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Abstract: Tussock-forming graminoids play an important role in high-altitude grasslands. In tussocks many other plant
species can grow, forming small communities. However, little is known about such small-scale vegetation, especially dur-
ing succession. In an abandoned subalpine pasture in the Swiss National Park, we studied population dynamics and
within-tussock vegetation of Carex sempervirens in four successional grassland stages (i.e. early, young, mature and se-
nescent) distinguished at community level. At population level, we observed a succession process encompassing both di-
rectional and cyclic elements. In agreement with a decrease in grazing pressure and tussock vitality, similarity of the vege-
tation within tussocks decreased from the early to the senescent stage. Within-tussock vegetation of the early stage was
more similar to that of the young stage than to that of the mature and the senescent stage. Fuzzy ordination revealed a
similar pathway of succession in C. sempervirens tussocks as observed at community level. We conclude that succes-
sional transition from grassland to forest may encompass more than one C. sempervirens cycle and with each cycle floris-
tic composition both inside and outside C. sempervirens tussocks will become more similar to the subsequent forest stage.
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INTRODUCTION

Economically, traditional agriculture and forestry cur-
rently applied in the Alps are becoming increasingly less
viable, so that considerable areas of subalpine and alpine
grasslands will be abandoned and undergo secondary succes-
sion [1,2]. Vegetation succession is generally considered as
either a directional process [3] or a cyclic one [4-9]. How-
ever, succession may also be a spiral process, i.e. a large-
scale, long-term directional process that encompasses small-
scale, short-term cycles of vegetation changes [8].

Vegetation dynamics and succession may be viewed as
population-based processes, and characterized as the re-
placement of dominant plant species over time [10-12]. In
many ecosystems, especially in wetlands, tundra and high-
altitude grasslands, tussock-forming species play a central
role in structuring community and in vegetation succession
[13-19]. Therefore, to understand succession processes in
these ecosystems and develop spatially and temporally sound
succession models, knowledge on the underlying population
dynamics of the tussock plants are crucial [20].

In tussocks of some caespitose species many other plant
species can grow, forming small plant communities.

* Address correspondence to this author at the State key Laboratory of Vege-
tation and Environmental Change, Institute of Botany, Chinese Academy of
Sciences, Beijing 100093, China; Tel: +86 10 62836635, Fax: +86 10
82594676; E-mail: feihaiyu@ibcas.ac.cn

1874-3986/08

Examples of such tussock-forming species include Molinia
caerulea in wet heathlands of Great Britain [21], Eriopho-
rum vaginatum in the tundra of Alaska [22], Carex stricta in
freshwater wetlands of North American [18], and Carex
sempervirens in alpine and subalpine grasslands of Central
Europe [23,24].

In tussocks micro-environmental conditions (e.g. light,
temperature, water and nutrients) and biological processes
(e.g. competition, grazing, litter decomposition and nutrient
cycling) are very likely to be different from the surrounding
areas [19,22,25-30]. Consequently, floristic composition in
tussocks is very likely to be different from that outside the
tussocks [31,32]. Individual tussocks thus may be treated as
small ‘island’ communities [18]. Up to date, however, only
little attention has been paid to these within-tussock commu-
nities [18,31,32].

The present study deals with the role of the tussock-
forming sedge Carex sempervirens in the succession of an
abandoned subalpine grassland in the Swiss National Park.
We focused on tussock density, vitality and size distribution
at population level, as well as on floristic composition at
within-tussock level. Specifically, we addressed the follow-
ing questions: (1) How does the population structure of C.
sempervirens change during grassland succession? (2) What
type of succession (cyclic, directional or spiral) is supported
by the population data? (3) Does the floristic composition of
the small-scale plant communities within tussocks of C.
sempervirens change with the successional stage of the

2008 Bentham Open



9 The Open Forest Science Journal, 2008, Volume 1

grassland where the tussocks grow? (4) If so, are these
changes at the scale of tussocks independent of the surround-
ing vegetation or do they mirror the changes observed at
community level?

MATERIALS AND METHODS
The Species

Carex sempervirens Vill. (evergreen sedge) is a perennial
tussock-forming, 20-60 cm tall sedge [33]. In the mountain
ranges of Central and Southern Europe, C. sempervirens is
quite frequent and often dominates nutrient-poor grasslands
both below and above the timberline [33]. Tussocks of C.
sempervirens have a well-defined, more or less cylindrical
base that consists of densely packed tiller stems, fine roots
and litter. In C. sempervirens tussocks we found many dif-
ferent vascular plant species. Most frequent were Galium
pusillum L. (89%), Briza media L. (76%), Campanula
scheuchzeri Vill. (63%), Ranunculus montanus Willd.
(58%), Trifolium repens L. (58%), Phyteuma orbiculare L.
(52%), F. rubra (42%), Achillea millefolium L. (40%), Poly-
gonum viviparum L. (37%) and Crepis alpestris (Jacq.)
Tausch (36%) [23,24].

Study Site

The study was carried out in the Swiss National Park
(SNP), located in the Engadine valley of the Central Alps.
The SNP ranges in altitude from 1400 to 3174 m a.s.l. and
covers 170 km?, of which 29% are occupied by forest, 21%
by alpine and subalpine grasslands, and 50% by unproduc-
tive terrain [34]. The Swiss Meteorological Institute recorded
in the SNP (Buffalora, 1917-2003) an annual temperature of
0.27 £ 0.67°C (mean = 1 SD) and an annual precipitation of
926 = 162 mm. The soil substrate in the SNP is mainly de-
rived from dolomitic sediments [34].

The SNP is one of the few areas in the Alps where all
agricultural, silvicultural and hunting activities have been
completely banned for most of the 20" century (sincel1914).
In 1917 J. Braun-Blanquet started to monitor vegetation
change by establishing the first of more than 160 permanent
plots [34-36]. Starting in 1918, every year, the wild ungu-
lates present in the SNP were counted [37]. The 20™ century
was marked by a sharp increase in the density of red deer
(Cervus elaphus L.), from nil in 1920 to about 20 per vegeta-
tion-covered km? in 1970 (range 1970-99: 17.9 to 27.9 per
kmz). In 1999, in addition to 1824 red deer, 1624 chamois
(Rupicapra rupicapra L.), 395 ibex (Capra ibex L.) and a
few roe deer (Capreolus capreolus L.) were counted [37].

The study area, Alp Stabelchod, is an abandoned subal-
pine pasture, 10.7 ha in size, facing southwest with a slope of
about 6° and ranging in altitude from 1920 to 1980 m a.s.l..
In the middle ages, Alp Stabelchod was created by cutting
and possibly burning the pristine forest. During the follow-
ing centuries, Alp Stabelchod was used as pasture for sheep
and cattle [34]. At the time when the SNP was founded in
1914, the vegetation on Alp Stabelchod was not uniform but
showed the typical pattern of subalpine pastures with distinct
nutrient, grazing and succession gradients from the hut to the
forest edge [2,34,38,39]. Compared to the extremely nutri-
ent-rich but ungrazed tall-herb communities near the stable
and the adjacent heavily grazed pasture, the nutrient-poor
and undergrazed areas near the forest edge corresponded
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already at the time of abandonment to a fairly advanced suc-
cessional stage. Between 1914 and 1940 succession pro-
ceeded very slowly but largely undisturbed and with little
impact on the pattern present at the time when commercial
grazing was stopped [35,36]. After 1940 red deer started to
use the most nutrient-rich parts of the pasture, transforming
the tall-herb communities and the more nutrient-rich parts of
the pasture into a shortgrass sward dominated by red fescue
(Festuca rubra) [36,40].

On Alp Stabelchod, vegetation change after the cessation
of commercial grazing and following the re-immigration of
red deer was monitored on more than 10 permanent plots.
The permanent plot data clearly demonstrate that the plant
communities present today on Alp Stabelchod represents a
series of successional stages [35,36,40,41].

Sampling Design

Achermann (2000) subdivided Alp Stabelchod into 268
plots, each 20 m x 20 m in size [40]. In each plot, percentage
cover of each vascular plant species was estimated within an
1 m x 1 m subplot [40]. In addition, phosphorous content in

the top soil and grazing pressure by red deer were also meas-
ured [40,42].

Based on the floristic releves of Achermann (2000) [40]
and the successionally relevant species groups distinguished
in the succession model of Wildi and Schiitz (2000) [43],
each plot was assigned to one of four successional stages
characterized by the dominance of (i) F. rubra, (ii) F. rubra
and C. sempervirens, (iii) C. sempervirens, and (iv) C. sem-
pervirens and Sesleria coerulea (L.) Ard., respectively. With
regard to number and vitality of tussocks of the evergreen
sedge C. sempervirens, we labeled the four stages as follows:
(i) early (C. sempervirens is very rare), (ii) young (C. sem-
pervirens population is building up), (iii) mature (C. sem-
pervirens is dominant) and (iv) senescent (C. sempervirens
population is getting weaker). Spatially, the four stages form
more or less concentrical circles around the place where
formerly the stable was located. From the early to the senes-
cent stage, soil phosphorous content and grazing pressure by
red deer decreased, whereas species richness in the 1-m’
plots and cumulative species richness in 20 1-m® subplots
increased (Table 1).

In each of the four successional stages, we randomly se-
lected five plots. In each of the 20 selected plots, we then
randomly selected 30 C. sempervirens tussocks. In every
selected C. sempervirens tussock, we recorded name and
percentage cover of each vascular plant species rooting in-
side the tussock base. Diameter of tussock base was meas-
ured as an indicator of tussock size. In addition, we meas-
ured the following tussock vitality parameters: height of tus-
sock base (BH), maximum diameter of tussock canopy
(MD), maximum and average height of tussock canopy (MH
and AH), number of inflorescences of C. sempervirens (IN),
tussock canopy cover (CC) and cover of litter on tussock
base (LC). Population density of C. sempervirens tussocks in
each plot was estimated using nearest distance method based
on 30 distance measures [44].

Data Analysis

We used a nested MANOVA (plots nested within succes-
sional stages) followed by pairwise contrasts on vitality re-
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Table 1.
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Description of the Four Successional Stages Based on Data from Leuzinger (1999), Achermann (2000), Wildi and Schiitz
(2000) and Schiitz et al. (2000b) [40-43]. Mean + 1 SE is Given. Within One Line, Means Sharing the Same Letter are Not
Different at P<0.05 (ANOVA Followed by Student-Newman-Keuls Tests)

Parameter Early Young Mature Senescent
Number of plots 37 50 106 75
Phosphorous content (mg.kg™) 240.7+7.5a 205.8+6.8b 172.7+4.1¢ 161.6£5.1¢c
Species Richness
No. of species in 20 1-m” subplots 72.0£0.6¢ 80.6+2.4ab 79.0£1.9b 84.4+1.2a
No. of species per 1-m” subplot 27.9£1.0b 31.8+0.6a 30.6£0.5a 31.1+£0.7a
Grazing Pressure (Mainly By Red Deer)
No. of grazing deer per plot” 20.2+2.6a 20.7£2.7a 6.3%1.1b 5.8+1.2b
No. of faecal-pellets per plot 26.9+1.8a 23.3%1.7a 15.4+0.9b 17.4+1.1b
Cover of short grass (%) 78.1+4.3a 57.94+4.9b 19.542.5¢ 20.8+3.0c
Cover of Successionally Important Species (%)

Festuca rubra 13.4£1.4a 6.5+0.9b 2.9+0.4¢ 5.1+0.5b

Carex sempervirens 1.0+0.4c 7.0+1.1b 28.2+1.7a 5.7+0.8b
Sesleria coerulea 0.0+0.0c 0.7+0.3¢ 7.6+0.8b 20.5+1.6a

Observed during 54 nights between May and September of 1998 (Leuzinger, 1999) [42].

lated measures (BH, MD, MH, AH, IN, CC and LC) to de-
termine if the vitality of C. sempervirens differed among the
four successional stages [45]. Since we expected that C.
sempervirens would become weak in the senescent stage, we
also examined the difference between the senescent stage
and the pooled early, young and mature stages [46]. A nested
ANOVA followed by pairwise contrasts was also applied to
each tussock trait to examine if it differed among the four
stages. Differences in tussock density and size distribution
among the four stages were examined by Kruskal-Wallis
tests and Kolmogorov-Smirnov tests, respectively [46].

We calculated the similarity (i) between the vegetation
inside C. sempervirens tussocks of the same successional
stage, and (ii) between the vegetation inside C. sempervirens
tussocks of different successional stages, based on the fol-
lowing index [47],

X Vi
Sey = 2 2 Pl
zxi +zyi zxiyi

where S, , is the vegetation similarity between tussocks x
and y, x; and y; are the scores of species i in tussocks x and y,
and »n is the number of species. Using fuzzy ordination [48]
with Mulva 5 software [49], we also examined if the
vegetation inside C. sempervirens tussocks showed a similar
succession pathway as observed at community level. The 1*
and 2™ fuzzy ordination axis were defined by the vegetation
outside C. sempervirens tussocks using the averaged relevé
of Achermann (2000) [40] from the early and the senescent
stage, respectively. Fuzzy ordination here determines the
degree of belonging of the vegetation inside tussocks to the
vegetation outside tussocks of the early stage (1** ordination
axis) and of the senescent stage (2™ axis), and is based on
the same similarity index as described above. Irrespective of
the transformation of the data (untransformed or square-root
transformed cover data or presence-absence data), the

(i=1,2,...,n)

resulting pattern was basically the same, so that we only
presented the result from the untransformed relevés. For
similarity caculation and Fuzzy ordination, we used only
tussocks with a basal diameter >15cm.

RESULTS
Population Density

Population density of C. sempervirens was highest in the
mature stage (82215 tussocks ha™) and lowest in the early
stage (5395 tussocks ha™), and there was no marked differ-
ence between the senescent (12420 tussocks ha') and the
young stage (12585 tussocks ha™', Fig. (1)).
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Fig. (1). Population density of Carex sempervirens in the four suc-
cessional stages. Mean = 1 SE is given. Bars sharing the same letter
are not different at P = 0.05 (Kruskal-Wallis tests).
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Size Distribution

Size distributions of C. sempervirens tussocks in the
early and the mature stage were significantly different and
they also differed significantly from those in the young and
the senescent stage (Fig. 2). However, no marked difference
was found between the senescent and the young stage. Re-
garding large tussocks with a basal diameter >15cm, the
highest proportion (36.0%) was found in the mature stage,
followed by 19.3% in the young stage, and then 16.7% in
both the early and the senescent stages (Fig. 2). Concerning
small tussocks with a basal diameter < 5 c¢cm, however, the
highest proportions were found both in the young (33.3%)
and the senescent stage (32.7%), followed by the mature
(19.3%) and the early stage (16.0%; Fig. (2)).

Tussock Vitality

Nested MANOVA revealed significant differences in the
vitality of C. sempervirens tussocks among the four succes-
sional stages (Wilks' A=0.0423, F=2.80, P=0.0052). On the
whole, vitality of C. sempervirens was the lowest in the se-
nescent stage (Table 2B), as the tussocks were smaller, with
regard to height and diameter, and weaker, as indicated by
the low cover of C. sempervirens, the high cover of litter and
the small number of inflorescences (Table 2A). However,
vitality of C. sempervirens did not show marked differences
among the early, the young and the mature stage (Table
2A,B).

Within-Tussock Vegetation

Similarity between vegetation in C. sempervirens tus-
socks with a basal diameter >15cm decreased from the two
earlier stages (early 0.55 and young 0.51) to the two later
stages (mature 0.32 and senescent 0.37; Fig. (3)). Within-
tussock vegetation of the early stage was more similar to that
of the young stage (0.48) than to that of the mature (0.27)
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and the senescent stage (0.14). Similarly, within-tussock
vegetation of the young stage was more similar to that of the
early than to that of the mature (0.29) and the senescent stage
(0.20; Fig. (3)).

Scores of the 1% and 2" Fuzzy ordination axes differed
significantly among the four successional stages (Kruskal-
Wallis test: 1% axis scores, y* = 39.85, P<0.001; 2™ axis
scores, x> = 52.60, P<0.001; Fig. (4)). Within-tussock vege-
tation had a clear gradient along the 2™ ordination axis.
Along the 1% ordination axis, significant differences were
also found between the two earlier and the two later stages
(Mann-Whitney tests: P<0.05 for all comparisons), but not
between the mature and the senescent stage (Mann-Whitney
test: U = 705.0, P = 0.940), or between the young and the
early stage (U =337.5, P = 0.197; Fig. (4)).

DISCUSSION
Population Level

In a directional succession process, one expects the
dominant species to peak in abundance and vitality in the
mature stage. One also expects that from the early to the se-
nescent stage the fraction of small (presumably young) tus-
socks decreases and that of large (presumably old) ones in-
creases. In the present study with C. sempervirens, the pat-
terns of cover, density and vitality of tussocks matched the
expectations. Regarding size distribution, however, the se-
nescent stage was identical to the young stage but markedly
different from the mature stage. Also, contrary to expecta-
tions, we found high fractions of small tussocks (basal di-
ameter <5 cm) in both the young and the senescent stage.
Size distributions of C. sempervirens tussocks, therefore,
suggest that the senescent stage may be followed by another
mature stage, i.e. a cyclic pathway of succession.
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Fig. (2). Size distribution of Carex sempervirens tussocks in the four successional stages. Panels with the same letters in the middle indicate
no difference in size distribution at P = 0.05 (Kolmogorov-Smirnov tests).
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Table 2.
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Comparisons of Vitality Measures of Carex sempervirens in the Four Successional Stages. (A) Mean £ 1 SE is Indicated.

For Each Vitality Measure, Means Sharing the Same Letter are Not Different at P = 0.05 (Nested ANOVA Followed by
Pairwise Contrasts). (B) Pairwise Contrasts and the Contrast of Senescent Stage vs the Pooled Early, Young and Mature

Stages (Nested MANOVA)
(A) Vitality Measure Early Young Mature Senescent
Height of tussock base (cm) 3.840.21a 3.2+0.31b 3.9+0.28a 2.5+0.19¢
Maximum diameter of tussock canopy (cm) 33.7+1.6a 29.7£2.9b 33.4+2.6a 27.5+2.6b
No. of inflorescences per tussock 6.6x1.1a 7.1+1.9a 8.6+1.6a 3.840.8b
Maximum height of tussock canopy (cm) 29.1£1.5a 24.0£1.4c 26.5£1.2b 24.2+1.9¢
Average height of tussock canopy (cm) 16.8+1.1a 15.6x1.1ab 16.1+£0.8a 14.7+1.0b
Tussock canopy cover on tussock base (%) 69.8+2.3a 62.7£1.2b 63.3+£3.2b 60.8+4.4b
Litter cover on tussock base (%) 15.842.8b 17.7+3.0b 29.4+53a 29.0+4.5a
(B) Contrast Early Young Mature Early + Young +Mature
Wilks' & 0.3221
F 3.01
Young
DF 7,10
P 0.0563
Wilks' & 0.4593 0.4163
F 1.68
Mature
DF 7,10
P 0.2198 0.1540
Wilks' & 0.2342 0.2160 0.3699 0.2424
F 4.67 243 4.47
Senescent
DF 7,10 7,10 7,10
P 0.0145 0.0232 0.0980 0.0168
One argument is that the high fraction of small tussocks E I Mat
of C. sempervirens in the senescent stage could result from ar y ature

dieback and fragmentation of large, ageing tussocks, as ob-
served in several bunchgrasses [26,50]. However, this was
unlikely the case in the present study because we treated
small ones that were close together and had a more or less
continuous base as one large, ageing tussock. Also, using
Randomly Amplified Polymorphic DNA (RAPD) markers,
we found 300 randomly sampled C. sempervirens tussocks
on the same site to be genetically distinct from one another
(Yu et al. unpubl. data). Differences in grazing pressure
might greatly affect the size distributions of C. sempervirens
tussocks due to the size-related selective grazing, but this
could not explain the higher fractions of small tussocks in
the senescent stages as compared to the mature stage.

Not in agreement with a purely cyclic succession, how-
ever, were the data on tussock vitality, as indicated e.g. by
the number of inflorescences produced, and the finding that
the percentage of small tussocks (basal diameter <5 cm) was
highest in the young and the senescent but not in the early
stage. We believe that this is due to the activities of red deer
which graze most heavily in the early stage and which pre-
sumably avoid C. sempervirens tussocks only when they
have reached a certain size.

’ 0.27
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Fig. (3). Similarity between vegetation in Carex sempervirens tus-
socks of the same stage (figures inside the circles), and of different
stages (figures adjacent to the arrowed lines).
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Fig. (4). Fuzzy ordination determining the degree of belonging of within-tussock vegetation to vegetation outside tussocks of the early stage
(1% ordination axis) and of the senescent stage (2™ ordination axis). The four larger symbols represent the mean values of similarity of the
four corresponding successional stages. The lines with arrows indicate the succession pathway.

On Alp Stabelchod, we hypothesize from the population
data that more than one cycle (generation) of C. sem-
pervirens may be needed before species of the subsequent
succession stage such as pine trees (Pinus montana and P.
cembra) can successfully establish. A successful establish-
ment of the species of the subsequent successional stage is
only possible if the presently dominating C. sempervirens
becomes sufficiently weak. This may be caused by one or a
combination of the following factors: (i) a catastrophic event
such as a drought or a disease [8,51], (ii) a slow but continu-
ous C. sempervirens-related change in site conditions [8,9]
or (iii) a slow genetic impoverishment of the population of
the dominant species, which makes it less fit to deal with
unfavourable events [52,53].

Tussock Level

Carex sempervirens forms clearly defined tussocks that
accumulate at their base substantial amounts of densely
packed litter. Conditions inside tussocks are, therefore, most

likely to be different from those in the adjacent vegetation.
In particular, this should hold true for the early and the
young stage where the vegetation outside tussocks is heavily
grazed while the tussocks are especially vigorous and
avoided by red deer. In North California, tussocks of Carex
nudata were found to be able to protect the plant species
growing in them from herbivores [31]. In Alaska tundra,
soils thawed faster, reached maximum summer temperature
sooner, and were warmer and thermally more stable inside
than outside tussocks of Eriophorum vaginatum [19]. Litter
decomposition rate and nutrient cycling seemed also to be
much faster inside than outside the tussocks [19]. In different
ecosystems, tussocks plants were found to be able to accu-
mulate nitrogen and carbon immediately beneath them and
formed ‘island of fertility’ [26-30].

In the present study we thus assumed the vegetation to
reflect the different site conditions inside and outside tus-
socks of C. sempervirens, and expected the vegetation inside
tussocks to be different among the successional stages.
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Analysis of relevés inside C. sempervirens tussocks re-
vealed, indeed, marked differences between the successional
stages. In agreement with the decrease in tussock vitality and
grazing pressure, the similarity of within-tussock vegetation
decreased from the early to the senescent stage. Also within-
tussock vegetation of the early stage was more similar to that
of the young stage than to that of the mature and the senes-
cent stages. We expected this because of (i) the above-
mentioned differences in tussock vitality and (ii) the marked
differences in the adjacent vegetation and site conditions.
Fuzzy ordination revealed a clear relationship between the
vegetation inside and outside tussocks of C. sempervirens:
within-tussock vegetation in a given successional stage was
most similar to the surrounding vegetation of the same stage.
Inside tussocks of C. sempervirens, we found, therefore, a
similar successional pathway observed at community level,
i.e. the directional succession described by the model of
Wildi and Schiitz (2000) [43] and Schiitz ef al. (2000b) [41].

CONCLUSIONS

We conclude that on Alp Stabelchod the successional
transition from grassland to forest may encompass more than
one C. sempervirens cycle (i.e. generation). We hypothesize
that, with each cycle, floristic composition both inside and
outside C. sempervirens tussocks will become more similar
to the subsequent forest stage. With each cycle, density and
vitality, possibly also genetic variability, of C. sempervirens
will decrease, rendering C. sempervirens populations weaker
and less able to compete with species from the subsequent
forest stage. We also hypothesize that C. sempervirens
brings about successional change in a twofold way: First, by
occupying space, i.e. by reducing the living space of species
that are unable to grow or at least to survive inside C. sem-
pervirens tussocks; Second, by altering site conditions, for
instance, by (i) eliminating grazing and the associated dis-
turbances and nutrient flows [54], (ii) by accumulating litter,
toxic substances, pathogens or nutrients, or (iii) by depleting
specific nutrients [9]. We expect that C. sempervirens will
eventually render site conditions unsuitable for itself.
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