversified farming
systems contribute positively to pollinator biodiversity
when surrounded by homogenous, rather than
heterogeneous  landscapes.  Similarly, “ecological
contrast” was found to support species rich pollinator
communities in relatively homogenous crop fields [85]
and fruit orchards [86] located in vicinity of
heterogeneous natural or semi-natural landscapes. As
follows from the facts discussed above landscape context
rather than solely diversity and abundance of floral
resources is important for maintaining pollinator
biodiversity. Thus, it is important to understand whether
pollinator conservation strategies currently underway are
capable of maintaining pollinator biodiversity.

5 Conservation strategies

Multiple pollinator conservation strategies are currently
implemented across Europe and the USA [88]. Most of
these strategies place a particular emphasis on a need for
increasing amount and abundance of floral resources
within agricultural landscapes, but often ignore landscape
pattern itself [88]. However, according to a
comprehensive study by Cole et al [87] habitat quality,
connectivity and complementarity maintain pollinator
biodiversity within landscapes in temperate ecosystems.
Habitat quality for pollinators may be enhanced through
increasing availability of abundant and diverse floral
resources, although preservation of natural and semi-
natural habitats may be more effective than conservation
interventions based on flower plantations proposed in
most pollinator conservation strategies [55].

Habitat complementarity is considered in many
national policies emphasizing the need to preserve
pollinator habitats across different land-uses; however,
forest habitats are omitted in all but Norwegian, German,
French, the US, and Scottish strategies. This is
particularly worrying, as forests often harbor biodiverse
pollinator assemblages, which spill-over to agricultural
fields [89, 90]. Moreover, pollinator species nesting in
open landscapes depend on forests for over-wintering
sites, refugia during adverse weather conditions and
permanent foraging resources [91]. Across North
Temperate Zone more than a half of land area has
historically been converted to agriculture, with small
areas of forest remnants persisting within less intensively
managed  agricultural landscapes [92]. Natural
disturbances within large remaining forest areas (e.g.
wildfire) were suppressed long ago [93]. Although, forest
loss and fragmentation continues, it has slowed down in
recent decades, due to establishment of forest plantations
and forest re-growth on abandoned lands [94, 95]. It is
therefore important to remember that both forest loss and
forest re-growth may drive pollinator decline [96, 97].
Several studies have revealed that due to lack of natural

disturbances structural changes in temperate forest
canopies may limit proportion of open spaces and cause
decline in pollinator species richness [98, 99]. Also,
forest re-growth on abandoned agricultural lands leads to
loss of natural meadows and High Nature value
farmlands, which tend to harbor diverse pollinator
communities [100]. Ignorance of afforestation risks for
pollinators may be particularly detrimental in Eastern
Europe, where abandoned lands are widespread and in
the context of climate mitigation strategies EU subsidies
may be used for forest plantation establishment on such
lands [101].

Landscape connectivity, perhaps, is the area of
particular discrepancy between national pollinator
conservation strategies. Many strategies simply omit this
factor. In the UK strategies, however, importance of
landscape connectivity is emphasized with “B-Lines”
initiative implemented across England, Scotland and
Wales is specifically designed to ensure landscape
connectivity for pollinators. German and French
strategies also include recommendations to preserve
habitat networks for pollinators, which indeed could
result in improved landscape connectivity. German
strategy also suggests preservation of eco-tones between
habitat types, the factor that may be particularly
important for improving landscape connectivity
pollinators. The pollinator strategy for Scotland
emphasizes the need for multi-scale approach. Overall, it
appears that none of the strategies currently underway
represents a perfect model for other countries, rather
several strategies together may serve as an example for
other countries that intend to design and implement
pollinator conservation at a national scale.

6 Conclusions

The aim of this study was to discuss the ways in which
pollinator  biodiversity contributes to pollination
ecosystem service and to evaluate effectiveness of
pollinator conservation strategies currently underway.
Review of currently available empirical evidence
suggests that pollinator biodiversity rather than
abundance of common species most likely determines
quality, magnitude, and resilience of crop pollination.
This fact provides justification for complicated pollinator
conservation interventions, as preserving pollinator
biodiversity will ensure human food security and deliver
economic benefit. Most national pollinator conservation
strategies currently implemented across Europe and the
USA are placing a particular emphasis on increasing the
amount and diversity of floral resources within
agricultural landscapes without explicitly considering
landscape pattern. Just a few strategies consider
landscape coplanarity and connectivity. Moreover, most
strategies differ in approaches to landscape scale
conservation interventions. Thus, in order to preserve
pollinator biodiversity existing strategies need to be
improved by focusing simultaneously on habitat quality,
complementarity and connectivity. Countries that intend
to design and introduce pollinator conservation strategies
should take best practices from several national strategies
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in order to ensure effective pollinator conservation at a
landscape scale.
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