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INTRODUCTION

Free-ranging large herbivores are key determinants of grass-
land plant species composition and diversity (Bakker 1998, 
Olff & Ritchie 1998). Through land use changes, decreasing 
size of (semi-)natural grassland areas as well as increasing 
habitat fragmentation, these animals have long disappeared 
from many European grassland sites. Coastal dune vegeta-
tion in Belgium and many other European countries evolved 
as a result of natural succession towards coarse grassland 
with Calamagrostis epigeios, Avenula pubescens or Ar-
rhenatherum elatius, or to scrub vegetation with Hippophae 
rhamnoides, Ligustrum vulgare or Salix repens or woodland 
(Provoost & Van Landuyt 2001, Hoffmann et al. 2005). Re-
introduction of large grazers in the few remaining natural 
and semi-natural grasslands is expected to be an effective 
management tool to prevent dominance of late successional 
plant species, giving the opportunity of restoration of plant 

biodiversity (WallisDeVries et al. 1998, Wardle et al. 2001, 
Hoffmann et al. 2005). However, only a few studies have in-
vestigated the grazing effect by introduced large herbivores 
on plant community composition and spatial distribution of 
plant species (but see Wardle et al. 2001, Bakker et al. 2006); 
the consequences of these introductions on biodiversity are 
still poorly understood.

There are extensive published studies of effect of graz-
ing on plant community composition. Those which use plant 
traits provide a more general and mechanistic basis for under-
standing plant behavior (Lavorel & Garnier 2002). Grouping 
organisms into categories based on common structural and 
functional traits, is a tool that ecologists have long used to 
generalise about properties of ecosystems (Gitay et al. 1999, 
Díaz et al. 1998). Grazing is generally expected to be accom-
panied by a shift in plant community composition, i.e. the de-
cline of dominant tall grasses and an increase in plant diver-
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sity. This is thought to be due to a shift from competition for 
light to competition for nutrients, which allows more func-
tionally different species to coexist (Huisman & Olff 1998). 
From a functional point of view, grazing may induce shifts 
in trait composition by promoting species with an annual life 
history, ruderal strategy, rosette habitus, small size and an 
early flowering and dispersal strategy (Bakker 1998). From a 
methodological point of view most previous studies consid-
ering the effect of grazing on vegetation, have analysed the 
life traits one by one (Decker et al. 2004). However, the con-
sideration of individual life traits presents a rather abstract 
view. Obviously, in a real world, environmental factors do 
not apply directly to each life trait separately but to the spe-
cies pool as a whole, which is the combination of life traits. 
This argues for an approach based on emergent groups (sensu 
Lavorel et al. 1997), an emergent group (EG) being defined 
as a set of species exhibiting correlations among a set of plant 
traits (Lavorel et al. 1997, Lavorel & Garnier 2002). Here, we 
attempted to identify emergent groups of functionally similar 
herbaceous plants in the coastal grassland flora of Belgium 
and north-western France. We then tested the hypothesis that 
grazing by large herbivores may change the composition of 
EGs. 

One other important aspect of herbivory is its effect on 
the spatial pattern of the vegetation. Such spatial effects 
may influence the interactions within the plant community, 
the susceptibility of the vegetation to other disturbances, the 
distribution of water and nutrients, the movement patterns 
of organisms and the composition and species richness of 
animal communities (Williams et al. 2002). Spatial turnover 
patterns are changes in species composition and distribu-
tion over spatial and temporal scales which are studied by 
self-similarity patterns or fractal distributions (Kunin 1998, 
Lennon et al. 2002). By definition, a pattern is self-similar 
or fractal if it does not vary with spatial scale (Arita & Ro-
dríguez 2002, Kunin 1998). The scale-area curves proposed 
by Kunin (1998) served to define dimension of self-similar 
distribution of individual species. The slope of a scale area 
curve measures the degree to which a species population fills 
its range. The steeper the slope, the more sparsely the species 
are distributed (Kunin 1998). For the self-similarity of com-
munity richness, Harte et al. (1999) argued that if individual 
species within an assemblage show a self-similar spatial dis-
tribution, a linear relationship between the natural logarithm 
of area and species number should exist (SAR: species-area 
relationship). The slope of this relationship is correlated with 
the accumulation rate of species as area increases. A high 
value of the slope indicates a higher rate of species turnover, 
and hence less self-similarity at the community level (Arita 
& Rodríguez 2002, Bossuyt & Hermy 2004). In contrast to 
the extensive literature, describing the effect of grazing on 
the relative abundance of plant species and also community 
composition, little attention has been paid to spatial turnover 
patterns of individual species and community richness. It is 
expected that the activity of grazers may increase the rate of 
plant species turnover compared to ungrazed plant communi-
ties, by creating patches suitable for colonisation and seed-
ling establishment (Bakker et al. 2003). 

Given the scarce information for nutrient-poor grasslands 
systems and in order to attempt generalisations on plant com-

munity development in the grazed areas, it is important to 
have insight into the effects of grazing on both plant species 
composition and spatial distribution of plant species (Hoff-
mann et al. 2005). First, we tested whether introduction of 
large herbivores in remaining natural grasslands counteracts 
the encroachment of tall, highly, competitive plant species. 
Secondly, we tested whether this process is accompanied by 
a change in plant community composition and composition 
of emergent groups. Then, the effect of grazing on the spatial 
distribution pattern of individual plant species and commu-
nity was assessed. Hence, the present paper has the following 
main objectives: (1) to assess the influence of grazing on veg-
etation at two different hierarchical levels (plant community 
composition and species level); (2) to construct a trait based 
classification of plant species to emergent groups; (3) to de-
termine the relevant relationship between emergent groups 
and grazing; (4) to analyse the possible effect of grazing on 
spatial distribution of vegetation at two different hierarchical 
levels (plant community composition and species level). Be-
cause these grasslands are predominantly distributed within 
nature reserves, implications of this study are extremely rel-
evant for nature management and restoration.

Material and methods

Data collection

After some decades of sparse and scattered nature manage-
ment, in the late 1990s the manager of Flemish coastal nature 
reserve decided to introduce different large, ungulate herbi
vore species (mostly cattle, several horse breeds, donkeys or 
sheep) to control further expansion of dominant grasses and 
woody species (Hoffmann et al. 2005). The animals are free-
ranging and remain in the area year round. Extensive stud-
ies of habitat preference and diet selection along the Belgian 
coast revealed that grazer distributions among habitats dif-
fered. In general, all animals preferentially grazed in the most 
productive parts of each site (Hoffmann et al. 2005). Thir-
teen pairs of grazed and ungrazed sites, with pairwise similar 
edaphic and topographic conditions, were chosen to record 
the cover of all vascular plants in the coastal dune grasslands 
of western Belgium and one north-western French site dur-
ing the spring and summer of 2006 (see table 1 for general 
information on study sites). For each pair, two 8 × 8 m² plots 
were established randomly, one in the grazed and one in the 
ungrazed site. These neighbouring plots were separated by a 
fence and located at a distance of about 10–15 m apart. Each 
plot was divided into four 4 × 4 m² subplots (A1) which were 
further subdivided five times up to 4096 0.125 × 0.125 m² 
subplots (A6). For each subdivision, Ai-1/Ai = 4, where Ai-1 
and Ai are the area of the higher and lower scale level, respec-
tively (fig. 1). The cover of every vascular plant species was 
visually estimated within ten random subplots at each of the 
seven spatial scales except for the 4 × 4 and 8 × 8 m² subplots 
for which only four and one subplots were sampled, respec-
tively, i.e. 0.125 × 0.125 m² (10 subplots), 0.25 × 0.25 m² (10 
subplots), 0.5 × 0.5 m² (10 subplots), 1 × 1 m² (10 subplots), 
2 × 2 m² (10 subplots), 4 × 4 m² (4 subplots) and 8 × 8 m² 
(1 plot). Soil conditions are a major source of environmental 
variation, determining species composition and productiv-
ity of dune grasslands (Tahmasebi Kohyani et al. 2008). An 
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independent survey by the authors confirmed that there was 
a significant correlation between aboveground biomass (as a 
proxy for nutrient availability) and soil pH. Therefore, only 
soil acidity of each sample was measured with a pH meter in 
water. To do so, sixteen soil samples were randomly collected 
within each 8 × 8 m² plot from the upper 10 cm of the soil, 
using a 7 cm diameter core. The obtained pH values were 
averaged per area for grazed and ungrazed sites separately.

Data analysis

Plant community and emergent group composition – Rel-
ative plant community similarity was assessed by Detrended 
Correspondence Analysis (DCA), using PCOrd 4.32. Only 
scores on the first two axes were chosen as response vari-
able for addressing the effects of grazing and soil character-
istics on plant community composition. Emergent groups 
were identified by a cluster analysis on seventeen plant traits, 
which were related to three key processes in plant communi-
ties (persistence, dispersal and establishment) (table 2). Gow-
er’s similarity index (Gower 1971) was used to compare the 
occurring species based on their trait values. In a next step, 
the species were clustered into emergent groups (EGs), using 
Ward’s method (ClustanGraphics 8). Afterwards, differences 
in plant traits between emergent groups were assessed by a 
chi-square test, a Kruskal-Wallis test, or a one-way ANOVA 
for qualitative, ordinal and quantitative data, respectively. 
Then, we calculated the relative abundance of each emergent 
group in every 0.5 × 0.5 m² subplot, by summing the cover 
data of all species with that trait value, and dividing it by the 
sum of the cover of all categorized species in the subplot. 
The cover of most dominant plant species in this scale was 
used to test the effect of grazing on plant individual level. To 

Figure 1 – Plot design with seven scales (from A0 to A6).

avoid pseudo-replication, the relative abundances were aver-
aged per site.
Spatial turnover – We used the methodology proposed by 
Kunin (1998), Arita & Rodríguez (2002) and Bossuyt & Her-
my (2004) to analyze spatial turnover patterns of individual 
species and community species richness. For the analysis on 
the individual species patterns, the slope of the linear rela-
tionship between the logarithm of the scale of measurement 

trait classes variable type sources
clonal propagation no/yes qualitative 1
seasonal regeneration in gap no/yes qualitative 1
height < 100, 100–299, 300–599, 600–999, 1000–3000 ordinal 1
canopy structure rosette, semirosette, leafy qualitative 1

established strategy Competitors (C), Stress tolerant (S), Ruderal (R), 
Competitor-Stress-Ruderals (CSR) continuous 1

leaf phenology aestival, hibernal, vernal, always evergreen

life form chamaephytes, hemicryptophytes, geophytes, therophytes, 
phanerophytes qualitative 1

seed length - continuous 1
seed longevity index - continuous 4

seed weight - continuous 2

seed shape: length/width < 1.5, 1.5–2.5, > 2.5 ordinal 1

time of flowering spring, summer, autumn qualitative 2

time of germination spring, summer, autumn qualitative 2
time of dispersal spring, summer, autumn qualitative 2
palatability palatable, unpalatable, neutral qualitative 3
Ellenberg indicator values light, temperature, nitrogen, salinity, moisture continuous 5

Table 2 – Plant traits used to define the emergent groups in the cluster analysis. 
Sources: 1: Grime et al. (1988); 2: Zwaenepoel (1992); 3: Bossuyt et al. (2005); 4: Bekker et al. (1998); 5: Ellenberg et al. (1991).
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(ranging from 0.125 to 64 m²) and the logarithm of the spe-
cies range (Kunin 1998) was considered a measure for the 
fractal distribution of individual species (Bossuyt & Hermy 
2004). This slope (b) is an estimator of 1-DB/2, where DB 
is the box-counting fractal dimension of species (Lennon et 
al. 2002). The species range was defined as the sum of the 
area of the subplots of that particular scale level in which 
the species occurred. The analysis was executed for fifteen 
dominant plant species occurring in at least seven grazed and 
seven ungrazed sites. 

For the analysis of community species richness, species 
turnover was defined as changes in the number of species over 
the scale levels. Using the multiplicative approach (Whitta
ker 1972), species turnover (Sb) can be calculated with the 
formula: Sb = Sg / Sa, where Sg and Sa are the number of spe-
cies in the higher scale (gamma diversity) and the lower scale 
level (alpha diversity), respectively. In the nested plot design 
used here, species turnover between two adjacent scales (Si/i-1)
was hence calculated as the average number of species in the 
higher scale level i (Sg) divided by the average number of spe-
cies in the lower scale level i-1 (Sa). 
Statistical analysis – Analysis of covariance (ANCOVA) 
was used to investigate the effect of grazing (binary vari-

grazing pH grazing × pH
response variable N F P F P F P
DCA axis 1 26 11.09 0.006 4.714 0.041 0.67 0.201
DCA axis 2 26 2.07 0.160 5.32 0.031 0.69 0.412
Agrostis stolonifera 20 4.70 0.041 0.004 0.952 0.001 0.978
Anthoxanthum odoratum 14 1.00 0.340 5.50 0.044 0.85 0.387
Arrhenatherum elatius 16 11.40 0.001 1.70 0.211 1.40 0.255
Calamagrostis epigeios 24 9.80 0.011 2.30 0.333 1.80 0.234
Carex arenaria 24 1.50 0.215 0.90 0.451 1.10 0.238
Cerastium fontanum 22 5.30 0.043 0.33 0.915 0.63 0.714
Crepis capillaris 20 6.80 0.031 1.20 0.197 1.10 0.286
Festuca rubra 14 6.70 0.030 0.21 0.120 0.55 0.110
Galium verum 18 5.40 0.047 0.63 0.937 1.20 0.500
Holcus lanatus 18 7.80 0.022 1.90 0.501 4.50 0.049
Luzula campestris 12 5.10 0.053 3.60 0.064 2.10 0.091
Poa pratensis 18 8.10 0.019 0.90 0.120 1.50 0.945
Senecio jacobaea 18 6.40 0.047 2.10 0.180 0.33 0.733
Rosa spinosissima 16 5.30 0.035 4.50 0.048 2.10 0.552
Vicia cracca 18 1.05 0.776 2.50 0.465 0.75 0.107
EG1 26 40.24 0.003 0.12 0.721 0.23 0.632
EG2 26 4.37 0.043 1.47 0.243 0.34 0.568
EG3 26 9.20 0.005 10.16 0.008 1.54 0.234
EG4 26 1.59 0.227 5.70 0.020 2.10 0.157
EG5 26 5.22 0.049 0.60 0.797 0.20 0.656
EG6 26 12.74 0.001 0.01 0.901 0.03 0.953

Table 3 – F-statistic and P-value of ANCOVA testing for the effect of grazing and soil pH on plant community composition, as 
expressed by DCA axes 1 and 2, fifteen individual plant species and six emergent groups. 
N: number of observations; EG1: leafy hemicryptophytes with CSR strategy; EG2: semirosette hemicryptophytes with vernal leaf phenology; 
EG3: semirosette with low nitrogen demand; EG4: large seed length and flowering in summer; EG5: competitive chamaephytes; EG6: annual 
species with high seed index longevity.

Figure 2 – DCA ordination of thirteen paired grasslands studied 
(thirteen grazed and thirteen ungrazed sites).



24

Pl. Ecol. Evol. 144 (1), 2011

P

he
m

ic
ry

pt
op

hy
te

s, 
cl

on
al

 p
ro

pa
ga

tio
n,

 
ve

rn
al

 le
af

 
ph

en
ol

og
y,

 C
SR

 
st

ra
te

gy
 (E

G
1)

un
pa

la
ta

bl
e 

fo
rb

s
(E

G
2)

ta
ll 

gr
as

se
s, 

pa
la

ta
bl

e
(E

G
3)

le
af

y 
st

ru
ct

ur
e 

flo
w

er
in

g 
su

m
m

er
, 

hi
gh

 se
ed

 le
ng

th
(E

G
4)

w
oo

dy
, c

om
pe

tit
iv

e 
ch

am
ae

ph
yt

es
 

(E
G

5)

an
nu

lu
s, 

hi
gh

 se
ed

 
in

de
x 

lo
ng

ev
ity

(E
G

6)

cl
on

al
 p

ro
pa

ga
tio

n♣
**

*
7/

-7
4.

3/
-4

.3
-6

/6
2.

4/
-2

.4
4.

7/
-4

.7
-1

2.
5/

12
.5

se
as

on
al

 re
ge

ne
ra

tio
n 

in
 g

ap
♣

ns
2.

9/
-2

.9
-4

.4
/4

.4
0.

5/
-0

.5
-1

.8
/1

.8
0.

7/
-0

.7
2.

1/
-2

.1
he

ig
ht
♣
♣

**
*

2a
2a

2a
2a

4 b
2 a

ca
no

py
 st

ru
ct

ur
e♣

**
*

0.
2/

3.
5/

-4
.7

-0
.4

/-5
.2

/5
.7

-0
.5

/-6
.4

/5
.1

-0
.9

/0
.5

/0
.4

0.
7/

8.
3/

-9
0.

9/
-2

.5
/1

.6

es
ta

bl
is

he
d 

st
ra

te
gy

C
♣
♣

**
*

0 a
0.

25
 a

b
0 a

0.
25

 a
b

0.
5 b

0 a

S♣
♣

**
*

0 a
0.

25
 a

b
0.

25
 a

b
0 a

0 a
0.

25
ab

R
♣
♣

**
*

0 a
0.

25
 a

b
0.

25
ab

0a
0 a

0.
 5

 b

C
SR

♣
♣

**
*

0.
5 b

0 a
0.

5b
0.

25
ab

0 a
0a

le
af

 p
he

no
lo

gy
♣

**
*

-2
.2

/3
.6

/-0
.4

/-1
4.

3/
3.

2/
-9

.9
/2

.4
1.

6/
-1

.3
/-1

.3
/1

-0
.1

/0
.7

/-0
.2

/-0
.5

-7
/3

.7
/3

.4
/-0

.2
3.

5/
-9

.9
/7

.7
/-1

.9
lif

e 
fo

rm
♣

**
*

0.
8/

-1
5.

5/
1.

8/
9/

3.
5

0.
2/

-5
/1

.2
/4

.1
/0

.4
-0

.8
/0

.1
/0

.2
/0

.1
/0

.4
0.

4/
1.

4/
-2

.5
/1

.4
/-0

.5
1.

4/
4.

5/
-2

.5
/5

.5
/-6

.1
1.

9/
14

.2
/1

.9
/-2

0.
3/

2.
3

se
ed

 le
ng

th
♣
♣
♣

*
2 a

1.
7 a

2.
4 a

5.
1 b

2.
8 a

1.
4 a

se
ed

 In
de

x♣
♣
♣

**
*

0.
22

 a
bc

0.
32

 b
c

0.
31

 b
c

0.
02

 a
0.

12
 a

b
0.

43
 c

se
ed

 w
ei

gh
t♣
♣
♣

ns
1.

3
0.

97
1.

34
1.

4
1.

6
0.

29
se

ed
 sh

ap
e♣

♣
ns

2
2

2
2

2
1

tim
e 

of
 fl

ow
er

in
g♣

**
*

7.
4/

5.
4/

-1
2.

8
3.

2/
-3

.4
/0

.2
-2

.2
/-4

/6
.2

1.
3/

-3
.9

/2
.6

-2
.4

/3
.4

/-1
-8

.7
/2

.5
/6

.2
tim

e 
of

 g
er

m
in

at
io

n♣
**

3.
9/

1.
1/

-0
.4

-0
.6

/-3
.2

/-0
.6

-1
.6

/0
.6

/-3
-2

.6
/0

.3
/1

.3
-1

.2
/0

.3
/0

.8
2.

2/
0.

9/
0.

8
tim

e 
of

 d
is

pe
rs

al
♣

**
*

0.
2/

4.
2/

-3
.1

/-1
.3

0.
8/

-6
.4

/3
/2

.7
0.

8/
-4

.6
/2

/1
.7

-1
/6

/2
/-1

.1
/-4

0.
3/

2/
-4

.2
/1

.7
-1

/-1
.4

/3
.1

/-0
.7

pa
la

ta
bi

lit
y♣

**
3.

2/
-2

.2
/-1

1.
6/

-3
.8

/1
.2

-2
.2

/2
.5

/-0
.3

0.
1/

.3
/-0

.4
-5

.4
/3

.6
/1

.8
2.

8/
-1

.5
/-1

.6

El
le

nb
er

g 
in

di
ca

to
r

 v
al

ue
♣
♣

te
m

pe
ra

tu
re

ns
6

6
6

6
6

7.
5

m
oi

st
ur

e
**

*
7 c

6 b
5 a

6 b
7 c

6 b

ni
tro

ge
n

**
*

7 c
6 b

4.
5 a

6 b
6.

5 b
c

5 a

sa
lin

ity
ns

5
3

5
4

3
6 b

lig
ht

ns
8

7
7

7
7

-

Ta
bl

e 
4 

– 
A

n 
ov

er
vi

ew
 o

f s
ix

 e
m

er
ge

nt
 g

ro
up

s a
nd

 th
e 

tr
ai

ts
 a

ss
oc

ia
te

d 
w

ith
 th

em
.

♣
, P

ea
rs

on
 C

hi
² c

or
re

la
tio

n 
te

st
. V

al
ue

s a
re

 th
e 

di
ffe

re
nc

es
 a

m
on

g 
th

e 
ex

pe
ct

ed
 a

nd
 o

bs
er

ve
d 

va
lu

e 
fo

r t
he

 d
iff

er
en

t c
la

ss
es

.
♣
♣

, K
ru

sk
al

-W
al

lis
 te

st
. V

al
ue

s a
re

 th
e 

m
ed

ia
ns

. L
et

te
rs

 a
re

 si
gn

ifi
ca

nt
ly

 d
iff

er
en

t a
t 0

.0
5 

le
ve

l. 
(a

, b
, c

).
♣
♣
♣

, A
N

O
VA

 te
st

, V
al

ue
s a

re
 th

e 
m

ea
ns

. L
et

te
rs

 a
re

 si
gn

ifi
ca

nt
ly

 d
iff

er
en

t a
t 0

.0
5 

le
ve

l. 
(a

, b
, c

).
* 

P 
≤ 

0.
05

, *
* 

P 
≤ 

0.
01

, *
**

 P
 ≤

 0
.0

01
 a

nd
 n

s:
 n

ot
 si

gn
ifi

ca
nt

.



25

Kohyani et al., Grazing impact on plant spatial distribution and community composition

able, fixed factor), soil pH (covariate) and their interaction 
on vegetation composition in both community and emergent 
groups. The site scores on the first and second DCA axes for 
the analysis of the community, and the relative abundance of 
each emergent group were used as response variables.

A simple linear regression analysis was performed for 
each of the fifteen species, with log-transformed scale as in-
dependent and log-transformed species range as dependent 
variable for grazed and ungrazed sites separately. A regres-
sion line was thus obtained for each species and each plot. 
Differences in the slope of this regression line between plots 
in grazed and ungrazed sites were then analyzed for each spe-
cies by an ANCOVA, in which grazing and soil pH were used 
in the linear model as fixed factor and covariate, respectively. 

For the analysis of spatial turnover of community species 
richness, grazing, scale level and their interaction were en-
tered in the model as fixed factors, and pH as a covariate. 
A Tukey post hoc comparison was used to reveal the differ-
ences of plant turnover between the scale levels in grazed and 
ungrazed sites separately. All statistical analyses were com-
puted with SPSS 11.0.

Results

Response to grazing of plant community composition 
and individual plant species

The ANCOVA revealed a significant effect of grazing and 
soil acidity on plant community composition measured as 
scores on DCA axis 1 (table 3, fig. 2). We were only able  
to investigate the grazing response of fifteen plant species in 
our dataset. There was a large difference in response of in-
dividual plant species to grazing (table 3). Overall, Agrostis 
stolonifera, Cerastium fontanum, Crepis capillaris, Festuca 
rubra, Galium verum, Poa pratensis and Senecio jacobaea 
responded positively to grazing and no interaction between 
grazing and soil acidity was observed for all considered indi-
vidual plant species. In contrast, the cover of Arrhenatherum 
elatius, Calamagrostis epigeios and Rosa spinosissima sig-
nificantly declined under grazing. Anthoxanthum odoratum, 
Carex arenaria and Vicia cracca were the only plant species 
without any significant response to grazing (table 3). 

Emergent group identification

Cluster analyses resulted in six emergent groups, which sig-
nificantly differed in plant traits (table 4). Life form, canopy 
structure, leaf phenology and palatability were the main life 
traits driving the clustering. Most species in the first emergent 
group (EG1) were hemicryptophytes with a clonal propaga-
tion that mostly possessed vernal leaf phenology and CSR 
strategy. Unpalatable forb species were classified into the sec-
ond group (EG2). Tall graminoid species that could typically 
be characterized as highly competitive and palatable plant 
species built up the third group (EG3). Plant species with a 
generally leafy structure, flowering in summer belonged to 
the fourth EG. This group was also characterized by large 
seed length in comparison with other groups. All woody plant 
species (chamaephytes) that are highly competitive formed 

EG5. Finally, EG6 contains annual species with high seed 
index longevity (table 4). 

Grazing response of emergent groups

In general, there were large variations in response of the 
emergent groups to grazing (table 3). Relative abundance of 
EG1 and EG2 was higher in grazed conditions. Oppositely, 
EG3 and EG5 were significantly less abundant in grazed con-
ditons. EG4 did not significantly differ between grazed and 
ungrazed conditions. As expected, the relative abundance of 
EG6, which contained annual plant species, was more promi-
nent under grazing (table 3). 

Spatial turnover

Community species richness – Grazing (df = 1; F = 6.11; P 
< 0.05), scale level (df = 5; F = 8.55; P < 0.001) and their in-
teraction (df = 5; F = 5.8; P < 0.05) had a significant effect on 
plant species turnover. Plant turnover was higher between the 
smallest scales [0.125 × 0.125 m² and 0.25 × 0.25 m² (S5/6)] in 
grazed sites than in ungrazed sites. However, at higher scale 
levels the rate of plant turnover became larger in the ungrazed 
compared with grazed sites (fig. 3). The post-hoc comparison 
among the scales revealed that in the grazed sites, there was a 
fast accumulation of species at both the lower and the higher 
scale levels, while species turnover remained relatively con-
stant at the intermediate scale levels (fig. 3). In contrast, for 
the ungrazed sites, a fast accumulation of species was only 
observed at the higher scale levels. 
Individual species patterns – There was a significant linear 
relationship between log-transformed scale level and species 
range in both grazed and ungrazed sites for all fifteen plant 
species considered (table 5). However, the obtained slopes 
largely differed among the plant species, indicating different 

Figure 3 – Total species turn over in grazed (full line) and ungrazed 
sites (dashed line). Species turn over (Si/Si-1) was defined as the 
number of species in the higher scale level i divided by the number 
of species in the lower scale level i-1.
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fractal distributions of plant species (represented by b and 
DB). Five species had the same self-similarity pattern in ab-
sence and presence of grazing, the fractal distribution of the 
remaining ten species significantly changed in response to 
grazing and no significant effect of pH was found (table 5).

Discussion

Plant community and emergent group composition

We found that introduction of large herbivores led to a large 
difference in plant community composition, as expressed 
along the two first DCA axes, clearly separating grazed and 
ungrazed sites (fig. 2). This confirms and quantifies the pre-
liminary findings of Provoost et al. (2004), who described 
qualitative changes in plant community composition in coast-
al dune grasslands in response to grazing. As expected, varia-
tions in plant community composition result from different re-
sponse of individual plant species to grazing. Grazing indeed 
led to retardation of succession by reducing the plant species 
which are characterized as highly competitive species, Ar-
rhenatherum elatius, Calamagrostis epigeios, Holcus lana-
tus, Rosa spinosissima. Similarly, increase in less competitive 
plant species with grazing confirmed this pattern. These spe-
cies can be classified into two groups based on their response 
to grazing in coastal dune grassland of Belgium (Provoost et 
al. 2004): Anthoxanthum odoratum, Arrhenatherum elatius, 
Calamagrostis epigeios, Holcus lanatus, Rosa spinosissima 
are characterized as decreaser species in term of abundance. 
In contrast, grazing favours Agrostis stolonifera, Carex are-
naria, Cerastium fontanum, Crepis capillaris, Festuca rubra, 
Galium verum, Luzula campestris, Poa pratensis and Senecio 
jacobaea. Additionally the observed pattern for the effect of 

grazing on composition of emergent groups also confirmed 
the retardation effect of grazing on succession. The emergent 
group delineation was primarily driven by life form which 
indeed correlated with numerous morphological and physi-
ological traits (Lavorel et al. 1997). Among the six identi-
fied EGs, plants from five groups significantly responded 
to grazing either positively or negatively. Furthermore, dif-
ferences in response among EGs clearly demonstrated their 
functional significance. Because EGs contained species re-
acting to environmental factors similarly, they can be con-
sidered as true plant functional types (McIntyre et al. 1999) 
Plant species clustered in EG3 and EG5 were mostly highly 
competitive plant species characterized as late successional, 
dominant plant species in coastal dune grasslands (Hoffmann 
et al. 2005, Provoost et al. 2004). In the present study, tall 
perennial grasses, being the main contributors to the palat-
able biomass and dominant in ungrazed sites, were overall 
negatively affected by grazing. As a result, most of changes 
in plant community composition may be attributed to the fact 
that they considerably decreased under grazing. This was due 
to the extremely high abundance of A. elatius, C. epigeios 
in ungrazed sites in comparison with grazed sites. Absence 
of grazing is associated with competition for light and gen-
erally allows the establishment of large, competitive species 
(Tilman 1988, Grime et al. 1988). These conditions favour 
species with morphological and phenological characteristics 
that allow the plant species to compete efficiently for light 
(Gaudet & Keddy 1995). Competition for light will favour 
species with traits such as taller growth form, leafy structure, 
tall shoots and a strong lateral extension, which increase the 
species’ vulnerability to grazing. In contrast, grazing as a dis-
turbance factor has been found to be accompanied by an in-
crease in species with a ruderal strategy (Grime et al. 1988), 

species
regression analysis ANCOVA

grazed sites ungrazed sites grazing
b P DB b P DB F P

Agrostis stolonifera 0.187 0.003 1.626 0.405 0.001 1.19 7.14 0.020
Anthoxanthum odoratum 0.163 0.053 1.674 0.367 0.001 1.266 7.015 0.029
Arrhenatherum elatius 0.311 0.001 1.378 0.11 0.045 1.78 6.14 0.033
Calamagrostis epigeios 0.341 0.001 1.318 0.131 0.040 1.738 5.17 0.036
Carex arenaria 0.470 0.001 1.06 0.269 0.001 1.462 2.25 0.155
Cerastium fontanum 0.323 0.001 1.354 0.466 0.001 1.068 4.49 0.050
Crepis capillaris 0.315 0.001 1.37 0.501 0.001 1.001 2.52 0.135
Festuca rubra 0.174 0.001 1.652 0.496 0.001 1.008 23.14 0.001
Galium verum 0.173 0.024 1.654 0.197 0.001 1.606 2.57 0.124
Holcus lanatus 0.283 0.001 1.434 0.423 0.001 1.154 0.939 0.352
Luzula campestris 0.329 0.001 1.342 0.421 0.001 1.158 1.35 0.261
Poa pratensis 0.080 0.026 1.84 0.428 0.001 1.144 5.82 0.027
Senecio jacobaea 0.398 0.001 1.204 0.501 0.001 1.001 6.47 0.019
Rosa spinosissima 0.408 0.001 1.184 0.313 0.002 1.374 0.417 0.53
Vicia cracca 0.472 0.001 1.056 0.43 0.001 1.14 0.175 0.684

Table 5 – F-statistic and P-values of ANCOVA testing for the effects of grazing on the fractal distribution (β) of fifteen individual 
species. 
No significant effect of pH was found on fractal distributions of all plant species represented by β and DB. Slope (β) and P-value of the linear 
regression between the logarithm of scale level and the logarithm of species range. DB = the box-counting fractal dimension.
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an annual life history, a small statute and by an increasing 
relative abundance of forbs and annual grasses. The mecha-
nism underlying these patterns is probably the differential 
defoliation on a vertical gradient caused by large herbivore 
grazing. Tall, erect plants or plants with raised regeneration 
buds are eliminated, while small or rosette species survive. 
These traits were classified in two emergent groups in our 
study: EG2 and EG6. These groups generally contained less 
competitive plant species. This suggests that two plant com-
munities in grazed and ungrazed sites differed in successional 
pattern in vegetation, most probably caused by the introduc-
tion of large herbivore grazing.

Plant spatial pattern

Individual species – The slopes of the regression between 
log-transformed scale level and species range were significant 
for all species, but there were large interspecific differences in 
box-counting fractal dimension (table 1). Furthermore, spe-
cies reacted dissimilar with respect to fractal dimensions in 
response to grazing. Grazing indeed resulted in the break-up 
of the spatially aggregated pattern of Arrhenatherum elatius 
and Calamogrostis epigeios and led to a random distribution 
of Agrostis stolonifera, Anthoxanthum odoratum, Cerastium 
fontanum, Festuca rubra and Poa pratensis. The fractal di-
mensions of 1.78 and 1.73 for Arrhenatherum elatius and Ca-
lamagrostis epigeios in ungrazed plots indicate that changes 
in their distribution could be attributed to random processes 
in ungrazed conditions, while not so in grazed sites (1.37 and 
1.31 respectively). These two species are highly competitive 
species that are affected by herbivory (Tahmasebi Kohyani et 
al. 2008). Their distribution may, however, be restricted un-
der protection of other species or sites unfavourable for graz-
ing; as recently evidenced by Gomez (2005) and Bossuyt et 
al. (2005). This may cause a non-random distribution of these 
species in grazed sites under protection of grazing-resistant 
species. Herbivore exclusion may enable these plant species 
to colonize the grassland in a more evenly spatial pattern. 
Community species richness – A high species turnover be-
tween the smallest scales levels (S5/6) in grazed plots (fig. 1) 
may at the one hand be related to a small number of spe-
cies in S7 due to interspecific competitive exclusion (Bos-
suyt & Hermy 2004). The number of species in a small area 
depends on the size of the individuals and on the extent to 
which they are vertically stratified or horizontally intermin-
gled with each other (packing problem) (Crawley & Harral 
2001). Other studies also revealed that spatial interactions be-
tween plant species and competition for space restricted the 
co-occurrence of plant species at small scales (Spiegelberger 
et al. 2006). On the other hand, more species may co-occur in 
plots of the scale level S6 because of grazing. The results indi-
cate that the effect of limiting factors on plant species is more 
likely to be found at the smallest scale (0.125 × 0.125 m²) 
in grazed plots while in ungrazed situation this factor may 
still hamper the co-occurrence of a high number of species 
at smaller and intermediate scales (packing problem in scales 
lower than 2 × 2 m²). The activity of grazers may increase 
the rate of plant species turnover by creating patches suitable 
for colonization and seedling establishment (Bakker et al. 
2003). In absence of grazing, interspecific competition may 

still hamper the co-occurrence of a high number of species at 
smaller and intermediate scales, resulting in a constant spe-
cies turnover (self-similarity pattern). However, at the higher 
scale levels (between 4 × 4 and 8 × 8 m², from S4/5 to S0/1), the 
rate of plant turnover increased in both grazed and ungrazed 
sites. As demonstrated by Olff & Ritchie (1998), this is most 
likely caused by an increasing number of different microsites, 
differently colonised by a species. There are several reasons 
why species accumulate as the sample area increases: (i) 
probabilities to record rare species increase when more sam-
ples are taken; (ii) probabilities to record spatially aggregated 
species increase accordingly (a spatial clumping effect); (iii) 
species that are ecologically separated co-occur only at larger 
spatial scales (a spatial segregation effect); and (iv) distinc-
tive new sets of species appear when environmental condi-
tions become more heterogeneous (a habitat effect) (Crawley 
& Harral 2001). 

Conclusion

Our results indicate that the current grazing management is 
able to conserve species diversity by prevention of expansion 
of dominant highly competitive species. We studied vegeta-
tion changes at three different levels (community, emergent 
groups and species level) and the results of different levels 
are consistent. Additionally, the study presented here devel-
oped a simple, straightforward methodology for a functional 
analysis of plant community in relation to grazing. Based 
on that, different emergent groups with distinct ecological 
characteristics occurred in grazed and ungrazed grasslands. 
These changes in plant community composition and com-
position of emergent groups were accompanied by changes 
in spatial distribution pattern of plant individual species and 
community composition. Large mammalian herbivores are 
increasingly introduced into ecosystems, either as livestock 
for conservation purposes or as alien species in habitat that 
lacked grazer during recent evolutionary time (Bakker et al. 
2006). The trends shown by our results may help to develop 
strategies of appropriate biodiversity conservation manage-
ment. Grazer effects may vary with herbivore density, her-
bivore functional (physiologically dictated) type or species 
as well as their interactions with scale and soil. Future studies 
concerning these processes may gain more insight into the 
general mechanisms by which herbivores change plant diver-
sity in different habitats.
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