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We assessed vegetation changes on acidic sandy soils in permanent plots to follow secondary suc-
cession after cessation of intensive goose breeding in E Hungary. We also aimed to estimate the time
required for vegetation regeneration and indicate differences in secondary succession patterns at
different altitudes in sand dunes. Two sites in the low and two in the high parts of the dunes were
chosen and sampled for twelve years. The initial stages are characterized by ruderal communities
dominated by nitrophilous annual weeds. Ruderal vegetation was soon replaced by nutrient-poor
communities dominated by short-lived pioneer dicotyledonous plants and grasses. In the last few
years of the study, coinciding with a rainy period, the low sites were dominated by the perennial
grasses, Poa angustifolia, P. pratensis and Cynodon dactylon. In contrast, in the high sites a less
dense cover of perennials developed. The influence of initial composition on vegetation develop-
ment decreased with time and the influence of altitude increased during succession. The altitude of
the site had a significant effect on regeneration. Species richness and Shannon diversity of the high
sites increased during vegetation development and that of the low sites decreased. Most annuals per-
sisted in the high sites but became extinct in the low sites. The mean species turnover rate, irrespec-
tive of altitude, decreased during the study.

K e y w o r d s: elevation, denudation, goose breeding, Hungary, inland dunes, rate of succession,
species richness

Introduction

The development of vegetation in old fields and other human disturbed habitats has been
a focus of interest for several decades (Horn 1974, Bradshaw 1983). Most of the studies
used the chronosequence method (space for time substitution), although the usefulness of
this approach is often criticized (Foster & Tilman 2000, Pickett et al. 2001). Using
chronosequences enables the generation of broad scale hypotheses, which should be
tested at small scales (Prach & Řehounková 2006). Only a limited number of studies dis-
cuss results from permanent plot experiments though the use of such plots with a docu-
mented vegetation history provide the most accurate way of examining long term change
in vegetation (Bakker et al. 1996). The results of detailed and comparable case studies
based on permanent plots are needed to predict the outcome of vegetation change by spon-
taneous regeneration (Prach et al. 2001a).

Spontaneous successional processes are an important aspect of ecological restoration,
which often influence the effect of restoration efforts and determine the final outcome. Re-
sults of these processes and restoration measures are usually intermingled and influence
each other (Luken 1990). Therefore, spontaneous succession should be considered in all
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restoration projects. Moreover, some restoration programs simply rely on natural succes-
sion (Jongepierová et al. 2004). Use of spontaneous vegetation development in an ecosys-
tem restoration program requires understanding of the processes and how they are likely to
affect the specific aims.

Pathways in the primary succession on calcareous Pannonian sands, based on the
“space-for-time” approach, have been identified and analysed (Soó 1957, Précsényi 1981,
Zólyomi et al. 1987). The successive stages have been identified as Festucion vagina-
tae/Corynephorion (open sandy grasslands on calcareous/acidic ground), Festucion
rupicolae (steppe meadows), Junipero-Populetum albae and Festuco-Quercetum roboris
(bush and climax forest sand communities belonging to Aceri tatarici-Quercion). Fekete
(1992) summarized the major pathways in primary succession and concluded that on sand
they can form a complicated network, with a grazing-induced bifurcation leading to the
pasture Cynodonti-Festucetum pseudovinae or even Bromion tectorum.

The same approach for secondary processes has been adopted by Csecserits & Rédei
(2001). There are fewer studies on acidic sands using the permanent plot approach (Matus
& Tóthmérész 1995, Matus et al. 2005), and the effect of altitude on succession has also
hardly been addressed (Matus et al. 2003).

The factors causing the multiple pathways in succession (i.e., development of different
vegetation types following a similar disturbance regime) include type and/or intensity of
disturbance (Christensen & Peet 1984), spatial heterogeneity in seed rain (Abrams et al.
1985) and differences in resource availability (Inouye & Tilman 1988). Differences in
microtopographical position and associated environmental characteristics (e.g., different
soil moisture relations) influence the regeneration process (Titus 1990). The effect of
microtopography has been identified and studied in various communities (e.g., deserts –
Mott & McComb 1974, grasslands – del Moral & Deardorff 1976, abandoned pastures –
Thomas & Dale 1976), but only a few studies evaluate the role of microtopography on an-
nual-perennial dynamics (e.g., Pemadasa et al. 1974).

Sandy grasslands, like many other types of grassland in the Pannonian region have un-
dergone major compositional changes during the last few decades due to changing man-
agement. Extensive grazing by cattle or sheep has often been abandoned or replaced by
uncontrolled mass grazing by domestic geese. The latter became a widespread
conservational problem from 1980s to the mid 1990s and totally devastated above-ground
vegetation of these grasslands. The Martinka Pasture, which was subjected to intensive
goose farming, was among the most affected and severely damaged sites. This type of
management resulted in large-scale degradation (Matus & Tóthmérész 1994).

To assess changes in this widespread vegetation type, we used a permanent plot approach
to follow vegetation development after cessation of intensive goose farming. Our hypothe-
ses were based on some widely held views about succession: (i) During succession the suc-
cessive dominants have longer life spans (Inouye et al. 1987, Lepš 1987, Myster & Pickett
1994, Prach & Řehounková 2006). (ii) The vegetation development in the first few years is
determined by the initial species composition (Egler 1954). This effect decreases during
succession and the species composition of the community later on tends to depend on the al-
titude of the sites. (iii) The number of species and Shannon diversity index increase with
time because of the continuous immigration and establishment of new species (Odum 1969,
Bazzaz 1975, Inouye et al. 1987). (iv) The species turnover rate decreases during succession
in parallel with the development of a dense cover of perennials.
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Material and methods

Site description and history

Sampling was carried out at the Martinka Pasture nature reserve located ca 15 km east of
Debrecen, E Hungary (47o34'00"– 35'20"N; 21o46'30"– 48'40"E (CEU: 8496.2). The site
has a slight inclination from east to west and is dominated by 3–10 m high dunes. Dunes
are separated by flat dune slacks and small channels. The 2.8 km2 reserve is mostly cov-
ered by unfertilized dry sandy grassland, Cynodonti-Festucetum pseudovinae, the pioneer
grasslands on steep slopes (Bassio laniflorae-Brometum tectorum, Festucetum vaginatae;
Soó 1957, Borhidi 2003, Matus et al. 2003) and wet meadows in dune slacks
(Magnocaricion elatae, Calthion, Deschampsion caespitosae, Arrhenatherion Juncenion
effusi; Nagy et al. 1991, Borhidi 2003). Overgrazing of the study sites by domestic geese
occurred in 1989–1990. Animals were fed with fodder, which resulted in extra nutrient in-
put near stables. Initial secondary succession depended on the soil seed bank, seed rain
and the sporadically surviving perennials scattered throughout the denuded area.

Sampling setup

Four sites, located on goose farms abandoned in 1990, were chosen for study. Two of them
(H1, L1) were located in the eastern part of the reserve where the height of dune slacks is
132.5 m and the other two (H2, L2) in the western part of the reserve where the dune slack
height is 129.2 m. Pairs of sites were at similar altitudes. Low sites (L1, L2) were ca 1.5 m
above the level of the surrounding dune slack whereas the high sites (H1, H2) were ca
2.7–2.9 m above the dune slacks. Slope inclination was below 5o at all sites. All sites were
subject only to spontaneous succession.

Five 2 × 2 m permanent plots per site were sampled between 1991–2002. Percentage
cover of vascular species was estimated in June. Chemical characteristics of the soil sam-
ples, collected yearly in April 1998–2002, were analysed. Ten subsamples per site, each of
about 100 cm3, were collected from close (< 0.2 m) to the plots from the 0–10 cm layer of
soil, and pooled. Soil samples were analysed at the Debrecen Laboratory of Plant and Soil
Protection Service (NETVÁ) to an accuracy of pH (KCl): 0.05%, humus: 2.5–7.5%,
NO3+NO2–N, NH4–N: 5–10%, P2O5–P, K2O–K: 2.5–5.0 %, respectively.

Mean annual precipitation and mean annual temperature for the study period and multi-
year averages were obtained from meteorological stations of the Hungarian Meteorologi-
cal Service (OMSZ) and the Regional Hydrological Directorate (TIVIZIG).

Soil

Soil at the study sites is calcium-free, moderately to strongly acidic Pleistocene sand with
a typical grain size of 0.1–0.3 mm and low to moderate humus content, low nitrate plus ni-
trite and low ammonium contents. Potassium and phosphorous contents varied greatly be-
tween sites. H1 was the poorest and L2 the richest in all nutrients; the latter had the highest
humus content and pH value. Sites H2 and L1 had an intermediate nutrient content (Table 1).
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Climate and weather conditions

The climate is moderately continental with a mean annual temperature of 10.0 oC (January
–2.5 oC, July 21.2 oC). The mean annual precipitation is 600 mm, of which 300–350 mm
fall in April–September. Large fluctuations in mean temperatures and especially annual
rainfall is typical. Mean yearly temperatures varied between 9.4–11.4 oC, and that for
April–September varied between 16.5–18.4 oC. Extreme mean monthly temperatures
ranged between –5.5 oC (December 1998) and 24.9 oC (August 1992). Annual precipita-
tion varied between 430–960 mm and precipitation in April–September ranged between
280–640 mm. These fluctuations correspond to ca 80% of that recorded over the last 150
years for temperature and last 40 years for precipitation, respectively. Dry periods oc-
curred during the study period. The most serious, long-lasting droughts were in
1992–1993 and 2000, and periods of high rain fall in 1998–1999 and 2002 .

Data processing

Raunkiaer’s life-form categories and indicator values of Ellenberg for moisture (W) and
nitrogen (N) adapted to Hungarian conditions (Borhidi 1995) were used to characterize
the vegetation. We used weighted averages, where the percentage cover of the species is
expressed in terms of weight. We calculated species turnover rates using the following for-
mula: TOR = (b+c) / (a+b+c), where TOR is the turnover rate, a is the number of species
present in both years, b the number of species detected only in the first year, c the number
of species detected only in the second year, and (a+b+c) is the total number of species de-
tected in both years.

Number of plant species per plot was compared using ANOVA or Kruskal-Wallis non-
parametric test, depending on the result of testing for equality of variance (F-test) and nor-
mality (Kolmogorov-Smirnov test) (Zar 1999). In the case of significant differences Stu-
dent-Newman-Keuls pairwise comparisons were used. By comparing two samples, de-
pending on the results of the normality tests, a t-test or Mann-Whitney test was applied. To
test the relationship between two variables, Spearman rank correlation was applied. DCA
ordination was applied to the percentage cover data sets (ter Braak & Šmilauer 1998, Lepš
& Šmilauer 2003).

Nomenclature follows Simon (2000) for taxa, Borhidi (2003) for syntaxa.

Results

Composition and development of vegetation

Altogether 109 vascular species were recorded over the 12 years. Local species richness of
the sites was similar (60–67 species). Vegetation in the first year was characterized by
nitrophilous weedy annuals (Amaranthus albus, Capsella bursa-pastoris), but in the sec-
ond year their cover decreased. The weedy annuals were replaced by short-lived ruderals
and pioneering dicots (Anthemis ruthenica, Cerastium semidecandrum, Conyza
canadensis, Digitaria sanguinalis and Erysimum diffusum). Later on, annual grasses
Apera spica-venti and Bromus tectorum became temporarily dominant (See Electronic
Appendix 1 for temporal changes in dominants), followed by perennial graminoids
(Poaceae, Cyperaceae, especially Poa angustifolia, Poa pratensis, Cynodon dactylon and
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Carex stenophylla). The highest indicator values for nitrogen were recorded in the pioneer
phase. Marked fluctuations in indicator values for nitrogen occurred until 1999 and in
those for moisture until 1997, but in the last few years of the study both remained approxi-
mately constant. In the last year of the study (2002) significantly lower values for nitrogen
and soil moisture were recorded at the high than at the low sites (Table 2).

In spite of large fluctuations across sites and over years, vegetation cover increased sig-
nificantly during the study period (Spearman rank correlation; r = 0.33, P < 0.001, n = 240).
Cover of perennial graminoids increased (Spearman rank correlation r = 0.72, P < 0.001, n
= 240), whereas that of annuals decreased (Spearman rank correlation r = –0.71, P < 0.001,
n = 240). Development of perennial vegetation varied depending on the altitude of the
sites. In low sites clonal grasses became dominant within three years, reaching a total
cover of 90–95%. It took seven to eight years in high sites and their cover only reached
55–70% (Fig. 1). The cover of annuals decreased strongly as that of perennial graminoids
increased (Spearman rank correlation, r = –0.72, P < 0.001, n = 240).

In the early phase of succession the plot composition at high sites was more similar to
that of the close by low sites (H1 vs. L1 and H2 vs. L2) than to each other. After 12 years
the sites of similar altitude were more similar (Fig. 2).
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Fig. 1. – Relative cover (mean per 4m2 plot ± SE) of perennial graminoids (Poaceae and Cyperaceae) over the 12
years of succession (H1: high site 1, L1: low site 1, H2: high site 2, L2: low site 2).



Table 1. – Characteristics of spring collected soil samples (mean±SE, April, 1998–2002). Different letters indi-
cate that differences between sites exceeded the double of upper accuracy level of the given analysis. The accu-
racy was as follows: pH(KCl): 0.05, humus: 2.5–7.5%, NO3+NO2-N, NH4-N: 5–10%, P2O5– P, K2O-K:
2.5–5.0% (U1: upper site 1, L1: lower site 1, U2: upper site 2, L2: lower site 2).

H1 H2 L1 L2

pH (KCl) 4.17±0.04c 5.29±0.14b 4.19±0.08c 5.74±0.06a

Humus (%) 0.83±0.05b 0.95±0.08b 0.75±0.05b 1.78±0.04a

NH4-N 5.28±1.47b 4.08±0.72b 5.24±0.92b 8.58±1.48a

P2O5-P 181.00±21.69d 475.40±36.19b 276.40±29.34c 860.60±73.34a

K2O-K 84.80±4.16d 109.20±4.81c 137.40±5.78b 218.40±9.06a

Table 2. – Some important characteristics of vegetation samples collected in 2002 (mean ± SE). All data are based
on plots of 4 m2. Significant differences between the groups were tested with ANOVA or a Kruskal-Wallis test, as
indicated by different superscripted letters. For site abbreviations see Table 1.

H1 H2 L1 L2

Species richness 14.8±2.08a 15.4±2.16a 7.6±1.81b 6.0±0.71b

Shannon diversity 1.58±0.12a 1.57±0.20a 0.97±0.08b 0.96±0.11b

Cover (%) 67±2.00a 65±3.54a 83±2.55b 87±1.23b

WB score 2.56±0.07a 2.72±0.07a 2.92±0.03b 3.28±0.24b

NB score 2.43±0.17a 3.63±0.13bc 3.98±0.07b 4.21±0.16c
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Fig. 2. – Ordination biplot (DCA) of the vegetation relevés and dominant species based on species cover. Trian-
gles denote the 1st year of succession, squares denote the end of study (H1: 1–12, L1: 13–24, H2: 25–36, L2:
37–48).
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Fig. 3. – (A) Species richness (mean per 4 m2 plot ± SE) over the 12 years of the succession. (B) Shannon diversity
(mean per 4 m2 plot ± SE) over the 12 years of succession (H1: high site 1, L1: low site 1, H2: high site 2, L2: low
site 2).



Species richness and turnover rate

Species richness changed strikingly in the early successional phases but remained rela-
tively stable from the 8th year onwards. The mean number of species and the mean Shan-
non diversity index of the vegetation at the high sites increased (Spearman rank correla-
tion, r = 0.36, P < 0.001, n = 120 and r = 0.42, P < 0.001, n = 120, respectively), while at the
low sites it decreased (Spearman rank correlation, r = –0.59 P < 0.001, n = 120 and r =
–0.50, P < 0.001, n = 120, respectively). Species richness was also weakly negatively cor-
related with the cover of perennial graminoids (Spearman rank correlation, r = –0.31, P <
0.001, n = 240). Species richness and the Shannon diversity index of the high sites was sig-
nificantly greater than those of the low sites in 2000 (ANOVA, P < 0.001, Fig. 3, Table 1).
The mean species turnover rate, independent of the sites, decreased during vegetation de-
velopment (Spearman rank correlation, high sites: r = –0.59, P < 0.001, n = 22 and low
sites: r = –0.73, P < 0.001, n = 22, respectively, Fig. 4).

Discussion

Some specific abiotic and biotic factors (e.g., high nutrient levels, local diaspore bank) are
known to determine vegetation structure and composition in early succession (Keever
1979, Myster & Pickett 1988, Csecserits & Rédei 2001). High nutrient content favours
nitrophilous species, which when nutrients are leached out of the soil become rare or dis-
appear. The initial stages of secondary succession were characterized by ruderal commu-
nities which soon turned into nutrient-poor communities (dominated by pioneering dicots
and short-lived grasses). This accords with the results of other studies on similar grass-
lands (Matus & Tóthmérész 1995, Walker et al. 2003, Matus et al. 2005). The vegetation
change, following the fast leaching of nutrients from the topsoil, is typical in the initial
phase of succession after overgrazing sandy grasslands (Matus & Tóthmérész 1994). After
12 years of secondary vegetation development, nitrogen content of the soil is lower, but
even still higher than that recorded in other acidic sandy grasslands (Jentsch & Beyschlag
2003). Based on the earlier results of Matus et al. (2005) a further significant but slow
leaching of potassium and phosphorus is expected.

The initial species composition is determined by the community species pool (Egler
1954). This accords well with our findings. The initial vegetation on adjacent sites, despite
the differences in altitude, was more similar, than that recorded for sites of similar altitude.
In the last few years of the study, coinciding with a rainy period in 1998–1999, the low
sites became dominated by the perennial grasses, Poa angustifolia, P. pratensis and
Cynodon dactylon, and the high sites by a sparse cover of perennials. The formation of
a dense perennial cover possibly resulted in a higher moisture and humus content of the
soil. Soil moisture, zonation and nutrient content have been identified as the major factors
differentiating sandy vegetation (van der Maarel et al. 1985). Evidence gained from the
experimental manipulation of water availability (van der Maarel 1981) suggests that
weather fluctuations or minor differences in altitude may have a decisive effect on vegeta-
tion succession in this system.

Large fluctuations in species richness and diversity were detected between 1991–1997.
Species richness and diversity at the high sites increased but showed marked fluctuations
during the development of the vegetation. These figures for the low sites declined sharply
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from 1997 onwards and remained lower than those recorded at the high sites. A possible
mechanism resulting in the decrease in species richness and diversity at low sites, is the
germination requirements. Short-lived gap-colonizers tend to germinate in full light
(Bazzaz 1979). Moreover their seedlings are very sensitive to competition from neigh-
bouring plants (Fenner 1978). Tall-growing graminoids prevent the germination of pio-
neers and/or outcompete their seedlings (Odum 1969). Therefore competition for light
may be an important factor determining the decrease in species richness.

Most annuals persisted at the high sites, whereas the majority of them disappeared from
the low sites although there was an abundance of seed in the soil seed banks (Matus et al.
2003). This is due to the absence of patches of bare soil necessary for the regeneration and
establishment of annuals, which are important for maintaining species richness
(Geißelbrecht-Taferner et al. 1997, Rebollo et al. 2001). Studying sandy communities
Pemadasa et al. (1974) found that the abundance of annuals is negatively correlated with
that of the dominant perennial grass Festuca rubra and positively with altitude. Similar re-
sults are presented by Sharitz & McCormick (1973) and for a short-lived perennial
Medicago lupulina by Pavone & Reader (1985). Analysis of species richness in a similar
but lightly grazed dune revealed an opposite pattern: somewhat more species at the low
site (Matus et al. 2003). Our results contradict former findings for an established
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Potentillo-Festucetum where there were more species at low sites. The novelty of our re-
sults is that the development of the post-disturbance vegetation with the encroachment of
stoloniferous grasses, mostly Cynodon dactylon and Poa angustifolia, can greatly reduce
species richness in low sites.

Depending on the site significant changes in species richness occurred in the 7–10th
year of the succession. From the 11th year the cover remained more or less constant. These
results are in accordance with the findings for various fallows in the Pannonian region
(Csecserits & Rédei 2001, Ruprecht 2005). Species turnover rate decreased, whereas com-
position and diversity, especially in the low sites, remained approximately stable from the
10th year until the end of the study (2002). At the low sites only minor changes were ob-
served in the 10–12th years of the succession. Ellenberg indicator values for moisture and
nitrogen stabilized in the 7th and 9th year, respectively. Our results support the hypothesis
that succession slows down after the stabilization of the dominance relations between the
different species groups (Bornkamm 1981, Inouye et al. 1987, Myster & Pickett 1994,
Foster & Tilman 2000). Several factors can cause a decline in the rate of succession, in-
cluding a decline in availability of microsites for establishment (Harper 1977), intensifica-
tion of interspecific interactions (i.e., allelopathy), interspecific competition (Bazzaz
1979, Foster & Tilman 2000) and an increase in the lifespan of the constituent species re-
sulting in an increasing resistance of the community to colonization (Lepš 1987).

Our results indicate that the establishment of closed perennial dominated vegetation on
sand, after denudation by geese, is relatively fast. This could be important for restoration
in the future (Prach et al. 2001b, Matus et al. 2003). Within a decade graminoid perennials
dominate the spontaneously regenerated fields. The altitude of the site also has a signifi-
cant effect on the rate of regeneration. At the low sites the cover of graminoids became so
dense that only a few annual and perennial forbs survived. At the high sites the less peren-
nial-dominated vegetation enables more species to persist. Unfortunately, the weedy Am-
brosia artemisiifolia, producing allergenic pollen, is frequently recorded among these an-
nuals.

We found that the early development of vegetation was rapid; the fluctuations in spe-
cies richness and diversity were high. Vegetation changes started to slow down after a few
years. Our results suggest that after the pioneer phase the spontaneous regeneration of
damaged sites is very slow and resulted at the end of this study in only a partial regenera-
tion. The results of a previous study of similar goose-grazed grasslands in the same region,
which was sampled in the 12th–20th year (Matus et al. 2005), also support the idea of slow
vegetation regeneration after the first decade.

These results indicate that spontaneous regeneration of species-rich sandy grasslands
could be accelerated by propagule transfer. Diaspores of target species could be intro-
duced via the application of hay or topsoil (Stroh et al. 2002, Donath et al. 2003, Hölzel &
Otte 2003), or by grazing animals (Fischer et al. 1996, Poschlod et al. 1998). A good time
for this type of manipulation is when the abiotic conditions stabilize, in particular the
leaching out of nitrogen in 3rd–5th year. The best time for this could be at least the 20th
year of succession at high sites (Matus et al. 2003). In contrast, at low sites this window
closes in the 8–10th year after which the increased dominance of clonal graminoids will
hamper the colonization of target species for an unknown period.

See http://www.preslia.cz for Electronic Appendix 1.
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Souhrn

Na kyselých písčitých půdách ve východním Maďarsku byla sledována sekundární sukcese poté, co ustal vliv in-
tenzivního spásání husami. Cílem práce bylo dále zjistit dobu potřebnou k regeneraci vegetačního krytu a popsat
rozdíly v průběhu sukcese na místech v různé části výškového gradientu. Dvě plochy na výše a dvě na níže polo-
žených lokalitách byly sledovány po dobu 12 let. V iniciálních stádiích sukcese dominovala nitrofilní ruderální
společenstva s převahou jednoletých druhů, která byla později nahrazena společenstvy živinami chudých půd
s převahou krátce vytrvávajících pionýrských dvouděložných druhů a trav. V posledních několika letech sukcese,
která byla nadprůměrně deštivá, dominovaly na níže položených plochách vytrvalé trávy Poa angustifolia, P. pra-
tensis a Cynodon dactylon, zatímco na výše položených plochách se vytvořila méně zapojená vegetace s vytrvalý-
mi druhy. Vliv počátečního druhového složení na průběh sukcese byl postupně méně patrný; vliv nadmořské výš-
ky se postupně zvyšoval a měl průkazný vliv na regeneraci vegetačního krytu. Počet druhů a druhová diverzita,
vyjádřená Shannonovým indexem, se během sukcese zvyšovaly na výše položených plochách, zatímco v nižší
nadmořské výšce klesaly. Většina jednoletých druhů přetrvala na výše položených plochách, ale vymizela z níže
položených. Rychlost směny druhů v průběhu studia klesala bez ohledu na nadmořskou výšku.

References

Abrams M. D., Sprugel D. G. & Dickmann D. I. (1985): Multiple successional pathways on recently disturbed
jack pine sites in Michigan. – Ecology and Management 10: 31–48.

Bakker J. P., Olff H., Willems J. H. & Zobel M. (1996): Why do we need permanent plots in the study of long-term
vegetation dynamics? – J. Veg. Sci. 7: 147–156.

Bazzaz F. (1975): Plant species diversity in old-field successional ecosystems in Southern Illinois. – Ecology 56:
485–488.

Bazzaz F. (1979): Physiological ecology of plant succession. – Ann. Rev. Ecol. Syst. 10: 351–371.
Borhidi A. (1995): Social behaviour types, the naturalness and relative ecological indicator values of the higher

plants in the Hungarian flora. – Acta Bot. Hung. 39: 97–101.
Borhidi A. (2003): Magyarország növénytársulásai [The plant associations of Hungary]. – Akadémiai Kiadó,

Budapest.
Bornkamm R. (1981): Rates of change in vegetation during secondary succession. – Vegetatio 47: 213–220.
Bradshaw A. D. (1983): The reconstruction of ecosystems: Presidential Address to the British Ecological Soci-

ety. – J. Appl. Ecol. 20: 1–17.
Csecserits A. & Rédei T. (2001): Secondary succession on sandy old fields in Hungary. – Appl. Veg. Sci. 4:

63–74.
Christensen N. L. & Peet R. K. (1984): Convergence during secondary forest succession. – J. Ecol. 72: 25–36.
del Moral R. & Deardoff D. C. (1976): Vegetation of the Mima mounds, Washington State. –Ecology 57:

520–530.
Donath T.W., Hölzel N. & Otte A. (2003): The impact of site conditions and seed dispersal on restoration success

in alluvial meadows. – Appl. Veg. Sci. 6: 13–22.
Egler F. E. (1954): Vegetation science concepts 1. Initial floristic composition, a factor in old-field vegetation de-

velopment. – Vegetatio 4: 412–417.
Fekete G. (1992): The holistic view of succession reconsidered. – Coenoses 7: 21–29.
Fenner M. (1978): Susceptibility to shade in seedlings of colonizing and closed turf species. – New Phytol. 81:

739–744.
Fischer S. F., Poschlod P. & Beinlich B. (1996): Experimental studies on the dispersal of plants and animals on

sheep in calcareous grasslands. – J. Appl. Ecol. 33: 1206–1222.

Török et al.: Secondary succession of sandy grasslands 83



Foster B. L. & Tilman D. (2000): Dynamic and static views of succession: testing the descriptive power of the
chronosequence approach. – Plant Ecol. 146: 1–10.

Geißelbrecht-Taferner L., Geißelbrecht J. & Mucina L. (1997): Fine-scale spatial population patterns and mobil-
ity of winter-annual herbs in a dry grassland. – J. Veg. Sci. 8: 209–216.

Harper J. (1977): Population biology of plants. – Academic Press, London.
Hölzel N. & Otte A. (2003): Restoration of a flood-meadow by topsoil removal and diaspore transfer with plant

material. – Appl. Veg. Sci. 6: 131–140.
Horn H. S. (1974): The ecology of secondary succession. – Ann. Rev. Ecol. Syst. 5: 25–37.
Inouye R. S., Huntly N. J., Tilman D., Tester J. R., Stillwell M. & Zinnel K. C. (1987): Old-filed succession on

a Minnesota sand plain. – Ecology 68: 12–26.
Inouye R. S. & Tilman D. (1988): Convergence and divergence of old-field plant communities along experimen-

tal nitrogen gradients. – Ecology 69: 995–1004.
Jentsch A. & Beyschlag W. (2003): Vegetation ecology of dry acidic grasslands in the lowland area of central eu-

rope. – Flora 198: 3–25.
Jongepierová I., Jongepier J. W. & Klimeš L. (2004): Restoring grassland on arable land: on example of a fast

spontaneous succession without weed dominated stages. – Preslia 76: 361–369.
Keever C. (1979): Mechanisms of plant succession on old-fields of Lancaster County, Pennsylvania. – Bull.

Torrey Bot. Club 106: 299–308.
Lepš J. (1987): Vegetation dynamics in early old-field succession: a quantitative approach. – Vegetatio 72:

95–102.
Lepš J. & Šmilauer P. (2003): Multivariate analysis of ecological data using CANOCO. – Cambridge Univ. Press,

Cambridge.
Luken J. O. (1990): Directing ecological succession. – Chapman & Hall, London.
Matus G., Papp M. & Tóthmérész B. (2005): Impact of management on vegetation dynamics and seed bank for-

mation of inland dune grassland in Hungary. – Flora 200: 296–306.
Matus G. & Tóthmérész B. (1994): Correlation of indicator values with climatic and soil data in a ruderal succes-

sion. – Abstr. Bot. 18: 7–12.
Matus G. & Tóthmérész B. (1995): Pioneer phase of succession in a ruderal weed community. – Acta Bot. Hung.

39: 51–70.
Matus G., Tóthmérész B. & Papp M. (2003): Restoration prospects of abandoned species-rich sandy grassland in

Hungary. – Appl. Veg. Sci. 6: 169–178.
Mott J. J. & McComb A. J. (1974): Patterns in annual vegetation and soil microrelief in an arid region of Western

Australia. – J. Ecol. 62: 115–126.
Myster R. W. & Pickett S. T. A. (1988): Individualistic patterns of annuals and biennials in early succession of

oldfields. – Vegetatio 78: 53–60.
Myster R. W. & Pickett S. T. A. (1994): A comparison of rate of succession over 18 yr in 10 contrasting old

fields. – Ecology 75: 387–392.
Nagy M., Papp M. & Tóthmérész B. (1991): Mapping of sandy grassland communities on a degraded area in Hun-

gary. – Phytocoenosis 3: 257–261.
Odum E. P. (1969): The strategy of ecosystem development. – Science 164: 262–270.
Pavone L. V. & Reader R. J. (1985): Effect of microtopography on the survival and reproduction of Medicago

lupulina. J. Ecol. 73: 685–694.
Pemadasa M. A., Greigh-Smith P. & Lovell P. H. (1974): A quantitative description of the distribution of annuals

in the dune system at Aberffraw, Anglesey. – J. Ecol. 62: 379–402.
Pickett S. T. A., Cadenasso M. L. & Bartha S. (2001): Implications for the Buell-Small Succession Study for veg-

etation restoration. – Appl. Veg. Sci. 4: 41–52.
Poschlod P., Kiefer S., Tränkle U., Fischer S. & Bonn S. (1998): Plant species richness in calcareous grasslands as

affected by dispersability in space and time. – Appl. Veg. Sci. 1: 75–90.
Prach K., Bartha S., Joyce C. B., Pyšek P., van Diggelen R. & Wiegleb G. (2001a): The role of spontaneous vege-

tation succession in ecosystem restoration: A perspective. – Appl. Veg. Sci. 4: 111–114.
Prach K., Pyšek P. & Bastl M. (2001b): Spontaneous succession in human disturbed habitats: A pattern across

seres. – Appl. Veg. Sci. 4: 83–88.
Prach K. & Řehounková K. (2006): Vegetation succession over broad geographical scales: which factors deter-

mine the patterns? – Preslia 78: 469–480.
Précsényi I. (1981): Changes in the diversity of the vegetation during succession. – Acta. Bot. Hung. 27: 189–198.

84 Preslia 80: 73–85, 2008



Rebollo S., Pérez-Camacho L., García-de Juan M. T., Rey Benayas J. M. & Gómez-Sal A. (2001): Recruitment in
a Mediterranean annual plant community: seed bank, emergence, litter and intra- and inter-specific interac-
tions. – Oikos 95: 485–495.

Ruprecht E. (2005): Secondary succession in old-fields in the Transylvanian Lowland (Romania). – Preslia 77:
145–157.

Sharitz R. R. & McCormick J. F. (1973): Population dynamics of two competing annual plant species. – Ecology
54: 723–740.

Simon T. (2000): A magyarországi edényes flóra határozója [Vascular flora of Hungary]. – Nemzeti
Tankönyvkiadó, Budapest.

Soó R. (1957): Conspectus des groupements végétaux dans les Bassins Carpathiques II. Les associations
psammophiles et leur génétique. – Acta Bot. Acad. Sci. Hung. 3: 45–64.

Stroh M., Storm C., Zehm A. & Schwabe A. (2002): Restorative grazing as a tool for directed succession with dia-
spore inoculation: the model of sand ecosystems. – Phytocoenologia 32: 595–625.

ter Braak C. J. F. & Šmilauer P. (1998): CANOCO reference manual and user’s guide to Canoco for Windows:
software for Canonical Community Ordination (version 4). – Microcomputer Power, Ithaca, NY.

Thomas A. G. & Dale H. M. (1976): Cohabitation of three Hieracium species in relation to the spatial heterogene-
ity in an old pasture. – Can. J. Bot. 54: 2517–2529.

Titus J. H. (1990): Microtopography and woody plant regeneration in a hardwood floodplain swamp in Florida. –
Bull. Torrey Bot. Club 117: 429–437.

van der Maarel E. (1981): Fluctuations in a coastal dune grassland due to fluctuations in rainfall: experimental
evience. – Vegetatio 47: 259–265.

van der Maarel E., Boot R., van Dorp D. & Rijntjes J. (1985): Vegetation succession on the dunes near
Oostvoorne, The Netherlands; a comparison of the vegetation in 1959 and 1980. – Vegetatio 58: 137–187.

Walker K. J., Stevens P. A., Stevens D. P., Mountford J. O., Manchester S. J. & Pywell R. F. (2003): The restora-
tion and re-creation of species-rich lowland grassland on land formerly managed for intensive agriculture in
the UK. – Biol. Conserv. 119: 1–18.

Zar J. H. (1999): Biostatistical analysis. – Prentice Hall, Upper Saddle River, NJ.
Zólyomi B., Précsényi I., Bodnár T. & Vadkerti E. (1987): Az ökológiai indikátorszámok mintázatának változása

szukcesszió alatt. [Changes in the patterns of ecological indicator values in the course of succession]. –
Botanikai Közlemények 74/75: 101–109.

Received 13 July 2007
Revision received 23 November 2007

Accepted 21 January 2008

Török et al.: Secondary succession of sandy grasslands 85



Electronic A
ppendix 1. – Tem

poral change of successional dom
inants (percentage cover values ± SE) during the study period. Species w

ith a cum
ulated average cover over 2.5%

 at least at one site are 
listed. H

 – high sites, L – low
 sites. 

 Site/year 
H
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Species 
1991 

1992 
1993 

1994 
1995 

1996 
1997 

1998 
1999 

2000 
2001 

2002 
Am

aranthus albus 
61.6 

±10.7 
0.0 

±0.0 
0.3 

±0.1
0.0 

±0.0
1.0 

±1.0
0.0 

±0.0
0.0 

±0.0
0.0 

±0.0
0.0 

±0.0 
0.0 

±0.0
0.0 

±0.0
0.0 

±0.0 
Am

brosia artem
isiifolia 

1.6 
±1.1 

1.1 
±0.7 

4.1 
±2.7

5.8 
±2.6

23.6
±5.5

10.6
±2.2

2.4 
±0.5

11.8
±2.5

3.2 
±0.5 

0.1 
±0.0

7.8 
±1.0

0.1 
±0.0 

Anthem
is ruthenica 

0.3 
±0.2 

47.2 
±13.2

18.4
±8.2

8.0 
±4.2

0.1 
±0.1

3.0 
±0.3

13.0 
±5.6

2.5 
±0.7

1.0 
±0.3 

0.8 
±0.6

2.8 
±1.0

1.5 
±0.6 

Apera spica-venti 
0.0 

±0.0 
0.3 

±0.2 
15.4

±6.5
56.0

±5.8
1.2 

±0.3
0.3 

±0.1
0.3 

±0.1
0.8 

±0.3
0.7 

±0.6 
0.1 

±0.1
0.1 

±0.1
0.0 

±0.0 
Brom

us tectorum
 

0.0 
±0.0 

0.5 
±0.3 

0.0 
±0.0

0.0 
±0.0

0.2 
±0.1

0.0 
±0.0

7.2 
±2.4

0.0 
±0.0

0.0 
±0.0 

0.0 
±0.0

0.0 
±0.0

0.0 
±0.0 

C
arex stenophylla 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0

0.0 
±0.0

0.0 
±0.0

0.0 
±0.0

0.0 
±0.0

0.0 
±0.0

0.0 
±0.0 

0.0 
±0.0

0.0 
±0.0

0.3 
±0.3 

C
hondrilla juncea 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0

0.0 
±0.0

0.0 
±0.0

0.0 
±0.0

0.0 
±0.0

0.0 
±0.0

0.0 
±0.0 

0.0 
±0.0

0.0 
±0.0

0.0 
±0.0 

C
onyza canadensis 

3.1 
±1.1 

32.2 
±16.8

19.0
±4.4

0.2 
±0.1

0.5 
±0.3

0.2 
±0.0

0.5 
±0.1

0.8 
±0.3

0.5 
±0.3 

0.6 
±0.4

0.1 
±0.1

0.8 
±0.3 

C
ynodon dactylon 

0.0 
±0.0 

0.0 
±0.0 

0.1 
±0.1

0.0 
±0.0

0.0 
±0.0

0.0 
±0.0

0.0 
±0.0

0.0 
±0.0

0.0 
±0.0 

0.1 
±0.1

0.9 
±0.8

1.5 
±1.4 

Equisetum
 ram

osissim
um

 
0.7 

±0.1 
0.6 

±0.1 
1.6 

±0.2
1.0 

±0.2
1.5 

±0.4
1.6 

±0.5
0.3 

±0.1
2.4 

±1.9
0.4 

±0.1 
4.1 

±1.3
1.5 

±0.4
1.8 

±0.6 
Eryngium

 cam
pestre 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0

0.0 
±0.0

0.1 
±0.1

0.6 
±0.3

1.9 
±0.9

1.6 
±0.7

2.7 
±1.2 

3.4 
±1.0

3.9 
±1.0

7.0 
±3.0 

Erysim
um

 diffusum
 

0.0 
±0.0 

0.0 
±0.0 

1.6 
±0.5

2.7 
±1.3

3.5 
±2.1

5.4 
±1.7

4.1 
±0.9

0.2 
±0.1

0.0 
±0.0 

0.0 
±0.0

1.9 
±0.9

0.9 
±0.5 

Lepidium
 densiflorum

 
0.0 

±0.0 
0.0 

±0.0 
0.4 

±0.4
0.0 

±0.0
0.1 

±0.1
0.0 

±0.0
0.0 

±0.0
0.0 

±0.0
0.0 

±0.0 
0.0 

±0.0
0.0 

±0.0
0.0 

±0.0 
Poa angustifolia 

0.0 
±0.0 

0.2 
±0.1 

0.2 
±0.1

2.2 
±0.9

6.4 
±2.1

5.2 
±1.6

9.8 
±2.7

35.0
±8.8

38.0
±9.0 

9.0 
±1.1

16.6
±2.2

33.4
±4.7 

Poa pratensis 
0.0 

±0.0 
0.0 

±0.0 
0.1 

±0.1
1.1 

±0.6
0.3 

±0.3
0.5 

±0.4
0.7 

±0.6
1.2 

±1.0
0.8 

±0.3 
0.3 

±0.2
0.7 

±0.6
0.0 

±0.0 
Potentilla argentea 

0.0 
±0.0 

0.0 
±0.0 

0.2 
±0.1

0.5 
±0.4

0.4 
±0.2

0.6 
±0.3

1.1 
±0.3

3.0 
±1.4

3.9 
±1.4 

9.3 
±3.9

9.6 
±2.5

11.3
±4.6 

Rum
ex acetosella 

2.6 
±1.1 

7.6 
±4.2 

0.9 
±0.5

1.4 
±0.5

0.8 
±0.6

0.2 
±0.1

6.0 
±2.9

19.2
±8.5

11.0
±4.4 

0.2 
±0.1

2.2 
±1.2

4.7 
±1.2 

Trifolium
 arvense 

0.0 
±0.0 

0.2 
±0.1 

0.2 
±0.1

7.3 
±3.1

4.1 
±1.9

0.3 
±0.1

20.6 
±6.1

0.1 
±0.1

43.0
±14.7

0.0 
±0.0

19.8
±1.6

0.1 
±0.0 

 



 Site/year 
H
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Species 
1991 

1992 
1993 

1994 
1995 

1996 
1997 

1998 
1999 

2000 
2001 

2002 
Am

aranthus albus 
2.7 

±0.9 
0.1 

±0.0 
0.1 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
Am

brosia artem
isiifolia 

1.2 
±0.7 

0.0 
±0.0 

0.1 
±0.1 

0.2 
±0.1 

0.5 
±0.4 

0.3 
±0.2 

0.4 
±0.3 

4.2 
±2.4 

3.4 
±1.9 

0.2 
±0.1 

2.7 
±1.2 

0.1 
±0.1 

Anthem
is ruthenica 

0.1 
±0.1 

8.4 
±1.5 

2.3 
±0.3 

7.2 
±2.3 

1.8 
±1.1 

6.8 
±1.4 

20.6 
±2.2 

14.4 
±2.6 

5.3 
±1.4 

0.0 
±0.0 

2.4 
±1.0 

1.7 
±0.7 

Apera spica-venti 
0.0 

±0.0 
6.2 

±1.1 
0.0 

±0.0 
16.8 

±3.3 
0.4 

±0.2 
3.6 

±0.2 
0.1 

±0.1 
0.2 

±0.1 
0.4 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
Brom

us tectorum
 

0.0 
±0.0 

47.1 
±6.6 

0.0 
±0.0 

0.5 
±0.3 

0.1 
±0.1 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

C
arex stenophylla 

0.7 
±0.4 

0.3 
±0.2 

0.6 
±0.2 

1.6 
±0.8 

2.5 
±1.0 

1.8 
±0.6 

4.8 
±1.5 

6.8 
±1.5 

9.4 
±5.4 

0.8 
±0.5 

0.2 
±0.1 

1.7 
±1.1 

C
hondrilla juncea 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.2 
±0.1 

1.4 
±0.3 

3.4 
±0.7 

4.1 
±1.0 

2.9 
±1.1 

C
onyza canadensis 

3.2 
±1.0 

2.0 
±1.1 

0.1 
±0.1 

0.0 
±0.0 

0.0 
±0.0 

0.1 
±0.0 

0.3 
±0.1 

0.8 
±0.2 

1.2 
±0.3 

0.3 
±0.2 

0.4 
±0.2 

1.1 
±0.4 

C
ynodon dactylon 

4.2 
±0.4 

0.9 
±0.8 

5.0 
±0.9 

21.2 
±2.7 

36.8 
±5.1 

21.4 
±3.2 

23.0 
±3.3 

29.6 
±3.7 

28.0 
±10.1 

28.0 
±4.1 

25.6 
±3.3 

31.6 
±3.4 

Equisetum
 ram

osissim
um

 
0.3 

±0.2 
0.0 

±0.0 
0.1 

±0.1 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.2 

±0.1 
0.0 

±0.0 
0.0 

±0.0 
Eryngium

 cam
pestre 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.1 
±0.1 

1.5 
±1.4 

0.1 
±0.1 

0.4 
±0.3 

0.5 
±0.3 

0.6 
±0.4 

0.6 
±0.4 

Erysim
um

 diffusum
 

1.4 
±0.7 

5.1 
±1.6 

22.6 
±4.5 

13.0 
±2.6 

0.5 
±0.2 

8.8 
±0.9 

5.8 
±0.9 

1.4 
±0.5 

0.0 
±0.0 

0.0 
±0.0 

0.1 
±0.1 

0.1 
±0.1 

Lepidium
 densiflorum

 
0.3 

±0.2 
2.8 

±0.7 
1.3 

±0.3 
0.0 

±0.0 
0.1 

±0.1 
0.1 

±0.1 
0.0 

±0.0 
0.1 

±0.1 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
Poa angustifolia 

0.7 
±0.6 

3.0 
±1.5 

0.0 
±0.0 

0.6 
±0.4 

4.4 
±1.8 

5.0 
±1.6 

3.8 
±0.8 

7.4 
±2.2 

14.2 
±4.6 

22.0 
±4.8 

19.6 
±3.7 

22.2 
±3.9 

Poa pratensis 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
1.0 

±1.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
Potentilla argentea 

0.0 
±0.0 

0.1 
±0.1 

0.1 
±0.1 

0.7 
±0.6 

0.1 
±0.1 

0.0 
±0.0 

0.8 
±0.6 

0.7 
±0.6 

0.5 
±0.1 

2.3 
±0.4 

3.2 
±1.0 

1.4 
±0.5 

Rum
ex acetosella 

0.0 
±0.0 

0.0 
±0.0 

0.2 
±0.1 

8.8 
±1.7 

10.4 
±2.2 

5.8 
±1.6 

11.4 
±1.6 

0.4 
±0.3 

3.4 
±1.1 

10.4 
±3.2 

11.6 
±1.6 

7.9 
±2.4 

Trifolium
 arvense 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

 



 Site/year 
L1 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Species 

1991 
1992 

1993 
1994 

1995 
1996 

1997 
1998 

1999 
2000 

2001 
2002 

Am
aranthus albus 

25.2 
±8.6 

0.1 
±0.1 

1.0 
±0.5 

0.0 
±0.0 

0.2 
±0.2 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

Am
brosia artem

isiifolia 
0.1 

±0.1 
0.1 

±0.1 
0.0 

±0.0 
0.3 

±0.2 
0.2 

±0.2 
0.5 

±0.3 
0.3 

±0.1 
0.2 

±0.1 
0.3 

±0.1 
0.0 

±0.0 
0.2 

±0.1 
0.0 

±0.0 
Anthem

is ruthenica 
0.1 

±0.1 
7.6 

±0.6 
7.2 

±0.6 
1.5 

±0.5 
0.1 

±0.1 
1.9 

±0.3 
7.8 

±1.7 
0.2 

±0.2 
0.4 

±0.1 
0.0 

±0.0 
0.8 

±0.6 
0.2 

±0.1 
Apera spica-venti 

0.0 
±0.0 

3.1 
±0.7 

28.8 
±1.7 

8.6 
±1.6 

0.1 
±0.1 

0.8 
±0.4 

1.0 
±0.7 

3.1 
±3.0 

0.8 
±0.6 

0.0 
±0.0 

0.2 
±0.1 

0.1 
±0.1 

Brom
us tectorum

 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.3 

±0.1 
0.0 

±0.0 
5.6 

±1.1 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
C

arex stenophylla 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
C

hondrilla juncea 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.3 

±0.2 
0.2 

±0.1 
0.2 

±0.2 
0.3 

±0.2 
1.0 

±0.6 
0.9 

±0.8 
0.3 

±0.3 
C

onyza canadensis 
0.1 

±0.1 
49.8 

±2.8 
3.8 

±0.7 
1.3 

±0.9 
0.2 

±0.1 
0.2 

±0.1 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.2 

±0.1 
C

ynodon dactylon 
2.4 

±0.8 
1.5 

±0.7 
4.3 

±1.6 
14.9 

±6.3 
29.8 

±10.4 
14.2 

±3.8 
32.0 

±5.4 
25.0 

±2.5 
61.0 

±4.9 
35.0 

±1.8 
42.6 

±2.2 
42.2 

±2.8 
Equisetum

 ram
osissim

um
 

0.2 
±0.1 

0.1 
±0.0 

0.6 
±0.3 

0.0 
±0.0 

0.0 
±0.0 

0.2 
±0.1 

0.1 
±0.1 

0.0 
±0.0 

0.1 
±0.1 

0.7 
±0.3 

0.1 
±0.1 

0.1 
±0.1 

Eryngium
 cam

pestre 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.1 

±0.1 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
Erysim

um
 diffusum

 
0.0 

±0.0 
0.2 

±0.1 
0.0 

±0.0 
3.6 

±1.3 
0.2 

±0.2 
0.7 

±0.4 
3.3 

±1.6 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.1 

±0.1 
0.1 

±0.1 
Lepidium

 densiflorum
 

0.0 
±0.0 

0.1 
±0.1 

0.8 
±0.3 

0.0 
±0.0 

0.0 
±0.0 

0.4 
±0.2 

0.4 
±0.4 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.1 
±0.1 

Poa angustifolia 
0.0 

±0.0 
0.0 

±0.0 
3.3 

±1.0 
31.0 

±6.8 
35.0 

±10.9 
9.6 

±2.8 
21.0 

±4.2 
48.4 

±15.8 
29.0 

±2.3 
23.0 

±1.9 
33.8 

±3.9 
31.2 

±2.1 
Poa pratensis 

0.0 
±0.0 

0.7 
±0.2 

0.2 
±0.2 

4.4 
±2.3 

0.0 
±0.0 

0.2 
±0.1 

0.8 
±0.8 

0.2 
±0.2 

0.6 
±0.6 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

Potentilla argentea 
0.0 

±0.0 
0.4 

±0.4 
0.3 

±0.3 
1.5 

±1.4 
0.2 

±0.2 
0.0 

±0.0 
0.1 

±0.1 
0.0 

±0.0 
0.2 

±0.1 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
Rum

ex acetosella 
0.0 

±0.0 
1.2 

±0.7 
0.0 

±0.0 
1.5 

±0.6 
0.0 

±0.0 
0.1 

±0.1 
4.3 

±2.2 
4.1 

±2.5 
2.7 

±1.7 
0.0 

±0.0 
0.0 

±0.0 
0.4 

±0.3 
Trifolium

 arvense 
0.0 

±0.0 
0.1 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
 



 Site/year 
L2 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Species 

1991 
1992 

1993 
1994 

1995 
1996 

1997 
1998 

1999 
2000 

2001 
2002 

Am
aranthus albus 

0.5 
±0.2 

0.1 
±0.0 

0.1 
±0.0 

0.0 
±0.0 

0.1 
±0.1 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0  

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

Am
brosia artem

isiifolia 
0.2 

±0.2 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0  
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
Anthem

is ruthenica 
0.0 

±0.0 
0.4 

±0.4 
0.5 

±0.4 
0.3 

±0.2 
2.1 

±0.9 
1.0 

±0.4 
4.0 

±1.2 
0.0 

±0.0 
0.1 

±0.1  
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
Apera spica-venti 

0.0 
±0.0 

0.2 
±0.1 

0.1 
±0.1 

6.6 
±2.7 

15.4 
±2.1 

3.4 
±0.8 

2.5 
±0.6 

5.8 
±1.2 

2.9 
±0.7  

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

Brom
us tectorum

 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.6 

±0.2 
2.9 

±1.0 
0.0 

±0.0 
0.1 

±0.1 
0.0 

±0.0 
0.0 

±0.0  
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
C

arex stenophylla 
2.2 

±1.0 
0.7 

±0.3 
0.1 

±0.1 
1.9 

±0.9 
1.3 

±0.6 
0.6 

±0.3 
2.9 

±0.8 
6.6 

±3.4 
4.2 

±3.2  
0.2 

±0.2 
0.4 

±0.3 
0.2 

±0.2 
C

hondrilla juncea 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.4 

±0.4 
0.0 

±0.0 
0.6 

±0.4 
0.7 

±0.4 
3.6 

±1.2 
0.8 

±0.4  
3.7 

±1.1 
0.5 

±0.3 
0.2 

±0.1 
C

onyza canadensis 
6.0 

±1.3 
0.4 

±0.3 
0.8 

±0.2 
0.1 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0  
0.0 

±0.0 
0.0 

±0.0 
0.1 

±0.1 
C

ynodon dactylon 
6.6 

±2.6 
4.3 

±1.7 
9.2 

±4.3 
21.4 

±4.1 
37.2 

±2.5 
38.0 

±4.1 
39.0 

±6.9 
54.0 

±8.6 
61.0 

±10.3 
54.0 

±7.5 
45.0 

±3.3 
48.4 

±3.2 
Equisetum

 ram
osissim

um
 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0  

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

Eryngium
 cam

pestre 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0  
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
Erysim

um
 diffusum

 
1.0 

±0.8 
37.8 

±4.9 
19.6 

±3.1 
26.0 

±4.2 
2.1 

±0.6 
9.6 

±1.9 
0.1 

±0.1 
0.6 

±0.4 
0.0 

±0.0  
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
Lepidium

 densiflorum
 

0.1 
±0.1 

11.6 
±4.0 

16.0 
±4.9 

3.3 
±1.0 

1.8 
±0.4 

0.8 
±0.4 

0.2 
±0.1 

0.0 
±0.0 

0.0 
±0.0  

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

Poa angustifolia 
0.4 

±0.3 
0.1 

±0.1 
0.0 

±0.0 
0.3 

±0.2 
2.1 

±1.1 
1.1 

±0.6 
9.6 

±6.4 
7.2 

±3.2 
17.6 

±11.0 
14.4 

±4.8 
28.2 

±6.8 
27.8 

±6.6 
Poa pratensis 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.0 
±0.0 

0.4 
±0.4 

1.4 
±0.9 

10.8 
±5.3 

15.0 
±6.9 

11.0 
±6.1  

14.4 
±6.6 

13.0 
±5.9 

10.9 
±6.5 

Potentilla argentea 
0.2 

±0.1 
0.3 

±0.3 
0.8 

±0.4 
0.9 

±0.6 
1.4 

±0.6 
0.7 

±0.3 
3.9 

±1.6 
9.0 

±3.6 
0.7 

±0.4  
0.8 

±0.6 
0.4 

±0.3 
0.0 

±0.0 
Rum

ex acetosella 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0  
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
Trifolium

 arvense 
0.1 

±0.1 
0.0 

±0.0 
0.1 

±0.1 
0.5 

±0.1 
0.2 

±0.1 
0.1 

±0.0 
0.1 

±0.1 
0.0 

±0.0 
0.0 

±0.0  
0.0 

±0.0 
0.0 

±0.0 
0.0 

±0.0 
  


