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I. INTRODUCTION

Seed dispersal is a relevant topic in plant ecology due to its importance for plant survival and colonization [START_REF] Howe | When Seed Dispersal Matters[END_REF]. Seed dispersal also generates interest in the field of conservation, not only because of the problems raised by exotic plant invasion (Poschlod & Bonn, 1998), but also due to the effects of habitat fragmentation [START_REF] Bacles | Effective Seed Dispersal Across a Fragmented Landscape[END_REF] and of global changes which can lead to the migration of plants [START_REF] Bullock | Dispersal Ecology: 42nd Symposium of the British Ecological Society[END_REF]. Furthermore, biotic seed dispersal (i.e. zoochory) is very crucial in the maintenance of habitats' structure and biodiversity [START_REF] Armesto | Seed Dispersal Syndromes in the Rain Forest of Chiloe: Evidence for the Importance of Biotic Dispersal in a Temperate Rain Forest[END_REF], Link & Di Fiore 2005). Because of its great role in the ecosystem functioning, seed dispersal is a useful tool for species re-establishment and habitat restoration (Poschlod & Bonn 1998[START_REF] Howe | When Seed Dispersal Matters[END_REF]. For example, plant dispersal is a central process for the design of the Green Framework (Vanpeene-Bruhier, Bourdil and Amsallem, 2014), the public policy that has been set up to facilitate the movements of species and to face the current decline of biodiversity.

Animals are frequent and efficient vectors of plant dispersal, either via external (epizoochory) or internal (endozoochory) mechanism [START_REF] Vittoz | Seed dispersal distances: A typology based on dispersal modes and plant traits[END_REF]. Among the animal vectors, ungulates have been proven to be effective dispersers of seeds in numerous studies. For instance, [START_REF] Rico | Effect of Rotational Shepherding on Demographic and Genetic Connectivity of Calcareous Grassland Plants: Shepherding and Connectivity of Grassland Plants[END_REF] suggested that large domestic ungulates like sheep can be used for the restoration of degraded habitats through rotational shepherding. Ungulates can also expand the range of rare plant species through seed dispersal [START_REF] Boulanger | Deer-mediated expansion of a rare plant species[END_REF][START_REF] Milotić | Herbivore-induced expansion of Helianthemum nummularium in grassland-scrub mosaic vegetation: Circumstantial evidence for zoochory and indirect grazing impact[END_REF]. [START_REF] Kirby | The impact of deer on the ground flora of British broadleaved woodland[END_REF] demonstrated how ungulate grazing could positively affect plants' distribution patterns through endo-and epizoochory, hence modifying the ground flora composition. [START_REF] Iravani | Seed dispersal in red deer (Cervus elaphus L.) dung and its potential importance for vegetation dynamics in subalpine grasslands[END_REF] also suggested the potential of red deer's influence on grassland vegetation via endozoochory processes, while Picard and Baltzinger (2002) notified the effectiveness and reliability of different ungulate species for seed dispersal via epizoochory.

Previous studies have reported a tendency for complementarity between dispersal modes (i.e. endozoochory and fur-epizoochory). Couvreur et al. (2005) have pointed out the complementarity between epizoochory and endozoochory processes by the donkey, a domestic ungulate disperser. Their results showed that the endozoochory samples contained more species and seedlings, and had a higher diversity than the epizoochory samples; however, the epizoochory samples contained relatively more grasses than the endozoochory samples. Couvreur et al. (2005) also suggested that while endozoochory covers more dispersal-functional types, epizoochory tends to be more specific with the type of seeds that can be transferred by this mode. In their companion papers, Albert et al. (2015a,b) assessed the intensity of the ecological filtering effects of three ungulate-mediated dispersal modes, from which the complementarity between dispersal processes can be inferred. They managed to associate some plant traits such as habitat, diaspore morphology, diaspore releasing height to each of the dispersal modes. For example, species dispersed via endozoochory tend to have diaspores adapted to gut survival with small and round morphology. As for epizoochory mechanisms, diaspores dispersed via fur-epizoochory often have appendages, while those dispersed via hoofepizoochory are light and do not possess hooked appendages. They also observed a gradient in the magnitude of the filtering effect of the local flora among the three dispersal mechanisms.

The gradient starts with endozoochory with the weakest effect, followed by hoof-epizoochory, and lastly fur-epizoochory with the strongest filtering effect. This makes epizoochory (via fur or hoof) a more selective dispersal mode than endozoochory.

Not only between dispersal mechanisms, many reports also found results supporting the complementarity and the role of different ungulates when it comes to seed dispersal. First, considering the complementarity between species dispersing seeds via endozoochory, [START_REF] Jaroszewicz | Endozoochory by the guild of ungulates in Europe's primeval forest[END_REF] supported an endozoochoric taxonomic complementarity between disperser species from a guild of ungulates in Europe including 5 species : red deer, wild boar, moose, roe deer and European bison, highlighting the important and unique role of each dispersal agent. On the same topic, [START_REF] Picard | Functional traits of seeds dispersed through endozoochory by native forest ungulates[END_REF] also compared the taxonomic and functional composition of seed assemblages among ungulate dispersers (red deer, roe deer and wild boar). Their results show that red deer disperse a larger seed load with a higher species richness than wild boar. Regarding the possible explanations, [START_REF] Lepková | Endozoochorous seed dispersal by free-ranging herbivores in an abandoned landscape[END_REF] suggested that the different compositions of plant species found in red/sika deer and wild boar dungs are due to their different foraging behaviour and diet preference. Unlike the herbivore deer, wild boar is an opportunistic omnivore that consumes a lot of plant tissues. [START_REF] Lepková | Endozoochorous seed dispersal by free-ranging herbivores in an abandoned landscape[END_REF] reinforced the fact that wild boar most commonly consumes grasses, herbs, fleshy fruits and also within agriculture crops. This result is in accordance with the review of wild pig diet [START_REF] Schley | Diet of wild boar Sus scrofa in Western Europe, with particular reference to consumption of agricultural crops[END_REF]. On the other hand, the most common components in red deer's diet are grasses and sedges [START_REF] Gebert | Variations of diet composition of Red Deer (Cervus elaphus L.) in Europe[END_REF]. Therefore, we expect a slight overlap of grass species between the two disperser species, but also a complementarity in species composition and dispersal functional groups. Furthermore, [START_REF] Karimi | Complementary endozoochorous seed dispersal by large mammals in the Golestan National Park, Iran[END_REF] suggested that wild boars are effective dispersers of early successional plant species and also species of different growth forms from the local flora. Differently, red deer, being a mixed-feeder herbivore, has a diverse diet varying with environmental factors like habitat and season [START_REF] Gebert | Variations of diet composition of Red Deer (Cervus elaphus L.) in Europe[END_REF].

Regarding dispersal efficiency, Pellerin et al. (2016) reported a difference in seed dispersal distance between red deer and wild boar. The difference between the animals' movements enables them to provide different dispersal services and in a way, to complement each other.

For example, wild boar might be more effective with long-distance seed dispersal, and long gut passage time (long gut retention can be useful to break the physical dormancy of some species improving subsequent post-endozoochory germination). Differently, red deer as a ruminant species with a more extant distribution of gut passage time can disperse seeds over a wider range of distances than wild boar [START_REF] Picard | Temporal dynamics of seed excretion by wild ungulates: Implications for plant dispersal[END_REF].

Contrary to the numerous papers on endozoochorous complementarity, studies on the complementary regarding epizoochory between dispersers are still scarce. However, most of them pointed out that the characteristics of the fur and the animals' behaviour can both influence the potential of the ungulate in dispersing seed via epizoochory. [START_REF] Benthien | Seed dispersal capacity of sheep and goats in a near-coastal dry grassland habitat[END_REF] suggested this idea when comparing dispersed plant species composition between sheep and goats. According to their results, sheep, with their rough, long and crimped wool, can carry a greater number and species diversity of seeds than the straight, smooth and short haired goats. Lierhmann et al. (2018), also tried to assess the epizoochorous complementarity between dwarf goats, red deer and donkeys. Their results suggest that the seed retention time on the animals' fur depends on the fur quality. More precisely, the longer the hair and the deeper the fur, the longer the seeds keep attaching on the fur. Therefore, donkeys, with long, thin and easily tangled hair, have a significantly longer seed retention time than red deer and dwarf goats with shorter hair and less thick fur. They also mentioned the tendency of diaspore detachment from the fur related to the animals' grooming behaviour. Furthermore, there are a few papers concerning the models that we will use in this project: red deer (Cervus elaphus L.) and wild boar (Sus scrofa). Heinken et al. (2002) found that wild boar were a more efficient disperser than roe deer in the number of seeds transferred due to the wild boar's long bristles, thick undercoat and curly hair, constrasting to the sleek and dense fur of the roe deer. In addition, seed dispersal by wild boar can be promoted by wallowing activities, rooting activities, extensive resting periods and apparent difficulties in grooming. The difference in fur characteritics also affects the seed retention time on wild boar's fur and hence increases the dispersal distance by wild boar up to a few kilometers, contrary to the several hundred of meters by roe deer. [START_REF] Picard | Hitch-hiking in the wild: Should seeds rely on ungulates?[END_REF] described the taxonomic and functional complementarity between red deer and wild boar. Their results show different patterns of dispersed species composition with low overlap between these two dispersers. Wild boar was considered the most effective disperser in this paper, with the ability of dispersing species with more dispersal modes (species adapted to both epizoochory and endozoochory). Furthermore, as a result of their wallowing activity, wild boars can disperse more plant species via secondary epizoochory (i.e. hoof-epizoochory). According to Albert et al. (2015a), the characteristics of the hair of ungulates can predict which species are more likely to be externally dispersed by those ungulates. Their results imply for instance that seeds with an elongated appendage are more likely to be dispersed by ungulates with short hair; seeds with a flat appendage are less likely to be dispersed by ungulates having wavy hair.

The present study aims to ascertain the complementarity between different ungulate-mediated dispersal processes and whether this pattern holds across study sites hosting specific plant communities. Red deer and wild boar are used as the main models for the disperser species. The data are collected from 2 specific study sites: the Chambord forest in France and the Bavarian National Park forest in Germany, as well as from previous reports studying other 31 sites accross Europe, the Middle East and Oceania. The taxonomic (at species, genus and family levels) and the functional (based on plant traits related to seed dispersal) complementarities will be studied.

Concerning the taxonomic complementarity, we aim to check and test the following hypotheses : A1. For each vector, the set of species dispersed through endozoochory overlap with those dispersed through epizoochory. A2. Based on different feeding regimes (herbivory vs opportunistic omnivory), the set of species dispersed through endozoochory by red deer is higher from that of wild boar.

A3. Based on different charcteristics of the fur (short-straight vs long-curly) and on the animals'

behaviour (wallowing by boar, grooming by deer), the number of species dispersed through epizoochory by red deer is lower from that of wild boar.

Then, for the functional complementarity, we aim to check and test the following hypotheses : B1. Species dispersed through endozoochory share some functional traits with those dispersed through epizoochory. B2. The species dispersed through endozoochory by red deer have the same functional traits from those of wild boar, considering endozoochory is not a selective mechanism.

B3. The species dispersed through epizoochory by red deer have different functional traits from those of wild boar (for instance : diaspore releasing height and morphology).

II. MATERIALS AND METHODS

II.1. Study sites

In this study, we collected 2 types of data: (1) the data from our own work and (2) the data from previous studies.

Firstly, the data from the COSTAUD project which I personally handled were collected from 2 study sites across Europe: the Chambord forest in France and the Bavarian forest from the Bavarian Forest National Park in Germany. The Chambord forest is a lowland French forest situated in the Loir-et-Cher department of the region Centre-Val de Loire. It is the largest wallenclosed park in Europe, covering about 5,500 hectares within a wall of 32 km long. The Chambord park is dominated by oaks and pines (Quercus sp. and Pinus sylvestris). The Bavarian forest, on the other hand, is a mid-mountainous German forest, located in the eastern part of Bavaria in the counties of Regen and Freyung-Grafenau along the border with the Czech Republic and covers an area of 24,250 hectares. The Bavarian forest is dominated by spruce (Picea abies), silver fir (Abies alba) and European beech (Fagus sylvatica).

Secondly, the data from previous studies are collected from 31 sites from 11 different countries, most of them are from Europe (Germany, France, Poland, Spain, Denmark, Scotland, Switzerland, the Czech Republic, the United Kingdom), with 2 exceptions: Iran from the Middle East and New Zealand from the Oceania. The references of the sites and the subjects of the studies are detailed in Table 1. II.2. Data collection II.2.a. Data from 1 COSTAUD project For the COSTAUD project, the zoochory samples were collected from red deer and wild pig individuals, which had been killed during the hunting period from October to February from 2015 to 2018. In order to assess the global seed load at the date of cull, 3 samples were generally collected per hunted individual: a fecal sample (endozoochory), a fur sample (fur-epizoochory) and a mud sample extracted from the hooves (hoof-epizoochory). Samples have already been collected in Chambord forest (France) by Ushma Shukla (PhD) during the Costaud project; and in the Bavarian Forest National Park (Germany) in partnership with Marco Heurich. In total, 92 fecal samples were collected, in which 55 samples from the Chambord's red deer and 37 samples from the Bavarian red deer. Concerning the epizoochory samples, 97 samples were collected for either fur or hoof, with both epizoochory modes, 60 samples are from the Chambord's red deer and 37 samples are from the Bavarian red deer. Data have also been obtained on a previous site, the Lorris forest, but treated separately so far [START_REF] Picard | Hitch-hiking in the wild: Should seeds rely on ungulates?[END_REF] for fur-and hoofepizoochory and Picard et al., 2016 for endozoochory).

Concerning the epizoochory samples, seeds are hand-sorted from the hairs (fur-epizoochory) and from the mud between the hooves (hoof-epizoochory). They are then identified under microscope using the Digital Seed Atlas of the Netherlands (Cappers, Bekker and Jans, 2006) and a collection of reference specimen. The identification takes up until the species, the genus, the family or the class level.The endozoochory samples are treated following the method for seedbank analyses recommended by Ter [START_REF] Heerdt | An Improved Method for Seed-Bank Analysis: Seedling Emergence After Removing the Soil by Sieving[END_REF]. Fecal samples are first washed through 2-mm and 200-μm sieves to remove large components (fiber fragments) and to retain the smallest seeds expected (Juncus species, according to local vegetation surveys). Next, the content of the 200-μm sieve are spread onto trays containing a 3 to 5-mm thick layer of sterilized potting compost. Sample trays are kept in a greenhouse under moist conditions and under temperatures varying with the outside temperature. Control trays, in proportion of 1 control for 10 samples, containing pure sterilized potting compost with no sieved faecal content are placed near the sample trays to control for the seed rain contamination in the greenhouse. Seedlings are counted and removed as soon as they could be identified. Similarly to epizoochory samples, the seedling 1 Contribution des ongulés sauvages au fonctionnement de l'écosystème et aux services rendus à Chambord (projet APR région Centre Val de Loire 2015-2019) identification takes up until the species, the genus, the family. Seedlings that are not recognized will be transplanted to separate pots and allowed to grow until they could be identified.

The number of seeds (for epizoochory) or seedlings (for endozoochory) and the occurrence of each taxa present in the red deer and wild boar samples were recorded.

II.2.b. Data from previous reports

From previously mentioned papers, we extracted the presence of species (at the species, the genus, and the family and the class levels) dispersed by either red deer or wild boar, via either endozoochory or epizoochory. The sample size would also be noted if presented. Since the reference data do not always distinct data from fur-epizoochory and hoof-epizoochory, the presence of species in either fur-or hoof-epizoochory will be noted as the presence in epizoochory.

In order to analyse the functional complementarity based on dispersal-related plant traits, I also extracted the traits of each species in the dataset from [START_REF] Picard | Functional traits of seeds dispersed through endozoochory by native forest ungulates[END_REF] and Albert et al. (2015a,b). The missing traits of recorded species are completed using the LEDA Traitbase [START_REF] Kleyer | The LEDA Traitbase: A database of life-history traits of the Northwest European flora[END_REF] 

II.3. Data analysis A. Taxonomic complementarity

We first visually represented the complementarity with Venn diagrams using the VennDiagram package in R, showcasing the number of shared species in each comparison, for each study site.

We then compared the species richness between dispersal modes for each ungulate, and between ungulates for each dispersal mode. Then, to understand for which ungulate, the complementarity is stronger, we compared the similarity index, calculated as the number of species dispersed by both dispersal modes divided to the total number of species, between red deer and wild boar. The same comparison cannot be done between dispersal modes because of a lack of data. The comparisons were done by the Wilcoxon rank sum test using the wilcox.test function in R.

B. Functional complementarity

In order to analyse the functional complementarity, 17 plant attributes relevant to seed dispersal were assigned for each species recorded in the dataset (Annex 1). These plant traits contain plant traits such as habitat preference, Ellenberg indices of light and nitrogen, seed production and diaspore traits such as diaspore releasing height, diaspore morphology (shape, length, the presence of appendage, the characteristics of the appendage present, the presence of pulp, mucilage, elaiosome) and seed bank longevity index (SLI).

The plant traits were first compared between dispersal modes for each ungulate and between ungulates for each dispersal mode, with study sites as sampling units. The comparisons were done by the Kruskall-Wallis rank sum test using the kruskal.test function in R.

The plant attributes were also used to build PCA models to visualize the tendency of the traits in regards to ungulate species or to dispersal modes. The PCA analysis was done using the vegan package and the cleanplot.pca function (built by [START_REF] Borcard | Community Diversity[END_REF]. The correlation between plant traits and dispersal vectors or dispersal modes are later calculated by Pearson's correlation test, using the function rcorr from the package « Hmisc ». All statistical analyses were performed using R Studio software (RStudio Team, 2015).

III. RESULTS

From the 31 sites studied, 479 species from 60 families and a total of 542 taxa (including identified species and individuals identified at the genus, family or class level) were identified.

Red deer dispersed 419 taxa via endozoochory and 126 taxa via epizoochory. Wild boar dispersed 221 taxa via endozoochory and 103 taxa via epizoochory. Some of these taxa can be dispersed via both dispersal modes or by both vectors.

A. Taxonomic complementarity

In order to analyse the complementarity between dispersal vectors (red deer -wild boar), we selected study sites having data of plant species that are dispersed by either red deer, wild boar, or by both vectors. The same thing was done with the analysis of the complementarity between dispersal modes (endozoochory -epizoochory). In total, we extracted data from 16 sites for these analyses, the name of the sites are detailed in Fig. 1 and Fig. 2.

Complementarity endozoochory-epizoochory

Regarding the complementarity between dispersal modes, the number of species shared between endozoochory and epizoochory is represented in Fig. 1.

As presented on the figure, the number of species that are dispersed via both endozoochory and epizoochory varies from 0 (Lorris, France) to 9 (Lille Vildmose, Danmark) plant species for red deer, and from 1 (Lorris, France) to 19 (two sites, Germany) for wild boar.

Despite the tendency of red deer dispersing more species than wild boar via endozoochory, the species richness between endozoochory and epizoochory are not significantly different (red deer: p=0.95; wild boar: p=0.69) (Fig. 3a,b). Also, the level of complementarity between dispersal modes does not significantly differ between ungulate species (p=0.53) (Fig. 3c).

Complementarity red deer -wild boar

For each study site, the number of species shared by red deer and wild boar is represented in Fig. 2. Concerning plant species dispersed via endozoochory, the number of plant species dispersed by both red deer and wild boar is highest for the Golestan National Park's Scrub and Juniper woodland (24 species) and lowest for the New Zealand's Alpine ecosystems (1 species).

Only the Lorris forest has the data on plant species dispersed by both vector via epizoochory, with 2 taxa (Betula pendula and Galium sp.) in common for the two vectors.

When comparing the species richness in the pool dispersed by red deer to that of wild boar, the number of species dispersed by red deer is not significantly different from the number of species dispersed by wild boar (endozoochory: p=0.13; epizoochory: p=1) (Fig. 3d,e). Furthermore, the level of complementarity between ungulate vectors does not significantly differ among dispersal modes (p=0.57) (Fig. 3f). (1)

(2) 

B. Functional complementarity

Comparison between dispersal modes or between dispersal vectors

The results of the comparison of plant traits between dispersal vectors or between dispersal modes are presented in Table 2, and are visualized in Fig. 4. Concerning the species dispersed by red deer, habitat, the presence of hooked appendage, diaspore releasing height, diaspore mass, diaspore length and seed bank longevity index (SLI) are significantly different between plant species dispersed via different dispersal modes (p<0.05). Based on fig. 4, plant species dispersed exclusively via epizoochory are often released at greater height and have longer, heavier diaspore with more chance of possessing a hooked appendage. Differently, plant species dispersed exclusively via endozoochory tend to have higher seed bank longevity.

Regarding the plant species dispersed by wild boar, diaspore shape (Vs), diaspore length, the presence of hooked or of flat appendage differ significantly between plant species dispersed via different dispersal modes (p < 0.05). Hence, among species dispersed by wild boar, the species dispersed exclusively via epizoochory are more likely to have hooked appendage, flat appendage and long diaspores. On the other hand, species dispersed exclusively via endozoochory have smaller diaspore shape (Vs) value, indicating that these species have rounder shaped diaspores.

Among species dispersed via endozoochory, plant species dispersed exclusively by red deer have significantly higher diaspore length than species dispersed exclusively by wild boar or by both vectors (p=0.02). This means that plant species that are dispersed exclusively by red deer tend to have longer diaspore than those dispersed by wild boar or by both vectors. No plant attributes differ between red deer and wild boar for epizoochory.

Correlation between plant traits, dispersal modes and dispersal vectors

The PCA plots in Fig. 5 show us the correlation between plant traits, dispersal modes and dispersal vectors. The angle between the vector variables indicates the correlation between these variables. The two first axes of the PCA explained respectively 19.09% and 12.15% of the variance of the dataset. The relationships observed from the PCA plots were later confirmed by the Pearson correlation tests, the correlation coefficients and the p-values of these tests are shown in table 3.

Complementarity endozoochory -epizoochory

We observe a gradient in traits related to dispersal modes from endozoochory to epizoochory.

Habitat, SLI and the Ellenberg light index are positively correlated to endozoochory while negatively correlated to epizoochory. Plant species living in open spaces with high light requirement and high seed bank longevity are thus more likely to be dispersed via endozoochory.

Contrarily, diaspore length and diaspore releasing height are negatively correlated to endozoochory and positively correlated to epizoochory. Therefore, plant species with longer diaspores or with diaspores released at great height are more likely to be dispersed via epizoochory. These results are proven significant based on the results from table 3.

There are other plant traits with significant correlation to either of the dispersal modes, despite not being "obvious" enough in the PCA plots. Diaspore shape (Vs) and diaspore balloon shape both correlate negatively to endozoochory, indicating that rounded diaspore are more likely dispersed via endozoochory. The presence of mucilage and the absence of appendage also correlate positively to endozoochory, which means that diaspores with mucilage or with no appendage are more likely to be dispersed via this mode. On the contrary, the presence of elongated, flat or hook appendages correlates positively to epizoochory. Thus, plant species which have diaspores with an appendage tend to be dispersed by epizoochory.

Complementarity red deer -wild boar

Similarly to the dispersal modes, there seems to be a gradient from red deer to wild boar. Habitat and Ellenberg light index positively correlate to red deer while negatively correlate to wild boar.

Hence, light-demanding plant species prefering non-forest habitats are more likely to be dispersed by red deer and less likely by wild boar. On the contrary, the presence of pulp and diaspore mass are negatively correlated to red deer yet positively correlated to wild boar. So, plant species with heavy diaspores and pulp have more chance to be dispersed by wild boar.

These correlations are significant based on the results from table 3.

Other than these plant attributes, other variables also significantly correlate to red deer or wild boar (table 3). The presence of mucilage and the absence of appendage are positively correlated to red deer. All the while, diaspore releasing height and diaspore shape (Vs) significantly negatively correlates to red deer, indicating that diaspore released at small height or round diaspore are more likely to be dispersed by this vector. On the other hand, wild boar is positively correlated to the Ellenberg index of N, diaspore length and the presence of hook appendage. This insinuates that plant species living in rich soil, possessing lengthy or hooked diaspored are more likely to be dispersed by wild boar.
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We also observed that the gradient of red deer -wild boar is in the same direction as the gradient endozoochory -epizoochoy. Red deer is positively correlated to endozoochory while wild boar is positively correlated to epizoochory. This insinuates the relevancy of each vector in each dispersal mechanism. 

IV. DISCUSSION

A. Taxonomic complementarity

A1. Complementarity endozoochory-epizoochory

The number of species dispersed via endozoochory is not different to that of epizoochory. This result is in agreement with previous studies (Benthien et al., 2016 for sheep and goats;[START_REF] Petersen | Can plant traits predict seed dispersal probability via red deer guts, fur, and hooves?[END_REF] for red deer). However, these results are not directly comparable since the diaspores on an animal's fur or hooves probably represents much more extended time of plant-animal interactions than do diaspores released in animal feces. Furthermore, the collection of feces left behind is relatively easy compared to investigating fur or hooves, this can eventually lead to the false impression that endozoochory is a more important seed dispersal pathway than is epizoochory [START_REF] Petersen | Can plant traits predict seed dispersal probability via red deer guts, fur, and hooves?[END_REF] The endozoochorous dispersal partly shares the plant species with the epizoochorous dispersal.

Furthermore, red deer does not disperse more species via both mechanisms than wild boar, which means that we cannot tell which species has a higher complementarity between dispersal modes. When we analysed the dataset altogether, it is possible that endozoochory counterbalanced epizoochory for red deer and conversely, epizoochory counterbalanced endozoochory for wild boar. Using study sites as sampling units, our dataset was probably too small, which leads to one variable overshadows the effect of another. However, red deer tends to disperse more species via endozoochory than via epizoochory. Contrarily, wild boar tends to disperse more species via epizoochory than via endozoochory. These trends hint that red deer might be more efficient in endozoochorous transfer and wild boar more efficient in epizoochorous transfer.

A2. Complementarity red deer -wild boar

Despite non significant results, red deer tends to disperse more species than wild boar via endozoochory. Similar results were found in previous studies (Heinken et al. 2001;Jaroszewićz et al. 2013;[START_REF] Picard | Functional traits of seeds dispersed through endozoochory by native forest ungulates[END_REF][START_REF] Lepková | Endozoochorous seed dispersal by free-ranging herbivores in an abandoned landscape[END_REF]. As many reports have pointed out before, the different plant species richness in the ungulate dung samples reflect the differences between red deer and wild boar feeding regimes, digestive systems (i.e. ruminant or not ; Malo and Suárez, 1996;Heinken and Raudnitschka, 2002) and also habitat use (Mouissie et al., 2005). As suggested by [START_REF] Lepková | Endozoochorous seed dispersal by free-ranging herbivores in an abandoned landscape[END_REF], contrary to purely herbivorous deer, wild boar is defined as an opportunistic omnivore [START_REF] Schley | Diet of wild boar Sus scrofa in Western Europe, with particular reference to consumption of agricultural crops[END_REF], with the majority of its diet consisting of plant tissues (Ballari and Barrios-Garcia 2014). Therefore, the lower species richness in wild boar fecal samples might come from the low seed ingestion of this vector. Each ungulate vector exclusively dispersed a considerable proportion of the plant species via endozoochory, the set of plant species dispersed by each animal overlapped only partly with the set of the other vector. Wild boar consumes mainly grasses, herbs, fleshy fruits and also within agriculture crops [START_REF] Genov | Food composition of wild boar in north-eastern and western Poland[END_REF][START_REF] Schley | Diet of wild boar Sus scrofa in Western Europe, with particular reference to consumption of agricultural crops[END_REF]. On the other hand, red deer most commonly consumes grasses and sedges [START_REF] Gebert | Variations of diet composition of Red Deer (Cervus elaphus L.) in Europe[END_REF]. It is therefore not surprising that the most common plants dispersed by both vectors through endozoochory are mostly grasses (Annex 2).

There is only one site where we can compare the species richness of the pool dispersed by red deer and that of wild boar via epizoochory (Lorris, France). On this site, wild boar dispersed more species via epizoochory than red deer. Previous studies found similar results (Heinken et al., 2002). According to Heinken et al. (2002), wild boar's coarse coat with long bristles combined with a thick under-coat of curly hair are ideal for diaspore adherence. Wild boar's fur structure is therefore more effective for external seed transfer than the slick fur of red deer. In addition, the difference in epizoochory between wild boar and red deer also relates to the differences in behaviour. Epizoochorous dispersal by wild boar is promoted by wallowing activities, which coats the animals in a dried, diaspore-containing mud crust. This factor is further enhanced by wild boar's difficulties in grooming certain parts of its body, whereas the presence of diaspores attached to the body tends to trigger grooming activities in red deer (Lierhmann et al., 2018).

Furthermore many diaspores may come in contact with the coats of wild boar during rooting activities and extensive resting periods during the day (e.g. in hunted areas). Furthermore, the level of complementarity between ungulate vectors does not significantly differ among dispersal modes. Our dataset was too small to produce a parametric comparison between the complementarity of dispersal vectors between endozoochory and epizoochory. However, the complementarity between ungulates is quite variable for endozoochory. On another note, epizoochory has been found to be a more selective filter than endozoochory (Albert et al., 2015b). So we would expect lower complementary of vectors for epizoochory than for endozoochory.

B. Functional complementarity B1. Complementarity endozoochory -epizoochory Some plant traits are found associated with endozoochory, whether it is dispersed by red deer or wild boar. First, plant species dispersed exclusively via endozoochory tend to have higher seed bank longevity. In fact, persistent species are likely to be dispersed by ungulates via every dispersal mechanism (Albert et al., 2015b). However, as hypothesized by [START_REF] Pakeman | Ecological correlates of endozoochory by herbivores[END_REF], seed adaptations to improve gut passage survival are similar to those required for persistence in the seed bank. Thus, the evolutionary forces which shaped seed bank persistence may have simultaneously pre-adapted species for gut survival, which consequently favors endozoochory.

Secondly, rounded diaspores are more likely to be dispersed via endozoochory. This result is in accordance with previous studies [START_REF] Pakeman | Ecological correlates of endozoochory by herbivores[END_REF], Mouissie et al. 2005b). A low variance in dimension has sometimes been related to better seed survival, because small rounded diaspores are less susceptible to be damaged during the chewing process and often pass the digestive tract faster [START_REF] Janzen | Dispersal of Small Seeds by Big Herbivores: Foliage is the Fruit[END_REF]Gardener et al. 1993a ;Heinken et al., 2002). Thirdly, light demanding species and species favoring open spaces are more likely to be dispersed via endozoochory.

Previous studies found that most ungulates feed in open areas [START_REF] Malo | Herbivore Dunging and Endozoochorous Seed Deposition in a Mediterranean Dehesa[END_REF][START_REF] Von Oheimb | Dispersal of vascular plants by game in northern Germany. Part II: Red deer (Cervus elaphus)[END_REF][START_REF] Jaroszewicz | The European bison as seed dispersers: The effect on the species composition of a disturbed pine forest community[END_REF]) and thus mainly ingest and disperse open habitat plant species.

Lastly, diaspores dispersed via endozoochory often have no appendage and are likely to have mucilage. Previous papers found that diaspores with hooked appendages may become attached to coarse material during the digestion process, thus slowing down their progression in the gut.

Longer gut retention consequently increases the seeds' exposure time to gastric fluids thus decreasing their survival rate (Albert et al., 2015a). Therefore, the absence of appendage might help speed up the retention time, hence increase the survival rate of the seed. On the other hand, the presence of mucilage usually favors epizoochory, since it helps the diaspore stick to the animal's fur. In our study, the presence of mucilage does not only significantly positively relates to endozoochory, it is also negatively correlated to epizoochory. Mucilage is present in Juncus species' seeds. Mucilage is effectively known as a sticky component but at the same time, Juncus sp. can be simply eaten by the deer and, because of its huge seed production, it is dispersed in high number. Effectively, the species containing mucilage in our data are mostly Juncus species, which are present in both endozoochory and epizoochory samples. The number of Juncus species present in our data might have affected the tendency of mucilage regarding zoochory mechanisms.

Other plant traits were also found associated with epizoochory. First, results show that diaspores dispersed via epizoochory are often released at greater height than those dispersed via endozoochory. These results are in accordance with Albert et al. (2015a). In this paper, they suggested that the difference in diaspore releasing height relates to the ungulate vectors' body size. European ungulates are rather large herbivores with a shoulder height ranging from 50 to 180 cm that fits well with high diaspore releasing heights. In fact, seeds are unlikely to be retained in the short straight hair covering the ungulates' shanks (below 20 cm), but are mostly retained in the fur of the ungulate flanks, rump or head [START_REF] Fischer | Experimental Studies on the Dispersal of Plants and Animals on Sheep in Calcareous Grasslands[END_REF][START_REF] Liehrmann | Epizoochorous dispersal by ungulates depends on fur, grooming and social interactions[END_REF].

Conversely, diaspores with a releasing height below 20 cm were likely to be solely dispersed via endozoochory since they are very likely to be ingested by herbivores, mainly grazers (Albert et al., 2015a,b). Second, as expected from previous studies (Albert et al., 2015a;Mouissie et al. 2005), elongated diaspores are more likely to be dispersed via epizoochory. Actually, long diaspores can burrow more deeply inside an animal's fur, thus improving its adhesion. This is particularly likely for unhooked diaspores [START_REF] Pakeman | Ecological correlates of endozoochory by herbivores[END_REF], Mouissie et al. 2005b). Third, the presence of appendage, whether it's an elongated, flat or hooked one, also favors epizoochory.

This results is also expected since appendages, especially hooked ones, are morphological adaptations which specifically help the diaspore to cling to animal fur (Couvreur et al. 2004b, Mouissie et al. 2005a, Heinken et al. 2006). However, a flat appendage is usually more adapted to anemochory (van der Pijl 1982). Lastly, species exclusively dispersed via epizoochory by red deer often have heavier diaspores. This result is unexpected considering that, for furepizoochory, diaspore mass causes the diaspores to fall out of the coat. Diaspore mass was also proven to have a strong negative effect on retention potentials, with heavy diaspores detaching more easily (Tackenberg et al., 2005). Furthermore, light diaspores are more likely to be dispersed via the ungulates' hooves (Albert et al., 2015b). The results might come from the fact that we treated diaspore mass as a continued variables, and that plant species from different mass class have different effects on epizoochory.

B2. Complementarity red deer -wild boar Functional complementarities have also been found between red deer and wild boar. Firstly, plant species preferring non-forest habitats and light demanding are more likely to be dispersed by red deer and less likely by wild boar. As previously stated, plant species' preference of open habitat favours endozoochory. The fact that light demanding non-forest species are more likely to be dispersed by red deer suggests that this vector is more efficient in dispersing these species via endozoochory. Secondly, rounded diaspores with mucilage and no appendage are more likely to be dispersed by red deer (Table 3). Since red deer's fur is not as seed adhering as wild boar's fur, as previously established, having mucilage might help the seed stick more to the fur coat. As mentioned, rounded diaspores are more likely to be dispersed via endozoochory. Considering the fact that, based on dispersal related plant traits, red deer are more likely to disperse plant species via endozoochory (Fig. 5), it is likely that rounded diaspores are more dispersed by red deer via endozoochory than by wild boar. Thirdly, diaspores released at small height are more likely to be dispersed by red deer. Similar to the rounded shape, the fact that diaspores more adapted to endozoochory (released low in the vegetation layers) are more likely to be dispersed by red deer reinforces the efficiency of red deer in endozoochorous dispersal (in comparison with wild boar). Lastly, plant species that are dispersed exclusively by red deer tend to have longer diaspores than those dispersed by wild boar in endozoochory. We did not found the same trend for species dispersed via epizoochory. Considering the low number of sampling units for this analysis (6 study sites), it is likely that this result is an artefact. Overall, long diaspores need more time to be excreted by ruminants, which may lower their germination probability.

Concerning the species dispersed by wild boar, results first showed that plant species with heavy diaspores and pulp have more chance to be dispersed by this vector. One of the most common component in wild boar's diet is the presence of fleshy fruits [START_REF] Schley | Diet of wild boar Sus scrofa in Western Europe, with particular reference to consumption of agricultural crops[END_REF], fitting well the endozoochorous syndrome. Therefore, it is understandable that plant species with pulped diaspores are preferably dispersed by wild boar. On the other hand, the presence of pulp is actually significantly positively correlates to diaspore mass, implicating that pulped diaspores are heavier than dry diaspores. Thus, the correlation between diaspore mass and wild boar can be a spurious correlation. Secondly, plant species possessing long or hooked diaspores are also more likely to be dispersed by wild boar. These traits have been previously proven to be associated with epizoochory. Hence, it is presumable that wild boar is a more efficient vector for epizoochorous dispersal, as suggested by Heinken et al. (2002). Thirdly, nitrophilous plant species were more often dispersed by wild boar. According to Albert et al. (2015b), herbivores are attracted by foliage with high nutrient value and consequently they are more likely to consume the seeds of such plants. In addition, as suggested by Couvreur et al. (2005a), the presence of high quality foliage would increase the encounter rate between ungulates and diaspores, thus increasing the chance for epizoochory.

There is a tendency of plant traits associated with red deer to favor endozoochory and, conversely, plant traits associated with wild boar tend to favor epizoochory. Our results therefore suggest that red deer is more efficient in dispersing plants via endozoochory. And contrarily, wild boar appears a more efficient disperser via epizoochory.

C. Methodological constraints

Regarding our results from the COSTAUD project, the methodology we chose allowed us to determine seeds that were effectively transported on the animal's body. This method proves to be efficient and neither complex nor time consuming. However, the identifications of seed was constrained due to the difficulty in recognizing the species without exhaustive means (e.g. metabarcoding). Therefore, for future reference, the monitoring of germination of the endozochorous samples and the seed identification of epizoochorous samples will be continued by my colleagues at Irstea.

For the dataset from other studies, our analysis highlights the lack of relevant data in studies on seed dispersal complementarity. With a small data pool, we could not perform accurate comparison between dispersal modes (endozoochory -epizoochory) or between dispersal vectors (red deer -wild boar). Our results are therefore to be cautiously interpreted, but should serve as a first attempt.

V. Conclusion

The results of this study are overall in accordance with previous reports. We highlighted a taxonomic and functional complementarity between dispersal modes and dispersal vectors. We found that plant functional traits relevant to seed dispersal follow an endozoochoryepizoochory gradient, thus confirming known relationships between morphological adaptations to epizoochory. 
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 1 Fig.1. Venn diagram representing the number of species shared or exclusively dispersed via either endozoochory (blue circles) or epizoochory (orange circles) in each study site which have data on both dispersal modes. (1 -upper box) shows the species dispersed by red deer (Cervus elaphus), data for red deer were collected from 7 sites: the Bavarian Forest National Park from Germany (BFNP), the Chambord forest (CHB) and the Lorris forest (Lorris) from France and 4 sites from Denmark including Jaegersbog Dyrehave, Lille vildmose, Oksbøl and Torbenfeldt. (2 -lower box) shows the species dispersed by wild boar (Sus scrofa), the data were collected from the 4 sites : the Lorris forest (Lorris) and the Montargis forest (Montargis) from France, the Brieselang forest (Brieselang) and the 2 sites Schleswig-Holstein, Lower Saxony together (Two_sites) from Germany. The names of the shared species are listed in Annex 2.

Fig. 2 .

 2 Fig.2. Venn diagram representing the number of species shared or exclusively dispersed by either red deer (yellow circles) or wild boar (pink circles) in each study site which have data on both vector species. (1-upper box) shows the species dispersed via endozoochory, the data for endozoochory were collected from 6 sites: the Alpine ecosystems in New Zealand (NZ), the Bialowieza Primeval Forest in Poland (BPF), the Bohemia forest in the Czech Republic (Bohemia), the Golestan National Park's Hyrcanian forest (GNP_H) and the Scrub and Juniper woodland (GNP_SJ) from Iran, and the Lorris forest in France (Lorris); (2-lower box) shows the species dispersed via epizoochory, the data were collected from the Lorris forest in France. The names of the shared species are listed in Annex 3.

Fig. 3 .

 3 Fig.3. Boxplots representing the number of plant species according to dispersal modes, dispersed by either C.elaphus (a) or by S.scrofa (b). The similarity, or the percentage of species dispersed via both dispersal modes by red deer is compared to that of species dispersed via both modes by wild boar(c). On the bottom line are the number of plant species (Species richness) according to ungulate vectors, dispersed either via endozoochory (d) or epizoochory (e). The similarity, or the percentage of species dispersed by both vectors via endozoochory is compared to that of species dispersed by both vectors via epizoochory (f).

Fig. 5 .

 5 Fig.5. PCA plots (scalling 1 -left and scalling 2 -right, PCA1 and PCA2 first axes) representing the correlation between plant traits, dispersal modes including endozoochory (Endo) and epizoochory (Epi) and dispersal vector in cluding red deer (RDeer) and wild boar (WBoar). The plant attributes include plant traits : preference habitat (habitat), Ellenberg index of Light (L) and of Nitrogen (N), seed production (seed) diaspore releasing height (m) (release), seed production (seed) and diaspore traits : diaspore length (length), mass (mass), shape (Vs), the absence of appendage (none), the presence of appendages thusat are elongated (elong), flat (flat), hook (hook), the presence of pulp (pulp), of elaiosome (elaio) and of mucilage (mucil).

  

  Our study also confirmed that red deer is more efficient in dispersing diaspores via endozoochory. Contrarily, wild boar is more efficient in epizoochorous dispersal. Results from this study can be used in the management of plant community. For example, we can rewild some areas with specific vectors to disperse rare species via the appropriate mechanism. Future studies should focus more on the fate of dispersed diaspores in order to further assess dispersal effectiveness and potential applications to ecosystem management.Categorical traits: Plant habitat preference and seed production. Continuous traits: L and N indicator values, seed length, mass, shape, release height and seed bank longevity index. Binary traits: Seed morphology (presence of appendages, elongated or flat appendages, hooks, balloon structures, pulp, elaiosomes and mucilage).Animals are frequent and efficient vectors of plant dispersal, either via external (epizoochory) or internal (endozoochory) mechanism. Among the animal vectors, ungulates have been proven to be effective dispersers of seeds in numerous studies. In this study, we aim to assess the taxonomic and functional complementarity either (1) between dispersal modes (endozoochory -epizoochory) or (2) between dispersal vectors (Cervus elaphus -Sus scrofa). Data from our COSTAUD project are combined with data extracted on previous studies for analysis. Non-parametric comparison tests, correlation tests and Principal Component Analysis were perfomed on this data. We found a slight overlap in dispersed species between dispersal modes, and also between ungulate vectors. We also found clear associations of functional traits to a dispersal mode or to an ungulate vector. First, light demanding plant species living in open spaces, with and high seed bank longevity and round diaspores are more likely to be dispersed via endozoochory. Contrarily, plant species realeased at great height, have long shape and appendages are more likely to be dispersed via epizoochory. Furthermore, wild boar is more likely to disperse species with pulp. The results also suggest a complementarity between dispersal modes and vectors with red deer being a more efficient disperser via endozoochory, and wild boar for epizoochory. Key words : complementarity, seed dispersal, endozoochory, epizoochory, ungulate speciesLes animaux sont des vecteurs fréquents et efficaces de la dispersion des plantes, via un mécanisme externe (épizoochorie) ou interne (endozoochorie). Parmi les vecteurs animaux, les ongulés se sont révélés être des disperseurs de graines efficaces dans de nombreuses études. Dans cette étude, nous cherchons à évaluer la complémentarité taxonomique et fonctionnelle soit (1) entre les modes de dispersion (endozoochorie -épizoochorie), soit (2) entre les vecteurs de dispersion (Cervus elaphus -Sus scrofa). Les données de notre projet COSTAUD sont combinées aux données extraites d'analyses antérieures. Des tests de comparaison non paramétriques, des tests de corrélation et une Analyse des ComposantesPrincipales ont été effectués sur ces données. Nous avons trouvé un léger chevauchement d'espèces végétales entre les modes de dispersion et également entre les vecteurs ongulés. Nous avons également trouvé des associations claires de traits fonctionnels à un mode de dispersion ou à un vecteur ongulé. Premièrement, les espèces végétales peu exigeantes vivant dans des espaces ouverts, caractérisées par une longue durée de vie de la banque de semences et des diaspores rondes, sont plus susceptibles d'être dispersées via une endozoochorie. Au contraire, les espèces végétales libérées à grande hauteur, ont une forme longue et les appendices sont plus susceptibles d'être dispersés via l'épizoochorie. De plus, le sanglier est plus susceptible de disperser les espèces avec la pulpe. Les résultats suggèrent également une complémentarité entre les modes de dispersion et les vecteurs, le cerf rouge étant un disperseur plus efficace via l'endozoochorie et le sanglier pour l'épizoochorie.

	SWOT Analysis Annexe 1. Plant traits used in our analysis	
		Helpful		Harmful
	Internal origin Strength Traits	Weakness Category or span (unit)	Source
	Plant traits	I was highly during the course of the autonomous Habitat preference Forest, non-forest I need to better organize my work schedule
		internship. I was engaged and attentive L Ellenberg Indicator Value 2 (shade) -9 (light) I should have performed more thorough statistical analysis
		during scientific manipulations N Ellenberg Indicator Value 1 (oligotrophy) -9 (eutrophy)
		Seed production	1-10, 10-100, 100-1000,
			I could rely on my knowledge
			based off education and	1000-10.000, >10.000 (seed
			experience, my literature number/plant)
			research and my analytical skills
		to interpret the results Diaspore release height	0.01 -33.75 m
	Seed traits	obtained No appendages	Yes/No	Picard et al. (2012)
			The scientific question of the
		study had not been elongated appendages	Yes/No
		considerably addressed in hooked appendages Yes/No	Albert et al. (2015
		previous studies I am more open to my flat appendages	Yes/No	a,b)
		collueges and was able to balloon structure Yes/No
	ameliorate my professional and Yes/No personal relationships External origin Opportunities pulp elaiosome Yes/No	Threats	LEDA Traitbase (Kleyer et al., 2008)
		I was able to improve my seed identification skills mucilage Yes/No	We did not have enough data to analyse, this highlights the lack of
		length	I had the opportunity to meet 0.29 -29.54 mm study regarding seed dispersal
		mass	researchers from various scientific fields who helped me a 0.01 -684.67 mg complementarity It was difficult to identify the seeds
		lot in my study shape (Vs)	in epizoochory samples since they 0.0 (spherical)-0.2 (disc-or
			I had the opportunity to work in a professional environment needle-shaped) are mostly damaged or, as the case of Poaceae, seeds are not attached
		The hosting structure was very Seed bank longevity index 0 to 1	to their floret.
		(SLI)	welcoming		It was difficult to identify the seedling in germination
					(endozoochory sample). For some
					species, the high density of
					germinations threatened the
					viability of seedlings, hence the
					seedlings died before being
					identifiable. For other species, the
					study duration was not long enough
					for the seedling to be identifiable
					(e.g. et flowery state)

Mots clés: complémentarité, dispersion des graines, endozoochorie, épizoochorie, espèces d'ongulé 

Table 3. Correlation coefficients (rho) and p-values (p) of correlations between dispersal modes (endozoochory, epizoochory) or vectors (red deer, wild boar) and plant traits. A correlation is significant if p-value < 0.05. Significant results are highlighted in red, non significant results are in gray. 

Traits