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bstract

Agricultural intensification and loss of semi-natural grassland have contributed to biodiversity decline, including pollinator
pecies, in pastures around the world. To reverse the decline, agri-environmental schemes have been implemented, varying
idely in effectiveness. In addition, many countries, including the Netherlands, have established nature reserves in which semi-
atural grasslands are restored and are often managed for specific groups of species, e.g. meadow birds or plants. The effects
f such measures on insect biodiversity are not well known but recent reports on the dramatic decline of insect biomass in
ature reserves have put even more attention to the impact of land use and management on biodiversity. This study compares
ollinator abundance and species richness in three common semi-natural grassland management types in the Netherlands:
1) hay meadows, (2) herb-rich grasslands and (3) meadow bird grasslands. Pollinator abundance and species richness were
ssessed in eleven study areas, each with all three management types present. Standardized transects, insect sampling within a
tandard 20 min time frame and plot-based flower surveys were used in spring and summer to assess the relationships between
anagement regime, floral abundance and diversity and pollinator communities. The results show that meadow bird grasslands

ave lower pollinator abundance and diversity and a less unique pollinator assemblage than both other types. Moreover, flower
bundance has a positive effect on pollinator abundance and flower diversity has a positive effect on pollinator species richness.
hese results indicate that meadow-bird grasslands are a comparatively unfavourable habitat for bees, hoverflies and butterflies,
hich may be explained by a lack of flowers as well as unsuitable mowing practices. Measures benefitting both insectivorous

irds and flower-visiting insects, such as rotational mowing, could remediate this imbalance.

 2019 The Authors. Published by Elsevier GmbH on behalf of Gesellschaft für Ökologie. This is an open access article under
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ntroduction

Over the past decades, agriculture in Europe has rapidly
ntensified to increase productivity, causing widespread
osses in farmland biodiversity (Matson, Parton, Power, &
wift, 1997; Krebs, Wilson, Bradbury, & Siriwardena, 1999;
enton, Vickery, & Wilson, 2003). Intensification has been

inked to dramatic declines in the populations of farmland
irds (Chamberlain, Fuller, Bunce, Duckworth, & Shrubb,
000; Donald, Green, & Heath, 2001; Benton, Bryant, Cole,

 Crick, 2002) and insects (Benton et al., 2002), as well
s homogenization of communities (Gossner et al., 2016).
ntensive agriculture is most likely responsible for insect
eclines in nature reserves embedded within the agricul-
ural matrix, with a 75% decline in insect biomass over three
ecades in German nature reserves, (Hallmann et al., 2017)
s a prime example. Agricultural intensification is there-
ore considered to be the main driver of biodiversity decline
n Europe (Benton et al., 2003; Tscharntke, Klein, Kruess,
teffan-Dewenter, & Thies, 2005; Potts et al., 2016).
Pollinators are one example of a declining group of

nsects (Thomas et al., 2004; Biesmeijer et al., 2006; Kosior
t al., 2007; Goulson, Lye, & Darvill, 2008; Potts et al.,
010, 2016; Van Swaay et al., 2015). Pollinators, in particu-
ar bees, perform important ecosystem services. At least 75%
f food crop species depend to some degree on animal polli-
ation (Klein et al., 2007), while large and diverse pollinator
ommunities have been shown to improve fruit set (Garibaldi
t al., 2013; Winfree et al., 2018). Moreover, around 88% of
ll wild plant species depend on animal pollination (Ollerton,
infree, & Tarrant, 2011), making pollinators crucial for

cosystem functioning.
A main driver of pollinator decline is land-use intensi-

cation, in particular the loss of semi-natural, extensively
anaged and nectar-rich grasslands (Osborne, Williams, &
orbet, 1991; Goulson, Hanley, Darvill, Ellis, & Knight,
005; Goulson, Nicholls, Botías, & Rotheray, 2015; Van
waay et al., 2015). These grasslands are a main habitat for
ollinating insects, providing food and resources for repro-
uction, such as nesting sites for bees and host plants for
utterfly larvae (Osborne et al., 1991; Van Swaay et al., 2015).
he replacement of semi-natural habitat by monocultures of

ntensively managed grasslands has led to widespread habitat
oss and fragmentation for pollinators, contributing to their
eclines (Potts et al., 2010).

To counter biodiversity decline in agricultural landscapes,
gri-environment schemes (AES) have been implemented in
any European countries. These schemes support farmers
ho adapt the management of their land to increase bio-
iversity, e.g. through extensification. The effectiveness of
ES has been mixed (Kleijn et al., 2006; Batáry, Dicks,
leijn, & Sutherland, 2015) and local increases in species

iversity and abundance (Batáry et al., 2010) seem depen-
ent on the structure and management of the surrounding
andscape (Kleijn, Rundlöf, Scheper, Smith, & Tscharntke,
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011; Batáry et al., 2015). Another approach often taken for
he preservation of farmland biodiversity is to convert agri-
ultural land into nature reserves. These subsidized reserves
re typically managed to promote certain aspects of biodi-
ersity, for instance focused on increasing breeding success
f meadow birds (Ausden & Hirons, 2002). In the Nether-
ands, this approach has been successful for meadow birds.
hey show a positive trend in protected areas while they
re declining on farmlands with specific AES targeted at
ncreasing the number of meadow birds (van Egmond & de
oeijer, 2006). However, the effect of protected areas on

nsect abundance and diversity is not monitored and there-
ore largely unknown, except for butterflies and grasshoppers
Inter Provinciaal Overleg, 2018: see Appendix A). Given the
mportance of semi-natural grasslands for insects (Öckinger

 Smith, 2007), as well as the functional role of insects as
ollinators of wild flowers (Ollerton et al., 2011) and food
ource for birds (Beintema, Thissen, Tensen, & Visser, 1991),
ore knowledge on the effect of the different management

ypes on the insect community is needed.
To fill part of this knowledge gap, we assessed abundance

nd species richness of pollinators and flowering plants in
hree different management types of protected areas in the

estern part of the Netherlands: (1) hay meadows, (2) herb
ich grasslands and (3) meadow bird grasslands, to deter-
ine the impact of semi-natural grassland management on

ollinators. Specifically, we assessed the effect of grassland
anagement on pollinator species richness, abundance and

ssemblage composition. We expected hay meadows to have
he highest pollinator species richness and abundance, as well
s the most diverse species composition. These grasslands are
ypically nutrient-poor, floristically rich and diverse and are

own late in the year (see Appendix B). Meadow bird grass-
ands, on the other hand, tend to be richer in nutrients, are
ften mown in June and were thus expected to be floristi-
ally poorer, have fewer flowers and consequently the lowest
ollinator abundance and diversity of the three management
ypes.

aterial and methods

tudy areas

“For this study, we selected 11 study areas each with three
ites, one for each of the three management types. Areas
ere chosen from two adjacent regions called Het Groene
art and Midden-Delfland, situated in west of the Nether-

ands (provinces of South-Holland and Utrecht; Fig.1). Both
egions comprise wet grasslands on peat and clay intersected
y ditches. The main activity is agriculture, particularly dairy
arming. Both regions are also key breeding areas for meadow

irds, which is why there are many nature reserves targeting
eadow birds situated there. These reserves are managed as

emi-natural grasslands with the goal of promoting species
hreatened by intensive farming. They are characterized by
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Fig.  1.  Locations of the study areas within Het Groene Hart and Midden-Delfland regions of the Netherlands. Grasslands of all three
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anagement types were also present in study areas 1 and 8 but ar
f the spatial dataset (Inter Provinciaal Overleg, 2018), as these w
rasslands.

igh groundwater tables, periodical inundation, less inten-
ive grazing and extended mowing dates. The reserves are
wned by NGOs and the government, who decide on how
he reserves are managed. Farmers who lease the land from
hese organisations carry out the management. Often, parcels,
.e. plots of land delineated by ditches, within these reserves
re managed according to one of three types: hay meadows,
hich are botanically rich mesotrophic grasslands used for
ay; meadow bird grasslands, which are grasslands rich in
eadow birds where mowing is delayed until after the breed-

ng season; and herb-rich grasslands, which are eutrophic
rasslands often rich in herbs and thistles which do not
eet the criteria for the other two types (see Appendix A;
ppendix. B; Inter Provinciaal Overleg, 2018). The three
anagement types often occur in close proximity to each

ther and are embedded in intensive agriculture. This creates
n opportunity to study the effects of the three management
ypes on insect pollinators, as we account for the spatial
ependency of the study area, which is treated as a random

ffect in the analyses.

To select the study areas, the following was done: first, all
arcels managed as hay meadows, herb-rich grasslands and

d
t
a

isible on the map due to their absence in the most recent version
her relatively recent conversions from agriculture or unsubsidized

eadow bird grasslands were mapped (Fig. 1; Appendix C).
tudy areas where all three management types were present
ithin a 2-km radius were selected. Highly fragmented areas,
efined as areas where at least one of the three management
ype was represented only by single parcels surrounded by
ifferent management, were excluded to prevent edge effects.
hirteen possible study areas met these criteria. From these

hirteen areas, eleven were chosen, as we excluded two study
reas from a cluster of four overlapping study areas. Finally,
ithin each study area, three representative sites, one for each
anagement type, were chosen randomly (see Appendix D).

ield sampling

Fieldwork was carried out in two periods in 2018, one
n late spring, from 8 May to 11 June, and one in sum-

er, from 29 June to 18 July. The three sites within a study
rea were always sampled within a timespan of three days
nd most often sampled on the same day. Pollinators were

efined as member of Anthophila (bees), Rhopalocera (but-
erflies), Stratiomyidae (soldier flies) Syrphidae (hoverflies),
nd Zygaenidae (burnet moths).
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At each site, transects of 200 m were set out to measure pol-
inator abundance. These transects consisted of four parallel
ections of 50 m running lengthwise at 50–100 m distance
rom the field edge. Distance between the sections and the
uter ditches were kept equal, dependent on the width of the
arcel, with the sections being wider apart with increasing
idth. The minimum distance between sections was 5 m and

he maximum 20 m (see Appendix E). For this reason, parcels
arrower than 25 m and wider than 80 m were excluded.
Along these transects, every bee, butterfly, hoverfly and

oldier fly easily identifiable to genus or species level in the
eld (see Appendix F) and seen in a virtual 5-m cage around

he observer was identified and counted (this method is known
s ‘Pollard walk’ and follows Van Swaay et al., 2018). After
alking the transect, a timed search of twenty minutes was

onducted within the area of the parcel enclosed between 50
nd 100 m from the edge to obtain an estimate of species
ichness. During these 20 min, as many species as possible
ere identified or collected when not directly identifiable to

pecies. To ensure sufficient activity, sampling of pollinators
as only done between 10 a.m. and 5:30 p.m. Furthermore,
eather conditions were recorded and always met the fol-

owing criteria: no rain, wind speed below 6 Bft and either a
emperature between 13 and 17 ◦C with less than 50% cloud
over, or a temperature above 17 ◦C (Van Swaay et al., 2018).

Collected specimens were identified using guides (bees:
alk & Lewington, 2017; hoverflies: Van Veen, 2004 and
chulten, 2018; soldier flies: Reemer, 2014) and online photo
lbums (Falk, 2018). All identifications were checked by
ohn Smit of EIS-NL (European Invertebrate Survey – the
etherlands).
Besides recording pollinators, all flowering plants were

dentified to species in 1-m2 plots set out every 10 m along the
ransect. All inflorescences were counted per species (Batáry
t al., 2010; Appendix G) to estimate flower diversity and
bundance. Flower and pollinator surveys were always done
n the same day. The three grassland sites within a study area
ere normally sampled on the same day, but in cases of bad
eather, up to five days apart.
Subsequently, pollinator species richness was determined

y combining the species lists of the transect and the
imed search per site and removing double observations (see
ppendix H). Pollinator and flower abundance were deter-
ined as the total number of observations along the transects.
astly, flower diversity was calculated with the Shannon
iversity index (Shannon, 1948).

ata analysis

Three generalized linear mixed effects models (GLMM)
ere constructed, one for species richness, and two for abun-

ance. For species richness response we pooled all species
ecords across all sampling dates per site. For species abun-
ance we analysed spring and summer samples separately
ecause abundance is strongly influenced by season.

t
i
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For pollinator species richness, a dataset was constructed
ontaining the number of species found per parcel, the man-
gement type of each parcel and the averages of flower
bundance, flower diversity, cloud cover, wind speed and
emperature over the two sampling rounds as explanatory
ariables. We tested for collinearity between variables using
ariance inflation factors (VIFs) and removed all variables
ith VIFs > 1.4 (see Appendix I). Flower abundance was not

ncluded in the models of pollinator species richness, due to
ts correlation with management type. We fitted a poisson dis-
ributed model with management type, flower diversity, cloud
over, wind speed and temperature and all possible two-way
nteractions as explanatory variables.

For pollinator abundance spring and summer models were
tted separately and included management type, flower
bundance, cloud cover, wind speed and temperature as
xplanatory variables. We again tested for collinearity
etween variables using variance inflation factors (VIFs)
nd removed all variables with VIFs >1.4 (see Appendix
). Flower diversity was excluded, as it was correlated with
ower abundance. Both Poisson distributed models of the
ount data were overdispersed, therefore we used negative
inomial models. All possible two-way interactions between
he explanatory variables were again included.

Study area was included as a random effect and not as
 fixed effect in all three models to account for the spatial
ependency between parcels in the same area and because
he inherent variation between the eleven study areas was
ot of interest. The final models for both pollinator species
ichness and abundance were selected based on the lowest
IC (Akaike, 1987) using dredge in the MuMIn package

n R statistics (version 1.15.6; Barton, 2016). All models
ith a difference in AIC of less than 2 are presented in the

esults, since models within this range have similar strength in
xplaining the variation observed. Additionally, we tested for
ifferences in flower abundance per management type with

 Kruskal-Wallis test combined with a pairwise comparison
est using Wilcoxon rank sum.

Finally, to visualize the community composition across
ypes, Venn diagrams were constructed. These show how

any pollinator species are unique to certain management
ypes and how many species overlap between the manage-

ent types. Non-metric multidimensional scaling (NMDS)
as used to visualise the similarity in pollinator species com-
osition between the different management types. Lastly, we
alculated a beta-diversity value to see if any differences
etween sites were significant.

esults

ollinator species richness
Four models (�AIC < 2) were selected explaining pollina-
or species richness (Table 1). Management type was included
n all four models with a statistically clear effect: pollinator
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Table  1.  The best four GLMM models (�AIC < 2) explaining species richness. “Type” refers to which grassland types were tested. “HRB” = herb-rich grasslands, “HM” = hay meadows
and “MBG” = meadow bird grasslands. The estimates (exp = exponential) refer to the rate ratios of a poisson distributed model. The 95% confidence interval of the log rate ratios are
presented for each model covariate.

Model 1 Model 2 Model 3 Model 4

Explanatory variables Est. Est. (exp) 2.5% 97.5% Est. Est. (exp) 2.5% 97.5% Est. Est.(exp) 2.5% 97.5% Est. Est.(exp) 2.5% 97.5%

Type HRG-HM 0.07 1.07 −0.16 0.29 0.03 1.03 −0.19 0.25 0.01 1.01 −0.22 0.23 0.01 1.01 −0.20 0.24
MBG-HM −0.27 0.76 −0.53 −0.01 −0.33 0.72 −0.58 −0.07 −0.35 0.70 −0.61 −0.09 −0.35 0.70 −0.62 −0.12
MBG-HRG −0.34 0.71 −0.59 −0.09 −0.36 0.70 −0.61 −0.11 −0.36 0.70 −0.61 −0.11 −0.36 0.70 −0.64 −0.13

Flower diversity 0.30 1.35 −0.01 0.62 X X X
Temperature −0.51 0.60 −0.89 −0.12 −0.46 0.63 −0.84 −0.02 −0.56 0.57 −0.96 −0.13 X
Cloud cover X X −0.26 0.77 −0.64 0.11 X
AIC 186.2 186.7 187.8 188.1
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Fig.  2.  Model coefficient estimates with 95% confidence intervals showing influence of grassland management on (A) pollinator species
r anagement type. All models represent the best model as chosen by AIC
( e 95% confidence interval of the mean difference does not include zero.
P s (photo by author).
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Fig.  3.  Mean flower abundance of major forage plants per parcel
across management types. In brackets: total number of plant species
found per management type. Ranunculus species were pooled.
F
i

(

ichness, (B) pollinator abundance in spring, and (C) summer per m
see Tables 1–3). Asterisks represent pairwise comparison where th
hoto of Helophilus  pendulus, common hoverfly on these grassland

pecies richness was lower on meadow bird grasslands than
n other types, and similar on hay meadows and herb rich
rasslands (Fig. 2A; Table 1). In addition, species richness
ncreased with higher flower diversity (in one of the best mod-
ls), lower temperatures (in three out of four models), and less
loud cover (in the third best model) (Table 1; Appendix J).
o two-way interactions were included in the best models.

ollinator abundance

pring
The single best model included management type, flower

bundance and cloud cover (Table 2). Again, management
ype had a statistically clear effect on pollinator abundance
Table 2): abundance was lower on meadow bird grasslands
han on both other types, and was slightly higher on herb-rich
rasslands than on hay meadows (Fig. 2B; Table 2). More-
ver, flower abundance and cloud cover had a positive effect
n pollinator abundance (Table 2; Appendix K).

ummer

All three top models explaining pollinator abundance in

ummer (Table 3) included a statistically clear effect of man-
gement type: meadow bird grasslands had lower pollinator
bundance than both hay meadow and herb-rich grasslands

h
d
e
w

lower species with less than 30 flower heads per parcel were
ncluded in the category other (see Appendix L).

Fig. 2C). Pollinator abundance was also slightly higher on
erb-rich grasslands than on hay meadows. Flower abun-

ance was included in all three models, with a clear positive
ffect on pollinator abundance. Furthermore, temperature
as included in all models, and had a negative effect, just
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Table  2.  The best GLMM-Model (AIC) explaining spring pollinator abundance. “Type” refers to which grassland types were tested.
“HRB” = herb-rich grasslands, “HM” = hay meadows and “MBG” = meadow bird grasslands. The estimates (exp = exponential) refer to the
rate ratios of a negative binomial distributed model. The 95% confidence interval of the log rate ratios are presented for each model covariate.

Model 1

Explanatory variables Estimate Estimate. (exp) 2.5% 97.5%

Type
HRG-HM 0.63 1.88 −0.10 1.37
MBG-HM −0.68 0.50 −1.48 0.11
MBG-HRG −1.32 0.27 −2.06 −0.58

Flower abundance 1.40 4.05 0.31 2.48
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loud cover 1.23 

IC 236.8

s cloud cover, which was included in one model. No two-
ay interactions were included in the best models for both

ummer and spring.

ollinator species composition

A total of 1688 pollinators were recorded or collected in
his research. Of these, 447 were bees, 1146 hoverflies or
oldier flies, and 95 butterflies. In total, 75 pollinator species
ere found, including 43 hoverfly species, 14 bee species, 12
utterfly species, 5 soldier fly species and one burnet moth
pecies (see Appendix M). Almost half of the species (36
pp.) were found at least once in all management types. Of the
emaining species, most were either unique to hay meadows
9 spp.), herb rich grasslands (11 spp.), or both (11 spp.),
hile meadow bird grasslands had only three unique species

Fig. 4A).
The NMDS (stress < 0.1) output shows that overall the pol-

inator communities were highly similar across the different
ypes. This was confirmed by a beta-diversity analysis, which
howed the communities to be similar (p = 0.336). Based on
isual inspection of the output (Fig. 4B), the species commu-
ity found on hay meadows possessed the most species-rich
ommunity, which is similar to that on herb-rich grasslands.
eadow bird grassland communities harbour a subset of the

ther two types (Fig. 4B).

lower abundance & composition

Hay meadows had the highest flower abundance, followed
y herb-rich grasslands and meadow bird grasslands (Fig. 3).
he difference between the three types was significant

Kruskal Wallis test: p < 0.05), as was the difference between
ay meadows and meadow bird grasslands (p = 0.01), but not
etween hay meadows and herb-rich grasslands (p = 0.133) or
eadow bird grasslands and herb-rich grasslands (p = 0.197).
he most abundant nectar plants on all three types of grass-
ands were members of the genus Ranunculus, consisting
f R.  repens  and R.  acris  on meadow bird and herb-rich
rasslands and of R.  flammula  and R.  acris  on hay mead-
ws (see Appendix L). Rhinanthus  minor  was common on

r
a
a
d

3.41 0.36 2.10

ay meadows, while Cirsium  palustre  was common on herb-
ich grasslands. Meadow bird grasslands had no particular
ommon species apart from Ranunculus  repens  (Fig. 3).

iscussion

The type of management applied on protected, semi-
atural grasslands in the Netherlands affects both pollinator
pecies richness and abundance as well as their floral
esources. Meadow bird grasslands have fewer pollinator
pecies, which occur in lower abundance, and fewer unique
pecies than either herb-rich grasslands or hay meadows.
hese results indicate that meadow bird grasslands are a
omparatively poor habitat for pollinators.

mpacts of mowing and grazing on pollinators

Mowing (or grazing) is necessary to maintain semi-
atural grasslands, that otherwise develop into forests, which
xplains why all three management regimes include regular
owing or grazing. However, mowing can have a negative

ffect on arthropods (Morris, 2000), both through direct mor-
ality (Humbert, Ghazoul, & Walter, 2009), and removal of
orage and reproduction habitat (Cizek, Zamecnik, Tropek,
ocarek, & Konvicka, 2012). Partial mowing may mitigate

hese negative effects, as it leaves refuge areas (de Vries
 Knotters, 2000; Humbert et al., 2009; Buri, Arlettaz, &
umbert, 2013) and improves grassland heterogeneity, which

s advantageous to insects (Cizek et al., 2012) and birds
Verhulst, Kleijn, Loonen, Berendse, & Smit, 2011). Low
ntensity grazing also creates favourable habitat for pollinator
pecies (Kruess & Tscharntke, 2002).

Both partial mowing and low intensity grazing are
egularly used in hay meadows and herb-rich grassland man-
gement. Most meadow bird grasslands are mowed shortly
fter the end of the breeding season in late June. No insect

efuges or flowers are left after mowing which renders large
reas of meadow bird grasslands uninhabitable for pollinators
fter late June, precisely when pollinators are most abun-
ant and diverse. Bees are particularly affected, as they need
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Table  3.  The best three GLMM models (�AIC<2) explaining summer pollinator abundance. “Type” refers to which grassland types were tested. “HRB” = herb-rich grasslands, “HM” = hay
meadows and “MBG” = meadow bird grasslands. The estimates (exp = exponential) refer to the rate ratios of a negative binomial distributed model. The 95% confidence interval of the log
rate ratios are presented for each model covariate.

Model 1 Model 2 Model 3

Explanatory variables Est. Est. (exp) 2.5% 97.5% Est. Est. (exp) 2.5% 97.5% Est. Est. (exp) 2.5% 97.5%

Type
HRG-HM 0.17 1.19 −0.65 0.99 0.22 1.25 −0.59 1.04 0.04 1.04 −0.80 0.89
MBG-HM −1.21 0.30 −2.18 −0.23 −1.19 0.30 −2.16 −0.23 −1.40 0.25 −2.43 −0.40
MBG-HRG −1.38 0.25 −2.36 −0.40 −1.42 0.24 −2.38 −0.45 −1.44 0.24 −2.41 −0.47

Flower abundance 2.34 10.42 0.74 3.95 2.41 11.12 0.87 3.95 2.21 9.16 0.66 3.77
Temperature −2.72 0.07 −4.27 −1.16 −2.44 0.09 −3.99 −0.89 −3.07 0.05 −4.70 −1.43
Cloud cover X X −0.68 0.51 −1.77 0.42
Wind speed X 0.64 1.90 −0.35 1.63 X
AIC 242.4 244.2 244.3
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on-metric multidimensional scaling output for pollinator species 

ontinuous forage in close proximity to their nests (Potts
t al., 2010). Management of herb-rich grasslands and hay
eadows, on the other hand, involves partial mowing or graz-

ng (see Appendix B), which leaves part of the vegetation
tanding and thus supports pollinator populations through-
ut the year. This difference in mowing practice is the most
ikely explanation for the differences in pollinators between

eadow bird grasslands and the other two types.

ack of floral resources in meadow bird
rasslands limits pollinators

Flower abundance and diversity are major factors shap-
ng pollinator communities (Biesmeijer et al., 2006; Scheper

t al., 2014). In our study, flower abundance had a positive
ffect on pollinator abundance and flower diversity on pol-
inator species richness. Of all the three management types,
eadow bird grasslands have the lowest flower abundance

H
a
2

t types. (A) Venn diagram of the overlap in pollinator species. (B)
nity.

nd richness, possibly explaining why meadow bird grass-
ands are poor in pollinators.

In addition, floral composition of meadow bird grasslands
as dominated by just two Ranunculus  species, whereas
any additional flower species were found in other grass-

ands. Thus, meadow bird grasslands constitute an extremely
oor habitat and offer very limited choice to pollinators,
ith the exception of a small number of mobile hoverfly

pecies. Hay meadows offer more choice, as a wide array
f pollinator food plants are found regularly, e.g. Rhinan-
hus minor, Lotus  pedunculatus,  Cardamine  pratensis,  Bellis
erennis  and Cerastium  fontanum  (see Appendix M). This
ould explain why hay meadows have the most diverse pol-
inator communities. The third grassland management type,
erb-rich grasslands, is also comparatively rich in pollinators.

ere two excellent pollinator forage plants,  Cirsium  palustre

nd Trifolium  repens  (Vray, Lecocq, Roberts, & Rasmont,
017), are often found. This may explain the similar polli-
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ator abundance in hay meadows and herb-rich grasslands,
espite hay meadows having on average more flowers.

 landscape suitable for pollinators?

Another result of this research is the apparent lack of bee
pecies on all three types of grasslands. This is counter-
ntuitive, as pollinator diversity can be very high in open
semi-)natural grasslands (Öckinger & Smith, 2007) and
any bee species used to thrive in these same regions (Peeters

t al., 2012). However, the sampled grasslands tend to be
art of open, monotonous landscapes, because of the overall
ntensification and homogenization of grasslands combined
ith the focus of nature management mostly on meadow
irds, which favour breeding in open landscapes to avoid
redators. They lack the small landscape elements, trees,
uildings and dykes, (see Appendix N) that bees need as
esting sites and refuges, as the meadows themselves are
ften too wet for nesting. Wild bees need nesting sites in
lose proximity to their feeding sites, due to their relatively
mall forage range (Zurbuchen et al., 2010). Notably, the
nly species which was found regularly, Macropis  europaea,
s able to nest in wet soil (Peeters et al., 2012). The combi-
ation of large-scale mowing and landscape homogenization
as led to low and intermittent forage resources, low nest-
ng availability with a severely impoverished bee community
s a result (only 14 of 51 possible bee species; Appendix
).
The apparent lack of bee species is in stark contrast with

he hoverfly species found (43 of 66 possible species). The
eason may be that all fly species are highly mobile and that
any have aquatic larvae, and can reproduce in the ditches

nd wetlands in the area. The same goes for 8 of the 12
utterfly species found, which are migratory species unlikely
o be bound to the grasslands. In contrast, species likely to be
ffected by mowing, such as stationary butterflies (4 species,
ut of 8 possible species) and phytophagous hoverfly species
3 species) were rarely found.

The pollinator fauna on all three types of grasslands
onsists almost completely of common species; only two
ecorded species could be considered of conservation
riority: Bombus  jonellus  (Reemer, 2018) and Neoascia
eniculata (Reemer et al., 2009). This indicates that the
pecies of conservation interest have disappeared com-
letely, even though they could still be found in these areas

 few decades ago (Peeters et al., 2012; Reemer et al.,
009).

 place for pollinators in (meadow bird)
rassland reserves in the Netherlands?
The Grassland nature reserves may fail to provide essential
abitat requirements for bees and a number of hoverfly and
utterfly species, with meadow bird grasslands being partic-
larly poor habitat for bees. Currently about a third of the

i
2

d Ecology 43 (2020) 52–63 61

ature reserves in the Groene Hart and Midden-Delfland are
anaged as meadow bird grassland (App B.). This focus on

 few species of meadow birds has clearly been detrimental
o pollinating insects, which, under current regimes, must be
onserved elsewhere. This may, however, be detrimental to
he meadow birds themselves, as a varied pollinator commu-
ity could also benefit them. Many flowering plants depend
n insects for their pollination and seed set (Ollerton et al.,
011), and risk pollination failure if pollinators are lacking
Wilcock & Neiland, 2002). Therefore, a varied and abun-
ant community of pollinators is important for maintaining
ower-rich grasslands, which are rich in insects, an impor-

ant food source for meadow birds (Beintema et al., 1991;
ickery et al., 2001).
Our results also emphasize the relative importance of hay
eadows and herb-rich grasslands. Herb-rich grasslands are

ften seen as an intermediate stage towards another type of
nature’. Nonetheless, pollinators are most abundant in these
rasslands, likely due to the presence of Cirsium  thistles.
ay meadows, on the other hand, harbour diverse plant com-
unities on which the most diverse pollinator communities

re maintained, underlining their importance for pollinator
onservation.

In summary, our findings highlight the need for a more
alanced approach for the conservation of wet grasslands
f the Netherlands and their fauna, as they indicate that a
ingle focus on meadow birds is unfavourable for bees, but-
erflies and hoverflies. An improvement could be to: include

 larger proportion of hay meadows in the landscape, imple-
ent rotational mowing and increase heterogeneity within

nd between parcels. This could lead to a friendlier landscape
or both birds and pollinators, which would be broadly sup-
orted by societal partners in the Netherlands (see Deltaplan
iodiversity Recovery, 2018).
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