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Seminatural grasslands are maintained by regular anthropogenic disturbance, usually grazing or mowing. Management action late
in the growing season was historically more common than today. Two experimental grazing regimes, continuous stocking from
May to September and late-onset grazing from mid-July, were compared in two Swedish grasslands. Effects on flowering and fruit
production were studied and related to plant functional traits. Change in vegetation composition over six years was analysed in
one grassland. Delayed onset of grazing enhanced fruit production up to four times. Phenology of reproduction was the most
important plant trait explaining differences in reproduction among species. Diversity of vascular plant species was higher after six
years of late-onset grazing. No differences in vegetation height or proportion of grazed shoots were found by the end of the season.
The results suggest that early reproduction may function as an escape from damage and that late onset of grazing may be used as
a substitute for labour-intense traditional mowing.

1. Introduction

Nonwooded habitats harbour a large proportion of the biod-
iversity in many temperate regions. High light influx favours
small species of plants and species-rich vegetation [1, 2].
This vegetation together with favourable microclimate forms
a rich fauna of invertebrates, and both the vegetation and
the lower fauna serve as a resource base for higher animals.
One group of nonwooded habitats, particularly important to
biodiversity, is semi-natural grasslands, that is, unfertilized,
uncultivated grasslands, in which anthropogenic disturban-
ces, usually grazing or mowing, are essential or important
for keeping the habitats open [3]. In the historical landscape,
such grasslands constituted a necessary nutrient base for
agriculture and were managed for production of hay and
pasture. In the modern landscape, they are usually managed
for conservation purposes.

Abandonment of semi-natural grasslands has been iden-
tified as a major threat to the European flora and fauna [4, 5].
Most countries in Western Europe have lost more than 95%
of their original grassland areas, for example, Sweden [6]
and the UK [7]. The unfavourable conservation status of

semi-natural grasslands is indicated by the high numbers of
red-listed species confined to such ecosystems [8]. Grassland
species are threatened both by ceased management and by
insufficient management quality. The latter is partly due to
the fact that the present management methods differ con-
siderably from the historical management that has formed
the rich grassland biodiversity, for example, in terms of type,
timing, and intensity of management [9]. While cessation
of management has been generally acknowledged as an im-
portant cause of the decline of grassland biodiversity [4],
suboptimal management of the remaining grasslands has
attracted less attention [10]. An increased focus on manage-
ment quality may be motivated since as grassland areas be-
come reduced and fragmented, it becomes increasingly im-
portant to optimise management of the remaining patches.

In order to obtain such optimal management, we can
manipulate the type, timing, and intensity of management,
and to some extent the abundance of certain spatial habitat
structures which affect the disturbance and the vegetation,
for example, shrubs and trees. In this study, we focus on
one of these management tools, the timing of management,
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and we investigate its importance for plant reproduction in
Swedish semi-natural grasslands.

Historically, large grassland areas in Europe were left un-
disturbed until late in the growing season (July-September)
when mowing or late grazing took place [9]. The use of
late management in the remaining grassland patches has
however been reduced drastically, being replaced by grazing
during most of the season [11, 12]. For production reasons,
grazing is today often started as early as possible because
the nutrient content of the pasture is highest early in the
summer [13, 14]. The shift from late to early management
has been shown to have strong, usually negative, effects
on grassland biodiversity [15, 16], especially when grazing
is intense [17, 18]. The timing of management strongly
affects the reproduction of plants, which in turn affects both
plant population viability and the resource for populations
of pollen eaters, nectar eaters, seed predators, and several
invertebrate herbivores.

In ecological terms, grazing and mowing exert distur-
bance and stress to the vegetation by damaging plants
and removing biomass. This disturbance is necessary for
grassland ecosystems since it maintains openness and coun-
teracts succession towards tall vegetation dominated by few
competitive species. Plants in grassland habitats are adapted
to the disturbance, for example, by mechanisms related to
palatability and mechanical defence [19, 20], growth form
[21], and phenology of reproduction [22–24]. Phenology can
be assumed to be a particularly important trait in mown and
other late managed habitats since it determines whether a
plant can produce seeds before the vegetation is disturbed
[25].

In this study we experimentally compared two cattle
grazing regimes, continuous stocking from May to Septem-
ber and late onset of grazing (grazing from mid-July to
September) in terms of effects on plant reproduction. Late
onset of grazing was chosen as an alternative to the prevailing
continuous stocking regime both because it is a traditional
grazing regime and because it may potentially function as
a more practical substitute for labour-intense traditional
mowing. The study addresses the following questions: (1)
what are the differences between continuously and late
grazed pastures in terms of production of flowers and mature
fruits? (2) How is plant reproductive success affected by
species-specific traits such as phenology of reproduction? (3)
Can cattle graze the old vegetation late in the summer, or
does late-onset grazing have potentially negative effects in
terms of ungrazed vegetation by the end of the season? (4) Is
late grazing a possible substitute for labour-intense mowing
for conservation management?

2. Methods

2.1. Study System and Experimental Setup. Two, slightly
different grazing experiments are analysed in this study.
Both were performed in semi-natural grasslands in south-
central Sweden, normally grazed annually by 12–18-month-
old steers from mid-May to late September. One grassland
(Harpsund) is situated in the county of Södermanland
(59◦05′ N 16◦29′ E), the other (Pustnäs) in the county of

Uppland (59◦48′ N 17◦40′ E), in south-central Sweden. Both
sites are flat and without notable slope and have nutrient-
poor soils as the result of long history of grazing without
fertilisation other than the reallocation of nutrient through
dung and urine from the grazers. The vegetation at both
sites is mainly of dry-mesic herb-rich Agrostis capillaris
meadow type [26]. Particularly common species are shown
in Table 2 for Harpsund, and the same dominant species are
found in Pustnäs. The late and continuously stocked areas in
Harpsund were 4 and 6 hectares, resp., and in Pustnäs 1 and
3 hectares, respectively.

Within each grassland, one area was separated from
the continuously stocked pasture by fencing until 20 July,
when the fence was opened and the cattle were allowed to
move freely between the two treatment areas. The grazing
pressure was c. 1.8 steers (12 months of age in May) per
hectare, corresponding to c. 630 kg live-weight per hectare.
When the pasture area increased at late onset of grazing,
the stocking density was maintained by adding extra steers.
In Pustnäs three exclosure cages per treatment were used in
order to examine if the plant reproduction differed between
treatment areas independently of treatment.

The use of two large treatment areas per site, instead
of a number of small, interspersed areas, may raise sta-
tistical problems [27, 28]. Due to this, and as a result of
the differences in data sampling design between the two
grasslands, all analyses were performed for each grassland
separately. The results are interpreted acknowledging the
possible area effects. Large treatment areas are, on the other
hand, necessary to study natural grazing effects of the cattle.
The grazing protected cages in Pustnäs were treated as two
random samples, controlling for treatment area.

2.2. Data Sampling. The sampling design differs slightly
between the two grasslands. Data on four main response
variables were collected: (1) production, development, and
grazing of reproductive units (see below) during the grazing
season (both sites); (2) height and grazing of vegetation
during the season (both sites); (3) frequency of grazed shoots
of vascular plants in mid-August (Harpsund); (4) number of
vascular plant species (Pustnäs). The experiments started in
1997 in Pustnäs and in 2001 in Harpsund.

A reproductive unit was defined for each species as the
smallest unit of reproductive organs (buds, flowers, fruits)
that could be readily recognized and counted in the field. For
most herbs, the reproductive unit was defined as a single bud,
flower, and fruit (gynoecium). In Asteraceae a reproductive
unit was defined as a flower head, and in Plantago, spike-
forming grasses and sedges were defined as a spike. In
small-flowered herbs and in sedges with panicles, cymes,
or composed umbels or racemes, reproductive units were
defined as the smallest possible assemblage of reproductive
organs, usually the second- or third-level branch in the
inflorescence. In grasses with panicles, spikelets were used as
reproductive units.

Production and development of reproductive units, from
bud to mature fruit, were monitored in twenty randomly
distributed 1× 1 m plots per grazing regime in Harpsund,
and in seven 50× 50 cm plots per grazing regime in Pustnäs.
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The plots were examined 5–7 times during the season at
c. 20-day intervals (see Figure 2 for exact dates). At each
occasion the reproductive units of each occurring species
were counted and assigned to one of the following classes:
grazed (grazed reproductive shoot or branch), bud, flow-
ering, postflowering, immature fruit, and mature/dehisced
fruit. For composite reproductive units (see above), the unit
was assigned to a certain class if approximately 75% of the
flowers in the reproductive unit belonged to that class. Thus,
reproduction was measured at the level of reproductive unit,
with no estimates of seed production.

The height of the vegetation in the plots was measured
eight times from May 24 to September 17 using a rising
plate meter [29]. The vegetation height provides an estimate
of the grazing intensity. In Harpsund, grazing intensity was
estimated also by counting the numbers of grazed and
ungrazed shoots 20 days after late onset of grazing in 2001
and 2002, in 25 0.1× 0.1 m plots per grazing regime, located
in a fixed pattern in one 0.5× 25 m area per grazing regime.

In Pustnäs, three 1× 2 m coarse-grid metal net cages
were randomly located in each treatment in order to indicate
area-specific differences between the two treatment areas, in
absence of the grazing effect. Data on vegetation height and
the production and development of reproductive units were
collected as described above.

Plant reproduction was estimated as relative fruit pro-
duction, defined as the proportion of the reproductive units
that developed mature fruits. This estimate was calculated
per species in Harpsund, for all species that occurred in a
minimum of five plots per grazing treatment. The species
were analyzed in order to investigate if some species-specific
traits could explain how different species responded to
the grazing regimes. This analysis was done by correlating
relative fruit production with three species-specific plant
traits, with two estimates of species-specific preference by
the grazers, and with spontaneous abortion of reproductive
units during the growing season. The following plant traits
were analyzed: plant height according to Lid [30], Ellenberg
light index according to Ellenberg et al. [31], and date of fruit
maturation (the approximate date when 50% of the fruits
had reached mature stage in late grazing). As estimates of
species-specific grazing preference, we used the proportion
of reproductive units that were grazed during the first three
weeks of grazing, and during the entire season. The level of
herbivory during the first weeks of grazing indicates whether
the plant species is a “first choice” of the grazers, or whether
it is less preferred. Species experiencing low herbivory during
the entire season can be regarded as low-preference species
[32]. Spontaneous abortion of reproductive units, finally,
indicates whether fruit set of the species is restricted by
other factors than herbivory, for example, competition in tall
vegetation. Twenty-eight species occurred in a minimum of
five plots per grazing treatment (see Table 2) and were used
in comparison of relative fruit production between grazing
treatments.

In Pustnäs the frequencies of all species present in 20
randomly distributed 0.5× 0.5 m plots were monitored to
examine species change over time. This was initiated in
1997, and the same plots were reinventoried in 2003 (except

two plots in both treatments which were not found). The
taxonomic nomenclature follows Mossberg and Stenberg
[33].

2.3. Statistical Treatment. Since most of the data devi-
ated considerably from the normal distribution and in
most cases were count data, Spearman’s rank correlation,
Mann-Whitney U-test, and Poisson’s regressions were used
[34]. Differences in the number of grazed shoots between
grazing regimes and years, diversity indexes, and species
number per plot were however approximately normally
distributed and were therefore analyzed using repeated
measures in ANOVA (SAS mixed models procedure) and
t-tests, respectively. Analysis of differences in the relative
fruit production between grazing regimes at different dates
was performed using repeated measures in generalized linear
models, Poisson’s distribution, and log link function (SAS
Genmod procedure, GEE-analysis). Bonferroni’s corrections
of multiple comparisons among species in the two grazing
regimes were not necessary since only the number of signif-
icance was discussed, not the single cases.

The change of vegetation during six years of grazing ex-
periment was estimated using the Shannon diversity index H
[35] in Pustnäs in 1997, the initial year of the experiment,
and again in 2003.

3. Results

The number of species did not differ significantly between
the two treatment areas in any of the two grassland sites.
In Harpsund, on average 26.0 species of vascular plants
occurred per m2 plot in the continuously stocked and 28.6
species in the late grazed area (Mann-Whitney U = 132,
N = 40, P = 0.07). In Pustnäs, each 50× 50 cm plot had
on average 13.4 species with continuous stocking and 12.3
species in late-onset grazing (Mann-Whitney U = 13, N =
14, P = 0.12).

3.1. Reproduction. Grazing regime strongly affected plant
reproduction, the average production of reproductive units,
both in total and in terms of mature reproductive units
(Figure 1). Also the average relative fruit production was
higher in late grazing compared to continuous stocking, both
at plot level and at species level (Figure 1).

The mean density of reproductive units was higher in the
late grazing treatment compared to continuous stocking at
all observation dates except for the first date in spring (P <
0.05, generalized linear model, Poisson’s errors, and log link
function, with individual plots as repeated measures between
observation dates, df = 1 for all analyses).

The exclosure cages in Pustnäs showed that no significant
differences between treatment areas were found, neither for
production of reproductive units (Mann-Whitney U = 2.0,
N = 6, P = 0.28) nor for maturation (U = 3.5, N =
6, P = 0.66). Ungrazed plots inside the cages produced
on average 451 reproductive units per square meter in the
continuously stocked area and 442 in the late grazed area. Of
these reproductive units, 401±33 (89±1.6 per cent) matured
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Figure 1: Mean production of reproductive units (see text for explanation) in two grazed semi-natural grasslands, Harpsund (a) and Pustnäs
(b), and mean (per m2 and per species) relative fruit production (proportion of inflorescences developing to mature fruit stage) in Harpsund
(c) and Pustnäs (d). Two grazing regimes were compared, continuous stocking from mid-May to early October (white bars) and late onset
of grazing (grazing from mid-July to early October, dashed bars). Error bars show one SE. Asterisks indicate significant differences between
grazing regimes within site (∗P < 0.05, ∗∗P < 0.01, ∗∗∗P < 0.001, Mann-Whitney U-test, N (Harpsund) = 20 per grazing regime, N
(Pustnäs) = 7 per grazing regime).

to fruit stage in the continuously stocked area and 401 ±
61 (91± 2.0 per cent) in the late grazed area.

3.2. Species-Specific Responses. In Harpsund, relative fruit
production was significantly higher in late grazing compared
to continuous stocking for 15 of 28 analyzed plant species.
No species had higher relative fruit production in continuous
stocking (Figure 2, Table 2). Six species produced no mature
fruits at all in the 20 plots in continuous stocking, compared
to one species in late grazing.

In Pustnäs, there were too few sampling plots to allow
for testing of species-specific differences between grazing
regimes. Sixteen species occurred in three plots or more
per treatment. For seven of the 16 species, relative fruit
production in late grazing exceeded that of continuous
stocking by a factor > 2. No species had higher fruit set in
continuous stocking.

The mean relative fruit production of single species was
negatively correlated with date of fruit maturation for the
species. This effect was more prominent in late grazing
(Figure 3).

Grazing preference, in terms of degree of herbivory
(see Methods), had no significant effect on species-specific

relative fruit production, because the relative fruit produc-
tion was not correlated with the species-specific herbivory
of all reproductive units, neither over the entire season
(Spearman’s rank correlation P > 0.10) nor during the first
weeks of grazing (P > 0.15). No correlation was found
between relative fruit production and any of the other tested
species-specific parameters: the Ellenberg light index, plant
height, or abortion of reproductive units.

Grasses reached significantly higher relative fruit pro-
duction than herbs and sedges both in late grazing (Mann-
Whitney U = 47, N = 34, P = 0.002) and continuous
stocking (U = 33, N = 26, P = 0.013, Figure 3).

3.3. Diversity and Species Richness. The H (the Shannon
diversity index, [34]) in plots of the vegetation change exper-
iment in Pustnäs did not differ between treatments in 1997,
the initial year of the experiment (mean for continuous
stocking and late grazing, 1.37 and 1.39, t-test, t = −60,
df = 38, P = 0.555). In 2003, after six years, the diversity
in late grazed plots had increased compared to the contin-
uously stocked plots (mean for continuous stocking and late
grazing, 1.41 and 1.58, resp., t-test, t = −6.68, df = 36, P =
< 0.001). H-indices were not significantly different between
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Figure 2: Mean per-species relative fruit production (proportion of
inflorescences developing to mature fruit stage) of 27 plant species
of grasses (open circles) and herbs/sedges (filled circles) in two
grazing regimes, late onset of grazing (grazing from mid-July to
early October), and continuous stocking (grazing from mid-May
to early October), in a semi-natural grassland at Harpsund, see text
for explanations.

years in continuous stocking (t-test, t = −1.53, df = 36,
P = 0.134).

The number of species per plot showed a similar pattern.
The mean number of species per plot was initially 15.1 in
continuous stocking and 14.9 in late grazing (t-test, t = 0.16,
df = 37, P = 0.875). After six years, species number was
14.9 in continuous stocking compared to an increase to 19.4
species per plot in late grazing (t-test, t = −4.53, df = 34,
P =< 0.001).

3.4. Vegetation Height and Grazing of Shoots. Grazing regime
affected the vegetation height during the early part of the
season, but the difference was negligible in late summer
and autumn (Figure 4). In continuous stocking, the average
vegetation height was low throughout the season, with a
slight decrease from c. 4.5 to c. 2.5 cm (Figure 4). Late-
onset grazing allowed the vegetation to grow to a maximum
average of 8.8 and 8.5 cm of height in Harpsund and Pustnäs,
respectively, before the onset of grazing in mid-July. After one
month, the late grazed vegetation was reduced to on average
3.5 cm in both grasslands, that is, 1.2 cm taller vegetation
than in continuous stocking in Harpsund (Mann-Whitney
U = 119.0, n = 20, P = 0.025) and 0.3 cm taller in Pustnäs
(P = 0.32, Figure 4). Inside the exclosure cages in Pustnäs,
the vegetation height never differed significantly between the
two treatment areas (P > 0.35).

The proportion of grazed shoots was measured in mid-
August, that is, one month after the onset of late grazing
(Table 1). In Harpsund, the proportion of grazed shoots was
affected by year (ANOVA, repeated measures: df = 1, χ2 =

Table 1: The mean proportion of grazed shoots in mid-August
in two grazing regimes (continuous stocking May-September and
late grazing mid-July to September), at two sites (Harpsund and
Pustnäs), over two years, 2001 and 2002. N = 20 plots per grazing
regime in Harpsund and N = 7 in Pustnäs.

Year Site Grazing regime
Mean proportion of
grazed shoots (S.E.)

2001

Harpsund
Continuous 0.83 (0.033)

Late 0.71 (0.050)

Pustnäs
Continuous 0.98 (0.009)

Late 0.82 (0.036)

2002

Harpsund
Continuous 0.40 (0.022)

Late 0.46 (0.055)

Pustnäs
Continuous 0.46 (0.018)

Late 0.49 (0.019)

8.1, P = 0.006) but not of grazing regime (P = 0.862) or the
interaction between grazing regime and year (P = 0.069),
whereas the proportion of grazed shoots in Pustnäs was
affected by the interaction (χ2 = 6.7, P = 0.011) but neither
by grazing regime (P = 0.084) nor year (P = 0.140).

4. Discussion

This study shows that the timing of grassland management,
here grazing, strongly affects the fruit production of vascular
plants which may affect the viability of populations of both
plants and other organisms depending on plant reproduc-
tion, for example, insects depending on nectar and pollen.
The response to the grazing regime, in terms of relative fruit
production, varied between species, mainly depending on
each species’ phenology of reproduction. The plant species
diversity increased over time with the grazing regime tested
here, late-onset grazing. Late onset of grazing carried no
obvious costs in terms of ungrazed vegetation by the end of
the season.

In the two studied semi-natural pastures subject to
continuous stocking from May to September, the vegetation
height was kept almost constantly low throughout the
season. As a consequence, the production of fruits was
reduced to a fifth compared to undisturbed conditions. By
delaying the onset of grazing from mid-May to 20 July, the
production of buds and flowers was increased 2–2.7 times
compared to continuous stocking and the production of
mature fruits c. 4 times. The results were very similar in
the two studied grasslands. The increased plant reproduction
in late grazing was not an effect of more shoots and
reproductive organs escaping herbivory completely, but of
more shoots escaping herbivory long enough to produce
mature fruits. No difference in number of grazed shoots
was found between treatments by the end of the season,
but the vegetation was on average 0.3–1.2 cm taller in late
than in continuous stocking. The difference of 1.2 cm was
statistically significant, but most likely has no ecological
significance, for example, in terms of litter accumulation
[36].
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Figure 3: Mean per-species relative fruit production (proportion of inflorescences developing to mature fruit stage) of grasses (open circles)
and herbs/sedges (filled circles), as a function of each species’ date of fruit maturation (see text for explanation). Two grazing regimes
were compared, late onset of grazing (grazing from mid-July to early October), and continuous stocking (grazing from mid-May to early
October) in a semi-natural grassland at Harpsund, see text for explanations. Spearman’s rank correlation coefficients, rs, are shown, together
with significance tests. For clarity, no error bars are shown.
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Figure 4: Average vegetation height during the growing season in continuously stocked (dashed line) and late (solid line) grazed areas,
in two semi-natural grasslands, Harpsund (a) and Pustnäs (b). Vegetation height inside exclosure cages in Pustnäs is shown by open circles
(cages in continuous stocking) and open diamonds (cages in late grazing). Error bars show 1 standard error. Onset of late grazing is indicated
with a vertical dotted line. N = 20 plots per treatment in Harpsund, 7 in Pustnäs; 3 exclosure cages per treatment in Pustnäs. A dry period
in early June caused a temporal drop in turgor and therefore also in the measure of vegetation height.

Tall vegetation before late onset of grazing can be
expected to affect the reproduction of small plant species
negatively, through competition for light [37]. However, no
such effects were found, as plant height was not correlated
with relative fruit production, neither was the Ellenberg
light index [31], which would have been expected if fruit
set was affected by competition for light. Furthermore,
the abortion of reproductive units was not correlated with
relative fruit production, neither at species nor plot levels.
This indicates that effects of spontaneous abortion due to,
for example, competition did not contribute significantly to
the differences in relative fruit production between species
and grazing regimes.

In both grazing regimes, comparison of species showed
that relative fruit production was positively correlated with
early reproduction. Early flowering has been suggested to
be an adaptation to predictably late disturbances such as
mowing [24, 38, 39]. This study shows that also late onset
of grazing favoured early reproducing vascular plants in
a similar way. By 20 July approximately half of the most
abundant species had 50% or more of their fruits mature.
Although the vegetation was rapidly grazed after onset of
grazing in 20 July, some fruits also successfully matured after
that date, and a total of 50–100% (median 77%) of the repro-
ductive units of early reproducing species produced mature
fruits. In the other, later reproducing half of the species,
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Table 2: Mean relative fruit production of 28 species occurring in five or more plots per the two grazing regimes: continuous stocking and
late grazing, in the grassland Harpsund, see text for details. Differences between grazing regimes are tested using the Mann-Whitney U-test.
N-values show the number of plots in which the species were present.

Species Continuous Late U P

N Mean (SE) N Mean (SE)

Agrostis capillaris 19 0.24 (0.07) 20 0.52 (0.06) 91.0 0.005

Alchemilla sp. 9 0.01 (0.01) 13 0.29 (0.09) 24.0 0.014

Anthoxanthum odoratum 9 0.54 (0.15) 20 0.95 (0.04) 48.0 0.048

Helictotrichon pubescens 14 0.54 (0.09) 13 0.77 (0.11) 50.5 0.048

Carex caryophyllea 5 0.11 (0.07) 8 0.49 (0.25) 12.5 0.250

Cerastium fontanum 15 0.08 (0.04) 16 0.77 (0.11) 29.5 <0.001

Dactylis glomerata 5 0.27 (0.12) 9 0.52 (0.15) 15.0 0.310

Deschampsia caespitosa 5 0.31 (0.14) 5 0.55 (0.20) 8.50 0.400

Festuca pratensis 12 0.45 (0.13) 13 0.84 (0.14) 45.5 0.073

Festuca rubra 19 0.19 (0.05) 19 0.75 (0.086) 50.5 <0.001

Filipendula vulgaris 7 0.20 (0.14) 6 0.47 (0.18) 13.5 0.260

Lotus corniculatus 14 0.04 (0.02) 18 0.19 (0.059) 74.0 0.039

Luzula campestris 15 0.55 (0.10) 19 0.77 (0.04) 99.5 0.140

Phleum pratense 9 0.63 (0.15) 10 0.75 (0.09) 40.5 0.710

Plantago lanceolata 16 0.22 (0.07) 20 0.61 (0.05) 37.0 <0.001

Poa pratensis 20 0.16 (0.06) 11 0.70 (0.10) 31.0 0.001

Potentilla erecta 6 0.05 (0.05) 17 0.13 (0.04) 30.0 0.120

Primula veris 5 0 (0) 10 0.51 (0.13) 7.50 0.020

Ranunculus auricomus 13 0.32 (0.11) 8 0.57 (0.17) 33.0 0.160

Ranunculus polyanthemos 17 0.33 (0.09) 14 0.78 (0.08) 39.0 0.001

Rumex acetosa 16 0.32 (0.10) 12 0.83 (0.09) 40.0 0.008

Stellaria graminea 16 0.08 (0.04) 7 0 (0) 38.5 0.100

Taraxacum sp. 9 0.83 (0.11) 6 1.00 (0) 6.0 0.013

Trifolium medium 8 0.11 (0.06) 17 0.47 (0.09) 28.5 0.018

Trifolium pratense 17 0.11 (0.04) 20 0.69 (0.07) 23.0 <0.001

Trifolium repens 17 0.07 (0.02) 18 0.09 (0.03) 148.0 0.860

Veronica chamaedrys 19 0.06 (0.23) 17 0.17 (0.06) 128.5 0.230

Vicia cracca 6 0.10 (0.06) 8 0.16 (0.12) 23.0 0.870

a median of 26% of the reproductive units produced mature
fruits. In comparison with late grazing, mowing in mid-July
would have considerably reduced fruit set of all species except
for the very early ones. This is because mowing results in
immediate removal of reproductive organs, whereas removal
by grazing is more extended in time. Much of the fruit
maturation in the studied grasslands took place during 20
July–5 August, which suggests that a few days difference
in mowing time or onset of grazing would make a large
difference in plant fruit set.

Early reproduction may also be an adaptation to more
continuous disturbance such as grazing, since the risk of
reproductive organs being grazed before fruit maturation is
proportional to the time a plant is exposed to a grazed envi-
ronment [40]. In continuous stocking, the early reproducing
half of the species produced a median of 0.32 mature fruits
per reproductive unit, compared to 0.08 in the late reproduc-
ing species.

Escape from herbivory may also be achieved by mecha-
nisms related to grazing preference [41, 42] or growth-form

[43]. Grasses had higher fruit set than herbs and sedges in
both grazing regimes, partly as an effect of early reproduc-
tion, but to some extent also as an effect of less herbivory
on grasses. The degree of herbivory experienced by a species
is an estimate of species-specific grazing preference. Here,
preference was not correlated with species-specific fruit set,
indicating that differences in preference explains little of
the variation in fruit set between species in this system.
Plant traits that affect preference may however be a more
important mechanism under less intensive grazing, because
opportunities for herbivore selection between plant species
increase with decreasing grazing intensity [44]. No obvious
growth-form-related defence mechanisms, such as thorns,
occurred among the analyzed species. Low-growing plants
can be expected to be able to escape cattle herbivory to some
extent [22], but plant height was not correlated with fruit set
in this study.

The species diversity increased during six years of late
grazing treatment while the diversity in the continuously
stocked plots remained at a constant level. Also, the species
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number increased by 30 per cent in late grazing, but
remained constant after six years in continuous stocking.
Similar observations are made by, for example, Pavlů et al.
[45], who reported an increase of forbs in the vegetation
after delayed onset of grazing on old leys. An increase of seed
production in late grazed areas was pointed out as one of the
possible explanations.

In full-scale grazing experiments, the different treatments
will always be located in adjacent areas because of the
otherwise biased effects of fences (e.g., [45]). Yet, this
may cause problems in separating treatment effects from
area effects. In this study, however, several factors indicate
that the observed differences between grazing regimes were
not area effects. Firstly, the two grasslands showed very
similar differences between grazing regimes, which indicates
a grazing regime effect rather than a site effect. Secondly,
the control cages protected from grazing in Pustnäs did not
differ between treatment areas in any measured parameter.
Thirdly, similarity between treatment areas was indicated
by similar number of species. Finally, the differences in
plant reproduction between treatments were large and could
clearly be attributed to observed grazing of shoots and
reproductive organs.

Apart from the increased fruit set and plant species
diversity, the undisturbed period in early summer can also
be assumed to be positive for phytophagous, nectar- and
pollen-feeding insects. Low amounts of pollen and nectar
resources have been suggested to be an important threat to,
for example, wild bees [46–48] and lepidopterans [49], of
which several species are red listed [8].

Acknowledging that only two grasslands were studied,
the results clearly indicate that if continuous stocking from
spring to autumn is applied in grasslands with a history of
late management, plant species diversity can be assumed to
decrease as well as the resource for organisms depending
on plant reproduction. This is alarming since continuous
stocking from May to September is the most common
management regime in Swedish and northern European
semi-natural grasslands, largely irrespective of their manage-
ment history [9]. For example, the widespread shift from
mowing to grazing may lead to considerable changes of
vegetation composition and plant population viability in
semi-natural grasslands. The study suggests an increased use
of analyses of management history in grassland conservation
and management, which would most likely result in an
increased use of late management. The study also shows that
late onset of grazing may well function as a substitute for
labour-intense mowing of semi-natural grassland.
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