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SUMMARY

As species evolve along a phylogenetic tree, their phenotypes diverge. We expect closely related species
to retain some phenotypic similarities owing to their shared evolutionary histories. The degree of
similarity depends both on the phylogeny and on the detailed evolutionary changes that accumulate each
generation. In this study, I review a general framework that can be used to translate between
macroevolutionary patterns and the underlying microevolutionary process by comparing the observed
relationships among measured species phenotypes and the expected relationship structure due to the
phylogeny and underlying models of phenotypic evolution. I then show how the framework can be used
to compare methods used (1) to reconstruct phylogenies, (2) to correct comparative data for phylogenetic
non-independence, and (3) to infer details of the microevolutionary process from interspecific data and
a phylogeny. Use of this framework and a microevolutionary perspective on the analysis of interspecific
data opens up new fields of inquiry and many new uses for phylogenies and comparative data.

1. INTRODUCTION

Usually, interspecific or ‘comparative’ data are not
independent of one another because the species from
which the data are measured have been evolving
together for some period of evolutionary time (see, for
example: Felsenstein 1985; Harvey & Pagel 1991).
The exact amount of non-independence depends both
on the phylogeny by which the species are related and
on the underlying processes of phenotypic evolution
working at each generation.

Traditionally, systematists have used this non-
independence of comparative data to infer the
branching patterns of speciation (i.e. the phylogeny)
underlying extant organisms (see, for reviews: Felsen-
stein 1988; Swofford & Olsen 1990). Several pheno-
typic traits are chosen that fit the assumptions of some
numerical algorithm (e.g. traits that are believed to
have evolved neutrally or parsimoniously), and the
relationships between interspecific measurements of
these traits are used to infer the historical relationships
between the measured species. Throughout this pro-
cedure, the emphasis is on the evolution of species (or
other taxonomic group).

In contrast, the ‘comparative method’ is a family of
techniques in which interspecific measurements are
used to infer something about the biology of particular
traits. Independence of data points is one of the
primary assumptions of most parametric statistical
procedures; so, when ordinary statistics are used to
analyse comparative data, this assumption is regularly
violated. In recent years, a number of techniques have
been proposed to correct this problem by incorporating
phylogenetic or taxonomic information into the analy-
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sis (see, for reviews: Harvey & Pagel 1991; Miles &
Dunham 1994; Maddison 1994; Martins & Hansen
1995). Unlike phylogeny reconstruction, in the stat-
istical correction of comparative data, the emphasis is
on the organismal traits themselves rather than on the
species that exhibit those traits. Traits are chosen
because of some particular hypothesis, rather than
because they fit a set of predefined assumptions, and
generally the phylogeny and models of phenotypic
evolution are assumed to be known.

As new phylogenetic comparative methods were
developed, researchers also began to consider the many
other evolutionary questions that can be answered
given a set of interspecific measurements and a
phylogeny. Using comparative data, we can now infer
the ancestral states of phenotypes, the strength and
type of microevolutionary forces acting on characters,
the relationships between evolutionary changes in two
or more traits, and the degree of phylogenetic inertia in
a character.

Thus, there have been three primary uses of
interspecific data in evolutionary biology: (1) to
reconstruct phylogenies, (2) to correct a problem in the
statistical analysis of comparative data, and (3) to infer
the detailed evolutionary history of particular charac-
ters. In this paper, I discuss how a microevolutionary
perspective can be used to link these three processes,
and thereby clarify the issues underlying all three.
Using the general framework proposed in Hansen &
Martins (1995), I discuss what can and cannot be
inferred from comparative data and a phylogeny, and
how that framework can be used to evaluate and
compare proposed methods. In many cases, statistical
techniques to estimate the desired parameters have not
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yet been developed and/or phylogenetic information
may not be adequate to answer the questions. At the
risk of being overly optimistic, this paper strives only to
discuss what may be possible given appropriate in-
formation.

2. GENERAL FRAMEWORK

The following is an applied version of the general
framework proposed by Hansen & Martins (1995). If
we measure the phenotypes or genotypes of several
species in a clade, we can describe the relationship
between the measurements of each pair of species as a
symmetrical N x N matrix, where & is the number of
species in the clade. I shall refer to this matrix as the
observed relation matrix (orRM; e.g. table 1). The elements
of the orM may be phenetic distances, estimates of
genetic variance and covariance, or any other function
of the measured data. The orM can be for a single
character or multiple characters (in which case the
orM would be multidimensional).

We can obtain a complementary matrix of the
expected pattern of relationship among measured
species by considering the evolutionary processes that
led to those relationships. At each generation, natural
selection and random genetic drift interact with
heredity and environmental fluctuations to form the
observed phenotype. Most of these forces are likely to
be stochastic, such that the phenotype at each
generation can be viewed as a probabilistic phenom-
enon with some mean expectation and variance about
that expectation. During multiple generations and
speciation events, evolution unfolds along the branches
of a phylogenetic tree resulting in phenotypes of extant
species. Because the microevolutionary forces involved
are stochastic, evolution along a phylogeny might
have occurred in any one of an infinite number of
possible ways. The evolutionary pathway that actually
occurred can be viewed as a single sample from
this statistical population of possible evolutionary
scenarios.

The single result of the ‘true’ evolutionary scenario
(i.e. the phenotypes of extant species) can be described
as an orM. Similarly, the endpoints of each of the other

Table 1. An example with use of hypothetical comparative data

species mean phenotypes

2.0
3.0
1.5
1.0
4.5
3.5

SlcRwNel =

sample observed relation matrix (orM)

A B C D E F
A 0.34 0.90 0.30 0.30 0.28 0.34
B 0.90 0.35 0.31 0.27 0.29 0.32
C 0.30 0.31 0.31 0.85 0.31 0.34
D 0.30 0.27 0.85 0.30 0.32 0.29
E 0.28 0.29 0.31 0.32 0.29 0.88
F 0.34 0.32 0.34 0.29 0.88 0.30
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Table 2. Examples of expected relation matrices for phylogenies
i figure 1.

(Phylogeny A, figuure la. Under a Brownian motion model
of gradual phenotypic evolution, V, = ot, where o is the
variance of evolutionary changes and ¢ is the time from the
root of the tree to the present. Under a speciational or
punctuational version of the same model, V, = a4, still, but ¢
is the number of speciation events from the root of the tree to
the present (in this case, one).

Phylogeny B, figure 16 . Under a Brownian motion model
of gradual phenotypic evolution, V, = of, where o is the
variance of evolutionary changes and ¢ is the time from the
root of the tree to the present. Similarly, C;, = ot,, where ¢,
is the time that each pair of sister species evolved together
from the root of the tree to the point of diversification into
different species. Under a speciational or punctuational
version of the same model, V, = ot and C}, = o, still, but ¢ is
measured in units of the number of speciation events. In this
case, ( is the number of speciation events occurring from the
root of the tree to the present (i.e. two) and ¢, is the number
of speciation events occurring from the root of the tree to the
point of diversification of the pairs of sister species (one).)

expected relation matrices (ERMs) for:

phylogeny A

A B c D E r
A v, 0 0 0 0 0
B 0 A 0 0 0 0
C 0 0 A 0 0 0
D 0 0 0 A 0 0
E 0 0 0 0 v, 0
F 0 0 0 0 0 v,
phylogeny B

A B c D E r
A Vy Cy 0 0 0 0
B Cy |28 0 0 0 0
c 0 0 Vs Cy 0 0
D 0 0 Cy Vs 0 0
E 0 0 0 0 Vs Cy
F 0 0 0 0 Cy Vs

possible scenarios in the statistical population can also
be described as relationship matrices. These relation-
ship matrices will share some statistical properties (e.g.
means, variances, covariances) determined by the
microevolutionary forces acting throughout evolution.
Given information about those microevolutionary
forces, we can infer the expected relationships between
all possible pairs of species, and describe them as an
expected relation matrix (ERM; table 2).

3. EFFECTS OF VARYING PHYLOGENY AND
MODEL OF CHANGE - SOME EXAMPLES

Imagine a star phylogeny in which all species in
clade A diverged instantaneously from a single ancestor
and have been evolving by the same processes
independently of each other ever since (figure 14). The
expected relationship (e.g. covariance) between the
phenotypes of each pair of species on this phylogeny
will be the same as the expected covariance between all
other pairs of species on this phylogeny, because each



