Journal of Vegetation Science 12: 439-444, 2001
© IAVS Opulus Press Uppsala. Printed in Sveden

441

Phytosociological data give biased estimates of speciesrichness
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Abstract. Large phytosociological data sets of three types of
grassland and three types of forest vegetation from the Czech
Republic were analysed with a focus on plot size used in
phytosociological sampling and on the species-area relation-
ship. Thedatasetsincluded 12975 relevés, sampled by differ-
ent authorsin different parts of the country between 1922 and
1999. It was shown that in the grassland data sets, the relevés
sampled beforethe 1960s tended to have alarger plot sizethan
the relevés made later on. No temporal variation in plot sizes
used was detected in forest releveés.

Species-area curves fitted to the data showed unnatural
shapes, with levelling-off or even decreasein plot sizeshigher
than average. This distortion is explained by the subjective,
preferential method of field sampling used in phytosociology.
When making relevés in species-poor vegetation, researchers
probably tend to use larger plots in order to include more
species. The reason for this may be that a higher number of
speciesgivesahigher probability of including presumed diag-
nostic species, so that the relevé can be more easily classified
in the Braun-Blanquet classification system. This attitude of
phytosociologists has at least two consequences. (1) in
phytosociological data bases species-poor vegetation types
are underrepresented or relevés are artificially biased towards
higher speciesrichness; (2) thesuitability of phytosociological
datafor species richness estimation is severely limited.

K eywords: Dataquality; Plot size; Relevé; Species-areacurve;
Vegetation data base.

I ntroduction

The strong tradition of Central European phyto-
sociology, which has been developing since the early
20th century (Braun-Blanquet 1928), has led to the
accumulation of ahuge amount of field datain theform
of vegetation relevés. Nowadays, there are certainly
over 1 million relevés available in Europe, many of
them being computerized in electronic data bases (e.g.
Rodwell 1995; Bruelheide 2000). These data have been
mostly sampled for the purposes of vegetation classifi-
cation, but often they are al so used for estimating species
richness of plant communities, both in various descrip-
tive papers on local vegetation typologies and in more
genera studies (e.g., Hobohm & Hérdtle 1997; Kienast
et al. 1998).

Kenkel et al. (1989) made it clear that the sampling
procedure in vegetation science may differ according to
whether its objective is parameter estimation (such as
measuring species richness) or pattern detection (such
as vegetation classification). Random arrangement of
plots is necessary for parameter estimation, although
systematic or stratified arrangements (Podani 1984) are
considered satisfactory by many authors. However, the
primary purpose of phytosociological relevésis pattern
detection, i.e. describing avariety of plant communities.
Therefore, they are usually sampled preferentially
(Podani 1984), with plots located subjectively in the
field to cover different vegetation types. Quite often,
phytosociological plotsareintentionally placed in vege-
tation stands which fit best to the researcher’s a priori
idea of vegetation type, whereas other stands are not
considered (e.g. Frey 1994). If the idea of a vegetation
type includesits species richness, researchers may tend
to prefer sampling in either species-rich or species-poor
stands. Consequently the speciesrichnessestimatesfrom
these data may be severely biased.

In this paper, | will test the hypothesis that existing
phytosociological data sets are biased towards higher
speciesrichness. Thismay be because many researchers
feel that in vegetation classification based on floristic
composition, more speciesper relevéprovidemoreclas-
sification criteria, thus making the classification more
robust and the assignment of relevésto vegetation types
more reliable.

M ethods

The analysis was performed with the relevés from
the Czech National Phytosociological Database (Chytry
1997). The database currently contains approximately
40000 relevés by different authors from different areas
and phytogeographical districts of the Czech Republic.
It includes both published and unpublished relevés,
sampled between 1922 and 1999. Six data sets were
selected from the database on the basis of the original
author's assignment of relevés to phytosociological
classes or orders:
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A - meadows (Molinio-Arrhenatheretea),

B - dry grasslands (Festuco-Brometea),

C - reed-beds and tall-sedge vegetation (Phragmito-Magno-
caricetea),

D - eutrophic broad-leaved forests (Fagetalia sylvaticae),

E - thermophilous oak forests (Quercetalia pubescenti-
petraeae),

F - coniferous forests (Vaccinio-Piceetea).

Thedelimitation of the syntaxafollowed Moravec et
al. (1995). Only vascular plant recordswere used for the
analysis, as the quality of recording cryptogams varied
strongly among the authors, and in many relevés,
cryptogams were not recorded at all. These data sets
were further analysed separately; their details are sum-
marized in Table 1.

Asthe speciesrichnessisafunction of plot size, the
analysis first focused on the pattern of plot sizesin the
data sets. Although the followers of the Braun-Blanquet
approach have achieved a rough standardization of the
phytosociological plot sizewithin broad vegetation types
(e.g. Westhoff & vander Maarel 1978; Dierschke 1994),
considerablevariationisstill evidentin al the data sets.
Some authors (e.g. Dierssen 1990; Hobohm 1994) have
noticed that earlier generationsof phytosociol ogistsgene-
rally used larger plot sizesthan those which have become
standard during recent decades, at least in some vegeta
tion types. To check for such atrend, plots sizes were
plotted against sampling dates and smoother curveswere
fitted using the SPSS package (Anon. 1998; local linear
regression with 50% points fitted). Larger plot sizesin
older relevéswere actually detected in the data sets A-C.
Consequently, al the relevés sampled before 1970 were
excluded from these data sets prior to further analysis
(Table 1). This procedure should guarantee that no tacit
practices specific to earlier generations of phyto-
sociologistscan affect the shape of the species-areacurves.

The species richness pattern in the data sets was
investigated by fitting species-areacurvesin semi-loga-
rithmic space for each data set (SPSS; local linear re-
gression with 60% points fitted).
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Results

Temporal changesin the plot sizesused for making
relevés showed different patterns for grassland and
forest vegetation (Fig. 1). In all grassland data sets (A-
C), one can recognize a clear tendency towards larger
plot sizes in older relevés. Since the 1960s, however,
there appearsto be a collective agreement asto the use
of smaller plots of ca. 16 to 25 mZ. In the forest data
sets (D-F) the plot sizes appear to be roughly constant
over the whole period of phytosociological research.
Plots of 100-400 m? are clearly the most frequently
used.

The species-area curvesfitted by smoothing showed
quite unexpected shapes (Fig. 2). The curvesfor mead-
ows (A) and reed-beds and tall-sedge vegetation (C)
showed aunimodal pattern. The shape of the curvefor
eutrophic broad-leaved forests (D) was also very close
to unimodal. Thermophilous oak forests (E) showed a
slight increase in species number up to the plots of 300
m2, but no increasing trend in larger plots. Coniferous
forests (F) exhibited a roughly constant species rich-
ness over the entire range of sample plots from 10 to
3000 m2. Only the species-area curve of the dry grass-
land data set (B) is monotonously increasing, but the
rate of increase is conspicuously lower for plotslarger
than 25 m2,

Discussion

The shapesof al the species-areacurvesfitted tothe
phytosociological data considerably deviate from the
standard curves reported in the literature (Palmer &
White 1994; Rosenzweig 1995). In particular, unimodal
species-area curves cannot correspond to any pattern
found in nature, because the number of species cannot
decrease with increasing area. Speciesrichness detected
from phytosociol ogical databasesthereforereflectssam-
pling artefacts rather than natural patterns.

Table 1. Structure of the data sets. Original data sets were used for the analysis of temporal changesin plot sizes used for making
relevés. In D-F, the original data sets were also used for fitting the species-area curves. In A-C, the species-area curve fitting was
based on reduced data sets containing only the relevés from 1970-1999.

Original data sets

Reduced data sets 1970-1999

Nr. of Nr. of Sampling Nr. of Nr. of

relevés authors dates relevés authors
A - meadows 4125 59 1931-1999 3342 51
B - dry grasslands 3262 51 1922-1999 2830 42
C - reed-beds and tall-sedge vegetation 1740 35 1932-1998 1482 30
D - eutrophic broad-leaved forests 2735 52 1924-1999 - -
E - thermophilous oak forests 432 28 1927-1998 - -
F - coniferous forests 681 36 1945-1999 - -
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Fig. 1. Changesin the relevé plot size over time. Note the logarithmic scale on the vertical axis. Smoother curves are fitted by local
linear regression.
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Fig. 2. Relationships between the number of vascular plant species and the relevé plot size in a semi-logarithmic space. Curves are

fitted by local linear regression.
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The most striking flaw isthe slower rate of increase
or even decrease of the curves beyond the average plot
size, i.e. ca. 16-20 m? in grasslands and 200-300 m2 in
forests. On the whole, three possible explanations for
this fact can be considered:

1. Larger plotswere preferred by those researchers
or research groups whose floristic lists were prepared
less carefully. Such an argument could be applied for
older relevés. If the earlier authorstended to uselarger
plots, old relevés would be over-represented among
large plots. This would imply that the non-increasing
right-hand parts of the curves could result from aless
careful sampling practised by early phytosociologists.
This explanation, however, need not be considered, as
the relevés made before 1970 were removed from all
the data sets in which the older relevés tended to be
larger.

2. More species are overlooked when the plots
becometooimpractically largeto study carefully. This
isawell-known artefact of field sampling, but it prob-
ably affectsequally the‘ standard-shaped’ species-area
curves published in the literature and the apparently
flawed curves detected in this study. Quiteclearly, this
explanation fails in the case of unimodal curves.

3. The most probable explanation is that many
phytosociologists tend to use larger plots when sam-
pling species-poor vegetation in order to obtain species-
richer relevés which they believe are better for classi-
fication. This reasoning is related to the concept of
classification based on the floristic composition and
notably on the diagnostic (character, differential)
species. The more species there are in a relevé, the
higher the probability that a sufficient number of diag-
nostic species will be found, and the easier and more
unambiguous the assignment of therelevé to avegeta-
tion type. This behaviour of researchers is in accord-
ance with the common phytosociological practice of
negl ecting speci es-poor vegetation stands, though these
stands can cover a major part of the landscape. If the
relevés of species-poor stands are present in the data
sets, they are often excluded prior to, or during the
analysis (but see Kopecky & Hejny 1978 for an alter-
native approach). Keeping in mind that the species-
poor relevéswill probably be uselessfor further analy-
sis, phytosociologists working in the field either en-
tirely avoid sampling species-poor stands or enlarge
the plot to ‘ make the stand richer’.

The traditions and methods of phytosociology in
the Czech Republic have been very much the same as
in Germany and the other Central European countries.
Still, it remains to be tested how far the relationships
detected in the Czech phytosociological dataare valid
in other countries. If the subjective choice of larger
plotsin species-poor vegetation were a more common

practice among the international phytosociological
community, it would present a general problem for
formalized vegetation classification of currently avail-
able large data sets. Existing data on species-poor
vegetation types are not only scarcer than the data on
species-rich vegetation, but they may also be severely
biased towards higher speciesrichness. Therefore, es-
timation of species richness from phytosociological
data should be limited to most frequently used plot
sizes and even then, estimated values should be inter-
preted with caution.
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