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5.1 Abstract

Questions: Could a reshuffling of forest communities have occurred over the last 40 years
and be identified? If so, is this reshuffling related to changes in nitrogen availability? Could
other factors, such as forest management and dynamics and/or the climate, also be related to
floristic changes? Could the three available surveys allow us to identify when floristic and

environmental changes have mainly occurred and their rates of change over time?
Location: Villey forest, Northeastern France.

Methods: Floristic inventories from 1972, 1991, and 2011 were available for 40 forest plots
located in northeastern France. Detrended correspondence analysis (DCA) and variation
partitioning were used to determine the relative importance of different drivers on the species
composition of the studied forest. Changes in environmental conditions were inferred through

changes in Ellenberg figures.

Results: Species composition has reshuffled, with nitrophilic species increasing between 1972
and 2011. Soil pH mostly explained DCA axisl variation (partial R’ R,=0.647), and soil
nitrogen mostly explained DCA axis2 variation (partial R’ N,=0.152) over time. The
acidification signal was non significant while eutrophication trend was significantly greater
after 1991 (AN, =+0.2). Flora bioindication revealed changes in light, and temperature and soil

moisture. N and L, are the figures changing more among the three surveys.
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Conclusions: The three surveys highlight differences in the rate/dynamics of changes. Over
the 40-year period in the study area, eutrophication has not slowed down whereas other
environmental conditions, reflecting forest management and climate, exhibit significant

changes.

Key words: bio-indication; environmental changes and dynamics; local scale; repeated

surveys; reshuffling of species composition.

5.2 Introduction

Global biodiversity is changing at an unprecedented rate as a complex response to
several human-induced changes in the global environment (Vitousek e a/, 1997b). By about
the mid-20" century, global sulfur (S) and nitrogen (N) emissions from anthropogenic
processes surpassed emissions from natural processes (Galloway, 2001), widely affecting
terrestrial ecosystems (Aber ef al, 1998), freshwaters systems (Schopp ez al., 2003), and soils
chemistry (Falkengren-Grerup et Eriksson, 1990). Disturbance in forests appears as direct
toxicity due to increased ammonium concentration (Van Den Berg ez a/., 2005), damage to
vegetation (Bobbink ez a/., 2010), taxonomic homogenization (Keith ez a/, 2009), decline in
species richness (McClean ez al., 2011), and species reshuffling (Bernhardt-Rémermann ez a/,
2007). At a European scale, a sharp decrease in S deposition has been observed since the
1980s, and some studies have already pointed out a recovery from anthropogenic acidification
(Kirk et al., 2010; Riofrio-Dillon ef al., 2012). However, N deposition has remained at a more
or less constantly high level (EMEP, 2011). In France, inventories of atmospheric pollutants
have reported that changes in emissions between 1980 and 2010 have shown a downward
trend, with a strong, an important, and a significant reduction in SO, NO,, and NH,,
respectively (CITEPA, 2012). Under such conditions, recovery from the effects of
eutrophying N compounds should be expected. Forest management systems have also
changed, transitioning from coppice-with-standards to high forest management, thus affecting
the species composition across European forests (Baeten ez a/, 2009). In France, forest
conversion began before the 20" century, around 1860 (Degron, 1998). Consequently,
changes in stand structure due to forest management system and stand maturation might
confound the signal of other global changes. Forest dynamics have been reported as the cause

of an apparent shift in species composition within forest ecosystems (Bodin ez al, 2012).
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Furthermore, the reshuffling of plant communities in response to contemporary climate
warming has been pointed out, with the pattern of biotic responses varying greatly among
species and geographic environmental conditions (Lenoir e al, 2010; Bertrand ef al, 2011b;
Crimmins e al., 2011). In addition, a greater lag has been reported in the response of lowland
plant communities compared to that observed in highland forests facing climatic change,
which has been explained by greater species tolerance and a lower opportunity for short-
distance escape to track climate changes (Bertrand ez a/, 2011b). Hence, a combination of
eutrophication with acidification, forest management, stand dynamics, and climate change are
assumed to be major drivers of long-term vegetation changes and plant loss (Sala ez af., 2000;

Van Calster ez al., 2007; Bertrand ez al., 2011b).

Tracking such long-term human-induced changes is particularly difficult due to the limited
historical data. Consequently, their effects in reshuffling of species composition have been
studied by experimental (Nordin ez a/, 2005; Clark ez al., 2009) or observational approaches.
The latter includes studies along geographical gradients, i.e., spatial comparison (Smart ef al.,
2003; Dupre ez al., 2010; Stevens e7 al., 2011a), or by resurvey of permanent or semi-permanent
plots, ie., temporal comparison (Diekmann ez @/, 1999; Hédl, 2004; Lenoir et al., 2010).
Experimental and observational approaches have certain shortcomings due to the
simultaneous occurrence of other determinant environmental factors (Verheyen ez al, 2012).
Despite this, it has been reported that changes induced by atmospheric pollution, local forest
dynamics and management (Decocq ef al., 2005; Baeten ez al., 2009; Lenoir ez al., 2010), and/or
climate warming (Bertrand e a/, 2011b) could be detected (Verheyen ez al., 2012). In turn,
these factors may influence light intensity, soil temperature and moisture, and nitrogen

availability (Diekmann 7 al., 1999),

The resurvey of permanent plots is a historical analysis that compares vegetation inventories
in initially non-permanent plots. Most of the previous studies have compared two survey years
to detect changes in species composition and the environmental factors explaining them over
the time (cf. Baeten ef a/., 2009; Lenoir ef al., 2010; Sebesta ¢# al., 2011). In France, the resurvey
of floristic plots has allowed species reshuffling and associated environmental conditions to be
assessed, in addition to gathering information about how they change over the time. Some
studies have reported that significant and simultaneous forest acidification and eutrophication
combined with forest management and dynamics, and climate change were responsible for
vegetation changes and species decline during the 20" century (Thimonier e al, 1992;

Thimonier ¢ al., 1994; Decocq ef al., 2005; Van Calster e al., 2008; Lenoir ez al., 2010). It has
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been suggested that, depending on the spatial scale, different factors have a dominant control
over species distribution. At a local scale (small spatial extent) determinant factors include soil
type, land use, and topography. In contrast, climate is the main factor at a global scale (large
spatial extent) (Pearson et Dawson, 2003). In general, the previous studies cited here were
carried out at a local scale pointing out the relative importance of local-acting factors.
Furthermore, the effects of climate warming over smaller extents have already been reported
(Lenoir et al., 2010), which means that it could potentially be identified at different scales,

ranging from local to global.

Here, we evaluated changes in species composition in 40 semi-permanent plots in Villey
forest, Northeastern France, for which floristic inventories are available from previous surveys
carried out in 1972 (Becker, 1979) and 1991 (Thimonier ef a/., 1994). In 2011, we relocated and
surveyed the 40 vegetation plots for a third time, spanning a period of almost 40 years from
the first survey. The assessment of vegetation data allows us to determine whether a
reshuffling of species composition has occurred among the three surveys and, if so, to
determine the rate of change and to identify the temporal trends of environmental factors to
which it might be related. Because measured environmental variables were not available for
our plots, we relied on Ellenberg figures as surrogates for light (L), soil moisture (Fy,), soil
nitrogen (Ny), soil pH (R;), and air temperature (T}). Between 1972 and 2011, there has been
much variation in deposition trends, with high levels of atmospheric deposition occurring
around the 1970s and 1980s for S and N, respectively. Due to the implementation of policies
to control atmospheric pollutants in the 1980s, an important decrease in S and less marked
decrease in N deposition has been reported since 1990s (EMEP, 2011). Moreover, changes in
the forest management system over the last 140 years have occurred, and the effects of climate
warming in the reshuffling of plant communities have been demonstrated. Therefore, we
assumed that it is possible for species composition to have reshuffled over time in response to
atmospheric loads, forest management, local forest dynamics (forest aging) and climatic
change. We addressed the following questions: (i) Could a reshuffling of forest communities
have occurred over the last 40 years and be identified? (i) If so, is this reshuffling related to
changes in nitrogen availability? (iii) Could other factors, such as forest management and
dynamics and/or the climate, also be related to floristic changes? (iv) Could the three available
surveys allow us to identify when floristic and environmental changes have mainly occurred

and their rates of change over time?
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5.3 Methods

5.3.1 Floristic data from the 1972, 1991, and 2011 surveys

The initial systematic sampling which was carried out in late July 1972, and
encompassed the entire Haye forest (including Villey forest, which is located to the west of the
main Haye forest) in Northeastern France (Becker, 1979). The sampling was based on a grid
of 250 m X 250 m, with a floristic inventory being conducted at every intersection on the grid.
The inventory consisted of a comprehensive record of the plant species present in a circular
area of 400 m”’. An abundance-dominance coefficient using the Braun-Blanquet scale was
assigned to each species. Of all the plots surveyed, a total of 57 plots were located in Villey

forest, our study area.

In May 1991, of the 57 plots in Villey forest originally studied in 1972, 47 were repeat
surveyed (termed “resurveyed” here). These plots were clearly marked and could be validated
by paint marks remaining on trees (Thimonier ¢# al, 1994). The vegetation sampling followed
the same methodology used in the 1972 survey. In addition, samples of the upper soil layer

were collected from each plot, and soil pH (H,O) was measured in the laboratory.

Of the 47 plots in Villey forest that were resurveyed in 1991, those that had been undisturbed
by anthropogenic transformation (i.e., clearing cuttings, walking trails) and/or the 1999 storms
named Lothar and Martin, were surveyed a third time in late June and early July 2011, resulting
in a total of 40 forest plots (Fig. 5-1). The plots were relocated in the field using a Global
Positioning System supported by geographical coordinates derived from the original map used
in the 1991 survey. After locating the geographical position of the plots, paint marks on trees
were searched for. Tree marks were found in only 24% of the 40 relocated plots. Different
technical teams participated in the three surveys; however, the author of the 1972 survey the
participated in the 1991 survey, and oversaw the careful intercalibration of the sampling
methods, preventing systematic errors during data collection (Thimonier e al, 1994).
Furthermore, two participants from the 1991 survey also assisted in the 2011 survey, again
allowing us to calibrate the sampling methods with those used in the previous survey, and
hence minimizing the likelihood of any systematic errors occurring during data collection.
Floristic inventories were again conducted during the 2011 field work, which followed the
same sampling methodology used in the 1972 and 1991 surveys. In addition, general

topographical information was collected (slope, aspect, position), as well as information about
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silvicultural management and soil characteristics (i.e., humus, soil type) for each plot. Soil
samples from the 0-5 cm A horizon were collected at three different random points within
each 400 m” plot, which were then analyzed in the laboratory to obtain, among others, a single
measurement of soil pH (H,O) per plot. Species nomenclature follows Base de Données

Nomenclaturale de la Flore de France BDNFF version 4).

+ forest plots
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Figure 5-1 Study area (Villey forest) located in Northeastern France. The geographical
positions of plots across the forest area are displayed.

5.3.2  Data analysis

Floristic data from the 1972, 1991, and 2011 surveys were analyzed. Abundance-
dominance coefficients were transformed into presence/absence data to avoid any bias, due to

the different participants estimating these coefficients during each of the three surveys.

5.3.2.1  Analysis of vegetation dynamics

To identify any bias caused by the different sampling dates, changes in species number
in each plot between the surveys were correlated against the number of calendar days between
the 1972 and 1991 surveys, and the 1991 and 2011 surveys (Keith ez a/, 2009). To determine
changes in species occurrence (i.e., the number of plots where species was observed), the
species frequency for 1972, 1991, and 2011 were compared. A total of 205 species, including
tree (7 = 29), shrub (# = 33), and herb (#» = 143) species, were recorded between 1972 and
2011, and included in the analysis. Changes in species occurrence were tested using Fisher’s

exact test for count data (P < 0.05).
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Differences in species composition among surveys were examined through analysis of
similarity (ANOSIM), based on a matrix of Bray-Curtis (also known as Serensen) dissimilarity
indices to calculate the statistic R, which reveals the observed differences among compared
surveys. The significance of R was assessed by running 1000 permutations (Oksanen ez 4/,
2012). ANOSIM was complemented by a multivariate DCA of floristic plots (ter Braak, 1985;
Jongman et al., 1987). The 40 plots from each of the three surveys were used to produce the
ordination diagram, for which the default options were followed. Variation in the plot scores
of the first two axes, which explained most of the variability within the data, was examined
over the 1972-2011 survey timeframe, and was then analyzed with respect to environmental
conditions. Herb and shrub species with more than or equal to five occurrences (threshold
arbitrarily selected) over the 1972-2011 period were selected. Then, 99 species were integrated
as floristic variables in DCA ordination coded as presence/absence. Taking into account that
seasonal phenological phases differed among surveys, species flowering between March and
July were distinguished among the 99 species, and only three species were identified as vernal
(i.e., flowering in spring): Adoxa moschatellina, Arum maculatum, and Ranunculus ficaria. Vernal
species were not excluded from analyses, due to the low number of species identified. To
determine the plotting structure on the ordination diagram, standard deviational ellipses were
created for DCA1 and DCAZ2 at the 95% confidence interval for the plots from each survey.
The change in plot scores between the 1972 and 1991 surveys, and the 1991 and 2011 surveys
relative to DCA1 and DCA2 were computed (ADCAx = DCAx ., — DCA ,, with x
representing the first or second DCA axis, and p defining a survey year), and used as indicators
of changes in species composition. The statistical significance of the difference between the
median plot scores for the compared surveys was tested using the Wilcoxon paired signed

rank test (P < 0.05).

5.3.2.2  Analyses of underlying environmental conditions

Due to the absence of measurements for the environmental variables (except for soil
pH, measured in the latter two surveys), Ellenberg figures for light (L), soil moisture (F},), soil
N (Np), soil pH (Ry), and temperature (T};) were used as surrogates (Ellenberg ef al, 1992).
Only shrub and herb species were used to compute the Ellenberg figures, because they have a
sensitive response to disturbances across broad spatial and temporal scales (i.e., they have a
higher species turnover than tree species), and could reflect the evolution of forest status

through their dynamics (Diekmann et Dupré, 1997; Gilliam, 2007). We used Ry, as surrogate
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of soil acidity conditions because (i) measured soil pH and R}, were significantly correlated (7,
= 0.782, P < 0.001, » = 80; with r, = Spearman’s rank correlation), (ii) an Ry, value could be
computed from floristic inventories for each of the three surveys, and (iii) the different soil
sampling method between the 1991 (upper soil horizon) and 2011 (0-5 cm A horizon) surveys

to obtain the pH(H,O) measurements.

Ellenberg figures were used to assess the environmental significance of DCA axes. The
relationship between the plot scores of DCA1 and DCA2 with the Ellenberg values were
inspected through a multiple linear regression: DCAx = f (L, + Fy + N + R, + T)); with x
representing the first or second DCA axis. Variation in the response variable explained by the
linear combination of the explanatory variables was measured through the coefficient of
multiple determination R’ (Legendre et Legendre, 1998). To determine the contribution of
each environmental factor in the axis definition (i.e., the fraction of variation explained by an
environmental variable £), the partial R® was then computed using variation partitioning
(Legendre et Legendre, 1998). Thus, the partial R’ is the determination coefficient of the
relationship: residnals DCAx , = (X, :), where DCAx , represents the residuals of the linear
model explaining DCAx in function of all variables except 4, and X ,él represents the effect of
4 uncorrelated from the effect of the other explanatory variables (i.e., the residuals of the
linear model explaining £ in function of the other explanatory variables). The level of
confusion represents the fraction of variation explained by the collinearity between
explanatory variables, and corresponds to R,” — partial R,’, where R, is the coefficient of
determination of the simple linear relationship DCAx = g(k) (Legendre et Legendre, 1998;
Bertrand, 2012).

5.3.2.3  Analysis of environmental dynamics

To determine the environmental dynamics between the 1972 and 1991 surveys, the
1991 and 2011 surveys, and the 1972 and 2011 surveys, a mean value of each environmental
variable per survey was computed, in addition to determining the changes between the
compared surveys (Ak = & ., — & , with p defining a survey year). The statistical significance
of the environmental differences between surveys was tested using the Wilcoxon paired signed

rank test (P < 0.05).
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All statistical analyses were performed in the R environment, version 2.10.1 (R Development
Core Team). We used the “vegan” package for ANOSIM, DCA, and plotting structure
(Oksanen et al., 2012).

5.4 Results

5.4.1 Vegetation dynamics

No significant correlation was found between changes in the number of species
among plots and the number of calendar days between the compared surveys (r, = 0.237, P =
0.14 for the comparison 1972-1991, r, = -0.039, P = 0.81 for the comparison 1991-2011, and .,
= 0249, P = 0.121 for the comparison 1972-2011), which indicated that the species
composition of communities was not biased by any differences in survey year (Fig. 5-2). With
respect to species frequency, from the 205 total species recorded across the 40 plots in Villey
forest over the 40-year period, 21 species showed significant changes (increasing or
decreasing) in frequency (Table 5-1). Nitrophilic and mesophilous species showed an
increased frequency in Villey forest (Paris quadrifolia, Geum urbanum, Bromus ramosus) compared
to some meso-xerophilic species occurring in semi-shaded/open conditions (Melica nutans,
Carex: montana, Brachypodinm sylvaticum). The vernal species Anemone nemorosa exhibited a high
percentage of change (63%), as did Arum maculatum to a lesser extent (18%) (Table 5-1).
However, conclusions about changes in vernal species could not be drawn because their
increased frequency probably reflected the effect of the seasonal differences between

compared surveys.
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Figure 5-2 Species number at the different survey years: (a) between the 1972 and 1991
surveys, and (b) between the 1991 and 2011 surveys. The dashed line represents no change in
the number of species within a community among the compared surveys (y = x). The solid red
line represents the fitted relationship. When comparing the 1972 and 1991 surveys, the fitted
relationship indicates that species number tended to increase over time (R’ = 0.525, P <
0.001). When comparing the 1991 and 2011 surveys, the fitted relationship indicates that sites
with a high species number in 1991 tended to decrease over time, while sites with low species
number tended to increase over time (R°= 0.388, P < 0.001).
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Table 5-1 Species frequency in 1972, 1991, and 2011 surveys, and percentage change with
respect to all 40 plots. Onlyspecies with significant changes are listed. Fisher’s exact test for
count data (P < 0.05) was applied over the three surveys. Vernal species are underlined.

Change
Species 1972 1991 2011 2011-1972

(%0)

Increase in frequency
Anemone nemorosa 12 40 37 63
Tilia platyphyllos 2 1 27 63
Fraxinus excelsior 6 27 30 60
Carex sylvatica 13 19 34 53
Acer psendoplatanns 0 4 18 45
Geum urbanum 3 11 19 40
Bronus ramosus 0 3 14 35
Fagus sylvatica 27 36 38 28
Phytenma spicatum 9 29 19 25
Paris quadrifolia 0 6 9 23
Rosa canina 0 0 8 20
Dryopteris filixc-mas 2 3 9 18
Arum maculatum 0 16 7 18
Angelica sylvestris 0 3 6 15
Dryopteris carthusiana 0 1 6 15
Decrease in frequency

Melica nutans 6 3 0 -15
Carex pairae 7 0 0 -18
Cornus sanguinea 12 3 3 -23
Tilia cordata 20 23 8 -30
Carex montana 24 25 9 -38
Brachypodium sylvaticum 24 16 7 -43

Significant differences in species composition among plots were identified through ANOSIM,
with R = 0.21 (P < 0.001) when comparing the 1972, 1991, and 2011 surveys. When
comparing the 1972 and 1991 surveys, R = 0.16 (P < 0.001), and when comparing the 1991
and 2011surveys, R = 0.20 (P < 0.001). Differences in species composition were also
supported by the DCA and plotting structure among surveys. The eigenvalues were 0.27 and
0.13 (which corresponded to 66.2% of the sum of eigenvalues of the first four DCA axes) for
DCA1 and DCA2, respectively. For DCAI1, the plot scores differed significantly when
comparing the 1972 and 1991 surveys leaning toward more negative scores (ADCAT = -0.248,

P < 0.001). In contrast, when comparing the 1991 and 2011 surveys, plot scores leaned toward
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the positive axis (ADCA7T = +0.183, P = 0.506). For DCAZ2, differences in plot scores leaned
toward the positive axis when comparing both the 1972 and 1991 surveys (ADCA2 = +0.277,
P < 0.001), and 1991 and 2011 surveys (ADCA2 = +0.306, P < 0.001). Standard deviational
ellipses at a confidence interval of 95% for each survey strongly overlapped, but also showed a
shift in plot scores toward the upper right part of the ordination diagram between the 1972
and 1991 surveys and toward the upper left part of the ordination diagram between the 1991

and 2011 surveys (Fig. 5-3).
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Figure 5-3 Changes in species composition across the 1972, 1991, and 2011 surveys
represented on a DCA ordination diagram based on the 40 forest plots from each survey.
Standard deviational ellipses showed the plotting structure at a confidence interval of 95% for
each survey. Plots from 1972, 1991, and 2011 surveys are displayed by black closed circles,
gray closed circles and open circles, respectively. Ellipses for 1972, 1991, and 2011 surveys are
displayed by solid black lines, solid gray lines, and dashed black lines, respectively. DCA1 and
DCA2 = the first and second axis of the detrended correspondence analysis, respectively.

5.4.2 Environmental significance and dynamics

The standardized coefficients of the regression models and the significance of
variables obtained when regressing DCA plot scores on environmental variables are presented
in Table 5-2. The environmental variables that explained the most variation in species

composition along DCA1 and DCA2 were R;; and Ny, respectively, as indicated for the
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computed partial R* (Table 5-2). R, and F,, explained 65% and 11% of the variation in DCAT1,
respectively. Light, nitrogen, and temperature conditions did not contribute significantly to
axis definition. In the case of DCA2, Ny explained 15% of the variation in species
composition along this axis, while L; and T} explained 10% and 7% of the variation,

respectively. Changes in moisture and acidity conditions did not contribute significantly to the

DCA2 definition.

Table 5-2 Relationship between the plot scores of DCA axes 1 and 2 and environmental
variables substituted with Ellenberg figures for light (L), soil moisture (Fy,), nitrogen (Ny), soil
pH (R}), and temperature (Tp). The fraction of variability of the DCA axis explained by each
environmental variable is indicated through the partial R’. The variable explaining most of the
variability of each DCA axis is indicated in bold. Regression standardized coefficients are
provided. Significant regression coefficients are indicated by *** P < 0.001, ** P < 0.01, * P <
0.05, and ns = not significant. DCA1, DCA2 = first and second axis of the detrended
correspondence analysis, respectively.

DCA1 DCA2
Variable

Partial > Coefficient Partial R° Coefficient
Ly 0.000 -0.009 ns 0.105 -0.324 ek
Fy 0.111 -0.333  wkk 0.008 -0.091 ns
N, 0.008 -0.089 ns 0.152 0.390 Hofok
R, 0.647 0.804  wHk 0.004 -0.064 ns
Ty 0.002 -0.046 ns 0.069 0.263 Hok

The partial R? measures the contribution of each environmental factor in DCA axis definition. It means
the fraction of DCA axis variation explained by an environmental variable.

Significant changes in Ly, F; Ny and T} between the1972 and 1991 and the 1991 and 2011
surveys were found (Table 5-3), reflecting the environmental dynamics in Villey forest over
the time. For Ry, a decrease (AR, = -0.05, P = 0.342) followed by an increase (AR, = +0.09, P
= 0.183) was observed when comparing the 1972 and 1991 surveys, and the 1991 and 2011
surveys, respectively. The overall comparison between the 1972 and 2011 surveys showed an
increase in Ry (AR, = +0.04, P = 0.627). N, exhibited a non significant increase when
comparing the 1972 and 1991 surveys (AN, = +0.06, P = 0.113), whereas a more marked
significant increase was detected between 1991 and 2011 (AN, = +0.20, P = 0.001). The

overall comparison between the 1972 and 2011 surveys showed a significant increase in Ny,
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(AN = +0.26, P < 0.001). With respect to the light variable, significant decreases were found
when comparing the 1972 and 1991 surveys (AL, = -0.08, P = 0.031) and the 1991 and 2011
surveys (AL, = -0.17, P < 0.001). Comparison of 1972 and 2011 showed a general decrease
(AL, = -0.25, P < 0.001) in light variable. The variable reflecting soil moisture conditions
exhibited a significant increase between 1972 and 1991 (AF, = +0.09, P < 0.001), and a
smaller significant increase between 1991 and 2011 (AF, = +0.04, P = 0.048). In general, over
the 1972-2011 period, a significant increase in I, was detected (AF, = +0.13, P < 0.001).
Finally, a non significant increase was observed for Ty between 1972 and 1991 (AT, = +0.01,
P = 0.581), whereas a significant increase was observed between 1991 and 2011 (AT, = +0.05,
P = 0.011). The overall comparison between the 1972 and 2011 surveys showed a significant
increase in Ty, (AT, = +0.06, P = 0.013) (Table 5-3).

Table 5-3 Mean Ellenberg figures for the 1972, 1991, and 2011 surveys. Probability values (P)
for changes to each Ellenberg figure between 1972 and 1991, 1991 and 2011, and 1972 and
2011 are provided. Significant values are displayed in bold. Wilcoxon paired signed rank test
was applied (P < 0.05). L, = light, I, = soil moisture, N, = nitrogen, R, = pH, T, =
temperature.

Survey Ly Py Ny Rg Tw

1972 4.94 491 4.97 6.54 5.32
1991 4.86 4.99 5.03 6.50 5.33
2011 4.69 5.04 5.23 6.58 5.38

1972-1991 (P) 0.031 <0.001 0.113 0.342 0.581
1991-2011 (P) <0.001 0.048 0.001 0.183 0.011

1972-2011 (P) <0.001 <0.001 <0.001 0.627 0.013

Compared surveys

5.5 Discussion

Temporal comparisons are usually limited by the absence of permanent plots, or
knowledge about the exact location of original plots. Some studies are less subject to this
limitation due to the geographical isolation of study areas, which facilitates the conservation of
signs (i.e., paint or scoring) to recognize original plots (e.g. primeval forest; Sebesta ez al,

2011). However, this is not necessarily the case in many studies, for which ancient maps, sites
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and vegetation descriptions are available, and/or remaining paint marks allowed the successful
relocation of plots (Falkengren-Grerup, 1986; Thimonier ¢f al., 1994; Baeten ef al., 2009; Keith
et al., 2009; Lenoir ez al., 2010; McGovern ¢t al., 2011; Van Den Berg ez al., 2011; Kapfer ez al.,
2012). Another obvious limitation is the absence of environmental measurements; however,
the use of Ellenberg figures as surrogates have been proved to be effective in the context of

historical comparisons (Diekmann, 2003).

The originality of our study was the availability of data from three comparable surveys
spanning a period of 40 years, used to assess the reshuffling of species composition and
determine the trends of underlying environmental factors. This information provided a
foundation on which we could discriminate different rates of change in environmental
conditions from vegetation bio-indication (i.e., the period of time [1972-1991 or 1991-2011]
over which changes became more or less marked and significant). The majority of studies that
focus on temporal comparisons to assess changes in species composition only compared two
survey years (Falkengren-Grerup et Eriksson, 1990; Thimonier e# a/, 1992; Hédl, 2004; Van
Landuyt ez al., 2008; Baeten ez al., 2009; Keith ez al., 2009; Lenoir ez al., 2010; McGovern ef al.,
2011; Sebesta e al., 2011; Kapfer ez al., 2012), from which overall vegetation changes may be
reported over the respective analyzed periods. However, it is not possible to detect the rate of

changes from such datasets.

Our study provides clear evidence of a reshuffling in species composition in Villey forest
based on ANOSIM and DCA between the 1972 and 2011 surveys. The initial R from
ANOSIM for the 1972 and1991 surveys was smaller than the R associated for the 1991 and
2011 surveys, confirming that the rate of change in species composition among surveys was
greater during the 1991-2011 period compared to the 1972-1991 period. A previous study has
already reported floristic changes, in terms of changes in species frequency, in Villey forest
between 1972 and 1991 (Thimonier ef al, 1994). Here, we confirmed that the reshuffling of

species composition is still in progress, and is actually increasing.

Among the environmental factors underlying the observed changes in species compositions,
changes in acidity (through R;) and nitrogen availability (through N)) primarily explained the
variation along DCA1 and DCAZ2, respectively. The explanation of changes along the DCA
axes of each factor increased with time, highlighting their importance in the reshuffling of
species composition and their determinism, depending on the analyzed period of time. Our

signal for acidification showed there was no overall acidification in Villey forest. A shift in pH
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toward acidification was detected between 1972 and 1991, followed by a recovery between
1991 and 2011; however, these changes were not significant. Changes over the last 20 years
reflect the trends observed in recent studies for decreased acidification (Riofrio-Dillon e al.,

2012).

The changes in DCA plot scores in the current study confirmed those reported by Thimonier
et al. (1994), who reported a general eutrophication between 1972 and 1991 in Villey forest.
After this period, between 1991 and 2011, our signal for eutrophication revealed a significantly
marked increase in nitrogen. Signals from eutrophication were in accordance with reported
trends of N atmospheric deposition. N slightly declined after the 1990s, but remains quite
elevated. Moreover, our results were consistent with studies that reported changes in nitrogen
availability over time, with analyzed periods varying from around 20 to 70 years (Thimonier e
al., 1994; Dupre et al, 2010; Van Den Berg et al, 2011; Bahr et al, 2012). However, these
previous studies did not show the dynamic of change within the survey period, particularly
during the key period that environmental policies were implemented. In contrast, our results
highlighted whether the rate of change/dynamics in environmental conditions speeded up or
slowed down over time, with insight over the period that environmental policies were

implemented.

While L;; tended to decline between 1972 and 2011, F, and T, showed a low significant
increasing trend. The observed L trend might be an effect of forest aging related to stand
dynamics and forest management (cf. Thimonier ef @/, 1994). It has been demonstrated that
changes in ground layer vegetation might be attributed to changes in light penetration linked
to aging, management, or natural disturbance (Lenoir ez a/, 2010). The F, trend might be the
effect of changes in precipitation. According to data from a nearby meteorological station
(Tomblaine), precipitation in our studied region has generally increased over time (mean total
annual precipitation = 718 mm yr' between 1954 and 1972, 768 mm yr' between 1973 and
1991, and 770 mm yr' between 1992 and 2010). Moreover, the negative relationship between
canopy closure (L) and soil moisture (F) (r, = -0.483, P < 0.001) may also explain the
observed increase in F; due to a limitation of potential evapotranspiration, which in turn
favors mesophilous species. The observed T}, trend might reflect the onset of the effects of
climatic warming in Villey forest over the 1991-2011 period. On the basis of data from
Tomblaine meteorological station, mean temperature increased during the second half of the
20™ century (mean annual temperature = 9.4°C between 1954 and 1972, 9.7°C between 1973
and 1991, and 10.7°C between 1992 and 2010, data wete gathered from the French National
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Climatic Network Météo-France). Over a similar timeframe, Lenoir e/ a/. (2010) reported that
forest plant composition is facing broad directional changes, which are probably driven by

climate change and local stand dynamics.

In conclusion, our study highlights the rate of change/dynamics of environmental factors
based on inferences from floristic data, which have been induced by anthropogenic changes
over the last 40 years. This interpretation was made possible by the availability of data from
three surveys conducted at the same plots and using the same methodology. Moreover, our
study highlights the importance of pH and nitrogen availability in the reshuffling of forest
species composition. Eutrophication, in combination with acidification, forest management,
and climate change, has probably been modulating the reshuffling of species composition in
Villey forest over the last 40 years. The observed changes in nitrogen availability, which
highlight that eutrophication has not slowed down in Villey forest, were unexpected. This
finding could imply that a revision of environmental policies regarding nitrogen is required,
because current levels of deposition remain too high to attain a decreasing signal of

eutrophication, despite being lower than that recorded in the 1980s.
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