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abstract: Most models of allopatric speciation predict that the two
daughter species will have range sizes different from each other’s and
potentially from that of their common ancestor. However, I find that
this difference is less than that expected under a variety of null models
of range evolution. Sister species’ range values may therefore become
more similar in the time following speciation. Greater-than-expected
similarity (symmetry) has also been treated as a form of range size
heritability. I therefore compare the results of this symmetry ap-
proach to a test for phylogenetic signal, using the range sizes of
North American birds. I find that range size is heritable under both
tests. I suggest that null models for range size heritability should be
informed by an explicit model of evolution. Comparative methods
may give erroneous results if they fail to take the unusual form of
inheritance of range size into account.

Keywords: clade selection, macroecology, comparative method, spe-
ciation, diversification.

Studies of the determinants of geographic range size often
focus on ecological factors or on the limits to range im-
posed by geographic barriers such as mountains and coasts
(see summaries in Brown 1995; Gaston 2003). However,
a species’ geographic range size is defined in the first in-
stance by the fraction of the ancestor’s range that it receives
at the moment of reproductive isolation. Range size (and
indeed extinction) at other moments in a species’ lifetime
is the product of changes made to that original fraction
(Gaston and Blackburn 1997; Price et al. 1997; Gaston
1998). The process of inheritance and the degree of her-
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itability (defined as a pattern of similarity between rela-
tives) are therefore potentially important influences on
present-day species distributions.

Species-level heritability is also crucial for studies of
species sorting, or “clade selection” (Eldredge and Gould
1972; Stanley 1975; Jablonski 1987, 2000; Grantham 1995;
Okasha 2003; Webb and Gaston 2003). Species-level traits
that influence the chances of extinction and speciation
might be able to explain differences in diversification rates
between clades (for reviews, see Barraclough et al. 1998;
Isaac et al. 2005), as long as such traits are heritable (Le-
wontin 1970). Range size is widely postulated to have such
effects (Jablonski 1987; Rosenzweig 1995; Gaston and
Blackburn 1997; McKinney 1997; Gaston 1998; Gaston
and Chown 1999; Purvis et al. 2000; Cardillo et al. 2003),
and so its heritability is of considerable interest.

A debate over whether a species’ geographic range is
indeed heritable has simmered and recently re-erupted in
the literature (Hunt et al. 2005; Webb and Gaston 2005).
Jablonski (1987) presented evidence that the range sizes
of late Cretaceous mollusks exhibit heritability, since the
range size of daughter species exhibits a significant cor-
relation (both product moment and Spearman’s rank)
with that of their most immediate known ancestor in the
fossil record. Webb and Gaston (2003) found that the
present-day range sizes of sister species of birds also exhibit
a significant correlation.

However, Webb and Gaston (2003) argued that corre-
lation provides an unreliable test of range size heritability
because range size distributions are highly right skewed,
and this can affect the validity of even nonparametric cor-
relation. They created a new approach to measuring her-
itability that consisted of comparing the symmetry be-
tween the ranges of sister species to a null model (where
symmetry is defined as the smaller range size divided by
the larger one). This null model draws pairs of range sizes
at random from a uniform distribution (Hunt et al. 2005;
Webb and Gaston 2005). Sister species of birds were no
more symmetrical in their present-day range sizes than the
null model predicted (in fact, they were significantly less
symmetrical than expected). The authors therefore argued
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Table 1: Methods used to assess phylogenetic signal in range size and their outcomes

Taxon Heritability test category Result Source

Mollusks (fossil) Phylogenetic signal (correlation
and regression between ances-
tor and descendant)

Heritable (rs p .65 for
gastropods)

Jablonski 1987

Birds Phylogenetic signal (correlation) Heritable (rs p .26) Webb and Gaston 2003
Anseriform birds Phylogenetic signal (correlation) Not heritable (rs p .18) Webb et al. 2001
Cyprinellid fish Phylogenetic signal (correlation) Heritable (rs p �.35) Taylor and Gotelli 1994
Genera of herbaceous plants Phylogenetic signal (correlation) Heritable (rs p .53) Qian and Ricklefs 2004
Genera of woody plants Phylogenetic signal (correlation) Not heritable (rs p .18) Qian and Ricklefs 2004
Mollusks (fossil) and birds Phylogenetic signal (permutation) Heritable Hunt et al. 2005, rean-

alyzing Jablonski
1987 and Webb and
Gaston 2003

Parrots (Psittaciformes) Phylogenetic signal (Moran’s I
and Pagel’s l)

Heritable below the level of
tribe (l p .16, I p.28)

Blackburn et al. 2004

Lepidoptera (U.K. range
only) Phylogenetic signal (Pagel’s l) Not heritable (l p .64) Freckleton et al. 2002,

reanalyzing Dennis
et al. 2000

Sunfish Phylogenetic signal (Pagel’s l) Not heritable (l p .0) Freckleton et al. 2002,
reanalyzing Pyron
1999

Suckers Phylogenetic signal (Pagel’s l) Heritable (l p .66) Freckleton et al. 2002,
reanalyzing Pyron
1999

Australian marsupials Phylogenetic signal (Pagel’s l) Heritable (l p .53) Freckleton et al. 2002,
reanalyzing Johnson
1998

Mammals Phylogenetic signal (Moran’s I) Heritable overall and for
some orders (I p .32
overall)

Jones et al. 2005

Primates Phylogenetic signal (Moran’s I
and Pagel’s l)

Heritable (l p .33, I p .49) Jones et al. 2005

Carnivores Phylogenetic signal (Moran’s I
and Pagel’s l)

Heritable (l p .36, I p .14) Jones et al. 2005

Genus Sylvia (birds) Phylogenetic signal (multiple re-
gression with permutation for
significance testing)

Not heritable Böhning-Gaese et al.
2006

Note: For correlational studies, the Spearman’s rank correlation coefficient (rs) is reported because range size does not meet the assumptions of

parametric statistics. For studies using Pagel’s l, the l statistic is reported. The value of l varies from 0 to 1, where 0 means no phylogenetic signal

and 1 means that variation in the trait is perfectly correlated with phylogeny. Studies using Moran’s I give a summary of the I statistic. Values of I

range from �1 to �1, where positive values indicate that at a particular taxonomic level, closely related taxa are more similar than expected by chance,

and negative values indicate more dissimilarity than expected. Values of I are reported here only for species within genera. Complete I statistics can be

found in the sources listed.

that range size is not heritable. However, Hunt et al. (2005)
showed that if such a model takes random draws from a
right-skewed distribution (such as is typical of range sizes)
instead of a uniform one, then heritability is reaffirmed.

More recent tests of range size heritability have used
Pagel’s l (Pagel 1999; Freckleton et al. 2002) and Moran’s
I (Gittleman and Kot 1990). These tests ask whether the
distance between species on a phylogenetic tree is related
to the distance between their trait values. They found a
weak phylogenetic signal in the range sizes of mammals,

suckers (fish), and parrots, although results for individual
mammalian orders were mixed (Freckleton et al. 2002;
Blackburn et al. 2004; Jones et al. 2005). There was no
signal in the ranges of sunfish or in the British ranges of
Lepidoptera (Freckleton et al. 2002). Table 1 summarizes
the diverse methods used to assess phylogenetic signal in
range size.

Different concepts of heritability. The disagreements over
whether range size is heritable and over the validity of the
many different methods used arise from two different con-
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cepts of heritability in a species-level trait. The first I refer
to as “phylogenetic signal” (Blomberg et al. 2003). A signal
occurs if closely related species are more similar in their
character values than are more distantly related species.
Correlation and regression tests (Jablonski 1987; Ricklefs
and Latham 1992; Webb et al. 2001; Qian and Ricklefs
2004), permutation tests (Taylor and Gotelli 1994; Hunt
et al. 2005; Böhning-Gaese et al. 2006), and whole-tree
tests such as Moran’s I (Gittleman and Kot 1990; Black-
burn et al. 2004; Jones et al. 2005) and Pagel’s l (Pagel
1999; Freckleton et al. 2002; Jones et al. 2005) all measure
phylogenetic signal.

The second concept proposes an expectation for the
similarity between sister species based on a null model. A
trait is classed as heritable if the similarity between sisters
exceeds this null expectation (Webb and Gaston 2003). I
refer to this approach as the “general null expectation,”
or GNE, test for heritability, since model and expectation
are designed to be generalizable to all taxa and all traits
(Webb and Gaston 2005). The GNE test differs from phy-
logenetic signal tests because it does not involve any com-
parison between the trait values for sister species and those
of other species in the phylogeny.

Range size heritability tests require an evolutionary model.
Phylogenetic signal tests are based on the premise that
similarity (and symmetry) between two species decays with
time since their common ancestor. To date, GNE tests have
not made explicit their underlying model of change in
symmetry (Webb and Gaston 2003, 2005). However, a
situation whereby sister species’ symmetry changed after
speciation would affect the interpretation of heritability
tests. An explicit model of the evolution of range size
symmetry, starting at speciation and then describing a tra-
jectory through time, is therefore crucial if tests of heri-
tability are to be properly applied (Jones et al. 2005).

Barraclough and Vogler (2000) generated an expectation
for range size symmetry by simulating vicariant speciation
in rectangular ranges and then allowing range size to change
by random drift. Their expectation applies to the total range
encompassed by sister clades rather than to the ranges of
sister species and so is difficult to apply to Webb and
Gaston’s (2003) approach. In addition, Barraclough and
Vogler’s (2000) model used a one-dimensional broken-stick
distribution (MacArthur 1957) to divide two-dimensional
ranges and did not allow extinction when range size dwin-
dled to nothing, neither of which is biologically realistic.

Here, I model range size symmetry of sister species pairs
two-dimensionally, first at the moment of speciation and
then over a period of evolution. I use results from the
models to produce a GNE test of heritability. I then apply
the GNE test to the range sizes of sister species of North
American birds. I also apply a test for phylogenetic signal
to the bird data and compare the outcomes of the two

tests. Finally, I discuss how results may vary with the test
used and which biological questions are best addressed by
each approach.

Methods

Ranges of North American Birds

In order to minimize the effects of available land area on
species ranges, I selected from Weir and Schluter (2007)
65 sister species pairs of birds whose breeding ranges were
predominantly limited to continental North America. All
species had 199% of their breeding ranges north of the
Mexico/Guatemala border except Sayornis nigricans (76%)
and Sturnella magna (81%). I used only the North Amer-
ican range of the mallard Anas platyrhynchos on the
grounds that it is effectively independent of its Old World
range. Excluding these three species did not alter the con-
clusions of the study.

Breeding range maps were taken from Birds of North
America (Poole et al. 1992) or from Ridgely et al. (2005)
where phylogeny had changed with respect to Poole et al.
(1992). Source maps were converted to equal area using
the Arcview 3.2 extension ImageWarp (MacVay 2000) and
were then digitized. Range areas were calculated using
Arcview utilities. There are two ways of measuring range
size: “area of occupancy” sums the individual areas where
a species is actually found, whereas “extent of occurrence”
measures the total area of a single polygon drawn around
the species’ most extreme geographic limits (Gaston 1991,
1994). The range maps used here measure area of occu-
pancy, albeit at a coarse resolution.

The range size of a species is constrained by the land
area of the region in which it occurs (Letcher and Harvey
1994). For example, Mexican species could have a small
range size compared to United States species simply be-
cause the continent narrows at lower latitudes. I therefore
also measured range as a percentage of the total land area
available within the species’ latitudinal limits on that con-
tinent. This method probably overestimates the relative
size of smaller ranges because the assumption that a species
could potentially occupy the same percentage of its lati-
tudinal band irrespective of continent width might be un-
realistic. For brevity, this measurement is referred to in
this article as “percentage of latitudinal band.”

I also measured the ratio between the maximum lati-
tudinal and longitudinal extents for each species as an
approximate indicator of range shape. Latitudinal and lon-
gitudinal limits were measured in Microsoft Encarta to the
nearest half degree and then transformed to kilometer val-
ues using the haversine method (Sinnott 1984). Finally, I
calculated the symmetry between sister species, where
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“symmetry” means the area of the smaller range value
divided by that of the larger range in each pair.

Phylogenetic Signal

To test for phylogenetic signal, I used a randomization test
on range size symmetry (Maddison and Slatkin 1991;
Blomberg et al. 2003; Hunt et al. 2005). This test repeatedly
shuffles the range size values while keeping the phylogeny
constant and then asks how often the average symmetry
of sister species in the original arrangement exceeds the
average symmetry of species pairs when values have been
so shuffled. If sister species are more symmetrical (i.e.,
more similar to each other) than random pairs 95% of
the time, then the data are judged to have a significant
phylogenetic signal. I repeated this test for the bird data
with range size expressed as arcsine-transformed percent-
age of latitudinal band.

To quantify the strength of the phylogenetic signal, I
used the intraclass correlation for the sister species pairs
(Snedecor and Cochran 1967). This correlation measures
the proportion of total variance that is between species
pairs to give an estimate of heritability on a scale from 0
to 1, where 0 indicates no heritability.

Modeling the Inheritance of Geographic
Range Size at Speciation

I simulated the inheritance of range size at the moment
of divergence under vicariant modes of speciation. Mo-
ment of range splitting is hereafter referred to as “moment
of speciation,” although speciation occurs some time after
the splitting of a species’ range into two. I refer to spe-
ciation that occurs when a species range is split into two
parts as “range-splitting speciation” and to that occurring
when a founder population migrates to a new area as
“founder dispersal speciation.” These terms avoid the con-
fusions that can arise with the terms “peripheral isolate”
and “vicariant” speciation, since peripheral isolates may
be the result of either microvicariance (i.e., highly asym-
metrical range splits) or founder dispersal (Brooks and
McLennan 1991).

To model range-splitting speciation, I took rectangular
shapes of varying long side : short side ratios and randomly
split them in two 100,000 times. Empirical long side : short
side ratios (where side lengths are represented by latitu-
dinal and longitudinal extents) are typically between 1 and
10 in North American bird ranges, and so this range of
values was explored. Rectangles were split by picking a
random point on the periphery and then drawing a chord
at a random angle across the shape. The resulting fre-
quency distribution of symmetries is referred to here as a
“broken-tile distribution” (model A1). Not all the barriers

that arise in nature will split ranges in two because shorter
barriers are not always able to span whole geographic
ranges (Gaston 1998; but see Rosenzweig 1995). I therefore
varied barrier length in model A1 while keeping other
parameters constant and discarded simulations in which
the barrier was not long enough to cause a split.

For comparison with Anderson and Evensen (1978) and
Barraclough and Vogler (2000), I also used MacArthur’s
(1957) broken-stick model. This repeatedly breaks a one-
dimensional stick at a single random point along its length,
therefore treating range size as a one-dimensional number.
Results from this process (model A2) are referred to as a
“broken-stick distribution” (MacArthur 1957).

As a special case of range-splitting speciation (model
A3), I also modeled a situation in which the subranges of
two populations contract and become isolated from each
other, as may occur when climate change causes a formerly
continuous range to fragment (Diamond and Hamilton
1980). This is referred to as “range contraction speciation.”
It was simulated by randomly taking two (x, y) coordinate
points within the ancestral range and drawing indepen-
dent, nonoverlapping circles of random radius about these
points (within the limits of the ancestral range). Random
numbers in all simulations were drawn from a uniform
distribution, with one exception: in model A3, to reflect
the right-skewed distribution of range sizes (Gaston 1998;
Hunt et al. 2005), I added an extra simulation that drew
the radii at random from a lognormal distribution.

Unlike range-splitting speciation, founder dispersal spe-
ciation envisages the rare migration of a breeding popu-
lation to a novel area, followed by divergence and repro-
ductive isolation (Mayr 1963; Chesser and Zink 1994). I
did not model range symmetry for founder dispersal at
the precise moment of speciation but simply observe here
that it is likely to be very low. Founder populations that
travel away from the ancestral range are unlikely to rep-
resent more than a small percentage of the total species
population in that first moment of migration. All of the
above models also assume that speciation is allopatric or
parapatric, a largely safe assumption in birds (Barraclough
and Vogler 2000; Coyne and Price 2000).

Modeling the Subsequent Evolution of
Range Size Symmetry

The above simulations generate an expectation at the mo-
ment of speciation but do not tell us how this may evolve
toward an expectation in the present day. To model the
postspeciation evolution of range sizes (model B), I took
250 (the computing memory limit) of the range pairs re-
sulting from model A1 (broken tile) and applied a random-
drift process to them (following Barraclough and Vogler
2000). Range sizes were either multiplied or divided by 1.01
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Table 2: Expectations for mean symmetry (small/large ratio) between sister species’ range sizes
at the moment of speciation

Model

Long side : short side ratio of the rectangle

1 1.6 10

A1 (broken tile) .21 (.19, .07) .26 (.20, .04) .36 (.32, .01)
A2 (broken stick) .39 NA NA
A3 (range contraction) .25 .25 .25 (.28 if using a uniform

distribution)

Note: Numbers in parentheses for model A1 show the effects of limiting maximum barrier length to 1.2 times and

1 times the rectangle’s shorter side, respectively. In the case of model A2, the long side : short side ratio is not relevant

because the model breaks a one-dimensional line. Results for model A3 are the same for lognormal and uniform

distributions of range size radii, except where shown (see text). available.NA p not

at each time step. Ranges that fell to zero (defined com-
putationally as !0.001) were declared extinct. At each time
step, average symmetry of all pairs that had lost neither of
the two sisters to extinction was calculated.

The size of the North American continent sets an upper
limit to range growth (bird ranges are a median one-sixth
of the continental area). But since opinions differ widely
on which range sizes account for the majority of speciation
events (Mayr 1963; Terborgh 1973; Jablonski 1986; Ro-
senzweig 1995; Holt 1997; Maurer and Nott 1998; Gaston
and Chown 1999; Hubbell 2001; Jablonski and Roy 2003),
the definition of an appropriate frequency distribution of
postspeciation growth limits for North American bird
ranges is contentious. Fortunately, the qualitative results
of the model remained unchanged under a wide variety
of growth limit distributions.

To assess how long the model should run for, I applied
the drift process to the actual bird ranges to see how long
it took for phylogenetic signal to disappear (as measured
by the permutation test described above). A length of
30,000 time steps proved sufficient. All models were run
a minimum of five times to check robustness of the
conclusions.

Comparison of Models and Bird Data

Since the bird range size symmetry data do not meet the
assumptions of parametric statistics, I generated 95% con-
fidence intervals for their mean symmetry by bootstrap-
ping the data 100,000 times and calculating the mean for
each bootstrap replicate. This process generates a fre-
quency distribution of the bootstrapped means, and the
95% confidence interval of the mean then spans the 2.5%
percentile and the 97.5% percentile of this distribution
(Manly 1997). In addition to comparing the mean sym-
metry of the models and the data, I used Kolmogorov-
Smirnov goodness-of-fit tests to compare their distribu-
tions of symmetry (Sokal and Rohlf 1995). Simulations
were carried out using Visual Basic (Microsoft 1997). Sta-

tistical analysis was carried out using S-Plus 6.0 (Insightful
2000).

Results

Phylogenetic Signal and Intraclass Correlation

The randomization test shows that symmetry in the range
sizes of bird species pairs is higher than in a random
reordering of the data more than 99% of the time (P !

, log-transformed data). North American species pairs.01
therefore show a phylogenetic signal. The intraclass cor-
relation is 0.15 for log-transformed ranges.

Null Expectations for Range Symmetry at the
Moment of Speciation

Expected symmetry between the range sizes of sister species
is low under a variety of speciation scenarios (table 2). For
the broken-tile model (A1), biologically realistic parameter
sets give an expectation between 0.2 and 0.3. North Amer-
ican bird ranges have an average long side : short side ratio
of 1.6, and inputting this value produces an expected
symmetry of 0.26 at speciation. When barrier length is
constrained rather than being infinite, expected sym-
metry is reduced (table 2). The model’s maximum ex-
pected symmetry is 0.39, but this occurs only when the
long side : short side ratio is approximately 100,000.

The broken-stick model (A2) has an expected symmetry
of 0.39. This result is unsurprising since it is the same as
that for a very long, thin rectangle in model A1. The range
contraction model (A3) has an expectation of 0.25–0.28
for biologically realistic long side : short side ratios, and
this changes little whether the ratios of the contracted
range sizes are drawn from a uniform or a right-skewed
distribution (table 2). The frequency distribution of sym-
metries for moment-of-speciation models has a hollow
curve shape in all models, with the lowest symmetry being
the modal class (fig. 1).
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Figure 1: Expected frequency distributions of symmetry between sister species range sizes at the moment of speciation. Models A1 and A3 show
results for a long side : short side ratio of 1. The model A3 plot used a uniform distribution of radii to model range size; a lognormal distribution
yielded very similar results.

Figure 2: A typical trajectory of range symmetry evolution using a model
of random drift. The line shows the average of smaller range/larger range
for 250 sister species pairs.

Null Expectations for Range Symmetry
after a Period of Evolution

In 10 runs of model B (postspeciational random drift),
average symmetry for the 250 lineages (minus extinctions)
lay between 0.2 and 0.3 in more than 95% of time steps
and never exceeded 0.32. A representative time sequence
is shown in figure 2. The distribution of symmetries at
the end of 30,000 time steps was strongly right skewed in
all 10 runs (not shown), similar to results for the broken-
tile model.

Sister Species Symmetry in North American Birds

The mean symmetry for the range sizes of North American
bird sister species is 0.48 (95% confidence interval [CI]
0.41–0.56), or 0.55 (95% CI 0.47–0.62) when measured
as percentage of latitudinal band. The distributions of sym-
metries are shown in figure 3. Kolmogorov-Smirnov tests
indicate that these frequency distributions fit none of the
general null expectations ( in all cases). EmpiricalP ! .05
distributions have a much greater proportion of high sym-
metries than expected under the models.

Discussion

There is a phylogenetic component to the range size of
North American birds. Sister species of birds also display
greater symmetry between their range sizes than expected
under null models.

Phylogenetic Signal

The finding of phylogenetic signal in North American bird
ranges is in agreement with the majority of comparable

studies in other taxa (see table 1). A few studies have found
negative results for certain mammalian orders (Jones et
al. 2005), sunfish (Freckleton et al. 2002, in a reanalysis
of Pyron 1999), and 26 warblers of the avian genus Sylvia
(Böhning-Gaese et al. 2006). It is interesting that positive
results have been found in large clades, such as marsupials,
mammals, and North American birds, whereas negative
results in general come from tests of individual orders or
of even lower taxonomic levels.

The strength of phylogenetic signal, measured by intra-
class correlation, is low for North American bird ranges.
Other studies have also found that the phylogenetic signal
in range size is weak, comparable in strength to the signal
for an ecologically labile trait such as diet (summary in
Freckleton et al. 2002). Even so, heritability of range size
is weaker in birds than in other taxa. Correlation coeffi-
cients are relatively low in this and other avian range size
studies (Webb et al. 2001; Webb and Gaston 2003) com-
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Figure 3: Symmetry of range sizes in North American sister species of birds. A, Symmetry based on raw range sizes; B, symmetry based on range
sizes expressed as the percentage of the land area between the northern and southern latitudinal limits of the species that is occupied by that species.

pared to those for other taxa (see table 1). Similarly, the
one study to use Pagel’s l on birds (parrots; Blackburn et
al. 2004) found one of the lowest l values for geographic
range size of all the taxa studied to date. Low estimates
of phylogenetic signal in birds are also consistent with the
results of studies that partition the variance in range size
among taxonomic levels (Gaston and Blackburn 1997;
Cotgreave and Pagel 1997; Webb and Gaston 2000; Webb
et al. 2001).

A phylogenetic signal for range size probably arises be-
cause ancestor range size is passed on to descendants at
speciation, although not as simply as occurs with a trait
such as body size. Small ancestral ranges are likely to give
rise to two small descendant ranges. Similarly, large-ranged
ancestors will give rise to at least one large-ranged daugh-
ter. The second daughter may sometimes have a small
range, either because of an asymmetrical vicariance event
(Gaston and Chown 1999) or because of range changes
after speciation.

The General Null Expectation Test

Models of vicariance suggest that average range size sym-
metry between North American avian sister species is ex-
pected to be 0.26 or less at speciation—potentially much
less if speciation occurs by the dispersal of a founder pop-
ulation or if many of the barriers that arise are relatively
short compared to range size. Following speciation, the
maximum mean symmetry achieved during the process of
random drift is 0.32. Since it is unlikely that all species
pairs will reach the maximum simultaneously, a conser-
vative realistic expectation is 0.3 or less.

The symmetry in the bird data, at 0.48, is appreciably

higher than the null expectations in any model. North
American bird range sizes therefore show heritability un-
der the general null expectation test as well as under the
phylogenetic signal test. While there is no statistical mea-
sure of the strength of this form of heritability, present-
day ranges appear to be about twice as symmetrical as they
would have been at speciation. They are also some 50%
more symmetrical than expected after a period of evo-
lution.

The only comparable study to use a general null ex-
pectation approach found no heritability in bird ranges
(Webb and Gaston 2003), even though their empirical
symmetry value, at 0.45, is similar to that found here
(Webb and Gaston 2005). Their expectation for symmetry
was 0.5, which they achieved by taking random draws from
a uniform distribution of range sizes (Hunt et al. 2005;
Webb and Gaston 2005). The model used in this study
simulates an explicit evolutionary process of range splitting
and random drift for range size, and this process leads to
a right-skewed distribution of range sizes similar to that
found in nature (Gaston 1998). Webb and Gaston’s model
does not emerge from an evolutionary process, and so it
is unclear what the biological rationale is for using a uni-
form distribution (Hunt et al. 2005).

Possible Mechanisms for Greater-Than-Expected
Symmetry in Range Size

The results of this study suggest an unusual evolutionary
process, in which resemblances between related species
evolve over time rather than being immediately present at
speciation. Random vicariance events and founder dis-
persal events initially create high asymmetry, but biological
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processes such as nonrandom extinctions and niche con-
servatism may lead to postspeciational changes in range
size symmetry.

For example, if a species requires a certain minimum
range size to avoid extinction and the original vicariance
event leaves one of the daughters with a range size below
that critical threshold, then the “runt” species will become
extinct. Repetition of this process would progressively re-
move extreme asymmetries from the data set and so in-
crease average symmetry of those sister pairs that persist
over time. (The effect would be increased if runt species
died out on closely related branches of the phylogeny. The
surviving species, all of which would have larger ranges,
would be classified as sisters, and their symmetry would
be high.)

Sister species might also grow to resemble each other
more over time because range size is influenced by other,
heritable aspects of species biology. For example, Brown
and Maurer (1987; see also Brown 1995) postulated that
range size may be a function of species’ ecological breadths.
If ecological breadth is phylogenetically conserved (Rick-
lefs and Latham 1992; Price et al. 1997; Peterson et al.
1999; Wiens and Donoghue 2004; Wiens and Graham
2005), then sister species’ ranges will evolve to become
more similar than they were at the moment of speciation.

A nonrandom, unusually symmetrical pattern of range
barriers at speciation could also account for high sym-
metry today, abolishing the need to invoke postspecia-
tional increases in symmetry. For example, Pleistocene ice
sheets central to the North American continent may have
caused the unusually symmetrical east-west divisions of
some ranges seen today (Mengel 1964; 1970). It is beyond
the scope of this study to establish the geography of spe-
ciation of each species pair. Nevertheless, the orientation
and location of present-day contact boundaries are highly
varied for the sister species studied, with a large number
of pairs that are not split into clear east and west sisters
(many indeed have a northern and a southern sister). Re-
cent biogeographical studies have also suggested that a
variety of geographic events at several different times may
underlie speciation in North American birds (Bermingham
et al. 1992; Klicka and Zink 1997, 1999). It therefore seems
unlikely that nonrandom vicariance alone explains greater-
than-expected symmetry.

Finally, rectangles may be an inaccurate representation
of species ranges. But simulations using ellipses produced
lower expectations of average symmetry than those using
rectangles (0.16 and 0.18 for long side : short side ratios
of 1.6 and 10, respectively) because of the increased prob-
ability of a barrier shaving off a very thin slice from a
range edge. The same seems likely to be true of irregular
polygons; further work using much more complex models
is required to confirm this.

Implications for Comparative Biology and
Evolutionary Modeling

Large postspeciational changes in range size are consistent
with fossil evidence (mostly from periods of extensive cli-
mate change in the Pleistocene) that range size is highly
dynamic (Overpeck et al. 1992; FAUNMAP Working
Group 1996; Davis and Shaw 2001; Lyons 2003, 2005; see
also Brown 1995; Losos and Glor 2003 for a neontological
view) and argue against Zink et al.’s (2000) suggestion that
ranges of North American birds are stable over a million
years.

At the same time, phylogenetic signal in range size im-
plies that sister species similarities are not erased over time,
no matter how labile the individual ranges are. Demon-
strations of niche conservatism, including long-term sim-
ilarity between the niches of sister species of birds (Price
et al. 1997; Peterson et al. 1999; but see Rice et al. 2003),
support this suggestion. Relatives’ range sizes may there-
fore co-vary in response to environmental change.

Modern comparative methods (e.g., Felsenstein 1985;
Harvey and Pagel 1991; Pagel 1999; Freckleton et al. 2002)
depend on the assumed evolutionary model that symmetry
will be near unity at speciation and then decline with time
according to a random-walk process. But the models pre-
sented here suggest that range size does not behave in this
way because sister species are expected initially to be very
dissimilar and then perhaps to become more similar over
time. Some comparative methods may therefore produce
erroneous results if applied to range size.

An expectation of symmetry has also been used to study
the process of speciation itself. Barraclough and Vogler
(2000), seeking to distinguish sympatric from allopatric
speciation, simulated range splitting by using MacArthur’s
(1957) one-dimensional broken-stick model. Anderson
and Evensen (1978) used the same model to test for ran-
domness in vicariance. But this study suggests that range
symmetry at diversification in more realistic models of
range-splitting is only half that expected under the broken-
stick model (and indeed clarifies that the broken-stick
symmetry expectation is 0.39). Models of speciation
should use two-dimensional simulations of range division
rather than one-dimensional ones.

Various authors (e.g., Lynch 1989; Chesser and Zink
1994) have also sought to distinguish peripheral-isolate
from vicariant speciation on the basis of current range
symmetries, but, again, without using any evolutionary
model to define their null expectation of symmetry. Lynch
suggested that speciation probably occurred by founder
dispersal (“peripheral isolates”) if sister species ranges dis-
played a symmetry of 5% or less. Chesser and Zink (1994)
take issue with the 5% rule but apply the same test with
different threshold criteria.
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This study suggests a fundamental problem with this
approach. The simplest broken-tile model predicts that
range-splitting (i.e., vicariant) speciation will lead to a
≤5% ratio of range sizes 35% of the time. After evolution
by random drift, this falls to 22% of the time. If low range
size symmetry is so typical of “vicariant” speciation, it will
not be informative for founder dispersal events.
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