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Diversity of flowering plants and their
insect visitors in habitat fragments surrounded
by various types of land use

Frank Hoffmann, Manja M. Kwak and Jelte van Andel

3

SUMMARY

In agricultural landscapes, values for nature conservation are concentrated in highly dynamic, mostly
linear landscape fragments, like road verges and ditch banks. Many plants depend on insect pollina-
tion, therefore knowledge of the diversity of plants and their pollinators in such habitats is important
for conservation. We analysed the effect of the type and intensity of land use ("landscape diversity":
low, intermediate and high) on insect visitation of wild plant species, and the relation between these
communities. The diversity and abundance of flowering plants and flower-visiting insects were investi-
gated in road verges and ditch banks in the Netherlands in 2000 and 2001. The number of plant
species at a site was significantly affected by the surrounding landscape diversity. Total insect diversi-
ty was not affected, but solitary bees and wasps had significant differences between sites differing in
landscape diversity. The number of insect species was positively correlated with the number of plant
species and flowers at a site. Site management (mowing) had no significant effect on plant species
richness for a whole season. The species richness and abundance of solitary bees was higher at sites
that were not mown or mown with flowers in adjacent areas than at mown sites without flowers in
adjacent areas. Flowering plants and flower-visiting insects are strongly affected in agricultural land-
scapes. Fragmentation and land use affect plant species richness and abundance, and together with
site management these affect insect species richness and abundance. Particularly solitary bees, the
most specialised group, are vulnerable. Increasing habitat heterogeneity in agricultural areas will have
a positive effect on insect species richness. These insects are needed for pollination of wild plants, and
several crops.
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INTRODUCTION

The visitation of flowers by pollinating insects is crucial for the reproduction and mainten-
ance for almost 70% of angiosperm plant species (Kearns & Inouye 1997). Changes in
land use like agricultural intensification, habitat fragmentation, and invasions of alien
species have led to the decline of species. The number of plant species and populations as
well as the density within populations have declined, e.g. in the Netherlands (Plate et al.
1992). Also several flower visiting insect taxa have declined in many countries, e.g. but-
terflies (Dover et al. 1990; Thomson 2001), bees (Westrich 1996; Benedek 1997;
Peeters et al. 1999; Calabuig 2000; Cane & Tepedino 2001), and bumblebees (Williams
1986; Rasmont 1988; Kwak et al. 1996). Great concern exists for the consequences of
pollinator fauna decline for wild plants and insect-pollinated crops (Corbet 1997; Tepedino
et al. 1997; Kearns et al. 1998; Neal 1998; Corbet 2000b; Cox & Elmqvist 2000;
Kremen & Ricketts 2000; Paton 2000; Roubik 2000). The lack of  appropriate pollinators
leads to a lower seed set and inbreeding (van Treuren et al. 1993, 1994; Kwak et al.
1996). Plants in fragmented habitats with small population sizes are especially vulnerable
(Oostermeijer et al. 1994; Washitani 1996; Kwak et al. 1998; Luijten et al. 2000;
Oostermeijer et al. 2000).

In agricultural landscapes, values for nature conservation are concentrated in highly
dynamic, mostly linear landscape fragments, like road verges, ditch banks and field mar-
gins. For many flowering plant species these patches are a last refugium in heavily human-
influenced landscapes. Furthermore, they are important for maintaining plant diversity out-
side nature reserves, and may function as corridors between the remaining natural areas
(Kleijn et al. 1997; Kwak et al. 1998; Schaffers 2000; Velterop et al. 2000). In the
Netherlands roadside habitats cover up to 2.1% of the total land area. Compared to the
4.2% of natural areas this is a considerable amount (Schaffers 2000). Flora and fauna in
linear habitat fragments are affected directly through mowing regime, and indirectly from
the surrounding matrix through spraying, and fertiliser input (Kleijn et al. 1997; Schaffers
et al. 1998; Schaffers 2000).

There is an increasing interest in community processes in pollination ecology
(Moldenke 1975; Memmott 1999; Dicks et al. 2002). To understand the importance of
diversity for the functioning of plant- pollinator systems, research should take place at the
community level: facultative interactions of low specificity are the rule and interactions
have a high spatio-temporal variation (Jordano 1987; Ellis & Ellis-Adam 1993). Ideally,
all flower-visiting species within a community should be studied, without any prior selec-
tion of species (Waser et al. 1996; Memmot 1999).
In this study we will investigate the effect of the type and intensity of land use on insect
visitation of wild plant species in linear habitat fragments. We will present data on diversi-
ty and abundance of flowering herbs and flower-visiting insects in road verges and on ditch
banks. We want to know (1) how diversity and abundance of plants and insects are influ-
enced by "landscape diversity", i.e. land use and agricultural intensity, and (2) in which
way these interacting communities are related with each other. We are specifically inter-
ested in which way taxonomically different flower visitor groups are affected and what con-
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sequences this may have for pollination and conservation. Even though it was not a goal of
this study, we analysed the effect of management (mowing) on species richness of plants
and insects as it was such a frequent aspect at most of the sites.

MATERIAL AND METHODS

Research area
We conducted our study in the province of Drenthe in the north of the Netherlands (ca.
53º00' N, 6º35' E), an area of pleistocene origin with (loamy) sand or peat on sand soils.
We inspected ca. 325 km of road verges and ditch banks to select 51 linear, unshaded
sites of 100 m length and 1-2 m width. Verges along large roads and motorways were
avoided for safety reasons. After selection, the sites were subdivided into three types of
landscape diversity (Dauber et al. 2003), based on the adjacent land use: 
1) Low diversity (N=20): the surrounding land is characterised by intensive agriculture

with annually ploughed, fertilised and sprayed (arable) fields or annually sown grass-
lands. Planted crops were cereals, potatoes, sugar beet, maize or ornamental plants,
and a field with a (North-American) blueberry orchard. For flower-visiting insects only
the blueberry orchard and a field of ornamental flowers were possible food sources.

2) Intermediate diversity (N=19): neighbouring permanent grasslands that are either
grazed (cattle, sheep, horses) or mown, or the site is adjacent to a combination of
types low and high. Possible food sources for insects are grasslands, meadows and
hedges with mainly flowering shrubs like Crataegus and Prunus species.

3) High diversity (N=12): adjacent to the sites are found nature reserves and other natu-
ral areas, mostly hay meadows and wet heath within the National Park of the stream
valley of the "Drentse Aa". Management activities are annual mowing or extensive graz-
ing (cattle, horses). The hay meadows are rich in flowering species and together with
hedges they are possible food sources for flower visiting insects.

Transect observations
Within each site the number of flowering units was counted of all occurring entomophilous
plants (no graminoids or other wind-pollinated plant species). Flowering units were single
flowers, umbels, heads and spikes, depending on the species. All insects visiting inflores-
cences, without any prior selection of taxa, were counted by walking slowly along a tran-
sect once. Insects were identified in the field to species or morphotype, henceforward
"species" indicates both. We collected insects only occasionally, as this could disturb the
observations. Samples of insects were identified later. The observation time of insects was
usually between 11:00 and 16:00 h local time.  We started and/or stopped earlier or later
when forced by circumstances like extreme temperatures, light period, or abrupt weather
change. The weather circumstances were as constant as possible, i.e. winds speeds less
than 5 Beaufort, and no precipitation. In 2000, all 51 sites were visited approximately
every two weeks from the beginning of May until the beginning of October, 10 rounds in
total. Rounds were grouped into cohorts. In order to estimate annual effects, we investigat-
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ed 18 of the sites again in 2001 from the beginning of May until the end of August (7
cohorts, N sites: low 7, intermediate 5, and high 7).

Calculations
Species richness (the number of species) and abundance (number of flower units or insect
individuals) of plants and insects were summed per year for each site. For the 18 sites
with observations in both years species richness was compared between the two years.
For this purpose the Jackard's similarity index J was calculated: J = aij /(aij+ai+aj), where
aij is the proportion of species observed in both years, ai in 2000 and aj in 2001.
Furthermore, we calculated the relative difference of species numbers between the two
years for plants and insects, i.e. the percentage of species that are only found in one year
relative to all species at the site.

We subdivided the plant species into nine flower types (chapter 2): umbel, umbel-
head, brush, head, bowl, bell, tube, gullet, and flag. We calculated Shannon diversity
indices (H'), an indicator that combines species number with abundance (Magurran
1988). H' = ∑pi ln(pi), where pi is the proportion of individuals of species "i". The insects
were subdivided into nine groups, i.e. beetles, flies (non-syrphid diptera), syrphids (hover-
flies), butterflies, wasps, solitary bees, bumblebees, honeybee, and remaining groups
("other"). The solitary bees were further subdivided into oligolectic (obligate specialists for
one plant species or genus) and polylectic (unspecialized foragers) species.

Because flower species richness and the number of flower types were strongly corre-
lated, we analysed the effect of two plant families with contrasting flower morphology
(actinomorphic vs. zygomorphic), i.e. Apiaceae and Lamiaceae. We calculated the per-
centage of insect species that were only seen on these plant families.

Statistics
We used analysis of variance (ANOVA) to test effects of landscape diversity on plant and
total insect species richness and abundance, flower type richness (the number of flower
types) and H', and species richness of insect groups. Correlation was estimated between
flowering plant species richness, flower abundance and the number of flower types
(Pearson correlation coefficients). Plant species richness, flower type richness and flower
abundance were added as covariables in the ANOVAs of the insect variables. Post hoc
effects were tested with Tukey tests. Stepwise multiple regression was done with insect
species richness as dependent and plant species richness, flower type richness and flower
abundance as independents for those variables with significant effects in the ANOVAs. The
per insect group abundances and effects of management on species richness of insect
groups were tested with Kruskal-Wallis tests, because the variances were not distributed
equally (Sokal & Rohlf 2001). We did not test honeybee species richness (only one
species), and we did not test "other" at all (too few individuals per taxon). We tested the
difference between the total number of insect species and the number of species minus
the insect species that were observed on the Apiaceae or Lamiaceae with two-tailed t-
tests. All tests were performed with the data summed per site for the whole year. However,
we also tested per cohort effects of landscape diversity on species richness and abundance
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of plants  and insects with ANOVAs. As the number of sites was very low compared to
2000 the above described statistical tests were not done for the data from 2001. They
were only used for comparison of phenology and estimate the effect of annual effects. All
statistical tests were performed with the package SPSS for Windows version 12.0.1
(2003).

RESULTS

Species numbers and annual variation
The total number of flowering plant species found was 97 from 24 families in 2000, and
74 species from 20 families in 2001. We found 361 insect species from 9 orders in
2000, and 204 species from 8 orders in 2001. The similarity between years was higher
for plants than for insects, expressed as Jaccard-index and as relative difference of
species: plant mean Jaccard-index= 0.6, insect mean Jaccard-index= 0.4. The relative
difference between years (the percentage of species that are only found in one year relative
to all species at a site) was lower for plants (7.3%) than for insects  (15.1%). Plant and
insect species richness and abundance both have a peak in high summer (Mid-July until
the end of August) in 2000 (fig 3.1 a-d). Insect species richness and abundance had
another, lower peak at the beginning of the season (Mid-May). In 2001 (fig. 3.1 e-h) the
May peak is about a week later.

Flowering plant diversity
Species richness of flowering plants and the number of flower types were higher in the
landscape diversity type "high" than in "low" (table 3.1). Flower abundance did not differ
between landscape diversity types. Flower species richness and flower abundance per site
were correlated (r= 0.49, p< 0.001), as well as flower species richness and the number
of flower types (r= 0.70, p< 0.001) and flower abundance and the number of flower
types (r= 0.33, p< 0.05). Species richness of plants in 2000 is lowest in landscape
diversity type "low" from 20 July - 14 August (fig. 3.1a), i.e. in cohorts six (F2,40= 19.4,
p< 0.001),  seven (F2,46=3.8, p< 0.05), eight (F2,46= 4.1, p< 0.05) and nine (F2,26=
4.2, p< 0.05). The diversity indices H of plants and insects (table 3.1) did not differ sig-
nificantly between landscape diversity types, and were not correlated either.

Insect diversity
Total insect species richness and abundance did not differ between landscape diversity
types (table 3.1), but it differed in cohort six (around 20 July, F2,38= 6.1, p< 0.01; fig.
3.1c). Effects of landscape diversity were found on two insect groups (table 3.1): species
richness and abundance of solitary bees were higher in types "intermediate" and "high"
than in "low". Oligolectic bees were even stronger affected (fig. 3.3): in "low" less than
10% were oligolectic bees, whereas in "intermediate" and "high" this was more than a
third of the species and individuals (species, analysis of variance: F2,48= 5.8, p< 0.01,
individuals, Kruskal-Wallis test: X2= 14.9, p< 0.001). Insect abundance differed for
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wasps, "intermediate" was lower than "low" and "high". For two other insects groups differ-
ences were found in cohort six (around 20 July): syrphids (F2,38= 4.9, p= 0.012) and
flies (F2,38= 8.1, p= 0.001), data not shown.

Insect species richness was significantly affected by flower species richness and flower
abundance (table 3.2): almost 50% of the variation of insect species richness can be
explained by the two covariables, where flower species richness (fig. 3.2a) explains
43.2% of the variation, and flower abundance (fig. 3.2b) adds 5.1%. Flower species rich-
ness was related to species richness of beetles, flies  and wasps, and flower species rich-
ness and abundance for hoverflies (table 3.2).

Chapter 3

50

Table. 3.1. The number of species, abundance and Shannon diversity indices H' (mean ±SE) of flow-
ering plants and flower-visiting insects in the landscape diversity types low, intermediate and high in
2000.

landscape diversity
low (n1= 20) intermediate (n= 19) high (n= 12) statistics2

flowering N species 16.3 ±1.27a 18.1 ±1.4ab 23.5 ±1.8b F2,48= 5.819,
plants p= 0.005

abundance 7598 ±1363 10153 ±2208 9043 ±2208 n.s.
H' 1.33 ±0.09 1.49 ±0.10 1.55 ±0.12 n.s.
N flower types 6.6 ±0.3a 6.8 ±0.3ab 7.7 ±0.3b F2,48= 3.211,

p= 0.049 
all insects N species 42.8 ±4.4 46.4 ±3.6 54.3 ±6.6 n.s.

abundance 500 ±129 416 ±88 447 ±91 n.s.
H' 2.50 ±0.15 2.87 ±0.08 2.90 ±0.14 n.s.

beetles N species 2.7 ±0.4 3.5 ±0.4 3.5 ±0.7 n.s.
abundance 17.8 ±4.3 24.3 ±13.6 46.3 ±16.3 n.s.

flies N species 8.3 ±0.9 10.21 ±1.2 12.0 ±1.4 n.s.
abundance 307.1 ±118.7 222.8 ±62.8 297.3 ±78.1 n.s.

syrphids N species 12.7 ±1.5 13.9 ±1.3 15.3 ±2.0 n.s.
abundance 79.3 ±19.7 83.2 ±15.3 83.9 ±19.8 n.s.

butterflies N species 4.8 ±0.7 4.6 ±0.7 5.4 ±1.4 n.s.
abundance 13.6 ±3.6 12.1 ±2.5 21.3 ±6.6 n.s.

wasps N species 5.1 ±0.9 2.7 ±0.6 5.4 ±1.3 n.s.
abundance 13.5 ±3.0a 4.8 ±1.2b 13.8 ±4.0a X2=6.571,

p= 0.037
solitary bees N species 2.0 ±0.5a 4.7 ±0.8b 5.8 ±1.0b F2,48=7.218,

p= 0.002
abundance 3.8 ±1.2a 14.9 ±4.1b 14.5 ±3.7b X2= 13.005,

p= 0.001
bumblebees N species 3.85 ±0.4 3.3 ±0.3 3.1 ±0.5 n.s.

abundance 29.3 ±5.5 24.6 ±5.9 21.0 ±5.0 n.s.
honeybee3 abundance 22.7 ±12.8 17.0 ±6.4 12.8 ±6.3 n.s.

1Number of sites. 2Significances were tested with one-way analyses of variance or Kruskal-Wallis tests for
abundances of insect groups; a different letter following the SE indicates significant differences; n.s.= no sig-
nificant differences were found. 3The honeybee (Apis mellifera) is only one species.
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Fig. 3.1. Phenology of flowering plants and flower-visiting insects in the landscape diversity types low,
intermediate and high, means per site. 2000: (A) number of flowering plant species, (B) number of
flower units, (C) number of insect species and (D) number of insect individuals. 2001: (E) number of
flowering plant species, (F) number of flower units, (G) number of insect species and (H) number of
insect individuals. Julian days are continuous days from 1 January; day 122 (2000) and 121 (2001)
are 1 May in both years (2000 was a leap year). Standard error bars are not indicated for the sake of
clarity. Differences between landscape diversity types within cohorts were tested with univariate ana-
lyses of variance; * indicates significant differences at α= 0.05.
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The percentage of insect species that were exclusively observed on Apiaceae was
18.6%, for Lamiaceae this was 0.6% (for all sites and both years). There was a significant
difference between the total number of insect species observed on all plant families (46.7
±2.7, mean ±SE per site) and the number of insect species per site minus those insect
species exclusively observed on Apiaceae (35.7 ±2.1 t= -3.183, p< 0.005). This differ-
ence was not found for Lamiaceae: the number of insect species per site minus those
insect species exclusively observed on Lamiaceae was 46.0 ±2.7, which is very close to
the total number of insect species above (46.7).

Site management
The mowing regime of the various sites varied unexpectedly strongly and was unpre-
dictable. Mowing frequency varied between zero and six times during the flowering season

Chapter 3
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Table. 3.2. Regression analyses of flower variables on insect species richness. Only the variables with
significant effects in the analyses of variances (as covariables with landscape diversity as factors) were
used for the regressions.

flower species richness flower abundance regression model
β t p β t p r2 df F p

all insects 0.52 4.5 0.000 0.28 2.4 0.019 0.48 2 24.4 0.000
beetles 0.45 3.5 0.001 n.s. 0.18 1 12.3 0.001
flies 0.51 4.2 0.000 n.s. 0.25 1 17.4 0.000
syrphids 0.38 3.2 0.002 0.42 3.5 0.001 0.46 2 22.4 0.000
wasps 0.38 2.9 0.006 n.s. 0.13 1 8.2 0.006
solitary bees 0.53 4.4 0.000 n.s. 0.27 1 19.2 0.000

Fig. 3.2. Relation between flowering plant species richness and insect species richness (A) and flower
abundance and insect species richness (B). A black dot indicates summed value for a whole year. The
multiple regression and beta coefficients are indicated in table 2.
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in 2000. Eventually also the not mown sites were mown after the research period in
October or November. The type of mowing machinery and the removal of litter varied
between the sites, mostly litter was not removed. Often a small strip of vegetation most
distant from a road was not mown, and plants were still flowering at these sites.
Sometimes only several hundreds of meters of a road verge were mown by a local land
owner. For analysis, we subdivided our 51 sites into three categories: 18 sites were cate-
gorised as "not mown", including those mown at the end of the flowering season (end of
August or September), 14 sites were categorised as "mowing with escape": despite mow-
ing, possibilities for foraging were present as unmown strips, adjacent meadows with flow-
ering plants or unmown sites within 100 m. Of the remaining sites, 7 were mown once,
and 12 twice or more times. When a site was recently mown, the number of flowers was
zero, therefore at these sites insects could not be observed, and these censuses were not
used in the analyses.
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Table. 3.3. Effects of mowing frequency (not mown, once, or twice and more during the flowering sea-
son) and the availability of unmown sites on insect abundance and species richness. "Mowing with
escape" means that the area adjacent to a mown road verge or ditch bank is not mown (e.g. a mea-
dow) or that there are unmown sites within a distance of 100 m.

mean ±SE
no mowing mowing with escape mowing 1x mowing ≥ 2x statistics1

number of sites 18 14 7 12
all insects abundance 398.9 ±70.6 474.1 ±121.8 399.3 ±125.7 554.8 ±195.0 n.s.

N species 46.1 ±4.7 48.9 ±4.4 38.9 ±8.2 49.3 ±6.4 n.s.
beetles abundance 33.7 ±11.3 33.9 ±18.6 10.3 ±4.2 18.3 ±6.4 n.s.

N species 3.0 ±.05 3.6 ±0.6 2.9 ±0.9 3.2 ±0.6 n.s.
flies abundance 243.5 ±59.1 272.0 ±97.8 22.3.4 ±73.2 349.0 ±183.6 n.s.

N species 9.94 ±1.2 9.5 ±1.1 8.6 ±1.3 10.9 ±1.7 n.s.
syrphids abundance 85.4 ±17.2 73.9 ±14.1 45.6 ±14.8 106.3 ±31.1 n.s.

N species 13.2 ±1.5 14.0 ±1.4 10.1 ±2.1 16.3 ±2.2 n.s.
butterflies abundance 21.4 ±5.3 13.2 ±3.6 9.6 ±3.4 10.0 ±2.2 n.s.

N species 5.8 ±1.0 4.6 ±1.0 4.0 ±1.1 4.3 ±0.8 n.s.
wasps abundance 11.7 ±3.0 9.3 ±3.1 12.4 ±7.2 8.0 ±1.6 n.s.

N species 4.2 ±0.9 4.1 ±1.0 4.1 ±1.9 4.5 ±0.9 n.s.
solitary bees abundance 9.9 ±3.5ab 18.4 ±4.3b 4.4 ±3.8a 5.6 ±1.7a X2=11.99,

p=0.007
N species 3.7 ±0.6ab 5.7 ±1.0b 2.3 ±1.6a 3.1 ±0.9a X2=8.33,

p=0.040
bumblebees abundance 23.2 ±4.7 25.5 ±6.3 32.7 ±14.5 25.3 ±5.7 n.s.

N species 3.2 ±0.4 3.7 ±0.5 3.6 ±0.8 3.6 ±0.5 n.s.
honeybee abundance 14.3 ±5.1 12.3 ±5.4 48.7 ±35.8 16.3 ±7.2 n.s.

1Significances were tested with one-way analyses of variance for all insects and Kruskal-Wallis tests for
insect groups; a different letter following the SE indicates significant differences; n.s.= no significant differen-
ces were found.
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There were no effects of mowing regime on total plant species richness and flower
abundance, nor on total insect species richness and abundance. The number of solitary
bee species and individuals was significantly higher in mown sites with unmown patches
or meadows in the vicinity compared to sites where this was not the case (table 3.3): the
number of individuals was four times higher and the number of species two times. Several
plant species produced new flowers after mowing, usually within a month, but for the
majority of species it was lower than the first flowering.

DISCUSSION

Spatial scale and diversity
In agricultural landscapes, diversity of flowering plants and flower-visiting insects are
affected by a number of factors. For both plants and insects in these landscapes it is
important that these factors are integrated in conservation measures. In our study, the two
spatial scales landscape (land use and agricultural intensity) and site (plant diversity in a
road verge or ditch bank), had different effects on the interacting communities: plant
species richness was affected by landscape diversity, whereas insect species richness and
abundance were mainly determined by flower species richness, and to a lesser extent
flower abundance. Only in high summer was there a detectable effect of landscape diversi-
ty on insect species richness. Insects have different spatial (larger) and temporal (shorter)
scales than plants (Sowig 1989; Sutherland et al. 1999): the effect of landscape and frag-
mentation on organisms is scale-dependent (Vessby et al. 2002; Chust et al. 2004). This
may explain why insects in our study reacted differently than plants. An organism's per-
ception of whether something is a boundary or not, or whether it is sharp or diffuse, is an
essential parameter in understanding the effects of habitat fragmentation (Chust et al.
2004). Landscape diversity in our study can also be regarded in terms of habitat fragment-
ation, where "high" is the most continuous (natural) landscape type, and "low" the most
fragmented. In this view, habitat fragmentation affects plants more strongly than insects:
plants are sessile, and were more affected by landscape diversity than insects, which are
mobile.

Support for the fact that in situ diversity is more important than landscape for insects
comes from several studies: in California, grassland type and local habitat quality were the
most important determinants for butterfly species richness, while landscape context had
no effect (Collinge et al. 2003). Similar to our study, abundance varied widely, but in dis-
turbed sites common species were dominant, whereas in higher quality sites the propor-
tion of rare species was higher. In South-Africa insects were more sensitive to local habitat
characteristics than fragment size (Donaldson et al. 2002). In Estonia, diversity and abun-
dance of flowers and bumblebees was compared between semi-natural and agricultural
habitat, the agricultural practices being less intensive than in western Europe. Species
richness of bumblebees was lower in the agricultural sites, but abundance did not differ,
indicating that more individuals of fewer species were present in agricultural sites. This is
explained by a different flowering plant species composition rather than land use, with less
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plant species suitable for less bumblebee species (Mänd et al. 2002). The availability and
abundance of certain dicotyledonous flowers was related to bumblebee species richness,
density and abundance in Finland (Bäckman & Tiainen 2002). Similarly, Sutherland et al.
(2001) found that the distribution and abundance of aphidophagous hoverflies was posi-
tively affected by flower abundance in the UK.

The bulk of flowers or insect individuals was often constituted by few species. This also
explains the weaker effect of flower abundance on insects compared to plant species rich-
ness. Furthermore, some of the very abundant plant species were hardly visited at all, e.g.
Euphrasia stricta or locally Trifolium repens. The early peak in flower abundance is large-
ly due to Anthriscus sylvestris (Apiaceae). This coincided with the peak of insect species
richness and abundance: almost one fifth of all insect species was observed on the
Apiaceae including A. sylvestris. Especially flies and some beetles could be very abundant
on the umbels of A. sylvesris. Also, around 75% of all wasp species were observed exclu-
sively on this plant family. This also shows that functional diversity, i.e. the number of
flower types, is important for insect diversity. Functional and species diversity of plants
were highly correlated in our study.

The species compositions of insects differed more between the two years than that of
plants: annual fluctuations of insects are larger compared to plants (Bronstein 1995). This
is not surprising, as most of the plants were perennials, and insects usually live for only
one season. Furthermore, many of the insect species that were only observed in one of the
years occurred in small numbers, and had a low chance of being reobserved. The tempo-
ral difference of effects of landscape diversity can be largely due to phenology: earlier and
later in the season there are fewer species, therefore the number of observations and
power of statistical testing was lower then. If one is interested in measuring effects of land
use or fragmentation on insect diversity, but is time-limited, it may be advisable to study
only the most species-rich season. In our study summer (end of July and beginning of
August) was the only period in which we found effects on plant and insect species richness
within cohorts.

Because no significant effects were found on the Shannon diversity index, we think
that species richness and abundance are more useful indicators for our study.

Differences between insect taxa 
Separate insect taxonomical groups respond differently due to among others differences in
life history and larval requirements. Solitary bees were the only group that was significant-
ly affected during the whole season. For the other groups hardly any significant effects
were found, only during the summer peak for syrphids and other Diptera.

Solitary bees and bumblebees depend on flower products during their whole life cycle,
whereas most of the other insect groups do so only in the adult phase. Bumblebees are
generalists, colonial bees that can forage at considerable distances from their nest, and
even avoid its nearest vicinity (Saville et al. 1997; Osborne et al. 1999; Bäckman &
Tiainen 2002; Dramstad et al. 2003). Solitary bees, however, mostly have a shorter phe-
nology, must forage near to their nests, and are often food specialists (Kwak et al. 1996;
Westrich 1996; Calabuig 2000). Around a third of the solitary bee species in the
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Netherlands are oligolectic (Peeters et al. 1999); ideally this proportion should be reflect-
ed in our data. In the sites with landscape types "intermediate" and "high" this was the
case. However, in "low" the proportion of oligolectic bees was less than 10% (fig. 3.3).
This means that the specialist bee species are more affected than the generalists.
Generally, bee faunas are very poor in agrarian landscapes where all semi-natural habitats
have been removed, and where no core habitats such as pastures or forests exist in the
vicinity (Calabuig 2000; Kleijn et al. 2001).

Adult syrphids depend on flowers (Kleijn et al. 2001), but contrary to bees they are
said to have a high mobility (Sutherland et al. 2001). Therefore syrphids were much less
affected than solitary bees as they could move much easier between sites differing in
flower availability. It is surprising that we did not find an effect on butterfly species rich-
ness, since these are often thought to be good indicator species. The fact is that we almost
exclusively found common (19) and migratory (4) species, only one was red-listed nation-
ally. In the Netherlands, the majority of rare species only occurs in nature reserves
(Dijkstra et al. 2003), and even common species have declined during the last decade of
the 20th century (CBS et al. 2004). Overall, species richness of most groups tended to be
lower in landscape diversity type low, though not significantly (table 3.1). The effect may
be indirect through plant diversity, which was significantly lower.

Most insects depend on several habitat types to complete their life-cycle: the partial
habitat concept (Westrich 1996). Sites for nesting may be located elsewhere than for for-
aging or mating, and larvae often need other food sources than adults. Habitat heterogene-
ity is important for insect diversity (Kearns & Inouye 1997; Wynhoff et al. 2001; Verberk
et al. 2002). Chust et al. (2004) found differences in response to landscape for each
dipteran functional group analysed. Different insect taxa may not be correlated with each
other concerning occurrence of and effects of habitat, because the taxa are related to dif-
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Fig. 3.3. Oligolectic bees in the landscape diversity types low, intermediate and high as percentage of
individuals and species of all solitary bees in 2000. A different letter indicates a significant difference
between types (small for individuals, capitals for species). Significance was tested with a univariate
analysis of variance, *** means p< 0.001.
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ferent kinds of heterogeneity (Vessby et al. 2002; Chust et al. 2003). In the landscape
diversity type "low" the habitat was very homogeneous, with hardly any trees or shrubs. In
"high" it was much more heterogeneous, another probable explanation for the difference in
species richness between the landscape diversity types.

Site management
In the course of the season it appeared that much of the flowering vegetation was
"pressed" into the edge of road verges or ditches. In several road verges and ditch banks
individual plants, mostly Urtica, Rumex and Apiaceae, were sprayed with herbicides by
farmers, or sometimes these plants were only chopped off. In both cases plants would not
flower, thereby decreasing flower abundance. Repeated spraying of crop fields, some fields
(potatoes) almost weekly, and of some grasslands, was an indirect effect on our sites.
There were many parties involved that did not all know each other's policies and practices:
local authorities, farmers and other landowners, state forestry, and water management
authorities. Compared to national and provincial road verge management where species
richness is stimulated, the local road verge management is very chaotic. We considered it
as a current characteristic of the study area.

The management did not significantly affect flowering species richness or flower abun-
dance over a whole year. Of course, directly after mowing no flowers were present at a cer-
tain site, but sites without flowers and therefore insects were not used for analysis.
Furthermore, at several sites plants had started to make new flowers after mowing, or
flowers were still present at the edges of a site. It is very likely that management effects on
plants are not easily detectable within two seasons. The type of management (Schaffers et
al. 1998; Schaffers 2002), and agricultural practices like fertilising and spraying
(Andreasen et al. 1996; Le Cœur et al. 2002) are factors determining plant species rich-
ness over several years. It is known that delayed or no hay removal in road verges leads to
nutrient accumulation and on the long run impoverishment of plant species richness
(Schaffers et al. 1998). Many sites in our study were mown more than once, and mostly
the hay was not removed.

Again, solitary bees were the only affected group: species richness was highest when
there were alternative foraging sources close to a mown site. Mowing removed the bees'
food sources for at least a week. Although many plant species were able to reproduce
flowers after mowing (see box 9.1), this may be too late for bees and other insects.
"Phenological mismatch" between flowering and bee flight period is fatal for bees, and may
be for plants (Bronstein 1995). The other insect groups may be more mobile, or, similar as
with plants, effects are more long-term. Several suggestions are made for conservation of
pollinators: e.g. perennial plants for bumblebees (Fussell & Corbet 1992; Osborne &
Corbet 1994), high floristic diversity (Corbet 1997, 2000b) and habitat heterogeneity as
discussed above. The partial habitat concept clarifies that habitats should be preserved as
a whole (Westrich 1996; Kwak et al. 1998; Calabuig 2000; Wynhoff et al. 2001). For
bumblebees nest growth in an agricultural landscape is determined by the management of
a much larger area than just where the nest is located (Goulson et al. 2001).
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Pollination
The next question is what are the consequences of a low insect diversity for plant pollina-
tion. To answer this question, it is necessary to measure visitation rates, pollen deposition
and seed set, as well as individual insect behaviour as related to flower community diver-
sity and composition. To date, little is known about the effects (Corbet 1997; Kwak et al.
1998). A positive effect of a higher insect diversity is a higher chance of having the right
pollinator. As we have seen, more plant species lead to more insect species. Plant species
that depend on specialist species will suffer most from pollinator species loss: the oligolec-
tic bees were the most affected group in our study. Plants may function as a "magnet" for
other plant species and attract more insects (Laverty 1991). However, a higher plant
diversity may also increase heterospecific pollen deposition on stigmas with its possible
negative consequences for seed set (Kwak & Jennersten 1991; Kwak et al. 1998).

Agriculture may also benefit from insect diversity: e.g. for crop protection, as many
insects whose larvae can control pest insects need flowers to forage on as adults.We found
several parasite wasps on Apiaceae, although some possible pest species as well (e.g.
Symphita wasps). More flowers also stimulate aphidophagous hoverflies (Sutherland et al.
2001). Apart from pest control, pollination of crops can also benefit from a high insect
diversity. Apart from honeybees, we observed many bumblebees visiting the high-bush
blueberry flowers in the orchard. They were probably important pollinators. From North
America it is known that native bees are better pollinators of blueberries than introduced
honeybees (Cane & Payne 1988). In the field with ornamental poppies (grown for their
seed capsules) we observed many different insect species visiting the flowers. This orna-
mental crop may also benefit from insects in the area.

Conclusions
Our study has shown that flowering plants and flower-visiting insects are affected at differ-
ent levels in agricultural landscapes. Fragmentation, land use and site management affect
plant species richness and abundance, and together these affect insect species richness
and abundance. Particularly solitary bees, the most specialised group, are vulnerable.
Consequences of low insect species richness for pollination of plants are still to be
revealed, but they are likely to be negative.

Conservation of flowering plants and flower-visiting insects in agricultural landscapes
requires an integration of the direct effects from mowing and removing hedges, and indi-
rect effects from land use, such as spraying and fertiliser input. Agricultural policies are
about to change in the European Union, particularly in countries that joined in 2004.
Therefore it is necessary to know how past agricultural changes have affected diversity and
ecosystem processes, in order to provide guidelines for conservation and restoration policy
and management. An example of a policy that does not achieve the conservation goals are
agri-environmental schemes in Europe (Kleijn et al. 2001). It is crucial to use effective
measures since they can cost a lot of money, but they should be evaluated ecologically.
Monitoring has shown that measures are mostly too short-term to show a positive effect
(Kleijn et al. 2001; Geertsema 2002; Manhoudt & de Snoo 2003; Kleijn & Sutherland
2004).
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Management of linear habitat fragments can enhance plant diversity by using appropri-
ate mowing regimes with hay removal within two weeks, to reduce nutrient accumulation.
Plants must also have a chance to flower and set seed, thus the phenology of target
species can be an important criterion for mowing regime. A higher plant diversity and
flower availability are important for the conservation of flower-visiting insects. Increasing
habitat heterogeneity in agricultural areas will have a positive effect on insect species rich-
ness, since many insects need several partial habitats for their life cycle. These insects are
needed for pollination of wild plants, and several crops.
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