
Introduction

Grassland communities are characterized by high
small-scale turnover and spatial dynamics of plant species
(Herben et al. 1993a, Van der Maarel and Sykes 1993, Ot-
sus and Zobel 2002). This dynamics varies in space and
in time within the community according to five different
species strategies (Van der Maarel 1996): occasional, lo-
cal, pulsating, circulating and constant. Palmer and Rusch
(2001) have found in recent publications five factors as-
sociated with this high species turnover: weather fluctua-
tions that promote establishment by seed, high rates of
gap formation, a high proportion of species with short life
spans, young age of clonal population and high number of
potential colonizers. The role of small-scale dynamics in
local species coexistence is still not clear. Otsus and Zobel
(2002) made two assumptions: (1) for competitively infe-
rior species, a high mobility could reduce the negative
competition of dominant species by escaping in the avail-
able gaps; (2) for dominant species, the ability to occupy
space efficiently may mean a superior competitive trait.

Van der Maarel and Sykes (1993) proposed the
Carousel Model to describe this small-scale dynamics of
vegetation. This model suggests that over time any mi-
crosite can become a niche for any species participating
in the community. Wilson et al. (1995) proposed a variant
of this model: the Niche-limited Carousel Model. In this
model, there are only a limited number of niches within a
microsite. This model predicts a relatively constant rich-
ness at fine-scale.

To explore the internal dynamics of an established
plant community, the cell-grid method has been used
since the middle of the last century (Watt 1962). This
method consists in a repeated sampling of vegetation in
several small cells. Most studies explored small dynamics
with a temporal resolution of one year (e.g., Sykes et al.
1994, Van der Maarel and Sykes 1997, Klimes 1999,
Zobel et al. 2000). Only few cases have a recording inter-
val less than one year (Thórhallsdóttir 1990, Lafrage
2001).
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Our study was undertaken in a wooded pasture repre-
senting a typical landscape of the Swiss Jura mountains.
This ecosystem is characterized by a mosaic of trees,
shrubs and grassland grazed by cattle from May to Sep-
tember (Gallandat and Gillet 1999). Cattle activities, such
as dung deposition, herbage removal (grazing s. s.) and
trampling induce disturbance at short term and at fine
scale. These three activities have different impacts on
vegetation at a fine scale (bite and feeding station sensu

Bailey et al. 1996). Dung pats and urine have two main
effects on vegetation dynamics: (1) fertilization involving
a stimulation of plant growth, and (2) reduction of the
herbage attractiveness for cattle during the first months or
years after deposition. Trampling affects the vegetation
through detaching plant material with the hoof action and
by influencing the water regime in firming the soil (Ab-
delmagid et al. 1987). Furthermore, trampling creates
gaps and thus permits the establishment of new species
(Grubb 1977). The effect of herbage removal is princi-
pally the loss of biomass and a change in light competition
between species (Grime 2001).

The aim of the present work was to investigate at
month scale and at two spatial scales (1 dm2 and 1 m2) the
dynamics of species in the herbaceous layer of four dif-
ferent typical plant communities in wooded pastures. At
first, we described community dynamics at two spatial
resolutions. Then, we were interested in the behaviour of
each species and in its related dominance. After that, we
investigated the relationship between the dynamics of
species and cattle activity, in particular herbage removal
and trampling. Note that the dynamics of plant species we
consider here, which is sometimes called species mobil-
ity, must not be confounded with the mobility of plant in-
dividuals. The latter is quite impossible to investigate in
mountain pastures, essentially composed by clones of
perennial species for which the concept of individual is
irrelevant.

We were guided by the following working hypothe-
ses: (1) dynamics is higher at cell scale (1 dm2) than at
plot scale (1 m2); (2) changes at plot scale are driven by a
phenological shift and thus are essentially directional at
seasonal scale; (3) dynamics depends on species; (4) herb-
age removal by grazing depends on qualitative cattle se-
lectivity and thus does not depend on species dominance;
(5) selectively grazed species show higher dynamics at
cell scale but remain constant at plot scale; (6) trampling
increases species dynamics at cell scale.

At the end, we tried to use our results to learn which
model (carousel model or niche-limited carousel model)
could be relevant to explain the dynamics of plant species
at seasonal scale in pastures.

Material and methods

Study site

This study was conducted in the Jura Mountains of
north-western Switzerland. The study site is located in La
Métairie d’Évilard (Orvin BE, 47°09’ N, 7°10’ W) at an
elevation of about 1200 m a.s.l. The climate is predomi-
nantly temperate oceanic, with mean annual rainfall of
about 1600 mm (with more than 400 mm snow precipita-
tion) and mean annual temperature of 7 °C. The ground is
covered with snow from November to April. The area
contains a great diversity of habitats, from open grass-
lands to forest patches, with flat or sloping ground and a
heterogeneous soil mosaic (Leptosols, Cambisols, Luvi-
sols; taxonomy after Deckers et al. 1998). This landscape
is the result of decades of cattle activity. Climax vegeta-
tion is a beech forest. The management is extensive with
a rotational grazing system. During the observation pe-
riod in summer 2001, 120 heifers (49.2 Adult Bovine
Units, 29520 kg live-weight) stayed three times (rota-
tions) during 15 days in the period from May to Septem-
ber in the paddock where plots were placed (see below).
Surface of the paddock was about 25 ha. The herd was a
mix of Holstein and Swiss brown breeds.

Sampling design

We chose four typical community types building the
mosaic of the herb layer in wooded pastures, constituted
almost completely by perennial species. We placed pref-
erentially one permanent plot in each of them.

The first chosen community was the most widespread
in open areas, on soils of about 20 cm depth and with a pH
close to 5. This short-grass community was an ‘eutrophic
grazed meadow’ dominated by Festuca nigrescens,
Agrostis capillaris, Alchemilla monticola and Veronica

chamaedrys. The second community occurred on the
same soils, in mosaic in open areas with the first one, but
with a higher canopy. This tall-grass community appeared
generally where dung pats or urine have been left over by
cattle, inducing an excess of nutrients that temporarily in-
hibits grazing behaviour. It is dominated by Festuca ni-

grescens, Sanguisorba minor, Taraxacum officinale and
Cynosurus cristatus, and will be called ‘temporary re-
fused meadow’ in this paper. The third community oc-
curred also on the same soils, along the shaded edges of
the thickets. This ‘underwood herb community’ was
dominated by Carex montana, Fagus sylvatica (seed-
lings), Festuca nigrescens and Narcissus pseudonarcis-

sus. The last chosen community was an ‘oligotrophic
lawn’ (calcicolous dry grassland) dominated by Helian-

themum nummularium subsp. obscurum, Hippocrepis co-
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mosa, Carex sempervirens and Koeleria pyramidata. It
appeared in open areas on soils of about 5 cm depth and
with a pH of about 6.5. See Appendix 1, for a complete
list of species and mean cover.

Vegetation sampling

We chose a spatial resolution of one square decimetre
and an extent of one square meter using a square grid with
one hundred cells. It was not possible to lay the grid down
onto the soil because of the density of the vegetation.
Thus, the grid was kept fifteen centimetres above the
ground with four perforated plastic tubes. In order to place
the grid every time in the same position, we fixed in the
soil two other perforated plastic tubes at opposite corners.
A wooden rod was then placed through the two super-
posed tubes to adjust the grid. The four plots were ob-
served five times during the vegetation season, between
May and September. In the whole study, 2000 cell-re-
cords were made. We recorded in each cell the exhaustive
list of species and we estimated the absolute cover of each
species with Braun-Blanquet’s dominance code. Plants
were often only at vegetative state and sometimes drasti-
cally grazed, inducing identification problems (Klimes et
al. 2001) and indeed, this required training in species rec-
ognition. To reduce bias with this respect all records were
made by the same observer. At each time, the plot records
were constructed by aggregating the 100 cell records.
Species absolute cover at plot scale was the mean of the
species absolute cover in the 100 cells (deduced from
dominance Braun-Blanquet’s codes). Species frequency
at each time was measured by dividing the sum of all oc-
cupied cells by 100.

To get information on cattle activities, we recorded
traces on grazing and trampling. We noted for every spe-
cies for each cell if it has been grazed or not. Even if
rough, this binary index appeared as a good compromise
between precision and efficiency. Trampling effect was
more difficult to assess. The size of a hoof corresponds to
about one square decimetre and trampling disturbance is
not selective. Therefore, we planted at the beginning of
every rotation a 20 cm long vertical wooden stick into the
ground in the middle of each cell and we checked later for
broken or bent sticks. We may assume that this measure
can be used as a rough binary index of trampling occur-
rence within the cell even if it could be due to another cat-
tle activity, such as grazing. At plot scale, trampling in-
tensity at each time was calculated by summing all
occurrences.

Each record of one square meter required five to eight
hours of labour or more, depending of the species richness
and on the state of development of the vegetation. Our

sampling design did not permit to study dunging and gap
creation because these two disturbances were too rare and
localised.

Statistical analysis

At first, we studied the dynamics from a community
point of view. To know if the seasonal dynamics de-
pended on spatial scale, we calculated the richness and the
cumulative richness of species (Van der Maarel et al.
1995) per cell (1 dm2) and per plot (1 m2). Furthermore,
to assess the spatial arrangement of the community
through time, we calculated for all vegetation records
within each plot and at each session the Mantel correlo-
gram with Pearson’s correlation coefficient using the R
package (Casgrain and Legendre 2001).

Secondly, we studied the dynamics at a population
point of view. To detect different specific behaviours, we
defined three exclusive strategies for species according to
their dynamics:

• Casual: species appearing only once, except in May
and September,

• Pulsating: species disappearing and appearing newly
during the season,

• Persistent: species remaining at least through two
successive months and which were not pulsating.

Contrary to Van der Maarel (1996) who took into account
spatial and temporal aspects, this classification uses only
time series of one plot or cell. This classification excludes
vernal and late species, which appeared only in May or in
September, because we do not know what happened be-
fore or after that period. Furthermore, because we did not
have any control on underground patterns, it is possible
that some extinction events represented only disappear-
ance of aboveground shoots, for example, after grazing. It
is important to remember that our study does not consider
individuals but instead species. We calculated at plot and
cell scale the percentage of species showing at least one
of the three strategies. At cell scale, this was done by
checking the species behaviour over the five records car-
ried out in the same cell. At plot scale the five 1 m2 records
were used instead. Thus, at cell scale one species may be-
have according to more than one strategy. So, we calcu-
lated for each species the relative importance of each
strategy using the hundred cells per plot.

Thirdly, we assessed the role of cattle activity in the
community dynamics at both scales. We calculated for
each cell the grazing intensity as the sum of the relative
cover (deduced from Braun-Blanquet codes) of all indi-
vidual species that were grazed after each rotation. Fur-
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thermore, for each plot at each session, we calculated the
percentage of broken sticks.

Spearman rank correlations were used to investigate
the relationship between the mean annual turnover (mean
of turnover in a cell during the study) and the mean annual
grazing intensity (mean of grazing intensity in a cell dur-
ing the study) or the total trampling occurrences (number
of sticks broken in a cell during the study). The turnover
between consecutive sessions was calculated by using
Jaccard’s dissimilarity index (1 – Jaccard’s binary simi-
larity, Güsewell et al. 1998). Because data in contiguous
grid samples are autocorrelated (Jonsson and Moen
1998), we corrected the degree of freedom and the P-
value, accounting for spatial autocorrelation, by the
method of Dutilleul (1993) when testing the Spearman
rank correlation. This correction was computed with the
Mod_t_test program (Legendre 2001).

From a population point of view, Spearman rank cor-
relation was also used to investigate in each plot for each
species the relationship between the relative importance
of the three strategies (see above), or the mean annual
cover of the species (annual mean species cover of all re-
cords) and the mean grazed species cover (annual mean
of the proportion of species cover with traces of grazing).

Except the correction of Dutilleul (1993) and the cor-
relograms of Mantel, all calculations were performed
with R 1.8.1 (R Development Core Team 2003).

Results

Community point of view

The evolution of species richness and cumulative spe-
cies richness in the different vegetation types at cell scale
and at plot scale is shown in Fig. 1. In each plot, the mean
number of species per cell did not show any obvious trend
whereas the cumulative richness increased. The maxi-
mum cumulative number of species per cell was increas-
ing up to about half of the total cumulative number of spe-
cies per plot. The lawn pattern appeared as the most
constant with a small difference between the number and
cumulative number of species. At this scale, the four
vegetation types showed globally the same behaviour. By
contrast, at plot scale the richness varied with a maximum
in June for the temporary refused meadow, the under-
wood and the lawn, and in September for the grazed
meadow. In the lawn, the underwood and the temporary
refused meadow, the cumulative richness increased dra-
matically in June and more gently after. Correlograms of
Mantel (Fig. 2) showed at each period and for all vegeta-
tion types significant positive autocorrelation for short
distances. This spatial autocorrelation was highest in the

Figure 1. Species richness (grey lines) and cumulative species richness (black lines) in four vegetation types (A: grazed
meadow, B: temporary refused meadow, C: underwood, D: lawn) from May to September. At 1-dm2 scale (above), mean
(solid lines), and maximum and minimum (dashed lines) are represented. At 1-m2 scale (below), absolute values are given.

10 Kohler et al.



underwood and lowest in the lawn. There were significant
negative values for longer distances, except in the lawn
where only few negative values were significant. The
general pattern did not vary over the season in any of the
communities except for the grazed meadow in September.
At this time, the correlogram was more contrasted with
higher positive values at small distances and higher nega-
tive values for longer distances.

Population point of view

At plot scale, most of the species were persistent and
only few were casual or pulsating (Fig. 3). This means
that almost all species appeared at one moment, persisted
during at least two months and disappeared. On the other
hand, at cell scale almost all species could behave as per-
sistent, pulsating or casual. Fig. 4a and b show for each
species ordered by annual mean frequency the relative
percentage of each strategy. The persistent strategy domi-
nated generally, but in each vegetation type some species
presented an important proportion of the two other strate-
gies. By definition, species with high frequency are per-
sistent because even if individuals or clones moved there
is a high probability that they occupied a cell already oc-
cupied at the last session. This explains why the persistent
strategy dominated for the most frequent species. Thus, it
is more interesting to consider species with medium or
low frequency. For species with medium frequency, the
persistent strategy dominated. There were some excep-
tions. For example, in the grazed meadow, the temporary
refused meadow and the underwood, Rumex acetosa

showed a large proportion of pulsating and casual behav-
iour. Crepis mollis in the grazed meadow and in the un-
derwood, Anthoxantum odoratum in the temporary re-
fused meadow, Veronica officinalis in the underwood or
Potentilla crantzii in the lawn presented also a high pro-
portion of pulsating and casual strategies. Species with a
low frequency showed generally a high proportion of cas-
ual behaviour. There were in this case also some excep-
tions such as Potentilla erecta in the grazed meadow or in
the temporary refused meadow.

Cattle activity

The pattern of herbage removal in June after the first
rotation and in September at the end of the season was

Figure 3. Percentage of species appearing at least once
with the strategy casual (A), pulsating (B) and persistent
(C) at plot (black) and cell (grey) scale.

Figure 2. Mantel correlograms with Pearson’s correlation coefficient between vegetation records in 1-dm2 cells of each plot
at each session. Diamonds: May; squares: June; triangles upper: July; dots: August; triangles lower: September. Full: sig-
nificant P value (0.05) with correction of Bonferroni. A: grazed meadow; B: temporary refused meadow; C: underwood; D:
lawn.
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Figure 4a. Proportion of observed strategies at cell scale for all species. Vernal and late species were excluded (see explana-
tion in the text). AMF ± SD: annual mean frequency ± standard deviation; Pe: persistent; Pu: pulsating; Ca: casual; A:
grazed meadow; B: temporary refused meadow. For species abbreviations see Appendix 1.

Figure 4b. Proportion of observed strategies at cell scale for all species. Vernal and late species were excluded (see explana-
tion in the text). AMF ± SD: annual mean frequency ± standard deviation; Pe: persistent; Pu: pulsating; Ca: casual; C: un-
derwood; D: lawn. For species abbreviations see Appendix 1.
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completely different (Fig. 5). In June, the grazed meadow
was the most grazed and in September the four communi-
ties were almost equally intensively grazed. The variation
was very high, indicating that at very fine scale the pattern
of herbage removal was very heterogeneous. In the grazed
meadow, for example, some cells were never grazed de-
spite a high grazing rate in neighbouring cells. The situ-
ation was very different for trampling occurrence. In June,
an equal high number of broken sticks was recorded in all
communities, indicating that every community was vis-
ited. In September, there were more broken sticks in the
temporary refused meadow and less in the grazed
meadow.

From a community point of view, there was no corre-
lation between the mean turnover and the grazing inten-
sity or the trampling occurrence (results not shown). From
a population point of view, there were some significant
positive correlations between persistent strategy and the
mean grazed species cover (Table 1). Pulsating strategy
was positively correlated as well, whereas casual strategy

was negatively correlated with grazing intensity. Addi-
tionally, all correlations between cover and grazing inten-
sity were significant, indicating that a species with a high
cover had more chance to be grazed than a low-covering
species. Thus, there was no clear selection of species at
this scale.

Discussion

Change in species assemblage and scale effect

Our results showed that seasonal changes in species
composition and distribution were very strong and scale-
dependent. At plot scale, changes can be explained
mainly by a phenological shift, due to life-history traits of
species. Indeed, most of the species appeared at one time,
persisted in the community at least for two months (per-
sistent type) and disappeared after finishing their life cy-
cle or were waiting for the next favourable season. By
contrast, changes at cell scale were only partially due to
the phenological shift. Dynamics of species plays an im-
portant role at this scale. Almost every species can either
appear only once (casual) or disappear and then reappear
during the season (pulsating). Herben et al. (1993b) ob-
served the same phenomenon at annual scale with high
dynamics at 3.3 cm x 3.3 cm and low dynamics at 50 cm
x 50 cm. They conclude that at small scale forces act on
species composition so as to make dynamics non-direc-
tional. Furthermore, Pärtel and Zobel (1995) concluded
that both relatively stable and successional communities
show a similar high small-scale turnover. Also, the spatial
autocorrelation pattern was constant over time, indicating
that the spatial structure of the community did not change
during the season, despite changes in the floristic compo-
sition. Therefore, at fine and seasonal scale and despite
changes in the vegetation texture, the structure seems to
be very persistent in the four communities with different
ecological characteristics. The community with the low-
est dynamics was the lawn. This vegetation type which
grows with low soil nutrient availability and in dry condi-
tions has a low growth rate and consequently probably
also less ability to move its species. We can also suppose
that this vegetation, with the lowest height and cover, in-

Table 1. Spearman rank correlation between for each spe-
cies the annual mean grazed species cover (G) and the pro-
portion of strategies (Pe: persistent, Pu: pulsating or Ca:
casual) in the 100 cells or the mean annual species cover
(Co) (see details in the text). • < P 0.1, * < P 0.05, ** P <
0.01, *** P < 0.001.

Figure 5. Proportion of broken sticks for the entire plot
(100 cells) and mean with standard deviation of amount of
vegetation cover affected by grazing per cell (grazing inten-
sity) in each vegetation type after the first rotation (June)
and after the last one (September). White: grazed meadow;
dark grey: temporary refused meadow; black: underwood;
light grey: lawn.
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duced less competition between species for space and that
there was therefore less strength for a high spatial dynam-
ics. Nevertheless, Chiarucci et al. (2002) suggested re-
cently that physical space is probably never limiting by
itself in terrestrial higher-plant communities.

Species strategies

Different species showed a contrasting proportion of
the three strategies. Otsus and Zobel (2002) observed also
high differences among species for vegetative turnover.
We can explain the high proportion of casual and pulsat-
ing behaviours for medium-frequency species by three
different strategies to maintain the population: (1) adult
plants are very mobile, (2) adult plants are not mobile at
all but there is a flush of seedling establishment which die
soon before reaching any significant cover and (3) adult
plants have a high regenerative potential after having
been completely grazed (pulsating behaviour). On the ba-
sis of the present data, we cannot distinguish between
these three strategies but there is some indication that all
of them are involved. The high proportion of species with
clonal reproduction in grasslands (Tamm et al. 2002,
Klimes et al. 1997) points to a high possibility to adult
plants to move. The importance of the second strategy is
less clear. Marriott et al. (2002) concluded that in the
closed canopy of the grazed meadow there is little oppor-
tunity for seedling development whereas Jakobsson and
Eriksson (2000) who sown 50 species in undisturbed
grasslands found that 90% of the species established re-
cruits. About the third strategy, Lardner et al. (2002)
showed a high availability of some grass species to re-
grow rapidly after sheep grazing. Furthermore, Klimes
and Klimesova (2002) suggested that higher regrowth
ability of less competitive grasses could explain species
coexistence in species-rich meadows.

For species with weaker competitive ability, we can
interpret the casual behaviour as a means to escape com-
petition (Huckle et al. 2000). In plots of 10 m2 Collins and
Glenn (1991) have shown that at small spatial scales there
is a high degree of stochastic variation over time among
satellite species (locally less abundant) within a stable
matrix of core species (locally more abundant).

Dynamics of species and cattle activity

Concerning the effect of cattle activities on this dy-
namics, results were less clear. There was no evidence of
direct influence of these activities on the turnover of the
community, perhaps due partially to the lack of precision
of our indices of grazing and trampling. These results
could have been explained by supposing a homogeneous
pattern of grazing at fine scale but this was clearly not the

case (Fig. 5). Furthermore, at plot scale for the temporary
refused meadow or for the lawn there was a clear shift of
the importance of grazing during the season and indeed
this illustrates the well-known process of broadening of
the exploration by cattle, which makes that more vegeta-
tion types are eaten when the season goes on. This clear
shift in cattle activity did not seem to induce particular
dynamics in the plant community. The number or the cu-
mulative number of species at cell scale for the lawn and
the temporary refused meadow showed the same trend as
the grazed meadow, which was always highly grazed dur-
ing the season. The absence of links between cattle activi-
ties and seasonal turnover at small scale could be ex-
plained by the fact that internal dynamics of communities
caused by non-linearities in system structure (Herben et
al. 1993a) dominate at fine scale, cattle activities acting at
larger space and time scales.

There was no evidence in our results for selectivity of
species by cattle grazing. The more a species has a high
cover, the more it is eaten. Grant et al. (1985) explained
this incapacity of cattle to select species at fine scale by
its mouthparts form. Positive correlation between persist-
ent strategy and grazing intensity seemed not causal and
could be explained by an indirect correlation induced by
the amount of cover, which was positively correlated with
the removed biomass. On the other hand, this positive cor-
relation could explain the highest mobility of less abun-
dant species. By grazing the more covering species, cattle
created free space where other species could immigrate.
Positive correlation with the pulsating strategy could be
explained by the fact that a high herbage removal may in-
duce a disappearance of aboveground parts, which can re-
appear later. Like with the persistent strategy, negative
correlations with the casual behaviour seemed not causal
and could be explained by an indirect correlation induced
by the species cover.

Carousel model

Many species showed a constant frequency during the
season (species with a low SD in Fig. 4a and b) while dy-
namically active (fairly high proportion of pulsating or
casual behaviour), suggesting a carousel at this time scale.
This result implies that the ‘Carousel times’ calculated by
Palmer and Rusch (2001) with time resolution of one year
could be faster in reality. Ranunculus acris occupied in
the grazed meadow at a given time 55% of the cells but it
was observed at least once in 84% of the cells during the
season, which makes a difference of 151%. This example
shows the importance of having an adequacy between
time and space scales. Another interesting result is that the
mean number of species per cell did not show any trend
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over time in each cell despite high fluctuations at plot
scale (Fig. 1) and high proportion of casual and pulsating
strategies (Figs 3 et 4). These results seem to be on line
with the ‘Niche-limited Carousel Model’ of Wilson et al.
(1995), even if they cannot fully support it. This model
supposes that species are mobile in the community but
can emigrate in a microsite only if a species disappears.

In conclusion, dynamics and internal species turnover
of the community at fine scale and short time seem to be
more driven by internal characteristics of the community
rather than by disturbances induced by cattle. The latter
plays a role at larger scale (more than 1 m2) by maintain-
ing the composition and the structure of the different com-
munities (Kohler et al. 2004). Furthermore, at seasonal
scale, plant communities may be stable in their structure
despite fluctuations in their texture.
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Appendix 1: Mean absolute cover in percent (deduced from dominance Braun-Blanquet’s codes) of species for the five
consecutive plot records in the four communities (A: grazed meadow, B: temporary refused meadow, C: underwood, D:
lawn).
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