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Which ecosystem services are addressed? Pollination

What is the research question addressed? How does 
climate change impact pollinators, and can land manage-
ment be used to increase their resilience?

Which method has been applied? Analysing observed 
range shifts; species distribution models and future sce-
nario projections; generalised linear mixed effects model-
ling of monitoring data

What is the main result? Current climate change has 
already led to range contractions of pollinators, while it is 
projected to have an even more severe impact in the 
future. However, proper land management can increase 
resilience of pollinator communities

What is concluded, recommended? Effects of increas-
ing the amounts of semi-natural areas are positive and 
twofold: they directly increase the richness and abun-
dance of pollinators while simultaneously making them 
more resilient against other threats of global change such 
as climate warming. However, the intended level of 7% of 
Ecological Focus Areas by the EU Common Agricultural 
Policy falls too short; at least ca. 17% are needed

17.1  Importance of Pollinators

Pollination of wild and crop plants by animal pollinators is a 
key ecosystem service that is important to human welfare. 
However, the societal benefits and dependencies of pollina-
tion vary in different times and places (see Chap. 16). About 
90% of wild plant species depend at least partially on animal 
pollination [1] and about 70% of the most important global 
crops rely to some extent on animal pollination [2]. These 
crops constitute 35% of global food production, and the 
worldwide economic value of pollination is estimated to 
amount to €153 billion per year [3]. In addition, most essen-
tial nutrients in human diets, like vitamin C, are provided by 
plants that depend entirely or substantially on pollinators [4].

Although pollinators belong to many different animal 
groups, insects are usually considered to be the most impor-
tant pollinators [5]. Managed pollinators, such as honeybees 
or some bumblebees, might be less sensitive to threats of 
global change. It has been shown, however, that wild bees 
make a critical contribution to the yield of crops and are 
 usually more efficient than managed pollinators in agricul-
tural landscapes [6].

17.2  Multiple Threats to Wild Pollinators

The Intergovernmental Science-Policy Platform on 
Biodiversity and Ecosystem Services (IPBES) reports cur-
rent declines of wild pollinators in abundance, occurrence, 
and diversity [7, 8], and such declines have been attributed to 
multiple drivers of change. Habitat loss and degradation 
along with intensive agricultural practices are among the 
most important factors, but climate change, spread of dis-
eases, and alien species are also impacting pollinators [9]. 
Most importantly, these drivers do not act in isolation but 

may interact to reinforce, or alternatively to weaken, the 
response of wild pollinators to a particular driver depending 
on the severity of another one [10, 11]. Such interactive 
effects could also be leveraged to increase the resilience of 
pollinator communities. Here, we highlight how climate 
change can impact pollinators and how new land manage-
ment practices can increase the resilience of local wild bee 
communities to the impacts of global warming.
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17.3  Impact of Climate Change 
on the Distribution of Pollinators

17.3.1  Current Climate Change

The Intergovernmental Panel on Climate Change (IPCC) reports 
that climate change has already caused shifts in the range of 
many species groups [12, 13]. For most taxa, range expansions 
towards the poles are a common response to warming [14], 
while range contractions at the equatorward range margins are 
rare [15]. Bumblebees, however, one of the most important pol-
linator groups, show the opposite pattern: Climate warming 
relates to severe range contractions in the south, while species 
generally have not expanded northwards (Fig. 17.1) [16].

These alarming results were revealed by a comprehensive 
cross-continental study in which we tracked long-term 
observations (110 years) across Europe and North America 
on a database of approximately 423,000 georeferenced 

observations of 67 bumblebee species. On this basis, we 
tested for climate change-related range shifts in bumblebee 
species across the full extents of their latitudinal and thermal 
limits. We found cross-continentally consistent range losses 
from southern range limits while, most of the species failed 
to track climate warming at their northern margins (Fig. 17.2).

17.3.2  Future Climate Change

For pollinators as important as bumblebees, the strong retrac-
tions at the equatorward range margins, combined with their 
failure to track climate warming with northwards range 
expansions, have implications for species distribution as cli-
mate change proceeds. For example, assessments of climate 
change risks (in the sense of impacting ecosystem state and 
condition; see Chap. 1) make assumptions about species’ 
ability to track changing climates. When our findings are 

Fig. 17.1 Schematic comparison of observed responses of different 
species groups to climate warming in North America and Europe. 
While the majority of species groups (green symbols) respond to cli-
mate warming primarily with poleward range expansions and with 

minimal response at the equatorward margins, bumblebees (yellow 
symbols) react with strong range contractions at the equatorward mar-
gin but fail to expand polewards. Image courtesy of Ann Sanderson
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incorporated in such assessments, the consequences for 
bumblebees are severe. Based on relevant climate data and 
300,435 records of all 69 European bumblebee species 
between 1970 and 2000, we developed species distribution 
models and projected the changes in suitable climatic condi-
tions for these species under future climate change scenarios 
[17]. These projections relied on two alternative assump-
tions—full ability and no ability to track warming—leading 
to considerable differences when estimating future risks of 

climate change. Strong future retractions at the southern 
margins in combination with the failure to keep track with 
climate warming at the northern margins suggest a grim fate 
for many bumblebees (Fig. 17.3). Comparing full ability vs. 
no ability to track climate change, the proportion of bumble-
bee species losing more than 70% of climatically suitable 
area increased from 5% to 18%, 18% to 56%, or 65% to 95% 
under warming scenarios of 3.0  °C, 4.7  °C, and 5.6  °C, 
respectively, by the year 2100 (Fig. 17.4).

Fig. 17.2 Climate change responses of 67 bumblebee species across 
full latitudinal limits in Europe and North America. The y-axis shows 
changes in latitudinal range limits at the northern (a) and southern (b) 
range margin between the historical (1901–1974) and the current 
(1999–2010) distribution of bumblebee species. (a) Positive values 

indicate range expansions from species’ historical northern limits. (b) 
Positive values indicate range losses from species’ southern limits. The 
grey area indicates 95% confidence bands for regression models of 
observed changes in range limits vs. historical range limits (From Kerr 
et al. [16]; with permission)

Fig. 17.3 Projected changes in suitable climatic conditions for the 
bumblebee Bombus ruderarius. (a) Current (open circles) and modelled 
(yellow area) distribution. (b and c) projected changes under 3  °C 
warming scenario (SEDG) and a 5.6 °C warming scenario (GRAS) for 

2100. Red—losses; yellow—remaining suitable conditions; green—
new areas with suitable conditions but only reachable under the assump-
tion of full ability to track climate change (From Rasmont et al. [17]; 
with permission)
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HHHR: extremely high climate change 10 risk: loss of > 95% of grid cells

HHR: very high climate change risk: loss of > 85% to 95% of grid cells

HR: high climate change risk: loss of > 70 up to 85% of grid cells

R: climate change risk: loss of > 50 up 12 to 70% of grid cells

LR: lower climate change risk: loss of £ 50% of grid cells

LR increasing: lower climate change risk with net gain of grid cells
                          under full dispersal
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Fig. 17.4 Projected risks for European bumblebees and butterflies 
under different scenarios of climate change, assuming full (left) or no 
(right) dispersal. Risk corresponds to impacts on ecosystem state and 
condition following the framework of Chap. 1. Scenarios: SEDG, sus-
tainable Europe development goal (equivalent to the IPCC B1 scenario 
with a mean expected temperature increase of 3.0  ° C in Europe by 

2100); BAMBU, business-as-might-be-usual (equivalent to the IPCC 
A2 scenario with an expected temperature increase of 4.7 °C in Europe 
by 2100); and GRAS, growth applied strategy (equivalent to the IPCC 
A1FI climate change scenario with a mean expected temperature 
increase of 5.6  °C in Europe by 2100) (From IPBES [8]; with 
permission)

17.4  Land Management Can Increase 
Resilience of Pollinator Communities 
in Agricultural Landscapes

Sound management strategies are needed to minimise risks 
of climate change for pollinators and pollination services. To 
compensate for potential failures to track changing climates 
at the poleward range margins, managed relocation may be 

necessary [16], but only after careful study of risks and ben-
efits of such actions [18].

In addition to management actions at the northern range 
margins, increasing resilience of pollinator populations at 
the southern range margins is also required. We conducted 
a study based on data using 95 local wild bee communities 
collected over three years at six intervals of two weeks in 
six agricultural landscapes differing in the amount of agri-
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cultural and semi-natural habitats. Study sites were located 
in Central Germany and are part of the TERENO project 
(Terrestrial Environmental Observatories; www.tereno.net) 
[19]. We found positive effects of semi-natural area and 
 negative effects of warmer temperatures on both richness 
and abundance of bee species. More surprisingly, we found 
an interaction between temperature and the amount of 
semi- natural habitats in terms of species’ survival pros-
pects (Fig.  17.5) [20]. Translating these results of overly 
hot weather to increasing temperatures caused by climate 
change, this means that higher amounts of semi-natural 
habitats can effectively buffer negative effects of warming, 
and thus increase pollinator resilience amid changing 
climates.

17.5  Policy Implications

Given the importance of wild pollinators to the economy and 
human nutrition, it is essential to minimise risks confronting 
pollination services through measures that increase pollina-
tor resilience. In combination with land-use intensification, 
 climate change could drastically shrink the global distribu-
tion and abundance of pollinator species. However, increas-
ing the amount of semi-natural habitats in agricultural 
landscapes might be an efficient instrument to enhance pol-
linator resilience against climate warming. The potential 
benefit of such an instrument is high, since large agricultural 
areas in Europe are characterised by extremely low amounts 
of semi-natural areas. For instance, in about 45% of agricul-

Fig. 17.5 Interactive effect of temperature and amount of semi-natural 
habitat on bee species richness. The effect of temperature increase on 
species richness is displayed for four different levels of percentage of 

semi-natural areas covering the entire range of the six study sites: (a) 
2%; (b) 6%; (c) 10%; (d) 17%. Grey bands indicate 95% confidence 
intervals (From Papanikolaou et al. [20]; with permission)
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tural landscapes in Central Germany, the amount of semi- 
natural habitat is less than 17% (Fig. 17.6), a critical threshold 
below which species face sharply elevated local extinction 
risks [20]. Although the actual numbers were assessed by a 
study in Central Germany, and they may vary across geo-
graphic regions, the main principle is likely to be applicable 
across temperate agroecosystems. The positive effects of 
higher amounts of semi-natural areas are twofold: they 
directly increase the richness and abundance of pollinators 
while simultaneously making them more resilient against 
other threats, such as global climate warming. Ensuring the 
resilience of pollinators under climate change is yet another 
reason to accelerate efforts to design agricultural landscapes 
for pollination services, and to implement practices that opti-
mize the amount and distribution of semi-natural areas. In 
this sense, some regulations of the EU Common Agricultural 
Policy (CAP) and the EU strategy for Green Infrastructure 
point in the right direction. Article 46 of the EU Regulation 
1307/2013 [21] focuses on the greening of agricultural areas 
by designating Ecological Focus Areas (EFA). These EFAs 
should cover 5% by 2015 and 7% shortly thereafter. However, 
the study by Papanikolaou et  al. [20] indicates that this 
threshold falls too short for pollinators. Increasing the targets 
for semi-natural area to at least 17% is likely needed to 
increase pollinator resilience as these species confront the 
impacts of rapid global change.
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