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ABSTRACT
Aims

Inventorying the habitats composing Natura 2000 sites is mandatory in the European
Union and is necessary to implement relevant conservation measures. Vegetation plots,
recording the presence or abundance of all plant species co-occurring within a plot, are
currently used to identify terrestrial Natura 2000 habitat types, whose descriptions are
mainly based on phytosociological units. However, vegetation plots are time-consuming
and frequently restricted to the growing season. Moreover, no vegetation plots can be
regarded as exhaustive, and significant inter-observer variation has been highlighted. We
studied whether reducing the number of recorded species and the time spent carrying out
a vegetation plot had an impact on vegetation unit assignment using species presence.
We also studied if vegetation plots recorded on winter could be used for vegetation unit

assignment.
Location: mainland France.
Methods

We used 273 vegetation plots covering French temperate and mountainous forests. The
time at which species were sighted was recorded. We also estimated whether a species
was recognisable in winter. We used a classification program to compare assignments

based on complete and incomplete vegetation plots.
Results

Ten species and five minutes were sufficient to assign a plot to an association, and seven
species and four minutes to an alliance. Vegetation unit assignment proved feasible in

winter, especially at the alliance level.

Conclusions

We confirmed that a limited number of species is sufficient to assign vegetation plots to
vegetation units. However, mapping habitats requires habitat identification and
delimitation. This study confirms current field habits, particularly when creating a habitat

map, usually based on a limited number of recorded species. Lastly, it confirms that the
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use of vegetation plots coming from a great variety of sources is relevant to create habitat

time series, crucial tools for monitoring habitats at a national scale.

Keywords: vegetation classification, automatic classification program, expert system,
habitat, forest ecosystem, phytosociology, Natura 2000, vegetation typology, incomplete

vegetation records.

1. INTRODUCTION

The natural and semi-natural habitat types of Community interest listed in Annex | of the
Habitats Directive (‘Natura 2000 habitat types’ hereafter) are rare, in danger of
disappearance, or present outstanding examples of typical characteristics of one of the
biogeographical regions in Europe (EC Council, 1992). Phytosociology has long been
used for plant community description in Europe. As a consequence, phytosociological
units were used to describe the terrestrial habitats of Community interest (Evans, 2010).
The Habitats Directive states that all European Union countries must protect and restore
the species and habitats of Community interest (EC Council, 1992). At a national level,
each European Union country must monitor, assess and report to the European
Commission the conservation status of these threatened species and habitats (Art. 11
and Art. 17). Within their territory, they have to implement a coherent ecological network
of Special Areas of Conservation (SAC) set up under the title Natura 2000 (Art. 3) along
with the special protection areas created by the Birds Directive (EC Council, 2010). In this
context, important means are deployed at the European, national, and local levels to

identify and monitor the targeted ecosystems.

Mapping habitats requires habitat identification and delimitation. Therefore, carrying out
an inventory of the habitat types occurring in the SAC of the Natura 2000 network is
necessary to create maps of endangered ecosystems, which are key for implementing
relevant management actions. To carry out such an inventory, site managers have to
assign vegetation observations to vegetation units, whether they record the presence of
plant species co-occurring in vegetation plots or simply spot several plant species without

recording them. In practice as well as traditionally in phytosociology, assignments are
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performed manually in the field on the basis of species presence and expert human
knowledge. That is how vegetation plots, currently provide the data used to identify
Natura 2000 habitats. Vegetation plots are often restricted to the growing season, require
botanical and phytosociological skills, and are time-consuming. For example, completing
a vegetation plot takes one hour in the protocol of Archaux et al. (2006). This time effort
can be a limiting factor in the face of the large number of vegetation plots necessary to

carry out habitat inventories within Natura 2000 sites.

Vegetation plots involving observers are characterized by an inherent degree of error
consisting of overlooking error (not observing actually present species), and
misidentification error (incorrectly identifying species) (Morrison, 2016). Ten to 30 % of
the species remain undetected by single observers (Archaux et al., 2006; Morrison, 2016;
Vittoz et al., 2010; Vittoz and Guisan, 2007). Misidentification error generally appears to
be of a smaller magnitude than overlooking error, and unsurprisingly smaller at the genus
level than at the species level (Morrison 2016). Only considering overlooking error (as we
do in this study), two different observers will inevitably produce two different inventories

of species for a given plot. Thus, no vegetation plot can be regarded as exhaustive.

Another source of potential incompleteness of vegetation plots is the variability of plot
size according to the observer and the sampling method (Chytry and Otypkova, 2003;
Chytry and Tichy, 2018). These data are frequently missing for part of the plots in
national or international databases (Chytry et al., 2016). While there is no clear evidence
of a relationship between plot size and error in species lists (Morrison 2016), plot size
theoretically affects the species richness of a vegetation plot positively. To deal with this
issue, the traditional phytosociology method recommends to collect data on a “minimal
area”, whose value is given by the asymptotically horizontal part of the species-area
curve (Braun-Blanquet et al., 1932). But the numerous methods proposed to determine
“minimal area” (e.g. Hopkins, 1957) ignore the nature of species-area curves (Preston,
1962), which usually cannot exhibit an asymptote (Williamson et al. 2001; Dengler et al.
2009). As a result, species richness in a same place could substantially differ among

vegetation plots based on different plot sizes.

Vegetation plots are often carried out during the growing season and are time-

consuming. Moreover, no species inventory of vegetation plots can be considered
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exhaustive because of systematic overlooking errors, and because plot size can vary
depending on observers and protocols and thereby affect species richness. We do not
know vyet if these findings affect the vegetation unit assignment process, with potential
impacts on the inventory of Natura 2000 habitats within sites, and their monitoring at a
national level. This is why we assessed the influence of the number of species recorded
in vegetation plots on vegetation unit assignment. More precisely, we investigated
whether using incomplete vegetation plots — which implies recording a lower number of
species and spending less time carrying out the vegetation plot— had an impact on

vegetation unit assignment using species presence.
2. MATERIALS AND METHODS

We used a large number of vegetation plots well distributed across mainland French
temperate and mountain forests to perform a large-scale study encompassing a wide
range of forest ecosystems. The time at which plant species were sighted since the
beginning of the inventory was recorded for each vegetation plot. We created incomplete
vegetation plots, by truncating the complete floristic inventories of the plots. Then, we
used an automatic classification program for vegetation unit assignment based on both

complete and incomplete vegetation plots, and we compared their efficiency.
2.1 Sampled sites and vegetation plots

Six teams of field agents of the French National Forest Inventory (NFI) carried out 273
vegetation plots between May and September 2013 across temperate and mountainous
forests of mainland France (Fig. 1) (see Hervé 2016 for a presentation of the French NFI
method). Each plot had been randomly localized before the fieldwork phase. Vascular
plant species found in the understory layer and terricolous bryophytes were recorded
across each circular 700-m? plot (15-m radius). The floristic inventory included all
herbaceous and shrub species, and tree species below 7.5 cm in diameter at 1.30 m
height. The time, and thus the order in which species were sighted was recorded. The
cover of each species in the plot was assessed visually using the Braun-Blanquet
approach (Braun-Blanquet et al., 1932), after completion of the timed vegetation
inventory (see Pinto et al., 2016 for a more detailed description of the 273 timed

vegetation plots). A coefficient of 1 was applied for the species whose cover was missing
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(15%). The cover of tree species above 7.5 cm in diameter was assessed visually, using

10 % classes, at the end of the understory layer inventory.
2.2 Incomplete vegetation plots
2.2.1 Incomplete vegetation plots truncated according to the number of species

The mean species richness of vegetation plots was 33 species (STD=16), with a
minimum of four species, and a maximum of 83 species. We created incomplete
vegetation plots by selecting an increasing number of species per vegetation plot: one,
two, three, until the total species richness of each plot was reached. Four methods of
selection of the subset of species were used: (i) random selection (100 repetitions), (ii)
according to the inventory order of appearance of the species in the vegetation plots
(‘increasing order’ hereafter), (iii) according to the decreasing order of appearance of the
species in the vegetation plot (‘decreasing order hereafter), and (iv) the decreasing
abundance of the species in the vegetation plots. For this last method of selection, we
first randomly selected species among those with the highest cover observed in the
vegetation plot. Then, we randomly selected the next species in the second highest cover
observed in the vegetation plot, and so on until the total richness of the plot was reached.
In the case of a species present in both the understory and tree layers, we used its

highest cover.
2.2.2 Incomplete vegetation plots truncated according to the time spent in the field

The surveyors spent 5 to 62 minutes to carry out each vegetation plot in the field, which
represented the range of the time effort needed to carry out a complete floristic inventory.
Using the time when species were recorded, we created incomplete vegetation plots of

increasing duration.

2.2.3 Incomplete vegetation plots truncated according to the species potentially

recognisable in winter

The vegetation plots were carried out between May and September. To assess the
feasibility of vegetation unit assignment in winter, we created incomplete vegetation plots
(called ‘winter plots’ hereafter) with species that we considered recognisable during the
winter season: phanerophytes, chamaephytes, woody lianas, mosses, and species with

leaves still present in winter and evergreen leaves. The species richness of the winter
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plots was equal or less than the species richness of the complete vegetation plots. To
avoid bias linked to richness differences between ‘winter plots’ and complete vegetation
plots, we equalize the species richness by randomly choosing a subset of species (called
‘random winter plots’ hereafter) among the complete vegetation plot. In order to average
the variability linked to random selection, 100 series of ‘random winter plots’ were created

for each plot.
2.3 Automatic classification program

To study whether reducing the number of species and time spent carrying out a
vegetation plot had an impact on vegetation unit assignment, we tested the assignment
of each incomplete vegetation plot to a vegetation unit. To this end, we used a typology
based on the units published at the association and alliance levels (228 and 43
phytosociological units, respectively) (Bardat et al., 2004; Bioret et al., 2014; Gégout et
al., 2009; Maciejewski et al., 2020). To repeat the assignments as many times as
necessary, based on a previous study we chose the ‘Phi-program’ (Gégout and Coudun,
2012; Maciejewski et al., 2020), an automatic classification program which performs
similarly as individual experts in vegetation unit assignments (Maciejewski et al., 2020).
This automatic classification program uses species fidelity indexes to classify vegetation
plots. It works with a baseline of 9,827 vegetation plots (containing 1,648 species)
classified by experts at the association level within the chosen phytosociological system.
These vegetation plots were used to compute a fidelity index ¢ (the Phi coefficient)
(Chytry et al., 2002) of each of the 1,648 species to each of the 228 associations. As a
result, we obtained the matrix M, with the Phi coefficient of each species to each
association, with 1,648 rows and 228 columns. The Phi-program tested the assignment
of a given vegetation plot to each association by extracting the n species present in the
vegetation plot from the matrix M and calculating the average value of the fidelity indexes
of these n species, all vegetation layers taken together, for each association. The
program assigned the vegetation plot to the association whose average fidelity index was
the highest.

The objective was to compare the efficiency of the Phi-program for vegetation unit
assignment based on complete and incomplete vegetation plots. The efficiency of

automatic classification programs has usually been assessed based on one expert
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judgment considered as a “true assignment” (e.g. Cerna and Chytry 2005; van Tongeren
et al. 2008; De Caceres et al. 2009), which could be merely regarded as a validation. But
strong and significant inter-expert variation has already been observed (Eriksen et al.,
2019; Hearn et al., 2011; Stevens et al., 2004; Ullerud et al., 2018). Consequently, the
choice of the reference is of crucial importance, and the use of a unique reference can be
contested. This is why we assessed the efficiency of the Phi-program in a previous study
not by comparing it with one expert, but by comparing it with the efficiency of five expert
organisations (the National Botanical Conservatory of the Massif Central; Biotope, an
ecological consultancy; the botanist's network of the National Forestry Office of France;
the National Museum of Natural History of France; the French National Forest Inventory).
To do so, we used an index of consistency called ‘agreement ratio’ (Maciejewski et al.,
2020). A lower agreement ratio than those of the expert organisations would have meant
a poor ability of the program to reproduce expert judgments. A higher agreement ratio
would have meant that the program could agree with several experts more often than one
expert with several others, suggesting that it could provide a more consensual

assignment.

2.4 Comparing the assignments of the automatic classification program based on

complete and incomplete vegetation plots

The agreement ratio of the automatic classification program run with complete vegetation
plots was 0.25 for association assignment, slightly below 0.27, the average agreement
ratio of the five expert organisations (Fig. 2a). It was 0.48 for alliance assignment, similar
to the average agreement ratio of the five expert organisations (Fig. 2b). Thus, the
agreement ratios of the automatic classification program were quite similar to the
agreement ratios of the expert organisations. These ratios were defined as the reference
agreement ratio (RAR hereafter, Fig 2) to evaluate the efficiency of incomplete vegetation

plots to provide assignments similar to those of experts.

For each number of species or time spent in the field studied, the program assigned a
vegetation unit (an association and an alliance) to each of the 325 vegetation plots. We
compared these assignments with the ones provided by the five expert organisations and
calculated an agreement ratio. Then, we calculated the percentage of this agreement

ratio against the RAR to interpret the results more easily, and we assessed the number of
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species, or the time, needed to reach 100 % of the RAR. The closer the agreement ratios
drew to the RAR, the more relevant the species or group of species in the incomplete

vegetation plots were, and brought substantial information for vegetation unit assignment.

Slightly lower accuracy can be accepted in some projects, or depending on the available
means. In these contexts, reaching 90% of the RAR obtained with complete vegetation
plots could be considered as sufficient. Furthermore, the method also allowed exceeding
100 %, i.e. a higher agreement ratio than the one obtained with the complete vegetation
plot if the last species recorded in the field had a confounding effect on the assignment of

a relevant vegetation unit to the vegetation plot.

We calculated the average, minimum and maximum values of the agreement ratios of the
100 series of incomplete vegetation plots of randomly chosen species order. We also ran
a Pearson correlation test to investigate the relation between the order and the cover of
each species, to know whether the first species to be observed were the most abundant

ones.

We calculated the agreement ratio and the percentage of the RAR reached with the
winter plots. Then, we investigated whether the decrease in species richness in winter or
the types of removed species most impacted the agreement ratios. To do so, we
calculated the median, minimum and maximum values of the agreement ratios of the 100

series of randomly selected winter plots.
3. RESULTS

3.1 Number of species required for vegetation unit assignment

The percent of the reference agreement ratio (RAR) reached by the agreement ratio of
the Phi-program using incomplete vegetation plots increased faster when selecting
species according to their decreasing abundance or increasing order than when selecting
them according to a random selection or a decreasing order (Fig. 3). The most abundant
species or the first sighted species were more relevant for vegetation unit assignment
that the last ones. The correlation between the order and the cover of the species was

significant (p<0.001), but the order only explained 8 to 11% of the variability of the cover.
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Based on the incomplete vegetation plots of increasing order, which reflected an on-the-
ground reality, the first 21 species sighted and recorded in the field were sufficient for the
automatic classification program to reach nearly the same agreement ratio with
incomplete vegetation plots as with complete vegetation plots for association and alliance
assignment (100 % and 99 % of the RAR, respectively) (Fig. 3).

To reach 90% of the RAR, only the first ten species of the vegetation plot were needed to
assign an association, and only the first seven species were needed to assign an alliance
(Fig. 3). Beyond these numbers, the new added species did not bring significant extra

information for vegetation unit assignment.
3.2 Time spent on the field for vegetation unit assignment

In the first minute of the vegetation plot, 74 % of the RAR was reached regarding
association assignment, and 86 % regarding alliance assignment (Fig. 4). The first five
minutes and first four minutes were enough to record species reaching > 90 % of the
RAR for association and alliance assignment, respectively. Twenty-five minutes were
needed to reach 100 % of the RAR for both assignments (Fig. 4). After the 25" minute,

the agreement ratios stabilized around 100% of the RAR.
3.3 Influence of the season on vegetation unit assignment

The mean species richness of the winter plots was 22 (STD=9), i.e. an average decrease
of slightly more than 30% in comparison with the complete vegetation plots. The
agreement ratio of the Phi-program based on winter plots was 0.21 for association
assignment (84 % of the RAR), and 0.47 for alliance assignment (97 % of the RAR) (Fig.
5).

Using the random winter plots, the mean agreement ratio was 0.23 for association
assignment (min. 0.21; max. 0.26), and 0.47 for alliance assignment (min. 0.44; max.
0.48) (Fig. 5). Therefore, the species considered as recognisable in winter were the least

relevant ones for association assignment, but were quite relevant for alliance assignment.
4. DISCUSSION

A limited number of species or a limited field time for flora inventory proved sufficient to

assign vegetation plots to vegetation units. In addition, a subset of species recognisable
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in winter proved sufficient for vegetation unit assignment, particularly at the alliance level.
We performed a large-scale study involving a great number of vegetation units and
covering a wide range of temperate and mountainous forest ecosystems. As the
definition of terrestrial Natura 2000 habitats is mainly based on phytosociological units,
these results can likely be extended not only to Natura 2000 forest habitats, but to other
habitats of Community interest, especially those with definitions focused on species. As
to possible vegetation unit assignments in winter, the result can be extended to Natura
2000 forest habitats, but maybe not to other habitat types, e.g. grassland habitats
composed of a majority of hemicryptophytes barely recognisable after the growing

season.
4.1 Extra information on the possible use of incomplete vegetation plots

No vegetation plot can be regarded as exhaustive, and significant inter-observer variation
exists among specialists carrying out vegetation plots in the field (Archaux et al., 2006;
Morrison, 2016; Vittoz et al., 2010; Vittoz and Guisan, 2007). However, this study shows
that the incompleteness of vegetation plots has only a slight impact on vegetation unit
assignment. Some studies advise caution when using incomplete vegetation plots; for
example, relative species diversity metrics are influenced by undersampling but are more
robust to inventory incompleteness than absolute measures (Azovsky, 2018).
Furthermore, a trade-off between robustness to undersampling and sensitivity to rare
species has been highlighted (Beck et al., 2013). But a possible use of incomplete
vegetation plots has been shown in other studies to detect species temporal trends
(Bruelheide et al., 2020) or predict species distributions (Braunisch and Suchant, 2010).
Moreover, strong robustness to vegetation plot incompleteness has been proved when
bioindicating forest soil acidity, nitrogen and mineral nutrition (Pinto et al., 2016).
Therefore, our study complements previous results by showing that vegetation unit
assignment is very robust to the use of vegetation plots considered as incomplete

because of overlooked species.

4.2 Plot vegetation species are not all equally informative in vegetation unit

assignments

Using the same number of species, we obtained different agreement ratios according to

the species kept in the incomplete vegetation plots. More specifically, the most abundant
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species or the first species to be observed were the most relevant ones for assigning a
vegetation unit. A significant correlation between the order in which species were
recorded in the field and the cover of the species was highlighted in the studied dataset.
Therefore, the first species to be observed on the field were usually the most abundant
ones, as already observed (Pinto et al., 2016), and the most informative ones regarding

vegetation unit assignment.
4.3 Forest habitats can be mapped with limited means and in winter

We consider that a large number of Natura 2000 site managers have limited means
available, and sometimes limited botanical and phytosociological skills, for inventorying
natural habitat types within their site. Our results confirm that a vegetation plot can be
assigned to a vegetation unit when observing only some of the species present in the
plot. Considering that mapping requires identifying and delineating habitats, our study is
the first to confirm that incomplete vegetation plots can be used to create forest habitat
maps and that the observation of abundant species during vegetation mapping is an
efficient field approach for habitat mapping. Such a practice has already been
recommended to make acceptable savings (Rodwell, 2006). Our study also confirms that

little time can be spent in the field for vegetation unit assignment, hence a limited cost.

Vegetation plots are frequently restricted to the growing season because the sampling
date and the species phenology might affect the creation of vegetation units in a
classification (Jenackovic et al., 2019, 2016; Vymazalova et al., 2016, 2014). Yet, we
showed that assigning a vegetation plot to a forest vegetation unit was feasible in winter,
especially at the alliance level, even if the species considered recognisable in winter are

not the most relevant ones for vegetation unit assignment.

Our results provide a general overview of forest habitats. The low number of plots we
used and the sampling approach did not provide specific results for each habitat type. A
further study with an ad hoc design will be needed to assess whether we need a different
number of species and time spent in the field according to each habitat type, which could
lead, for example, to less time for species inventory and fewer species inventoried in

species-poor habitats.
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Nonetheless, we should keep in mind that this potential optimisation of the time spent on
vegetation plots and the extended period of vegetation plot feasibility only concerns field
work dedicated to vegetation unit assignment. Other studies may require complete
vegetation plots performed at a particular time of the year, especially for the initial
description of habitats when creating a typology, and for projects such as biodiversity

monitoring or environmental assessment.
4.4 Choosing the hierarchical level in the typology

The most common level for habitat of Community interest is the alliance. A slightly lower
number of species and less time was needed to reach the RAR when assigning a
vegetation plot to an alliance than when assigning it to an association. Therefore,
creating a forest habitat map at the alliance level could take less time, and thus be
cheaper than creating a forest habitat map at the association level. But even if finding the
best cost-effectiveness ratio is a key issue for sampling (Mateo et al., 2018), the needs
for detailed information on the vegetation units should guide the choice of the hierarchical
level (Eriksen et al., 2019).

4.5 An automatic classification program can create standardised habitat

assignment data from a great variety of data sources

A large number of databases and vegetation plots are available at the European level
(see Chytry et al., 2020 for multiple examples). These databases contain vegetation plots
inventoried by multiple observers (see e.g. Chytry et al.,, 2016; Jaskova et al., 2020).
Quite inevitably, different skills and experience levels influence the quality and
exhaustiveness of the vegetation plots, different plot sizes are used (Chytry and
Otypkova, 2003; Chytry and Tichy, 2018), and this can theoretically affect the species
richness associated to a vegetation plot. We presently show that vegetation unit
assignment is robust to the use of vegetation plots considered as incomplete, and
thereby to inter-observer variation. We also prove that an automatic classification
program can create standardised habitat assignment data, even with a great variety of
data sources, and then be used to attune databases merged from different organisations.
This is an interesting perspective for creating habitat time series, which are crucial for the

monitoring and the conservation of endangered habitats. In particular, this could help to
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implement the mandatory monitoring of Natura 2000 habitats across Europe, as
demanded by the Habitats Directive (EC Council 2006).
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Figure 1: Map of the 273 vegetation plots surveyed between May and September 2013 by six teams of the

French National Forest Inventory (NFI) across the forests of mainland France.
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Figure 2: Agreement ratios, based on complete vegetation plots, calculated among expert organisations,

and between the Phi-program and the expert organisations.

Experts: the National Botanical Conservatory of the Massif Central (Bot. Cons.), the National Forest
Inventory of France (For. Invent.), the botanists’ network of the National Forestry Office of France (For.
Manag.), Biotope, an ecological consultancy (Eng. Off.), and the National Museum of Natural History of

France (Museum).
Mean Exp.: average value of the five agreement ratios of the expert organisations.
PHI: automatic classification program called the Phi-program.

RAR: agreement Ratio of Reference, calculated based on complete vegetation plots between the Phi-

program and the five the expert organisations.
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Figure 3: Percentage of the Agreement Ratio of Reference (RAR) reached by the agreement ratios of the Phi-program based on incomplete vegetation plots
according to the number of species in the plot, regarding association (a) and alliance assignment (b). The number of species was selected using: (i) random

selection (100 repetitions), (ii) increasing order of inventory, (iii) decreasing order of inventory, and (iv) decreasing abundance of the species in the vegetation plots.

RAR is the agreement ratio, calculated based on the complete vegetation plots, between the automatic classification program (‘Phi-program’) and the expert

organisations (0.25 and 0.48 on 1, for association and alliances, respectively, see Fig. 2).
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Figure 4: Percentage of the Agreement Ratio of Reference (RAR) reached by the agreement ratios of the program based on incomplete vegetation plots of
increasing duration according to duration since the beginning of the vegetation plot, regarding association (a) and alliance assignment (b). RAR is the agreement
ratio, based on the complete vegetation plots, between the automatic classification program (‘Phi-program’) and the expert organisations (0.25 and 0.48 on 1, for

association and alliances, respectively, see Fig. 2).
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Figure 5: Comparison between agreement ratios calculated with winter plots and with complete vegetation

plots, for association assignment (a) and alliance assignment (b).
Experts: defined in Fig.2
Mean Exp.: average value of the five agreement ratios of the expert organisations.

Phi: agreement ratio provided by the automatic classification program (Phi-program) using complete

vegetation plots.

Winter plots: agreement ratio provided by the Phi-program using incomplete vegetation plots including

species potentially recognisable in winter (‘winter plots’).

Random winter plots: agreement ratio provided by the Phi-program using incomplete vegetation plots
created by randomly choosing species among the complete vegetation plots to equalise the species

richness of the winter plots.
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