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Chapter 6. Population genetic structure of very large
populations: the Brazilian free-tailed bat, Tadarida

brasiliensis. Amy Russell and Gary F. McCracken.

1. Synopsis

Species with restricted distributions or low potential for
movement often are distinguished by population structures that
can be readily defined by geographical distribution. On the
other hand, highly vagile or migratory species such as many
birds, bats, insects and marine organisms, are often
characterized by population structures which are much harder to
predict. Using published data from allozymes and from
mitochondrial DNA (mtDNA) sequences, we present an analysis of
genetic structuring in the Brazilian free-tailed bat, Tadarida
brasiliensis, a highly vagile mammal that is characterized by

extremely large population sizes. We compare molecular genetic



analyses between and within subspecies with structure that has
been inferred from morphological, behavioral, and ecological
data.

Mitochondrial DNA sequence data indicate that significant
differences exist between populations in North America and those
in South America. A cladistic analysis of gene flow suggests
genetic structuring among females in North America that is not
consistent with the current subspecific taxonomy. Both allozyme
and mtDNA data do not support distinction between the North
American subspecies, and do not support the genetic unigueness
of Cockrum’s (1969) hypothesized migratory groups of T. b.
mexicana. Data indicate that this subspecies evolves as a single
genetic unit, with an extremely large effective population size.
Effective population sizes of the magnitude suspected for these

bats are extremely rare for mammalian species.

2. Introduction

The population structure of highly vagile or migratory
species can be difficult to determine. Species that migrate may
exhibit different population structures at different times of
the year and in different places (summer range, winter range,
transitional range(s)). These movement patterns can make the
species hard to track, and can result in informational biases

towards one part of their life history. Additionally, males and



females may exhibit different migration patterns, and population
structure may be inaccurately assessed if such wvariations in
behavior are not recognized.

Tadarida brasiliensis is one of the most abundant bats in
the Western Hemisphere, occurring in colonies numbering up to
tens of millions of individuals (Table 1). It is found
throughout Central and most of South America and in North
America from the Atlantic to the Pacific coast, north to 40° N
latitude (Hall, 1981; Figure 1). Three subspecies of T.
brasiliensis are currently recognized within North and Central
America, with T. b. cynocephala in the southeastern United
States, T. b. mexicana in the southwestern and western United
States and most of Mexico, and T. b. intermedia from southern
Mexico to Panama. A fourth subspecies, T. b. brasiliensis,
occupies the entire species range in South America.

Although it is one of the most well-studied species of bats
in North America, most conclusions about population structuring
and taxonomic subdivisions of T. brasiliensis are based on
inferences from behavioral studies and banding data rather than
from genetic analyses. However, inferences from the behavior can
be easily confounded by many characteristics of these bats.
Tadarida brasiliensis is capable of flying very long distances.
Individuals are known to migrate annually up to 1500 km (Villa-

R. and Cockrum, 1962), and to fly up to 50 km from their roost



on single foraging flights (Davis et al., 1962). Males and
females display different patterns of movement throughout the
year, with migratory females typically moving long distances to
maternity colonies while many males appear to engage in local
movements in the vicinity of their winter roosts (Davis et al.,
1962; Villa-R. and Cockrum, 1962). Their capacity for extended
flights makes the species extremely hard to monitor and their
gender-specific differences in movement patterns can confuse
attempts to characterize gene flow. In this paper, we evaluate
patterns of genetic structuring considering data from previous
studies of behavior, banding recoveries, and morphology and from

published and new molecular genetic data.

3. Differentiation Between Subspecies
3.1. Evidence from Behavioral Studies

The majority of behavioral and life-history studies have
concerned the North American subspecies T. b. cynocephala and T.
b. mexicana. Relatively little information is available for
populations in the Central and South American portions of the
species’ range, and taxonomic recognition of T. b. intermedia
and T. b. brasiliensis is based largely on geography. Like T. b.
mexicana, T. b. brasiliensis is known to migrate in much of its

range (Marques, 1991), but population subdivision, as proposed



by Cockrum (1969) for T. b. mexicana, has not been investigated
in the Southern Hemisphere.

Recognition of T. b. cynocephala and T. b. mexicana is
based substantially on behavioral differences in migration,
hibernation, and roosting habits (Barbour and Davis, 1969;
Carter, 1962). Tadarida brasiliensis mexicana roosts in caves
and man-made structures in colonies of several million
individuals and generally migrates to winter roosts in Mexico.
Mating has generally been thought to occur in transitional
roosts in Mexico during the northward migration (Cockrum, 1969;
McCracken et al., 1994), but has also been observed in Texas
shortly after the bats arrive in March (Annika Keeley, Bat
Conservation International, pers. comm.). The vast majority of
the T. b. mexicana that migrate are pregnant females (Cockrum,
1969; Davis et al., 1962; Villa-R., 1956) with large numbers of
adult males remaining in Mexico. Males that migrate typically
occupy smaller colonies separate from the large maternity
colonies. Young are born in maternity colonies in late-May to
mid-June, and become volant at about six weeks of age. Adult
females then begin to leave the maternity caves, often moving
further north before the southward migration begins in August
and September (Glass, 1982).

Tadarida brasiliensis cynocephala roosts primarily in man-

made structures in colonies typically not exceeding several



thousand individuals (Bain, 1981). This subspecies undergoes
only local seasonal movements, spending the winter months in
hibernation or torpor (LaVal, 1973; Sherman, 1937). However,
close examination of winter colonies of T. b. cynocephala in
Florida shows that these bats are often active in winter (Kiser,
1996) . While monitoring a large bat house at the University of
Florida, Kiser and Glover (1997) found significant fluctuations
in population size throughout the year, indicating substantial
local movement during the winter months. While these bats
maintain some activity throughout the year, there is no evidence
that T. b. cynocephala undertake long-distance migration similar
to that of T. b. mexicana.

While these behavioral characteristics have been cited as
distinguishing T. b. cynocephala and T. b. mexicana (Barbour and
Davis, 1969; Carter, 1962), there is substantial plasticity in
these same traits and evidence suggests that the behavioral
differences between the two North American subspecies may be
overemphasized. Western populations of T. b. mexicana in Utah,
Nevada, California, and Oregon are remarkable in their
behavioral similarity to T. b. cynocephala. Roosting in
buildings and rock crevices in populations of fewer than several
thousand, these bats remain in the United States through the
winter (Grinnell, 1918; Jewett, 1955; Krutzsch, 1955; Perkins et

al., 1990). It also has been shown that individuals in migratory



populations of T. b. mexicana can engage in extended periods of
torpor. Individuals of a migratory population of T. b. mexicana
maintained at 5°C followed the typical pattern of lowering their
body temperature and metabolic rate to levels observed in
hibernating species of bats (Herreid, 1963; Orr, 1958).
Putatively migratory populations of T. b. mexicana also occur
during the winter in eastern Texas where a colony of T. b.
mexicana remained active throughout the winter months in College
Station, only 137 km from colonies of T. b. cynocephala
(Spenrath and LaVal, 1974). Bennett (2000) also described a
colony in Huntsville, Texas, as simultaneously containing both
T. b. mexicana and T. b. cynocephala, and a similarly mixed
colony has been reported from under a bridge in Houston, Texas
(Barbara French, Bat Conservation International, pers. comm.).
These populations may present opportunities for interbreeding
between T. b. mexicana and T. b. cynocephala. Specimens that are
intermediate between T. b. cynocephala and T. b. mexicana in
cranial measurements have been described from a population in
southeastern Texas, and may result from interbreeding between

the two subspecies (Schmidley et al., 1977).

3.2. Evidence from Morphological Studies
Measurements of the skull (i.e., greatest length of skull

and zygomatic breadth) and forearm have been cited as



distinguishing T. b. mexicana and T. b. cynocephala (Carter,
1962; Owen et al., 1990). The subspecies are typified by
differences in the means, but there is broad overlap in the
ranges of these morphological characters (see Table 2 for length
of skull and zygomatic breadth). Because of this overlap, it has
been argued that these characters poorly differentiate the taxa
(McCracken and Gassel, 1997; Schmidley et al., 1977; Schwartz,
1955), and most arguments for the separation of the taxa have
relied more on behavioral and geographical differences than on

morphology.

3.3. Evidence from Molecular Genetic Analyses

The taxonomic status of the subspecies of T. brasiliensis
has been a point of some debate, especially regarding T. b.
cynocephala and T. b. mexicana. The taxa comprising the
brasiliensis group of the genus Tadarida were initially
differentiated at the species level (Shamel, 1931), but have
since been lowered to the subspecies level (Schwartz, 1955).
Subsequent publications have questioned this change in taxonomy
(Carter, 1962; Owen et al., 1990). Owen et al. (1990) reported a
nearly fixed difference between T. b. cynocephala and T. b.
mexicana at a single allozyme locus. From this evidence, the
morphometric data, and the differences in behavior and

geographical distribution, they concluded that T. b. cynocephala
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and T. b. mexicana warrant species status even though a small
amount of gene flow might be occurring between the subspecies.

Other tests of the genetic divergence of T. b. mexicana and
T. b. cynocephala have concluded that any taxonomic recognition
is questionable (McCracken and Gassel, 1997; Russell and
McCracken, unpubl. results). Using data from 22 loci, McCracken
and Gassel (1997) found that levels of genetic similarity and
genetic structuring between the subspecies were in the range of
that typically seen between populations of the same subspecies.
Several lines of evidence indicated that samples from near the
western limits of putative T. b. cynocephala in Arkansas
represented an area of genetic introgression, and the authors
concluded that there was evidence of substantial gene flow
between the subspecies.

The genetic structuring of populations can be affected by a
combination of current and historical processes, including
restricted gene flow, range fragmentation or expansion, and
long-distance colonization (Templeton, 1998). Because allozyme
data are typically analyzed as differences in allele
frequencies, inferences regarding the phylogenetic relationships
of alleles are not considered. Phylogenetic analyses from DNA
sequence data, on the other hand, illuminate historical
relationships between haplotypes and can distinguish the impacts

of current and historical processes on the species. We have
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examined mtDNA control region sequence variation among the four
mainland subspecies of T. brasiliensis: T. b. intermedia, T. b.
brasiliensis, T. b. cynocephala, and T. b. mexicana (Figure 1).
Sequence data was obtained from a 407 bp segment of the
mitochondrial D-loop, a rapidly evolving, non-coding region used
often in studies of intra-specific population structuring (Kerth
et al., 2000; Petit et al., 1999; Wilkinson and Fleming, 1996).

An analysis of molecular variance (AMOVA; Excoffier et al.,
1992) revealed that over half of the total sequence variation is
attributable to differences between subspecies, with T. b.
brasiliensis being clearly different from the other three
subspecies in the analysis (Table 3). A phylogenetic analysis of
the four subspecies using a Bayesian likelihood criterion also
reveals a clear differentiation of the South American from North
American subspecies (Figure 2). Analyses including only T. b.
cynocephala, T. b. mexicana, and T. b. intermedia showed little
differentiation between subspecies (P = 0.064) and a
comparatively higher level of population-level structuring
within the subspecies (10.41%).

While AMOVA analyses could not detect highly significant
variation among the three North American subspecies, these
analyses are limited in that they test for genetic structuring
among groups that were defined a priori. Significant but

unanticipated groupings might go undetected. To further analyze
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relationships between the North American populations that may
not conform to a priori subspecific designations, we performed a
cladistic analysis of gene flow (Slatkin and Maddison, 1989)
using the mtDNA sequence data. By mapping taxonomic assignments
onto a cladogram as an independent character (Figure 3), we
tested whether the number of character-state changes on the
observed cladogram is significantly less than a null
distribution derived from a number of randomly-joining trees.
Thus, character-state changes represent inferred gene flow
events between the assigned groups, i.e., between the
subspecies. In this analysis, a likelihood-based Bayesian
phylogeny (Huelsenbeck and Ronquist, in press) required
significantly fewer gene flow events than a null distribution
from 1000 randomly joining trees (Figure 4). This indicates that
there have been barriers to gene flow between North American
populations. Examination of the phylogeny reveals that this
genetic structuring among subspecies is due to the segregation
of T. b. cynocephala into two major non-sister clades, both of
which are embedded within a larger clade of sequences from T. b.
mexicana (Figure 3). However, sequences from T. b. cynocephala
are not structured geographically among those two clades and the
reason for this genetic structure is presently unclear. These
genetic analyses indicate that T. b. cynocephala as a subspecies

is not genetically coherent, and that substantial gene flow
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exists between T. b. cynocephala and T b. mexicana (McCracken
and Gassel, 1997; Owen et al., 1990; Russell and McCracken,
unpubl. results). The observed lack of differentiation between
T. b. intermedia and T. b. mexicana is not surprising, given
that the single population of T. b. intermedia included in the
analysis is from the extreme northern end of the subspecies’
range, and thus might be expected to undergo significant amounts

of genetic exchange with T. b. mexicana.

4. Population Structuring within Tadarida brasiliensis mexicana
4.1. Evidence from Banding Studies

Extensive banding studies in the 1950s and 1960s involved
over 430,000 banded bats with approximately 1.5% recovery
(reviewed in Cockrum, 1969; Glass, 1982; McCracken et al., 1994)
and led Cockrum (1969) to conclude that T. b. mexicana exists as
four separate groups of subpopulations that may be genetically
isolated due to different migratory corridors and different
migratory behaviors (Figure 5).

While the majority of banding recoveries are consistent
with the movements of bats within and not between the population
subgroups defined by Cockrum, there also are numerous recoveries
demonstrating movement between groups. In studies at Carlsbad
Caverns 1in western New Mexico, Constantine (1967) documented

recoveries of 64 banded bats in places other than where they
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were banded. Of these, thirteen recoveries (20.3%) involved
individuals that moved between the eastern and western migratory
groups (groups C and D; Figure 5). Notably, the longest
documented movement was from Carlsbad Caverns, New Mexico, in
the eastern migratory group to Las Garrochas Cave, Jalisco, in
the western migratory group (Villa-R. and Cockrum, 1962).
Furthermore, the presence of large colonies in locations between
the migratory groups, such as Ojuela Cave in the Sierra Madre
Occidental (McCracken et al., 1994) or the San Luis Valley of
Colorado (Svoboda et al., 1985), suggests that population
subgroups are not as distinct as suggested by Cockrum (1969),
and that there may be gene flow between these putative migratory

groups of T. b. mexicana.

4.2. Evidence from Molecular Studies

Beginning in the mid-1980s, several studies examined
molecular markers to quantify levels of divergence between
Cockrum’s (1969) proposed migratory groups of T. b. mexicana
(McCracken and Gassel, 1997; McCracken et al., 1994; Russell and
McCracken, unpubl. results; Svoboda et al., 1985).

Svoboda et al. (1985) examined six polymorphic allozyme
loci in samples from summer maternity colonies within the two
migratory groups (groups C and D, Figure 5) and a large bachelor

colony located in a region between the same two groups. F-
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statistics (Wright, 1978) provided evidence for genetic
structure (ave. Fst = 0.052). However, Svoboda et al. (1985)
concluded that this was due to differences among the sampled
populations rather than genetic differentiation between
migratory groups. McCracken et al. (1994) questioned the
evidence of Svoboda et al. (1985), noting that their inter-
populational differences were due to a single esterase locus and
that the remaining five loci that they examined showed no
evidence of differences between populations (ave. Fst = 0.019).

Hypothesizing that individuals from different populations
mix during migration, McCracken et al. (1994) investigated
levels of population structuring between the two putative
migratory groups (groups C and D, Figure 5) using samples from
both summer maternity colonies and winter colonies. Data from 38
allozyme loci showed that neither the summer nor winter colonies
were genetically structured into distinct geographic units.
Analyses of allele frequencies in maternity colonies indicated
that any single large colony contained the genetic diversity
present in all migratory T. b. mexicana.

McCracken and Gassel (1997) extended these genetic analyses
to include non-migratory populations from California and T. b.
cynocephala from Florida and Arkansas. Their analysis revealed

no measurable differentiation among non-migratory and migratory
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T. b. mexicana and detected no significant genetic structuring
between T. b. mexicana and T. b. cynocephala.

Using more extensive sampling than these previous studies,
we analyzed DNA sequence variation in the D-loop of the
mitochondrial control region from populations from both the
United States and Mexico, including the coastal non-migratory
group and the two migratory groups (groups A, C, and D, Figure
5). An AMOVA analysis indicated that differences between these
putative subpopulations were insignificant relative to the
variation within them (Table 4). A cladistic analysis of gene
flow also failed to detect any significant geographic
structuring among haplotypes (Figure 6). The number of migration
events inferred from the Bayesian phylogeny fell within the null
distribution expected from randomly joining trees (Figure 7).
Thus, all molecular genetic analyses have failed to find any
support for genetic structuring among populations of T. b.
mexicana. Because the mitochondrial genome is inherited only
from the mother to the offspring, conclusions from this analysis

are limited to the movements of females.

5. Estimates of Effective Population Size (Ng)
A total of over 150 million T. b. mexicana are estimated to
inhabit major maternity colonies in the southwestern United

States (Table 1). Banding data have shown that many of these
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colonies are linked by frequent exchange of individuals
(Cockrum, 1969; Constantine, 1967; Glass, 1982), and the genetic
studies reviewed above indicate that gene flow among colonies is
sufficient to prevent geographic structuring of populations
(Russell and McCracken, unpubl. results). Thus, all information
indicates that these bats are characterized by an
extraordinarily large effective population size.

To estimate N from our molecular data, we used two methods
to estimate ©@; where O = 2N.(ryu for haplotype data, u = the
mutation rate per nucleotide, and N¢iry = the effective population
size of females (Russell and McCracken, unpubl. results). A
phylogenetically-based method uses the maximum likelihood
criterion to estimate @, and thus Ne(s, for historical
populations; we call this estimate By (Kuhner et al., 1998).
Tajima (1983) showed that O can also be estimated from the mean
number of pairwise differences. This estimate of @ applies to
current populations, and we refer to it as O.. We have conducted
a literature search for estimates of both Oy and O:, emphasizing
species expected to have high population sizes and/or high
levels of gene flow (Table 5). Estimates of Ne(ry of historical
populations have ranged from 5 million for widely-ranging grey
wolves (Vila et al., 1999) to 500 million for Anopheles
mosquitoes (Walton et al., 2000). For T. b. mexicana we estimate

Oy = 1.668, indicating a historical effective population size of
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approximately 11 million females and more than twice that of
historical populations of grey wolves. Our estimate of O; (=
41.781) indicates that T. b. mexicana has undergone a recent
expansion to a current effective population size of 418 million
females. This estimate is much larger than the highest we have
found for bird (Ne¢ = 224,347; Griswold and Baker, 2002), bat
(Neqsy = 159,000; Wilkinson and Fleming, 1996), marine (Ng(r =
800,000; Avise, 1992), or insect species (Ne(ry = 4,226,667;
Walton et al., 2000). All estimates of Ny from O values, of
course, depend on accurate estimates of u, the mutation rate per
nucleotide. For our comparisons of Ng(fy across taxa, we have used
published estimates of u consistent in both general taxonomic
group (i.e., mammal, bird, fish) and locus. Available estimates
of Ne(sy for other mammals include an historic Neg = 13,000 for
the endangered Morro Bay kangaroo rat (Matocq and Villablanca,
2001) and a current Ne¢y = 460,000 for the coyote (Vila et al.,
1999) . For the highly endangered Morro Bay kangaroo rat, current
census population size is doubtless much less than 13,000
(Matocg and Villablanca, 2001), and for coyotes current census
population size is estimated at 7 million (Vila et al., 1999).
These examples serve to illustrate that Ne is influenced by much
more than the census population size. Comparisons of the Ng
parameter among taxa with different life histories are still

informative.
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The conclusion that the effective number of female T. b.
mexicana is extraordinarily large is also supported by the
observed diversity in mtDNA haplotypes. In a data set
representing 44 individuals from nine colonies from throughout
the subspecies’ range, we identified 43 unique haplotypes.
Similarly high levels of haplotype diversity have been found in
other species with large population sizes (70 unique haplotypes
from 84 individuals of Anopheles dirus; Walton et al., 2000).
Such high haplotype diversity is an expected characteristic of
an extremely large population and we interpret this diversity as
the consequence of unusually large current effective population

sizes.

6. Conclusions

Behavioral, ecological, and morphological studies have
suggested species-level or subspecific distinctions among North
American populations of T. brasiliensis. However, close
examination reveals substantial plasticity in these behavioral
and ecological traits, broad overlap in morphology, and little
genetic differentiation between the subspecies. While extensive
banding studies led to the conclusion that T. b. mexicana exists
as four behaviorally distinct migratory groups, genetic studies

do not support the purportive population-level structuring.
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Despite the traditionally emphasized differences in the
behavior of the subspecies, the most rigorous genetic studies to
date suggest genetic exchange. Using mtDNA sequence data, we
document a more complex phylogeographic pattern. Significant
differences exist between the South American subspecies T. b.
brasiliensis and the North American subspecies T. b. intermedia,
T. b. mexicana, and T. b. cynocephala. These differences may be
due to a barrier to gene flow or to isolation-by-distance.

These alternative hypotheses remain to be tested with more
complete sampling of populations in Central and northern South
America. Mitochondrial DNA sequence data do not support
structuring of T. b. cynocephala, T. b. mexicana, and T. b.
intermedia along established taxonomic designations, but a
cladistic analysis of gene flow shows a structuring of
haplotypes of T. b. cynocephala into two clades that do not
correspond with geographic distributions. One potential
explanation for this pattern is that these clades represent two
separate invasions into the southeastern United States from T.
b. mexicana populations, followed by convergence to cynocephala-
type behavior and morphology. This hypothesis could be examined
by testing for concordant patterns at other genetic loci,
particularly nuclear loci.

Previous genetic studies provide no support for population-

level structuring within T. b. mexicana. Using mtDNA sequence
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data, we also find no genetic evidence of structuring among
colonies of T. b. mexicana. From these analyses, we conclude
that populations of T. b. mexicana are characterized by high
levels of gene flow, to the extent that the entire subspecies
may be evolving as a single genetic unit. Estimations of @y and
O: (= 2N¢(fyu), where Oy concerns the historical population and O
concerns the current population, reveal that the historical size
of the T. b. mexicana population was comparable to other wide-
ranging species, and suggests a recent and substantial increase
in population size. This conclusion is supported by the large
census population sizes documented for colonies in the
southwestern U.S. and Mexico, as well as the large amount of

genetic diversity maintained in the subspecies.
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Table 1. Estimates of total historical numbers of bats in major

colonies of T. b. mexicana in the southwestern United States.

Colony Estimate Size Year
Texas
Bracken Cave 20 x 10° 1957
Goodrich Cave 14-18 x 10° 1957
Rucker Cave 12-14 x 10° 1957
Frio Cave 10 x 10° 1957
Ney Cave 10 x 10° 1957
Fern Cave 8-12 x 10° 1957
Devil’s Sink Hole 6-10 x 10° 1957
Davis Cave 6 x 10° 1957
Valdina Sink 4 x 10° 1957
Abandoned 1987
Quarry Colony 4 x 10° 1989
Webb Cave < 0.6 x 10° 1957
Wilson < 0.6 x 10° 1957
Y-O Ranch Cave < 0.6 x 10° 1957
New Mexico

Carlsbad Caverns 8.7 x 10° 1936
4 x 10° 1957
218,000 1973

Arizona
Eagle Creek Cave 25-50 x 10° 1963
30,000 1969

Oklahoma
Vickery Cave 1 x 10° 1969

4 caves 1in Western
Oklahoma (includes

Vickery) > 3 x 10° 1952

Data from McCracken

(in press).




Table 2. Morphological measurements for two defining characters

of three subspecies of T. brasiliensis.

Measurements are given

in mm.
Skull Length
Subspecies Sex Mean Range
cynocephala Male 17.48 16.7 - 18
Female 17.16 le.1 - 18
mexicana Male 16.94 16.2 - 17
Female 16.72 16.1 - 17
brasiliensis Both 17.28 16.1 - 17
Zygomatic Breadth

Subspecies Sex Mean Range
cynocephala Male 10.27 9.6 - 10
Female 10.10 9.6 - 10
mexicana Male 9.78 9.3 - 10
Female 9.70 9.3 - 10
brasiliensis Both 9.95 9.1 - 10

Data from Owen et al. (1990).




Table 3.

proportion of total variance attributed to each hierarchical level.

analyses were conducted;

excluding data from a different subspecies.

subspecies analyzed.

AMOVA analyses of mtDNA sequence data of recognized subspecies,

one including data from all subspecies sampled,

indicating the
Five separate
and four

* indicates significant structuring among the

All Exclude T.b. Exclude T.b. Exclude T.b. Exclude T.b.
subspecies | brasiliensis cynocephala mexicana intermedia
Among subspecies 54.26% 6.93% 63.15% 68.21% 57.19%
Among pop.,
within subspecies 6.13% 10.41% 5.42% 4.69% 5.81%
Within pop. 39.61% 82.66% 31.43% 27.10% 37.00%
Dcr 0.5426%* 0.0693 0.6315%* 0.6821%* 0.5719%*
P value < 0.0001 0.0642 0.0025 0.0051 < 0.0001

Data from Russell and McCracken

(in prep).




Table 4. AMOVA analysis of mtDNA sequence data of putative

subpopulations of T. b. mexicana, indicating the proportion of

total variance attributed to each hierarchical level. ®qr is

equivalent to Wright’s (1978) Fsr for allele frequency data. The

significance of the ®.r value was tested by comparing the
observed value to a distribution obtained from 10,000 random

permutations of populations among the migratory groups.

Among groups 1.66%

Among pop., within groups 10.82%
Within pop. 87.52%

Dcr 0.0166

P value 0.3077

Data from Russell and McCracken (unpubl. results).



Table 5. Estimates of @ (= 2N.(syu) and Ny from selected species. Estimates of Oy were
derived using a phylogenetically-based analysis (Kuhner et al., 1998), yielding parameter
estimates for historical populations. Estimates of O: (also denoted in the literature as
O, or m) were derived from analyses using haplotype frequencies (Tajima, 1983), yielding
estimates for current populations. Estimates of Ne(y were either taken directly from the
literature or, where noted, derived from @ values, using values of u available in the
literature. Estimates of u were specific to the taxonomic group (birds, mammals,

arthopods, etc.) and locus. All loci are on the mitochondrial genome.



