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Abstract

Vasilopoulos G., Tsiripidis I. and Karagiannakidou V. 2007. Do abandoned tree
plantations resemble natural riparian forests? A case study from northeast Greece.
Bot. Helv. 117: 125-142.

The conversion of a riparian forest to plantations of fast-growing, exotic species
(Populus x canadensis, Robinia pseudoacacia) may alter the floristic composition and
soil properties, which may prevent the regeneration of natural forests when plantations
are abandoned. Along the Nestos River in northeast Greece, we investigated how
former plantations differ from natural forests after at least 14 years of abandonment.
We carried out 60 vegetation relevés and took soil samples in each plot to determine soil
texture and chemical properties. Relationships between the forest type (natural vs.
abandoned plantations), the floristic composition of the understory and soil properties
were analysed with classification (TWINSPAN) and ordination (DCA). There was a
clear floristic differentiation between natural forest and abandoned plantations,
especially those of Robinia pseudoacacia. The topsoil of abandoned plantations had a
lower content of organic matter and nitrogen, and the tree layer was still dominated by
the formerly planted species. However, there was a similar floristic gradient, related
mainly to soil texture (sandy vs. loamy sediments), in both the natural forest and
abandoned plantations. Thus, even though the establishment of natural riparian forest
species in the former plantations was scanty, their present floristic composition
sufficiently reflects the natural ecological gradient to serve as a basis for a management
plan to restore the natural riparian forest.

Key words: Exotic tree plantations, forest restoration, forested wetlands, Nestos
River, ordination, Populus x canadensis, Robinia pseudoacacia, soil degradation.
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Introduction

Riparian ecosystems are characterized by complex environmental gradients, which
vary in space and time (Ward 1998; Ward et al. 2002; Renofilt et al. 2005). This results
in alarge variety of plant communities and high species diversity. Large parts of riparian
ecosystems are naturally occupied by forests (Lugo 1990). Riparian forests perform
important functions such as reducing bank erosion (Micheli et al. 2004), improving
water quality (Doyle 1990; Sagers and Lyon 1997; Hughes et al. 2001), and creating a
complex mosaic of micro-habitats harboring a diversity of organisms (Doyle 1990;
Fleishman et al. 2003).

Most riparian forests in Europe have been heavily modified by river regulations or
destroyed by the conversion to agricultural, urban or industrial land (Dierschke 1980;
Décamps et al. 1988; Ward et al. 2002). Large areas of natural riparian forests have
been replaced by plantations of fast-growing, exotic tree species (Décamps et al. 1988;
Hartley 2002). This has caused the loss of habitats and therefore the reduction of
biodiversity as well as the alteration of soil properties (Lugo et al. 1990).

Nowadays, efforts are made to restore natural riparian forests (Ward 1998; Ward et
al. 1999,2002; Hughes et al. 2001), which raises the question whether the impact caused
by the previous land use change is reversible. Zerbe (2003) suggested that poplar
plantations in northeast Germany are reversible, i.e. they will develop towards natural
riparian forests after their abandonment. This author also used the present floristic
composition of the plantations to indicate which natural forest communities should be
targeted by restoration management on former poplar plantations. A relevant question
in this context is whether the plantations can host natural forest species. Some studies
indicated that plantations can maintain a high biodiversity (Laquerbe 2000) and can be
spontaneously recolonized by natural forest species (Lust et al. 2001), while other
studies pointed to the floristic differentiation between plantations and natural forests
(Michelsen et al. 1996; Ramovs and Roberts 2005).

This study investigates the differentiation in the floristic composition and soil
properties between plantations that have been abandoned for at least 14 years, and
remnants of a natural riparian forest in the Delta of the Nestos River (northeast
Greece). The aim was to determine: a) how the floristic composition of the abandoned
plantations differs from the natural forest, b) if there are differences in the soil
properties between the plantations and the natural forest, and c) if the type of natural
forest likely to develop on abandoned plantations can be derived from their present
floristic composition and soil properties.

Materials and Methods
Study area

The study areais located in northeast Greece and is defined by coordinates 40° 52" to
40° 55’ N and 24° 46 to 24° 50’ (Fig. 1). The riparian forest of the Nestos River used to be
called “Kotza Orman” (great forest) and covered an area of 12700 ha at the beginning of
the 20™ century (Efthimiou 2000). This area was reduced to 7200 ha until 1946, and to
2700 ha between 1946 and 1953 (Papaioannou 1953). Deforested areas were converted
to agricultural land and plantations of either Populus x canadensis or Robinia
pseudoacacia. Between 1980 and 1990, after two rotation cycles (approximately 30
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years), several plantations were abandoned because of the loss of their productivity.
Today, remnants of natural vegetation together with the secondary forest on abandoned
plantations cover less than 800 ha, of which 500 ha are protected by the Greek State.
The protected area is divided into two parts, which are on both sides of the Nestos River
(Fig. 1). It includes remnants of natural forest vegetation as well as abandoned
plantations of Populus x canadensis and Robinia pseudoacacia. While the tree layer of
the natural forests is dominated by Populus alba, Fraxinus angustifolia ssp. oxycarpa,
Quercus robur ssp. pedunculiflora and Ulmus procera, the tree layer of the abandoned
plantations consists almost exclusively of the formerly planted species.

The climate is coastal Mediterranean, with mild winters and dry and warm summers.
The monthly average temperature varies between 5.5 °C (January) and 25.6 °C (July).
The average annual precipitation for the period 1985-2002 is 425 mm, with a dry season
of at least five months.

The watershed of the Nestos River belongs to the Rodopi massif, which consists of
granite, gneiss and schist with marble intrusions (Mountrakis 1985). The study area lies
in the lower part of the river delta and consists of alluvial deposits of the Quaternary
period with a thickness of a few tens of meters.

Legend

Riparian forest area

CJin 1928
in 1952

F—— Dikes
== Protected area

Fig. 1. Map of the study area with the forest area in 1928 and 1952 (Kakouros and Dafis 2005).
Vegetation and soil sampling was conducted inside the protected area.
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Vegetation survey

The vegetation was surveyed in spring and summer 2004, according to the Braun-
Blanquet method (Dierschke 1994). A total of 60 relevés (each 300 m”) were taken in
natural forest vegetation (26), as well as in abandoned plantations of Populus x
canadensis (27) and Robinia pseudoacacia (7). Relevés were selected subjectively to
represent all vegetation types recognized visually in the study area. Fewer relevés were
taken in abandoned plantations of Robinia pseudoacacia because this forest type
covered a smaller area than the two others. Five vegetation layers were distinguished:
herbs, low shrubs (height < 2 m), high shrubs (height between 2 and 5 m), understory
trees and canopy trees. The cover abundance of all taxa was recorded for each
vegetation layer using the 9-grade refined Braun-Blanquet scale (grade 2 being
subdivided into 2m, 2a and 2b; Wilmanns 1989).

The nomenclature follows Tutin et al. (1968-1993), Greuter et al. (1984-1989),
Strid (1986), and Strid and Tan (1991, 1997, 2002). A few species had to be aggregated
because they could not be distinguished reliably (see App. 1).

Soil sampling and analysis

In each relevé, a soil profile was made to a depth of 50 cm, and samples were taken
from each soil layer. Layers were distinguished visually on the basis of soil colour,
texture and structure differentiation. In most profiles, four different soil layers were
apparent, while in those with three layers, the last one was divided into two equal parts,
so that four soil samples were taken from each profile. The thickness of each soil layer
was measured.

The treatment of soil samples followed Carter (1993). Soil pH was measuredina 1:1
soil-water slurry for most samples and in a 1:5 soil-water slurry for those with a high
proportion in organic matter (> 8% ). Organic carbon was determined through wet
oxidation (Nelson and Sommers 1982), and organic nitrogen with the Kjeldahl method
(Bremmer and Mulvaney 1982). Particle size distribution (% of sand, silt and clay) was
determined using the pipette method (Gee and Bauder 1982).

Data analysis

Vegetation data were entered into TURBOVEG version 2.32a (Hennekens and
Schaminée 2001). Taxa occurring in one or two relevés were omitted before the
analyses. Additionally, if a taxon appeared in different vegetation layers but with very
few occurrences in some of them, adjacent layers were pooled to avoid that such
accidental ’structural differences’ would distort the analyses (e.g. Smilax excelsa
occurrences in the understory and canopy tree layers or Humulus lupulus occurrences
in the understory trees, high shrub and low shrub layers). Furthermore, the occurrences
of the six dominant tree taxa (Populus alba, P. x canadensis, Fraxinus angustifolia ssp.
oxycarpa, Quercus robur ssp. pedunculiflora, Robinia pseudoacacia and Ulmus
procera) in the tree layers were omitted from the analyses so that we could test
whether the species composition of the understorey was related to the composition of
the tree layer, i.e. to the former land use.

To identify vegetation types and differential species, relevés were classified using
the TWINSPAN method (Hill 1979) with four levels of divisions. The cover abundance
of taxa was taken into account by using four pseudospecies cut levels, which correspond
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to cover values of 0, 5,25 and 50 % . The subdivisions given by the TWINSPAN analysis
together with the composition of the tree layer and soil properties helped to identify ten
floristically homogeneous and ecologically distinct vegetation groups. A phytosocio-
logical table representing this grouping was produced in JUICE version 6.3 (Tichy
2002). Soil variables were compared between abandoned plantations and the natural
forest using the Mann-Whitney U test.

Detrended correspondence analysis (DCA; Hill and Gauch 1980) was used to
explore the main ecological gradients of floristic differentiation. For this analysis, cover
abundances were square-root transformed and rare taxa were downweighted in
proportion to their frequency to reduce their influence on the ordination. To help the
interpretation of the ordination axes, soil properties and the relative cover values of the
six dominant tree species were included in the analysis a posteriori. Soil organic matter
and nitrogen content were converted into pools through multiplication by the thickness
of the corresponding soil layer. DCA was performed using CANOCO version 4.5
software (ter Braak and Smilauer 2002).

Results
Classification

The TWINSPAN classification revealed a clear floristic differentiation between
abandoned plantations and natural forest. At the first level of division, relevés from
plantations were distinguished from those of the natural forest, except for groups 5 and
6 (plantations), which clustered together with the natural forest. At the second level of
division the relevés of Robinia pseudoacacia plantations were distinguished from those
of the Populus x canadensis plantations, and the relevés of groups 5 and 6 were
distinguished from those of the natural forest. At the third level, groups 2 and 3 were
distinguished from group 4 in the Populus x canadensis plantations, and groups 7 and 8
were distinguished from groups 9 and 10 in the natural forest.

Group 1 included all the relevés conducted in Robinia pseudoacacia plantations. It
was clearly differentiated from all other groups by the absence of species such as Rubus
sanctus, Brachypodium sylvaticum/pinnatum, Periploca graeca, Clematis vitalba or
Cornus sanguinea ssp. sanguinea, which were frequent in all other vegetation groups.

Groups 2 to 6 included all relevés in Populus x canadensis plantations. Groups 2 and
3 had a dense herb layer, while the shrub layer usually had a relatively low cover. Group
3 presented a much higher species richness than all other vegetation groups of the study
area. Group 4 was floristically similar to group 3, but structurally similar to group 5
because of a dense shrub layer composed mainly of Rubus species. Groups 5 and 6 had
the highest floristic similarity to the natural forest vegetation, with the occurrence of
Smilax excelsa, Tamus communis, Periploca graeca and Cornus sanguinea ssp.
sanguinea in the shrub layer. Group 6 was differentiated through the high cover of
Prunus spinosa shrubs and covered only a small area.

Groups 7 to 10 included all relevés in natural riparian forest. Group 7 represented
softwood forest dominated by Populus alba in the tree layers; it occurred predom-
inately in the eastern part of the study area. Group 10 represented hardwood forest
dominated by Fraxinus angustifolia ssp. oxycarpa, Quercus robur ssp. pedunculiflora
and Ulmus procera in the tree layers; it occurred predominately in the western part of
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the study area. Groups 8 and 9 represented intermediate forest types. Group 8 occured
in the eastern part of the study area, and group 9 in the western part.

These ten groups correspond to a detailed classification of the vegetation. However,
some of these groups (2 and 6) were very rare in the study area or represented
intermediate conditions (groups 8 and 9). Furthermore, soil analyses showed that
relevés of groups 2—4 and those of groups 5—6 were clearly distinguished by soil texture
(sandy vs. loamy) in the three upper soil layers as well as by topsoil pH (Tab. 1). Soil
texture also differed between relevés of groups 7-9 and those of group 10 (Tab. 1).

Based on the TWINSPAN classification, the ordination results (see below), the
composition of the tree layer and soil analyses, the ten groups can be classified into five
main vegetation units: abandoned plantations of Robinia pseudoacacia (group 1),
plantations of Populus x canadensis on sandy soils (groups 2—4), plantations of Populus
x canadensis on loamy soils (groups 5-6), natural softwood forest dominated by
Populus alba on sandy soils (groups 7-9), and natural hardwood forest dominated by
Fraxinus angustifolia ssp. oxycarpa and/or Ulmus procera on loamy soil (group 10).

Tab. 1. Median values of soil properties per soil layer (L) and vegetation unit. Abbreviations
are: L.T.: soil layer thickness, O.M.: organic matter, O.N.: organic nitrogen. Vegetation units
are (1) abandoned plantations of Robinia pseudoacacia, (2) plantations of Populus x canadensis
on sandy soils, (3) plantations of Populus x canadensis on loamy soils, (4) natural softwood
forest dominated by Populus alba on sandy soils, and (5) natural hardwood forest dominated by
Fraxinus angustifolia ssp. oxycarpa and/or Ulmus procera on loamy soil.

L Unit LT pH O.M. O.N. Sand Silt Clay
(cm) (%) (%) (%) (%) (%)
1 2.5 6.79 6.10 0.30 47.6 29.6 21.2
2 5.0 6.87 4.77 0.24 79.5 8.2 13.0
1 3 3.0 7.11 6.08 0.31 42.5 29.0 29.1
4 4.5 6.98 14.40 0.54 71.3 18.8 8.9
5 4.8 6.84 11.11 0.46 55.8 25.4 18.1
1 12.0 7.15 2.32 0.16 49.7 29.3 20.9
2 10.0 7.14 2.03 0.11 81.8 9.6 122
2 3 12.0 6.73 3.07 0.14 46.6 255 29.7
4 8.0 7.20 1.58 0.11 80.5 11.8 59
5 12.5 7.08 3.13 0.15 58.5 19.2 18.5
1 15.0 7.39 1.38 0.09 64.6 20.9 14.5
2 16.0 7.32 1.40 0.07 84.9 9.1 9.4
3 3 15.0 7.03 1.43 0.08 54.0 24.8 25.7
4 18.3 7.43 0.57 0.03 84.4 10.3 5.0
5 15.0 7.50 0.89 0.04 75.1 14.1 8.9
1 21.0 7.55 0.69 0.03 77.5 10.9 12.2
2 17.0 7.50 0.51 0.02 81.2 8.7 9.8
4 3 18.0 7.54 0.84 0.02 68.6 12.8 15.4
4 19.8 7.39 0.34 0.02 81.8 12.0 6.8
5 16.4 7.59 0.73 0.02 78.7 10.6 10.8
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Soil characteristics

Soil properties of the five main vegetation units are presented in Table 1. In Table 2,
soil variables are compared between the plantations and the natural forest. The organic
matter content and nitrogen content of the first soil layer were significantly higher in the
natural forest. In contrast, organic matter content, nitrogen content and clay content of
the third soil layer were significantly higher in the plantations (Tab. 2). The plantations
have also significantly higher clay content in the second and fourth soil layers.

Ordination

The DCA ordination of all 60 relevés revealed a fairly clear distinction of the two
main vegetation types, i.e. natural forest vs. plantations (Fig. 2a, Tab. 3). The relevés of
the natural forest clustered on the right side of the plot, while those of the plantations
occupied the middle and left part of the plot, with the relevés of the Robinia
pseudoacacia plantations forming a distinct group at the extreme left. Along the vertical
axis, a less distinct differentiation was related to the dominance of hardwood species in
the upper part of the plot.

A separate ordination including only abandoned plantations revealed three main
groups of relevés (Fig. 2b): those of Robinia pseudoacacia plantations (group 1), those
of groups 2 and 3, and those of groups 4-5 (at the right part of Fig. 2b), while the two
relevés of group 6 appeared as outliers. The first axis was related to topsoil pH and soil

Tab. 2. Median values of soil properties per soil layer (L) in abandoned plantations and natural
forest. Abbreviations are as in Tab. 1. Asterisks indicate significant differences between the two
forest types within a layer (Mann-Whitney U test; a = 0.01)

L Forest LT pH O.M. O.N. Sand Silt Clay
type (cm) (%) (%) (%) (%) (%)
1 Plantation 4.0 6.95 5.97% 0.26* 70.0 16.2 14.7
Natural 4.8 6.94 12.57 0.49 68.3 19.4 9.8
2 Plantation 11.5 7.08 251 0.12 721 12.8 14.4*
Natural 10.5 7.12 1.74 0.11 77.7 13.5 8.7
3 Plantation 15.0 7.32 1.39% 0.08* 77.4 9.6 11.4%*
Natural 15.8 7.46 0.68 0.03 82.8 12.1 6.2
4 Plantation 18.8 7.53 0.53 0.02 78.4 8.8 11.7%
Natural 19.3 7.52 0.47 0.02 80.5 10.9 7.9

Tab. 3. Eigenvalues, gradients length and total inertia obtained from DCA of the entire data set
or from separate DCAs for either plantations or natural forests (cf. Fig. 2).

Eigenvalues Gradient length . .
Data set _ _ _ _ Total inertia
Axis 1 Axis 2 Axis 1 Axis 2
All relevés 0.523 0.207 3.289 2.089 3.421
Plantations 0.483 0.296 3.293 3.019 3.399

Natural forests 0.291 0.125 2.058 1.528 1.482
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Fig. 2. Ordination biplot of the first two axes of detrended correspondence analysis of (A) all
relevés, (B) abandoned plantations, and (C) natural forest. Symbols represent vegetation
relevés; group numbers correspond to those of App. 1. Arrows represent explanatory variables
included in the ordination a posteriori: Relative cover abundance of trees (P.C.,R.P.,PA., UP,
F.A.: Populus x canadensis, Robinia pseudoacacia, Populus alba, Ulmus procera and Fraxinus
angustifolia ssp. oxycarpa) and soil properties; pH = soil acidity, OM, ON = percentages of
organic matter and organic nitrogen, respectively, multiplied by the thickness of the
corresponding soil layer, S, Si, C = percentages of sand, silt, and clay; numbers used as indices
to the soil variables represent the soil layers. Only variables presenting correlations with at least
one of the first two axes higher than |0.4| are drawn.

texture, with the relevés on more basic and more clayey soils in the right part of the plot.
The second axis was mainly determined by the two relevés of the 6" group, which had a
lower soil pH in the second to fourth soil layers.

The DCA of relevés of the natural forest revealed two main groups of relevés: those
in which Populus alba dominated in the tree layers (groups 7-8), and those where
hardwood species dominated in the tree layers (groups 9-10). In group 9, although
Populus alba dominated in the tree layers, hardwood species also occurred. The first
axis was related to soil texture (more loamy soils in the hardwood stands and more
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sandy ones in the softwood stands) and organic matter content (higher in hardwood
stands). The second axis was not clearly related to any of the soil variables.

Discussion
Floristic differentiation between plantations and natural forest

For the protection and restoration of riparian habitats, an important question is how
forest plantations could serve biodiversity conservation in addition to timber
production (Laquerbe 2000; Lust et al.2001; Hartley 2002; Zerbe 2003). The
plantations investigated here have been abandoned for at least 14 years, so that the
floristic composition of the understory is no longer affected by perturbations from
cultivation practices. Still, the frequency and cover of typical species of natural riparian
forests are low in the abandoned plantations. Considering the small distances between
relevés carried out in plantations and in natural forest stands (in many cases less than
100 m), their strong floristic differentiation indicates the low degree of naturalness of
the abandoned plantations. Most differential species of the natural forest vegetation are
typical riparian forest species, which have been recorded with high constancy in other
riparian forests in Greece (Ahtanasiadis and Drossos 1992; Athanasiadis et al. 1996).
On the other hand, many differential species of the plantations are typical of ruderal
vegetation.

However, the constancy and abundance of natural species was not equally low in all
plantations. The 5" group included more natural forest species (especially shrubs and
lianas) than groups 2-4, while the Robinia pseudoacacia plantations (group 1) had the
lowest frequency and cover of natural riparian forest species. This differentiation inside
the poplar plantations may be attributed to soil factors (mainly soil texture), while the
floristic difference between the two planted tree species probably results from stronger
shading in the Robinia pseudoacacia plantations. The latter had the second lowest
species richness of all vegetation groups. Additionally, their floristic similarity with
Robinia pseudoacacia plantations in Central Europe (Pott 1992; Mucina 1993),
indicates that the high shading of the tree layer and the enrichment of soil with nitrate
through atmospheric N fixation create particular ecological conditions that govern the
understory composition.

The differentiation between plantations and natural stands varied among plant
groups (McCune and Antos 1981; Sagers and Lyon 1997; Guillaume 2002). Most of the
natural riparian species occurring in the plantations were shrubs or lianas (e.g. Cornus
sanguinea ssp. sanguinea, Smilax excelsa, Tamus communis, Periploca graeca), while
many species occurring exclusively in either natural forests or plantations were
herbaceous species. This may be attributed to the fact that the herbaceous species are
more dependent upon the topsoil, which is more degraded in the plantations than the
deeper soil layers. Therefore, the regeneration of tree and shrub species inside forest
plantations should only be used with caution as an indicator of the degree of naturalness
or ecological functionality (Lust et al. 2001; Hartley 2002; Zerbe 2003).
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Soil conditions and restoration implementations

The restoration of riparian forests must address the issue of the alteration of
physical and chemical soil properties caused by land use change. Plantations had
significantly lower organic matter and nitrogen content of the first soil layer than
natural stands. The site preparation for the establishment of plantations as well as the
relatively low production of litter by the plantations and the periodic removal of organic
matter from the ecosystem through wood cutting cause a long-term reduction of the
organic matter and nitrogen content of the topsoil (Alifragis et al.2000). The
destruction of riparian forests generally causes huge losses of soil organic matter and
nitrogen (Armentano 1980; Lugo et al. 1990; Alifragis et al. 2000; Efthimiou 2000).

The fact that the plantations have significantly higher organic matter and nitrogen
content in the third soil layer and clay percentage in the second to fourth soil layers may
simply reflect the fact that the most sandy soils of the area were avoided when
plantations were established. Alternatively, plants growing in plantations might be
more deeply rooted (possibly because of the lower nutrient content of the topsoil). The
decomposition of roots in deeper soil layers could then cause an increase in organic
matter and nitrogen content.

Soil texture showed a parallel differentiation in plantations and natural stands. In
both forest types, there was considerable variation in the clay content of the three upper
soil layers. This differentiation was reflected in the species composition of the
understory. Two main vegetation units were distinguished in the poplar plantations,
occurring on sandy soils and loamy soils, respectively. Similarly, the two types of natural
forest (softwood and hardwood stands) also differed in soil texture.

Therefore, the present floristic composition of the plantations can serve as a basis
for amanagement aiming at the restoration of natural riparian vegetation. For example,
the conversion of the plantations to natural forest could be assisted by the reforestation
with native riparian tree species (Efthimiou 2000, Zerbe 2003). In this case, areas
occupied by vegetation similar to that of the second unit (groups 2 to 4), should be
reforested with Populus alba, while hardwood species should be regarded as more
appropriate for the reforestation of areas with vegetation similar to that of the third unit
(groups 5 and 6). Of course, the restoration of entire riparian communities, and not just
of the tree layer, requires an increase in the organic matter content of the topsoil. For
this reason, no tree biomass should be removed from the plantations, but it should be
left on site (Efthimiou 2000, Hartley 2002).

The question whether the conversion of the plantations of the study area to natural
forestis possible and, if so, how much time is needed, remains open. The regeneration of
a natural riparian forest requires the restoration of hydrological and sediment input
processes (Hughes et al. 2001). As the functional integrity of the river-floodplain
complex is restored, biodiversity should follow (Ward et al. 1999). The regulation of the
Nestos River has broken the abovementioned processes (Kotoulas 1991).

The remnants of the natural forest vegetation reflect ecological conditions existing
before the river regulation; the more frequent occurrence of softwood stands in the
eastern part of the study area can be explained by the old riverbed, which has now
shifted 4 km westwards, in an area where fine sediments were being deposited in the
past. Nevertheless, the river dikes prevent flood waters from affecting the forests of the
study area. However, the natural forest stands seem to be well regenerated (Efthimiou
2000), probably because of the positive effect of a high water table. Today, there are
initiatives for the restoration of a part of the natural forest of the Nestos River as well as
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for the reflooding of certain areas, especially inside the protected area. This study as
well as similar phytosociological studies could offer useful data and scenarios for the
establishment of a biomonitoring plan aiming at the restoration of natural riparian
forests and the investigation of the impact of management practices on the vegetation
and biodiversity of riparian ecosystems.

Zusammenfassung

Die Umwandlung von Auwildern in Plantagen schnellwachsender, nicht-einhei-
mischer Baumarten (Populus x canadensis, Robinia pseudoacacia) kann die Artenzu-
sammensetzung des Unterwuchses sowie Bodeneigenschaften der Standorte verdn-
dern. Hierdurch wird moglicherweise die Regeneration natiirlicher Wilder nach
Aufgabe der intensiven forstlichen Nutzung verhindert. Am Nestos-Fluss in Nordost-
Griechenland wurde untersucht wie sich ehemalige Plantagen mindestens 14 Jahre
nach der Nutzungsaufgabe von natiirlichen Waldbesténden unterscheiden. Wir fithrten
60 Vegetationsaufnahmen durch und bestimmten fiir jede Flache die Bodenkodrnung
sowie chemische Eigenschaften des Bodens. Zusammenhinge zwischen dem Waldtyp
(natiirlich oder ehemalige Plantage), der Artenzusammensetzung des Unterwuchses
und Bodeneigenschaften wurden mit Klassifikations- und Ordinationsmethoden
analysiert.

Es gab eine klare floristische Differenzierung zwischen natiirlichen Wildern und
ehemaligen Plantagen, besonders solchen von Robinia pseudoacacia. Der Oberboden
der ehemaligen Plantagen enthielt weniger organisches Material und Stickstoff, viele
Krautarten der natiirlichen Wilder fehlten, und die Baumschicht wurde nach wie vor
von den zuvor gepflanzten Baumarten dominiert.

Es gab aber auch einen natiirlichen floristischen Gradienten in beiden Waldtypen,
der durch die Bodenkornung (sandige oder lehmige Sedimente) bestimmt wurde.
Dieser Gradient wurde sowohl in den natiirlichen Wéldern als auch in den ehemaligen
Plantagen festgestellt. Obwohl sich in den ehemaligen Plantagen bislang nur ein Teil
der natiirlichen Waldarten angesiedelt hat, spiegelt deren Artenzusammensetzung den
natiirlichen Standortsgradienten bereits soweit wider, dass sie Hinweise fiir Massnah-
men zur Wiederherstellung der natiirlichen Wélder liefern kann.

Thanks are due to D. Alifragis, T. Papaioannou, S. Kokkini, S. Donth, P. Kakouros and the personnel of the
Forest Service of Kavala County and the Environmental Center of Keramoti. We also thank S. Giisewell and
three anonymous reviewers for their valuable comments and suggestions. This paper is dedicated to Dimitrios
Babalonas, Professor of Systematic Botany and Phytogeography in the School of Biology of Aristotle University
of Thessaloniki, who suddenly passed away in October 2004.
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