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Abstract – Forest management consists in anthropogenic disturbances that are able to modulate ecological features, resource availability and
successional patterns. Plant communities are thus expected to react differently to contrasted silvicultural systems. We compared plant species
composition between stands submitted to a traditional management since many centuries (i.e. coppice-with-standards treatment, stands
intensively but infrequently disturbed) and stands recently converted into a selective cutting system (stands moderately but frequently
disturbed), over uniform edaphic and topographic conditions. We found significant differences in species composition between both systems.
Despite a strong shift in species composition among different stages of the coppice cycle, coppice-with-standards stands supported the highest
number of true forest species. Selectively-cut stands were more homogeneous and characterized by ruderal “generalist” species. These fast
changes in vegetation composition were related to differences in a group of factors that are directly or indirectly linked to the silvicultureassociated disturbance regime, including soil moisture, soil fertility, forest microclimate, light and game predation. We conclude that the
conversion of a silvicultural system which has patterned plant communities since many centuries, induces early major changes in vegetation
composition. The most negatively impacted species are the so-called “true forest species” that may be better labelled “coppice-woodland
species”.
disturbance / microclimate / forest management / plant diversity / true forest species
Résumé – Changements de la composition floristique induits par la sylviculture dans une forêt tempérée caducifoliée européenne. La
sylviculture est une perturbation anthropogène capable de moduler les facteurs environnementaux, la disponibilité des ressources et la
dynamique forestière. La végétation spontanée est donc susceptible de réagir différemment à des systèmes sylviculturaux contrastés. La
composition floristique de parcelles forestières traitées en taillis-sous-futaie depuis plusieurs siècles a été comparée à celle de parcelles
récemment converties en futaie irrégulière coupée « pied-à-pied », en conditions édaphique et topographique uniformes. Malgré des différences
importantes en fonction du temps écoulé depuis la dernière coupe, la partie de la forêt traitée en taillis-sous-futaie hébergeait un nombre plus
important d’espèces forestières. Les parcelles en futaie irrégulière étaient plus homogènes et caractérisées par des espèces rudérales
« généralistes ». Ces changements précoces de la composition spécifique ont pu être reliés à des modifications du contexte environnemental,
directement ou indirectement induites par la sylviculture, incluant l’humidité et la fertilité du sol, le microclimat forestier, la lumière et la
prédation par le chevreuil. La conversion d’un type sylvicultural, qui a façonné les communautés végétales durant des siècles, induit donc
rapidement des changements majeurs dans la composition floristique. Les espèces les plus affectées sont les espèces considérées comme
forestières, qu’il conviendrait plutôt d’appeler « espèces des taillis ».
perturbation / microclimat / sylviculture / biodiversité végétale / espèces forestières vraies / taillis-sous-futaie

1. INTRODUCTION
The current theory of species richness and community structure considers disturbance as a key concept [7, 10]. Within this
framework, forest management may be considered as a complex of anthropogenic disturbances [57, 69] able to modulate

ecological features, self-regulating processes (e.g. assembly
rules), succession patterns, resources availability and productivity [21, 32, 38, 47, 48]. As a consequence, the silvicultureassociated disturbance regime play an important role in structuring plant communities. During the last decades, disturbance
theory has received growing attention from ecologists and
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environment managers. In forestry, it has played an important
role in the emergence of new harvesting practices that are
expected to be closer to the natural forest dynamics than the
“traditional” treatment. New silvicultural systems have emerged,
based on the assumption that diversity patterns and ecological
processes are more likely to persist if disturbances occurring
through management mimic the patterns and processes of natural disturbances [27, 30, 51]. Nevertheless, in European temperate forests natural disturbance regimes have become an
exception since most forests have been managed, often since
the Roman times, according to systems close to coppice-withstandards or single coppice, a few being high forests harvested
tree-by-tree [39, 55]. As a consequence, forest management is
often considered as the main control on forest vegetation [4, 5,
29, 70, 71] and long-term effects on forest composition are
expected, since the current forest flora may be adapted to “fit”
the human-induced disturbance regime imposed for nearly two
millennia [20]. A dramatic change in silvicultural practices
may thus induce major changes in vegetation composition and
forest succession. However little is known about the long-term
effects of these “close-to-nature” silvicultural systems. Most
previous studies dealing with selective cutting systems were
conducted in northern America, where forest history is radically different compared to European forests [6, 12, 29, 31, 35,
66]. In Europe, comparative surveys between “traditional”
treatments and “modern silviculture” mainly involve evenaged plantations for which the disturbance regime strongly differs from the one characterizing selective cutting systems [2,
5, 64]. It is thus important to gain more basic informations about
the interactions between silvicultural treatments and changes
in both vegetation patterns and ecological features. In this
study, we test the hypothesis that a shift of silvicultural system
in a temperate deciduous forest with a long history of “traditional” management may induce significant early-changes in
vegetation patterns and thus in forest dynamics. Our research
questions were (1) does species composition vary as a function
of the type of silviculture over uniform soil, topography and climate conditions, and (2) could these variations be explained by
changes in the disturbance regime, forest structure or ecological features? For this purpose, we surveyed vegetation in a temperate deciduous forest submitted to a traditional coppice-withstandards treatment for many centuries, which has been partly
converted into a “close-to-nature” selective cutting system
since two decades.

2. METHODS
2.1. Study area
The study was conducted in the Le Nouvion forest (department
Aisne, France; 50° 00’ N, 3° 50’ E, 180–220 m altitude), which covers
~ 4 000 ha. It is a former royal forest for which forest continuity has
never been interrupted since Antiquity. The climate is of suboceanic
type with an average annual temperature of 9.1 °C and precipitation
of 950 mm. The geological substrate consists of cretaceous marls and
clays (Turonian) largely covered by a quaternary loess layer of a few
meters deep with a high clay content. Soils are leached brown earths
with moderate internal drainage (Luvisol according to the FAO classification). The vegetation consists of a temperate deciduous forest
affiliated to the Querco roboris – Carpinetum betuli Tüxen 1930 phy-

tosociological association [16]. The dominant tree species in the area
is oak, Quercus robur L., which is associated with hornbeam (Carpinus betulus L.), ash (Fraxinus excelsior L.) and sycamore (Acer pseudoplatanus L.). The entire forest was managed as hornbeam coppicewith-oak standards (CWS) from the mid-17th to the late 20th century.
Since the end of the 1970s, new silvicultural systems were developed
and former CWS stands were progressively converted:
– Part of the forest was submitted to a system close to the former
CWS (modern CWS), which aims at a regular evenaged structure of
the standards while coppice wood is maintained. In this system, commercial felling occurs every 30 years, including the extraction of the
whole coppice timber and three quarters (~ 200 m3.ha–1) of the standards. Harvested products are hauled out by heavy vehicles which
always use the same trails. This system is currently conducted by the
French Office National des Forêts;
– Another part of the forest has been converted into a selective
cutting system (SC), conducted by a private company. In SC, precommercial thinnings are conducted every 4 years (partial extraction
of coppice wood: shrub species and unsuitable tree species at
~ 23 m3.ha–1) and commercial felling every 8 years (selective cutting
of individual mature trees at ~ 10 m3.ha–1). Harvested products are
hauled out by heavy vehicles which drive through forest stands, frequently using different paths.
These two silvicultural systems provide similar extraction rates
(~ 7 m3.ha–1.yr–1 on average) and basal area (mean ± standard deviation [extremes]: 17.8 ± 7.0 [3.0–32.7] m2.ha–1 for CWS and 16.2 ±
6.9 [4.0–33.2] m2.ha–1 for SC), but strongly differ in their disturbance
regimes (intensity, frequency and spatial extent of harvesting) and vertical forest structure.
Browsing is mainly due to roe deer (Capreolus capreolus L.) which
is the only ungulate present on the site. Population density reaches
30 individuals per 100 hectares on average, with large variations
depending on the part of the forest considered (from 8 to 40 individuals
per 100 ha).

2.2. Sample design and data collection
Our sampling procedure was designed to reduce environmental
variation caused by site variability. For this purpose all the forest
stands included in this study were located in similar abiotic conditions,
characterised by the same substrate (loess with thickness exceeding
5 m) and topographic position (plateau), all the soils being haplic luvisol according to the World reference base. As we compared vegetation
patterns under different silvicultural systems within similar abiotic
conditions, we should be able to identify relationships between plant
community composition and silviculture. The sample design is shown
in Figure 1. We sampled a total of 115 forest stands distributed into
2 groups and 5 subgroups:
(1) CWS stands, including (1a) aging CWS stands (n = 10), which
were located in parts of the forest which have escaped any management and remained unexploited since at least 50 years; (1b) postlogged
CWS stands (n = 10), which were harvested during the last 4 years;
(1c) mature CWS stands (n = 25), aged from 24 to 30 years and which
would be soon exploited;
(2) SC stands, including (2a) exclosed SC stands (n = 50), and
(2b) enclosed SC stands (n = 20), which were fenced since 8 years to
protect young trees from game damage.
Within each included stand a temporary 400 m2 quadrat was randomly placed at a minimum of 10 m away from forest roads, clearings,
etc., to minimise edge effects. Vegetation surveys and other measurements were conducted during periods of peak vegetation cover (May–
August) from 1999 to 2001. For each quadrat a phytosociological
relevé was compiled, restricted to vascular plant species. Woody species were recorded in one or more vegetation layer, defined as follow:
tree layer (> 8 m; A), shrub layer (2–8 m; s), undershrub layer (0.5–
2 m; us) and herb layer (< 0.5 m; H). Cover-abundance of plant species
was visually estimated on the field as the vertically projected area

Silviculture-driven vegetation change

Figure 1. Sample design among the different sylvicultural systems
(boxes contain the number of stands sampled). CWS: Coppice-withstandards, SC: Selective cutting.

using the Braun-Blanquet scale [9]. Nomenclature follows Lambinon
et al. [40]. Total cover per layer was estimated as a percentage of the
total plot area.

2.3. Data analysis
A floristic data matrix was first constructed, including the 115 phytosociological relevés. Cover-abundance indices were transformed
according to the ordinal scale of Van der Maarel [69] prior to numerical
analysis. Species occurring in less than 5% were deleted in analyses.
Firstly, we investigated between-stand differences in community
composition. Two steps were followed: we first compared the two silvicultural systems (CWS versus SC) and then, we compared the
5 subgroups of stands defined above (postlogged CWS, mature CWS,
aging CWS, exclosed SC, enclosed SC). We used MRPP (Multiresponse permutation procedure [50]) to test for compositional differences between stand types. The quantitative version of Sørensen’s
index was used as a measure of distance. MRPP provides a statistic T
that is the difference between the observed and expected weighted
mean within-groups distance δ divided by the square root of the variance in expected δ. The more negative is T, the stronger the separation. T is associated with a chance-corrected within-group agreement
A that describes the “effect size”, and a p-value which indicates the
likehood of getting a δ equal or smaller than that observed by chance
[45]. The differences among groups and sub-groups were then
described using Dufrêne and Legendre’s indicator species analysis
(ISA) [24]. Monte Carlo test of significance of observed maximum
indicator value for each species was used, based on 1 000 randomizations (p < 0.05). Indicator species groups were finally interpretated
using the autoecological backgrounds of species provided by Grime
et al. [33], Rameau et al. [58] and Ellenberg et al. [25], and the checklist of Hermy et al. [37] for “ancient forest species”. Both MRPP and
ISA were performed using PC-Ord® v. 5 software [46].
Secondly, ordination methods were used to detect relations among
groups and between groups and potential environmental gradients. To
avoid distortion of the true gradient structure of the data set, we followed the recommendations of Økland [55]. Detrended correspondence analysis (DCA) was first used to find gradients in species composition as hypothetical environmental variables which best fit
species’abundance to an explicit model of species’responses to environmental gradients. Nonmetric multidimensional scaling (NMS) was
then implemented to configure “relevés” in an ordination space with
a fixed number of dimensions and to optimize the rank-order corre-
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spondence between relevés distances in the ordination diagram and
between relevés floristic dissimilarities. Both methods were run using
PC-Ord® software [46]. DCA was run with standard options for
detrending by segments, non-linear rescaling of axes and downweighting of rare species. NMS used the quantative form of Sørensen’s index
as a measure of between-plot similarity. A three-dimensional solution
was obtained with a maximum of 200 iterations and 30 runs with randomized data. Axes of the DCA and NMS ordinations were compared
by calculating pairwise Spearman rank correlation coefficients using
Statview® software. Strong correlations were interpreted as favouring
the main data gradient structure.
Where the two methods produced congruent axes, ecological interpretation was restricted to DCA axes [55]. Environmental controls on
vegetation were deduced from the Ellenberg indicator values for light
(L), soil moisture (F), soil nutrient (N), soil reaction (R) and continentality (K) [25] and expressed as weighted averages after transformation of cover-abundance values as suggested by Van der Maarel [68].
This system offers an alternative to direct field measurements for
defining site characteristics. Spearman rank correlations (p < 0.05)
were then calculated between ordination scores obtained and Ellenberg indicator values using Statview® software.

3. RESULTS
MRPP indicated that differences in species composition
between the 2 groups and among the 5 sub-groups were lower
than the heterogeneity expected from random grouping (T =
–47.097; A = 0.089; p < 0.0001 and T = –43.534; A = 0.170;
p < 0.0001 respectively). Results of the ISA are reported in
Table I. Most woody species were constant among the stands
assessed, as well as several herb species which mainly consisted of grass and fern species. CWS stands were characterized
by mid-successional tree species (e.g. Fraxinus excelsior, Prunus avium), climbers (e.g. Hedera helix, Lonicera periclymenum), stress-tolerant ruderal herbs (e.g. Hyacinthoides nonscripta, Arum maculatum) and “ancient forest species” (e.g.
Anemone nemorosa, Oxalis acetosella). These species tended
to lack in SC stands, which were rather characterized by
shrubby individuals of early successional light-demanding tree
species (e.g. Alnus glutinosa, Betula spp.), ferns (e.g. Dryopteris spp., Athyrium filix-femina) and grasses (e.g. Milium effusum, Carex remota). It is noteworthy that SC stands shared
some floristic similarities with postlogged CWS stands, consisting of light-demanding grasses (e.g. Agrostis canina, Holcus mollis) or forbs (e.g. Senecio ovatus, Rubus idaeus), and
woody saplings (e.g. Quercus robur).
Within the CWS group, the three subgroups strongly differed by their indicator species. As expected, postlogged stands
supported a lot of early-successional species. Mature CWS
stands were mainly characterized by several mid-successional
woody species (e.g. Carpinus betulus, Sorbus aucuparia).
Finally, aging stands were strongly differenciated thanks to
several herb species which were almost restricted to these
stands. They were either “ancient forest species” (e.g. Anemone
nemorosa, Paris quadrifolia, Viola reichenbachiana) or species of moist soils (e.g. Cardamine pratensis, Filipendula
ulmaria, Valeriana repens). It should be noted therefore that
the latters usually did not flowerish. Aging stands were also
characterized by the lack of woody saplings for almost all the
tree and shrub species.
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Table I. Species recorded in the whole survey, distributed among the five sub-groups of stands according to the results of Indicator species
analysis.
Number of stands

Aging CWS

Mature CWS

Postlogged CWS

Enclosed SC

Exclosed SC

10

25

10

20

50

85
72
63
62
61
61
52
43
39
27
20
18
16

Hyacinthoides non-scripta
Polygonatum multiflorum
Oxalis acetosella
Corylus avellana s
Fraxinus excelsior A
Lamium galeobdolon
Carpinus betulus A
Lonicera periclymenum H
Carex sylvatica
Salix caprea A
Viburnum opulus H
Lonicera periclymenum us
Prunus avium A

4
1
7
17
5
27
22
4
8
0
0
1
0

p

**
**
**
**
**
**
**
**
**
**
**
**
**

Corylus avellana A
Lonicera periclymenum s

23
17

10
15

0
3

3
0

0
0

*
*

Sorbus aucuparia us
Carpinus betulus H
Sorbus aucuparia H
Fraxinus excelsior H

0
2
0
5

15
28
43
20

42
28
23
30

2
6
2
1

0
17
2
11

**
**
**
*

Anemone nemorosa
Paris quadrifolia
Ranunculus ficaria
Cardamine pratensis
Valeriana repens
Arum maculatum
Viola reichenbachiana
Filipendula ulmaria

97
90
83
77
70
60
59
50

0
0
0
0
0
0
2
0

0
0
6
1
0
0
6
0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

**
**
**
**
**
**
**
**

Hedera helix H
Sorbus aucuparia s
Sorbus aucuparia A
Betula alba A
Carpinus betulus s
Hedera helix s
Crataegus monogyna s
Hedera helix A

0
0
0
4
18
0
0
0

55
49
46
30
30
23
22
18

10
1
0
4
0
2
0
3

0
0
0
15
24
0
0
0

0
0
0
4
7
0
0
0

**
**
**
*
*
**
**
*

Juncus effusus
Stellaria holostea
Silene dioica
Corylus avellana us
Acer pseudoplatanus us
Sambucus racemosa us
Circaea lutetiana
Galeopsis tetrahit
Rubus idaeus us
Lysimachia nemorum
Sambucus nigra us
Urtica dioica
Rubus idaeus H
Scrophularia nodosa
Adoxa moschatellina
Populus tremula us
Juncus conglomeratus
Carex pallescens
Sambucus racemosa H
Moehringia trinervia
Poa trivialis
Corylus avellana H
Epilobium angustifolium
Crataegus monogyna H
Senecio ovatus
Stachys sylvatica

0
0
0
8
3
3
8
0
0
0
0
3
0
0
14
0
0
0
12
0
15
5
0
1
4
9

0
0
9
8
6
2
4
19
0
5
12
0
0
0
0
1
0
1
10
4
11
7
0
10
7
0

55
55
50
49
48
48
45
44
43
43
42
42
38
38
35
33
33
32
31
30
30
29
28
27
27
25

9
0
0
10
8
14
0
11
7
0
0
0
17
0
0
0
4
2
5
7
1
5
0
0
10
0

19
4
4
1
9
3
5
17
3
1
2
4
5
4
0
0
2
5
7
8
11
1
3
0
18
1

**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
*
**
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Table I. Continued.
Aging CWS

Mature CWS

Postlogged CWS

Enclosed SC

Exclosed SC

Number of stands

10

25

10

20

50

Geum urbanum
Hypericum maculatum agg.
Taraxacum sp.
Sambucus nigra H
Prunus avium H
Stellaria media
Galium aparine
Carex pilulifera

6
0
2
1
9
0
0
0

0
0
0
5
4
1
0
1

24
24
23
21
17
17
16
13

0
0
0
0
0
0
0
0

1
2
0
1
0
0
4
1

**
**
**
*
*
*
*
*

Rubus fruticosus agg. us
Sambucus racemosa s
Quercus robur H

8
0
0

14
1
2

29
20
22

26
22
28

19
4
26

**
*
*

Milium effusum
Dryopteris filix-mas
Carex remota
Dryopteris dilatata
Athyrium filix-femina
Acer pseudoplatanus s
Alnus glutinosa s
Betula alba s
Betula pendula s
Betula pendula A
Populus tremula s

73
69
67
65
61
57
41
28
14
12
11

2
15
0
15
39
28
0
0
0
0
0

p

**
**
**
**
**
**
**
**
*
*
*

Quercus robur s
Holcus mollis
Quercus robur us
Polygonum hydropiper

0
0
0
0

1
2
0
0

0
17
2
0

44
34
24
15

0
13
2
2

**
*
**
*

Glechoma hederacea

17

0

1

1

25

*

Acer pseudoplatanus A
Alnus glutinosa A
Populus sp. cv. A
Populus tremula A
Quercus robur A
Prunus avium s
Fagus sylvatica s
Fraxinus excelsior s
rubus fruticosus s
Sambucus nigra s
Alnus glutinosa us
Betula alba us
Carpinus betulus us
Crataegus monogyna us
Fagus sylvatica us
Fraxinus excelsior us
Acer pseudoplatanus H
Agrostis canina
Betula alba H
Carex pendula
Deschampsia cespitosa
Digitalis purpurea
Dryopteris affinis subsp. borreri
Dryopteris carthusiana
Fagus sylvatica H
Festuca gigantea
Impatiens noli-tangere
Luzula multiflora
Luzula pilosa
Populus tremula H
Ranunculus repens
Rubus fruticosus agg. H
Stellaria alsine

17
9
0
7
12
0
3
1
2
5
0
0
2
0
0
18
11
0
0
0
36
0
7
17
0
0
0
0
0
0
0
14
0

20
16
5
7
12
0
2
2
0
3
0
3
10
0
1
3
22
1
7
0
8
1
0
20
0
0
0
3
0
7
2
21
0

21
11
0
1
7
0
0
6
14
12
10
0
17
13
0
4
27
20
3
0
12
0
0
19
3
4
0
8
0
14
11
24
4

21
26
0
9
6
0
3
1
2
0
3
5
15
3
2
2
19
3
1
0
12
2
8
22
1
4
0
0
5
6
0
19
4

20
18
2
2
12
10
1
7
3
2
3
1
5
0
2
0
20
11
1
10
18
2
3
20
6
1
12
5
5
3
3
21
1

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

Woody species are shown in different vegetation layers: A: arborescent stratum, s: shrubby stratum, us: undershrubby stratum, H: herbaceous stratum.
Monte Carlo test of significance of observed maximum indicator value: ns: non significant, * 0.05 < p ≤ 0.01, ** 0.01< p ≤ 0.001, *** p < 0.001.
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Within the SC group, we found only weak differences
between enclosed and exclosed stands, except young individuals of Quercus robur which were restricted to enclosed SC
stands.
Results of DCA are shown in Figure 2. The reliability of the
main gradient structure identified by DCA and NMS was confirmed by high pairwise rank correlations between the first
three axes of the DCA and NMS ordinations (DCA1 and
NMS1: ρ = 0.775, p < 0.0001; DCA2 and NMS3: ρ = 0.915,
p < 0.0001; DCA3 and NMS2: ρ = –0.408, p < 0.0001). The
eigenvalues of the first three DCA ordination axes were 0.184,
0.091 and 0.061, respectively. Total inertia in the species data
reached 1.449. Axis 1 provided a very good separation between
the two silvicultural systems: CWS stands showed the highest
scores, while SC stands corresponded to the lowest values
(Fig. 2a). We found a significant correlation between relevé
scores along this axis and Ellenberg indicator values for soil
moisture, soil reaction, soil nutrient and continentality (Tab. II).
All these indicator values were significantly correlated. This
indicates that plant communities from CWS stands were less
hygrophilic but more neutrophilous and eutrophic than those
from SC stands. This axis also provided a clear gradient from
postlogged CWS stands up to aging CWS stands, through
mature CWS stands.
Axis 2 did not provide a clear segregation of the two treatments. The lowest scores mainly corresponded to mature CWS
stands and enclosed SC stands, while the highest scores were
obtained for postlogged CWS stands and some exclosed SC
stands. This axis correlated significantly with Ellenberg indicator values for light, as well as with tree and shrub cover, suggesting a gradient of increasing light availability. It is
noteworthy that SC stands were much more sparsely distributed
in the factorial plan defined by the first two axes than CWS
stands. This indicates a greater heterogeneity of environmental
conditions among stands submitted to SC compared to those
under CWS treatment.
Axis 3 (Fig. 2b) provided the weakest congruency between
DCA and NMS. Its ecological significance was unclear. Whatever the subgroup of CWS stands considered, the relevés were
sparsely distributed all along the gradient. Thus, it did not significantly influence vegetation patterns. For SC, enclosed
stands tended to group toward the highest values, while lower
scores rather corresponded to exclosed stands. This axis correlated negatively with tree cover but positively with shrub cover.
As it also poorly correlated with Ellenberg indicator value for
light, we suspect an effect of ungulate predation.

4. DISCUSSION
4.1. Plant community composition as a function
of silviculture
We found significant differences in vegetation composition
among forest stands, even over similar climatic, topographic
and edaphic conditions and within the same local pool of species. CWS and SC stands strongly differed by their vegetation
composition, although all the included stands were located into
the same forest, which has been managed as CWS for many

centuries, until the end of the 1970s. Thus, CWS may be considered as the “normal” disturbance regime of the forest studied, which has patterned vegetation and controlled forest
dynamics. Conversion of former CWS stands into SC stands
represents a shift in this disturbance regime. Although this shift
was very recent at the scale of forest dynamics (~ 20 years), our
results clearly suggest that it has already caused important
changes in plant species composition and relative abundance.
First, most species associated with CWS are usually considered as true forest species, including vernal geophytes (e.g.
Hyacinthoides non-scripta, Ranunculus ficaria, Polygonatum
multiflorum) and “ancient forest species” sensu Hermy et al.
[37] (e.g. Lamium galeobdolon, Oxalis acetosella). Vernal
geophytes are often considered as coppicing-associated species
[33, 56]. Conversely, species associated to SC were rather edge
or even meadow species, and ferns. An increase in the cover
of graminoids and ferns after thinning has often been reported
[31, 54, 63, 66], even in selective-cutting systems [4, 70]. Here,
the high frequency of thinnings allows to these species to maintain since a high proportion of solar radiation permanently
reaches the forest floor.
Second, in the CWS system, we found strong floristic differences between the three subgroups, suggesting a clear shift
in species composition along the silvicultural cycle. This is in
full accordance with previous studies dealing with forest succession along the coppice cycle [2]. Postlogged CWS stands
supported a very original species assemblage, mainly composed of clearing species or shade-tolerant ruderals. This is
consistent with many studies which have shown that post-harvesting communities were species-rich and contain species
adapted to very contrasted disturbance regimes (i.e. “generalists”) [2, 29, 62]. Coppicing represents a major disturbance in
this silvicultural system, which results in an increase of species
diversity, by lowering the dominance of a few species, thereby
freeing resources for early successional species and by increasing environmental heterogeneity [21, 34, 67].
Mature CWS stands supported a lower species richness than
postlogged stands, since tree canopy-shade has excluded
almost all open-habitat species while several perennials have
become dominant. Those are either vernal geophytes, like Hyacinthoides non-scripta for example, which develop a “shade
evading” strategy [19, 56], or wintergreen chamaephytes, like
Lamium galeobdolon for example, which exhibit a “shade-tolerating” strategy [19].
We also found a group of 8 species which was almost
restricted to the oldest CWS stands, which have escaped the
normal sivicultural cycle. Some of them are often considered
as “ancient forest species” [37]. These species may not recover
quickly once extirpated because of altered environmental conditions, lack of seed banks or slow dispersion [36, 49]. The
other characteristic species of aging CWS stands are rather species of moist soils. Their presence may be related to forest
microclimate, directly influenced by stand structure. It is well
known that a closed canopy induces a high hygrometry at the
level of the understories, by reducing evapotranspiration [14].
This may thus promote non-forest hygrophilous species which
are sufficiently shade-tolerant.
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Figure 2. Diagrams provided by the Detrended correspondence analysis of the relevés. (a) Diagram defined by axes 1 and 2; (b) diagram defined
by axes 1 and 3.
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Table II. Spearman rank correlations between “relevé” scores on DCA axes and mean Ellenberg indicator/woody vegetation cover values, and
between Ellenberg indicator values themselves.

L
F
R
N
K
R%A
R% s
R% A+s

Axis 1

Axis 2

Axis 3

–0.343***
–0.581****
0.796****
0.479****
–0.388****
0.227*
0.186*
0.329***

0.388****
ns
0.340***
0.455****
ns
–0.353***
–0.284**
–0.391****

0.191*
ns
ns
ns
ns
–0.403****
0.409****
ns

L

F

–
0.411****
–0.275**
ns
0.240*
–0.216*
ns
–0.226*

0.411****
–
–0.531****
–0.456****
0.340
–0.319***
ns
–0.307**

R
–0.275**
–0.531****
–
0.742****
0.221*
ns
ns
ns

N

K

ns
–0.456****
0.742****
–
ns
ns
ns
ns

0.240*
0.340
0.221*
ns
–
ns
–0.193*
ns

Ellenberg's indicator values. L: light, F: soil moisture, R: soil reaction, N: soil nutrient, K: continentality.
R%: total cover of the arborescent stratum (A), shrubby stratum (s) and both arborescent and shrubby strata (A+s).
Significance of the Spearman rank correlation test: ns: non significant, * 0.05 < p ≤ 0.01, ** 0.01 < p ≤ 0.001, *** 0.001 < p ≤ 0.0001, **** p < 0.0001.

4.2. Coincidence with environmental factors
Our results have shown distinct vegetation patterns, which
may be related to contrasted silviculture-associated environmental conditions. As we did not perform any direct measure
of environmental factors, we used the Ellenberg’s system,
which has proved its efficiency in providing accurate estimations [26, 52, 65]. By analysing the coincidence of effects on
composition and ecological factors, we may thus understand
the response of vegetation to silviculture.
The number of significant correlations between DCA axis 1
and Ellenberg indicator values showed that this axis may be
interpretated as a complex environmental gradient. As this axis
was the one providing the best separation between the two silvicultural systems and between the three sub-groups of CWS
stands, we conclude that silviculture clearly modulates a host
of ecological factors.
Firstly, indicator value for soil moisture was found to be significantly higher for SC than for CWS stands. This may be
related to thinning intensity since soil moisture directly
depends on both the level of the water table and the proportion
of throughfall precipitation reaching the forest floor. On average, canopy opening is rather higher and tree density lower in
SC than in CWS stands, that leads to highest field capacity.
Moreover, tree harvesting and thinnings are performed by use
of heavy vehicles, that results in soil compaction and modifies
local drainage conditions. As there is no permanent extraction
trails in SC stands, soil compaction occurs throughout the
stands. Both stand structure and log-extraction practices may
thus explain the higher proportion of hygrophilous species in
SC stands, like Carex pendula, Carex remota, Alnus glutinosa,
etc.
Secondly, we found that axis 1 also corresponded to a gradient of increasing soil reaction and nutrient. According to
Ellenberg et al. [25], soil reaction and soil nutrient are mainly
determined by pH and nitrogen content respectively, so that the
combination of these two values gives an estimation of soil fertility. Our results clearly suggest that CWS is associated to
more fertile soils, compared to SC. As both substrate and soil
profile were assumed to be uniform over the whole area sampled, the difference observed may be interpretated as an indirect

composite effect of silviculture. It has long been accepted that
silviculture modifies soil properties [42, 64]. As both soil reaction and soil nutrient were negatively correlated with soil moisture, we may relate the differences in soil fertility to those of
the water table level. Given the substrate (loess) and the relief
(plateau), the thinning-induced rise of the water table level may
both decrease pH and increase ferrous (iron II) ions in the upper
soil horizons [22, 43, 44, 56]. It is also well-known that thinning
can cause nutrient losses by means of stream and ground water
[8, 44]. Another mechanism would be the direct feedback of
vegetation composition on soil properties, particularly at the
humus layer level. Tree species were much more diversified
into CWS stands than in SC stands. Most of woody species
characterising CWS stands (e.g. Carpinus betulus, Fraxinus
excelsior, Salix caprea, Corylus avellana) are well-known as
providing a litter with a low C:N ratio. Conversely, in SC stands
the proportion of Quercus robur and Fagus sylvatica was
higher, and thus acidification of the upper soil horizons may be
enhanced.
Thirdly, we found that axis 1 was also correlated with Ellenberg indicator value for continentality. In Ellenberg’s system,
continentality indicates the difference in temperature during
the course of the day and of the year, and the air humidity. A
low value indicates an oceanic climate (i.e. high hygrometry
and low thermic variations) while a high value indicates a continental climate (i.e. low hygrometry and large thermic variations) [25, 41]. Of course this indicator value makes sense at
broad geographical scale. Here we have tested it at a local scale
and we found significant variations. Thus we consider that at
a local scale it may be a good estimator of forest microclimate,
the latter being defined by relative humidity and air temperature. Our results clearly suggest that axis 1 corresponded to a
gradient of decreasing continentality, that means that forest
microclimate is better conserved in CWS than in SC stands (i.e.
higher hygrometry and lower thermic variations). This result
is consistent with previous studies which found that forest
structure, particularly canopy opening, was a good surrogate
for the degree of forest microclimate [1, 13, 14, 61]. In SC
stands, the scarcity of true forest species, which are often sciaphytes capable of growing as facultative semi-heliophytes [56],
may be explained by the fact that microclimate is permanently
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altered. These species are competitively excluded by heliophilous ruderals, particularly Rubus fruticosus [15, 66]. These
results emphasize the importance of microclimate in forest ecosystem and its role in influencing vegetation patterns [14].
DCA axes 2 and 3 did not clearly separate the two silvicultural treatments. Both provided a quite good separation
between enclosed and exclosed SC stands. Axis 2 also indicated
a gradient from mature to postlogged, through aging CWS stands.
The positive correlation between DCA axis 2 and Ellenberg
indicator value for light suggests a gradient of increasing light
availability. This seems to be confirmed by the significant
decrease of both tree and shrub cover along this axis. Within
the CWS group, postlogged stands supported the highest values
and mature stands the lowest ones. Aging stands tended to
occupy an intermediary position, probably because of the
occurrence of self-thinning processes: light-demanding tree
species, like Salix caprea, Populus tremula or Alnus glutinosa,
progressively die, inducing canopy gaps and thus light penetration in the understories. Conversely, in SC stands light is permanently patchily distributed at the ground level so that lightdemanding species are able to persist and regenerate. It should
be noted therefore that enclosed SC stands provided lower values for light than exclosed SC stands. We hypothesize a difference in ungulate predation. Indeed, our results show that young
trees (particularly Quercus robur) and shrubs were more frequent and abundant in enclosed SC stands compared to
exclosed stands, that may decrease solar radiation at the forest
floor level. The distribution of SC stands along axis 3, the negative correlation with tree cover but positive with shrub cover
also suggest an effect of game predation. It is known that forest
structure can markedly influence the attractiveness for herbivore ungulates which in turn strongly affect vegetation structure
and plant composition [60]. For example, clear-cut systems are
known to be very attractive for roe deer and thus, predispose
the forest to strong game damage [28, 60]. Our results suggest
that SC would produce forest stands more attractive for roe deer
than CWS and thus induce a stronger game influence on plant
composition. The scarcity of woody saplings as well as the
abundance of graminoid species in exclosed SC stands compared to both CWS stands and enclosed SC stands, may be
partly explained by differences in roe deer densities. This is
consistent with Packham et al. [56] who reported that roe deer
can completely eliminate sensitive woodland plants and promote graminoids since they lack the ciliated protozoa associated with the ability to digest grasses found in cervids.
4.3. Management implications
The observed differences mainly concern understory species, particularly herbs and woody saplings. This is of major
concern within the framework of sustainable forestry since
(1) the major part of plant diversity in temperate forest ecosystems is supported by the understories [17, 35, 72] and (2) woody
saplings indicate which species are able to spontaneously
regenerate and thus, what would be the forest of the future.
As stressed above, true forest species (i.e. specialists) were
mainly found in mature and aging CWS stands, while SC stands
and postlogged CWS stands were rather characterized by heliophilous ruderals (i.e. generalists). This may be explained by
the length of the harvesting rotation, which defines the distur-
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bance regime of the forest ecosystem. In CWS, the 30-years
rotation allows true forest species to recover between two harvests. Nevertheless, our results show that only the herb layer
supported late-successional species, i.e. herbaceous dryads
sensu Decocq and Hermy [19], like Anemone nemorosa, Hyacinthoides non-scripta, Paris quadrifolia, etc. This suggests
that the length of the current silvicultural cycle does not allow
woody late-successional species (e.g. Fagus sylvatica, Ilex
aquifolium in the study area, see [16]) to establish. In SC, wood
extraction occurs every 4 years, so that the ecosystem may be
considered as permanently disturbed, that prevents forest from
maturation. Thus, true forest species are not able to recover or
even to maintain, probably because they are competitively
excluded by aggressive light-demanding ruderals, like Rubus
fruticosus agg. for example. This is a phenomenon which has
been reported already for other silvicultural systems [23]. This
result also leads to question about what “ancient forest species”,
or even “true forest species”, are. As many European forests
have been managed according to a traditional system close to
CWS often since the Roman times, CWS management is also
part of the evolutionary history of ecosystems and as such
should be regarded as part of normal forest function rather than
an external disturbance [20]. Maybe the so-called “ancient forest species” may be better labelled “coppice-woodland species”, as some authors have done in the past [2, 56]. Within the
framework of European temperate forests, coppicing is therefore an important trait of forest history and thus may have pattern ancient forest biodiversity. Anyway, we conclude that it
is essential to retain cores of old coppice woods within managed
forests to conserve remnants of the original shade flora. Oldgrowth forest stands accompanying shortened harvest rotations
may be a more suitable strategy for a sustainable forest management [53].
Another important result concerns biodiversity at a the landscape scale. We found very contrasted species assemblages
among the three subgroups of CWS stands assessed, indicating
an overall high plant community diversity at the scale of the
forest landscape. It is well documented that within a particular
wood, different stages of a coppicing cycle provide a wide variety of structural and climatic conditions, so that the wood as a
whole supports a high diversity of species [11, 56]. This supports the general model of vegetation development of secondary succession formulated by Bormann and Likens [8] and also
described in even-aged highforests [3]. Conversely, plant species composition was quite constant among SC stands, suggesting a more homogeneous forest vegetation. This result must be
directly related to the silvicultural system. By mimicking the
natural gap dynamics (e.g. treefalls), SC favours small-scale
heterogeneity, but tree-by-tree harvesting is applied equally
and simultaneously to all stands, so that the forest as a whole
is more homogeneous. As forest management has been recognized as the main control on plant community diversity at the
landscape scale [18], we confirm the conclusions of previous
studies which have shown that “close-to-nature” silviculture
reduced beta-diversity among stands and thus forest heterogeneity at the scale of the whole forest [6, 12, 59].
Results of the ISA indicate contrasted response of tree saplings to the silvicultural system. Some species, like Sorbus
aucuparia and Carpinus betulus for example, were linked to
CWS, while others, like Acer pseudoplatanus and Betula spp.
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for example, were rather associated to SC. Among commercial
species, it should be noted that saplings of Quercus robur were
exclusively found into enclosed SC stands, suggesting that they
undergo strong game damages. Other economically interesting
species, like Fagus sylvatica, Fraxinus excelsior or Prunus
avium were not significantly differently distributed among
treatments and were often constant in the understories, whatever the silvicultural system. We conclude that silviculture
seems to poorly influence forest regeneration, but we cannot
exclude the hypothesis of a progressive shift in the relative
abundance of species following the conversion of former CWS
stands into SC stands.
Finally, our results suggest some indirect effects of silviculture on plant species composition, like attractiveness for roe
deer, soil compaction and water table level oscillations, which
require further investigations. Influence of habitat conditions
should also be assessed, as well as comparison with other silvicultural systems, like even-aged clearcut system for example.
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