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populations must provide enough flo-
ral resources to attract sufficient polli-
nators which may ensure, in their turn, 
plant recruitment and species survival. 
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Many plant and animal species are 
mutually dependent on each other 
through pollination interactions. The 
animals receive vital resources, such 
as pollen or nectar displayed as floral 
rewards by the plants, while the 
plants get their pollen dispersed 
among their flowers, a process that is 
crucial for their sexual reproduction. 
Several studies have shown that polli-
nators respond to the spatial struc-
ture of  plant populations, visiting 
selectively areas with high amounts 
of  floral resources (Rathcke 1988; 
Westphal et al. 2003). However, polli-
nators perceive the landscape in con-
trasting ways. For instance, a land-
scape can be perceived as homoge-
neous and resource-depleted by 
honey bees searching for areas with 
high amounts of  floral rewards need-
ed to sustain their colony (Visscher 
and Seeley 1982). On the other hand, 
solitary bees may perceive the same 
landscape as very heterogeneous, with 
small but highly rewarding flower 
patches scattered throughout the 
landscape. This variation in how pol-
linators visit flowers, in relation to 
the plants' spatial population struc-
ture might ultimately affect plant 
reproduction. Thus, rare plants, i.e. 
species with small and sparse aggre-
gations of  flowers, might experience 
reduced seed set due to pollen limita-
tion, as they do not attract enough 
pollinators to fertilize all their ovules 
(Oostermeijer et al. 2000; Leimu et al. 
2006). To better understand how the 
spatial structure of  plant populations 
affects plant reproduction and polli-
nator visitation, we studied ten plant 
species located throughout Europe 
using the same standardized protocol 
(Table 1, Figure 1).

For each species we selected large 
and small, as well as dense and 
sparse populations separated by at 
least 800 metres. Within each popu-

lation we selected large and small, as 
well as dense and sparse patches of  
plants separated by at least 2 metres. 
In each patch we measured both pol-
linator visitation and seed set. 
Pollinators were grouped into five 
guilds, namely: honey bees, bumble 
bees, solitary bees, hover flies, and 
remaining insects. This approach 
enabled us to estimate at what spatial 
scales (patch and/or population) pol-
linator visitation and plant fitness 
might be affected by plant popula-
tion structure, if  at all. Thus, by 
including ten different species and by 
using the same sampling protocol, it 
became possible to pinpoint the 
effects of  spatial structures regard-
less of  any peculiarities related to the 
particular species.

To model plant fitness seen as 
pollinator visitation and seed set we 
employed the following variables: 
plant population size (taken as small 
and large) and density (dense and 
sparse); plant patch size (m2) and 
density (number of  flowers/m2); visi-
tation frequency per insect guild 
(number of  insect visits per flower 
and time unit); seed set (number of  
seeds produced per flower); air tem-
perature during observation of  polli-
nator visits (C°). Plant fitness was 
measured as pollinator visitation by 
all flower visitors and as seed set.

We found general effects on plant 
fitness by the area covered by the 
plants and by their flower density both 
at the population and the patch scales. 
Larger and denser patches received 
more pollinator visits per flower and 
set higher number of  seeds than small-
er and sparser patches. The effects 
were more pronounced at the local 
(patch) scale than at larger (popula-
tion) scale. This implies that local rari-
ty (i.e. at the patch scale) may affect 
more negatively plant fitness than rari-
ty at the larger (population) scale. 

Not surprisingly, each pollinator 
guild responded differently to the 
structure of  plant populations and at 
different spatial scales (Figure 2). 
Honey bee visits were more frequent 
in larger patches and populations, but 
they appeared relatively unrelated to 
flower density at any of  the spatial 
scales. High visitation frequencies of  
solitary bees were associated with 
dense populations while those of  
hover flies with dense patches. Bumble 
bees preferred small populations but 
patches of  high density, maybe as a 
consequence of  competition with 
honey bees, with the latter excluding 
the former from the larger populations.

The results of  this European scale 
study show that both plant reproduc-
tion and pollinator activity are con-
trolled by plant population structure at 
different spatial scales. For the conser-
vation of  plants and their pollinators it 
is, therefore, important to sustain via-
ble local populations of  plants. These 
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Figure 1. Location of the study sites throughout Europe in which the six ALARM partners carried out field-
work (green circles). In each location the names of the species studied are listed.

LEEDS:
Primula farinosa
Origanum vulgare

UT:
Verbascum nigrum

AEGEAN:
Echium plantagineum
Ballota acetabulosa
Thymus capitatus

GAUG:
Hippocrepis comosa
Primula veris

BOLOGNA:
Ononis masquillieri

READING:
Clinopodium vulgare

Figure 3. Examples of two study sites within this project: a: calcareous grassland (Göttingen, Germany) and b: Mediterranean phrygana (Lesvos, Greece).
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Abbr. Plant species Family Location (country)

Pf

Ov

Cv

Pv

Hc

Vn

Tc

Ep

Ba

Om

Primula farinosa

Origanum vulgare 

Clinopodium vulgare

Primula veris

Hippocrepis comosa

Verbascum nigrum

Thymus capitatus

Echium plantagineum

Ballota acetabulosa

Ononis masquillierii

Primulaceae

Lamiaceae

Lamiaceae

Primulaceae

Fabaceae

Scrophulariaceae

Lamiaceae

Boraginaceae

Lamiaceae

Fabaceae

Leeds (UK)

Leeds (UK)

Reading (UK)

Göttingen (Germany)

Göttingen (Germany)

Tartu (Estonia)

Lesvos (Greece)

Lesvos (Greece)

Lesvos (Greece)

Bologna (Italy)

Table 1. The plant species studied throughout Europe. 

Figure 4. Some of 
the plant species 
studied within this 
study: a: Echium plan-
tagineum; b, c: Ballota 
acetabulosa; d, h: 
Thymus capitatus; e: 
Hippocrepis comosa, f: 
Verbascum nigrum; g: 
Primula veris.

Figure 2. An ordination biplot (RDA) showing the relationship between the spatial structure of the 
plant populations (blue arrows and orange circles for continuous and categorical variables, respec-
tively) and the visitation frequencies observed by the different pollinator guilds (red arrows). The lat-
ter are specified as honeybees, bumblebees, syrphids, solitary bees and remaining insects. Green cir-
cles show the position of the different plant species in the ordination space. Plant species are abbre-
viated as in Table 1.
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