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Abstract

We studied the spatial variation of plant assemblages in a 4383 ha deciduous forest in the periphery of Brussels. All vascular
plant species were recorded following a grid-map of Zlaalls totally or partly covered by the forest. A total of 414 plant
species was observed. Species composition and plant functional groups in forest edges and the neighbouring forest interior are
studied. The study quantifies plant functional groups (e.g. ancient forest plants, true forest species, rare species, geophytes, C
S or R-strategists) in the plots and tests for relationships with the geographical position in the forest according to a city-to-forest
gradient. Our results led us to identify distinct characteristics of forest flora based on the distance to the actual city border.
The study revealed significant outer edge effects on the flora. Plant composition of the forest interior and forest edge can be
separated by ordination on species composition, suggesting that these two biotopes have a distinct species ag$¢eslage.
and Two-Way-Indicator-Species-Analysis detected significant edge-associated species that were recorded exclusively in the
edge or were the most frequent in the forest edge. We found that forest stands close to urban areas support populations of
indicators of disturbance (pioneer species, C and R-strategists and aliens) to plots which are distant from the city. However,
our observations also suggest that species groups with high conservation value (e.g. ancient forest species, or rare species
may also be more represented at the edge than in the core of the forest. Moreover, no forest specialists which would occur only
in the interior zone were found. These observations are in disagreement with the hypothesis that true forest plants and species
groups of high conservation value would be more frequent in the forest than on the borders. These findings are applicable to
the management of forests in an urban context.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction (Hauser, 1982, cited biivell, 1993). In some highly
urbanised countries, such as Belgium, human activi-
Most of the present-day forests of north-western ties may seriously influence the surrounding area. This
Europe are wooded isolated patches surrounded byhuman impact on the composition of the flora and
cleared land. In Belgium, this cleared land is more vegetation has been recognised as the most important
and more represented by agricultural or built-up ar- factor during the last 5000 yearkdwarik, 199Q. In
eas, the latter consist of 14.6% of the Belgian territory the Brussels area, this impact has exponentially in-
creased from 1860 onwards with the building of new
mpondmg author. Tels32-2-6293411: d_weIIing_s tpwards the suburbs and \{vith the consfnruc—
fax: +32-2-6293413. tion of city infrastructure (transportation, communica-
E-mail addressssagodefr@vub.ac.be (S. Godefroid). tions, public utilities, sanitation and sewerages, etc.).
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The effect that urbanised areas have on the remaining Despite increased recognition of the importance of
semi-natural forest communities is an important ques- edge effects in determining forest composition and
tion for environmental managers, both for land use structure Chenetal., 1992; Matlack, 1994; Luczajand
planning purposes and for nature conservation. Sadowska, 1997; Oosterhoorn and Kappelle, 2000
Recently, there has been an increasing interest in few studies have assessed the relative influence of a
studying transition areas (like ecotone) and/or tran- city—forest ecotone on the distribution pattern of plant
sitional situations, such as intermediate disturbance functional groups. With increasing concerns about
level (Magura et al., 200)aForest edges are transi- organisms and processes that require interior forest
tion zones between different habitats, they are a type habitat or minimum human and urban influence, de-
of ecotone Kolland et al., 1991and they are known  termining which functional groups are sensitive to the
to consist of microenvironments that may provide a edge effect is essential for woodland management and
habitat for a different suite of species than forest inte- species conservation. Moreover, the species rarity and
riors (Gehlhausen et al., 20pMany studies dealing  species groups of high conservation value have never
with this important problem have shown that forest been used. In our study, these factors were examined.
edges (i.e. that part of the forest near the perimeter The main objectives of this study are: (1) to high-
that is influenced by the environment of the adjacent light changes in floristic composition along an edge to
ecosystem, so that it differs in some characteristics interior gradient of a peri-urban forest; (2) to explore
from the centre of the ecosystem) typically have a dif- the distribution patterns of plant functional groups
ferent species composition and community structure within this city—forest ecotone; (3) to test whether the
when compared with forest interiors, a phenomenon edge effect leads to a significant response of the dis-
known as the “edge effect’Ffaver, 199% Since the tribution of individual species and functional groups,
work of Odum (1971) the edge effect is a rather with special reference to indicators of disturbance and
well accepted concept and diversity in forest edges to species groups of high conservation value.
and the neighbouring forest interior is a very well
studied topic. However, plant responses to this phe-
nomenon seem to be less assessed than other taxo2. Study area
nomical groups, such as carabid beetles (elaggura
et al., 2001a,por birds (e.g.Carlson and Hartman, The research was conducted in the Sonian Forest
2001). (Fig. 1), which lies south of Brussels (587 30’N;

Fig. 1. Part of the study site, the Sonian Forest (Brussels), a 4383 ha forest dominated byFagashsylvatica
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Fig. 2. Location of the study area (in black) compared with the total extent of the Sonian Forest (in white) and systematic grid of
1 kmé-cells covering the study area.

4°26'30’E). It is a remnant of the huge forest that is 3. Methodology

supposed to have covered the whole of western Eu-

rope after the last Ice Age, and is considered as always3.1. Data collection

being a wooded area since at least 5000 year BP. The

forest actually covers an area of 4383 ha, of which  We used a systematic grid covering the forest from
1654 ha is situated within the administrative limits of its edges to the interior. The study area includes 25
the Brussels Capital Region, this constituting a man- 1 kn?-cells which are totally (interior cells) or par-
agement unit. The present study deals with that part tially (edge cells) covered by the forest. Within each of
of the forest included within the boundaries of the city these 1 krA-cells, all vascular species were recorded
(Fig. 2. Some 20,000 years ago, sandstone and flint- wherever they occurred within the wood. In order to
stone formed the upper layer in the area of the Sonian avoid undersampling because of the seasonal varia-
Forest. After the last Ice Age, this layer was covered tion, each 1krA-cell was surveyed two times along
with loess. Today, almost the whole surface of the the growing season (early spring, summer or early au-
forest (95%) is composed of a 3—4 m thick silt layer, tumn). On each visit, the duration of search was long
which corresponds to the loess deposition. The forest enough to reach the point where it was difficult to add
ranges in altitude from 65 to 130 m a.s.l. The climate of further species to the list. Field work was performed
the area is temperate and humid, with a growing seasonduring three growing seasons, from 1992 to 1994.

of 7 months (April-October). Mean annual tempera-

ture is 9.9°C, annual precipitation is 835 mm. Origi- 3.2. Data analyses

nally, the Sonian Forest was an oak-hornbeam forest

(dominated byQuercus roburand Carpinus betulus The spatial distribution of data was analysed ac-
Since the plantation work of the Austrian administra- cording to three zones which were identified on the
tion at the end of the 18th century, it is now com- basis of their distance from the citfi). 3): (1) the
posed of 85% of beech tredsagus sylvatica Except edge zone includes grid cells which are directly in
beech, few other woody species are found. Seven per-contact with the city and which may contain hard bor-
cent of the forest surface is occupied by oak stands ders (roads, gardens versus forest); (2) the intermedi-
(Quercus robuy and 8% is represented by introduced ate zone includes grid cells which are not far from the
conifer standsRinus sylvestrisLarix decidua Picea city (maximum 1 km) but without close contact with
abies. it; and (3) the interior zone contains grid cells which
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Fig. 3. Zonation of the study area according to the distance from the city.

are situated in the core of the forest (at least 1 km from cient forest species, as definedidgnnay et al. (1998)
the actual city border). for Belgium, which are generally considered to be the
The first part of the study is based on analyses at the most valuable amongst the woodland flora. Due to
species-level. The occurrence of species in the edgetheir poor colonisation abilityWhitney and Foster,
zone was first compared with their presence in the 1988; Honnay et al., 1998these species are limited
interior zone. Ax2-test and a Fischer exact probability to primary or 'ancient’ woodland areas, i.e. wood-
test Sokal and Rohlf, 2000were used. land sites which have been continuously wooded since
In order to detect the patterns of variation in the about the year 1775, corresponding to the publica-
species data that can be explained by the city—foresttion date of the Ferraris mapdérmy and Stieperaere,
ecotone, we calculated a constrained ordination (CCA) 1981), the oldest maps with a reliable accuracy in our
with the three zones (edge, intermediate, interior) as region. As another basis for site assessment and com-
environmental dummy variables. This initial analysis parison, we used the plants which were recognised as
provided a check on how unimodel the data were. Be- having a (strong) preference for big woodlots. For the
cause the lengths of the gradient was 1.91 S.D., we study area, these species were identifieddgk et al.
assumed that the response curve would be monotonic(1993) Special emphasis is also laid on geophytes (ac-
and we considered RDA. This was performed using cording toLambinon et al., 1992and rarest species,
the program Canoco 4 for Window3¢r Braak and  which we defined as those having a frequency less than
Smilauer, 1998 The advantage of using RDA is that 10% in the studied area. The distribution pattern of in-
in its biplot it provides more quantitative information dicators of disturbance (such as aliens, defined for the
than CCA in its joint plot Jongman et al., 2000A study area by.ambinon et al., 1992or pioneers from
first ordination was carried out on the entire species disturbed areas, according$tieperaere and Fransen,
data-set, but as forest species seem to us important in1982 and plants with primary strategy of establish-
the framework of nature conservation, we performed a ment Grime et al., 198Bare also examined. Analysis
second ordination only based on the forest species asof variance (ANOVA) was used to search for signifi-
defined byStieperaere and Fransen (198Phe char- cant differences in the geographic distribution of the
acteristic species of each zone were then explored bydifferent plant functional groups under consideration.
a Twinspan analysisHill, 1994) which is a useful As inferred environmental variables, we used the
method to find indicator species and/or species assem-Ellenberg’s indicator values, but recalibrated and com-
blages characterising groups of samples. pleted for the British FloraHill et al., 1999, which
Searching for potentially interesting ecological gra- have been widely employed and validated for the inter-
dients, we then focused on the spatial distribution of pretation of the variation among plant communities in
species groups of high conservation value, such as an-space and time in many northern European countries
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(e.g.Persson, 1981; Ter Braak and Gremmen, 1987; species can mainly be classified in four different
Van der Maarel, 1993; Diekmann and Dupré, 1p97 ecological groups, i.e. forest plants, species from
An advantage of the Ellenberg values is that they are clear-felled areas, plants of river banks and pioneers
pre-defined and therefore provide an objective bench- from disturbed, artificial and anthropised habitats. No
mark to interpret ordinations in terms of known gra- species which would have a strong bias to the inner
dients {Hill et al., 1999. Averages of these indicator forest were found.
values were calculated for all grid cells and used The all-species ordinatiorF{g. 4) of the first two
to study the spatial variation of climatic (light) and axes of the RDA displays a clear pattern. According
edaphic (moisture, reaction (pH), nitrogen) factors to the Monte Carlo Permutation Test, the edge zone
along the city—forest ecotone. is a highly significant explanatory variableP (=
In order to avoid bias from factors which could in- 0.005) but only accounts for 9% of the explained
fluence the output, edge age (at least 200 years), orien-variance. The interior zone is marginally significant
tation (north—west) and adjacent land-use (urban ma- (P = 0.0480), while the last variable (intermediate
trix) were constant in our study area. zone) is not shown because of its lack of signifi-
cance f = 0.8132). Only the most confident species
(with fit = 20) are represented. Some edge-associated

4. Results species, that were recorded exclusively or were the
most frequent in the forest edge, clearly emerge from

4.1. Indicator species along the edge to interior the ordination graph, such dyycelis muralis Senecio

gradient ovatus Geranium robertianum Calluna vulgaris

Hedera helix Convallaria majalis Hypericum quad-

Of the 414 species (30% of the Belgian flora) en- rangulum Trifolium pratense Salix albg Tanacetum

countered in the study area, 108 show a progressivevulgare Lysimachia vulgarisMaianthamum bifolium

decline along the edge to interior gradiefalfle J). andEpilobium parviflorum Striking is the fact that no
Results are (highly) significant for 31 of them. These forest specialists, those only occurring in the interior

Table 1
Plant species showing a progressive decreasing frequency from the city border to the core of the forest
Frequency (%) Fisher exact x?-value P-level Association
Zone 1 Zone 2 Zone 3 probability with edge

Senecio ovatus 70 63 0 0.0062 8.33 0.0039 o
Geranium robertianum 100 88 43 0.0147 7.47 0.0063 .
Calluna vulgaris 80 63 14 0.0134 7.14 0.0076 o
Hedera helix 80 63 14 0.0134 7.14 0.0076 o
Maianthemum bifolium 90 63 29 0.0175 6.80 0.0091 o
Carex pendula 60 13 0 0.0170 6.49 0.0108 *
Epilobium parviflorum 60 25 0 0.0170 6.49 0.0108 *
Equisetum arvense 60 13 0 0.0170 6.49 0.0108 *
Polygonum aviculare 60 13 0 0.0170 6.49 0.0108 *
Tanacetum vulgare 60 13 0 0.0170 6.49 0.0108 *
Juncus tenuis 100 75 57 0.0515 5.20 0.0225 *
Lamium galeobdolon 100 63 57 0.0515 5.20 0.0225 *
Acer platanoides 70 50 14 0.0364 5.13 0.0235 *
Ajuga reptans 70 50 14 0.0364 5.13 0.0235 *
Crataegus monogyna 70 25 14 0.0364 5.13 0.0235 *
Sonchus asper 70 50 14 0.0364 5.13 0.0235 *
Equisetum telmateia 50 25 0 0.0407 4.96 0.0260 *
Hieracium sabaudum 50 13 0 0.0407 4.96 0.0260 *

Hypericum pulchrum 50 38 0 0.0407 4.96 0.0260
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Table 1 Continued

Frequency (%) Fisher exact x2-value P-level Association
Zone 1 Zone 2 Zone 3 probability with edge

Iris pseudacorus 50 13 0 0.0407 4.96 0.0260 *

Lysimachia vulgaris 50 13 0 0.0407 4.96 0.0260 *

Potentilla anserina 50 13 0 0.0407 4.96 0.0260 *

Symphytum officinale 50 25 0 0.0407 4.96 0.0260 *

Dactylis glomerata 80 38 29 0.0522 4.50 0.0340 *

Eupatorium cannabinum 80 63 29 0.0522 4.50 0.0340 *

Fraxinus excelsior 80 75 29 0.0522 4.50 0.0340 *

Polygonatum multiflorum 80 38 29 0.0522 4.50 0.0340 *

Stachys sylvatica 80 50 29 0.0522 4.50 0.0340 *

Epilobium hirsutum 90 63 43 0.0600 4.41 0.0358 *

Lapsana communis 90 75 43 0.0600 4.41 0.0358 *

Rumex obtusifolius 90 50 43 0.0600 4.41 0.0358 *

Filipendula ulmaria 40 13 0 0.0882 3.66 0.0557 n.s.
Gnaphalium uliginosum 40 25 0 0.0882 3.66 0.0557 n.s.
Lythrum salicaria 40 13 0 0.0882 3.66 0.0557 n.s.
Mentha aquatica 40 25 0 0.0882 3.66 0.0557 n.s.
Myosotis scorpioides 40 13 0 0.0882 3.66 0.0557 n.s.
Solanum dulcamara 40 38 0 0.0882 3.66 0.0557 n.s.
Vaccinium myrtillus 40 25 0 0.0882 3.66 0.0557 n.s.
Callitriche stagnalis 60 25 14 0.0818 3.55 0.0595 n.s.
Cornus sanguinea 60 25 14 0.0818 3.55 0.0595 n.s.
Galeopsis tetrahit 60 50 14 0.0818 3.55 0.0595 n.s.
Hypericum perforatum 60 38 14 0.0818 3.55 0.0595 n.s.
Scirpus sylvaticus 60 38 14 0.0818 3.55 0.0595 n.s.
Ulmus minor 60 38 14 0.0818 3.55 0.0595 n.s.
Alliaria petiolata 70 38 29 0.1170 2.84 0.0921 n.s.
Fallopia japonica 70 38 29 0.1170 2.84 0.0921 n.s.
Prunus padus 70 38 29 0.1170 2.84 0.0921 n.s.
Anagallis arvensis 30 13 0 0.1765 2.55 0.1103 n.s.
Capsella bursa-pastoris 30 13 0 0.1765 2.55 0.1103 n.s.
Cardamine amara 30 13 0 0.1765 2.55 0.1103 n.s.
Carex riparia 30 13 0 0.1765 2.55 0.1103 n.s.
Chenopodium album 30 13 0 0.1765 2.55 0.1103 n.s.
Chrysoplenium alternifolium 30 13 0 0.1765 2.55 0.1103 n.s.
Cirsium palustre 30 13 0 0.1765 2.55 0.1103 n.s.
Glyceria maxima 30 25 0 0.1765 2.55 0.1103 n.s.
Hieracium murorum 30 13 0 0.1765 2.55 0.1103 n.s.
Phragmites australis 30 13 0 0.1765 2.55 0.1103 n.s.
Rumex crispus 30 13 0 0.1765 2.55 0.1103 n.s.
Salix cinerea 30 13 0 0.1765 2.55 0.1103 n.s.
Sanicula europaea 30 25 0 0.1765 2.55 0.1103 n.s.
Scrophularia umbrosa 30 25 0 0.1765 2.55 0.1103 n.s.
Typha latifolia 30 13 0 0.1765 2.55 0.1103 n.s.
Veronica beccabunga 30 13 0 0.1765 2.55 0.1103 n.s.
Veronica hederifolia 30 13 0 0.1765 2.55 0.1103 n.s.
Vicia sepium 30 13 0 0.1765 2.55 0.1103 n.s.
Lycopus europaeus 80 75 43 0.1448 2.49 0.1148 n.s.
Corylus avellana 90 63 57 0.1618 2.47 0.1160 n.s.
Luzula pilosa 90 88 57 0.1618 2.47 0.1160 n.s.
Tussilago farfara 90 75 57 0.1618 2.47 0.1160 n.s.
Adoxa moschatellina 50 38 14 0.1595 2.30 0.1294 n.s.

Hyacinthoides non-scripta 50 25 14 0.1595 2.30 0.1294 n.s.
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Table 1 Continued

Frequency (%) Fisher exact x2-value P-level Association
Zone 1 Zone 2 Zone 3 probability with edge
Sisymbrium officinale 50 25 14 0.1595 2.30 0.1294 n.s.
Solidago gigantea 50 25 14 0.1595 2.30 0.1294 n.s.
Veronica officinalis 50 38 14 0.1595 2.30 0.1294 n.s.
Arum maculatum 60 50 29 0.2178 1.63 0.2014 n.s.
Calystegia sepium 60 38 29 0.2178 1.63 0.2014 n.s.
Ribes rubrum 60 38 29 0.2178 1.63 0.2014 n.s.
Agrimonia eupatoria 20 13 0 0.3309 1.59 0.2078 n.s.
Alisma plantago-aquatica 20 13 0 0.3309 1.59 0.2078 n.s.
Anthoxanthum odoratum 20 13 0 0.3309 1.59 0.2078 n.s.
Carex paniculata 20 13 0 0.3309 1.59 0.2078 n.s.
Centaurium erythraea 20 13 0 0.3309 1.59 0.2078 n.s.
Chelidonium majus 20 13 0 0.3309 1.59 0.2078 n.s.
Epilobium roseum 20 13 0 0.3309 1.59 0.2078 n.s.
Festuca rubra 20 13 0 0.3309 1.59 0.2078 n.s.
Hypericum hirsutum 20 13 0 0.3309 1.59 0.2078 n.s.
Nasturtium officinale 20 13 0 0.3309 1.59 0.2078 n.s.
Rumex conglomeratus 20 13 0 0.3309 1.59 0.2078 n.s.
Rumex hydrolapathum 20 13 0 0.3309 1.59 0.2078 n.s.
Solidago canadensis 20 13 0 0.3309 1.59 0.2078 n.s.
Cardamine flexuosa 100 88 86 0.4118 1.52 0.2180 n.s.
Teucrium scorodonia 100 88 86 0.4118 1.52 0.2180 n.s.
Achillea millefolium 40 25 14 0.2783 1.31 0.2521 n.s.
Galium palustre 40 38 14 0.2783 131 0.2521 n.s.
Myosotis arvensis 40 25 14 0.2783 1.31 0.2521 n.s.
Scrophularia auriculata 40 25 14 0.2783 131 0.2521 n.s.
Scutellaria galericulata 40 25 14 0.2783 1.31 0.2521 n.s.
Cirsium oleraceum 70 50 43 0.2682 1.25 0.2631 n.s.
Ranunculus ficaria 70 63 43 0.2682 1.25 0.2631 n.s.
Blechnum spicant 90 88 71 0.3603 0.98 0.3229 n.s.
Deschampsia flexuosa 90 88 71 0.3603 0.98 0.3229 n.s.
Epilobium montanum 90 75 71 0.3603 0.98 0.3229 n.s.
Galium aparine 90 88 71 0.3603 0.98 0.3229 n.s.
Prunus avium 90 75 71 0.3603 0.98 0.3229 n.s.
Anthriscus sylvestris 30 25 14 0.4412 0.57 0.4522 n.s.
Carex pallescens 30 25 14 0.4412 0.57 0.4522 n.s.
Lemna minor 40 38 29 0.5158 0.24 0.6275 n.s.
Poa trivialis 40 38 29 0.5158 0.24 0.6275 n.s.

Statistical tests compare the occurrence of species in zone 1 and 3. Zone 1: edge zol€)( zone 2: intermediate zone & 8);
zone 3: interior zonen(= 7). Species first ranked are those which show the strongest association with the edge zone. n.s.: not significant,
according to thex?-test.

* Significant.

**Highly significant.

zone, were found. In the forest species ordination In the indicator analysis, the all-species dendro-
(Fig. 5), the same pattern is found, but only the first gram drawn according to the Twinspan outgtity( 6)

variable (edge zone) significantly explain3 £ 0.01) clearly distinguishes a group of four edge-cells on
the observed variation (8%). Forest species which the basis of the presence Biumulus lupulusFrom
have the best correlation with the edge zonefdliam the second-level division onwards, there is no clear

ursinum Polygonatum multiflorumCarex pendula tendency to group edge-cells as distinct from the
Lamium galeobdoloandHieracium sabaudum others. There is however a meaningful grouping
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Fig. 4. RDA ordination diagram for a complete species data-set. Data with environmental variables represented by arrows. Zone 1: edge
zone; zone 3: interior zone. Species abbreviations are based on the first four letters of genus and species (complete species names a
given in the text). Only the variables contributing significantly to the explained variation are shown.

of interior cells, not on the basis of characteristic andPoa nemoralisalmost never appear in the interior
species, but either by the almost complete absencezone.

of certain species, such &eranium robertianum

Lapsana communjigalluna vulgarisand Calystegia 4.2. Spatial distribution of functional and

sepium The same analysis performed on the forest ecological groups

species only Kig. 7) shows, at the first-level divi-

sion, a tendency to group some edge-cells as distinct Distribution patterns of species groups of high
from the others. Indicator species for those edge cells conservation value are given Fig. 8 Ancient forest

are Ribes rubrum Equisetum telmatejaTilia platy- species and forest species a.s.l. have a very similar
phyllos Hieracium murorumand Ulmus minor Here pattern. The raw spectra show a zonation from the
again, the interior cells are characterised either by edge to the inner forest. Cells which are situated in
the absence than the presence of some spdaes. the core of the forest (bottom right quadrant) seem to
patiens noli-tangereas well asMoehringia trinervia shelter more of these species (more than 50% forest
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Fig. 5. RDA ordination diagram for a partial data-set (forest species). Data with environmental variables represented by arrows. Zone 1:
edge zone; zone 3: interior zone. Species abbreviations are based on the first four letters of genus and species (complete species name:
are given in the text). Only the variables contributing significantly to the explained variation are shown.

species and around 30% ancient forest species) thanest edge, while less than 5% are noted in the interior.
edge cells (less than 40% forest species and lessThese results are highly significant for the two types
than 20% ancient forest species). According to the of spectra £ = 0.0095 and 0.0303 for the raw and
ANOVA-test (Table 2, these differences are never- the saturation percentages, respectively).

theless only marginally significant for forest plants With regard to the indicators of disturbanéed. 9),

(P = 0.0519) and are not significant for the ancient each cell harbours between 3 and 18% of pioneer
forest speciesK = 0.5334). When comparing with  species from disturbed habitats; for the aliens, these
the saturation percentage, it is the opposite pattern proportions fluctuate between 0 and 9%. Distribu-
which emerges, this time with a high level of signifi- tion patterns observed for these species groups are
cance Table J: proportionally higher concentrations similar to those found for valuable species: pioneers
of species groups of high conservation value are from disturbed areas and aliens are significantly
found at the forest edge. Up to 23% of rare species more abundant at the forest edge, according to the
(with a frequency less than 10%) are found in the for- saturation percentageP( = 0.0122 and 0.0355,



178 S. Godefroid, N. Koedam/Landscape and Urban Planning 65 (2003) 169-185

All species

Humulus lupulus
Equisetum telmateia

Holcus lanatus
Adoxa moschatellina Molinia caerulea
Impatiens noli-tangere

Geranium robertianum
Lapsana communis
Calluna vulgaris
Calystegia sepium

Galeopsis tetrahit Braghypodium sylvaticum | Betula alba
Lysimachia nummularia Carex pilulifera Cornus sanguinea
Agrgstis capillaris Carex sylvatica

Fraxinus excelsior Cirsjum vulgare

Sonthus asper Dryopteris filix-mas

Torilis japonica
Lycapus europaeus

A6() A5()  C5(l) D6 (1) D4 (ll) G1 (1) D3 (1) B4 (1)
B5() A7()  Cs(ll) F4(m) D5 E3 (Il) ca ()
F2(1)  B6(I) F5(I1)  E4() F1 () E1 (1)

G4 ()  E5 () F3 (Il) E2 (1)

Fig. 6. Hierarchical tree (all-species) with Twinspan indicator species for each division. Group composition is shown by giving the cell
codes. The zone to which each cell belongs is given in Roman numerals in brackets. I: edge zone; IlI: intermediate zone; Ill: interior zone.

respectively) Table 3. The spatial distribution of tween 5.5 and 6.0 and nitrogen shows a range between

plants with primary strategies of establishment shows, 4.1 and 5.6. None of these parameters shows a clear

for the raw spectra, highly significant differences for distribution pattern in the study area as illustrated in

the C-strategistsK = 0.0083), which seems to be Table 2

most abundant in the interior zone. For the R and

S-strategists, the relationships are much less clear cut,

although still (just) statistically significant for ruderal 5. Discussion

species P = 0.0409). When looking for the saturation

percentages, we again find the reverse tendency, with Our results show that there is a significant edge

higher concentrations of C and R-strategists at the effect on plant assemblages. Analyses of species re-

forest edge, although with a marginal significance for sponses to the ecotone showed a number of species

the first ones £ = 0.0593 and 0.0255, respectively). to be edge-oriented, but no species was found to be
Spatial variations of averaged Ellenberg ecological interior-oriented. We suggest two potential reasons for

values are given ifrig. 10 The moisture index shows the lack of core-effect: (1) woodland species, and in

the higher amplitude with values between 5.4 and 6.5. particular ancient forest species, are known for their

Light index varies between 5.5 and 6.2, reaction be- very slow migration rate§ossuyt et al., 1999(2) the
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Forest species

Ribes rubrum| Tilia platyphyllos
Equisetum telmateia| Hieracium murorum
Ulmus minor

Impatiens noli-tangere
Milium effusum
Betula alba

Polygonuny multiflorum Moehringia trinervia
Dryopteris |dilatata Viola reichenbachiang
Vaccinium myrtillus Luzula pilgsa
Asplenium| scolopendrium
Moehringia| trinervia Ulmus glabra Dryopteris |affinis
Poa nemoialis Euphorbia amygdaloides Euphorbialamygdaloides
Sanicula vulgaris
Hedera helix Paris quadrifolia

Dryopterig filix-mas
Milium effusum

D3()  F5(lI) cs(l)  E4()  A6(l) A5(1)  F2(I) B4 (1) E2 (1)
D4(l)  G1(l) ce()y E5QN) A7) B5 (Il) c4 (1)
D5(ll) G4 (lll) De(l) F3(l)  B6 () E1 (1)
F1 (1) F4 (Il E3 (I)

Fig. 7. Hierarchical tree (forest species) with Twinspan indicator species for each division. Group composition is shown by giving the cell
codes. The zone to which each cell belongs is given in Roman numerals in brackets. |: edge zone; II: intermediate zone; IlI: interior zone.

forest edge might be not old enough to observe a clear
response of these species. Patterns observed in this
) ) study are similar to those found in other forest ecosys-
Results of the ANOVA for the different plant functional groups

and averaged Ellenberg values whose geographic distribution in the tF‘fmS EraYer'_ 199)1_ Edge effect hypgthes_ls states that
study area was examined along the three zones (edge, intermediatedIVErsity is higher in ecotones than in adjacent assem-

Table 2

interior) blages Odum, 197). This is also the case here as we
Plant functional Raw spectrum Percent saturation demonstrated _in a Pre‘_’ious studgddefroid, 199?
groups - clovel T S lovel A forest edge. is r_10t a line, but ra@her a zone qf influ-
ence that varies in width depending on what is mea-
Ancient forest 0.6468  0.5334  6.1697  0.0075 sured. The mechanisms responsible for city effects on
species neighbouring forested edges may be varied, but are
S;Z‘;?y;s:cies 13;93795:18 06_30558149 76_2:12036 06?0003680 clearly independent of the ir_ltrinsic abiotic attributes
Rare species 57919 0.0095 4.1118 0.0303 of the study area, as no consistent changes were found
Big forest species  1.0753  0.3585  8.4482  0.0019 in the inferred soil properties along the gradient. This
Pioneer species 24648 01082 54172 0.0122 suggests that other processes whose intensity varied
Aliens 14853  0.2483  3.8991  0.0355 in this dimension were more important contributors to
gzg::gg:zg gjgfgi 8:8282 iéggi 8:8222 the pattern. Possible contributing causes include:
S-strategists 0.2277 07982  1.8942 0.1742 ) L )
L (light) 05371 05919 — _ 5.1. Microclimatic gradient
F (moisture) 0.0435 0.9576 - -
R (reaction) 0.7675  0.4762 - - In our study, we found that edges contained a
N (nitrogen) 19127 01714 - - number of shade-intolerant species (also pioneer

Level of significance= 0.05. plants) while interior stands were composed almost
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(A) (8)
A B C D E F G A B C D E F G
1 ancient forest species 1 ancient farest species
2 2
3 28-31% 3 76-100
4 24-27% 4 51-75
5 20-23% 5 26-50
] 16-19% 6 0-25
e 7
A B C D E F G A B C D E F G
1 . geophytes 1 geophytes
2 2
3 14-16% 3 |_ 76-100
4 11-13% 4 51-75
5 B-10% 5 26 - 50
] 5-7% 6 0-25
7 7
A B C D E F G A B € D E F G
1 forest species 1 forest species
2 2
3 52-58% 3 76-100
4 45-51% 4 51-75
5 38-44 % 5 26-50
6 31-37% 6 0-25
7 7
A B C D E F G A B C D E F G
1 rarest species 1 rarest species
2 (freq<10%) 2 ] (ireq<10%)
3 3
4 18-23% 4 J 76 -100
5 12-17% 5 51-75
6 6-11% 6 26-50
7 0-5% 7 0-25
A B C D E F G A B C D E F G
1 species with preference 1 species with preference
2 for big forests 2 for bigforests
a 3
4 12-14% 4 76-100
5 B-11% 5 51-75
6 6-8% € 26-50
7 3-5% 7 0-25

Fig. 8. Distribution patterns of valuable species groups within the study area. Each square represéntsid kell. (A) Raw spectra
(percentage of the species number); (B) saturation percentage (percentage of the highest species number). Ancient forest species accordir
to Honnay et al. (1998)geophytes according toambinon et al. (1992)forest plants according tStieperaere and Fransen (198®)ecies

with preference for big forests followingack et al. (1993)
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(A) A B ¢ D E (Bl A B cp E F @
1 pioneersfrom 1 pioneersfrom
2 disturbedareas 2 disturbedareas
3 3
4 15-18 % 4 76 - 100
5 11-14% 5 51-75
6 7-10% 6 26 - 50
7 3-6% 7 0-25
A B C D E F G
1 aliens 1 aliens
2 2 ||
3 7-9% 3 76 - 100
4 4-6% 4 51-75
5 1-3% 5 26 - 50
6 geen 6 0-25
7 7
1 C-strategy C-stralegy
2
a 12-14% 76 - 100
4 9-11% 51-75
5 6-8% 26 - 50
6 3-5% 0-25
7
A B C D E F G
1 R-stratagy 1 R-strategy
2 2
a 5-6% 3 76 - 100
4 3-4% 4 51-75
5 1-2% 5 26 - 50
6 0-1% 6 0-25
7 7
A B C D E A B C D E F G
1 S-sirategy 1 S-strategy
2 2
a3 5-6% 3 76 - 100
4 3-4% 4 51-75
5 1-2% 5 26 - 50
8 0-1% 6 0-25
7 7

Fig. 9. Distribution patterns of indicators of disturbance and plants with primary strategy of establishment in the study area. Pioneers
according toStieperaere and Fransen (198aliens according td.ambinon et al. (1992)Strategies followingGrime et al. (1988)Each

square represents 1 Rrgrid cell. (A) Raw spectra (percentage of the species number); (B) saturation percentage (percentage of the highest
species number).
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A B €C D E F G A B C D E F G

L-Ellenberg 1 F-Ellenberg

3 6,1-62 3 63-65
4 59-6,0 4 6,0-62
5 57-58 5 §7-58
6 5§5-56 6 54-56

R-Ellenberg 1 N-Ellenberg

3 59-6,0 3 55-56
4 5,7-58 4 53-54
5 55-56 5 51-52

6 6

7 7

Fig. 10. Distribution patterns of the mean Ellenberg indicator values for light (L), soil moisture (F), soil reaction (R), and soil nitrogen
(N). We used the Ellenberg indexes adapted to the British Isladiiset al., 1999.

exclusively of shade-tolerant species. This is simi- and lower relative humidity. Microclimatic gradients
lar to patterns observed biupfer (1996)in other may also be a potential cause of the higher proportion
forests. Microclimatic variables show an edge effect of alien species found at the forest edge, as most of
(Gehlhausen et al., 20Rp0Compositional changes these species come from warmer parts of the world or
may correspond to a microclimatic gradient based on are shade-intolerant. This pattern has also been found
the adjacent land-use. In general, the highest temper-by Goldblum and Beatty (19990 a mixed decidu-
atures are associated with the densely built-up areaous/hemlock forest community in upstate New York.
near the city centre, and decrease markedly at the

city perimeter Goudie, 199% Such a gradient has 5.2. Human impact

been shown for Brussels l¢empeneers (1978yho

found the spring temperature at night in the interior  Patterns found in this study indicate a higher dis-
of the Sonian Forest to be 1’8 less than this at the  turbance level at the edge compared to the interior of
forest edge and & less than the temperature in the the forest, as pioneer species, R-strategists and aliens
city centre. Consequently, urbanisation also induces were more abundant at the forest edge than in the for-
a reduction of the relative humidity, and according to estinterior. This is consistent with the resultdvdran
Goudie (1994)this decrease is betweer2% (win- (1984) showing an increased number of introduced
ter) and —8% (summer).Matlack (1993a)detected plant species at residential edges. In his study on sub-
a significant edge effects in light, temperature, litter urban forest fragmentdatlack (1993b) found that
moisture, vapour pressure deficit, humidity and shrub the distribution of human impact shows a significant
cover, in some cases affecting the forest microenviron- bias to the forest edge, with 95% of localised damage
ment up to 50 m from the edge. ResultsJofe et al. occurring in the first 82 m. Dispersal opportunities,
(1996) gathered from a tropical forest in India, also that may be enhanced at the edge, because of a higher
showed that forest edges were characterised by higherpublic pressure (humans and pets) or wind access (for
light transmittance, higher air and soil temperatures, anemochorous plants), may create differences in the
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number and type of plants that are transported to the area Carreiro et al., 1999 Cities may affect the qual-

forest edge. ity of leaf litter directly through foliar uptake of atmo-
spheric pollutants, and indirectly through alterations
5.3. Pollution from the city in local climate and changes in soil fertility caused by

pollutant loads and altered nutrient cycling regimes

Vehicles emit a variety of pollutants, including (Carreiro et al., 1999 These authors found that oak
heavy metals, carbon dioxide, and carbon monoxide, litter from urban forests decayed 25% more slowly
all of which may have serious cumulative effects. and supported 50% less cumulative microbial biomass
Pouyat et al. (1995)uantified soil properties in oak than rural litter. Their results suggest that decomposer
stands along an urban-rural transect in New York city. activity and nutrient cycling in forests near large cities
They found that stands located closer to the urban coremay be affected both by altered litter quality and by
had higher concentrations of #h Cut, Ni2t, C&t, altered biotic, chemical and physical environment.
Mg?*, Kt, total soluble salt, organic matter and total
N. Kinniburgh and Trafford (1996fpund a significant ~ 5.4. Cumulative effects
increase in the concentration of a humber of solutes,
especially Ct, Nat, Mg?t and SQ?*, in the ground- So far, this article has discussed effects of the city
water close to the edge of a beech forest. This edge mostly in isolation from one another. Indeed, almost
effect decreased exponentially with a half distance all research on city—forest ecotones has looked at one
of about 9 m.Szibalski and Felix-Henningsen (1999) factor at a time, be it microclimate, anthropisation or
also showed that forest fringes, in a range of 5-10 m, pollution. In real ecosystems, however, these factors
work as a buffer zone for laterally deposited sub- interact in complex ways, with long-term effects at
stances. Gradients of some soil properties are statisti-several levels of biological organisation.
cally detectable, as they demonstrated for nitrogen and  Furthermore, sampling at a higher scale would al-
pH-values. They assign differences in the C/N-ratio as most certainly increase the proportion of species show-
being obviously a consequence of the N-deposition, ing interpretable patterns and a contribution by other
while higher pH-values at the forest fringe appear to unexamined edge effects cannot be excluded.
be due to the deposition of dust from the surroundings.
This is consistent witiThimonier et al. (1992Wwho 5.5. Implications for forest management
have shown, for a mixed hardwood forest in north-
east of France, that eutrophication mainly appears to Data collected so far indicate that the edge effect
concern the edge of the forest. This eutrophication is does not substantially affect the distribution patterns of
likely to be ascribed to air pollutants, the deposition specieswith high conservation valugithin the study
of which is enhanced through the forest edge effect area. Thus, while edge effects are commonly assumed
(Thimonier et al., 1992 This may be one of the rea- to be threatening to the integrity of a nature area and
sons why we found more indicators of disturbance at its ability to sustain biodiversity, we find that in our
the forest edge. These results however contrast with study area this edge effect contributes to species coex-
those ofJose et al. (1996highlighting that soil vari- istence by providing a complex microenvironmental
ables including pH, organic carbon, total nitrogen, to disturbance gradient along which particular species
available phosphorus, and moisture increased towardand plant functional groups are distributed. Contrary
the forest interior. Significant increases in organic car- to valuable species groups, we found distribution pat-
bon, total nitrogen and soil moisture indicated a rel- terns of disturbance species to be influenced by the
atively fertile forest interior compared with the forest edge effect. So, there are undoubtedly environmen-
edge. So, patterns observed Jgse et al. (1996re tal effects which reach outside the physical boundary
in contradiction with those found in other ecosystems of the city. This means that urbanisation can affect
where the forest edge is more fertile than the interior. the flora of neighbouring semi-natural areas, as we

Furthermore, it has been proved that urban land use have seen that city facilitates invasion of aliens and
can affect the chemistry and decomposability of leaf disturbance indicator species. Shade-intolerant plants,
litter in forests within and near a large metropolitan many of them non-native, colonise the edge and may
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gradually invade openings in the forest interior. Those well as in the framework of the biodiversity monitoring
opportunistic plant species almost spread from road- of the Sonian Forest.
sides into adjacent forest communities, as we could
note for R-strategists. Invasive non-native species like
Heracleum mantegazzianurhRallopia sachalinensis
Aster novi-belgiandTelekia specioshave beenfound_ Bossuyt, B. Hermy, M., Deckers, J. 1999. Migration of
to penetrate qnly the _edge zone of the fore_st, Wh'l_e herbaceous plant species across ancient-recent forest ecotones
other aggressive species have already colonize the in- in central Belgium. J. Ecol. 87, 628—638.
termediate zone (e.§olidago canadensisr the inte- Carlson, A., Hartman, G., 2001. Tropical forest fragmentation
rior zone (e.gFaIIopia japonice). So, even if Species and nest predatlon—an. expt_anrpental study in an Eastern Arc
f hiah . | luded f h montane forest, Tanzania. Biodivers. Conserv. 10, 1077-1085.
ot hig conservatpn val U(? .are th exgu € ) ro_mt € carreiro, M.M., Howe, K., Parkhurst, D.F., Pouyat, R.V., 1999.
edge, the ecotone is sensitive to invasion of indicators  variation in quality and decomposability of red oak leaf litter
of disturbance. Such sensitivity has obvious implica-  along an urban—rural gradient. Biol. Fertil. Soils 30, 258-268.
tions for both conservation and management. For in- Chen, J.Q., Franklin, J.F., Spies, T.A., 1992. Vegetation responses
L ] to edge environments in old-growth Douglas-Fir forests. Ecol.
stance, creating internal edges in the forest (e.g. roads, Appl. 2, 387396
railway) should be avoided, because it will likely en-  piekmann, M., Dupré, C., 1997. Acidification and eutrophication
hance the spread of these opportunistic species and of deciduous forests in northwestern Germany demonstrated by
might be a threat for conserving woodland flora. Our _ indicator species analysis. J. Veg. Sci. 8, 7355—863- o
data at present are insufficient to evaluate if these Taver S. 1994. Vegetation responses along edge-to-interior
. . . . . gradients in the mixed hardwood forests of the Roanoke river
species will progressively continue to invade the area  pagin North Carolina. Conserv. Biol. 8, 822-832.
as far as the core of the forest and entering there in Gehlhausen, S.M., Schwartz, M.W., Augspurger, C.K.,
competition with the woodland vegetation, but as pre- ~ 2000. Vegetation and microclimatic edge effects in two
caution we cannot wait until it happens. As land use mler—mesophytlc forest fragmgnts. Plant Ecol. ;47, 21-35.
intensity increases and the density of human popula- Godefroid, S., 1995. Aperqu floristique de ladbde Soignes dans
”_1 y . . Yy pop sa partie bruxelloise. Dumortiera 61-62, 7-21.
tions grows in areas adjacent to forested land, greater oldblum, D., Beatty, S.W., 1999. Influence of an old field/forest
use of the forest is expected. That means growing op- edge on a northeastern United States deciduous forest
portunities for a considerable number of ruderal, if o U';F’efztog’ggzm%“r‘:y- J. T?"ey ?Ot- ;OCNltZG’ |3g5—_343- )
not alien, species. Forest managers should be suffi-~5r < 2220 1A FUTaN mpac of e Batral Environment
. . . Blackwell Scientific Publications, Oxford.
ciently aware of the possible extension of those par- grime, J.p., Hodgson, J.G., Hunt, R., 1988. Comparative Plant
ticularly competitive species. Actually, this problem Ecology. A Functional Approach to Common British Species.
requires attention and efforts should be made for lim-  Unwin-Hyman, London. o _ _
iting unchecked public access to the forest in order He™MY: M., Stieperaere, H., 1981. An indirect gradient analysis
L h h fd | d d of the ecological relationships between ancient and recent
to minimise t e_ chances 0 eve opmer_1t an spre.a riverine woodlands to the south of Bruges (Flanders, Belgium).
of these undesirable species representing a possible vegetatio 44, 43-49.
threat for the optimal development of the typical for- Hill, M.O., 1994. DECORANA and TWINSPAN, for ordination
est vegetation. If we want to conserve the ecological and classification of multivariate species data: a new edition,
processes of forests, woodland specialists should be  [9¢ther with supporting programs, in FORTRAN 77. Instiute
. . . . of Terrestrial Ecology, Huntingdon.
given priority over species which have a greater range |, mM.0., Mountford, J.0., Roy, D.B., Bunce, R.G.H., 1999.

of potential habitats, and which are more tolerant of  Ellenberg’s indicator values for British plants. ECOFACT vol. 2,
stressful, open environments. Technical Annex. Institute of Terrestrial Ecology, Huntingdon.
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