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Abstract. The effects of grazing upon the establishment.
survival, growth and reproduction of a grassland annual Gera-
nium dissectum growing in a sward dominated by grasses were
examined in a replicated grazing experiment with sheep. Seeds
were sown in both summer and autumn. and grazing was
controiled 10 produce two levels of grazing in winter, two
levels in spring, and two in summer, combinedina2x2x2
factorial experimental design. Higher intensities of grazing in
the period immediately before emergence benefined plamt
establishment, but subsequent survival showed many interac-
tions berween factors. demonstrating that under certain
conditions and at certain times grazing was detrimental. It is
suggested thar the frequency of G, dissectum in the grassiand
was low because the heavy grazing conditions that foster
seedling emergence also jeopardize subsequent survival. This
may 2lso be why productive grassland communities in general
contain few palatable dicots.
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Introduction

Explaining why some vegetation types are rich in
species while others are species-poor is a problem cen-
tral to community ecology. This question is usually
approached by looking at ecological processes in spe-
cies-rich communities (e.g. Hubbell & Foster 1990;
Kull & Zobel 1991; Mahdi, Law & Willis 1989; Mitchley
& Grubb 1986; Palmer 1991; Silvertown & Wilkin
1983). This is a logical approach. but species-rich com-
munities are inherently difficult to study because of
their complexity. A complementary approach without

this difficulty is to attack the question from the other
end. and to ask why certain species-poor communities
do not support greater diversity. Perhaps this question is
rarely posed because the answers often seem self-evi-
dent. for example low soil pH eliminates species that are
physiologically intolerant, and high soil nutrient status
causes competitive exclusion (Grime 1979). Both spe-
«ies-rich and species-poor communities have hierarchies
of species abundance. the chief difference between them
being due to the greater number of non-dominants in
species-rich communities than in species-poor ones
(Pielou 1975). Particularly in the case of communities
where competitive exclusion limits diversitv, we can
learn something about the obstacles to species richness
by looking at how non-dominant species that are present
achieve coexistence with the dominants.

The present study was carried out in a grassland
dominated by grasses and in which dicot herbs were
rare. The dicot Geranium dissectum was chosen for
study because it was the only annual in the community
and therefore provided a model subject with which to
investigate the process of establishment from seed. The
maintenance of species richness in grasslands and the
creation of diverse grassland communities by manage-
ment both require intensive mowing or grazing (Bakker
1989; Wells 1971). These management practices dis-
proportionately reduce the cover of dominant species,
particularly grasses, and create conditions in which new
seedlings can establish (Bakker, Dekker & de Vries
1980; Gibson, Wan & Brown 1987: Watt & Gibson
1988). The timing of management by grazing can greatly
influence the composition of the sward (e.g. Jones 1967),
depending upon how this coincides with the phenology
of species present. In the present study grazing was
experimentally manipulated to determine the conditions
necessary for regeneration of G. dissectum.
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Methods
The field site and graczing experiment

The present experiment was carried out within a
long-term grazing experiment at Little Wittenham Na-
ture Reserve, Abingdon., Oxfordshire, England. The
grazing experiment was set up in 1986 to determine the
influence of different grazing treatrnents on the compo-
sition of a sward dominated by Lolium perenne, Agrostis
stolonifera and Poa trivialis, which it was desired to
convert 10 a more species-rich community (Treweek
1990). The site is on a calcareous loam/calcareous clay
loam and has been under permanent grass since the
1950’s, but prior to that was cultivated on several occa-
sions. The site was last fertilized in 1984.

There were three grazing periods: “winter’ (1 No-
vember - 21 March). *spring’ (21 March - 21 May) and
‘summer’ (21 May - 1 November} with two levels of
grazing in each period. In the winter and spring periods
two Suffolk x Mule lambs per paddock were either
present or absent and in summer sward heights were
maintained at either 3 cm or 6 cm height by weekly
measurements of sward height followed by adjustment
of the stocking rate. The grazing experiment was fully
factorial with a 2 x 2 x 2 structure and two randomised
blocks each of eight treatments assigned to 50 m x 50 m
paddocks (Table 1). This experimentai design was em-

ployed primarily to allow processes of vegetation change

to be identified with statistical rigour. and not in an
attempt to replicate management practices used else-
where. To avoid edge effects. oniy the central area of
30 m x 30 m in each paddock was used for monitoring
and expenments.

In autumn 1986, the frequency of all species was
recorded in two 1-m? permanent quadrats in each pad-
dock. Geranium dissectum was present in the paddocks
at that time, but at too low a frequency to be recorded at

Table L. Design of the sheep grazing experiment. A — sign
indicates no grazing and a + sign indicates grazing during the
relevant period. All paddocks were grazed in summer to either
3 ¢m or 6 cm sward height. Each of the treatments (A - H}
occurred in each of two blocks.

Summer 3 cm Summer é cm

Trt  Winter Spring Trt Winter  Spring
A - - E - -
B - + F - +
C + - G + -
D + + H + +

this sampling intensity. In 1990, after four years of
grazing management, the frequency of unsown Gera-
nium dissectum was surveyed more intensively at the
end of the winter grazing period. 100 1-m* quadrats
were placed on a regular grid in the central 30 m x30m
area of each paddock and scored for presence/absence
of G. dissectum. Three-way analysis of variance of the
counts showed a significant effect of only the winter
grazing treatment upon G. dissectum (F| ,=7.052.p <
0.05). The mean frequencies of the species in paddocks
grazed in winter, and those not grazed in winter were
respectively 15.2% and 2.6%. When the survey was
repeated in July 1990 during the summer grazing pe-
riod, frequencies had fallen to 3.9% and 1.0% respec-
tively. Neither this difference (F, ; = 4.408, p > 0.05)
nor any other was significant.

Sowing experiment

Three permanent quadrats 25 cm x 25 cm were
established in the central 10 m x 10 m area in each
paddock. In summer (in mid and late June) and autumn
(mid September) 1987 121 seeds of Geranium dissectum
{with a laboratory germination of 97%) were sown with
forceps in the soil surface, spaced at 2 ¢ intervals in an
11 x 11 grid partern. The grid allowed sowing positions
to be accurately relocated, which avoided any possible
confusion between sown and volunteer seedlings. In
summer seeds were sown into two quadrats per pad-
dock. but this was time-consuming and caused an unin-
tentional delay of two weeks between each set of quad-
rats. Because of this delay, mid and late June quadrats
were analysed separately, and in the autumn sowing
only one quadrat per paddock was sown. The number of
seedlings was counted at intervals: for the summer
sowing in July and for both sowings in October 1987
and in March and August 1988. In August 1988 all
G. dissectum plants were harvested at ground leve!l and
their shoot dry weight {after 7 days at 60 °C) recorded.
together with the number of flowers and seed pods per
plant.

Data were analysed using analysis of variance on the
proportion of seeds sown which were established plants
at each recording date {(with angular transformation
when required). The effect of grazing on seedling mor-
tality was also examined over all recording dates using
the GLM procedure in SAS (1985) with polynomiial
contrasts of repeated measures. The presence or absence
of flowers and pods (August 1988) was analysed using
x* tests. The total shoot dry weight of plants per quadrat
was analysed using analysis of variance on data trans-
formed (log (x + 1)) to achieve homogeneity of variance.
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Results
Planr numbers

June sowings

By July both sets of June sowings had more seed-
lings when grazing had taken place during the previous
winter; grazing during the previous spring also had a
positive effect (Table 2a). For the mid-June sowing
there were also significantly more seedlings when the
sward was being grazed tightly in summer. However,
by October only the positive effect of grazing during the
previous winter remained. By the time of the March
recording. there was an interaction between winter and
spring grazing on the late June sown plots - higher
numbers of plants were present when either there had
been grazing the previous spring or during the current
winter period. By August there were very low numbers
of plants present, with no significant difference between
the treatments.

September sowing

Plant numbers at both the October and March re-
cordings showed a positive interaction between inten-
sive grazing in the previous spring and summer (Table
2b). By August, the greatest number of plants was
present on plots which had been grazed in winter and,
were being grazed intensely in summer.

Plant mortality

When the change in plant numbers over time was
compared for the mid-June sowing there was a clear
difference between the shape of the decline for plots
receiving or not recetving winter grazing (Fig. 1). The
plots without winter grazing started with lower plant
numbers in July but maintained their numbers during
the winter, whereas many plants died during winter
where there was grazing.

The behaviour of plants on the plots sown in late
June was more compiex in that there was a significant
interaction between all three grazing seasons (Fig. 2a
and b). Irrespective of intensity of grazing during sum-
mer (the season of sowing):

(1) plots which were grazed in neither winter nor spring
had consistently low plant numbers (Fig. 2b).

(2) plots which were grazed in both winter and spring
showed a steady decline in numbers from initially high
levels, with the most intensively grazed plots being
superior by August 1988 (Fig. 2a).

(3) plots which were grazed in spring but not in winter
showed a plateau or even slight increase in numbers
between October and March (Fig. 2b).

However. the response of plants on plots which were
grazed in winter but not in spring depended on whether
the plots were grazed intensely (to 3 cm) or laxly (to 6
cm) during the season of sowing (Fig. 2a). The former

Table 2a. Plants present as a percentage of seeds sown in June. Only significant main effects or interactions are shown or. in the

absence of these. the grand mean.

Date of recording

Juty 87 ‘October 87 ‘March 88 August 88
Sowing date Mid Late Mid Late Mid Late Mid Late
3cm 39.8
Summer
6 cm 29.8
P {0.029)
+ 410 472 41.0 4735
» Winter
2 - 28.6 344 15.2 204
E P (0.017) 0.011) 0.002) (0.005)
o + 41.7 46.0
5 Spring
=z - 279 35.6
P (0.006) {0.029)
SE mean (7df) 255 2.66 99 2.00
Winter
- +
) - 10.3 333
e Spring 302 227
2 M 0.019)
S SEmean (7df) 499
E
Grand mean 8.9 5.3 3.6
SE mean (154D 325 224 1.46
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Fig. 1. Seediing mortality in the cohort sown in mid June. The
difference in mortality rates between + winter grazing and -
winter grazing over the winter period (Oct - March) was
significant (cubic, i.e. remainder trends differ, p = 0.043).

showed the expected decline in plant numbers during
the winter grazing period. In contrast, the latter plots
showed a slight increase in numbers during winter graz-
ing due to delayed germination of sown seed. There
were no differences in mortality over time for the Sep-
tember-sown plants.

Shoor dry weights in August

The total shoot dry weight of plants per plot was
greater for spring-grazed plots in the late June sowing
and for winter-grazed piots in the September sowing
{Table 3).

Flower and seed pod production

By August 1988 many plots either had no plants or
none with flowers or pods. The importance of intense
grazing in summer in increasing the frequency of plants
with flowers and with pods is shown in Tabie 4.

Discussion

- Grazing management can influence a species in the
plant community by two separate routes: (1) indirect
effects due to grazing of competitors, affecting the local
environment for seed germination and seedling emer-
gence, plant survival and growth and (2) direct effects
on plant survival and size by grazing of the plant itself.
In plant species that are avoided by grazers there may be

Paddocks grazed in winter

60-
———p—  3cm- ()
——  Jem + (D)
501 el Gcm - (G)
6cm + (H)
~ 40
&
éa 301
E) 20
101
0

0 2 4 6 8 10 12 14
Months after sowing

Paddocks not grazed in winter

30 ——l—  3cm - (A)
g 3cm + (B)
401 —a— Hcm- {E)

écm + (F)

Seedlings (%)

0 2 4 6 & 10 12 i4
Months after sowing

Fig. 2. Seedling mortatity in the cohort sown in late June {a)
with winter grazing and (b} without winter grazing. There was
a Winter x Spring x Summer interaction (cubic, i.e. remainder
trends differ. p =0.0127).

Table 2b. Plants present, as a percentage of seeds sown in
September [angular transformation in brackets (radians)] (only
significant effecis are presented).

Date of recording
October 87 March 88 August 88
Spring Spring Spring
+ - + - - -
. 3em 547 314 277 9.7 14,2 23
E {0.281) (0.097)  (0.144) (0.023)
@ Gom 250 364 7.0 8.4 19 2.1
(0.070  (0.186) 0.019) 0.0z
» 0.036 p0.0I12) p10.035)
SE mean (7dh  6.68 (0.0447) (0.0235)
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Table 3. Shoot dry weight (total per plot. g) at harvest (August
1988). log (X+1) in brackets. Only significant effects are
presented.

Mid June Late June September
. 25.8 (2.40)
Winter 52 (0.88)
p (0.031)
SE mean (7df) {0.399)
Sori 204 (23D
pring (3.6 10.87)
p 10.031)
SE mean (7dH (0.394)
Grand mean 8.3 (1.2D

SE mean (15df) (0.321)

Table 4. The number of quadrats in which plants produced
flowers or pods by August 1988 (three dates of sowing com-
bined). Only the main effect was significant.

Summer Summer
Low High Low High
Fl
Flowers 12 5 Pods 15 8
No. flowers 12 19 Ne. Pods 9 16
X =446  p<0.05 =409 p<0.05

a simple relationship between grazing management and
plant establishment. This is what was found. for exam-
ple, for the thistle Cirsium vuigare at our study site
where the influence of grazing on seedling emergence,
operating via route 1, accounted for 70% of the variance
in the abundance of aduits (Silvertown & Smith 1989).
In the present study of Geranium dissectum the com-
bined influence of direct and indirect effects produce a
much more complex picture indicating that plant suc-
cess can depend upon both previous and current grazing
treatment. upon the time of year and the stage of the
plant’s life cycle.

Grazing the previous winter had the most enduring
positive effect on numbers of G. dissecrum recruited
from both the June sowings (Table 2a) and grazing in
the spring and summer prior to sowing also benefitted
establishment of seeds sown in September (Table 2b).
Similar results have been found for the establishment
phase of grassland perennials. For example, Foster (1964)

recorded germination flushes of Bellis perennis imme-
diately after cutting produced an open sward. and
Putwain. Machin & Harper (1968) found a similar effect
in Rumex spp. However, our results also show that when
followed through the whole life cycie the effects of
grazing were more complex. Significant interactions
between grazing treatments were common. particularly
for the sowings in late June (Table 2a and Fig. 2) and
September (Table 2b). Intense grazing all vear showed
best initial establishment, steepest decline. but best sur-
vival one year later (Figs. 1. 2a). Established seedlings
survived winter best when ungrazed (Figs. 1. 2b), but
seedling numbers declined fast in spring as they were
out-competed.

As far as plant numbers were concerned. grazing
prior to seedling emergence was beneficial, but the
effect of grazing after emergence depended on its past
and present intensity. and this depended on season. The
effects of grazing on the dry weight and reproduction of
survivors was more straightforward and alwavs positive
{Tables 3, 4). Dry weight was affected by grazing treat-
ments prior to harvest, but reproduction was influenced
only by the grazing treatment current at the time of
flower production when tight grazing was beneficial.

To complete its life cycle in this community Gera-
nium dissectum must negotiate a complex of obstacles
to survival, growth and reproduction which appear jointly
to limit its abundance. Although the composition of this
plant community was a simple one, the processes oper-
ating on this minor species were not. This suggests that
other minor species may be excluded or kept at very low
frequency because the conditions of heavy grazing that
are needed to permit seedling establishment also pro-
hibit successful completion of the life cycle. Why Gera-
rium dissectum should be successful in these conditions
is not clear. In less productive communities seedling
establishment by other dicots may be possible in condi-
tions of less severe grazing which do permit successful
completion of the life cycle. This may be why less
productive comrmunities are more diverse. A test of this
hypothesis requires a study of the effect of grazing on
vegetation gaps, which is underway in the grazing ex-
periment.
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