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Abstract. 1. Pollinating insects provide important ecosystem services and are influ-
enced by the intensity of grazing. Based on the Intermediate Disturbance Hypothesis
(IDH), pollinator diversity is expected to peak at intermediate grazing intensities. How-
ever, this hump-shaped relationship is rarely found.

2. The effect of grazing intensity was tested on flower cover, on the abundance and
richness of bees, hoverflies and bee flies, and on pollination services to early-flowering
bee-pollinated Asphodelus ramosus L. For that, we used data on 11 plant—pollinator
phryganic communities from Lesvos Island (Greece) widely differing in grazing
intensities.

3. Flower abundance and richness showed hump-shaped relationships with grazing
intensity. Grazing affected the abundance and richness of bees and hoverflies directly and
also indirectly, through changes in the flower community. Grazing influenced directly the
richness but not the abundance of bee flies. Overall, pollinator abundance and richness
showed hump-shaped relationships with grazing intensity, but variations in strength
(hoverfly abundance) and direction (bee community) of the effect appeared along the
season. Early in the season, grazing increased bee abundance but decreased richness,
resulting in increased pollen limitation in A. ramosus.

4. The effects of grazing on pollinators vary with the intensity of the disturbance,
generally supporting the IDH, and the timing of land-use activities may influence
pollination services. Management strategies should include moderate grazing levels to
preserve overall diversity in this area, however, the conservation of particular early bee
or bee-pollinated species may benefit from reduced grazing in early spring.

Key words. bee flies, bees, hoverflies, Intermediate Disturbance Hypothesis, Mediter-
ranean phryganic communities, pollen limitation, species richness.

Introduction (Pykild, 2004; Navarro et al., 2006), and influences the struc-
ture and dynamics of the entire plant—pollinator community
Pollinating insects provide important services to ecosystems and (Potts etal., 2003; Vanbergen etal., 2014). As a consequence

are responsible for the maintenance of ecosystem biodiversity
and function (Klein ez al., 2007; Kremen et al., 2007), but they
are vulnerable to anthropogenic disturbances and the intensive
management of agroecosystems (Tscharntke ez al., 2005; Win-
free etal., 2009). Livestock grazing, through consumption of
plants, trampling and excreta, modifies the plant community

pollinating insects are influenced by the extent, intensity, and
type of grazing (Carvell, 2002; Kruess & Tscharntke, 2002a;
Sjodin, 2007). The largest effects of grazing on pollinators have
been related to its effects on the amount and composition of flo-
ral resources (Mayer eral., 2006; Roulston & Goodell, 2011).
This is because grazing alters the population density of ento-
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pollinator abundance in pastures (Carvell, 2002; Sjodin, 2007;
Kearns & Olivera, 2009). In addition, grazing may influence
the abundance and diversity of insects in other ways not related
to floral resources. For instance, grazing may directly affect
the pollinators’ survival rate by killing them or destroying their
nests through animal trampling (Sjédin, 2007), or indirectly, by
decreasing the availability of pollinator shelters in the vegeta-
tion (Potts et al., 2009). However, grazing can also influence the
amount of nesting resources by creating areas of bare soil, which
constitute desired nesting sites for ground-dwelling wild pol-
linators (Petanidou & Ellis, 1993; Potts et al., 2003; Vulliamy
etal., 2006; Murray et al., 2012), or by altering the availability
of water, essential for the construction of nests (Gess & Gess,
1993).

The Intermediate Disturbance Hypothesis (IDH) states that
species diversity may be highest at intermediate levels of envi-
ronmental stress because of offsetting effects of abiotic limi-
tation and competitive exclusion (Grime, 1973; Conell, 1978;
Svensson et al., 2012). A recent review has shown that IDH can
successfully predict disturbance—plant diversity relationships in
medium-to-high productive habitats (Kershaw & Mallik, 2013).
Therefore, it might be likely that grazing pressure influences
plant and pollinator diversity in accordance with the IDH. This
means that plant and pollinator diversity would increase until a
peak at intermediate levels of grazing, and decrease henceforth
as the intensity of grazing increases to high levels. Previous stud-
ies on the effect of grazing intensity on the abundance and diver-
sity of pollinating insects, however, have mostly found linear
relationships (e.g. Vulliamy ez al., 2006; Xie et al., 2008; Kimoto
etal., 2012; but see Kearns & Olivera, 2009) with contrasting
effects (i.e. positive or negative) and strengths (i.e. steepness
of the relationship), depending on the pollinator group exam-
ined (e.g. Sjodin et al., 2008; Kimoto et al., 2012; Murray et al.,
2012). Such contrasting effects of grazing on pollinator abun-
dance and diversity may be related to species-specific differ-
ences in foraging and nesting requirements (e.g. Goulson, 2003),
but they also could be related to the limited range of grazing
intensities examined, as the effect of grazing may vary from pos-
itive to negative depending on intensity (Grime, 1973; Conell,
1978).

By changing the abundance and diversity of pollinators, graz-
ers may disrupt pollination services and directly affect the repro-
duction of plant species. However, indirect effects of grazing on
plant reproduction may also occur through the modification of
plant display, i.e. the size and abundance of individuals (Heg-
land etal., 2005), and plant density (Vazquez & Simberloff,
2004), or through changes in resource availability for the plants
(Agren et al., 2006). The studies on the effects of grazing on the
reproduction of particular plant species have reported conflict-
ing results, with some plant species being negatively affected by
grazing (Mayer, 2004; Vazquez & Simberloff, 2004; Hegland
etal., 2005), whereas others are positively influenced (Agren
etal., 2006; Vanbergen et al., 2014). The relationship between
grazing intensity in a community and pollinator services to plant
species may not be straightforward because of the pollinator and
intensity dependence in the effects of grazing (see above), and
because the outcome of multiple interactions should depend on
their respective strengths and on their additivity (Herrera, 2000;
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Goémez, 2003). However, understanding the cascading effects of
grazing on pollination services is necessary to build up adequate
management measures for biodiversity conservation.

The high pollinator diversity in the Mediterranean Basin (e.g.
Michener, 1979; Petanidou & Ellis, 1993, 1996; Nielsen et al.,
2011) is related to the high floral diversity and the availability of
bare soil in the area (Petanidou & Ellis, 1996; Potts et al., 2003),
and benefited from the traditional Mediterranean land manage-
ment (Potts eral., 2006), such as extensive grazing (Petanidou
& Ellis, 1996). Unfortunately, with the abandonment of tradi-
tional land practices, the number of grazing animals has consid-
erably increased, leading to widespread overgrazing (Petanidou
& Ellis, 1996; Petanidou et al., 2008; Kizos et al., 2010). How-
ever, only a few studies have directly linked grazing animals to
pollinator communities in the Mediterranean (Petanidou & Ellis,
1996; Potts et al., 2003; Vulliamy et al., 2006), and the effects
of grazing intensity on plant—pollinator communities are still
unclear.

In this study, we used data from 11 communities on Lesvos
Island (Greece) to investigate how grazing intensity influences
the abundance and diversity of flowering plants, and the abun-
dance and diversity of three main pollinator groups in the area
(bees, hoverflies, and bee flies: Petanidou & Ellis, 1993, 1996;
Potts etal., 2006; Nielsen etal., 2011). We also assessed the
effects of grazing intensity on pollination services to the com-
mon Mediterranean species Asphodelus ramosus L. We consider
this plant species as a good model plant for our study, not only
because it is dependent on pollinators for seed set (Ne’eman
etal., 2000), but also because it occurs frequently in grazed
Mediterranean habitats, especially those intensely grazed (Pan-
tis & Margaris, 1988; Noy-Meir, 1990; Hajar, 1993). Based on
the IDH, our main hypothesis was that moderately grazed sys-
tems may support higher pollinator abundance and diversity, as
well as pollination services. Our specific questions were: (i) Are
plant abundance and diversity highest at intermediate grazing
intensities? (ii) Are pollinator abundance and diversity highest
at intermediate grazing intensities? (iii) Are the responses to
grazing pollinator-group specific? (iv) Is the effect of grazing
on pollinator abundance and diversity exclusively related to flo-
ral resources? (v) Are pollination services to A. ramosus highest
at intermediate grazing intensities?

Material and methods
Study sites

We conducted this study on Lesvos Island in the northeastern
Aegean Sea, in Greece (39°10'N, 26°20'E). Observations and
experiments were carried out in three survey rounds during
the main pollinator activity period, from late March to early
June of 2012. Eleven sites were selected in the south-western
part of the island, six of them located close to the village of
Sigri, three close to the village of Eressos and two close to
the village of Vatousa (see Table 1 for coordinates; Fig. 1).
All these sites correspond to phrygana, the main semi-natural
habitat in the East Mediterranean, equivalent to the West
Mediterranean garrigue. Phryganic habitats, dominated by low
entomophilous shrubby or geophyte species, such as Cistus
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Table 1. Study sites, their coordinates, and mean grazing intensity (see
text for details).

Mean grazing

Site Latitude Longitude intensity (%)
Eressos 1 39.1771 25.946 423
Eressos 2 39.172 25919 47.4
Eressos 3 39.1458 259211 43.2
Sigri 1 39.2274 25.8584 44
Sigri 2 39.2046 25.8533 4.8
Sigri 3 39.2069 25.9023 34
Sigri 4 39.229 25.928 65.9
Sigri 5 39.2292 259516 442
Sigri 6 39.2258 25.961 33.6
Vatousa 1 39.2368 26.0305 38.8
Vatousa 2 39.2463 26.0484 46.9

salvifolius L., C. creticus L., Origanum onites L., Thymbra
capitata L., Sarcopoterium spinosum Spach, Centaurea spinosa
L., and A. ramosus, are especially rich in bees (Hymenoptera:
Andrenidae, Apidae, Colletidae, Halictidae, Megachilidae, and
Melittidae), bee flies (Diptera: Bombilidae), and hoverflies
(Diptera: Syrphidae) (Petanidou & Ellis, 1993; Potts ef al., 2006;
Nielsen ez al., 2011). Grazing in this area is mostly conducted by
sheep, and, to a lesser degree, by goats, and occurs throughout
the year, although it is considerably stronger during spring.
We selected our study sites on the basis of prior observations,
which suggested large among-site variability in the intensity of
grazing, whereas other characteristics such as elevation, aspect,
and habitat type remained relatively constant.

To estimate pollination services, we selected A. ramosus as
a model species, as it was the only plant species present in the
majority of our study sites. Apart from being a common Mediter-
ranean species, A. ramosus is a geophyte whose presence is
enhanced by intense animal grazing (Pantis & Margaris, 1988;
Noy-Meir, 1990; Hajar, 1993). This plant species has numerous
white flowers that bloom from late February—March to April
in the study areas. Asphodelus ramosus is self-incompatible
(Ne’eman et al., 2000), highly visited by bees (Petanidou, 1991;
Diaz Lifante, 1996; Ne’eman efal., 2000; Terzo & Rasmont,
2003) and its fruits are small round capsules with a maximum
of six seeds per fruit.

Grazing intensity

To estimate grazing intensity, we used a novel approach in
pollination studies that consisted of comparing plant biomass
inside and outside exclosures (2 m X 2 m wide; 1 m high) set up
in each site ca. 2months before the first insect surveys were
carried out, i.e. in January 2012. Samplings were conducted in
the central 1 m X 1 m square of the exclosure, and at least 3m
away from the fence (for the sample outside the exclosure), to
avoid any potential bias in grazing behaviour in the proximity of
the exclosure (Stohlgren ez al., 1999).

During each insect survey round (see below), two squares
(0.5m x 0.5 m) were randomly selected at every site, one inside
(E) and one outside (O) the exclosure. All above-ground plant

biomass within the squares was collected, dried, and weighed
(+0.01 g) in order to compare biomass and calculate the grazing
intensity. Collected squares were marked in order to avoid future
resampling. Grazing intensity (%) was estimated at each site
and each sampling round as (1 — (O/E)) x 100, where O is the
biomass of plants outside the exclosure and E is the biomass of
plants inside the exclosure.

Insect sampling: bees, hoverflies, and bee flies

At each site, we sampled three times (rounds) in 2012,
with successive samplings separated by ca. 1 month: in late
March—early April (round 1), late April—early May (round 2),
and late May—early June (round 3). We used both pan-traps and
hand-netting for insect collection because prior studies in the
area suggested that the combination of these two techniques
may be the best to assess bee richness (Nielsen etal., 2011).
Samplings were carried out under good weather conditions:
temperature >15 °C, sunshine, and no wind (<4 m/s). In order
to address the problem of low species coverage experienced
in one of our previous studies using pan-traps (Nielsen et al.,
2011), we used double the quantity of pan-traps per study
site (10 in this study vs. 5 in the previous one). We arranged
pan-traps in triplet units, each triplet comprising three pan-traps
of a different UV-bright colour: white, blue, and yellow. These
colours account for different colour preferences among pollina-
ting insects (Westphal ez al., 2008). The 10 triplets were set up
on the ground, with any two triplets being separated by ca. 15 m.
Pan-traps were filled up to two-thirds (350 ml) with water + 1
drop of aroma-free kitchen detergent and left for 48 h in each
site and round, thus covering the entire flight activity period
of diurnal and nocturnal pollinators. The hand-netting survey
consisted of a 120-min random walk during which we collected
(or recorded in case of easily identifiable species) any insect
observed on the flowers of any plant species in the community,
stopping the timer any time the attention was distracted from
the flowers (e.g. while transferring caught insects into vials).
Surveys were conducted between 10.00 and 16.30 hours. Time
allocated to each plant species was proportional to its abundance.

Insects collected by both pan-traps and hand-net were trans-
ferred to small plastic zip lock bags and to vials, respectively,
and refrigerated if they were to be processed within 24 h,
otherwise deep frozen until pinning. After processing in the lab-
oratory, the specimens were identified to the species level (when
necessary with the help of European specialists), and inputted in
the database of the Melissotheque of the Aegean (Petanidou &
Lamborn, 2005).

We pooled the data from the pan-traps and hand-netting
surveys to calculate insect abundance (as the number of insects
collected and recorded per site and round), and insect richness
(as the number of species collected and recorded per site and
round). We chose species richness as a diversity measurement,
first, because it is the simplest measurement allowing compar-
ison with the majority of other studies, and second, because
a recent meta-analysis (Svensson etal., 2012) showed that
IDH is supported when biodiversity is measured as species
richness, whereas evenness tended to increase with increas-
ing disturbance, and, therefore, the use of species richness is
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Fig. 1. Map of Lesvos Island (Greece) in NE Aegean, with the location of the 11 study sites. S1: Sigri 1; S2: Sigri 2; S3: Sigri 3; S4: Sigri 4; S5: Sigri
5; S6: Sigri 6; E1: Eressos 1; E2: Eressos 2; E3: Eressos 3; V1: Vatousa 1; V2: Vatousa 2.

recommended (instead of diversity indices based on abun-
dances) when testing the IDH.

Flower cover

Flower cover measurements were conducted on 25 I m X 1 m
squares selected at random at every round and site, within the
area where insects were collected. The total number of func-
tional reproductive units, i.e. flowers or inflorescences depend-
ing on the species (‘flowers’ hereafter) for each plant species
was counted within these squares. Per site and round, we calcu-
lated flower abundance as the average number of flowers/m?,
and flower richness as the total number of flowering species
recorded. Plant specimens were deposited in the Herbarium of
the Laboratory of Biogeography and Ecology.

Pollination services to A. ramosus

To evaluate pollination services to A. ramosus, we calculated
pollen limitation indices at 10 of the 11 study sites (the species
was not present in Sigri 3). For that, we randomly selected 30
A. ramosus individuals within each site (except for Sigri 2 and 4
where we selected all available plants which were less than 30),
and two flowers within each individual. One of these flowers was
assigned to be supplementary hand-pollinated (S), whereas the
other was left unmanipulated for natural pollination (U). Sup-
plemental cross-pollination was performed by carefully rubbing
freshly-dehisced anthers from an individual separated by 2—5 m
from the recipient. These supplemental hand-pollinations were

conducted in round 1 in all sites except in Sigri 4, where they
were conducted in round 2, as a result of the delayed flowering
peak of A. ramosus in this population. Fruits were collected
when mature and kept in individual paper bags to be later dis-
sected in the lab and their seeds counted. We considered fully
developed seeds as fertile and shrunk undeveloped flake-like
ones, usually with a lighter colour, as aborted.

Pollen limitation indices were calculated for each site as
1 —(U/S), where U is the number of fertile seeds in the unma-
nipulated flowers and S the number of fertile seeds in the
supplementary pollinated flowers (Larson & Barrett, 2000). As
many plants did not produce seeds either in the unmanipulated
or the hand-pollinated flowers, we calculated one index per site
by aggregating the data of all studied plants.

Statistical analysis

All the statistical analyses reported here were conducted in R
2.15.3 (R Development Core Team, 2008). To study the effect
of grazing intensity on the abundance and richness of plants and
pollinators, we used generalised linear mixed models (GLMM,
library Ime4), with site as a categorical random variable to avoid
pseudoreplication, grazing intensity as continuous fixed and
round as a categorical fixed variable. Models on the abundance
and richness of pollinators were conducted separately for each
group and included also the abundance of flowers and flower
richness. An additional predictor variable in the models of
pollinator richness was the log-transformed pollinator group’s
abundance because GAMMs (library mgvc, Zuur et al., 2009)
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indicated logarithmic relationships between these two variables,
and abundances naturally vary in time and space. This approach
also allowed testing whether there was a direct effect of grazing
on pollinator richness independent of the effect on pollinator
abundance. As some pan-traps (24 out of 990 individual traps
within triplets) were lost, we included the number of intact
pan-traps (log-transformed) as an offset in the models, to control
for the effects of these small changes in sampling effort on the
results (Zuur et al., 2009), the results, however, did not change
when including or excluding this offset. We were specifically
interested in testing the Intermediate Disturbance Hypothesis
(Grime, 1973; Conell, 1978), and therefore, we included in
the analysis the variable ‘grazing intensity’ both as linear and
quadratic terms. To avoid collinearity between these two terms,
we first standardised the variable ‘grazing intensity’ to x=0
and o=1 and then we calculated its quadratic term (Quinn
& Keough, 2002). Prior to analyses, we ran variation inflation
factor (VIF) analyses to identify collinear predictor variables
that should be removed from further analyses (Zuur et al., 2009).
VIF values were smaller than 3 for all variables, so none of the
predictors needed to be removed (Zuur et al., 2009). Before the
analyses we also used Moran s I (library ncf; Bjgrnstad & Falck,
2001) to check for any spatial correlation in the data or in the
residuals of the models (with no random factor), neither the data
nor the residuals showed any spatial correlation, indicating that
our approach with mixed models was appropriate. Owing to the
nature of the data, we used: (i) Gaussian distribution and log
link function for the analysis of flower abundance, (ii) Poisson
distributions and log link functions for the analyses of flower
and insect diversity, and for the analysis of hoverfly abundance,
and (iii) Negative binomial distributions and log link functions
for the analyses of bee and bee fly abundances, as in these cases
data were overdispersed (Zuur et al., 2009). We used AlCc, i.e.
corrected AIC for small sample sizes (library sme; Hurvich &
Tsai, 1989; Burnham & Anderson, 2004), to select best models
among the set of combinations of predictor variables (including
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the interaction between grazing intensity and round), and to test
whether model fit was better when including random intercept,
random slope or both (in all cases best models included only
random intercept). The best model is described in the results
section, and the best five competing models for each analysis
are given in Tables S1—S4 (Supporting information).

To analyse the pollinator services to A. ramosus, we used
general linear models (library Ime), because data fulfilled the
assumptions of normality. In these models, the response vari-
able was the “pollen limitation index”. The best model was
selected based on AICc among all the possible simple regres-
sion models on the predictors explained above (but measured
during A. ramosus flowering period, i.e in round 1 except for
Sigri 4 where they were measured in round 2) and A. ramosus
density and its number of visits. Only simple regression mod-
els were compared because sample size (n=10) did not allow
multiple regressions. The best five competing models explaining
pollen limitation in A. ramosus are shown in Table S5 (Support-
ing information). The best model based on AICc was the only
model showing any significant relationship.

Results
Grazing intensity

Grazing intensity, calculated for each site and round, varied
from 0.0% to 76.9%. Average grazing intensity values per site
varied from 3.4% to 65.9% (Table 1).

Effects of grazing on the plant community

The best model showed that the effect of grazing on flower
abundance varied among rounds (Grazing intensity? X Round:
%,>=23.84, P<0.0001): flower abundance in round 1 and
3 showed a hump-shaped relationship with grazing intensity,

10 7 P=0.037

Flower richness

T T T T T

0 20 40 60 80
Grazing intensity (%)

Fig. 2. Flower abundance and richness. Partial residual plots showing the relationship between grazing intensity and (a) flower abundance and (b)
flower richness in the community. The results of the best models are shown. Lines represent the estimates of the best models and symbols represent
partial residuals of the models. When the best model showed a significant effect of grazing intensity consistent across rounds, the line represent the
overall effect of grazing; when there was a significant interaction, different lines represent the estimates for each round. Round 1: early in the season,

round 2: in the middle of the season, round 3: late in the season.
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Fig. 3. Bee abundance and richness. Partial residual plots showing the relationship between (a) bee abundance and grazing intensity, (b) bee abundance
and flower richness, (c) bee richness and grazing intensity, and (d) bee richness and bee abundance. The results of the best models are shown. Lines
represent the estimates of the best models and symbols represent partial residuals. As in these cases the best models showed significant interactions
between grazing intensity and round, different lines represent the estimates for each round. Round 1: early in the season, round 2: in the middle of the

season, round 3: late in the season.

whereas there was no relationship between these two variables
measured in round 2 (Fig. 2a). In contrast, the best model for
the effect of grazing on flower richness was consistent across
the rounds. Flower richness peaked at intermediate grazing
intensities (Grazing intensity’: y,>=4.35, P=0.037; Fig. 2b)
and significantly decreased along the season (y,>=37.23,
P <0.0001).

Effects of grazing on pollinator abundance and richness

In total, we collected or recorded 4925 insect individuals
belonging to the three target groups: 4639 bees (168 species,
28 genera), 149 hoverflies (20 species, 12 genera), and 285 bee
flies (25 species, 13 genera).

Bee abundance and richness. The best model showed that the
effect of grazing intensity on bee abundance depended on the
round (Grazing intensity? X Round: y;?=18.78, P=0.0003).

While bee abundance increased with grazing intensity in round
1 and round 3, it peaked at intermediate grazing levels in round
2 (Fig. 3a). Bee abundance also increased significantly with
plant species richness (y,?>=4.87, P=0.010; Fig. 3b). Same
as for bee abundance, the effect of grazing intensity on bee
richness depended on the round (Grazing intensity? X Round:
1,2 =11.65, P=0.003), as shown in the best model. Bee
richness mostly decreased with grazing intensity in round
1 (although it showed a second peak at very high grazing
intensities), peaked at intermediate grazing intensities in round
2, and showed no clear relationship with grazing in round
3 (Fig. 3c). Bee richness also increased with bee abundance
(r,2=5.23, P=0.022; Fig. 3d).

Hoverfly abundance and richness. The best model for
hoverfly abundance showed a peak at intermediate grazing
intensities, but the strength of the effect varied among rounds
(Grazing intensity X Round: y,*>=25.32, P<0.0001, Grazing
intensity? X Round: y,? =20.80, P <0.0001, Fig. 4a). Hoverfly
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Fig. 4. Hoverfly abundance and richness. Partial residual plots showing the relationship between (a) hoverfly abundance and grazing intensity, (b)
hoverfly abundance and flower richness, (c) hoverfly abundance and flower abundance, and (d) hoverfly richness and hoverfly abundance. The results
of the best models are shown. Lines represent the estimates of the best models and symbols represent partial residuals of the models. For hoverfly
abundance, the best model showed a significant interaction between grazing intensity and round, and therefore, different lines represent the estimates
for each round. Round 1: early in the season, round 2: in the middle of the season, round 3: late in the season.

abundance increased also with flower richness (y,>=6.41,
P=0.011, Fig. 4b) and flower abundance (y,>=4.71,
P=0.030, Fig. 4c). The best model for hoverfly richness
showed an increase with hoverfly abundance (y,*=23.52,
P <0.0001, Fig. 4d).

Bee fly abundance and richness. The best model showed that
bee fly abundance significantly increased at the end of the season
(1,2 =15.50, P=0.0004), no other predictor variable appeared
in the best model of bee fly abundance. However, the best model
for bee fly richness showed a hump-shaped relationship with
grazing intensity consistently across rounds (Grazing intensity:
)(22 =5.11, P=0.024), with richness peaking at intermediate
levels of grazing intensity (Fig. 5a). Bee fly richness also
increased with bee fly abundance (;(12 =34.55, P<0.0001;
Fig. 5b).

Pollination services to A. ramosus

During the hand-netting transects, we recorded (i.e. collected
or observed) on A. ramosus 208 insects belonging to 20 species,

which consisted of 17 bee species, one species of Coleoptera,
one species of Lepidoptera, and one species of Diptera. The most
common insects collected on this plant species were all general-
ists. The main visitor was the honeybee, Apis mellifera L., which
corresponded to 73.1% of individuals recorded on the plant, fol-
lowed by the scarabaeid beetle Tropinota hirta (Poda) (10.1%
of individuals), the solitary ground nesting bee Anthophora dal-
matica Pérez (2.9% of the individuals), the syrphid Eupeodes
corollae (Fabricius) (2.4% of the individuals), and the solitary
ground nesting bee Anthophora plumipes (Pallas) (1.4% of the
individuals). The other 14 species of bees and one Lepidoptera
species represented together the remaining 10.1% of individuals
recorded.

Pollen limitation in A. ramosus increased linearly with grazing
intensity during its blooming period (y,2=9.04, P=0.003,
Fig. 6).

Discussion

Grazing affected the pollinators through effects on the flower
community (mainly flower richness), but also directly and
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The results of the best model are shown. Lines represent the estimates of the best model and symbols represent partial residuals of the model. In this
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plot showing the relationship between pollen limitation index in A.
ramosus and grazing intensity. Line represents the estimate of the best
model and symbols represent partial residuals of the model.

independently of its effects on flower cover. We found some
support for the Intermediate Disturbance Hypothesis, but the
effects of grazing intensity depended on the round and the
pollinator group analysed. Hoverfly abundance and bee fly
richness peaked at intermediate grazing, although the strength
of the effect depended on the round for the former. However, the
effect of grazing on bees, the main pollinator group, depended on
the round. In the middle of the season, both the abundance and
diversity of bees were highest at intermediate grazing intensities.
However, later in the season, grazing intensity enhanced bee
abundances, whereas, early in the season, grazing increased
bee abundance but decreased bee richness, probably because it
favoured some dominant species. Pollen limitation in A. ramosus
(an early-flowering, bee-visited plant species) increased with

grazing intensity, probably as a result of the decrease in bee
richness with grazing intensity early in the season.

Effects of grazing intensity on the plant community

Grazing at moderate levels may be important in preserving
diverse floral communities because plant species richness is
often higher in grazed grasslands compared with mown and
unmanaged grasslands (e.g. Hoiss efal., 2013; Vanbergen et al.,
2014; but see Sjodin etal., 2008). Based on the IDH (Grime,
1973; Conell, 1978), we expected plant richness to peak at
intermediate grazing intensities. Our results showed that both
the abundance and diversity of flowers were highest at inter-
mediate levels of grazing. However, the effect of grazing on
plant abundance differed among sampling rounds. We found a
hump-shaped relationship between grazing intensity and flower
abundance early and late in the season, but no relationship
between these two variables was detected in the middle of spring
(round 2). This absence of relationship may be attributed to
the much higher floral resources available during this period
(81.3+6.9 flowers/m? vs. 67.4+6.9 and 66.1 +26.1 in early
and late spring, respectively; see also Petanidou etal., 1995),
in which floral abundance may be too high to be affected by
grazing. However, we cannot discard that other factors, such
as the identity of plant species flowering during middle spring,
could also have influenced this relationship. The hump-shaped
effect of grazing on flower richness was, however, consistent
across the season. Despite several concerns related to the IDH
(e.g. Mackey & Currie, 2001; Fox, 2013), higher plant diver-
sity at intermediate grazing levels have been reported in many
studies (e.g. Naveh & Whittaker, 1979; Bowers, 1993; Vulliamy
etal., 2006; Hegland et al., 2013; but see Collins eral., 1995;
Scohier & Dumont, 2012). Increases in flower richness at inter-
mediate grazing intensities may occur because with moderate
grazing the abundance of dominant species (which would nor-
mally outcompete the less dominant ones) is reduced, whereas
when grazing intensity is too high, most of the species cannot
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survive and, therefore, richness declines. The floral community
has been reported as the best predictor of pollinator abundance in
pastures (Carvell, 2002; Sjodin, 2007; Kearns & Olivera, 2009),
and, therefore, the relationships between grazing intensity and
plant abundance and richness shown here are extremely relevant
to understand also the effects of grazing on the abundance and
diversity of pollinators.

Effects of grazing intensity on pollinator abundance
and richness

We found different effects of grazing depending on the
pollinator group examined, as shown also in several previous
studies (Sjodin et al., 2008; Kimoto et al., 2012; Murray et al.,
2012). Differences in sensitivity to grazing may be driven by
differences in insect life history traits and nesting requirements
(e.g. Goulson, 2003) and by differential effects of grazing on the
floral resources used by the pollinators (Carvell, 2002; Mayer
etal., 2006; Sjodin etal., 2008; Kimoto eral., 2012). While
both the abundance and richness of bee and hoverfly responded
directly or indirectly to grazing, only the richness (but not
the abundance) of bee flies was affected directly by grazing
intensity. Interestingly, bee flies were not either influenced by
the overall abundance and richness of flowers in the community,
as the other groups were. Unfortunately, we are not aware of any
other study examining the grazing effect on bee flies to compare
our results with.

As for flower richness, we expected hump-shaped relation-
ships between grazing intensity and pollinator richness (Grime,
1973; Conell, 1978). Previous studies have compared grazed
with ungrazed sites or have mostly found linear relationships
between grazing intensity and pollinator abundance and diver-
sity (but see Kearns & Olivera, 2009, for an indication of IDH).
In several of these studies, increased grazing was associated
with a decrease in insect abundance or diversity (e.g. Kruess &
Tscharntke, 2002b; Hatfield & LeBuhn, 2007; Wallis De Vries
etal., 2007; Franzén & Nilsson, 2008; Xie etal., 2008; Pre-
ston etal., 2012; Scohier & Dumont, 2012; Minckley, 2014),
whereas in others grazing had a positive effect on the abun-
dance and/or diversity of insects (Carvell, 2002; Vulliamy et al.,
2006; Morandin et al., 2007; Yoshihara et al., 2008). Focusing
on the pollinator groups examined here, the only study we know
on hover flies (Sjodin ez al., 2008) indicated a negative effect
of grazing on these insects; whereas the numerous studies on
bees also showed contrasting responses to grazing (negative
response: e.g. Hatfield & LeBuhn, 2007; Franzén & Nilsson,
2008; Xie et al., 2008; Minckley, 2014; positive response: e.g.
Carvell, 2002; Vulliamy et al., 2006; Morandin et al., 2007). We
hypothesised that these contrasting responses to grazing might
be (at least partly) the result of the particular range of intensi-
ties examined. To avoid this potential pitfall, we used a wide
range of grazing intensities varying from 0% to almost 80%
and found hump-shaped relationships between grazing intensity
and pollinator abundance and richness. First, as often shown in
other studies (Potts eral., 2003, 2009; Vulliamy et al., 2006),
the abundance and richness of pollinators increased with flower
richness and abundance. This implies that grazing intensity may

have a cascading indirect hump-shaped effect on the abundance
and richness of pollinators because the effect of grazing on
the plant community is hump-shaped. In addition, we found
other hump-shaped effects of grazing unrelated to the floral
resources. These effects could be associated with the increase
in the amount or diversity of nesting substrates (Potts etal.,
2003; Vulliamy et al., 2006; Murray et al., 2012), or the increase
of ecological niches as a result of the spatial habitat hetero-
geneity caused by grazing (e.g. Dahlin eral., 2014; Jerrentrup
etal.,2014).

The IDH is a controversial hypothesis that has led to active
discussions (e.g. Mackey & Currie, 2000, 2001; Fox, 2013;
Sheil & Burslem, 2013; Huston, 2014). Mackey & Currie (2000,
2001) questioned the validity of IDH because hump-shaped
relationships do not seem to be the general response to stress,
and when they occur, this response is weak. Also, Fox (2013)
argued that the three major mechanisms thought to produce
hump-shaped diversity-disturbance relationships are logically
invalid, whereas Sheil and Burslem (2013) and Huston (2014)
criticised that questioning. At any rate, all previous studies
conducted in Mediterranean ecosystems on different organ-
isms — such as plants (Koniak & Noy-Meir, 2009), carabid
beetles (Kaltsas et al., 2013), grasshoppers (Kati etal., 2012),
mammals (Goncalves etal., 2012) and birds (Malavasi etal.,
2009) — have supported the IDH. This suggests that interme-
diate grazing might have positive effects on the diversity of
organisms at least in the Mediterranean area characterised by
at least an 8000 year-long history of livestock management and
grazing (Le Houerou, 1981; Marathianou et al., 2000). In agree-
ment, we found general support for the IDH in our system on
Lesvos Island, however, hump-shaped relationships appeared
only within some rounds (with the exception of flower and bee
fly richness), probably because other factors, such as changes in
community composition along the season, have stronger effects
on richness and abundance. Differences across time in the effect
of grazing are often shown (e.g. Yoshihara et al., 2008; Kimoto
etal., 2012), and are not surprising taking into account the phe-
nological changes that occur in the plant—pollinator community.
In the case of hoverfly abundance, changes along the season
were exclusively related to the strength of the effect, which
was strongest in the middle of the season. The largest change
in the effect of grazing across the season was related to the
bee community, probably as a result of the natural large vari-
ation in the composition of bee communities over the spring
months in these sites (Theodora Petanidou, unpublished data).
As expected, in the middle of the season both the abundance
and richness of bees were highest at intermediate grazing inten-
sities. Later and earlier in the season, however, bee abundance
was positively associated with grazing intensity. An increase in
bee abundance with grazing intensity has been found in previous
studies on bees (Carvell, 2002; Vulliamy et al., 2006; Morandin
etal.,2007) and has been related to an increased amount of nest-
ing resources (Vulliamy et al., 2006). Interestingly, despite the
positive relationship between grazing intensity and bee abun-
dance, grazing negatively affected bee richness early in the sea-
son, suggesting that grazing may enhance the abundance of par-
ticular species that outcompete the rest of the community early in
the spring.
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Pollination services to A. ramosus

Our study showed that A. ramosus was highly visited by
bees, confirming the results of previous studies (Petanidou,
1991; Diaz Lifante, 1996; Ne’eman eral., 2000; Terzo &
Rasmont, 2003). Our hypothesis that pollination services to
A. ramosus might be highest at intermediate grazing levels
owing to increased abundance and diversity of pollinators at
these intensities was not corroborated. Instead, we found that
A. ramosus pollen limitation increased linearly with grazing
intensity, indicating that very high grazing intensity may reduce
pollination services in this common Mediterranean species. A
high grazing intensity is often related to low nutrient availability,
especially in asphodel deserts (Pantis & Margaris, 1988), and,
therefore, it could lead to a low seed set as a result of poor
soil conditions. Because our seed set results were standardised
(we used pollination limitation as a measure of pollination
services, which controls for any effect of nutrient resource
availability), the measured grazing effect is directly related to
pollination. Previous studies have shown that plant reproductive
responses to grazing are highly species-specific, with some
species responding to grazing intensity positively and others
negatively. For instance, higher overall outcrossing rates and
more pollen donors were found in Cirsium palustre (L.) in the
grazed compared with the ungrazed habitat, probably because
of the higher attraction of flies to richer habitats (Vanbergen
etal., 2014). Also, Agren etal. (2006) found that grazing
indirectly favoured seed production in Primula farinosa L.
mainly because the removal of surrounding vegetation increased
resource availability for those plants that escaped damage. In
contrast, some other studies have shown a negative effect of
grazing on the fecundity of plants, just as in the present study
(Mayer, 2004; Vazquez & Simberloff, 2004; Hegland etal.,
2005). Vazquez and Simberloft (2004) found that by directly
reducing the population density of Alstroemeria aurea L.,
cattle indirectly reduced the reproduction of this plant species.
Although several studies have found that A. ramosus presence
is enhanced by intense animal grazing (Pantis & Margaris,
1988; Noy-Meir, 1990; Hajar, 1993), we did not find any
relationship between grazing intensity and A. ramosus flower
density (N =10, F;g=1.13, P=0.32). Instead, the increase in
pollen limitation with grazing intensity in this species may be
related to the decrease in bee richness with grazing intensity
early in the season, when A. ramosus flowered (round 1, Fig. 3c),
given that this species is mostly visited (and most probably also
pollinated) by bees. Note that although bee richness peaks again
at very high grazing intensities early in the season (Fig. 3c),
pollen limitation was not measured in the population with
the highest grazing intensity, because A. ramosus was absent
there. It seems that a rich bee community is important for A.
ramosus pollination. Indeed, this plant species is visited by 17
species of bees, some of them of a large size, such as several
species of Anthophora, Xylocopa, and Bombus. Although A.
mellifera is the most common visitor, honeybees are inefficient
compared to other large-sized bees such as Anthophora or
Xylocopa (Diaz Lifante, 1996), and their presence is not affected
by grazing intensity (N =10, F;3=0.74; P=0.41), probably
because this insect species is completely managed in the study
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area. Therefore, our results suggest that a decrease in bee
richness is related to an increase in pollen limitation in A.
ramosus. However, detailed studies on the efficiency of different
pollinators and their impact on the reproduction of A. ramosus,
would be needed to confirm this. Studying other plant species
with a different flowering period could lead to different results
and would be necessary to assess the overall effect of grazing on
pollination services in the area. In any case, our results suggest
that when the targets of conservation are individual species,
detailed specific studies should be conducted, because overall
trends may not fit all species.

Conclusions

Analysing data on 11 plant—pollinator communities and a wide
range of grazing intensities in western Lesvos, we conclude that
intermediate grazing intensities increase the overall abundance
and richness of plants and pollinators. The effect of grazing on
pollinators was expressed both through effects on the flower
community (mainly richness), but also by direct effects unre-
lated to floral resources. However, the responses to grazing were
pollinator-group specific, and often varied in strength and/or
direction along the season. Although overall management strate-
gies should maintain moderate grazing levels in this area, strate-
gies related to the conservation of particular early bee species or
early bee-pollinated plant species may benefit from the reduction
of grazing intensity in early spring.
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