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ABSTRACT

Accurate reconstructions of phylogeny are essential for studying the evolution of a
clade. Morphological characters are necessarily used for the reconstruction of

fossil organism owever variation in their evolutionary

modes not accounted for in
analyses may be leading to unreliable phylogenies. A recent study suggested that
phylogenetic analyses of mammals may be suffering from a dominance of dental characters,
which were shown to have lower phylogenetic signal than osteological characters and
produced phylogenies less congruent with molecular benchmarks. Here we build
on this previous work by testing additional morphological partitions for
phylogenetic signal and examining what aspects of dental and other character evolution may
be affecting this, by fitting models of discrete character evolution to phylogenies inferred and
time calibrated using molecular data. Results indicate that the phylogenetic signal of discrete
characters correlate most strongly with rates of evolution, with increased rates driving
increased homoplasy. I \ \ characters have higher rates
of evolution than other partitions. They do not, however, fit a model of independent character
evolution any worse than other regions. show different
patterns to other mammal clades, with dental characters evolving at slower rates and being
more heavily integrated (less independent). While the dominance of dental characters in
analysis of mammals could be leading to inaccurate phylogenies, the issue is not unique to
dental characters, and the results are not consistent across datasets. Molecular benchmarks
(being entirely independent of the character data) provide a framework for examining each

dataset individually to assess the evolution of the characters used.

Keywords: Evolutionary Rates; Homoplasy; Independence; Phylogeny; Mammalia
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51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

INTRODUCTION

Accurate reconstructions of phylogenetic relationships are essential for studying the
evolutionary history of a clade, with hypotheses being based on molecular or morphological
data, or both. While it is comparatively straightforward to observe patterns of evolution in
molecular sequence data and therefore develop models more closely representing the
evolutionary processes, this is more difficult in the case of morphological characteristics due
to a poorer understanding of how novel morphology is evolved from ancestral traits.
Nonetheless, morphological data our only means of reconstructing the phylogenetic
relationships of fossil organisms that are too old to preserve DNA Ltis
therefore imperative that we strive to better understand the evolutionary modes of
morphological traits. In recent years many studies have examined how variation in
evolutionary patterns accounted for by current analyses
may be affecting phylogenetic inferences (e.g. O’Keefe & Wagner, 2001; Scotland ,
2003; DeGusta, 2004;; Sansom et al. 2017; Billet & Bardin, 2018).

The high percentage of dental characters used in the reconstruction of fossil mammal
phylogenies has become a particular cause for concern. Numerous studies have highlighted
issues such as the non-independent evolution of dental characters (Kangas et al., 2004;
Kavanagh et al., 2007; Harjunmaa et al., 2014; Dévalos et al., 2014; Billet & Bardin, 2018)
and increased convergence due to ecological selective
pressures (Evans et al., 2007; Kavanagh et al., 2007). In a recent meta-analysis, Sansom et al.
(2017) examined the phylogenetic signal of tooth and osteological character partitions, using
phylogenies derived from molecular data as a benchmark. This study found that osteological

characters were more consistent with the phylogenies and
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contained greater phylogenetic signal than dental characters parsimony
analyses with only dental characters produced results less similar to the molecular
phylogenies than analyses where the same number of characters were selected at random
from both partitions
This paper builds on the work of Sansom et al. (2017) in two ways.
Sansom et al. (2017) employed two partitions, dental and osteological, to assess
dental characters osteological

characters in phylogenetic analyses. As such, while dental characters have been demonstrated

to be problematic, an understanding of whether this problem was limited to them,
or whether it other partitions, is lacking. We therefore examine
phylogenetic signal in morphological partitions in mammals in order to establish

whether any other skeletal regions may be a poor indicator of phylogeny.
Secondly, we also aim to understand why dental characters may be producing

phylogenies less congruent with molecular benchmarks.

established that morphological characters frequently violate at least
some of the assumptions of parsimony : between-character rate
homogeneity (all characters being just as likely to transition), within-character rate
homogeneity (all character states within the same character being similarly likely to transition
than others), and character independence . We test each morphological character

partition for variation in

In most published phylogenetic analyses performed using parsimony, the characters
are weighted equally (Kallersjo et al., 1999; Kluge, 2005; Goloboff et al., 2008). Under such
a scheme, a change in any character is given equal in determining tree

length. However, such a scheme only produces results when the
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characters are all equally likely to change. If, however, there is variation in the rates of
character evolution, certain characters will change more frequently and are more likely to
show homoplasy (Felsenstein, 1981; Goloboff, 1993). While parsimony analysis does not
incorporate an explicit evolutionary model, an equal weights analysis does rely on equal
between-character rates for its accuracy.

Furthermore, in most published phylogenetic analyses, transitions between different
combinations of character states are given equal weight (i.e. a transition from state O to state 1
is just as likely as a transition from state 1 to state 0; an assumption of within-character rate
homogeneity). This assumption may be relaxed by incorporating step matrices which give
greater weight to particular transitions (Sankoff & , 1983), or by
ordering (Fitch, 1971), an extreme modification of step matrices, setting the possibility of

transitions to 0. [However, such modifications are rarely employed (see
Marjanovi¢ & Laurin, 2019 for summary of their history) and most assume
equality of within-character rates.

Finally, all phylogenetic analysies (parsimony, Bayesian, and likelihood

), treat all characters as independent of one another (i.e.

). Extensive study has shown this assumption of independence to be frequently
violated (e.g. Kangas et al., 2004; Kavanagh et al., 2007; Harjunmaa et al., 2014; Dévalos et
al., 2014; Billet and Bardin, 2018), with many traits or regions forming integrated modules
that change as a unit (Goswami, 2006, 2007; Goswami & Polly, 2010).

By analysing phylogenetic signal, between- and within-character rates, and character
independence across morphological partitions and four

mammalian subclades,

Commented [R2]: | would agree that step-matrices are
rarely employed, because they’re quite fiddly to set up (and
current versions of MrBayes can’t implement step matrices).
However, character ordering is regularly employed, and there
are methodological/philosophical justifications for doing so —
see especially Wiens (2001 — Systematic Biology) “Character
Analysis in Morphological Phylogenetics:

Problems and Solutions”
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. The results should provide future studies that intend to reconstruct the
relationships of fossil mammals with a framework to enable more evidence-based decisions

about which characters are more reliable for use in phylogenetic analyses.

MATERIALS AND METHODS
Data

This study builds on the protocol established by Sansom et al. (2017), where
molecular phylogenies are used as the framework over which morphological

evolution may be analysed. This allows the evolutionary patterns of the characters to be

examined over a phylogeny produced from data entirely independent of
those characters. For mammals, the time-scaled phylogeny
was taken from etal. ( ), and the morphological data from Bi et

al. (2014), both recent and comprehensive datasets.

e The morphological characters were divided
between partitions: dental, cranial, axial, forelimb
, hindlimb , and soft tissue. Taxa not
present in both the morphological matrix and tree were

dropped. If, after doing so, a character showed no variation in score among the remaining
taxa, that character was also dropped from subsequent analyses.

As well as the global analysis of mammals, subclades were subjected to the
same analyses to test for variation in the macroevolutionary patterns within Mammalia. The

clades chosen were : (
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tree from Hassanin et al. [2012], Morphological matrix from

)
Morphological matrix from Primates
( tree from Perelman et al. [2011], Morphological matrix from
N 1) and Marsupialia ( tree

from Mitchell et al. [2014], Morphological matrix from Beck [2017]). These clades were
chosen for the following reasons: 1) they have been analysed using morphological character
matrices containing characters from all of the morphological partitions; 2) there
exist time calibrated phylogenies with substantial taxonomic
overlap with the morphological matricxes; 3) the character list, data matrix and time
calibrated phylogeny were available in usable formats; and 4) they are morphologically and
ecologically diverse lineages, and therefore the morphological characters have the potential to

be heavily influenced by functional and ecological constraints.

Phylogenetic Signal

Levels of homoplasy relative to the phylogeny were
used as an estimate of the phylogenetic signal of the characters, measured using Pagel’s
lambda (Pagel, 1999)

. This statistic produces a value between 0 and 1, where 0 indicates that character states
are distributed independent of phylogeny (no phylogenetic signal). Other methods of
calculating phylogenetic signal in discrete characters, for example Moran’s I (Gittleman &
Kot, 1990) or Fritz & Purvis’s D (Fritz & Purvis, 2010), were not used as they are only
suitable for binary characters and would require a large proportion of the characters to be
dropped. For each character, taxa scored as unknown were dropped from the tree. If more

than a quarter of the taxa were scored as unknown, the character was not considered in this or
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subsequent analyses. Pagel’s lambda was calculated in R version 3.3.2 (R

, 2016) using the fitDiscrete function in the package Geiger (Harmon et al., 2007).

Testing the Assumptions of Phylogenetic Analysis

Within-character rate homogeneity was tested by fitting models of discrete character
evolution to the observed phylogeny and trait values using the function fitDiscrete in the R
package Geiger.

that ting
Two models were

compared: an equal rates (ER) model, where every possible character state transformation has
the same rate, and an all-rates-different (ARD) model, where every possible character state
transformation is allowed a different rate. The models are compared using the Akaike
information criterion, which penalises the parameter-rich ARD model. The Akaike weights of
the ER model are used as a metric to assess how well a character obeys the assumption of
within-character rate homogeneity.

The fitDiscrete function also allows testing of between-character rate homogeneity.

s well as identifying the model of discrete character evolution that

best fits the trait and phylogeny, it also identifies the rates of character-state transformation
that best fits the observed data. A higher rate of change means a character is more likely to
change multiple times by convergence. If a character was found to best fit the ER model in
the above analysis, then the single rate of change was assigned to the character. If the ARD
model was found to fit best, the rate assigned to that character was the mean of all rates
assigned to each possible transformation, weighted by the number of times each
transformation occurred over the phylogeny. The number of transitions was inferred by

stochastically mapping the character over the phylogeny 1000 times using the make.simmap
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function in in the R package phytools (Revell, 2012), and calculating the mean frequency of
each possible transition.

To test character independence, the method of Pagel (1994) was applied to pairwise
comparisons of characters. This is again a model-fitting approach, where dependeant
and independent models of character evolution are fit to pairs of traits and the observed
phylogeny. Under the dependeant model, the rate of character change in trait 1 will
depend on which character state is observed in trait 2, and vice versa. Under the independent
model, both characters change state independently of each other. Again, the two models may
be compared via the Akaike information criterion, and the Akaike weights of the independent
model may be used as a metric for how well a pair of characters obeys the assumption of
independent evolution. Unfortunately, this method is only applicable to binary characters, so
non-binary characters were not considered in this section of the analyses. The analysis was

implemented using the function fitPagel in phytools.

Statistical Comparisons

Pagel’s lambda values for each character partition were compared using generalised
least squares (GLS), using the R package nlme . For each partition, a null
model where all the phylogenetic signal of all partitions comes from the same distribution,
was compared to a model where the partition of interest had a different phylogenetic
signal (H1). The Akaike weights was used to infer which best fit the data.
Partitions that better fit the H1 model were deemed to have significantly different
phylogenetic signals than the other partitions, with the GLS coefficient used to identify
whether higher or lower. The same method was also applied to the rate values, the support for

the ER model, and support for the independent model of evolution.
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The rate of character change for each character, and the Akaike weight for the ER
model for each character, were both compared to Pagel’s lambda using the Kendall’s tau
correlation coefficient
This latter test could not be applied to the Akaike weights values of the independent model of
evolution because these represent pairwise comparisons of characters rather than individual

characters.

RESULTS
Results from the Total Mammalian Dataset

The median phylogenetic signal calculated from the Bi et al. (2014) character matrix
(the total Mammalia dataset) was 1 for all partitions ( Fig. 1A). This indicates that
at least half of the characters in each partition are synapomorphies for a single clade. The
dental characters do show a larger range of lambda values than

the other partitions. However, the range of values observed for cranial characters is

. In the GLS analysis, cranial characters are the
only partition to not fit the null model best; instead they are found to have significantly lower
phylogenetic signal than other partitions (Table 1).

Dental characters show no evidence of increased within-character rate heterogeneity
than do the other partitions (Fig. 1B). In fact, the Akaike weights of the equal rates (ER)
model are the highest of all the partitions, and in the GLS analysis the dental partition is the
only one have significantly better support for the ER model than other partitions (Table 2).
Dental characters also show no evidence of increased non-independence

(Fig. 1C). Only the partition was found to have significantly
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worse support for the independent model of evolution than other partitions (Table 3). The
was found to have significantly better support for the independent model.
However, dental characters have the highest median rates of evolution compared to all
other partitions (Fig. 1D), and the increase in rates is significant according to the GLS

analysis (Table 4).

Results from Mammalian Subclade Datasets
The datasets produced similar results to those of

mammals overall, albeit with considerably more variation in phylogenetic signal from the
vertebral, forelimb and soft tissue characters (Fig. 2). The dental characters are the only
partition where the GLS analysis found phylogenetic signal to be significantly reduced

(Table S1). Rates of dental evolution are again significantly higher
than for other partitions (Fig. 2, Table S4). There is no significant difference found between
the Akaike weights support for the ER model of evolution in teeth (Table S2), nor the support

for the independent model of character evolution, compared to other partitions (Table S3).

[Commented [R3]: null model?

Commented [R4]: I don’t think it’s appropriate now for me
to make you do further analyses, but in future you might want
to consider Spaulding’s papers, which have included lots of
postcranial characters for carnivorans and related taxa
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significantly higher phylogenetic signal and significantly lower rates of evolution than other

partitions (Fig 4, Tables S9, S12). The dental partition also had significantly better support

for the equal rates model of evolution than other partitions. However, primate characters

suffer from being highly integrated: all partitions other than the vertebrae and soft tissue

characters show a significantly low fit to the independent model of evolution (Fig. 4C, Table

S11).

In marsupials, w\*hile many of the character partitions, including dentition, show a wide
range of Pagel’s lambda values, the lambda values of the tooth characters are more
concentrated towards higher values than-compared to other partitions (Fig 5A. The tooth
characters show no significant difference in their phylogenetic signal than-relative to other
partitions (Table S2513). The dental characters showed no significant difference from any
other partitions in support for the ER model of evolution (Table S18514), and no significant
difference in rates (Fig. 54D). In contrast to the other datasets, however, the marsupial dataset

does support increased character non-independence of dental characters relative to other
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partitions, with median Akaike weights support for the independent model of evolution lower

than all other partitions (Fig. 54C; Table S151).

Correlation Tests

In all datasets, there is a negative correlation between lambda and
rate of character evolution that is (Table 5). The
correlation between the lambda values and Akaike weights of the ER model is weaker in all

four, but in some is still significant.

DiscussioN

Mammalian tooth characters have been a source of much discussion over the last two
decades, due in part to their dominance of the character lists used in morphological
phylogenetic analyses of mammals, itself a product of their dominance in
the mammalian fossil record. Teeth have been shown to suffer from issues such as large
amounts of homoplasy (Evans et al., 2007; Davalos et al., 2014) and non-independence
(Kangas et al., 2004; Harjunmaa et al., 2014). While these issues clearly do impact on the
utility of dental characters in phylogenetic analysis, what has received less attention is
whether dental characters are in fact worse affected than other body partitions in these
regards. The majority of studies cited above focus solely on teeth, but issues of homoplasy
due to ecological and functional constraints might be expected to affect other character
partitions (e.g. limb characters being functionally linked to locomotion). Indeed, ecological
constraint and developmental linkage has been demonstrated in cranial and limb characters
across various tetrapod groups, including mammals (Ruvinsky & Gibson-Brown, 2000;

Young & Hallgriimson, 2005; Sadleir & Mackovicky, 2008). The same argument could be
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made for the issue of character non-independence: while this has been demonstrated to be a
problem with mammal dentition, recent work on modularity and integration highlights that
this issue might just as strongly impact on non-dental characters (Goswami 2006, 2007;
Goswami & Polly 2010).

Our analyses suggest that increased homoplasy driven by increased rates of evolution
may affect dental characters to a greater extent than other partitions. Dental characters from
the total dataset and the rtiodactyl datasets are
found to evolve at faster rates than the other character partitions, and so are more likely to
transition multiple times. he strong inverse correlations between
phylogenetic signal and rates of evolution in all tested datasets indicates that rate variation is
likely to be the main driving force behind loss of phylogenetic signal, more so than within-
character rate heterogeneity. However, this signal is not consistent across all the tested clades.
In the marsupial dataset , dental characters have lower rates (and
higher phylogenetic signal) than most other partitions.

Moreover, while the results obtained here seem to suggest that dental characters have

lower phylogenetic signal than some other characters when optimised over a molecular-based

phylogeny, they are not alone in this respect. The | dataset indicates
that cranial characters also low phylogenetic signal. In primates
, the characters have Pagel’s lambda values
(Fig 43A, 5A)

Commented [R5]: Elsewhere you refer to this as the “total
mammal” dataset — either refer to it as the “total mammal
dataset” OR “total Mammalia dataset”, but be consistent
throughout!
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The results observed in acetartiodactyls raise a possibility that might warrant future

study: the increase in rates of dental evolution observed might be due to the dominance of
herbivores in this dataset. Herbivory has been suggested to be a driver of dental disparity in
mammals (Jernvell-Jernvall et al., 1996, 2000) bs theiry morphology tracks a constantly

changing resource (plants). Since the functional requirements of eating meat has not changed

over time, carnivorous mammals show reduced dental disparity and less evolutionary change
(Van Valkenburgh, 1988; Wesley-Hunt et al., 2005). In an analysis of diversification patterns
across all mammals, herbivores showed significantly higher diversification rates than

carnivores or omnivores (Price et al. -& Hopkins, 20152012). While this analysis focussed on

lineage diversification, the authors cited increased specialisation and niche-subdivision as a

Commented [R7]: This point needs explaining better. How
exactly have plants changed more than “meat” in terms of
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hypselodont teeth. Having said that, some authors have
argued that exogenous grit has been the major driver of
hypsodonty in mammals (see e.g. Madden’s book
“Hypsodonty in Mammals”). Regardless, this point needs to
be expanded upon”
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potential driving force behind diversification patterns, and morphological diversification
patterns should respond to these drivers in the same way.

It is finally worth noting that in the total-mammal dataset and the
placental subclades tested, there is little evidence that tooth characters are affected by non-
independence to any greater extent than the other morphological partitions. The
marsupial dataset the exception, with dental characters showing a weaker fit to the

independent model than all other partitions

. The integration of the dental

characters and their low rates of evolution due to

need to attach to the teat to precocial development of the jaw

and facial region in marsupials (Smith, 1996, 2006)

which are
The concept, pioneered by Sansom et al. (2017), of testing morphological discrete
characters over a molecular benchmark; is a powerful tool, and it would be highly
recommended that researchers studying clades where
phylogenies exist examine the performance of their characters in this manner. But given the

extremely wide variation in results found by this study, where different partitions produced
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different relative phylogenetic signals (with the marsupials in particular
producing results conflicting strongly with the other datasets studied), one should perhaps be
cautious of basing assumptions of character quality on the results of large meta-analyses.
While the latter are useful for identifying broad-scale patterns, it is necessary that each
dataset be examined individually, and decisions made based on the macroevolutionary

patterns observed in that clade.

While dental characters have been shown to suffer from
issues of homology and non-independence (Kangas et al., 2004; Evans et al., 2007;
Harjunmaa et al., 2014), the comparison of the dental characters to finer partitions of data
presented here demonstrates that these issues are not unique to teeth. In fact, in some cases
other regions perform even worse, and the nature of these issues varies from clade to

clade.
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Figure 1: from the Bi et al. (2014) character matrix
(total Mammalia). A) Pagel’s lambda values (phylogenetic signal) of each character. A value
of 0 indicates no phylogenetic signal, while a value of 1 indicates high phylogenetic signal.
B) Akaike weights support for the ER model of evolution of each character. Characters with
an Akaike weights score of 1 have equal rates of within-character evolution between each
state, while characters with a score of O display unequal rates of within-character state
evolution. C) Akaike weights support for the independent model of evolution of all pairwise
comparisons of characters in each partition. Pairwise comparisons that have an Akaike
weights score of 1 evolve independently of one another, while pairwise comparisons with a
score of 0 display character non-independence. D) Rates of character evolution of each

character (log ).

Figure 2: from

matrix ( rtiodactyla). A) Pagel’s lambda values (phylogenetic signal) of
each character. B) Akaike weights support for the ER model of evolution of each character.
C) Akaike weights support for the independent model of evolution of all pairwise

comparisons of characters in each partition. D) Rates of character evolution of each character

(log ).

[Commented [R8]: Log10 or natural log?

[Commented [R9]: Log10 or natural log?




606

607

608

609

610
611
612

FlS

614
rsls
616
617
618

FlQ

620
621

622
623
24

25

626

26

Figure 34: from the etal. ( )
matrix (Primates). A) Pagel’s lambda values (phylogenetic signal) of each character. B)
Akaike weights support for the ER model of evolution of each character. C) Akaike weights
support for the independent model of evolution of all pairwise comparisons of characters in

each partition. D) Rates of character evolution of each character (log ).

Figure 45: from the Beck (2017) matrix (Marsupialia).
A) Pagel’s lambda values (phylogenetic signal) of each character. B) Akaike weights support
for the ER model of evolution of each character. C) Akaike weights support for the
independent model of evolution of all pairwise comparisons of characters in each partition.

D) Rates of character evolution of each character (log ).

TABLES
Table 1. Results of GLS analyses of Pagel’s A (phylogenetic signal of character partitions) in
mammals. Rows coloured are those where the partition best fits the H1 model (partition has a

different lambda value to all others); blue indicates lower phylogenetic signal

oartition | Median | GLS L | I | AIC | Alc | Akale | Akeke
A | Coefficient | (null) | (H1) | (null) | (H1) (m?") (Hgl)
Teeth 1 015 | -103.02 | -102.6 | 210.0 | 211.1 | 0.63 | 0.37

Hindlimb 1 0.07 -103.02 | -103.8 | 210.0 | 213.6 0.86 0.14

Soft tissue 1 0.15 -103.02 | -103.4 | 210.0 | 2129 0.81 0.19
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Table 2. Results of GLS analyses of Akaike weight support for the equal rates (ER) model of

character evolution in mammals.

Partition | Median GLS InL InL AIC AIC | Akaike | Akaike
weight | Coefficient | (null) (H1) | (null) | (H1) | weights | weights
(null) (H1)
Teeth 0.78 0.02 26.77 | 2475 | -49.55 | -43.50 | 0.95 0.05
Skull 0.71 0.02 26.77 | 2445 | -49.55 | -42.89 | 0.97 0.03
Vertebrae | 0.62 -0.13 26.77 | 26.60 |-49.55 | -47.19 | 0.76 0.24
Forelimb | 0.62 -0.09 26.77 | 26.91 | -49.55 | -47.82 | 0.70 0.30
Hindlimb | 0.72 0.04 26.77 | 24.85 | -49.55 | -43.70 | 0.95 0.05
.SOﬁ 0.67 0.05 26.77 | 25.69 |-49.55 |-45.38 | 0.89 0.11
tissue

Table 3. Results of GLS analyses of Akaike weight support for the independent model of

character evolution in mammals. Rows coloured are those where the partition best fits the H1

model (partition has a different rate value to all others); blue indicates lower Akaike weights,

red indicates higher.

Partition | Median GLS InL InL AIC AIC | Akaike | Akaike
weight | Coefficient | (HO) (H1) (HO) | (H1) | weights | weights
(HO) (H1)
Teeth 0.69 0.012 1043.0 | 1040.5 | -2082 | -2075 0.97 0.10
Skull 0.73 0.013 1043.0 | 1040.8 | -2082 | -2076 | 0.76 0.22
Vertebrae | 0.50 -0.034 1043.0 | 1041.1 | -2082 | -2076 | 0.95 0.04
tiss‘;zte 076 | 0100 | 10430 | 10424 | 292 | 2079 | 083 | 0.6

Table 4. Results of GLS analyses of rates of character evolution in mammals. Rows coloured

are those where the partition best fits the H1 model (partition has a different rate value to all

others);

red indicates higher rate.
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Partition Median GLS InL InL AlC AIC v'?/\:izlrlftes v'?/\zle(izlrlm(tes
rate | Coefficient | (null) (H1) | (null) | (H1)
null H1
Skull 0.0010 0.02 -53.01 | -55.19 | 110.03 | 116.38 | 0.96 0.04
Vertebrae | 0.0006 -0.20 -53.01 | -52.59 | 110.03 | 111.19 | 0.64 0.36
Forelimb | 0.0006 -0.08 -53.01 | -53.76 | 110.03 | 113.52 | 0.85 0.15
Hindlimb | 0.0007 -0.07 -53.01 | -53.85 | 110.03 | 113.70 | 0.96 0.04
tisszzte 0.0006 -0.21 -53.01 | -53.12 | 110.03 | 112.24 | 0.75 0.25
Table 5. Results of Kendal’s tau correlation tests
Pagel’s lambda vs Rates of Pagel’s lambda vs Akaike
character evolution weight support for ER model of
character evolution
Total mammal dataset | -0.22 (p = 3.67 x 109) -0.050 (p = 0.2996)
Cetartiodactyl dataset | -0.24 (p=3.49 x 1019 0.15 (p=1.05 x 104
Carnivoran dataset -0.1 (p=0.4435) -0.04 (p=0.5701)
Primate Dataset -0.22 (p=<2.2 x10°%%) -0.012 (p=0.56)
Marsupial dataset -0.22 (p=2 x 10®) 0.11 (p=0.025)
Table 6. Results of Kendal’s tau correlation tests
Correlation test Kendall’s tau | P value
Number of characters in dataset partition ~ Median Pagel’s -0.009 0.95
lambda
Number of characters in dataset partition ~ Median Akaike 0.31 0.10
weights (ER model)
Number of characters in dataset partition ~ Median Akaike 0.26 0.17
weights (independent model)
Number of characters in dataset partition ~ Median rate 0.28 0.12




