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ABSTRACT
Studies over the last few decades have suggested that neotropical vertebrate taxa may have
greater genetic disparity than their nearctic counterparts. Here, a robust test of this suggestion
using bootstrap resampling of allozyme data for 53 passerine (16 nearctic and 37 neotropical)
species confirms the pattern. This disparity could be due to taxonomic artifacts or to differences
in the rate or history of genetic processes between regions. In contrast, a selection-based
explanation emphasizes negative feedback of species richness on rates of phenotypic, but not
molecular, evolution in neotropical species.
Keywords: allozymes, biodiversity, bootstrap, genetic disparity, latitudinal gradient, Nearctic,
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INTRODUCTION
Recent work on some neotropical vertebrate species has shown surprising genetic variability
at assayed neutral loci, variability that is typically much more pronounced than in nearctic
vertebrates of the same taxonomic rank and class (e.g. birds: Gerwin and Zink, 1989;
Escalante-Pliego, 1990; Seutin et al., 1993; frogs: Heyer and Maxson, 1982; Hass et al.,
1995; Mulcahy and Mendelson, 2000; rodents: da Silva and Patton, 1993). The most
extensive discussion of this apparent geographic discrepancy was provided by Hackett
and Rosenberg (1990), who observed that ‘species of neotropical birds are [genetically]
structured differently from those of temperate birds’ (p. 482); they attributed this pattern to
the putatively greater age of neotropical species. Such claims of genetic disparity between
realms have been made without any formal statistical test. Moreover, explanations for
the disparity have generally considered only a few possibilities, with the relative age of
neotropical taxa suggested to be the primary candidate (Hackett and Rosenberg, 1990;
Klicka and Zink, 1997).
Here we present a comprehensive statistical test of the suggested difference in genetic
disparity between neotropical and nearctic species using allozyme data from passerine
birds, arguably the world’s best-known animal group. Our aims were to determine if there
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is a genetic disparity between nearctic and neotropical passerine birds and, if there is, to
explore the mechanisms responsible for the disparity between the two realms. Emphasis
to date has focused on historical mechanisms as the primary cause of the discrepancy
in genetic disparity. However, differences in taxonomic practice or ecological context
may also contribute to the generation of the discrepancy between the two realms (see
Discussion).
METHODS AND RESULTS
Within-species allozyme-based studies were compiled from the literature (16 species in 12
nearctic genera representing five families; 37 species in 31 neotropical genera representing
14 families) (see Appendix). Although the number of methods for surveying neutral
genetic variation has increased, the largest cohesive and comparative passerine genetic
data set is still from allozyme studies (Butlin and Tregenza, 1998). Furthermore, for a
statistically robust estimate of genetic divergence, it is important to survey many
independent loci. While the data from DNA-based markers (e.g. sequence, microsatellites)
are rapidly expanding, there is still nothing comparable to allozymes in numbers of loci
and taxa.
We limited our study to intraspecific comparisons principally to reduce the probability
of polyphyly and confounds that could result in erroneously high genetic distances.
Studies were included only if they used Nei’s (1978) corrected genetic distance and more
than 20 putative loci. Thus, we used a reduced sample size for our test in favour of better
estimates of genome-wide variation. For each selected study and species, the mean Nei’s
genetic distance across populations was used as a measure of intraspecific genetic
divergence.
We took two approaches to test for the potential disparity in genetic divergence between
biogeographic realms. First, we compared mean Nei’s D within species for all data using a
Mann-Whitney U-test. Second, we reduced potential outlier and phylogenetic bias (Harvey
and Pagel, 1991) by bootstrapping the data. In each of 1000 pseudoreplicates, eight species
were chosen from each of the neotropical and nearctic samples subject to the constraint that
a genus could only be represented once per sample. Several other factors could confound
our analyses. We have addressed these as follows: First, islands often represent extremes in
genetic and phenotypic evolution (e.g. Wagner and Funk, 1995). Thus, we excluded studies
exclusively employing island populations and, for studies containing both island and
continental populations, we re-calculated distance statistics using only mainland populations. Second, the average geographic scale of studies (i.e. the distance among populations
sampled within a study), if different between realms, could produce spurious results because
distance alone may correlate with genetic differentiation (isolation by distance; Wright,
1931). Third, a difference in the number of subspecies included in samples from the two
realms could confound the pattern. This is because subspecies designation implies phenotypic distinction and possibly elevated genetic distance, assuming a positive correlation
between phenotype and neutral genetic diversity (Soulé and Yang, 1973; Barrowclough,
1980; Thorpe, 1983; Soulé and Zegers, 1996; Butlin and Tregenza, 1998; Johns and
Avise, 1998; Waldman and Andersson, 1998; but see Reed and Frankham, 2001). Bootstrap
analyses were used to determine whether either geographic distance among sampled
populations or number of subspecies could have biased our results.
Our analyses indicate that neotropical populations within surveyed species are more
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genetically disparate than their nearctic counterparts (total data set comparison: MannWhitney Zapprox = −3.52, N1 = 16, N2 = 37, P = 0.0004; Fig. 1a). This pattern is supported by
bootstrap analysis. The mean intraspecific genetic distance for neotropical species exceeded
that of nearctic species in 999 of 1000 replicates (neotropical minus nearctic: median =
0.035; range 0.0892 to −0.0028; Fig. 1b).
Several potential confounds did not account for the greater average genetic differentiation
within neotropical species. Geographic distance among sampled populations tended to
be greater in the Nearctic (median difference across replicates for geographic distance =
−926 km), a conclusion supported by bootstrap analysis (Fig. 2a). Greater geographic
separation among nearctic populations should, if anything, increase genetic distance
among them and so reduce any difference between neotropical and nearctic species. We
also examined a posteriori the relationship of species range size (log-transformed) and
Nei’s D to determine whether, at comparable range sizes, neotropical species were
more genetically disparate than their nearctic counterparts. Although the relationship
between species range and Nei’s D did not differ significantly between realms and the slope
was not significantly different from zero, this analysis did show that, for any given range
size, genetic disparity was higher for neotropical species (results of analysis of covariance
not shown).
Genetic disparity between the two realms could be related to the average number of
subspecies. The median difference (nearctic − neotropical) across replicates for subspecies
was −0.25, suggesting slightly more subspecies were included in nearctic surveys (Fig. 2b).
In so far as character differences used to delimit subspecies may correlate with differentiation in genetic markers, the slightly larger number of subspecies in nearctic samples

Fig. 1. (a) Boxplots of average Nei’s genetic distance among populations within species (nearctic,
n = 16; neotropical, n = 37). (b) Distribution of mean difference (neotropical − nearctic) in average
Nei’s genetic distance across 1000 re-sampling replicates. All but one replicate showed a higher
average Nei’s D among neotropical populations.
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Fig. 2. Distribution of (a) interpopulation geographic distance and (b) number of subspecies
across 1000 re-sampling replicates. All but six replicates showed greater interpopulation distances
among nearctic populations, while differences in numbers of subspecies was similar across nearctic
and neotropical species, with 634 replicates having a greater number of subspecies within nearctic
samples. These results suggest that neither interpopulation distance nor the number of recognized
subspecies should account for the greater average genetic divergence within neotropical species
(see text).

should again reduce the difference in genetic disparity between the two realms. Note that
insufficient intensity of sampling precludes analysis of potential differences in withinsubspecies variation. Ultimately, the greater geographic separation among nearctic populations, and the inclusion of greater numbers of subspecies in the nearctic data, make our
tests more conservative. Four genera in the nearctic sample contained long-distance
migrants that winter in the Neotropics (Empidonax, Vireo, Dendroica, Geothlypis). Reanalysis after removal of these species did not change our results. The ecological type of
birds sampled (generalist vs specialist) was not obviously different between the neotropical
and nearctic studies surveyed. Finally, the number of loci was slightly greater in nearctic
studies (median difference across replicates = −2.6 loci), but is unlikely to be the cause of
the difference in average genetic differentiation because the mean number of loci in both
samples exceeded 30.
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DISCUSSION
Our analyses suggest that current taxonomy (i.e. described species) does not equivalently
summarize genetic variation in passerine species of the Neotropics and Nearctic. There are,
then, two classes of explanation for this phenomenon. First, taxonomic practice has not
been applied equally in the two realms (e.g. undersplit tropical species). Second, the relationship between taxonomy, the phenotypic characters (e.g. morphology, calls) upon which it
has overwhelmingly been based (Templeton, 1994; Butlin and Tregenza, 1998; Johns and
Avise, 1998), and neutral genetic markers differs between the two realms.
We see three main possibilities, which are not mutually exclusive but are presented
separately for clarity:
1. Taxonomic practice has not consistently partitioned phenotypic differentiation in the
two realms and any apparent difference in genetic disparity is an artifact of this
inconsistency.
2. Taxonomic practice has consistently partitioned phenotypic variation but the rate of
neutral genetic divergence is different in the two realms
3. Taxonomic practice has consistently partitioned phenotypic variation; however, the
correlation between phenotypic evolution and neutral genetic marker differentiation
differs between the two realms
Effects of taxonomic practice
Significant ‘intraspecific’ phenotypic disjunctions in the Neotropics may have been overlooked. One could argue that populations in our sample might have been recognized as
separate species if they occurred in the Nearctic or they had been studied with the same
intensity as those in the Nearctic. If true, we are comparing populations at different
taxonomic levels (e.g. species vs genera). However, most neotropical taxa were originally
described by scientists also working with nearctic fauna. Moreover, many taxonomists now
have extensive field and museum-based familiarity with both temperate and tropical biotas.
This argues against the systematic under-splitting of the neotropical fauna as an explanation
for the pattern found here. Certainly, where taxonomy (using either genetic or phenotypic
data) has been reinterpreted using new species concepts (i.e. evolutionary or phylogenetic
species), there is a trend for an increase in the number of species (e.g. ‘American Ornithologists’ Union, 1997; Hanken, 1999; Peterson and Navarro-Sigüenza, 1999). Yet, this has been
the case for both temperate and tropical taxa, and it is unclear whether re-defining species
will have a disproportionate effect in tropical and temperate biotas, either erasing the genetic
disparity revealed here or magnifying it. Regardless, if the greater genetic divergence in the
Neotropics is due to taxonomic under-splitting, then for a well-known group of neotropical
organisms (passerine birds), the number of species has been greatly underestimated.
If neotropical taxa are under-split, then the consequences include a steeper slope to the
latitudinal gradient in species richness and a decrease in the average range of neotropical
species. Practically, this would complicate neotropical conservation efforts because the
absolute number of taxa to be conserved would increase, while the redundancy (shared
species) between areas would decrease. The converse explanation is possible: nearctic
passerine species may be over-split. The latitudinal gradient in species richness would
still change but the considerations for conservation would be markedly different. Such
complications would be magnified if a bias in taxonomic practice extended to other
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vertebrate groups for which latitudinal richness gradients are reported (reviewed in
Rosenzweig, 1995).
Effects of demography and history
Neotropical species could have smaller effective population sizes, be less vagile than
their nearctic counterparts (Hackett and Rosenberg, 1990), or their evolution could be
dominated by founder-type events. If any of these is true, then the rate of fixation of alleles
in a population and the rate of genetic divergence among populations should be faster
(Mindell and Thacker, 1996). Neotropical populations may also be more genetically
differentiated if they simply have longer independent histories than nearctic populations.
This is the most common explanation for differences in genetic disparity between realms
(e.g. Hackett and Rosenberg, 1990; Klicka and Zink, 1997). Although comparative data
are sparse, data accumulated thus far do suggest that some neotropical avian taxa are
older than their nearctic counterparts (Gaston and Blackburn, 1996; Klicka and Zink,
1997).
The pattern of genetic variation is often used to infer both the demography and history
of a species. Independent data are lacking that would allow us to examine the relative
importance of the above factors (e.g. population size, age). Nevertheless, all these explanations suggest that neotropical populations are essentially older or genetically accelerated
versions of the nearctic populations. If so, then nearctic populations, undisturbed for
long enough, should achieve similar levels of genetic differentiation as neotropical populations, but without enough correlated phenotypic evolution to require designation as
separate species. At present, there are insufficient data to test this prediction. However, the
average Nei’s D reported among nearctic congeneric species (D = 0.044; Barrowclough,
1980) is only marginally greater than the average for neotropical populations in our
sample (D = 0.041; Fig. 1a). This does not support the idea that nearctic and neotropical
populations are simply at different stages in the same evolutionary trajectory.
Effects of species richness
Previous explanations have concentrated on factors that might affect the rate of genetic
evolution and so explain the disparity between the Neotropics and the Nearctic. None have
considered an explanation based on a difference in the rate of phenotypic evolution. However, this seems the logical alternative because the claim of a genetic disparity assumes that
equivalent taxonomic entities (species) are being compared. As we have noted, taxonomy
has been dominated by the description of phenotypic differences.
Why should the phenotype of neotropical species evolve on average more slowly than
that of their nearctic counterparts? An intriguing possibility is that higher species richness
typical of many neotropical environments might retard phenotypic evolution (i.e. a
species-richness hypothesis). Connell (1980) argued that co-evolution between competitors
was less likely in tropical regions because the frequency and duration of particular
species-pair interactions (selection pressures) are not as predictable as in regions with
lower diversity. There are simply more combinations of species that can occur at a particular time and place within an area having a richer species pool. In so far as phenotypic
evolution is shaped by interactions of a population with other species, a slowing of
phenotypic but not neutral molecular evolution among populations of many neo-
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tropical species should then occur. Hence, deep genetic divisions could develop among
neotropical populations with a slower appearance of the morphological differences that
would otherwise see divergent populations elevated to species status. This implies that
speciation (i.e. phenotypically diagnosed species) may slow as greater numbers of morphospecies accumulate. Thus, the tropics may indeed act as a ‘museum’ of species diversity
(Gaston and Blackburn, 1996); the tempo of speciation (as reflected by phenotypic distinction) is slowed independent of neutral genetic diversity, concomitant with reduced
population extinction rates.
The species-richness hypothesis emphasizes selection on the phenotype through interspecific interactions. Socially selected characters (e.g. those used in mate attraction) may be
relatively more impacted by intraspecific dynamics (West-Eberhard, 1983). Therefore, such
characters may be less affected by variation in species richness and continue to diverge.
Accordingly, a greater proportion of species designations in the Neotropics may have relied
more on characters that are the targets of social selection than has been the case in the
Nearctic. Unfortunately, the role of sexual selection in speciation in the tropics has not yet
been thoroughly explored (Price, 1998; Moritz et al., 2000), although a comparison of the
extent to which secondary sexual characteristics figure in taxonomic descriptions should be
possible.
CONCLUSION
We have presented a robust test of the assumption that neotropical species show greater
genetic disparity than their nearctic counterparts. These results may reflect a difference
between the Neotropics and Nearctic in the delimitation of species and this may be an
indication of how relatively understudied the Neotropics are, with primarily quantitative
implications for conservation. Alternatively, a qualitative difference results from a geographically based disparity in evolutionary process or even in what ‘molecules versus
morphology’ actually reveals about organisms. Such a disparity in processes would further
complicate discussions of species definition and increase the difficulty comparing and
conserving species.
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