COENOSES 7(1): 21-29, 1992
© 1992 by Edizioni LINT Trieste

21

THE HOLISTIC VIEW OF SUCCESSION RECONSIDERED
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Abstract. The popularity of the reductionist approach led to a considerable advancement of succession theory. Its
methods are particularly adequate for the analysis of short-term secondary processes. It is emphasized that in the in-
terpretation of long-term primary successional seres the holistic approach has also been useful and relevant. Of the -
various primary seres, any sequence of stages that lead to a climatically zonal community may be selected as a
reference basis. As an example, two seres of the Hungarian Great Plain are analyzed and compared.

Introeduction

The antihotistic-reductionist views, rooted in the in-
dividualistic community concept of Gleason, have do-
minated interpretations of succession for 40 years. The
essence of this, as Harper’s (1982) classical definition
emphasizes, is that all community-level events may and
must be understood on the basis of populations. The
literature published since Drury and Nisbet (1973)
abounds in studies describing and modelling succes-
sional processes through population dynamics, physiol-
ogy and, more recently, resource utilization potentials.
Most of the significant results in the field of vegetation
dynamics stem from the reductionist approach.

It is often forgotten, however, that short-term suc-
cessional events can only be interpreted by methods
relying on the reductionist approach. The majority of
results concern secondary succession usually with rapid
initial steps, so that hypotheses may be tested ex-
perimentally within a few years.

The situation is different for primary succession. As
indicated by the relatively fewer publications and less
powerful results presented therein, our knowledge is
more limited than in the case of secondary succession.
Nevertheless, quite a few attempts have been made to
evaluate the revegetation processes on secondarily
developed sterile surfaces, such as spoil banks of open
coal mines. Studies of reductionist attitude are often
restricted to the description of initial stages. If we con-
sider that some primary seres develop in thousands of
years (see e.g., Walker’'s (1970) postglacial hydro-
series), then weakness of the reductionist approach be-
comes even more obvious. The differences between
temporal scales (cf. Major 1974) causes problems for
the comparison of primary seres, but comparisons are
even more difficult for secondary seres. Explanation of
the primary seres with usually long time-span is dif-

ficult with reductionist methods on their own. In my
opinion, this is when holistic methods are acceptable so
that we can concentrate upon some more general char-
acteristics of succession. In the meantime, we can iden-
tify similar seres for identification purposes, so typical
of the holistic approach. Note that typification, a fairly
ambiguous term for many, is not understood here as
mere pigeonholing.

Materials

Introductory notes.

We are sure that climax is still extremely important
among the concepts of primary succession, but it
should not be associated with any "superorganistic”
views. A distinguished type of the climax, or terminal,
stages is the climatic climax. This is a community type
best reflecting the macroclimate of the given region.
The central role of climatic climax is the ease of its
definition and its uniqueness, contrary to the edaphic
climax stages. The climatic climax is therefore a
reference basis, whose importance is underlined by the
fact that it is the most frequent among the community
types in the more or less intact vegetation. Further-
more, it is also true that climatic climax and climatic
zonal community are identical. The latter term origin-
ated from the Russian pedological literature, and has
also been adopted by the central and eastern European
schools of vegetation science. (On the identity -of
climax and climatic zonal communitities, see Walter
1954.) We have detailed information on the climatic
zonal communities of Hungary, mostly resulting from
the mapping projects in the 1950-60’s (see also Borhidi
1961).

Given a reference basis, which includes not only the
climax itself but also the full successional sere leading
to it '(callcd the zonal sere), tests of departure from
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this basis will become possible. This study attempts to
formulate and perform such tests.

Two seres will be examined, both distributed in the
forest steppe zone of the Danube basin. The term
forest steppe reflects that the communities are located
on the border of two formations; local conditions dic-
tate which of them will actually manifest itself. The
macroclimate is modified by microclimate (exposition)
and, especially on the Alftld, by soil moisture. The
study area (Fig. 1) lies on the climatic border. For ex-
ample, at the meteorological station of Kecskemét
climatic data for 110 years (Z6lyomi and Kéri, in press)
suggest that 41% of the years belong to the steppe
climatic type (Koppen’s (1929) xx’ and BSK (x’ x”)
types). It is therefore clear that physical properties of
the soil are substantial.

The stages of the two seres are:

Loess sere. Loess is an excellent substrate for vegeta-
tion. It is rich in mineral nutrients; the clay minerals
ensure a well-structured soil with high cation- absorp-
tion capacity and favorable water balance.

As to the stages of the sere, many surveys con-
tributed to a consensus in the Hungarian
phytosociological literature. Zdlyomi’s (1957, 1958,
1967, and unpublished manuscripts) works are fun-
damental in this regard. The stages are as follows:

Agropyro-Kochietum. An open, species-poor, primary
semi-desert community on the edge of loess cliffs. Very
limited in distribution.

Salvio-Festucetum rupicolae. Vertically well-structured,
almost completely closed (up to 90-95% cover) steppe
community rich in broadleaf dicots. Eight to ten poten-
tially dominant grass species occur, their competitive
hierarchy is decisive for the vegetational changes of the
steppe and subsequent stages (including degradation!).
Some forest species are also present in this rich com-
munity type.

Amygdaletum nanae. Commuity composed of dwarf
shrubs. The transitional position between the previous
and the subsequent stages is reflected by 40% steppe
species and 40% forest species (Z6lyomi 1967), so that
this community represents a real connection at the bor-
der of two formations.

Aceri (tatarici) - Quercetum. Climatically zonal forest;
the terminal stage of the sere. It is a physiognomically
homogeneous community with a dense shrub layer. Ex-
tensive loess areas of the Alftld and its neighborhood
were formerly covered by this vegetation type. These
forests have been replaced by agricultural fields with
original soils transformed to highly fertile lands. In the
few fragmented remnants of the community the
primary stages and their dynamics are still observed.

Sand sere. The sand of the Danube plain is coarse
grained; the clay and silt content remains below 4-5%
so that water holding capacity is very low. In the semi-

Figure 1. The study area is in the north-central part of
Hungary. Its approximate extent is indicated by shading in
the map.

arid climate soil formation, the humification processes
and the migration of mineral nutrients are very slow.

Of the many successional seres described from sand
we refer to only one relevant series, a xeroseries that is
independent of soil water. This typical vegetation and
flora of the Hungarian plains have attracted the atten-
tion of the pioneers of vegetation science. Kerner
(1863), who contributed much to the early develop-
ment of succession theory, must be mentioned first.
Based on the ideas of Rapaics and So6, this vegetation
type and its primary succession was described in detail
by Magyar (1933), Hargitai (1940) and Zsolt (1943)
(see also Simon 1979, Précsényi 1981, Fekete et al.
1989).

The stages of the sere are as follows:

Festucetum vaginatae. Perennial grassliand of the partly
fixed sand. The most extensively distributed community
with a cover of 50%. Many species that tolerate sand
cover, and occasionally some annuals constitute the
first stages of the primary series.

The dominance of annuals (Stipa capillata, S.
sabulosa, Festuca wagneri) indicates minor but sharp
phytosociological differences.

Poplar and juniper stands. Pure or mixed stands of
Populus alba and Juniperus communis, occasionally in-
termingled with forest shrubs and sand steppe species.
The physiognomic structure is varied, tree height is 2-
10 m.

Astragalo-Festucetum rupicolae. Sand steppe-meadow.
The stands are composed of some xerophilous and
xeromesophilous grasses, dwarf sedges in the lowest
layers, many microphyllous and only a few broadleaved
dicots. Some stands contain sand steppe species; el-
sewhere the number of mesophilous meadow species is
high.

Quercus robur and Qu. pubescens-dominated oakwoods
(Festuco-Quercetum). These have scattered distribu-



tion with loose cover, stunted trees, dense shrub layer
and a few forest species.

Methods

Introductory notes

The forest steppe vegetation appeared first in the
Danube basin through invasion and directed migration
in the boreal and atlantic phases of the postglacial era.
It was followed by predominantly mesophilous forests.
There has been a continuity in the plant cover originat-
ing from the boreal and atlantic phases in the Hun-
garian Plain; the vegetation survived because, unlike in
the maountains, the subsequent forest phases did not
establish permanently. Therefore, the forest steppe
zone of the plain reflects more clearly the former
boreal and atlantic phases than the vegetation of hills
and mountains of the Carpathian Basin. A summary of
palynological records is found in Jdrai-Komlddi (1987).

On the reconstruction of succession

The past successional stages appear recently in
form of a spatial coenocline, for example, the loess
vegetation along an ecological gradient associated with
a steep hillside. The dynamics of neighboring stages
and migration of populations are still obvious.

The successional trends on sand were revealed by
repeated mapping projects. On the two major study
sites a vegetation map at a scale of 1:1000 was
prepared. Basic information was provided by recording
the invasion of some key populations, i.e., those show-
ing the direction of changes in statu nascendi. Ex-
perience of foresters on habitat types and on the ability
of tree species to establish in different communities
also represented an important source of information.

Statistical analyses

Published tables and unpublished phytosociological
records served as. a basis for analyzing the two seres
(Zolyomi’s cited works and unpublished data for the
loess sere, and Hargitai (1940), Zsolt (1943), Szodfridt
(1969) and my unpublished relevés for the sand sere).

The extent to which the community is coordinated
was estimated by calculating the average similarity of
all relevés of a stage to all the others. The r contingen-
cy coefficient related to the x* values computed for
presence/absence data was used. Habitat packing was
estimated using the W categories expressing soil mois-
ture preference for each species (see the T-W-R in-
dicator system of Zdlyomi and Précsényi 1964). The
frequency values of these categories were used to com-
pute the habitat-width of communities by Levins’ B;
index (to the analogy of niche breadth). The overlap of
community habitats (habitat packing) was measured
through Levins’ « (see Levins, 1968, for both coeffi-
cients).
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Results

In this section, attention is focused on the inter-
pretation of differences between the primary succes-
sional seres, with emphasis on characteristics due to
zonality. The interpretation is holistic in the sense that
we start from the "holon", from the high levels of or-
ganization to the low (see Table 1).

Ecosystem evolution

The analysis of vegetation-soil interrelationships is
a classical topic of plant ecology. High correspondence
is expected for zonal situations, since both vegetation
and soil (i.e., genetic soil types) have a definite zonality.
Correspondence within a successional sere has seldom
been investigated.

The distinction of zonal seres and the fact that early
stages have less developed soil are striking. In the sand
sere, however, the same successional stage may appear
on different soil types and several community types
may just as well occur on the same substrate (Table 2).

We conclude that interaction between vegetation
and soil is clear for the whole zonal sere. This interac-
tion is less pronounced for the sand sere. A difficulty
with this comparison is that the zonal sere has a wider
range of soils than the sand sere.

The high correspondence and strict paralielism
focuses our attention on the coevolution of vegetation
and soil. This is well-organized in the zonal sere,
whereas soil development is slow, or - if you prefer the
other way - vegetation changes are too fast, in the sand
sere.

Sere properties

The primary dynamics of the two seres are shown in
Figs 2-3. The graph is simple, showing linear relation-
ships, for the zonal sere (Fig. 2). The course of succes-
sion is not even. The pioneer Agropyro - Kochietum
community represents a place of abrupt change judging
by the composition. Due to spatial isolation of the
stands this community has very little influence on the
initialization of successional processes. The relation-
ship of the steppe meadow to forests is manifested at
two temporal scales: at the historical scale because
steppe meadows were replaced by the forest steppe at
the end of the boreal phase; and at the scale of tree
generations. The regeneration of fragmented steppe
meadows from propagules is possible at sites with dying
trees of mature stands (Zolyomi 1957).

The primary dynamics of the sand vegetation is
more complex and requires a more detailed discussion.
The concept of primary succession as understood here
is different from the traditional interpretation of the
Hungarian phytosociologists.

The xeroseries is displayed as a large circle (Fig. 3).
The succession terminates at the Junipero- Populetum
along many lines; this community corresponds to the
real forests in this sere. The starting point is usually the
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Table 1. Hierarchically dependent organizational attributes: zonal versus extrazonal series

Climatic zonal forest steppe series
(on loess)

Edaphic extrazonal semi-desert series
(on'sand)

Ecosystem evolution

| Vegetation-soil interaction Expressed Non-expressed
| Vegetation-soil evolution Parallel Non-parallel
Series properties

Graph structure Linear Reticular

Determination of the sucession

Strongly determined transitions
between stages

Stochastic transitions

Origin of climax stage Homogeneous Heterogeneous
Succession as direct Expressed Non-expressed

life form progression

Series compositional differentation Well-differentiated Slightly differentiated
Series habitat packing Loosely packed Tightly packed
Sociological properties

Species diversity in the stages

High (with decline at the transition of
formations)

Low. Especially low flora density in
the climax stage

Level of coordination of stages (between-site
sociological similarity)

High

Lower, especially low in climax stage

Stratification (differentiation of coenostates

Well-stratified stages

Mostly poorly stratified stages

having dynamic importance)

Stability: resistance against invaders Mainly by the sociological structure By the extreme nutrient-poor habitat
Population features

Life form Average High

diversity in stages

(Dhysotbgcan blotemical) Average ligh

Dominant strategy Competitive Stress tolerator

Competitive hierarchy among populations  |Expressed Low

| Biogeography

Area-forms of constituting species Mainly continuous Many disjunct areas

Formation of endemisms

In all phases poor

Rich in endemisms

Table 2. Vegetation-soil correspondence in zonal and extrazonal series

A o'pyr - Salvio- Amygdaletum  Aceri tatarici -
Kgrc etum Festucetum nanae Quercetum
Zonal rupicolae
series Skeleton Black earth Degraded Black earth and
soil on loess black earth brown forest soil
Festucetum | Astragalo- Junipereto- Festuco-
vaginatae Festucetum Populetum Quercetum
Extrazonal rupicolae
series Skeleton soil Somewhat humic  [Skeleton soil on Black earth, shallow
on moving sand sand, black earth,  |moving sand, _ |brown forest soil, _
dry meadow soil buried meadow soil |buried meadow soil.
SALVIO- ACER!

AGROPYRO- ——— FESTUCETUM ———» AMYGDALETUM ——& TATARICI-

KOCHIETUM

T

RUPICOLAE

NANAE

QUERCETUM

!

Figure 2. Graph of primary succession: zonal series
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Figure 3. The pathways in xeroseries

Festucetum vaginatae community. The proliferation of
xerophilous grasses (Stipa spp., Festuca wagneri) often
stops the process. A substantial difference from the
zonal sere is that the steppe meadow does not fit the
pioneer grassland-shrub line. The pioneer grassland
does not accumulate sufficient humus for the establish-
ment of steppe-meadow species. Steppe meadows do
develop as derivatives of other vegetational changes,
e.g., as a result of the dehydration and transformation
of mesophilous meadows (semi-saline meadows, wet
meadows). In the plain this is due to the permanent
decrease of water table in the past decades. Soils of
logged oakwoods are also suitable substrates for steppe
meadows, however. The disappearance of steppe
meadows from the main successional line makes the
graph reticulated in this sere.

-

SALICETOSUM
ROSMARINIFOLIAE

STOLONIFERAE

The stands of sand oak wood found on some places
in the study area are habitat-dependent; they require
fossil soils or the presence of a water-holding clayey
fraction of the soil to decrease the amount of run-off
water. The progression from sand vegetation towards
oakwoods cannot be indicated now. The degradation of
oakwoods causes the development of poplar - juniper
stands (Kdrpétiové et al. 1961).

As far as dynamics is concerned, the Junipereto-
Populetum is a terminal stage. Yet, it is not a climati-
cally zonal forest. Climatically zonal communities will
not occur on sand substrates nor will slope vegetation
occur in excess sunshine. On southern slopes as well as
on sand we find extrazonal vegetation. One difference
being that on sand, shortage of available water
represents significant differences from the macro-
climatic conditions, rather than high temperature. For
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these reasons, when discussing sand substrates we shall
refer to extrazonal vegetation seres.

The graph structure indicates a highly deterministic
character of the zonal sere and stochasticity between
stages of the extrazonal sere. This is true of transitions
from Festucetum vaginatae, particularly at transitions
to the terminal stage. Thus, the climax has a
heterogeneous origin, just as the steppe meadow itself.

We have mentioned the wide range of soils as ex-
pression of progression. Such features may be ex-
amined on the side of vegetation as well. Life-form
progression, for example, may be used to measure ad-
vancement of succession (see Numata 1969). This
progression is more pronounced in the zonal sere. In
the Agropyro-Kochietum we find many therophytes, the
steppe meadow is dominated by hemicryptophytes.
Mesophanerophytes dominate the Amygdaletum,
whereas megaphanerophytes are most abundant in the
oakwood, regarding both species number and biomass.
In the azonal sere no such clear correspondence oc-
curs.

An important case of differentiation is composition-
al. Comparison of phytosociological tables suggests
that species change between the pioneer and terminal
stages is incomplete in the extrazonal sere: species tur-
nover is only 68%. In the zonal sere almost all species
have been replaced (97%).

At this point it is useful to analyze both seres based
on different criteria for analogous phases. We cannot
be rigorous, however, because the physiognomically
distinct phases do not follow the same sequence in the
two seres. The steppe meadow, as mentioned earlier,
joins the series on the "sideline". Nevertheless, the
reference basis must be an identical physiognomical en-
tity (you cannot compare grasslands and forests, or
grasslands and shrublands).

AGROPYRO-KOCHIETUM

~= == S,FESTUCETUM RUPICOLAE
AMYGDALETUM NANAE
ACERI-TATARICI-QUERCETUM

(Z6lyomi, unpublished)

FESTUCETUM VAGINATAE
FESTUCETUM RUPICOLAE
JUNIPERETO-POPULETUM
CONVALLARIO-QUERCETUM

(Zsolt 1943, Szodtfridt 1969)
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Figure 4. Diagrammatic representation of packing of the
stages of both series in the habitat space. The diagrams il-
lustrate the calculations on one dimensional habitat width
and overlap (Levins’ B; and a) based on water-indicator
values (see Zélyomi and Précsényi 1964) of all species com-
prising the stages. On the left: zonal series. On the right:
extrazonal series.

Habitat packing of stages differs with the seres (Fig.
4). Again,the zonal sere exhibits particular differentia-
tion (looser packing) and in the one-dimensional
habitat space the separation of the pioneer stage is ob-
vious, too. The appearance of a 4-stage overlap in the
extrazonal sere indicates considerable habitat packing.

Phytosociological attributes

Species diversity was simply expressed as the num-
ber of species (total number of species of each table).
Relative evenness in the stages of the extrazonal sere is
due to the uniformizing influence of Festucetum
vaginatae on the species composition of Junipereto-
Populetum, and even on the steppe meadow. The high
species richness of the zonal sere decreases upon the
change of formation (Fig. 5).

Coordination is stronger in every stage of the zonal
sere than in the extrazonal (Fig. 6). We may assume
that biotic regulation through high species richness is
responsible for the high similarity of "replicate" stands
in the zonal sere. On the contrary, relatively strong
coordination of the Festucetum vaginatae semidesert
community can be explained on the basis of strong
abiotic stress and its selective power. Resistence to
weeds has probably a similar explanation.

Discussion

1. Following the steps of Table 1, the term population
attributes shows that we entered the realm of reduc-
tionist methods. However, there are many things in
common with the above holistic interpretation. The ad-
vantage of the holistic approach is its ability to find
some useful reference points. Such a reference is the

.observation that coenological stratification is high in

ZONAL SERIES EXTRAZONAL SERIES

1 AGROPYRO-KOCHIETUM

1 SALVIO-FESTUCETUM RUPICOLAE
3 AMYGDALETUM NANAE

4 ACERI TATARICI-QUERCETUM

FESTUCETUM VAGINATAE
ASTRACALO-FESTUCETUM RUPICOLAE
JUNIPERETO-POPULETUM

- CONVALLARIO-QUERCETUM

species
number

ZONAL SERIES

— = =~ EXTRAIONAL SERIES
200 T

150

100

50

stages

Figure 5. The number of species in the consecutive staées.
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many stages of the zonal sere, particuiarly in the steppe
meadows. This is shown by many syntaxonomical sub-
units described in the phytosociological literature if we
consider either degraded stages or the vegetation dif-
ferentiation along extended ecoclines. These subunits
or coenostates often have dynamic importance.
Phytosociological stratification in the zonal sere har-

1 ACROPYRO-KOCHIETUM

2 SALVIO-FESTUCETUM RUPICOLAE
3 AMYCDALETUM NANAE

4 ACERI-TATARICI QUERCETUM

{Z6lyomi, unpublished)

FESTUCETUM VAGINATAE
ASTR.-FESTUCETUM RUPICOLAE
JUNIPERETO-POPULETUM
CONVALLARIO-QUERCETUM

(Zsolt 1943, Szodtfridt 1969)
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Figure 6. The degree of the sociological coordination in the
two series expressed in average similarity values (F) of the
relevés representing the same stage (pairing of comparable
stages). The Fvalues are based on presence/absence scores.
Shaded columms: zonal. Other columns: extrazonal series.
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monizes with the competitive strategies that dominate
there. Functioning is ensured by the competitive
hierarchy of species, mainly grasses. This hierarchy is
apparent in undisturbed cases only; degradation rear-
ranges this hiearchy (e.g., Botriochloa ischaemum -
Festuca pseudovina -> F. pseudovina). The aim of cur-
rent research is to recover the population dynamic and
physiological background of such hierarchies.

Evidence suggests that in the Festucetum vaginatae,
the most extensive stage of the extrazonal sere, the
stress-tolerant rather than the competitive strategy is
successful. We refer to the high proportion of species
with C4 (C3-C4) and CAM-type photosynthesis (Fig. 7),
reflecting adaptation to dry conditions, which is beyond
example in the central European vegetation
(Hordnszky and Nagy 1977, Nagy and Hordnszky
1980). Many alternative solutions to resist drought
stress have evolved and these adaptive physiological
strategies simultaneously appear in the same com-
munity (Tuba 1984). The diversity of Raunkiaer life
forms is also high in the stages of the extrazonal sere.
These findings indicate that high life-form or other
functional diversity is a static character reflecting the
survival of the stage. This view is supported by the
above discussion of life-form progression.

2. The attributes of the two seres examined here are
compared with the assumption that differences are at-
tributable to the zonal or extrazonal character of the
sere.

3
y.d N,
y 4 N\
y 4 N\
y 4 A
/ \
f b Y
s d C37Cy
/7 CAM
Cy
Total number of
species: 34

Figure 7. The distribution of the photosynthetic types in the grasslands of the two series. A: Salvia - Festuca rupicola com-
munity (loess steppe meadow); B: Festuca vaginata community (perennial sand grassland)



Features characteristic of the zonal sere: co-dif-
ferentiation and coevolution between primary succes-
sion of vegetation and genetic soil development; and
distinctiveness of successional steps. This process can
be described well in terms of compositional similarities.
The direct progression of life-forms is also detectable
("one phase- one life-form"). The background process
is a clear habitat differentiation with minimum collec-
tive overlap.

The weak differentiation of stages in the extrazonal
sere may be attributed to the weak differentiation of
soil types. The low correspondence between vegetation
and soil causes uncertain stage transitions, expressed
by the reticulate graph structure.

An important criterion of improved supraindividual
organization of the zonal sere is the better coodination
of stages. This coordination can be interpreted well
from "above"; the sere is strongly deterministic and the
phases have a homogeneous origin.

3. Spatial constraints must be used in the elaboration
of the above topic. The zonal vegetation usually covers
extensive areas; the stands are less fragmented than the
azonal communities. Thus, isolation causes very little
reduction of species number. In the zonal vegetation
average species number is usually higher than in the
corresponding extrazonal type, and migration of
species is possible in larger areas. Taxonomic richness
(many species, ecological vicariants) facilitates refined
niche partitioning in the stages.

The extrazonal vegetation is almost always frag-
mented and isolated, as reported primarily from moun-
tainous areas. In the sand sere species absences and
eliminations are often observed: there is sometimes no
species suitable to occupy certain niches. Instead, sub-
stituting species that do not completely perform in the
same way will appear. A good example is the shrub
phase of the succession. Many species are specialized
to this phase of the zonal sere (Amygdalus nana,
Cerasus fruticosa, Rosa pimpinellifolia), all associated
exclusively to the forest steppe zone. In the extrazonal
sere, however, this stage is composed of non-specific
constituents. Thus, the appearance of Populus alba is
just a substituting phenomenon, because the habitat of
this species is the gallery forest. Similarly, Juniperus
communis is also a "Jolly Joker" in the phytosociologi-
cal sense, as shown by its wide geographical range.

4. It is worth pointing out two further phenomena that
are relevant to the present discussion. If the com-
munities of the two seres are analyzed according to the
distributional types of constituting species, consistent
differences may be identified. In the zonal sere the
majority of species have a more or less continuous
geographical range, with disjunctions, whereas in the
sand sere there are many species with disperse distribu-
tion. These differences support the above conclusions.
Furthermore, if we consider the distribution of species
restricted to the Danube Basin (Pannonian endemics,

cf. So6 1964) we find many in the extrazonal sere (e.g.,
Festuca vaginata, F. wagneri, Dianthus regis stephani, D.
diutinus, Sedum hillebrandii, Linum glabrescens). In
the communities of the zonal sere no such species
occur.

Two notes are in order regarding geographical area
types and endemics: 1. We are again faced with an
areal-geographical phenomenon, 2. The development
of these phenomena required many years; and the his-
torical facts are relevant. The endemics listed above
are all heliophytes, restrcited exclusively to the sand
steppe (Festucetum vaginatae). Speciation was possible
in a situation similar to the present, when succession
was arrested to some extent or, at least, the shrubby
and forest phases had a very slight chance to develop.

The other phenomenon is phytosociological. In the
different sections of the Danube-Tisza interregion the
terminal shrublands have different composition. In
some cases Populus alba is dominant on the dunes, ¢l-
sewhere Populus canescens (P. alba x P. tremula). P.
alba and Juniperus communis may also be dominant
together, and in the south Craraegus monogyna
dominates. West of the Danube Juniperus communis is
absent. This compositional uncertainty may be ex-
plained by the process of phytosociological drift which
is in good agreement with the graph structure of the
sand vegetation and the stochasticity of succession.

5. I must emphasize again that I do not have doubts
about the importance of the reductionist approach in
the interpretation of succession, but I reject its ab-
solute, exclusive validity. Holism and reductionism
both have their own field of relevance and they are

equally useful concepts of succession theory.

In principle, reductionism has a methodological-
analytical nature; it encourages the elaboration of
analytical tools to reveal fundamental mechanisms of
succession. On the other hand, it is also true that these
mechanisms are controlled by external constraints. It
has been shown, for example, that some secondary suc-
cessional mechanisms can be interpreted in terms of al-
locational trade-off (e.g., between nitrophily and
halophily, Tilman 1990). Even Tilman himself points
out that these vegetational trade-offs have been subject
to environmental contraints.

The holistic view is important for hypothesis-
generation (e.g., in recognizing different types of
primary succession). In addition, the holistic approach
has shown that for each type sets of constraints along a
habitat series may be identified. These constraints act
at higher levels ~of organization (vegetation, com-
munity) and control the lower level mechanisms.
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