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INTRODUCTION

Public policies for nature protection were initially developed for species conservation. In 1992, the European Directive 92/43/EEC (EC Council 2006), known as the Habitats Directive, also targeted ecosystem conservation by defining a list of habitats of Community interest. Thanks to a historical pan-European use of phytosociology, phytosociological units were chosen as a basis for the definition of the terrestrial habitats of Community interest of the Habitats Directive, also called 'Natura 2000 habitats' (European Commission DG Environment, 2013;[START_REF] Guarino | Spatio-temporal variations in the application of the Braun-Blanquet approach in Europe[END_REF]. The Habitats Directive states that all European Union countries must protect and restore the threatened species and habitats of Community interest listed in the annexes. Each member state must contribute to the creation of the Natura 2000 network by designating sites as special areas of conservation where the appropriate management plans specifically designed for the sites and the targeted habitats are established (EC Council 2006).

In this context, decision-makers defined the vegetation types to be protected that stakeholders now need to inventory in the field to create maps of endangered ecosystems and actually implement management actions. Site managers must assign new vegetation observations to previously defined vegetation types in accordance with the way these types were originally defined. The classification of vegetation plots within vegetation units is traditionally performed manually on the basis of expert human knowledge, based on the observation of diagnostic plant species in the field. The assignment of surveys to vegetation units usually only relies on a single expert judgment, and this process can be slow, subjective and fraught with difficulties (see [START_REF] Willner | Unambiguous assignment of releves to vegetation units: the example of the Festuco-Brometea and Trifolio-Geranietea sanguinei[END_REF]. It considerably varies among countries and individual researchers or managers because no formal assignment rules have ever been used until recently [START_REF] Guarino | Spatio-temporal variations in the application of the Braun-Blanquet approach in Europe[END_REF].

Experts rarely indicate how to determine whether a given new plot record fits into any of the published types. The absence of explicit assignment rules can lead to erroneous classifications and be at the origin of inappropriate management or legal restrictions [START_REF] Cherrill | Inter-observer variation in habitat survey data: investigating the consequences for professional practice[END_REF], or of the failure to detect or monitor land-cover changes [START_REF] Prosser | Countryside survey 2000 quality assurance exercise[END_REF], or even of the destruction of rare ecosystems due to ignorance. Although the question of how to assign new sample plots to existing units is of importance, the issue has hardly ever been addressed [START_REF] Guarino | Spatio-temporal variations in the application of the Braun-Blanquet approach in Europe[END_REF].

In the absence of any clear definition and application of assignment rules, it is difficult to estimate the consistency of the assignments of several phytosociology experts, and this in turn makes it difficult to compare two vegetation units over time and across space. Expert habitat identifications have hardly ever been compared, or only compared across a few vegetation units over a small area [START_REF] Couvreur | Evaluation of the "observer effect" in botanical surveys of grasslands[END_REF]. Several studies have compared the ways experts mapped land-cover types, but were usually limited to small-sized sites [START_REF] Eriksen | Point of view: error estimation in field assignment of land-cover types[END_REF][START_REF] Hearn | The repeatability of vegetation classification and mapping[END_REF][START_REF] Stevens | Repeatability of Phase I habitat survey[END_REF][START_REF] Ullerud | Consistency in land-cover mapping: Influence of field workers, spatial scale and classification system[END_REF]. These studies all conclude that the level of agreement among experts is usually quite low and dependent on the number of units in the provided repository, as the probability of two identical suggestions increases when the number of units decreases.

The absence of standardized assignment rules and the financial and time costs of manual assignment have led to the development of several automatic classification programs with explicit assignment rules (e.g. [START_REF] Kočí | Formalized reproduction of an expert-based phytosociological classification: A case study of subalpine tall-forb vegetation[END_REF][START_REF] Oliver | Semi-automated assignment of vegetation survey plots within an a priori classification of vegetation types[END_REF][START_REF] Tichý | Semi-supervised classification of vegetation: preserving the good old units and searching for new ones[END_REF]. Automatic classification programs assign large numbers of floristic surveys to vegetation units using standardized methods. Once the tool has been developed, the running cost and the running time are negligible as compared to the time and cost of seeking an assignment by an expert, and the program can be improved with the progress of knowledge. Moreover, the potential deviations of the programs can be detected and then taken into account.

The efficiency of automatic classification programs has usually been assessed based on one expert judgment considered as a "true assignment" (e.g. [START_REF] Černá | Supervised classification of plant communities with artificial neural networks[END_REF][START_REF] Van Tongeren | Assignment of releves to pre-defined classes by supervised clustering of plant communities using a new composite index[END_REF][START_REF] De Cáceres | Numerical reproduction of traditional classifications and automatic vegetation identification[END_REF]), which could be merely regarded as a validation. Moreover, the absence of explicit assignment rules has led to significant inter-expert variation [START_REF] Eriksen | Point of view: error estimation in field assignment of land-cover types[END_REF][START_REF] Hearn | The repeatability of vegetation classification and mapping[END_REF][START_REF] Stevens | Repeatability of Phase I habitat survey[END_REF][START_REF] Ullerud | Consistency in land-cover mapping: Influence of field workers, spatial scale and classification system[END_REF]. Consequently, the choice of the reference is of crucial importance, and could be contested. Besides, with a unique expert as a reference, the only possibility is to reach the expert level, it is impossible to outperform it.

Finally, to date we do not know whether the differences between assignment by an automatic classification program and an expert judgment are comparable to the differences among several assignments by phytosociology experts.

We explored the consistency of several phytosociology expert assignments, and checked the ability of automatic classification programs to reproduce the assignments of floristic surveys to vegetation units by several human experts. To highlight a current reality, we used a representative panel of expert organizations with recognized skills in phytosociology and three automatic classification programs to perform a large-scale study encompassing a wide range of forest ecosystems.

METHODS

We quantified inter-observer variation among five expert organizations with recognized skills in phytosociology. We did not compare each assignment with a reference considered as "the truth", but kept each of the five expert judgments as one sole reference, and used identical assignments among expert organizations to compute an index of consistency that we called 'agreement ratio' among experts. Then, we compared the assignments suggested by three automatic classification programs with the assignments of the expert organizations to check whether the automatic classification programs could perform as well as or even outperform the expert organizations by being more consensual. We used identical assignments to calculate an 'agreement ratio' to investigate if their agreement ratios were lower than, similar to or higher than those obtained by the human experts.

Vegetation plots

Two hundred and seventy-three surveys were carried out between May and September 2013 by six teams of the National Forest Inventory (NFI) of France across the forests of mainland France (Fig. 1) (see Hervé 2016 for a presentation of the French NFI method). Each plot had been randomly located on the forest map before the fieldwork phase, which implied that the field agents did not re-locate the plot before beginning the survey. The Mediterranean area as defined by the NFI was excluded from the study. Vascular species found in the understory layer and terricolous bryophytes were recorded across each circular 700 m² plot. All herbaceous and shrub species, and tree species below 7.5 cm in diameter at 1.30 m high were included. The cover of each species was visually assessed using the Braun-Blanquet approach [START_REF] Braun-Blanquet | Plant sociology: the study of plant communities[END_REF], after completion of the survey [START_REF] Pinto | Optimizing the bioindication of forest soil acidity, nitrogen and mineral nutrition using plant species[END_REF]. Tree species above 7.5 cm in diameter were also included, but their cover was assessed visually using 10 % percentage classes. The mean species richness of the floristic surveys was 32.9 species (STD=15.6).

Selection of organizations with recognized expertise in phytosociology

We selected a panel of five French organizations from the private and public sectors with recognized expertise to represent the diversity of backgrounds and practices in phytosociology, namely the National Botanical Conservatory of the Massif Central (Bot. Cons.); Biotope, an engineering office (Eng. Off.); the botanist's network of the National Forestry Office of France (For. Manag.); the National Museum of Natural History of France (Museum); and the National Forest Inventory (For. Invent.) of France.

The National Botanical Conservatory of the Massif Central is a public institution that aims to develop knowledge and conservation of the flora, plant communities and natural habitats. At a local scale, their ecologists are involved in or consulted about all local vegetation studies in the Massif Central (in central France), and in particular they are in charge of developing and unifying the classification of the plant communities of the Massif Central. At a national scale, they are in charge of classifying four phytosociological classes of the French temperate forests.

Biotope is a French private engineering office specialized in ecological studies, created in 1993.

It gathers experts in phytosociology across the French territory; one of them is a national expert in phytosociology.

The National Forestry Office is the public institution in charge of managing the French public forests (8.5% of the French mainland territory), from ecological engineering to timber sales. Their best regional naturalists are gathered in a national network composed of tens of botanists and phytosociology experts involved in or consulted about all local vegetation studies in public forests, to which they bring their regional and practical knowledge.

The National Museum of Natural History is a reference public institution in France. It carries out a wide range of missions, including basic and applied research, the conservation and expansion of its collections, education, expertise, and dissemination of knowledge. The scientific Head of the National Herbarium, who was involved in this study, is a doctor in phytosociology.

The National Forest Inventory of France is a public institution that has carried out a permanent inventory of forest resources across the country since the 1960's. They have been recording ecological and floristic data in addition to dendrometric information for more than 25 years. At a national level, the data are checked and validated by nationally recognized ecologists specialized in botany and phytosociology.

Assignment of vegetation plots to vegetation units

Several studies have shown a lack of exhaustiveness of vegetation inventories, as well as interobserver variations (e.g. [START_REF] Archaux | Effects of sampling time, species richness and observer on the exhaustiveness of plant censuses[END_REF][START_REF] Vittoz | How reliable is the monitoring of permanent vegetation plots? A test with multiple observers[END_REF][START_REF] Milberg | Observer bias and random variation in vegetation monitoring data[END_REF][START_REF] Morrison | Observer error in vegetation surveys: a review[END_REF]. Variations in the list of species observed in the field can be a source of differences among experts' assignments to vegetation units. Therefore, we sent the same vegetation plots to all the expert organizations, asked them to assign a phytosociological association to each plot, and compared their assignments to vegetation units on an ex-post basis. Thus, the potential differences among the assignments were bound to be attributed to variability among the expert judgments and not to the potential variability in the lists of the species observed in the field.

Each of the five expert organizations received the 273 vegetation plots consisting of the list of species and their cover, and additional information such as the date of the survey and plot location variables (city, "département", region, altitude, slope, exposure). We provided a phytosociological repository of the forests of the French mainland territory in temperate and mountainous areas (Mediterranean area excluded), consisting of a list of 228 associations, 43 alliances, 21 orders, and eight classes, and their full citations. The repository included four lowland classes: Querco roboris-Fagetea sylvaticae and Quercetea ilicis in the well-drained soils, and Alnetea glutinosae and Salicetea purpureae in moist conditions. It also included four highland classes: two classes of pine forests (Erico carneae-Pinetea sylvestris and Pino sylvestris-Juniperetea sabinae), one class of spruce forest (Vaccinio myrtilli-Piceetea abietis), and one treeline class (Loiseleurio procumbentis-Vaccinietea microphylli). This typology was based on the units published at the association and alliance levels [START_REF] Bardat | Prodrome des végétations de France[END_REF][START_REF] Bioret | Presentation of the Prodrome of French vegetation, from the first version (PVF1) to the second, declension at plant community level (PVF2)[END_REF][START_REF] Gégout | Les habitats forestiers de la France tempérée ; typologie et caractérisation phytoécologique[END_REF]. We asked the organizations to assign a phytosociological association to each vegetation plot based on this information, and the suited phytosociological alliance and class in accordance with the hierarchical nested system we provided. But it was also possible for them to answer that they could not or did not want to assign one if they thought that it was not feasible.

For the National Botanical Conservatory of the Massif Central and the engineering office Biotope, the assignments of the vegetation plots to vegetation units were directly performed on an ex-post basis by the national phytosociology experts of each organization. For the National Museum of Natural History, they were performed by the Head of the National Herbarium. For the National Forestry Office, they were performed by the regional phytosociology experts and then gathered and checked by the national phytosociology expert.

For the National Forest Inventory, they were performed in the field by the field agents when the vegetation surveys were carried out using vegetation keys when available (118 vegetation plots), and the remaining assignments were performed by the local phytosociology experts on an ex-post basis. All the assignments were then gathered and checked by the national phytosociology expert of the National Forest Inventory. Thus, we collected five assignments to associations (and the suited alliances) for each of the 273 vegetation plots. Each expert organization also reported the time taken to fulfill the mission.

Comparing the assignments: the agreement ratio

Choosing the reference

Comparisons among experts using one expert assignment [START_REF] Couvreur | Evaluation of the "observer effect" in botanical surveys of grasslands[END_REF][START_REF] Stevens | Repeatability of Phase I habitat survey[END_REF] or a collegial assignment as the reference [START_REF] Eriksen | Point of view: error estimation in field assignment of land-cover types[END_REF] can be found in the literature. In these cases, all suggestions are compared with sole references considered as "the true assignments". As the expert organizations solicited for our study had similar recognized expertise in phytosociology, we had no objective reason to consider one of them to be better or more trustworthy than the others. But to compare the assignments among them, we needed to define a reference, which in this study represented the most consensual assignment; this assignment was not the "truth", but a close approximation of the convention to be followed when assigning new vegetation plots to vegetation units. We did not specifically define the most consensual assignment for each survey. But we investigated inter-observer variation and kept all five expert judgments as the reference, compared the assignments among one another, and investigated the number of identical assignments to compute an index of consistency that we called 'agreement ratio' (eq. 1). For any given expert, the higher the number of identical assignments shared with each of the other four experts, the more consensual they were, and the higher their agreement ratio.

Calculation of the agreement ratio

For each plot, we compared the assignment of one expert organization with the other four.

When the suggestions were identical, we scored one point. When they were different, we scored zero point. Then, for each vegetation plot and target expert organization, when a suggestion was similar with the other four, it scored four points. When the suggestion was different than the other four, it scored zero point. We repeated the comparison for the 273 vegetation plots and all five expert organizations. We summed up all the points scored by the identical suggestions and divided that number by the number of comparisons to obtain the agreement ratio:

𝐴𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡 𝑟𝑎𝑡𝑖𝑜 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑑𝑒𝑛𝑡𝑖𝑐𝑎𝑙 𝑎𝑠𝑠𝑖𝑔𝑛𝑚𝑒𝑛𝑡𝑠 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑚𝑝𝑎𝑟𝑖𝑠𝑜𝑛𝑠 (𝑁𝑐) (1)
Let i be the number of expert organizations and n the number of plots, the number of comparisons (Nc) was:

𝑁𝑐 = 𝑛 * (𝑖 -1) (2) 
When two expert organizations made no suggestion about a same vegetation plot, we did not consider it as an identical assignment and scored zero point.

The agreement ratio associated with an expert organization could theoretically reach 1 if the suggestions were all identical (they agreed in 100 % of cases) and the agreement ratio could reach 0 if the suggestions were all different (they all disagreed with one another). Nevertheless, the agreement ratios of the experts were interdependent. The value for a given expert could not be 1 if the other experts were not consensual themselves, because one cannot simultaneously agree with two other peers that do not agree with each other. Moreover, if one expert disagreed with the others, the agreement ratio of all experts was impacted. Therefore, we calculated the highest possible agreement ratio for each expert according to the suggestions of the other four.

Comparison of the expert judgments

We also made pairwise comparisons of each pair of expert organizations to potentially highlight patterns or similar behavior among experts by calculating the agreement ratios of the pairwise comparisons of the experts. When comparing two experts, the agreement ratio was similar to the simple matching coefficient, an index frequently used notably in genetics studies [START_REF] Olden | Rediscovering the species in community-wide predictive modeling[END_REF][START_REF] Stiles | Using Randomly Amplified Polymorphic Dna for Evaluating Genetic-Relationships Among Papaya Cultivars[END_REF]. We also tested the impact of the inclusion of an "inexperienced expert" on the agreement ratios of the five expert organizations by adding a 6 th reference with random assignments to the expert panel (see Supporting information, Appendix S1 for details).

For each vegetation plot, we calculated the number of experts who agreed on association and alliance assignment, and a typicality index to distinguish atypical vegetation plots that were more difficult to classify [START_REF] Gégout | The right relevé in the right vegetation unit: a new typicality index to reproduce expert judgement with an automatic classification programme[END_REF]. A high typicality index highlights that plots are close to the core characteristics of the plant unit [START_REF] Gégout | The right relevé in the right vegetation unit: a new typicality index to reproduce expert judgement with an automatic classification programme[END_REF]. Then, we used an analysis of variance to check the influence of species richness on the number of experts who agreed per plot to test whether too many or too few species could have destabilized the experts and impacted consistency among them. We also checked the correlation between the typicality of the surveys approximated by the typicality index and the number of experts who agreed.

Lastly, we investigated on which type of alliance the expert organizations tended to agree or disagree. Each time an alliance was cited, we collected the number of experts who agreed and calculated a mean value per alliance and reported it in a figure.

Automatic classification programs

Automatic classification programs developed with supervised methods were chosen to assign vegetation plots to the same classification of vegetation used by the expert organizations.

Automatic classification programs consist of two primary components: the "inference engine" and the "knowledge base". While the inference engine is a general algorithm, the knowledge base provides information needed for the automatic classification program to function. The knowledge base can be a set of plots assigned a priori (extensive definition of vegetation types)

or assignment rules derived from a description of the vegetation units (intensive definition) [START_REF] Tichý | GRIMP: A machine-learning method for improving groups of discriminating species in expert systems for vegetation classification[END_REF]. Using intensive definitions can lead to non-assignment of part of the vegetation plots to vegetation units. Therefore, we defined the knowledge base using a set of 9,827 phytosociological surveys classified in the phytosociological system by experts (the same repository as the one provided to the expert organizations) and considered to be typical. These surveys were extracted from the phytosociological literature and were used to characterize the French forest associations of temperate and mountainous areas (Mediterranean areas excluded) floristically and ecologically. Then, we used individual species rather than groups of species to define fidelity and constancy to the associations, because using groups of species implies choosing a minimum number of species that need to be present to assign the survey, so that surveys can also be non-assigned. Lastly, we chose two well-known fidelity indexes and one similarity index, namely (i) IndVal [START_REF] Dufrêne | Species assemblages and indicator species: the need for a flexible asymmetrical approach[END_REF], (ii) the fidelity index φ (the Phi coefficient) [START_REF] Chytrý | Determination of diagnostic species with statistical fidelity measures[END_REF], and (iii) the frequency-positive fidelity index (FPFI)

based on the frequency and the fidelity index of the species [START_REF] Tichý | New Similarity Indices for the Assignment of Relevés to the Vegetation Units of an Existing Phytosociological Classification[END_REF]. We used the 9,827 phytosociological surveys to calculate the Indval index, the fidelity index φ, and the frequency index of 1,648 species in 228 associations. We used those fidelity indexes and a similarity index FPFI was the highest [START_REF] Tichý | New Similarity Indices for the Assignment of Relevés to the Vegetation Units of an Existing Phytosociological Classification[END_REF].

We ran the three automatic classification programs which each assigned one association, and in turn the suited alliance and class to each of the 273 floristic surveys.

Agreement ratio of the automatic classification programs

To compare the assignments by the automatic classification programs with the assignments by the reference expert organizations, the process was the same as described before. For each survey, we compared the vegetation units assigned by each automatic classification program with the five assignments by the expert organizations. When the suggestions were identical, we scored one point. When they were different, we scored zero point. We repeated the comparison for the 273 surveys. We summed up all the points scored by the identical suggestions and divided that number by the number of comparisons to obtain the agreement ratio (eq. 1) of each program with the five reference expert organizations taken. A lower agreement ratio than the ones of the expert organizations would have meant that the automatic classification program agreed with the phytosociology experts less often than one expert with the other four, leading to a poor ability of the automatic program to reproduce expert judgments. A higher agreement ratio would have meant that an automatic classification program could agree with several experts more often than one expert with several others, suggesting that an automatic classification program could provide a more consensual assignment.

When calculating an agreement ratio for an automatic classification program, the number of comparisons was higher than when calculating an agreement ratio for the five reference expert organizations. The same number of comparisons could have been reached by comparing the suggestions of the automatic classification programs with only four expert organizations, calculating an agreement ratio, repeating this four more times removing a different expert organization each time, and calculating the mean agreement ratio. But this approach would have provided exactly the same results. Furthermore, we calculated the highest possible agreement ratio for each program to compare them with the highest possible agreement ratio of each expert, to study whether their peaks were equivalent.

Random assignment

To estimate the role of chance in the convergence of an automatic classification program and the five expert organizations, we compared their assignments with random assignments. For each of the 273 surveys, we drew an association at random within the 228 possibilities of the phytosociological repository, assigned the suited alliance and class, and then calculated the agreement ratio compared to the suggestions of the five expert organizations. We repeated this 1,000 times, and calculated the mean value of the 1,000 agreement ratios and corresponding standard deviation.

All associations had the same probability to be picked up in this random assignment.

Nevertheless, some associations are more common and widespread than others. To take this parameter into account, we weighted the probability of each association to be picked up by its frequency in the assignments made by the expert organizations. An association mentioned 10 times has a probability of 10 𝑛 * 𝑖 to be picked up. A non-mentioned association has a probability of 0. We simulated 1,000 random draws using this weighted phytosociological repository, and then we calculated the agreement ratio of each draw and the mean of the 1,000 agreement ratios and standard deviation for this weighted random assignment.

RESULTS

Comparison among expert organizations

Comparison of the agreement ratios

Each expert organization reported the time it spent to fulfill the mission. The accuracy of the answers was uneven, and dependent on the number of people involved in the assignment process. It took each organization one to three weeks to assign an association to each of the 273 surveys.

The mean value of the five agreement ratios of the expert organizations was 0.27 for association assignment (Fig. 2), i.e., one expert organization agreed with another on association assignment approximately one time in four on average, and the highest possible agreement ratio of the experts was around 0.52 (Appendix S2). For alliance assignment, the average value of the five agreement ratios of the expert organizations was 0.48 (Fig. 2), i.e., one expert organization agreed with another one on alliance assignment slightly less than one time in two on average, and the highest possible agreement ratio of the experts was around 0.67 (Appendix S2).For class assignment, the average value of the five agreement ratios of the expert organizations was 0.90 (Fig. 2), i.e., one expert organization agreed with another one on alliance assignment nine times in ten on average, and the highest possible agreement ratio of the experts was around 0.94 (Appendix S2).

Similar levels of skills among the expert organizations

The five expert organizations made no suggestion 48 times, and they made a suggestion out of the provided repository 24 times. They fully agreed on 7% (n=20) of the vegetation plots and fully disagreed on 19% (n=51) of the vegetation plots (Fig. 3) for association assignment. The agreement ratios of all expert organizations for association assignment were really close to one another (Fig. 2). The difference between the highest and lowest agreement ratios was 0.05. We observed the same pattern for alliance assignment, where the difference was 0.03 (Fig. 2) and the five expert organizations fully agreed on 19 % of the vegetation plots and fully disagreed on 4 % (Fig. 3). For class assignment, the agreement ratios of all expert organizations were even closer to one another: the difference between the highest and lowest agreement ratios was 0.02 (Fig. 2).

When we simulated the inclusion of an inexperienced phytosociology expert in the panel of experts, the agreement ratios of the five expert organizations were even closer, with differences between the highest and lowest agreement ratios of 0.04 for association assignment and 0.02 for alliance and class assignment (Appendix S3). The agreement ratios were nearly 20% lower than the initial reference agreement ratios for association and alliance assignment. Nevertheless, the mean agreement ratios of the random draws were far below the ones of the expert organizations. In addition, a pairwise comparison of the expert organizations showed similar agreement ratios regardless of the organizations for association and alliance assignment: they all agreed and disagreed with each other in the same proportion (Tab. 1).

Therefore, the closeness of the agreement ratio was not an artefact of the index, but showed that the skills of the five reference expert organizations were quite comparable regardless of their practice and background in phytosociology.

Sources of disagreement among expert organizations

Using an analysis of variance, we showed that plot species richness did not have a significant influence on the number of expert organizations that agreed on association assignment (p = 0.87), or on alliance assignment (p = 0.36). Therefore, a small or a large amount of species did not influence convergence among the expert organizations. The correlation of the typicality index with the number of expert organizations that agreed on association and alliance assignment was significant (p < 0.001). Experts tended to disagree about plots with a low typicality index, which were transitional plots or plots with a low number of diagnostic species.

The expert organizations tended to agree more on precisely defined (e.g. Rhododendro-Vaccinion) or frequent alliances, for example Fagion or Quercion alliances (Fig. 4). Nevertheless, as regards frequent alliances, we failed to highlight whether it was because they were widespread and thus well-known, or because they were well defined.

Agreement ratios of the automatic classification programs vs. agreement ratios of the expert organizations

The highest possible agreement ratios of the five reference expert organizations and of any automatic classification program were really close, with a difference between the highest and lowest maxima of 0.03 at most (Appendix S2). Therefore, the increase of the number of comparisons performed to calculate the agreement ratio of any automatic classification program did not disadvantage or advantage them.

The agreement ratios of the three programs for association assignment were below the mean agreement ratio of the five expert organizations by 0.02 to 0.13 points (Fig. 2). Nevertheless, for alliance assignment, the agreement ratio of the Phi-program was slightly higher than the mean agreement ratio of the five expert organizations (by 0.01 points) (Fig. 2), and the agreement ratios of the IndVal and FPFI programs were slightly below (by 0.04 and 0.06 points, respectively). Thus, the agreement ratios of the automatic classification programs were really close to the agreement ratios of the expert organizations for alliance assignment. For class assignment, the agreement ratios of the three automatic classification programs were higher than the mean agreement ratio of the five expert organizations (by 0.01 to 0.02 points) (Fig. 2).

Random assignment vs. expert organizations

Comparing 1,000 random draws with the five expert organizations, we observed on average 5.5 identical assignments to associations, 62.3 to alliances and 813.0 to classes, with mean agreement ratios of 0.004, 0.046 and 0.596, respectively (Fig. 2). Therefore, an automatic classification program could agree with the five expert organizations by chance less than one time in two hundred and fifty for association assignment, and less than one time in twenty for alliance assignment.

Considering that common and widespread associations had more chances to be picked up, we also compared 1,000 weighted random draws with the five expert organizations. We found 54.9 identical assignments to associations, 222.8 to alliances and 1,180.3 to classes on average, with mean agreement ratios of 0.040, 0.163 and 0.865, respectively (Fig. 2). It follows that an automatic classification program using a weighted phytosociological repository could agree with the five expert organizations by chance less than one time in twenty for association assignment, and less than one time in six for alliance assignment.

DISCUSSION

Lack of consistency among phytosociology experts

This study shows uniform and low agreement ratios among five expert organizations regarding the assignment of vegetation plots to phytosociological units specifically targeted by public policies and currently used in local management, such as associations and alliances. The number and the panel of expert organizations involved in the study on the one hand, and the close agreement ratios on the other hand, suggest that the low agreement ratios did not result from differences in the experts' skills in phytosociology.

As expected, we found high agreement ratios for class assignment, and better agreement ratios among expert organizations regarding the assignment of higher than lower hierarchical levels in the classification. The probability for two identical assignments increased when the number of units decreased. Nevertheless, we cannot conclude that using a high hierarchical level is the best option because using large units is a double-edged sword due to the trade-off between precision and error [START_REF] Ullerud | Consistency in land-cover mapping: Influence of field workers, spatial scale and classification system[END_REF]. Errors about adjacent vegetation types made at higher hierarchical levels involve larger deviations among possibilities than at lower levels.

Accordingly, the choice of the hierarchical level should be guided by the needs for consistency and for detailed information on the assigned vegetation units [START_REF] Eriksen | Point of view: error estimation in field assignment of land-cover types[END_REF].

Several studies have compared mappings of land-cover types by experts, and they showed that experts agreed among one another on average less than one time in two for the lower hierarchical levels of the classification [START_REF] Eriksen | Point of view: error estimation in field assignment of land-cover types[END_REF][START_REF] Hearn | The repeatability of vegetation classification and mapping[END_REF][START_REF] Stevens | Repeatability of Phase I habitat survey[END_REF][START_REF] Ullerud | Consistency in land-cover mapping: Influence of field workers, spatial scale and classification system[END_REF]. We showed similar agreement ratios among expert judgments for the alliance level, and lower ones for associations. However, the classification levels did not go down to phytosociological associations in these previous studies, and unit assignments were 

Sources of variability among phytosociology experts

Disagreements over habitat classifications are probably difficult to avoid completely because vegetation is inherently variable and complex [START_REF] Cherrill | Inter-observer variation in habitat survey data: investigating the consequences for professional practice[END_REF][START_REF] Rodwell | Phytosociological relationships in European Union policy-related habitat classifications[END_REF]. The sources of variability among phytosociology experts are manifold, and range from vegetation plots to determination keys or lack of one, and to the definition of vegetation units. The low agreement ratios for association assignment can be partly explained by the context of this study, as the expert organizations had to assign vegetation units mostly on an ex-post basis using floristic and plot location data instead of doing this on site. This hindered the use of the ecological context for assigning a vegetation unit, especially in forest ecosystems where the environmental context helps for assignment. Nevertheless, giving the same surveys to all the experts helped to attribute potential differences to their judgment and not to the potential variability in the lists of species observed on site. Secondly, the plots were located randomly on the map before the fieldwork phase although the phytosociological method recommends choosing homogeneous floristic and local ecological conditions to carry out a phytosociological survey [START_REF] Braun-Blanquet | Plant sociology: the study of plant communities[END_REF]. The experts tended to disagree on transitional surveys.

However, NFI field agents had been reporting for a few years that approximately 5% of the randomly located surveys fell into two or more associations (NFI 2018, pers. comm.). Therefore, the random location may have destabilized the phytosociology experts but only for a minor part of the vegetation plots. The disagreement could be explained much more by the heterogeneous floristic composition resulting from dynamic stages than by spatial variability, which seemed to occur only for a minor part of the vegetation plots. Classification inconsistency was also pointed out as the main source of inter-observer differences in previous comparative studies of land-cover maps [START_REF] Cherrill | Between-observer variation in the application of a standard method of habitat mapping by environmental consultants in the UK[END_REF][START_REF] Hearn | The repeatability of vegetation classification and mapping[END_REF][START_REF] Ullerud | Consistency in land-cover mapping: Influence of field workers, spatial scale and classification system[END_REF].

Gaps in knowledge about plant communities and overlapping typology categories [START_REF] Willner | Unambiguous assignment of releves to vegetation units: the example of the Festuco-Brometea and Trifolio-Geranietea sanguinei[END_REF] are some of the most likely sources of variability. We showed that experts tended to agree more on precisely defined or frequent units, the latter being widespread or well defined.

The absence of explicit assignment rules is also a major source of variability because it leads to diverging definitions about part of the vegetation units. Last of all, we used identical assignments among expert organizations as an index of consistency. This methodological approach decreased the estimation of convergence because studying inter-observer variation [START_REF] Cherrill | Inter-observer variation in habitat survey data: investigating the consequences for professional practice[END_REF]McClean, 1999, 1995;[START_REF] Hearn | The repeatability of vegetation classification and mapping[END_REF] systematically underestimates the congruence of the suggestions as compared to estimating a deviation from an ideal, 'true' value [START_REF] Eriksen | Point of view: error estimation in field assignment of land-cover types[END_REF].

Automatic classification programs perform similarly to phytosociology experts in vegetation unit assignment

The present study assesses variability among several phytosociology experts and automatic classification programs for the first time. To estimate the efficiency and relevance of the automatic classification programs, we did not wonder if they would suggest the same assignments as one phytosociology expert providing the "right" assignment, but if they could agree with several expert organizations more, less, or as often as one phytosociological expert would. The approach gave us the possibility to go beyond the levels of the phytosociology experts by being more consensual. The agreement ratios of the classification programs were lower than the agreement ratios of the expert organizations for association and alliance assignment. The Phi-program stood out by being really close to the experts for association assignment, and even above four of the five expert organizations for alliance assignment.

Furthermore, for class assignment, the three automatic classification programs were above the average value of the five agreement ratios of the expert organizations, and two programs (the FPFI-program and the Phi-program) even outperformed all five expert organizations. Therefore, automatic classification programs can be more consensual than expert organizations at the highest hierarchical level of the classification. The ability of the automatic classification programs to reproduce expert judgment and suggest consensual assignments was all the better as the classification level was higher and the number of units decreased. Such increasing performance with the increase of the hierarchical level of the classification means that when the automatic classification program assigns a different association than the phytosociological experts, the assigned associations are 'nearby' and frequently belong to the same alliance and class. For the vegetation units specifically targeted by public policies and currently used in local management such as associations and alliances, although automatic classification programs can still be improved, this study confirms that they are efficient and that using them to assign floristic surveys to vegetation units is relevant. A further study with an ad hoc design will be needed to i) establish the exact vegetation units about which the experts tend to agree or disagree, and ii) compare all the existing automatic classification methods and indexes to establish their scope of validity and relevance according to the objectives.

Complementarity of manual and automatic assignments

Floristic surveys still have to be made manually in the field and are time-consuming. In contrast, it usually takes only a few minutes for a surveyor to assign a vegetation plot to a vegetation unit in situ once a floristic survey has been made. Therefore, in local studies when new observations have to be made, an automatic classification program is a complementary approach to field assignment. It can also be used to coach and check new phytosociology experts, or to make a choice in doubtful conditions. Classification programs could also be used for the unprecedented assignment of tens of thousands of pre-existing floristic surveys ̶ the time needed for the expert organizations to fulfil the mission is incompatible with this survey size ̶ , and for attuning databases merged from different organizations [START_REF] Schaminee | Vegetation-plot data and databases in Europe: an overview[END_REF], creating standardized habitat assignment data. Creating habitat time series is crucial for the monitoring and the conservation of endangered habitats. In particular, this could help to implement the mandatory monitoring of Natura 2000 habitats across the European territory, as requested by the Habitats Directive (EC Council 2006).

Towards unified and clarified vegetation classifications

The large number of vegetation units, of vegetation plots distributed across mainland French forests and the large panel of phytosociology experts involved in the study likely indicate that the results can be extended to other countries and to other types of ecosystems in Western Europe, in particular those with definitions focused on species. We suggest perspectives and corrective measures to address the possible lack of consistency of the sources used for assigning vegetation plots to vegetation units, and to avoid consequences on environmental assessments and professional decisions as described by [START_REF] Cherrill | Inter-observer variation in habitat survey data: investigating the consequences for professional practice[END_REF]. The results support the current trend toward unifying and filling the gaps of the existing classification [START_REF] De Cáceres | Global overview of plot-based vegetation classification approaches[END_REF][START_REF] Guarino | Spatio-temporal variations in the application of the Braun-Blanquet approach in Europe[END_REF][START_REF] Mucina | Vegetation of Europe: hierarchical floristic classification system of vascular plant, bryophyte, lichen, and algal communities[END_REF][START_REF] Peterka | Formalized classification of European fen vegetation at the alliance level[END_REF], which will ultimately lead to fewer overlapping categories in typologies. This task should be an opportunity to specify and clarify the assignment rules of existing typologies, and to implement guiding tools such as vegetation keys. Lastly, the results support the implementation of intercalibration sessions among typology users at the regional and national scales to improve consistency among phytosociology experts and promote the use of assignment rules and vegetation keys when assigning plots to vegetation units. 

  to build three automatic classification programs (hereafter called 'thePhi-program', 'the IndVal-program' and 'the FPFI-program') to be able to assign an association to each of the 273 surveys.The algorithms of the Phi-and Indval-programs were based on the model of an automatic classification program developed in 2012[START_REF] Gégout | The right relevé in the right vegetation unit: a new typicality index to reproduce expert judgement with an automatic classification programme[END_REF]: the automatic classification program tested the assignment of a given floristic survey to each of the 228 associations by calculating the average value of the fidelity indexes (the fidelity index for the Phi-program, the Indval index for the Indval-program) of the species present in the survey. The program assigned the survey to the association whose average fidelity index was the highest. For the FPFI-program, the frequency-positive fidelity index (FPFI) of each floristic survey to each of the 228 associations was calculated by computing the frequency index and the fidelity index of the species present in the survey. The program assigned the survey to the association whose

  made in the field in a definite ecological context limiting the range of possible choices. In addition, the study areas were limited, whereas a large number of vegetation plots spread across mainland France were used for the present study, with a large range of 228 possible associations, 43 alliances and eight classes covering the diversity of the vegetation types of temperate and mountainous forests of Western Europe. This study shows a lack of consistency among phytosociology experts regarding the assignment of vegetation plots to vegetation units currently used in local management for the first time at a national scale and for the lower hierarchical levels of the phytosociological classification.

Figure 1 :

 1 Figure 1: Map of the 273 vegetation plots surveyed between May and September 2013 by six teams of the National Forest Inventory of France (NFI) across the forests of mainland France.

Figure 3 :

 3 Figure 3: Number of vegetation plots per number of identical association assignments (a) and identical alliance assignments (b). "2 and 2" means that two expert organizations assigned the vegetation plot to the same vegetation unit, and two other expert organizations agreed on another assignment. "3 and 2" means that three expert organizations assigned the vegetation plot to the same vegetation unit, and two other expert organizations agreed on another assignment.

  

TABLE WITH LEGENDTable 1 :

 WITH1 Pairwise agreement ratios between expert organizations for the assignment of the 273 vegetation plots to associations (left-down corner, in italic) and alliances (right-up corner, in bold). Bot. Cons.: the National Botanical Conservatory of the Massif Central b For. Invent.: the National Forest Inventory of France c For. Manag.: the botanists' network of the National Forestry Office of France

		Bot. Cons. a	For. Invent. b For. Manag. c Eng. Off. d	Museum e
	Bot. Cons. a	1	0.47	0.51	0.48	0.51
	For. Invent. b	0.34	1	0.50	0.44	0.45
	For. Manag. c	0.29	0.24	1	0.46	0.44
	Eng. Off. d	0.27	0.25	0.26	1	0.48
	Museum e	0.32	0.22	0.25	0.29	1

a d Eng. Off.: Biotope, an engineering office e Museum: the National Museum of Natural History of France
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SUPPORTING INFORMATION

Appendix S1. Method used to estimate the impact on the experts' agreement ratios of the inclusion of an inexperienced phytosociology expert in the panel of reference expert organizations.

Appendix S2. Highest possible agreement ratios that might be reached by each expert organization when comparing the expert organizations among them, given their divergence among them; and highest possible agreement ratios that might be reached by any automatic classification program as compared to the five expert organizations given the divergence among the five expert organizations, regarding association, alliance and class assignment. Appendix S3. Comparison among the five expert organizations, and among them and 1,000 random draws regarding association, alliance and class assignment: agreement ratios, and mean agreement ratios and corresponding standard deviations, respectively.