Chapter Five
The Population History of Bicknell’s Thrush and Veery

Introduction

The population history of Bicknell's Thrush and Veery are tied to the
biogeographic effects of repeated Pleistocene glaciation. Much of northeastem
North America was ice covered as recently as 14 to 13 thousand years ago and it
was re-populated by its current flora and faena in recent geologic times (Pielou
1991). Because Bicknell's Thrush and Veery have very different habitat
preferences they likely had widely separated ranges at the glacial maxirﬁum and
had very different recolonization pattems in the Northeast. Such differences in
habitat and range expansion suggest that these birds may have had different
population histories and may show different patterns of genetic variation and
gene flow between them. The Bicknell's Thrush’s habitat is sub-alpine boreal
conifers, thus it must have 'inhabited regions at or near the edge of glacial ice
during Pleistocene glaciations. Thus it is plausible that Bicknell's Thrush had a
distribution ehifted just a few hundred kilometers to the south of its current
breeding range. As such the post-glacial .range expansion of Bicknell's Thrush
may not have involved an especially long-distance range shift. On the other
hand, the Veery's association with hardwood forest implies its range was far to
the south of its current position.‘The Veery probably had a much narrower

geographic distribution due to the limited distribution of appropriate vegetation at
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glacial maxima (e.g. Delcourt and Delcourt 1987), and would have lived a few
thousand kilometers south of the bulk of its current range. Thus it appears
reasonable to postulate a _glacial population bottleneck, and rapid population
expgnsion during the Veery's reoccupation of the north after ice retreated. It is
also plausible that the Veery went through multiple founder events along its
_expanding post-glacial range front (Hewitt 1996).
Aspects of populatioh history that may be inferred from coalescence
patterns of geneaiogical trees derived from molecular data include effective
_population size (Kuhner et al. 1995), population growth (Kuhnér et al. 1998b),
and gene flow, including its rate and net direction (Beerli 1999). Patterns of
population history may also be guessed at by examination of more standard
measures of population genetic diversity and neutrality indices (Tajima 1989;
Templeton 1998). | have used the population genetic analysis programs Arlequin
(Schneider et al. 1997), Fluctuate (Kuhner et al. 1998a), and Migrate (Beerli
1997) on my mtDNA sequence data from Veery and Bicknéll’s Thrush to
examine whether the Veery shows the hallmarks of a bottlenecked population

and long-distance range expansion in contrast to Bicknell's Thrush.

Methéds
| used Arlequin, developed at the University of Geneva (Schneider et al.
1997), to determine a variety of metrics from the data of both species- and to test
whether the ‘sequences showed signs of exposure t§ natural selection. Arlequin

is a broadly applicable population-genetics program that calcuiates an array of
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population-genetic parameters for a variety of molecular déta types including
MtDNA sequences. These include measures of genetic diversity, and tests for
neutrality of genetic variation (Schneider et al. 1997). The metrics | obtained
included gene diversfty (h), which is I'Ol.llghly equivalent to heterozygosity for
diploid data, nucleotide diversity (m), the per site variation among the sequences, |
and the mean pairwise differences among the sequences. | also used the
Arlequin to calculate values of Tajima’s D statistic to test the. assumption of
seq‘uence neutrality (Tajima 1989). Lack of response to natural selection is a
valuable trait for determining population genetic parameters because the only
force presumably acting on neutral sequences should be random genetic drift,
thus reflecting the true pattems of gene flow and drift rather than recent
selection.

I defined the samples from each mountain range as sub-populations for
gene flow analyses. The metrics calculated by Arlequin shown in Table 5.1 are
indicative of the amount of variation contained in each sub-population and allow
inferences about the long-term size of populaﬁons due to the positive relationship
between population size and maintenance of genetic variation. Since many of the
parameters estimated by Arlequiﬁ assume a population that is not growing or
experiencing gene flow, | also used the programs Migrate and Fluctuate from the
Univérsity of Washington's LaMarc package that attempt to determine if these
phenomena Were acting on the populations | studied.

| used Fluctuate to measure effective population (N,,) and population

growth (g, Kuhner et al. 1998b), and Migrate to estimate bi-directfonal gene flow
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among mountain ranges (Beerli and Felsenstein 1999). Fluctuate and Migrate
construct gene trees, in essence genealogies, to determine patterns of
coalescence in the data. These programs were developed by Joseph
Felsenstein’s research group and use:maximum likelihood techniques to
estimate population genetic parameters from genealogies of haplotypes
employing a coalescent approach (Kingman 1980; Kingman 1982). Estimates
derived from coalescence methods are sensitive to g‘ene tree topology, thus it is
important to find the correct intraspecific phylogeny to use these methods
(Smouse 1998). Maximum likelihood estimation of paramete}s using Metropolis-
Hastings Markov Chain analysis attempts to answer these objections by using
data re-sampling and examination of large numbers of trees to obtain maximum
likelihood estimates of effective population, population growth, and migration rate |
(Kuhner et al. 1998b; Beerli and Feisenstein 1999). These programs first
establish an initial estimate of 8 (2N, 1) where p represents the mutation rate per
site per generation and N, the effective number of breeding femafes (because
mtDNA is maternally inherited) by constructing a genealogical tree from the
sequence data. This estimate of effective population and mutation rete is then
used as a reference to construct further genealogical treee with maximum
likelihood estimation. Each maximum likelihood tree is derived via a Markov
Chain process using the posterior probability of the initial genealogy in
comparison to the probability of each newly constructed genealogy in the chain.
Several Markov Chains are run to produce maximum likelihood estimates, from

the best genealogies, of the parameters g, the exponential growth rate; 8, in
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éssence the effective female population at a given mutation rate (Kuhner et al.
~1998b); and the effective migration rate 4Nm (Beerli and Felsensiein 1999).‘

| executed runs with Fluctuate on the complete DNA sequence data for
each spécies. I ran five short Markov Chains recording 400 genealogies per
chain and achieved final maximum likelihood estimétes of g and 6 with tw;o long
Markov Chains recording 2000 genealogies in each chain.

| made pairwise comparisons among all pairs of sub-populations with
Migrate to obtain estimates of bi-directional gene flow among sub-populations.
To obtain gene flow estimates | ran 10 short chains in Migrate of 25,000 steps

recording 500 genealogies, and three long chains of 2,500,000 steps recording

50,000 genealogies.

Resuits
Genetic Diversity
Bicknell’'s Thrush |
Overall, Bicknell’s Thrush shows higher levels of gene diversity, nucleotide
diversity, and mean pairwise difference than does Veefy (Table 5.1A), in spite of
the Veery's higher number of variable sites and haplotypes. The Catskills exhibit
the highest values for all genetic diversity indices including gene diversity,
nucleqtide diversity; and mean pairwise differences among sequences, the
Green Mountains have the lowest gene diversity measure and the White

Mountains show the lowest nucleotide diversity and mean pairwise differences.
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Tajima's D statistics imply that the Bicknell's Thrush sequences have not

been subjected to the effects of natural selection (see Table 4.2A). However note
that although the values of Tajima's D statistic are not significant at P<0.05, they
do approach significance at P<0.1 for the total sample and in the Catskills (see
Table 4.2A). This trend suggests that these samples may not be strictly neutral to
selection or that the population as a whole, and the Catskill sub-population in

_ particular, may not be in strict equilibrium with respect to population growth or
random genetic drift.

Veery

As noted above, the Veery samples show less genetic diversity than
Bicknell's Thrush samples. As with Bicknell's Thrush, the Catskills show the
highest values for measures of genetic diversity among sub-populations, but
unlike Bicknell's Thrush, the Adirondacks exhibited the lowest values (see Table
5.1B).

Most of the Tajima’s D statistics indicate that Veery samples do not vary -
significantly from neutrality (see Table 4.2B). However for all 40 sequences
Tajima’s D reaches P<0.05. Although it does not reach this level for any single
sub-population it trends toward significance at P<0.1 for the Green Mountain sub-
population (see Table 4.2B). The significance of Tajima's D for the entire Veery
sample indicates that the populations may ‘not be in equilibrium with respect to
growth or drift, or that selection may be acting on the mitochondrial genome of

the Veery at a regional scale (Tajima 1989). The latter conclusion is doubtful

108



given the non-coding nature of the control region and the high level of variability
of control region lil.
Effective Population Size and Estimateé of Population Growth

Bicknell's Thrush

The maximum likelihood estimate of 8 generated by Fluctuate for
Bicknell'é Thrush was 0.0320 (SD = 0.0032). If one applies a reasonable
estimate of the mitochondrial mutation rate (u) of ca. 1 X 107 substitutions per
site per generation (Baker and Marshall 1997) this value of 2N,, 11 translates to
an efféctive female population (N,,) of 800,000 (95% confidence interval around
the estimate of theta, 640_,000 to 960,000) in the region | sampled. At a faster
mutation rate the N, would be smaller (e.g., at 1 X 107 it would be 64,000 to
96,000). The estimate of g (Kuhner et al. 1998a) was 790.15, indicative of slow
growth or a étable population. To dramatize this, consider that at this growth rate
the effective population is predicted to grow, assuming a mutation rate of 1 X 10®

(as defined above), by 60 individuals in 100 generations (approximately 100

years).
Veery

The Veery displays an estimate of 6, 0.2852, almost nine times higher
than in Bicknell's Thrush. This translates into an N, of 7,000,000 (95%
confidence interval of théta, 5.6 X 10°to 8.7 X 10°% in northeastem New York
State, Vermont and New Hampshire_assuming p = 1 X 10~ substitutions per site

per generation. The growth rate estimator g = 2598.14 suggests approximately.
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three times more rapid populationvgrowtﬁ than in Bicknell's fhrush. The predicted
growth over the next 100 generations would be almost 1900 individuals.
Gene Flow

Bicknell’s Thrush

Estimateé of gene flow based on Markov Chain Monte Carlo maximum
likelihood estimation via Migrate are shown in Figure 5.1A. This shows that all |
Bicknell's Thrush populations are connected by N,,> 1.0, that is at least one
individual per generation brings its genes into another sub-popqlation. When N,
- reaches or exceeds 1.0 migrant per generation a population hés sufficient gene
flow to counteract random genetic drift. Migrate alsb allows inference on the
direction of gene flow (Figure 5.1A). Note that there is at least some gene flow
indicated from the Catskills and Green Mountains to all other sub—popﬁlations
and that the amount of gene flow inferred is highest between the Catskills and
Adirondacks.
Veery

Figure 5.1B shows gene flow estimates for the Veery. As with Bicknell's
Thrush, all estimates of N,, exceed or are equivalent to 1.0. Migrate suggests an
essentially infinite amount of gene flow between the Green and White Mountains
(5.5 X 10°), reflecting the predominance of haplotype A in all sub-populations and
é lack of population subdivision.'Not only is the abundant haplotype A almost
evenly distributed across all mountain ranges, the three other haplotypes found
in more than one bird (B, C and D) occﬁrred in more than one region (see Figure

4.4). Although the inferred gene flow from the Green to White Mountains appears

110




far out of line, it is well to remember a value of Nm in excess of one is indicative
of panmixia and that levels in excess of four imply essentially infinite gene flow
and thus are not qualitatively different from any higher number. This result
indicates how artificial it is to define sub-populations for. this 'widespre‘ad species.
The next highest levels of gene flow, according to Migrate, appear to be from the
Catskills to the Adirondacks and from the White to the Green Mountains. The
direction of gene flow is from the Green Mountains to all other regions and to thé
Adirondacks from ;all other regions. The Catskills and White Mountains show a

mix of gene flow direction.

Discussion

Comparing the Population Genetics of Veery and Bicknell's Thrush in

Northeastern Mountain Ranges
It is noteworthy that Catskills samples of both Veery and Bicknell's Thrush
| differ from samples from other ranges in their greater sequence diversity. The
Catskills sub-populations exhibit the highest levels of gene diversity (h),
nucleotide diversity (r), and mean paifwise sequence difference (see Chapter 4
and Table 5.1). The Catskills sub-populations also showed the highest haplotype
diversity in both species, five in Bicknell's Thrush, and five in Veery (the Green
Mountains also had five Veery haplotypes). | would be more skeptical of this
pattern if it were not shown by both species. This may refledt the age of
settlemeﬁt 6f the Catskills sub-population as rare haplotypes are better

represented in older populations (Templeton 1998).
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It is also notable that the Catskills appear to show the genetic imprint of
being the first séttled region in the northeast for both species. A gradient from
more variable to less variable populations appears to be a signature of range
expansion (Templeton et al. 1995). It seems likely based on models of vegetation
range expansion from palynological and macrofossil analyses that the Catskills
were amenable to Bicknell's Thrush between 14,000 to 13,000 years before
present (YBP) (Delcourt and Delcourt 1987). | also sUggest that the species
arrived thereafter in the G.reen Mountains 12,000 to 11,000 Y?P, the
Adirondacks 11,000 to 10.000 YBP, and the White Mountainé 10,000 to 9,000
YBP. | base this hypothesis on the pattern of genetic diversity and the historical
pattern of range expansion in beech (Fagus grandifo)ia), maple (Acer spp.), and
hemlock (Tsuga canadensis) combined with the retreat of spruce (Picea spp.)
and fir (Abiés spp.) (Delcourt and Delcourt 1987). For instance, Davis et al.
(1980) showed that balsam fir (Abies balsamea), an important element of current
Bicknell's Thrush habitat (Sabo 1980), appeared in abundance in the White
Mountain pollen record ca.9000 YBP. For much of the period from ca.12,000
YBP to 9000 YBP it is likely that Bicknell's Thrush habitat wés more widespread
and at lower elevations than it is in the present. The retreat to the current
distribution along mountain ridges and summits probably took place 8000 to 7000
YBP during the hypsithermal interval (Pielou 1991 ) It has been demonstrated
that white pine (Pinus strobus) and hemiock ranged upward to 1000 m in the
White Mountains during this period (Davis et al. 1980), implying that suitable

Bicknell's Thrush habitat was above this elevation at the time.
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Similarly, the Veery probably arrived in the Catskills 11,000 to 10,000
YBP, the Green Mountains very soon thereafter, and the Adirondacks and White
Mountains 8000 to 7000 YBP. This is based on the pattemns of range expansion
of beech, maple, oak (Quercus spp.), and hemlock (Delcourt and Deélcourt 1987:
Davis et al. 1980).

Pattemé of gene flow between the Catskills and other ranges also appear
explicable for similar reasons. The directionv of gene flow is largely away from the
Catskills in the Migrate analysis, indicating the status of the Catskills as a source
of genetic variation in other mountain ranges. A notable exception is net gene
flow from the Green Mountains in the Veery, and from the White Mountains in
Bicknell's Thrush. The former seems biologically reasonable since it is likely that
during its post-glacial range expansion the Veeky may have reached the southern
Green Mountains from the Hudson Lowlands very soon after reaching the
Catskill region, thus making detection of a difference in net gene flow between
the Catskills and Green Mountains unlikely. -These mountain ranges are only 160
kilometers apart and the Veery probably re-settled the lowlands adjacent to them
fairly rapidly leading to scant differences in re-settlement time and thus a

| seemingly inconsistent direction of gene flow between them. The net gene flow
from fhe White Mouhtains to the Catskills in the Bicknell's Thrush, with its more
insular distribution, is less likély to be based on biology than a sampling artifact,
perhaps attributable to the makeup of the founder population in northern New
Hampshire. Large estimates of gene flow were generated between the Catskills

and Adirondacks for both thrushes. Given the close geographic proximity of the
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ranges and their positions in a north to south line it is not surprising that the
migratory Bicknell’s Thrush's and Veery's respective sub-populations should
exchange genes regularly adross the modest barriers of the Mohawk Valley and
intervening low ranges.

It seems probable that the Catskill sub-population of Bicknell's Thrush
initially built up to high numbers, enabling it to retain much genetic diversity even
after a long-term slow decline set in as the interglacial climate warmed.
Alternatively, the current level of gene flow with other mountgin ranges is
sufficiently high to retain the original level of genetic divéfsﬁy achieved upon
colonization. This explanation seems less likely than the former when one
considers the direction of gene flow inferred by ‘Migrate’. It is plausible that both
mechanisms contribute to the relatively high levels of genetic diversity evinced by
Catskills samples of both species.

Comparing Bicknell's Thrush to Veery

The salient difference between Veery and Bicknell's Thrush is the
paradoxically higher genetic diversity of Bicknell's Thrush, given its lower number |
of haplotypes overall, and its small, slowly growing population. Results from
‘Fluctuate’ reveal a Bicknell's Thrush population far smaller than Veery that is
increasing slole if at all. ‘Fluctuate’ estimates a very high population for
Bicknell's Thrush (ca. 800,000), relative to current field estimates of 25,000 to
50,000 (Rimmer et al. 2001). Thé high and positive Tajima’s D (1.8247) in
Bicknell's Thrush seems to indicate a population that has declined or one that is-

stable but not at drift equilibrium. Only the Catskill sub-population produced a
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comparably high level of Tajima’'s D. Given that this sub-population has almost
certainly declined since the interglacial temperature maximum ca. 8000 YBP, a
high Tajima’'s D may reflect this decline.

By contrast, in spite of low measures of Qenetic diversity, the Veery shows
all the earmarks of a rapidly growing population, exhibiting nﬁany apparently
young and scarce haplotypes along with a seemingiy older and abundant core
haplotype. A similar pattemn has been documented for the widespread and
common Greenfinch (Carduelis chloris) of Europe, attributed by Merila et al.
(1997) to growth out of southem European bottlenecked populations in glacial
refugia. Hewitt (1956) has also pointed out that genetic diversity might be lost at
an expanding range front as a species occupies new territory due to the
establishment of many small founder populations at the forefront of the
expansion: The significant negative value of Tajima's D (-1.8373) probably
indicates a rapid demographic expansion rather than the effect of selection on
the control region (Hartl and Clark 1997).

These data appeér to reflect the contrasting population histories of these
thrush species. The Bicknell's Thrush's range was much closer to the glacial
front at its maximum advance and this species has likely always maintained a
much smaller, more stable population with greater levels of genetic diversification
than Veery (i.e. fewer but more widely diverging haplotypes). They have also
been present in the northeast north of the maximum glacial advance at least two
to three thousand years Ibnger than Veery (see above). On the other hand, the

Veery shows signs of having spent time in a small, bottlenecked population-in a
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restricted refugium or refugia well south of the current southem boundary of its
modemn range. Although one cannot pinpbint the location of this refugium, the
vegetation maps in Delcourt and Delcourt (1987) suggest that it may have been
in the Mississippi Delta region. The rapid demographic expansion has nearly
obliterated much indication of the pattern of range expansion in the Veery.
However the genetic diversity gradient from the Catskills and Green Mountains to
the Adirondacks and White Mountains and the direction of the gene flow
indicated in Figure 5.1 sensibly suggest that settlement occurreq later in

northeastern New York and northem New Hampshire.

Summary

The higher levels of genetic diversity for both Bicknell's Thrush and Veery
seen in the Catskill samples sensibly suggest that the Catskills have indeed been
longer occupied than the more northerly Adirondack, Green and White
mountains. The differing patterns of genetic diversity, and coalescence estimates
of population growth and population size poiht to small populatiohs showing little
growth in Bicknell's Thrush versus much larger populations that have grown
much faster in the Veery. This result is consistent with presumptive bottlenecking
combined with a fairly rapid population increase and post-glacial range o
expansion in the Veery. Bicknell's Thrush seems to have had a stable population
with fairly high levels of dispersal to maintain genetic diversity. The high value of
Tajima's D in the Catskill Mountains may indicate a population decline in

Bicknell's Thrush at the southern edge of its range. The comparable gene flow
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results between the ®g; based estimates of Chapter Four and the coalescen§e~
based method used in this chapter emphasize the apparent mobility of Bicknell's
Thrush among mountain ranges.

Conservation of Bicknell’s Thrush should focus on habitat preservation
and the husbanding of its largest source populations (e.g. Mt. Mansfield,
Vermont; Mt. Washingtoﬁ, New Hampshire), as well as a major effort to preserve -
the limited w‘intering habitat on Hispaniola (C. Rimmer, pers. comm.). The Veery
appears to be in less danger‘ than Bicknell's Thrush, but it has gone through an
extended decline over the last three decades (Price et al. 1995), apparently due
to I;\abitat fragmentation and habitat loss on its South American wintering range
(Moskoff 1995). If these trends continue the Veery's apparent lack of genetic
diversity attributable to Pleistocene population bottlenecks may limit its ability to

adapt to global change in the near future.
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Diversity indices

ene Nucleotide Mean Pairwise

Diversity (h) Diversity (r) Difference

A. Bicknell's Thrush

Total 0.7010 0.005995 2.35
Adirondack 0.6889 0.006122 2.40
Catskill 0.8000 0.006546 2,53
Green Mt. 0.5256 0.005155 2.00
White Mt. 0.6889 0.004138 1.62
B. Veery
Total 0.6026 0.001699 0.67
Adirondack 0.3778 0.001023 0.40
Catskill . 0.7556 0.002444 _ 0.96
Green Mt. 0.6667 0.001538 0.60

White Mt. 0.6444 0.001913 0.76

Table 5.1. Measures of genetic diversity in Bicknell’'s Thrush and Veery for
the complete sample and among sub-populations.
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Figure 5.1. Patterns and rates of gene flow among mountain ranges for
Bicknell’s Thrush (A) and Veery (B). The boxes represent mountain ranges
roughly in relation to geographical position (ADK=Adirondacks, CAT=Catskills,
GMT=Green Mts., WMT=White Mts.). Lines among boxes represent gene flow
with arrow heads indicating the predominant direction of genetic exchange, and
the numbers representing the calculated number of breeding individuals
exchanged per generation (4N,) by the progr%m Migrate (Beerli and Felsenstein
1999).
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Appendix |

Thrushes Sampled in this Study

Complete band numbers, location information, and morphometric data for
Bicknell's Thrushes, Veeries and Gray-cheeked Thrushes captured in this study.

Date format includes Roman numeral to represent monith;
Age codes: SY=Second (calendar) Year, AHY=After Hatch Year:
Sex codes: M=Male, F=Female, U=Unknown sex
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Appendix II

Control Region Ill Sequences of Catharus thrushes

Aligned 395 bp sequence from control region Il of Bicknell's Thrush, Veery,
Gray-cheeked Thrush, Hermit Thrush, and Swainson’s Thrush.

Sample ID codes are derived from a single letter locality designation [G=Green Mt
C=Catskill Mt; A=Adirondack Mt; W=White Mt (for Bicknell's and Veery); L=Labrador;
N=Newfoundland (for Gray-cheeked)], a single letter species code (B=Bicknell's
Thrush; V=Veery; G=Gray-cheeked Thrush; H=Hermit Thrush; S=Swainson's Thrush)
a three digit (four in Swainson’s) numerical code for each bird, and the single letter 1
within-species haplotype code. -
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Bicknell’s Thrush (continued)
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Bicknell's Thrush (continued)
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Bicknell’s Thrush (continued)
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Gray-cheeked Thrush, Hermit Thrush, Swainson's Thrush (continued)
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