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Abstract: Meta-analysis is used to compare the patterns of the tree and the herb layers in a Central-European deciduous
hardwood forest. Vegetation patterns are represented by distance matrices and dendrograms. The significance of the
relation between the patterns is evaluated through permutation (Mantel) tests and full randomization (Monte Carlo
simulation) tests. The relationship between the two layers is significant but weak. When using ecological indicators as
variables for characterising the herb layer, the relation is stronger. Distance matrices and dendrograms describe the
vegetation pattern similarly. However, the results of pairwise tests of significance strongly depend on the “level” of
comparisons, i.e., whether distance matrices or dendrograms are compared. This follows perhaps from the differences
between permutation and full randomization tests.

Nomenclature: Simon (2000) for vascular plants.

Abbreviations: 98 — herb data collected in the summer; 99 — herb data collected in the spring; A — basal area of the tree
species; Ch — chord distance; CO — combined data of the herbs; Eu — Euclidean distance; i — frequency data of the
ecological indices; N — abundance of the tree species; ns — no standardization; R — relative basal area of the tree species;
rs — range standardization. (For example, Euns98 refers to one distance matrix or one dendrogram obtained from species
frequency data of the summer herb layer with Euclidean distance and without standardization. Euns98i refers to one
distance matrix or one dendrogram obtained in the same way, but from the quadrats by ecological indicators data matrix.)

e The macroclimate influencing the composition of

Introduction the tree stand can strongly differ from within-stand
climatic factors influencing the composition and the
In forests, there is a strong relation between the tree pattern of the herbaceous vegetation;
and the herb layers, because the former controls the latter
in some direct and indirect ways (Fekete 1974, Peet 1978, ~ ® Natural and artificial disturbance modifies the two
Miyata 1983, Gagnon and Bradfield 1986, Skov 1997, patterns differently;

Aude and Lawesson 1998, Berger and Puettmann 2000,
McKenzie et al. 2000), but coincidence is also conceiv-
able (Del Moral and Watson 1978, Gagnon and Bradfield
1986). However, several authors (Bratton 1975, Glenn- To examine the relationship between the tree stand
Levin 1977, McCune and Antos 1981, Bradfield and  and the herb layer (or between any vegetation patterns)
Scagel 1984, Whitney and Foster 1988, Sayers and Lyon  three problems must be solved: 1) the pattern of the two
1997, Ewald 2000) found that the pattern of herbs was layers must be described accurately in a mathematical
more or less independent from the pattern of trees. Itcould ~ way; 2) the patterns described must be compared objec-
be explained, for example, by the following: tively, and 3) the significance of the relation must be

e The microhabitats in the forests can compensate for
the differences between the tree stands.
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tested. For these three steps, a large body of mathematical
tools is available. Methods describing pattern in form of
mathematical constructs (OUCs: operational units of
comparisons, Podani 1989b, i. e., distance matrices, ordi-
nations, dendrograms) are widely available, they have
been compared, for example, by Sokal and Rohlf (1962),
Gauch and Whittaker (1972), Campbell (1978), Hajdu
(1981), Feoli et al. (1984), Podani (1985, 2000), Kenkel
and Orloci (1986), Batagelj (1995). Comparisons, signifi-
cance tests and multivariate analyses of results — which
can be called meta-analysis (Glass 1976) — are much less
known (but see for example: Podani 1989b). Through
comparing the patterns of the tree stand and the herb layer,
we explore the possibility of using meta-analysis in eco-

logical studies.

We examine three main questions:

e How strong is the relationship between the two lay-
ers in a Central European, broad-leaved, managed

mixed forest?

e (Can we measure the strength of this relationship?
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e  What are the main differences between the results if
the patterns are compared at the distance matrix ver-
sus dendrogram level?

Study area

The study area is a 40-year-old stand (around 430 m
above see level) of approximately 6 hectares in the Bor-
zs6ny Mountains, northern Hungary. The mean annual
precipitation is 550 — 600 mm at the foothills and 800 mm
at 800 m above see level (Danszky 1963). The mean an-
nual temperature at 800 m is 6—6.5 °C, the yearly fluctua-
tion is 19-20 °C (Danszky 1963). The bedrock is andesite
(Danszky 1963). According to forestry data the stand is
located on ranker soil (Jard 1962). The dominant tree spe-
cies of this forest are sessile oak (Quercus petraea), beech
(Fagus sylvatica) and lime (Tilia cordata). Some patches
are characterised by high cover of hornbeam (Carpinus
betulus) and Turkey oak (Quercus cerris). These tree spe-
cies form more or less pure patches in the forest, but in
some parts they are mixed (Fig. 1). The abundance of
shrubs is very low. In the southern part of the stand,
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Figure 1. The map of the tree stand. The sampling plots are framed with thick lines and numbered. The different

patterns mean different tree species composition.
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Melica uniflora and Carex pilosa dominate in the herb
layer indicating relatively low canopy closure. Under
beech and lime patches in the northern part of the forest,
the cover of the herbs decreases, but in the spring Den-
taria bulbifera (on the slopes) and Ficaria verna (on less
steep places with deeper soil) are abundant in these
patches. The south-eastern part of the stand is a little more
humid than the other parts (indicated by the great abun-
dance of Galeobdolon luteum). Other abundant herbs in
the stand are Galium odoratum, Campanula rapuncu-
loides, Galium aparine and Viola sylvestris.

Methods

Sampling

The study area was covered with a grid composed of
25 m x 25 m cells (Tobisch 2000, Fig. 1). In these 109
cells, the girth of all trees (greater than 5 cm in perimeter
at breast height) was measured. Hierarchical classifica-
tion of the 25 m X 25 m cells was carried out to find larger
patches with similar tree species composition (Tobisch
2000). We used total basal area/species to describe the
species composition of each cell, since basal area reflects
the importance of a species much better than the number
of individuals. Based on the classification results, we
managed to select six 50 m x 50 m plots. These plots con-
stitute three pairs, each having similar tree species com-
position. Processes and changes in the vegetation patterns
will be monitored in these plot-pairs in the future.

Each 50 m x 50 m plot consisted of four 25 m X 25 m
cells (subplots). In the centre of each subplot, herb layer
was sampled twice (in summer 1998, and in spring 1999)
in one 5 m X 5 m quadrat. Each quadrat was subdivided
into 0.5 m X 0.5 m microquadrats, in which presence/ab-
sence data of vascular species were recorded and the
number of individuals was estimated for the early spring
geophytes.

Data and their analysis

The number of individuals, the basal area and the rela-
tive basal area (the basal area of the given species divided
by the total basal area of all species) were used as vari-
ables for describing the composition of the tree stand. In
this way, we obtained three data matrices abbreviated by:
N, A and R. The size of these matrices was 24 subplots x
6 species each.

F-type analyses. In this kind of the data processing, spe-
cies frequencies served as variables for describing the
herb layer. Three data sets were used for further analyses:
the spring, the summer and the combined data sets re-
ferred to as 98 (size: 24 quadrats x 50 species), 99 (size:
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24 quadrats x 51 species) and CO (size: 24 quadrats X 61
species).

I-type analyses. For these analyses, we used quadrats by
ecological indicator values data matrices (Feoli 1984). In
these matrices, each column represents a character state
of one of the ecological indices. The value in the i row
and jth column is the total frequency of herb species pos-
sessing the jth value of the given index in the i quadrat.
Indicators showing water, light and pH requirements of
the species were used as suggested by Borhidi (1995).
Similarly to the F-type analyses, we had three data matri-
ces: 981, 991 and COi, each with the same dimensions: 24
quadrats X 17 ecological indicator character states.

Pairwise comparisons of distance matrices. Resemblance
matrices of quadrats were calculated using Euclidean dis-
tances with and without standardization by range within
variables (abbreviated as Eurs and Euns, respectively)
and chord distances (Orldci 1978, abbreviated as Chns).
In this way, two standardization methods (range and
chord) were applied to reduce the influence of the domi-
nant species and increase that of the rare species on the
results. When the relative basal area of the species served
as variables, only Euclidean distance was calculated with-
out standardization. In this way, we had a total of 16 dis-
tance matrices. The distance matrices were compared
with matrix correlation (Sneath and Sokal 1973). The sig-
nificance of matrix correlations was tested with the Man-
tel-test (Mantel 1967), in which the rows and the corre-
sponding columns of one of the matrices being compared
were permuted randomly. In 1000 randomizations, the
permuted matrices were compared to the intact matrix to
yield the distribution of matrix correlation to be used in
significance testing.

Pairwise comparisons of dendrograms. Hierarchical clas-
sifications were derived from the distance matrices with
global optimisation (Podani 1989a). The dendrograms
were characterised with a level-free descriptor, cluster
membership divergence (Podani and Dickinson 1984)
and compared with Euclidean distance. The significance
of the similarity was evaluated through Monte Carlo
simulation (Steel and Penny 1993), randomizing not only
the sequence of the objects but also the structure of the
whole dendrogram. That is, not only the sequence of the
objects is randomized (which would correspond to a per-
mutation test), but also the whole topology of the dendro-
grams and the sequence of the hierarchical levels. The
number of possible cases is therefore much higher in this
case. Another important difference between the permuta-
tion and the full randomization tests is that in the former
case the distribution must be created for each pairwise
comparison, whereas one distribution is enough for den-
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drograms having equal number of objects. That’s why
permutation tests are always much more case-dependent
than full randomization tests.

Principal coordinates analysis of distance matrices and
dendrograms. To answer the third question more pre-
cisely, principal coordinates ordinations (Torgerson
1952, Gower 1966) of distance matrices and dendrograms
were created. The complements of matrix correlations
were used to express resemblance between distance ma-
trices and Euclidean distances were calculated between
descriptor matrices of dendrograms. The ordinations of
distance matrices and dendrograms were compared with
Procrustes analysis (Green 1952, Gower 1971, Schone-
mann and Caroll 1970) and the significance of the simi-
larity of the ordinations was evaluated with the randomi-
zation technique (Podani 1991).
adjustments the first three dimensions of the ordinations
being compared were considered.

For Procrustes
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SYN-TAX 5.02 and SYN-TAX 2000 program pack-
ages (Podani 1993, 2001) were used for data processing.

Results

Both F-type and I-type analyses found significant re-
lationships between the tree and herb layers at both levels
of comparisons (distance matrix, dendrogram). However,
the values of the matrix correlation coefficients are quite
low (Tables 1-2). All values are below 0.3 in the case of
F-type analyses. Stronger relationship is manifested when
the herb species are replaced with indices showing their
ecological requirements. It is evident from the higher
mean value of the correlation coefficients and from the
higher level of significance. It is also clear from the ex-
aminations of the dendrograms (see Tables 3-4).

In the ordinations, dendrograms and distance matrices
are more or less separated (see Figures 2-5). As these fig-

Table 1. Matrix correlation among distance matrices of tree and herb layers. Herbs data are expressed as species frequencies
(F-type analyses). Significance levels are *: 0.01 <p <0.05; **: p<0.01.

Euns98 Eurs98 Chns98 Euns99 Eurs99 Chns99 EunsCO EursCO ChnsCO

EunsN 0.092 0.042 0.093 0.175 0.132 0.169*  0.120 0.098 0.178*
EursN  0.138 0.236*  0.010 0.222*  0.276** 0.035 0.160 0.246*  0.045
ChnsN 0.064 -0.013  0.152*  0.208* 0.087 0.178*  0.160* 0.053 0.219**
EunsA 0.080 -0.040 0.134 0.200*  0.051 0.265*  0.171 0.030 0.284*
EursA  0.030 -0.032  0.111 0.191 0.092 0.087 0.133 0.065 0.137
ChnsA 0.051 -0.030  0.147*  0.206* 0.080 0.139*  0.159 0.048 0.189**
EunsR 0.055 -0.084  0.155*  0.178 0.011 0.234*  0.145 -0.011 0.261**

Table 2. Matrix correlation among distance matrices of tree and herb layers. Data matrices of the herb layer are quadrats by
ecological indicators matrices. In this matrix, each column represents a character state of one of the ecological indices. The
value in the ith row and jth column is the total frequency of herb species possessing the jth value of the given index in the ith
quadrat (I-type analyses). Indicators showing water, light and pH requirements of the species as suggested by Borhidi (1995)
were used. *: 0.01 <p<0.05; **:p<0.01.

Euns98i Eurs98i Chns98i Euns99i Eurs99i Chns99i EunsCOi EursCOi ChnsCOi
EunsN  0.232*  0.182 0.133 0.324* 0.274*  0.252** 0.277* 0.231*  0.215**
EursN 0.249*  0.288** 0.038 0.294**  0.317** 0.267** 0.234* 0.241*  0.202*
ChnsN  0.219*  0.172*  0.199* 0.362** 0.284* 0.273** 0.331** 0.259** 0.260**
EunsA  0.231*  0.151 0.200*  0.382** 0.264** 0.262** 0.367** 0.273** 0.260**
EursA 0.157 0.120 0.148 0.273** 0.216*  0.214** 0.231* 0.172 0.197*
ChnsA  0.224* 0.174*  0.209* 0.378** 0.285** 0.303** 0.348** 0.269** 0.295**
EunsR  0.209*  0.140 0.239**  0.371** 0.256** 0.283** 0.347** 0.256* 0.287**
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Table 3. Euclidean distances among dendrogram descriptor matrices calculated by using F-type analyses of tree and herb

data. *:0.01 <p<0.05; **: p<0.01.

Euns98 Eurs98 Chns98 Euns99 Eurs99 Chns99 EunsCO EursCO ChnsCO
EunsN  166.31  158.73* 173.82 165.09 172.09 170.02 167.15 165.22 167.45
EursN 185.12 17739 19290 186.82 180.66 189.25 183.88 176.89 187.95
ChnsN  163.97 166.58 163.26 160.80 174.52 173.70 165.64 170.93 168.18
EunsA  170.19 167.80 176.48 16424 17147 17510 16444 16567 167.96
EursA 16796 166.13 183.56 17543 156.49* 176.38 165.65 154.96* 174.67
ChnsA 171.62 160.95 171.85 169.17 16458 17558 16595 164.79 166.83
EunsR  166.05 165.70 171.58 164.08 164.24 169.92 160.52 163.69 162.18

Table 4. Euclidean distances among dendrogram descriptor matrices calculated by using I-type analyses of tree and herb

data. *:0.01 <p<0.05;**:p<0.01.

Euns98i Eurs98i Chns98i Euns99i Eurs99i Chns99i EunsCOi EursCOi ChnsCOi
EunsN  169.10  153.02* 178.74 162.88 160.08 169.20 162.35 166.79  165.11
EursN 182.96 179.00 188.42 180.26 180.06 185.32 183.86 185.52 185.18
ChnsN  169.16  160.39 178.26 167.72 164.62 164.97 161.38 17135 165.05
EunsA  165.86 16495 17473 16529 160.45 161.81 151.78* 169.84 162.60
EursA 164.26 162,92 173.05  142.00** 134.39** 163.32 158.93* 153.27* 168.33
ChnsA  169.49 153.91* 178.20 154.21* 152.13* 170.85 16259 165.11 166.59
EunsR  163.34 161.75 166.73  154.91* 145.99** 154.79* 148.54** 161.59 156.56*

ures show, the pattern of separation is dependent on the
variables used (tree versus herb data), i.e., in most cases
distance matrices and dendrograms based on tree data are
separated from those of herb data along the first ordina-
tion axis. However, the applied resemblance functions
also affect the results. The effect of data standardization
on the separation of OUCs is negligible.

The ordinations of the OUCs are significantly similar
in both cases (SSQ = 0.215 for the F-type analyses and
SSQ = 0.258 for the I-type analyses; p < 0.01 in both
cases). Consequently, the results seem to be unaffected by
the level of comparison (i.e., whether distance matrices or
dendrograms are compared). However, there are many
fewer significant relationships at the level of the dendro-
grams according to the pairwise comparisons.

Discussion

One possible reason for the weak relationship be-
tween the tree stand and the herbaceous vegetation is the

disturbance regime of the forest. Intensive forestry activ-
ity and high pressure of ungulates (browsing, trampling)
play the main roles in this regime. The obtained dendro-
grams (not shown) indicate that the pattern of the herb
layer is very heterogeneous. Lower heterogeneity was
found when species were replaced with their ecological
indices. It means perhaps that the steady state equilibrium
sensu Cajander (1926), or Borman and Likens (1981)
could not have developed yet and may never be reached
because of the intensive disturbance. So, the herbaceous
vegetation could not have adapted to the local conditions
(including the tree stand-structure also greatly influenced
by forestry treatments).

Some studies have shown that the recovery of the her-
baceous vegetation can be rather fast after management
activities of the forest, and — in other cases — the original
pattern of the herb layer can be more or less unaffected by
these artificial disturbances (see Grigal and Arnemann
1978, Halpern 1989, Halpern and Franklin 1990, Hughes
and Fahey 1991, Gilliam et al. 1995, Halpern and Spies
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Figure 2. Principal coordinates
ordination of distance matrices in
F-type analysis before Procrustes
adjustments. The first two axes
explain a total of 73.65% of the
total variance.

Figure 3. Principal coordinates
ordination of distance matrices in
I-type analysis before Procrustes
adjustments. The first two axes
explain a total of 29.81% of the
total variance.

Figure 4. Principal coordinates
ordination of dendrograms in F-
type analysis before Procrustes
adjustments. The first two axes
explain a total of 33.41% of the
total variance.
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Figure 5. Principal coordinates

e ordination of dendrograms in I-
0,6 7 type analysis before Procrustes
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1995, Brunet et al. 1996, Gilliam 2002). If this statement
is true, other explanations must be found for our stand,
and studies cited in the introduction can inform us about
the reasons. It is curious, however, that Bradfield and
Scagel (1984), Gagnon and Bradfield (1986) as well as
Aude and Lawesson (1998) could not explain the major
part of the variance of the herb layer with the help of the
biotic and abiotic factors measured. This refers to the lack
of our knowledge about the complex relations existing in
forest communities (see Peet 1978).

The stronger relation between the tree stand and the
ecological requirements of the herbs can be explained in
two ways:

e Patches with similar tree species composition have
an understory indicating similar environmental con-
ditions, but differing in species composition and
abundance.

e Fewer (only 17 versus 50, 51 and 61) variables de-
scribed the ecological requirements rather than spe-
cies composition of the herb layer. In the latter case,
the high number of variables in itself can explain the
high heterogeneity of the herb layer, and conse-
quently the weaker relationship.

The pairwise significance tests are strongly affected
by the level of the comparisons. The most important dif-
ference between the comparisons is the lower number of
the significant relations at the level of dendrograms. We
examined more thoroughly the significantly similar
OUCs and found that there were no contradictions be-
tween the results of the two types of significance tests as
expected. The OUCs, which are significantly similar at
the level of dendrograms seem to be similar at the level of

distance matrices as well. There are some exceptions, but
these refer only to the stochastic fluctuations on the given
probability level of the significance.

The lower number of significant relations at the den-
drogram level may result from two causes:

e The information about the pattern of the objects hid-
den in the original data or resemblance matrices can
be more or less distorted depending on the clustering
algorithm (see Introduction).

e [t is much more difficult to describe accurately the
structure of the dendrograms than that of the dis-
tance matrices (see Podani 1989b).

Therefore, at the first sight, distance matrices seem to
be more effective if the main objective is to compare the
pattern of two sets of objects. Presumably, similar conclu-
sions apply to distance matrices as compared to the level
of ordinations (at few dimensions) or non-hierarchical
classifications. Although they may be best suited to com-
parisons, distance matrices give no visible information
about the patterns examined.

Based on the results of F- and I-type ordinations one
can conclude that OUCs are separated both because of the
data (tree versus herb) and the methods (‘Eu’ versus ‘Ch’;
‘ns’ versus ‘rs’) used. This is especially valid for the
OUC:s describing the pattern of the herb layer. The direct
cause of separation is the difference in the mathematical
representation of patterns used by the different methods.
However, another cause of separation is the inner hetero-
geneity of the herb data, i.e., the objects (5 m x 5 m quad-
rats) do not have a straightforward group structure (see
above). Group structure is much stronger if objects (25 m
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X 25 m subplots) are described by tree data. As a result,
the mathematical representation of tree layer pattern is
less sensitive to the method used.

Ordinations of distance matrices and dendrograms
were significantly similar both for F- and I-type analyses.
This means that in compliance with the applied methods
the distance matrices and the dendrograms represent the
vegetation pattern quite similarly. These findings, how-
ever, query the above mentioned conclusions that during
hierarchical classifications the information hidden in the
original data can be highly distorted depending on the al-
gorithm and the applied dendrogram descriptor. It seems
probable that in the present case the distortion effects of
the applied algorithm and that of the descriptor cluster
membership divergence do not explain sufficiently the
different results of the significance tests on distance ma-
trices and dendrograms. Thus, presumably the differences
between the two kinds of significance tests (permutation
versus whole randomization) can contribute to the differ-
ences found between the examinations performed at the
level of distance matrices and dendrograms.

We find it conceivable that the higher number of sig-
nificant relations obtained at the level of distance matrices
can be attributed to some degree to the lower number of
possible cases in the case of Mantel tests compared to the
full randomization tests. Because of the much higher
number of the possible cases of fully randomized dendro-
grams, it is more unlikely that two dendrograms are sig-
nificantly similar at a given probability level.

Another important difference between permutations
and full randomization is that the former are not totally
independent from the cell values of the distance matrices
(or from other parameters of other OUCs). This phenome-
non can be called ‘case-dependence’, as suggested by the
surprising results of Mantel tests. It turned out from the
pairwise comparisons of the distance matrices that there
is no definitely strong relation between the value and the
significance level (p) of the of the correlation coefficient
(for example, compare the results of the significance tests
of the following pairs: ChnsA — ChnsCO, EursA —
Euns99, EunsA — Chns99; in the first case: =0.189,
»<0.01; in the second: =0.191, not significant; in the
third: #=0.265 and p<0.05). This phenomenon indicates
the case-dependence of the permutation tests.

It is interesting that not only the cell values but also
the size of the analysed distance matrices influence the
results of Mantel tests strongly. Tobisch (2000) showed
that the distribution of correlation coefficients gained
from permutations became more flattened in positive and
negative direction as the size of distance matrices de-
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creased. For this reason, the number of the significant cor-
relations also decreased.
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