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ABSTRACT: Many authors have successfully applied mean Ellenberg and Zarzycki indicator
values to evaluate environmental conditions on the basis of the species composition of plant com-
munities. Using data collected from ancient deciduous woods and recent woods of various ages,
we tested whether and to what degree the assessment of soil and light quality using these indica-
tors depends on the age and stability of the communities. We found that the mean Ellenberg and
Zarzycki indicator values for light, reaction, nitrogen and fertility provided almost equally good
predictions of measured light intensity, soil pH and nutrient availability in ancient woods, where
they can be used interchangeably. They were poorer indicators of environmental conditions in
recent woods with much less adjusted floristic compositions. This suggests that mean indicator
values for such communities should be interpreted with caution. The mean Ellenberg and
Zarzycki indicator values for nitrogen and fertility were the best predictors of cation exchange
capacity and much weaker indicators of total nitrogen in deciduous woods. In the ancient woods,
the mean Ellenberg and Zarzycki indicator values for reaction, nitrogen and fertility, based on the
presence/absence of species, correlated better with soil pH and cation exchange capacity than did
the mean indicator values based on cover/abundance. Weighted mean indicators for light were
better predictors of light intensity than unweighted mean indicators were.
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INTRODUCTION

It has long been known that plants could be indicators of environmental conditions and
that the floristic composition of vegetation provides a sensitive, integrated measure of the
environment. At present, Ellenberg’s system comprising about 3000 taxa is the best
known and most extensive set of indicator species (Ellenberg et al. 1992). It was de-
veloped over several decades beginning in the early 1950s, and the first list of indicator
values for the vascular plants of Central Europe was published more than 25 years ago
(Ellenberg 1974). More than 15 years ago, Zarzycki (1984) proposed indicator values for
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more than 2100 taxa occurring in Poland. Similar systems have, for instance, been
developed also for Hungary (Zdlyomi et al. 1967), Switzerland (Landolt 1977) and east-
ern Germany (Frank & Klotz 1990).

Using indicator species instead of physical and chemical measurements saves time
and allows estimation of the values of environmental factors in the past, based only on
vegetation data when no environmental measurements are available. It also provides
a synthetic measure for temporarily fluctuating factors such as light intensity in wood-
lands, soil moisture or soil nutrient concentrations.

Many authors have successfully used mean Ellenberg indicator values to evaluate
soil, light and climatic conditions in various communities (Roo-Zielifiska & Solon 1988;
van der Maarel 1993; Diekmann 1994, 1995), to indicate environmental changes result-
ing from successions of vegetation or past land use (Persson 1980; van der Maarel et al.
1985; Dzwonko & Loster 1997; Koerner et al. 1997), to assess the degree of acidification
and eutrophication in woodlands (Thimonier et al. 1992; Thimonier et al. 1994;
Diekmann & Dupré 1997; Diekmann et al. 1999), to investigate desiccation and eutro-
phication or acidification in grasslands and wetlands (Latour et al. 1994; ter Braak
& Wiertz 1994), and to determine the response of field layer vegetation to silviculture
practices (Hannerz & Hanell 1997). The usefulness of the Zarzycki indicator values has
also been demonstrated in analyses of some woodland and grassland communities in
Poland (Kwiatkowska & Wyszomirski 1988; Koztowska 1991).

Various studies indicate that mean Ellenberg indicator values can show high correla-
tions with measured variables. Significant relationships have been found between the
mean indicator values for reaction and soil pH (Persson 1980; Ellenberg et al. 1992;
Seidling & Rohner 1993; Diekmann 1995; Ertsen et al. 1998). This indicator can also be
strongly correlated with base saturation, calcium content and Al/Ca ratio in soil (Degor-
ski 1982; Seidling & Rohner 1993), as well as with foliar calcium and potassium concen-
tration (Thompson et al. 1993; Meerts 1997). Mean indicator values for nitrogen can be
significantly correlated with available nitrogen and potassium, phosphorus and C/N ratio
in the upper soil level (Ellenberg et al. 1992; Latour et al. 1994; Diekmann & Falken-
gren-Grerup 1998). It has also proven to be a good predictor of annual yield in grasslands
(Melman et al. 1988; Hill & Carey 1997; Ertsen et al. 1998) and of nitrogen, potassium
and phosphorus concentrations in leaves (Thompson et al. 1993; Meerts 1997). The
mean indicator values for moisture can be correlated with mean spring groundwater level
(Ertsen et al. 1998), and the indicator values for light can correlate with relative intensity
of light in woodlands (Diekmann 1995).

Problems in using indicator values can arise from various aspects of the biology and
ecology of plants, such as intraspecific genetic variability, differences between the eco-
logical and physiological behavior of species, and from the dynamics of communities
(Bocker et al. 1983; Kowarik & Seidling 1989). Dierschke (1994) compiled and sum-
marized the arguments supporting the use of Ellenberg system values and showing its
weaknesses. According to Ellenberg (Ellenberg et al. 1992), indicator values apply to the
ecological behavior of a distinct plant taxon, that is, to its occurrence in field conditions
including competition with many other plants. The accuracy of indicator-value-based
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predictions of environmental factors may thus depend on the adjustment of community
species compositions to local environments.

This study examined the degree to which estimation of light and soil conditions using
mean Ellenberg and Zarzycki indicator values depends on the age and stability of wood-
land communities.

MATERIAL AND METHODS

Study area and data collection

This study used the data collected in three ancient deciduous woods ranging from 0.6 to 11.8 ha in area
and four adjacent 70-year-old secondary woods from 1.3 to 3.0 ha in area. All these woods are situated
in the Wierzbanéwka valley within the Pogérze Wielickie area in the northern part of the Carpathian
foothills. In the ancient woods there were two types of communities: Tilio-Carpinetum, on proper
brown soil, grey-brown soil and leached brown soil, and Pino-Quercetum on podzolic soils. The recent
woods were growing on the same soils as the adjacent ancient woods. The recent woods either were
established naturally or had been planted in places that formerly used as field and pasture for a long
time. Both the ancient and recent woods have been managed. In spite of management in the ancient
woods the rich woodland flora has been preserved and associations typical of mature woodlands in the
submontane zone of the northern Carpathians are present. The data on the field layer vegetation, light
and soil conditions were collected from 264 plots 4 m? in size, laid out systematically at 20-meter
intervals in both the ancient (150 plots) and recent woods (114 plots). Records were made in June and
July 1990 and repeated in April and May 1991 for herb species developing in early spring. More details
of the study area and vegetation are given by Dzwonko (1993) and Dzwonko and Gawronski (1994).

The study also used data from an overgrowing sandy grassland 0.77 ha in area in the Skotczanka
reserve, situated about 8 km southwest of Krakéw. These data were collected from 105 plots, each 25
m? in area and arranged systematically at 5 m intervals in a grassland (Festuco-Thymetum association,
16 plots), in 10-year-old woods with Pinus sylvestris (32 plots) and Robinia pseudacacia (18 plots)
overgrowing grassland, and in two neighbouring planted pine woods 42-50 years old (39 plots). The
substrate consisted of a thick layer of loose and slightly clayey sand overlaying limestone rocks. Re-
cords were made in June and July 1992 and again in May 1993. More details on the vegetation of this
area were published by Dzwonko and Loster (1997).

In all cases, on each plot the percentage cover (at 10% estimation intervals) of vascular plant species
in the field layer was estimated, and four subsamples were taken from the topsoil (0—10 cm) and mixed
into one composite sample. Air-dried samples were analyzed for pH (in aqueous solution), exchange-
able calcium, potassium and magnesium spectrophotometry in 1 N ammonium acetate, and total ni-
trogen by the Kjeldahl method. Cation exchange capacity (CEC) was calculated as the sum of different
cations measured with a flame photometer and a spectrophotometer in 1 N ammonium acetate. Light
intensity was measured at four points in each plot in both the ancient and recent woods in the Wierzba-
néwka valley, using a light meter calibrated in lux, and then the mean values were calculated and
expressed as percentages of the light intensity in open space. In order to avoid misleading measures due
to short-lived sunflecks, all light measurements were taken under conditions of diffuse light, that is, on
overcast days.

Data analysis

The indicator values for light (L), reaction (R), nitrogen (N) and fertility (Tr) were taken from Ellenberg
et al. (1992) and Zarzycki (1984). Mean characteristic indicator values (cf. Jongman et al. 1995) were



52 Fragm. Flor. Geobot. Ann. 45, Pars 1-2, 2000

calculated twice: on the basis of the presence/absence of species (simple mean), and taking into account
of cover/abundance values on a 10-degree scale (weighted mean). The species defined in the Ellenberg
system as indifferent were omitted from the calculations. As regards the species for which Zarzycki
provided the ranges of values, the average values of these ranges were adopted. Only the mean indicator
values for plots in which at least three species with known indicator values occurred were included in the
analyses. Because of the skewness of their distribution, two variables — light intensity and CEC — were
logarithmically transformed prior to statistical analyses.

Canonical correspondence analysis (CCA, CANOCO program, ter Braak 1987; ter Braak & Smilauer
1998) was used to examine the relations between the species compositions of the three compared wood
groups and environmental variables. In CCA, the plot scores along the ordination axes are restricted to
a linear combination of measured environmental variables, and the species scores are weighted averages
of the plot scores. The weighted averages are the centers of species distributions along the ordination
axes. Hence, the ordination axes show the maximum dispersion of the species scores in relation to
measured environmental variables. For each wood group the first CCA axis was constrained regarding
only one measured variable, and the statistical significance of the relationship between species and an
environmental variable was evaluated with the Monte Carlo permutation test. This analysis was re-
peated for all tested variables. To determine whether there were any relationships between the arrange-
ment of the species on the basis of the measured environmental variables and their Ellenberg indicator
values, one-way analysis of variance (ANOVA) and the Tukey test were used to test the differences
between the mean values of the scores along the first CCA axes for species with the same indicator
values.

RESULTS

In all the woods studied, cation exchange capacity was strongly correlated with calcium,
potassium and magnesium. Thus these elements were omitted from further analyses, and
CEC was adopted as a general indicator of soil nutrient availability. No evident differen-
ces in light intensity, soil pH and CEC were found between ancient and recent woods in
the Wierzbanowka valley. The mean values, ranges and distributions of these variables
were similar in these woods (Fig. 1). The soils of the ancient woods had only slightly less
nitrogen.

In most cases the mean indicator values show evident linear relationships with the
corresponding measured environmental variables (Fig. 2). In spite of the very similar
light and soil conditions and similar mean numbers of the indicator species on the plots
in the Wierzbandéwka valley woods, most correlations between the mean Ellenberg and
Zarzycki indicator values and the corresponding environmental variables were higher in
the ancient woods than in the recent woods (Table 1). The only exceptions were the
correlation between the Zarzycki indicator values for fertility and CEC, and the correla-
tion between the Zarzycki indicator for reaction based on cover/abundance and soil pH.
In recent woods overgrowing sandy grassland, only the correlations of the Ellenberg and
Zarzycki indicator values for nitrogen and fertility with total nitrogen were positive, but
they were not significant. Here these indicator values were most strongly correlated with
total nitrogen, while in deciduous woods in the Wierzbanéwka valley they were the best
predictors of cation exchange capacity. In 70-year-old woods the mean indicator values
for nitrogen and fertility were not correlated at all with total nitrogen.
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Fig. 1. Histograms of frequency distributions and means (X) of light intensity, soil pH (H,O), cation exchange ca-
pacity (CEC) and total nitrogen (N) in ancient and recent woods in the Wierzbanéwka valley. Lower and upper class
limits are given in the plots. Measurements were placed in one class if they were greater than the lower class limit
and less than or equal to the upper class limit. Means and ranges (in parentheses) of pH, CEC and total N in overgrown
sandy grassland are 5.69 (3.70-6.90), 1.80 (0.29-5.86) me/100 g soil, and 0.11 (0.03-0.22), respectively.
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Fig. 2. Light intensity, soil pH and cation exchange capacity (CEC) in relation to mean Zarzycki indicator values for
light (L), reaction (R) and fertility (Tr), respectively, in ancient and recent woods in the Wierzbanéwka valley. Trend

lines fitted by least squares regression.
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Table 1. Correlation coefficients (Pearson’s r) between environmental variables and mean Ellenberg indicator values for
light (mL), reaction (mR), nitrogen (mN), and mean Zarzycki indicator values for light (L), reaction (R), and fertility (Tr)
in the ancient and recent woods and overgrown grassland. Calculations were made for presence/absence (p/a) and
cover/abundance (c/a) values. * significant at 0.05 level after Bonferroni correction.

Variables mLc/a mRpa mNp/a Lp/a Lc/a R p/a Rc/p Trp/a Trc/a
Ancient woods

Number of plots 145 130 132 145 146 146

Mean number of species 8.95 7.56 8.27 9.73 9.68 9.68

mR p/a 075"

mN p/a 067" 094"

Lp/a 058" 047" -046

Lc/a 085" -060° -056" 0.66"

R pla 066" 092" 087 -037" -052"

Rc/a 050" 075" 072" 022 -037" 080"

Tr pla 066" 094" 094" -043" 056" 093" 073

Trc/a 0617 071" 074" -035" 054" 069" 046 077

Log light 059" -042° 036" 039" 054" 043" -033" -040" -042

pH (H,0) 040" 056" 057 -033° 032" 053" 046 056 042"

N total 024 0377 025 009 -017 033 020 032" 028

Log CEC 054" 074" 072" 051" -049" 070" 0577 072" 0517
Recent woods

Number of plots 107 92 95 108 108 108

Mean number of species 9.13 8.16 9.03 9.69 9.70 9.70

mR p/a -0.59"

mN p/a 060" 083"

L p/a 053" -017  -0.15

Lc/a 085" -053° -050° 073

R pla 032 047" 044" 019 -028

Rc/a 039" 0577 055 011  -033°  0.66"

Trpla 058" 079" 078 -030 -053° 071" 062"

Trc/a 060" 078" 080" -027 -052° 055 049" 079"

Log light 043" 013 012 020 024 -009 -005 -008 -0.13

pH (H,0) 029 036" 054" -008 -024 039" 049" 053 037

N total 022 008 005 -006 -021 009 013 008  0.09

Log CEC 048" 0517 059" 032 -045" 049" 044" 071" 053"

Overgrown grassland

Number of plots 105 105 105 105

Mean number of species 10.12 13.02 17.26 17.26

mN p/a 0.65"

Rpla 074" 048 - -

Rc/a 060" 032" - - 0.83"

Tr pla 070" 096" - - 048" 029

Trc/a 072" 089" - - 046" 038 094

pH (H,0) 019 063 - - 0.07 004 060" -049

N total 006 029 - - 004 -005 029 026

Log CEC 0.10  -004 - - 014 017 -006  -0.06
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Fig. 3. Relationships between mean Ellenberg indicator values for light (mL), reaction (mR) and nitrogen (mN) and
mean Zarzycki indicator values for light (L), reaction (R) and fertility (Tr), respectively, in ancient woods in the
Wierzbanéwka valley. Trend lines fitted by least squares regression.

The unweighted and weighted means of indicator values were very strongly corre-
lated, but in ancient woods the unweighted mean Ellenberg and Zarzycki indicator values
for reaction, nitrogen and fertility had slightly higher correlations with pH and CEC than
with the weighted means of these indicator values. It was the same with the correspond-
ing correlations for the Ellenberg indicators in recent woods. For this reason the correla-
tion values for these weighted mean Ellenberg indicators were not included in Table 1. In
the case of light intensity, the weighted mean indicators for light turned out to be slightly
better predictors than the unweighted mean indicators.

In both the ancient and recent woods the Ellenberg indicator values for light were
slightly stronger correlated with the measured light intensity than the Zarzycki indicator
values, whereas in the 70-year-old woods the Zarzycki indicators for reaction and fer-
tility had stronger correlations with pH and CEC, respectively. Despite these differences,
the mean indicator values from both lists showed linear relationships, and as a rule they
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were very strongly correlated, with the strongest correlations in the case of ancient
woodlands (Table 1; Fig. 3).

The CCA results revealed that the species compositions in the studied woods were
dependent on light intensity, soil pH, total nitrogen and CEC (Table 2). In most cases
these relations were highly significant, but only in the ancient woods was the ordering of
species on the basis of light intensity and soil pH significantly related to their Ellenberg
indicator values for light and reaction, respectively. The Ellenberg indicator values for
nitrogen were significantly related to the ordering of species according to the CEC values
in both the ancient and 70-year-old woods, although with a much lower probability in the
latter. No relationships were found between the mean scores of species along the first
CCA axes constrained regarding total nitrogen and their indicator values for nitrogen.
These results suggest that the species compositions of recent woods are more poorly
adjusted to light and soil conditions than those of ancient woodlands.

DISCUSSION AND CONCLUSIONS

It is known that over a short span of time the composition of vegetation is determined
mostly by the dispersal ability of species and the availability of sites suitable for seed
germination and seedling development, whereas over a longer period the species compo-
sition depends more on the environmental regime than on the initial conditions. Wood-
lands take a particularly long time to adjust to local environmental conditions. This study
demonstrates that even in 70-year-old secondary woods the Ellenberg indicator values
and some of the Zarzycki indicators much less effectively indicate the soil and light con-
ditions than they do in ancient woodlands in a very similar environment.

More detailed studies suggest that the very slow colonization rate of new woods by
woodland species may be one of the crucial reasons for the lower correlations between
mean indicator values and measured environmental variables (Dzwonko 1993; Dzwonko
& Gawronski 1994; Dzwonko & Loster 1997; Dzwonko 2001). Limited dispersal of
species can result in a less effective evaluation of environmental factors by the Ellenberg
indicator values also in other types of communities. This is suggested by the results of
long-term fertilizer application on grasslands in England, presented by Hill and Carey
(1997). In that case, these authors believe, limited immigration of species responsive to
acidity was the cause of the lower correlation between the mean Ellenberg indicator
values for reaction and soil pH.

The unweighted mean Ellenberg and Zarzycki indicator values for reaction, nitrogen
and fertility were better predictors of measured variables than the weighted ones. This
implies that the presence of species occurring at low abundance is highly informative.

In the woods in the Wierzbanéwka valley, the correlations of the Ellenberg indicator
values for nitrogen with CEC were much stronger than with total nitrogen. This is con-
sistent with Ellenberg’s suggestion (Ellenberg ef al. 1992) that this indicator may also be
interpreted as indicating general nutrient supply.

Our results here imply that the mean Ellenberg and Zarzycki indicator values pro-
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vided almost equally good predictions of the environmental variables in ancient wood-
lands, where they can often be used interchangeably. However, when the species for
which values are given as ranges were omitted, the correlations of the mean Zarzycki
indicator values with the measured variables in both the ancient and 70-year-old woods
were lower than the ones given in Table 1. In those cases the correlations between the
weighted mean indicator values for light and the light intensity were r = 0.44 and r = 0.29
for ancient and recent woods, respectively, whereas the correlations between the un-
weighted mean indicator values for reaction and fertility with soil pH and cation
exchange capacity were equal, » = 0.29 and r = 0.70 in ancient woods and r = 0.26 and
r = 0.62 in recent woods. In the case of these two latter indicators, the correlations for the
weighted means were markedly lower than the correlations for the unweighted means.
For the mean Zarzycki indicator values calculated in this way, all the correlations with
measured variables were lower in the recent woods than in the ancient woods, as in the
case of the mean Ellenberg indicator values. Moreover, all correlations for the mean
Zarzycki indicators in the ancient woods were slightly lower than the corresponding
correlations for the mean Ellenberg indicators.

Mean Ellenberg and Zarzycki indicator values are inferior predictors of ecological
variables in young secondary woods, whose floristic composition has not yet adjusted as
in ancient woodlands. This suggests that the mean indicator values for such communities
should be interpreted with caution and supplemented by measurements of environmental
variables.
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