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Matherials and Methods 

2.1. Data sources

The database consists of taxonomically revised lists of Early Pleistocene large mammal species from selected Iberian, French and Italian local faunal assemblages (LFAs, i.e., a list of the species identified from the same stratigraphical horizon at a given fossiliferous site) ranging in age from about 2.6 to 0.62 Ma (from about MIS 104 to MIS 16, from middle Villafranchian to “Epivillafranchian”/early Galerian European Land Mammal Ages, ELMAs). The lists of West Mediterranean LFAs were compiled by revising those resulting from previous studies (Palombo 2014, 2016, 2017 and references therein) updated according to recent published data (Alba et al. 2016; Bona and Sala, 2016; Boscaini et al., 2016; Bourguignon et al., 2016; Lucenti and Rook, 2016;  Lucenti et al., 2017; Palombo, 2017; Palombo et al. 2017; Pueyo et al;, 2016; Toniato et al., 2017). The list of Greek mammals were compiled by comparing and revising  data taken from :literature (Athanassiou, 2001, 2002, 2005, 2006,  2012, 2014, 2016; Athanassiou & Bouzas, 2010; Crégut-Bonnoure, 2007; Croitor & Kostopoulos, 2004; De Vos et al., 2002; Doukas & Athanassiou, 2003;  Huguet et al., 2017;  Kevrekidis & Kostopoulos, 2017; Kevrekidis  & Mol, 2016; Konidaris et al., 2015; Kostopoulos, 1997, 2006, 2016; Kostopoulos & Athaniassou, 2005; Kostopoulos & Koufos, 2000; Kostopoulos & Koulidou, 2015; Kostopoulos et al., 2002, 2007, 2016;  Koufos, 1986, 2001, 2006, 2014, 2016; Koufos & Kostopoulos, 1991, 1997a, 1997b, 2016; Koufos & Melentis, 1983; Koufos et al., 1991, 1997, 2005, 2016; Lister & Breda, 2016, Maas et al., 1995; Palombo, 204; Palombo et al., 2006; Reimann & Strauch, 2008; Tsoukala & Chatzopoulou, 2005; Tsoukala et al., 2011; van der Made & Morales, 2011, van der Made et al., 2017). Small Mustelidae and Lutrini were not included in the study because of the scantiness and the fossil record disproportion of in time and space in the studied region. To provide a uniform baseline for the studied material, the nomenclature adopted here bases on a taxonomical uniform view even for taxon/specimens whose taxonomy, systematics, and identification are controversial. In order to facilitate correlation and comparison between geographically-distant sequences, the LFAs were chronologically ordered and gathered in Faunal Complexes (FCs, regarded here as a proxy of a “biochronological unit”, representing a complex of faunas assumed to be characterized by a virtual taxonomical homogeneity that lived within a time span during which significant taxonomical and functional turnovers are not expected), following standard biochronological principles underpinned by radiometric dating and/or palaeomagnetism.
2.2. Faunal dynamics

Three main aspects were here considered for exploring the faunal dynamics in each studied territory, i.e variations of diversity/richness, changes in the taxonomic composition at the transition between two successive FCs and within each FC, and modifications of the ecological structure of FCs over the studied time slice in the focal territory.
The following methods and metrics were used, assuming that the origination (i.e. First local Historical Appearance, FlHA), and extinction (Last local Historical Appearance, LlHA) events, occurred during discrete time slices that correspond to the transition from one FC to the successive one, and the involved taxa to be persistent during all of the time slice of the focal biochronological unit. This is simply a methodological oversimplification because at appearance/disappearance bioevents did not necessarily occur ”in pulse”, as suggested by the uncoordinated stasis model (see e.g. Alroy, 1996 for a discussion). 

The species diversity, which actually consists in the variety and the relative abundance of different types of organisms inhabiting a given area, is here estimated as α diversity (sensu Whittaker, 1972), namely the species richness within a particular area or ecosystem. The richness of a single biochronological unit (FC) may be overestimated if regards as equal to the total number of taxa actually or potentially occur at a given time interval, because some taxa may actually do not survive during the whole slice of time encompassed by a FC. Accordingly, the number of taxa can be standardized by considering the species richness at the midpoint of each time interval. Here we calculated both the “Estimated mean Standing Diversity” (emSD) as in Foote (2000) and the “Standing Richness” (SR) according to Harper’s method (Harper, 1975). 
The extent of taxonomical renewal was estimated as a change in the taxonomic composition at the transition between faunas belonging two successive biochronological units. Three turnover indices were calculated: the Global Turnover Index (g-TI) according to which both in situ speciation (o-FlHA) and per dispersal new appearances (d- FlHA) were treated as FlHA, and local extinctions as LlHA; the ‘‘per dispersal’’ (d-TI) and the ‘‘per speciation’’ (o-TI) turnover indices according to which first appearances caused by dispersal (d-FlHA) and due to speciation events in locally evolving phyletic lineages (o-FlHA) were taken into account respectively. Per-taxon rates of origination (OR) and extinction (ER) were calculated in each unequal time interval following Foote (2000). 
A faunal turnover (i.e. changes in taxonomical composition due to extinctions, in loco and per dispersal originations) does not necessarily imply a change in the ecological structure at the transition from a mammalian FC to the successive one. Analysing the shifts in the relative abundance of mammalian ecological groups is one the most helpful tool for revealing the extent of ecological changes that a mammalian fauna underwent in a focal region under the influence of Early Pleistocene climatic changes. Ecological groups and their interconnections are fundamental biotic elements of the ecosystem structure and provide the basis of ecological functions of ecosystems at any specific condition of the system. Disturbances to environmental conditions, indeed, may alter the ecosystem ecological structure causing shifts in dominance/equitability and interconnections of species and ecological groups. The relative abundance of ecological groups (defined as in Palombo, 2016) in each LFA has been assessed by using, as a proxy of the number of individuals in each species, the group biomass (sometimes called "on crop biomass" or "standing mass" especially referring to primary consumers). The group biomass was calculated summing the values obtained by multiply the average body mass of each species included in the group by the average population density (number of individuals per square kilometre) that is no-dependent by taphonomic biases. Body mass and density were calculated by means of species-specific equations (see Palombo 2016 for a discussion). 

2.3. Completeness indices

The quality of the fossil data is crucial for validating results and conclusions, which may be affected by sampling biases. To estimate sampling adequacy, Maas et al. (1995) proposed two completeness indices, based on the proportion of the so-called Lazarus taxa (or range-through taxa, RT), which are not recorded in a biochronological unit (FC), but in are considered as present because recorded in the previous and successive ones. Maas et al. (1995) regarded the absence of RT as an indirect evidence of deficient sampling. Following Maas et al. (1995), two completeness indices were calculated, CI based on the proportion of RT with respect to the total number of taxa recorded in the FC, and the more conservative CIbda index. The latter, indeed, based on the proportion of RT with respect to the number of taxa present before, during and after the time of the analysed biochronological unit (Nbda), excluding the species that appeared/disappeared at the time of the FC because they may have actually survived for a short time span. It is worth noting, however, that FlHA/LlHA may potential result from sampling deficiencies in the previous and successive FCs and de facto be part of the analysed FC fossil record.   
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