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Integration and independence of cheek teeth features. The morpho-geometric analyses revealed some interesting tendencies about the shape variation of the pachyrukhine teeth morphology. For example, almost all the p2-m3 traits considered previously for systematic and phylogenetic proposals (e.g. major components of the changes of premolar imbrication, molarization, lobe proportions) seem to covariate along a single linear gradation, synthesized in a first component that explained a great proportion of the variance (63.52%) of the 106 landmarks considered, while most of the remaining variance summarized by the other axes reflected intraspecific changes (e.g. specific changes of the teeth row curvature). Conversely, in the P2-M3 analysis (see also the P3-M2 analysis) the shape variation is more disperse along the first axes (e.g. PC1: 42.50%, PC2: 13.91%, PC3: 7.11%) and the species distribution in the morphospace is less linear, reflecting the presence of major non-covariant interspecific changes (e.g. degree of premolar molarization and imbrication both summarized in the first axis, and degree of roundness and posterolingual groove definition of the premolar summarized in the second and third axes). Another interesting pattern is that the exclusion of the p2 and m3, and the P2 and M3 (in the shape analysis of p3-m2 and P3-M2 respectively), reduced the degree of segregation of Pachyrukhos and Paedotherium species, reflecting the value of the shape changes of those teeth in order to distinguish these taxa. 
Definition and diagnostic value of the cheek teeth features. The geometric morphometric analyses allowed to capture (at least in some degree) and analyze the systematic value of almost all the cheek teeth traits already highlighted by previous researchers, except maybe by the presence of external ridges (see Zetti 1972a; Bondesio et al. 1980), not clearly summarized in the views here analyzed (but apparently related to the described sinuous outline pattern of the teeth). These traits include: premolar imbrication (Bondesio et al. 1980; Cerdeño & Bond 1998; teeth imbrication was mentioned by Zetti 1972 but only for molars) of upper and/or lower premolar rows, molariform condition of the premolars of upper and lower cheek teeth series (especially focusing in P3, P4, and p3, p4; Zetti 1972a, Cerdeño & Bond 1998) and related traits, average general size (Cabrera 1937; Zetti 1972a; Bondesio et al. 1980; Cerdeño & Bond 1998) of upper and lower cheek teeth, the presence-absence of the posterolingual groove in the upper premolar teeth (Zetti 1972a; Bondesio et al. 1980; Cerdeño & Bond 1998), the upper cheek teeth row curvature (interpreted in very different ways by Cabrera 1937 and Bondesio et al. 1980, and not considered by Zetti 1972a and Cerdeño & Bond 1998), the shape (Zetti 1972a; Bondesio et al. 1980) and length (Bondesio et al. 1980; Cerdeño & Bond 1998) of the p2, the shape and relative size of lobes of the lower premolars (Zetti 1972a; Bondesio et al. 1980), and the shape of the third lobe of m3 (Cerdeño & Bond 1998). Beyond some agreement upon the set of features to analyze, there is no consensus in relation to the degree of variation within each species, and the limits of this variation between different species. Previous researchers reached to different interpretations analyzing the same features, and it seems to be the principal reason of the different systematic proposals. On this problematic topic is where the geometric morphometric methods can contribute at a large extent. Next, we analyze the different interpretations of previous researchers character by character in light of the result of the morphogeometric analyses. In addition, we propose the new character defined here as premolar/molar series length ratio (for upper and lower cheek teeth series; see Appendix 2), and justify its diagnostic value to identify Paedotherium species.
	Premolar imbrication. Explicitly defined by Castellanos (1956: 229), different authors use the term imbrication to refer to the overlap of one tooth over the labial margin of the anterior tooth. Cabrera (1937) did not mention this trait in his diagnoses and descriptions of P. minor and P. "affine". Similarly to Cabrera (1937), Zetti (1972a) did not mention the degree of imbrication of the premolars in his work, but pointed out the degree of imbrication of the molars. Bondesio et al. (1980) did not mention this trait in their emended diagnosis of P. minor, but mentioned it in their comparisons, suggesting that P. minor possess upper premolars more imbricated than P. borrelloi and  P. "typicus" (=P. typicum + P. bonaerense; Bondesio et al. 1980: 116). Cerdeño & Bond (1998) partially agreed with the description of Bondesio et al. (1980), and incorporated this trait to their diagnosis of P. minor sensu lato, i.e. including P. borrelloi. In the diagnosis of P.minor, Cerdeño & Bond (1998) mentioned the higher degree of imbrication of the upper and lower premolar cheek teeth, instead of only in the upper teeth (Cerdeño & Bond 1998: 804). The pattern of progressive increase in the degree of imbrication along P. bonaerense, P. borrelloi, P. typicum and P. minor, revealed by our analyses for both upper and lower rows (but less clearly defined in the latter case), supports the proposal that a relatively marked imbrication (in comparison to other Paedotherium species) is a diagnostic trait of P. minor (sensu stricto), and also reveals a clear systematic value to distinguish other Paedotherium species. Conversely, our observations and the morphogeometric results argue against the indistinguishable condition between P. borrelloi and P. minor proposed by Cerdeño & Bond (1998), as well as to the treatment of P. typicum and P. bonaerense as the same species followed by many previous authors (P. "typicus"; Zetti 1972a; Bondesio et al. 1980, Massoia and Pardiñas 1988 vs. Castellanos 1956). So, our results indicate that these couples of proposed taxonomical entities are clearly different considering this trait.
	Molariform condition of premolars. The term "molariform" was used by previous authors to refer to some degree of anatomical similitude between the premolars and the molars, but the specific features considered to make this comparison were not explicitly defined. In the original description of P.borrelloi, Zetti (1972a) referred to a molariform P4 in the same sentence in which he mentioned the anteriorly wide condition of the tooth. On the other hand, Cerdeño & Bond (1998) referred to the molariform condition of premolars in the same sentences in which they mentioned the degree of differentiation of the para- and metacone (for the upper cheek teeth row). In relation with the Zetti argumentation, our shape analyses reveal a strong relationship between the imbrication and the molariform degree, with both characters summarized along the first principal component of all the analyses. An increase in the imbrication implies a more acute anterolateral projection of a given tooth and a more acute posteromedial projection of the preceding tooth. These are mandatory shape changes required to fit, setting away the premolar morphology from the classical subrectangular (for upper) or similar sized bilobed (for lower row) shape. According to this, the species P. minor sensu lato, P. typicum, and P. bonaerense were described by a progressively increase in the premolar molariform condition by Cerdeño & Bond (1998). The latter authors, considered P. minor sensu lato as without molariform premolars, and  P. bonaerense with fully molariform condition for the P3 and P4, and with a p4 more molariform than P. typicum, the same species gradient described for the premolar imbrication (but in the opposed direction). On the other hand, the diagnosis of Zetti (1972a: 43) for P. borrelloi made reference to a somewhat molariform P3, and  molariform P4 and p4. In addition, Zetti (1972a) also remarked in the description of this species the condition of a p3 with an anterior lobe similar or more reduced than the posterior lobe (i.e. more molariform, and with opposed proportions than that described for P. minor). These traits, highlighted in the characterization of Zetti (1972a) of P.borrelloi, are substantially different to those included in the diagnosis of P. minor proposed by Cerdeño & Bond (1998) (considered by these authors as synonym of P. borrelloi; Cerdeño & Bond 1998: 804). These differences are supported by our comparative study of the of the Chasicoan specimens of P. minor. The geometric morphometric shape analyses of the upper and lower cheek teeth rows support the proposal of Zetti, being the molariform condition of the premolar of P. borrelloi slightly less marked than, but much more similar to P. bonaerense, and different to other Paedotherium species analyzed (P. typicum and P. minor). 
	Posterolingual groove in the upper premolars.This character was recognized as important from a systematic point of view by almost all the previous authors (Zetti 1972a; Bondesio et al. 1980; Cerdeño & Bond 1998; but see Cabrera 1937). Zetti (1978a) described P. borrelloi with a well-developed posterolingual groove ("surco posterointerno") in the P2 and P3, and barely insinuated in the P4, similar to P. "typicus". Later, Cerdeño & Bond (1998) proposed a very similar description in their diagnostic features of P. minor sensu lato ("upper premolars, especially P2-P3, with well-developed posterolingual groove similar to that of P. typicum"; Cerdeño & Bond 1998: 804). In agreement with Zetti (1972a), Bondesio et al. (1980) clearly stated the diagnostic differences between P. borrelloi and P. minor, having the latter a posterolingual groove present in all the upper premolars, particularly well-developed in the P4. The geometric morphometric analyses of the upper cheek teeth captured the presence and absence of the postlingual groove as slight shape changes (in relation to the slide procedure applied over the semilandmark series) in a disaggregated way, summarized in the second principal component, and secondly in the third component, of the corresponding analyses. Beyond this, the results confirmed the systematic value of this character. These analyses, together with the detailed revision of the examined materials, confirmed the accuracy of the descriptions performed by Zetti (1972a) and Bondesio et al. (1980) of this feature for P. borrelloi and P. minor, respectively, highlighting substantial differences between the two taxa. However, the assertion of Zetti (1972a) about a similar condition between of P. borrelloi and P. "typicus" is only true considering P. typicum, because P. bonaerense is characterized by the total absence of posterolingual grooves in all the premolars, as were clearly stated by Cerdeño & Bond (1998). On the other hand, the description of the posterolingual grooves in the diagnosis of P. minor of Cerdeño & Bond (1998), is vague, and better describes the morphology of the specimens of P. borrelloi instead of the Chasicoan specimens, again arguing against the consideration of P. borrelloi as a junior synonym of P. minor. It is worth to mention that, contrary to the covariation between the molariform shape and the degree of imbrication of the premolars, the development of the posterolingual groove seems to vary independently with respect to these traits. For example, P. bonaerense and Tremacyllus spp. are the only two pachyrukhine lineages with completely absent posterolingual grooves in the premolars, but also show an extreme opposite condition in relation to the imbrication and molariform shape. The "U" distribution of the species in the plot of the PC1 vs. PC2, and the factor loadings of the discussed variables (PC1 linked to imbrication and molariform shape, and PC2 linked to posterolingual groove development) reflect the uncorrelated nature of these features, at least considering this subfamiliar level. 
	Upper cheek teeth row curvature. This trait, very difficult to describe or quantify by linear measurements, is the only dental feature used by Cabrera (1937) to diagnose and fund to P. “affine” (recognized as synonymous of P. minor by all later researchers; Zetti 1972a; Bondesio et al. 1980; Cerdeño & Bond 1998). Cabrera (1937) considered that P. “affine” possesses a more curve upper cheek teeth row than other pachyrukhines, including the other Chasicoan species P. minor. Zetti (1972a) argued about the indistinguishable condition of these two species, but only Bondesio et al. (1980) analyzed the morphological background, agreeing with Zetti (1972a), and also linking this trait to the premolar imbrication degree. These authors (Zetti 197a, Bondesio et al. 1980) indicated that the upper cheek teeth row curvature of P. minor is similar to P. “affine”, and considered this feature as a diagnostic feature of P. minor. Conversely, this trait was not considered in the diagnoses of Cerdeño & Bond (1998). Our geometric morphometric analyses suggested that the upper cheek (as well as the lower) teeth curvature is quite variable (even, though always in a relatively low degree, in the low imbricated configuration of P. bonaerense; see MLP 99-X-2-1 vs. MACN Pv 10513-14) and there is some overlap between the Paedotherium species, while Tremacyllus spp. tend to possess more curved rows, that widely overlap with the range of P. minor. Agreeing with Bondesio et al. (1980), we confirmed that many specimens of P. minor present the higher row curvatures for Paedotherium, and no significant differences exist between the type specimens of P. minor and P. “affine”. However, the wide distribution of the P. minor specimens also showed a high variation for the trait. For example, it is worth to note that the teeth curvature, specially for the upper dentition, of P. borrelloi of Zetti and P. bonaerense, is relatively low compared to other Paedotherium species analyzed.  
	Shape and length of p2. Zetti (1972a) and Bondesio et al. (1980) described P. borrelloi and P. minor, respectively, as typically possessing a trilobed p2, but without making comparisons with other species. Bondesio et al. (1980) commented the relatively long p2 of P. minor. Conversely, Cerdeño & Bond (1998) incorporated the relatively longer condition of the p2 of P. minor sensu lato as a diagnostic feature, leading us to assume a different (i.e. short) condition for the P. typicum and/or P. bonaerense specimens. The shape changes observed in the first principal components of the analysis of the lower cheek teeth row did not summarize these relatively small changes of the p2, but these changes are partially summarized in the PC5, segregating P. minor from P. typicum. The revision of the analyzed materials lead us to consider that the proportionally longer condition of the p2 seems to be intraspecifically variable (e.g. see MLP 29-IX-2-102 and MLP 29-IX-2-103) in the Chasicoan representatives of P. minor and secondarily in some specimens of P. typicum (differing from a more constant short condition in P. bonaerense). On the other hand, the approximately trilobed condition of the p2 is frequently registered in P. minor, but this features should not be considered exclusively present in this species given that also occur in some P. typicum specimens (e.g. MACN A 5755).
	Shape and relative size of lobes of the lower posterior premolars. Zetti (1972a) and Bondesio et al. (1980) stated in their comparisons some differences in the shape of the p3 between the species of Paedotherium. They characterized P. borrelloi and P. "typicus" (i.e. including P. typicum and P. bonaerense) by possessing the area of the posterior lobe similar or bigger than that of the anterior lobe, while the inverse situation was described in P. minor. On the other hand, Cerdeño & Bond (1998) did not mention these morphological changes between species. Our analyses supported the Zetti (1972a) and Bondesio et al. (1980) observations, but the comparison with P. "typicus" of Bondesio et al. (1980) is more appropriated only considering P. bonaerense, because the morphology of the p3 of P. typicum is intermediate but more similar to that of P. minor than to other Paedotherium spp. Our analyses also revealed a correlation between the shape of the p3 (as well as the p4 in a lesser degree), and the imbrication and molariform condition of the premolars. These variables, previously treated as independent, actually seem to change together in the studied species (i.e. increasing of the imbrication, together with a reduction of the posterior lobes of p3 and p4, and the departing from the molariform condition of the premolars), and these changes are summarized altogether along the first axis of the geometric morphometric analyses of the lower cheek teeth row. Maybe this was the reason why Cerdeño & Bond (1998) avoided mentioning specific traits of the p3, perhaps considering this traits already included, as a complex of characters, in the description of the imbrication and molariform condition of the premolars. The geometric morphometric analyses of this feature also revealed a quite unique condition in the shape of the p3 of the Paedotherium specimens of La Rioja and Catamarca provinces (traditionally considered as Paedotherium minor), which possess the p3 with more reduced posterior lobes, and longer and narrower anterior lobes than the more austral Paedotherium minor specimens. This feature, together with another associated traits already mentioned in the Results section (e.g. size, premolar imbrication and molarization intermediate between Tremacyllus spp. and Paedotherium minor) suggest a particular and distinguishable morphotype of the representatives of Paedotherium from the late Miocene of NW Argentina.    
	Shape of third lobe of m3. Zetti (1972a) stated that P. borrelloi has a very rounded third lobe of m3, while Bondesio et al. (1980) described this structure as being rounded or triangular in P. minor. In a different way, Cerdeño & Bond (1998) considered a triangular outline of this lobe (compared with the more rounded condition of other Pachyrukhinae and Hegetotheriinae) as a diagnostic feature of the genus Paedotherium (Cerdeño & Bond 1998: 800). Our revision of the materials and shape analysis of the lower cheek teeth row are coincident with the proposal of Cerdeño & Bond (1998), but also highlight that some specimens of the two late Miocene species of Paedotherium (e.g. P. minor MLP 29-IX-2-112, P. borrelloi MLP 57-X-10-91) tend to possess a more rounded outline of the third lobe of the m3, partially in agreement with previous proposals.
	Premolar/molar series length ratio. In addition to the classically considered informative teeth features, the geometric morphometric analyses revealed that changes in the relative antero-posterior development of the premolar and molar series, for both upper and lower cheek teeth rows, are valuable from a systematic point of view, previously not considered as such. These shape analyses showed that P. minor and P. typicum possess the lower premolar/molar length values (except by Tremacyllus spp.), P. bonaerense the higher values, and P. borrelloi relatively high but intermediate values (similar to Pac. moyani). Linear measures of upper and lower cheek teeth series calculated from landmark coordinates data confirm this pattern (see Appendix 2). The same pattern is observed in the sub-sample analyses, and also in the measurements of the cheek series and molar series length of the Cerdeño & Bond (“LPM” and “lpm” for premolars + molars; “LMM” and “lmm” for molar series lengths; Cerdeño & Bond 1998). The premolar/molar series length ratio mean values of the linear dimensions for the taxa Tremacyllus spp. (0.590 for upper cheek teeth row), P. typicum (0.693, 0.634; for upper and lower cheek teeth rows respectively), and P. bonaerense (0.833, 0.727) published by Cerdeño & Bond (1998) are coincident with the pattern here denoted. Conversely, the values presented for P. minor (0.803, 0.692) published by Cerdeño & Bond (1998) are more similar to the values of P. bonaerense than P. typicum, and mismatch with our geometric morphometric results. This discrepance is surely due to the blend together of data collected from specimens of P. minor and P. borrelloi in the mean values of Cerdeño & Bond (1998). Furthermore, the values informed by Cabrera (1937) for the Chasicoan P. minor (0.676, 0.638; average values of P. minor and P. “affine”; Cabrera 1937) are significantly lower, and similar to those of P. typicum, confirming the above mentioned. It is worth to note that our premolar/molar series length ratio values, calculated from 2D landmark coordinates data, match better for the upper cheek teeth series than the lower one regarding to the Cerdeño & Bond' values (being the latter greater by approximately 0.1). Taking into account this phase shift caused by different methodologies, our linear measures confirmed that discussed above. Additionally, the premolar/molar ratio is partially influenced by and related to other above discussed features, including the premolar imbrication and the proportions of some specific tooth used by previous researchers for systematic purposes (i.e. length of p2, length of M3). Nevertheless, the proposed ratio provides new approach to reinforce the taxonomic identity of the Paedotherium species, and specifically contributing to the P. minor and P. borrelloi morphological segregation. Additionally, this ratio is easily quantifiable by two single linear measures, avoiding the major biases of the qualitative descriptions. 
	Average general size. This character was recognized as valuable from a systematic point of view by all the previous authors (Cabrera 1937; Zetti 1972a; Bondesio et al. 1980; Cerdeño & Bond 1998; see also Simpson 1945; Castellanos 1956) in a more or less similar way. Cabrera (1937) considered  P. minor smaller than any Chapadmalan Paedotherium species (i.e. P. typicum and P. bonaerense). Zetti (1972 a), Bondesio et al. (1980) and Cerdeño & Bond (1998) highlighted P. minor and P. borrelloi as the smallest species of Paedotherium (actually, this similitude was one of the evidences used by Cerdeño & Bond 1998 to synonymize both species), and Tremacyllus as smaller than Paedotherium. Our size analyses (Fig. 8) support these assertions for the upper cheek teeth, while the size segregation of P. minor and P. borrelloi from Pac. moyani and P. typicum do not occur in the lower cheek teeth analysis. However, it is necessary to emphasize that there exists a highly degree of overlap of the centroid size values between almost of the Paedotherium taxon in both, upper and lower cheek teeth analyses. Finally, different results should be linked to the different variables considered: while previous authors only considered linear measurements that express lengths, the centroid size synthesizes size changes of the studied object in any direction.  
Comments about some non-dental diagnostic features
Beyond the dental features already discussed here, Cerdeño & Bond (1998) and Elissamburu & Vizcaíno (2005) analyzed and proposed some cranial and postcranial features that can be used to separate P. bonaerense and P. typicum. The detailed analyses of these features, and the formal incorporation of many of them in the diagnosis of these two species (see Cerdeño & Bond 1998), are clearly stated in the mentioned works. Nevertheless, these features where scarcely analyzed or ignored for P. minor and P. borrelloi, because of the scarce cranial and postcranial remains. Next, we summarize some of these features for the fragmentary remains of P. minor and P. borreroi.
	Few specimens of P. minor partially preserve some cranial traits (MLP 29-IX-2-8, MLP 55-IV-28-30 and 82), not analyzed yet. In these specimens the anterorbital maxillary process and the zigomatic plate (preserved only in its base) are less developed than in P. bonaerense, the nasal bones extend beyond the cranial root of the zigomatic arch, and the post-tympanic bullae are inflated and dorsally protruding from the skull. These structures of P. minor are more similar to (and previously described by Cerdeño & Bond 1998) P. typicum than to P. bonaerense. None of these cranial traits are known in any P. borrelloi specimens, which precludes their analysis in this species.
	Paedotherium minor specimens only preserve some fragmentary postcranial bones. The specimen MLP 26-XI-20-5 preserves mainly fragmentary postcranial elements, MLP 55-IV-28-30 includes a well preserved proximal region of the left humerus, while MLP 76-VI-12-91 is the best preserved, including a distal region of the left humerus and right tibia. Few postcranial remains are also known for two specimens of P. borrelloi (including two fragments of the left tibia MLP 57-X-10-142, one distal region of right tibia 65-VII-29-75 to 79, and the distal region of a right radius MLP 65-VII-29-75 to 79). Bondesio et al. (1980) described the later bones of P. minor, and P. borrelloi, in comparison with P. "typicus". Beyond some comments of Bondesio et al. (1980), the overall morphology of the proximal and distal regions of the postcranial bones of P. minor (e.g. proximally extended major tubercle of the humerus, narrow humeral trochlea and entepicondilar width, presence of entepicondilar and anconeal foramina) is similar to that described by Elissamburu & Vizcaíno (2005) for P. typicum than to P. bonaerense. Regarding the tibial remains, Bondesio et al. (1980) stated that the distal region of this bone in P. minor and P. borrelloi are more similar between each other than to other species (and different to the internal sharpen sulcus of P. "typicus"). Our revision confirms the former statements, but the later comparison is only true considering P. "typicus" exclusively as P. typicum. On the other hand, P. bonaerense possesses a wider distal tibia than other Paedotherium spp. (including P. borrelloi), being the region lateral to the deepest point of the lateral sulcus wider than the medial one. On the other hand, distal remains of the metapodial elements are known for various P. minor specimens and the above mentioned P. borrelloi specimen. In concordance with the statements of Bondesio et al. (1980) and Cerdeño & Bond (1998), our observations suggest that the general morphology of the metapodial elements of P. minor and P. borrelloi resemble those of other Paedotherium species, in which the distal keel surround the distal articular region anteriorly, distally and posteriorly. 

