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Appendix 1. Methods and sources used to compile the main phylogeny (Figs. 3–7) and to determine the stratigraphic distribution of various lissamphibian species, and of the fossiliferous localities.

We have not used the Matrix Representation Parsimony (MRP) method (Baum, 1992 [Baum, 1992 #7124]) that has been used in several recent studies (such as Bininda-Emonds et al., 1999 [Bininda-Emonds, 1999 #4378]), because this method would not take qualitative differences between the original phylogenies into consideration (i.e. whether or not they were based on a data matrix, how the matrix was analyzed, how many characters and taxa were included, how they were coded, etc.). Furthermore, the position of several extinct lissamphibians was expressed in the text of our sources without presenting an explicit phylogenetic tree or cladogram; such information could not have been easily incorporated into a supertree produced by MPR. However, there were few competing phylogenies for most taxa, with the notable exception of high‑level anuran and urodele phylogeny. To resolve incompatibilities between these, we followed the most recent studies because they were usually the most comprehensive in terms of number of included taxa and characters and used the most sophisticated methods of analysis. More details on our supertree construction method can be found in Laurin (2004 [Laurin, 2004 #9690]).

The main tree assumes that internal branches are at least 3 Ma long. There are two advantages to the use of nonzero minimal internal branch lengths: firstly, it compensates somewhat for the fact that paleontological dates necessarily underestimate the real time of appearance of the clades; secondly, it minimizes the discrepancies in inferred divergence times that might arise because of uneven preservation potential. Of course, this procedure could in some cases push back the origin of clades to a ridiculously ancient date, but this was not a problem in our tree. For instance, this method yields an approximate age of origin of Hyloidea in the Albian (99.6 to 112 Ma ago). This very speciose clade (more than 2700 extant species; Pough et al., 2004 [Pough, 2004 #9319]) has a very poor fossil record (33 species from the Mesozoic and Paleogene); therefore, we expect that the oldest fossil from that clade probably postdates the actual origin of this taxon considerably. The fact that this fossil, the Campanian (70.6 to 83.5 Ma ago) Baurubatrachus pricei, is deeply nested within Hyloidea confirms this suspicion. However, our inferred date of appearance of Hyloidea is only about 30 Ma older than the age of this oldest known hyloid. The age of the next larger clade that contains Hyloidea and that has an equally poor fossil record (Neobatrachia) is probably also underestimated because this clade has a long inferred ghost lineage (about 50 Ma) that extends from about 115 Ma to about 165 Ma ago (Figs 5, 6). On the other hand, the yet again much greater antiquity of the enclosing clade (Pipanura) is probably not an artefact of our method because the absolute minimal age of that clade is constrained by the pipoid Rhadinosteus parvus (Fig. 5) which dates from the Kimmeridgian or Tithonian (155.7 ± 4.0 to 145.5 ± 4.0 Ma ago). An alternative to our procedure would have been to specify negligible minimal internal branch lengths, but this approach increases the discrepancy between our paleontological age estimates (Appendix 4) and the molecular age estimates provided by Zhang et al. (2005). More complex approaches could be imagined because the recovery potential of species is presumably not constant with time (it presumably decreases with increasing antiquity of the species) and because the proportion of extinct species in a clade probably increases with the antiquity of the clade. However, the recovery potential and extinction probability are not known; therefore, such approaches were not attempted here. Any bias that our procedure introduces (compared to using negligible minimal internal branch lengths) makes our supertree more congruent with the results of Zhang et al. (2005), so this approach is conservative. Most importantly, our assumptions on minimal branch lengths influence only the graphic representation of the supertree and our estimates of the age of the various nodes. They have no impact on our calculations of the confidence interval of the age of origin of Lissamphibia performed below because the actual age of the oldest known fossil in every clade was used in those analyses.

Some extinct taxa were not included in our tree at all because their positions were too uncertain; this includes, for example, the Gobiatidae from the Late Cretaceous of Mongolia and Uzbekistan, which are mainly known from maxilla fragments and whose monophyly and position within Salientia are enigmatic – they have been said to be “morphologically intermediate between the Leiopelmatidae [probably Amphicoela of our usage, thus equal to Leiopelmatidae as used by Frost et al. (2006) but not, for example, by Roelants and Bossuyt (2005)] and Discoglossidae [Discoglossoidea of our usage, Costata in Frost et al. (2006)]” (Roček, 2000 [Rocek, 2000 #12715]). We have, however, included the Batrachosauroididae and Scapherpetontidae, two possible clades whose positions within Urodela are unknown, but which have left several well‑preserved fossils (Estes, 1981 [Estes, 1981 #2638]; Milner, 2000 [Milner, 2000 #12714]). These serve mainly to illustrate the quality of the lissamphibian fossil record. In agreement with Milner (2000 [Milner, 2000 #12714]) and in the absence of phylogenetic studies on those taxa, we have placed them in the basal polytomy of Urodela (following the convention outlined above). Both taxa consist only of paedomorphic species, and paedomorphosis has been shown to be a serious obstacle to morphological salamander phylogenetics (Wiens et al., 2005 [Wiens, 2005 #11757]). The presence of primitive similarities between the scapherpetontids and the salamandroids (Milner, 2000 [Milner, 2000 #12714]) means that our divergence date estimate for Salamandroidea and some clade(s) therein could be too young; the age of Urodela, however, is not affected by this.

Conversely, we have excluded most palaeobatrachids (Anura: Pipoidea) because the phylogeny of Palaeobatrachidae has to our knowledge never been investigated and because many of the named species could be synonyms. However, we have included the oldest and the youngest known palaeobatrachids, as well as a species known from good material. We have followed the same approach with Latonia (Anura: Discoglossoidea). (See Rage and Roček [2003] for both.)

In the supertree we have ignored the Pliocene and Pleistocene record on the grounds that most of it belongs to extant species (Sanchíz, 1998; Delfino, 2004 [Delfino, 2004 #13215]) or to extant genera (such as Rana and Bufo as used by most authors) which contain many species whose phylogenetic positions are unknown (Sanchíz, 1998). Exceptions were made only for the last representatives of larger clades, such as the last palaeobatrachid (early Pleistocene). Furthermore, the evolutionary radiation of many extant genera probably predates the Pliocene, as shown by our compilation (Figs. 3–7). An effort was made to include at least one close living relative of every extinct taxon.

We used the geological timescale presented by Gradstein et al. (2004 [Gradstein, 2004 #12505]); some of the information about the equivalence between local and global scales is from Harland et al. (1990[Harland, 1990 #10271]). A few dating problems arose because variable geological timescales were used in the past. When no more precise stratigraphic information was given, “early”, “middle” and “late” Eocene were interpreted as Ypresian, Lutetian and Bartonian ( = Bartonian + Priabonian, see above) because of the lengths of those stages. Likewise, “early”, “middle” and “late” Miocene were considered to be Aquitanian, Langhian and Tortonian. The “early” and “late” Oligocene were equated with the Rupelian and Chattian. The rare occurrences of “middle Paleocene” were considered to be Selandian; because this stage was rarely recognized before 2004, we may have misassigned Selandian fossils to the Thanetian (“late Paleocene”).

Sources

Amphibian phylogeny and first appearance dates follow Estes (1981[Estes, 1981 #2638]), Ensom et al. (1991[Ensom, 1991 #1720]), Milner (1993[Milner, 1993 #3166]), Roček (1994[Rocek, 1994 #9674], 1996[Rocek, 1996 #9678], 2000[Rocek, 2000 #12715]), Böhme (1998 [Böhme, 1998 #13188]), Gubin (1991 [Gubin, 1991 #12746]), Henrici (1998[Henrici, 1998 #5916]), Sanchíz (1998[Sanchiz, 1998 #12698]), Veith et al. (1998[Veith, 1998 #5609]), Venczel (1999, 2004 [Venczel, 2004 #12772]), Báez (2000[Báez, 2000 #12717]), Báez et al. (2000[Báez, 2000 #5852]), Bossuyt and Milinkovitch (2000[Bossuyt, 2000 #9693], 2001[Bossuyt, 2001 #9691]), Hossini (2000[Hossini, 2000 #12499]), Liu et al. (2000[Liu, 2000 #12662]), Roček and Rage (2000[Rocek, 2000 #12716]), Vences et al. (2000[Vences, 2000 #7061]), Chan et al. (2001[Chan, 2001 #7413]), Gao and Shubin (2001[Gao, 2001 #6403]), Gao and Wang (2001[Gao, 2001 #6198]), Kosuch et al. (2001[Kosuch, 2001 #7025]), Pramuk et al. (2001[Pramuk, 2001 #12665]), Weisrock et al. (2001[Weisrock, 2001 #9395]), Chiappe and Lacasa-Ruiz (2002), Evans and McGowan (2002), Meegaskumbura et al. (2002[Meegaskumbura, 2002 #9692]), Rage and Roček (2003[Rage, 2003 #9353]), Sumida et al. (2003[Sumida, 2003 #11962]), Veith et al. (2003[Veith, 2003 #7417]), Gao and Chen (2004[Gao, 2004 #12492]), He et al. (2004, 2006), Martínez-Solano et al. (2004[Martínez-Solano, 2004 #10957]), San Mauro et al. (2004[San Mauro, 2004 #12409]), Dubois (2005 [Dubois, 2005 #12750]), Evans et al. (2005[Evans, 2005 #12411]), Roelants and Bossuyt (2005[Roelants, 2005 #11758]), Venczel and Sanchíz (2005), Wiens et al. (2005[Wiens, 2005 #11757]), Wang and Rose (2005), Mueller (2006), Wang and Evans (2006), as well as the appropriate Tree of Life pages (Larson, 1996a[Larson, 1996 #13138], b [Larson, 1996 #13139]). 

Albanerpetontid ages and phylogeny are taken from Gardner (2001[Gardner, 2001 #5241], 2002[Gardner, 2002 #6972]) and Venczel and Gardner (2003, 2005).

Pelobatoid phylogeny is an educated guess based on Roelants and Bossuyt (2005[Roelants, 2005 #11758]), Roček and Rage (2000[Rocek, 2000 #12716]) (position of Eopelobates), Henrici (2002[Henrici, 2002 #10209]) (phylogeny and composition of Eopelobates), and Rage & Roček (2003[Rage, 2003 #9353]) (position of Scotiophryne as pelobatid, although their use of this term is sufficiently vague that it could simply be a pelobatoid incertae sedis). This may overestimate the age of the pelobatoid diversification.

Bufonid phylogeny follows Frost et al. (2006).

Some highly incomplete or briefly described fossils would have required us to make very large polytomies. For example, the three extinct taxa included in Apoda in Fig. 3 could lie almost anywhere within Apoda or outside it (as long as they are closer to Apoda than Rubricacaecilia is). Rather than collapse all of Apoda into a huge polytomy, we have only expanded the basal divergence of Apoda into a polytomy that includes the three extinct species. (Our polytomies are thus more similar to an Adams consensus than to a strict consensus of all possible resolutions.) This way we can display the monophyly and interior topology of Stegokrotaphia. Similar cases are Urodela (Figs. 3, 4; see text), Discoglossoidea (Fig. 5), where Eodiscoglossus, Callobatrachus, Opisthocoelellus, and/or Latonia might be part of Alytidae or Bombinidae (whose only certain member in our tree is Bombina), Hylidae (Fig. 7), where “Hyla” swanstoni may lie anywhere within the “Middle American clade”, Bufo sensu lato, where the phylogenetic positions of the extant species “B.” pentoni is unknown (Frost et al., 2006), Ranidae sensu lato, where the “Grisolles ranid” could lie anywhere within that clade (although in this case the uncertainty could be increased by the fact that we were not able to determine the exact concept of Ranidae used in the description of that fragmentary fossil, or in later compilations like that by Rage and Roček [2003]), and the salamanders Hylaeobatrachus, Kiyatriton, and (to a lesser degree) Apricosiren, as well as possibly Batrachosauroididae and Scapherpetontidae (Fig. 3). Thus, a literal reading of our tree may underestimate the divergence times of some clades.

We found out about several fossil salamanders too late to include them into our locality database: the probably Valanginian to Barremian (He et al., 2004 [Wang, 2005 #12950]; Wang and Rose, 2005[He, 2004 #12710]) Pangerpeton sinensis (Wang and Evans, 2006 [Wang, 2006 #13297]), the unnamed scapherpetontid from the Albian of Utah (Evans and McGowan, 2002), the unnamed middle Miocene species of the plethodontid Speleomantes (Venczel and Sanchíz, 2005), and the Tortonian and later hynobiid Parahynobius (Venczel, 1999). The latter three may, however, have been found in localities that are already in our database.
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