Angielczyk S1

Supplementary Information for Empirical Analyses

Empirical Data.—A total of 13 empirical data sets were compiled from the literature.  Nine of these data sets are from stratocladistic analyses, representing nearly all published analyses of this type (Harvey and Ausich 1997; Polly 1997; Uhen 1999, 1998; Vermeij and Carlson 2000; Bloch et al. 2001; Bodenbender and Fisher 2001; Uhen and Gingerich 2001; Leighton and Maples 2002).  Three published stratocladistic analyses were excluded from this data set.  The first, Wagner (1997), was excluded because insufficient information was presented to determine whether we had fully replicated the topological results of the analysis.  The second and third analyses, Kosnik (1997) and Nützel et al. (2000) were excluded because even though they included stratigraphic data in a parsimony framework, the analytical methods differed somewhat from that of stratocladistics sensu stricto.  The remaining four data sets are likelihood analyses that have been published by Wagner (1998, 1999, 2000, 2001), representing the main instances in which a likelihood approach that includes stratigraphic data has been applied to phylogeny reconstruction (although also see Huelsenbeck and Rannala 1997).
The authors of the empirical studies did not report the topologies of all of their morphologically most parsimonious cladograms, and we reanalyzed their data matrices to obtain a full complement of morphologically most parsimonious cladograms that could be compared with the stratocladistic or likelihood results.  All of the empirical data matrices were analyzed with PAUP* 4.0b10 (Swofford 2001), although the details of our analytical techniques varied slightly from analysis to analysis.  Because the results of our cladistic analyses differed from the published results in some cases, we consider it necessary to describe briefly our methods and results for the empirical data sets.

Branch-and-bound searches were used to analyze the data matrices of Leighton and Maples (2002) and Bloch et al. (2001), with all characters unordered and equally weighted, and taxa coded with multiple character states treated as “variable” in PAUP*.  In both cases, we obtained a single most parsimonious cladogram that is identical to the published cladogram.  We also conducted a branch-and-bound search on the data matrix of Polly (1997), using the subset of 23 taxa that appear in his cladogram.  All characters were unordered and equally weighted.  We obtained 1440 most parsimonious cladograms, as opposed to the 1470 reported by Polly.  However, the strict consensus of our cladograms is identical to the strict consensus he presented.  Finally, we used a branch-and-bound search with the data matrices of Uhen (1998) and Uhen and Gingerich (2001), with all characters equally weighted and taxa coded with multiple character states treated as “variable.”  Characters were ordered using a scheme supplied by the author (M. D. Uhen personal communication 2004).  The same settings were used with the data set of Uhen (1999), although taxa coded with multiple character states were treated as “uncertain.”  We exactly replicated the results of Uhen (1998), but we found larger numbers of most parsimonious cladograms for Uhen (1999; 62 vs. 10) and Uhen and Gingerich (2001; 90 vs. 30).  In both cases the cladograms are of the same length as those reported in the original paper, and we used all of them in our comparisons to the stratocladisitc results.

We used a heuristic search with 1000 random addition sequence replicates to analyze the data set of Bodenbender and Fisher (2001).  All characters were unordered and equally weighted.  These search settings recovered 76 most parsimonious cladograms with a length of 691 steps, one step shorter than those reported by Bodenbender and Fisher (2001), Sumrall and Brochu (2003), or Fisher and Bodenbender (2003).  Presumably the different results stem from the fact that we used more random addition sequence replicates than any of the previous analyses, making our search of tree space more thorough.

We also used a heuristic search with 740 random addition sequence replicates to analyze the data set of Vermeij and Carlson (2000).  All characters were unordered and equally weighted, and we specified the outgroup taxa prior to beginning the search.  However, we could not exactly replicate their results with these or a range of other settings.  We recovered 215 most parsimonious cladograms with a length of 267 steps, as opposed to the 139 at 262 steps that they reported.  The consensus of our cladograms is closely comparable to that reported in Vermeij and Carlson (2000), and we used all of our 215 cladograms for comparison to the stratocladistic results.

Harvey and Ausich (1997) reported that their analysis produced at least 17,000 most parsimonious cladograms, but they were uncertain of the total number because of computer memory limitations.  We analyzed their data set using a heuristic search with 1000 random addition sequence replicates and all characters equally weighted.  Three characters (5, 7, 15) were ordered, and taxa coded with multiple states were treated as “polymorphic.”  We recovered a total of 23,586 most parsimonious cladograms of the same length as those reported by Harvey and Ausich (1997), and the strict consensus of these cladograms is the same as presented by Harvey and Ausich.  We used all of the cladograms in our comparison to the stratocladisitc results.

The likelihood analyses presented in Wagner (1998, 1999, 2000, 2001) are based on two data sets that were analyzed using different models.  The first (Wagner, 1998, 2000) is derived from Werdelin and Solounias’s (1991) study of hyenas, whereas the second is presented in Wagner’s (1999) study of lophospiroid gastropods.  A summary of the results of a parsimony analysis of each data set are presented in Wagner (1998) and Wagner (1999), respectively.  We analyzed the hyena data set using a branch-and-bound search with all characters equally weighted and characters 2, 3, 5, and 12 ordered.  These settings exactly replicated the results presented by Werdelin and Solounias (1991) and Wagner (1998, 2000).  We analyzed the lophospirid data set using a heuristic search with 1000 random addition sequence replicates.  The weighting and ordering schemes presented in Wagner (1999) also were used, and we replicated the parsimony results presented in that paper.

We used the published stratocladistic and likelihood topologies, as well as the stratigraphic ranges and biostratigraphic divisions present in each empirical study, with three important exceptions.  First, Uhen (1999) reported a single best stratocladisitc topology but we found three additional trees with equal stratigraphically augmented treelengths after a minor amount of manual branch swapping in MacClade.  Second, we stratocladistically analyzed our new morphologically most parsimonious cladograms from Bodenbender and Fisher’s (2001) data set.  A stratigraphic character was entered in MacClade, and the cladograms were first sorted by their stratigraphically augmented treelengths.  We then conducted branch swapping using the “search above” tool on the lowest branch of the cladogram in MacClade.  Finally, each terminal taxon was tested in an ancestral position, keeping as ancestors those that did not increase the stratigraphically augmented treelength.  This procedure recovered six best phylogenetic trees with a stratigraphically augmented length of 789 steps.  Finally, we excluded two taxa, Ruedemannia tienshanica and R. confinis, in our consideration of Wagner’s (2001) results because they did not appear in his 1999 paper.  Therefore, we did not have character data available for them, and could not include them in a parsimony analysis.
Stratigraphic Metrics.—We computed the RCI, GER, and SCI for all of the morphologically most parsimonious cladograms from the empirical data sets, although a software limitation prevented calculation of the SCI for data sets including more than 52 taxa (3 of 13 empirical data sets were affected by this problem).  These values also were computed for cladograms equivalent to the preferred stratocladistic or likelihood topologies for each analysis, except that no terminal taxa were considered as ancestors.  The Basic program Ghosts 2.4 (Wills 1999) was used to make these calculations (no random replicates, polytomies resolved as the worst case except for the likelihood analyses, in which case they were resolved as the best case).  For all of the data sets, we treated all stratigraphic units as being of equal length.  Although this simplifying assumption is not strictly true for the empirical data sets, the simulation data sets did not include an absolute time scale.  Thus, we used this assumption to help to ensure the comparability of our simulation and empirical data.
The SRI was computed using MacClade 4.0 (Maddison and Maddison 2000) for the morphologically most parsimonious cladograms as well as the preferred stratocladistic or likelihood topologies (both with and without terminal taxa in ancestral positions) for nearly all of the empirical analyses.  Three of the empirical stratocladistic analyses (Harvey and Ausich 1997; Uhen 1999; Vermeij and Carlson 2000) did not include terminal taxa in ancestral positions in their published results, and we did not compute SRI values for their preferred stratocladistic trees with terminal taxa in an ancestral position.  Furthermore, our SRI values for the ancestorized likelihood trees of Wagner (1998, 1999, 2000, 2001) are only approximations because MacClade does not allow a persistent ancestor to give rise to multiple descendants, which is sometimes the case in Wagner’s preferred trees.  We included gaps in the coding of the stratigraphic character for all of the SRI calculations, and the minimum value used in the calculation of the metric was the minimum possible length of the stratigraphic character given the included gaps and with terminal taxa in ancestral positions.

Statistical Analysis.—When measuring the difference between the empirical cladistic and stratocladistics and likelihood analyses, we first compared the average RCI, GER, SCI, and SRI values for the cladistic and non-ancestorized stratocladistic or likelihood topologies using the K-S and M-W tests (stratocladsitic and likelihood analyses were analyzed separately).  We then compared the average SRI values for the cladistic and ancestorized stratocladistic or likelihood topologies, and when conducting this comparison, we excluded the three studies that did not present ancestorized trees (Harvey and Ausich 1997; Uhen 1999, Vermeij and Carlson 2000).  Again stratocladistic and likelihood analyses were considered separately.  Finally, we added our empirical stratocladistic results to the data presented in Table 2 of Clyde and Fisher (1997) to compare the SRI data for a larger sample of cladistic (Analysis 1 of Clyde and Fisher) and stratocladistic (Analysis 5 of Clyde and Fisher) results.  All of the stratocladistic analyses were considered, regardless of ancestorization (ancestorized SRI values were used when available, otherwise the non-ancestorized SRI values were used).
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