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ABSTRACT

The three chapters presented in this thesis use molecular markers to examine the
evolutionary history of three groups of widespread Neotropical birds. In chapter one, I
found that Amazilia tzacat! forms a monophyletic clade and exhibits four genetic clades:
Atlantic and Pacific slopes of Middle America, South America, and Isla Coiba. The
Escudo Hummingbird (4. ¢. handleyi) is probably not a full biological species. Specimens
from the eastern Darien province of Panama suggest that individuals from Middle and
South America colonized this area within the past 25 years. In chapter two, I recovered
an unresolved polytomy between Henicorhina leucosticta and its purported sister species,
H. leucoptera. Mitochondrial DNA suggests a South American origin for H. leucosticta-
leucoptera wood-wrens. In contrast to previous studies, I recovered high levels of
structure among Middle American populations contradicting the hypothesis of a recent
Middle American expansion. In chapter three, phylogenetic reconstructions support the
merging of the genus Eulampis into Anthracothorax, but the inclusion of Avocettula is
not supported. Biogeographically, ancestral area reconstructions support the radiation of
Anthracothorax mangos out of the West Indies onto the mainland, which represents the
first recognized example of mainland colonization by West Indian taxa for the family

Trochilidae.
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GENERAL INTRODUCTION

Phylogeography examines historic patterns of differentiation in relation to the
geographic distribution of taxa (Avise 2000). This is accomplished by examining the
current and historic distribution of a taxon in the context of its gene genealogy (Avise
2000). The integration of phylogenetics and geographic distribution enable us to infer
past events such as population expansion, vicariance, migration, and population
bottlenecks. In addition, phylogeographic methods can help managers prioritize areas of
conservation importance by helping to define evolutionarily significant units (ESU;
Moritz 1994).

Historic patterns of differentiation in the Neotropics are of particular interest due
to the region’s high levels of species diversity (Hillebrand 2004), its relative
environmental stability (Bates et al. 1998), lower relative rates of evolution (Weir and
Schluter 2004), and relatively recent major geological changes (e.g., Andean uplift:
Gregory-Wodzicki 2000; closure of the Isthmus of Panama: Coates et al. 1992).
Examination of a geographically broad sampling of a taxon’s distribution using
molecular methods offers the opportunity to study the patterns and possible mechanisms
associated with this region’s unique attributes.

The incorporations of samples throughout a taxon’s known distribution also
allows us to reassess phenotypically-based subspecific groups using phylogeographic
methods, which is an integral part of properly identifying ESUs (Mortiz 1994; Zink
2004). For conservation purposes, the identification of subspecies based on phenotype

alone might lead to the misallocation of conservation funding (Zink 2000; Zink 2004).



Thus, the use of both phenotypic and genotypic data in identifying taxa is important for
the management and preservation of biological diversity.

My thesis uses phylogeographic and population genetic approaches to examine
historic patterns of differentiation in three groups of widespread lowland Neotropical
birds. The first and second chapters are single species phylogeographic studies, which
use mitochondrial DNA (mtDNA) to examine both taxonomic and geographic structure
throughout each taxon’s distribution. The third chapter uses both nuclear and mtDNA to
reconstruct the phylogeny of a widespread Neotropical hummingbird genus. In all three
cases, I used reconstructed gene genealogies to identify expanding populations,
geographically important geologic features, examine taxonomic relationships using
molecular methods, and test phylogeographic hypothoses associated with each species.
The results of these three studies should provide important baseline data and new insights

into the phylogeography of lowland Neotropical birds.

REFERENCES

Avise, J. C. 2000. Phylogeography: the history and formation of species. Harvard
University Press. Cambridge, MA.

Bates, J. M., Hacket, S. J. and Carcraft, J. 1998. Area relationships in the Neotropical
lowlands: an hypothesis based on raw distributions of birds. Journal of
Biogeography 25:783-793.

Coates, A. G., J. B. C. Jackson, L. S. Collins, T. M. Cronin, H. J. Dowsette, L. M. Bybell,
P. Jung, and J. A. Obando. 1992. Closure of the Isthmus of Panama — The near-
shore marine record of Costa Rica and western Panama. Geological Societies of

America 104:814-828.

Gregory-Wodzicki, K. M. 2000. Uplift history of the central and northern Andes: a
review. GSA Bulletin 112:1091-1105.



Hillebrand, H. 2004. On the generality of the latitudinal diversity gradient. The American
Naturalist 163:192-211.

Moritz, C. 1994. Defining "evolutionary significant units" for conservation. Trends in
Ecology and Evolution 9:373-375.

Weir, J. T., and D. Schluter. 2004. Ice sheets promote speciation in boreal birds.
Proceeding of the Royal Society of London B 271:1881-1887.

Zink, R. M. 2000. The shifting roles of dispersal and vicariance in biogeography.
Proceeding of the Royal Society of London B 267:497-503.

Zink, R. M. 2004. The role of subspecies in obscuring avian biological diversity and
misleading conservation policy. Proceeding of the Royal Society of London B
271:561-564.




PHYLOGEOGRAPHY OF THE RUFOUS-TAILED HUMMINGBIRD
(AMAZILIA TZACATL)'

The Rufous-tailed Hummingbird (Amazilia tzacatl) is a common resident of the
Neotropical lowlands of Middle America and northern South America. It occurs from
southeastern Mexico to southwestern Ecuador and western Venezuela, and five
subspecies are recognized. Mitochondrial DNA (mtDNA) sequence variation from across
most of the species’ range showed four principle clades, three from Middle America and
one from South America. The two main Middle American clades represent a relatively
deep split (1.2%) between an Atlantic population that ranges from southeastern Mexico
to central Panama and a population on the Pacific Slope of Panama. The third clade was
made up mostly of birds from Isla Coiba, Panama; and the final clade, which differed
from Middle American populations by 1.4%, was South American. The Escudo
Hummingbird (4. ¢. handleyi), an endemic to Isla Escudo de Veraguas, Panama, and
sometimes considered a separate species due to its larger size, did not have unique
mtDNA haplotypes. Rather, 4. t. handleyi was nested within the Atlantic Slope
haplogroup. Specimens from the eastern Darien province of Panama suggest that this area
was colonized within the past 25 years by individuals from the Pacific Slope (4. ¢

tzacatl) and South American populations (4. ¢ jucunda).

' M. J. Lelevier, M. J. Miller, E. Bermingham, J. T. Klicka, P. Escalante, K. Winker.
2008. Prepared for The Condor. Phylogeography of the Rufous-tailed Hummingbird
(Amatzilia tzacatl).



INTRODUCTION

The Rufous-tailed Hummingbird (Amazilia tzacatl) is a common resident of the tropical
and subtropical zones in the Neotropics, with a range that spans 28 degrees of latitude
from southeastern Mexico to southwestern Ecuador and western Venezuela (Skutch
1931, Peters 1944, Schuchmann 1999). Within the hummingbird subfamily Trochﬂinae,
A. tzacatl can be characterized as a generalist that inhabits a myriad of habitats, including
humid forest edges, clearings, gardens, bushy coastal habitats, gallery and mangrove
forests, and, rarely, dense forest or habitats above 1200 m (Skutch 1931, Wetmore 1968,
Schuchmann 1999). Within its range, A. tzacatl is often the most commonly observed
hummingbird (Skutch 1931, pers. obs.). Our study is the first to use molecular methods to
examine the species’ evolutionary history.

Currently, 4. tzacatl is separated into five subspecies based on morphology and
minor plumage variation. The nominate race, 4. t. fzacatl (De la Llave 1832), is
distributed from southern Mexico to the eastern Panama province of Panama (Weller and
Schuchmann 1999, Schuchmann 1999). The range of A. ¢ fuscicaudata (Fraser 1840)
extends from western Venezuela into northwestern Colombia (Schuchmann 1999).
Traditionally, A. ¢. fuscicaudata has been merged into 4. ¢. tzacat/, but Weller and
Schuchmann’s (1999) study of morphological variation demonstrated that the strictly
South American A. t. fuscicaudata is significantly smaller than the Middle American
race, A. t. tzacatl. A. t. jucunda (Heine 1863) is found from the Choco region of western
Colombia to southern Ecuador (Schauensee 1948). The island endemic A. ¢. handleyi

(Wetmore 1963), found only on Isla Escudo de Veraguas, Panama, was initially
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described as an allospecies based on its considerably larger size and darker plumage’
(Wetmore 1959, Wetmore 1963), but recent literature has considered it a subspecies of A.
tzacatl (Ridgely 1976, Schuchmann 1999). The fifth subspecies, A. t. brehmi (Weller and
Schuchmann 1999), was recently described as endemic to the upper Rio Guiza valley in
Narifio, Colombia. Finally, several surveys have demonstrated that a distributional gap
exists between Middle and South American populations in the eastern Darien Province of
Panama (Wetmore 1968, Robbins et al. 1985).

Within its Middle American populations, excluding the Isla Escudo form, 4.
tzacatl shows a clinal decrease in size with decreasing latitude, with the largest
individuals found in Mexico (Weller and Schuchmann 1999). Within South American
races, A. t. fuscicaudata also shows clinal variation in size, with southern populations
slightly larger, and 4. ¢. jucunda shows the opposite trend, with individuals from
Colombia tending to be slightly larger than individuals from southern Ecuador (Weller
and Schuchmann 1999). Individuals of the recently described A. ¢. brehmi differ
significantly in size from adjacent populations of both 4. ¢. jucunda and A. t. fuscicaudata
(Weller and Schuchmann 1999). Although subspecies vary in size, only minor variations
in plumage characters have been described; the species is rather uniform in appearance
throughout its range (Wetmore 1963, Weller and Schuchmann 1999).

Based on plesiomorphic plumage characters and intrageneric relationships, Weller
and Schuchmann (1999) postulated that the zoogeographic center of the species’ range is
located in northern Colombia. This was based on the observation that A. ¢. fuscicaudata

represents the smallest subspecies of the group, sharing most of its plumage characters



with the remaining subspecies. In particular, the width and shape of the bronze-green
margins of the rectrices remains the only described plumage character that distinguishes
A. t. fuscicaudata from the other South American subspecies, and this character is shared
with all Middle American taxa. Additional evidence given was that 4. tzacatl is purported
to form a superspecies with the range-restricted South American endemic 4.
castaneiventris, not as previously suggested with 4. rutila and A. yucatanensis, which are
restricted to Middle America (Schuchmann 1999). The predominance in South America
of most of the species’ subspecific variation also supports the notion of a South American
origin. Weller and Schuchmann’s (1999) hypothesis of a South American origin for the
species is based solely on phenotypic and inferred intrageneric relationships; it has not
been tested using molecular methods.

Here we investigate the magnitude and geographic structure of mitochondrial
DNA (mtDNA) throughout the range of 4. #zacatl. Genetic comparisons of Middle and
South American populations will help identify historic patterns of differentiation, identify
possible undescribed geographic variation, test Weller and Schuchmann’s (1999)
hypothesis of a South American origin for the species, and potentially identify contact

zones between differentiated and expanding populations.

METHODS
TAXON SAMPLING
We sampled 95 individuals from 30 different localities within the range of 4. fzacatl. We

chose these localities to maximize geographic and subspecific coverage within the



species (Figure 1.1). We sampled one to ten individuals from each locality based on the
availability of vouchered specimens. In addition to A. tzacatl, we obtained GenBank
sequences of 20 closely related hummingbird species from seven genera for use as
outgroups (McGuire et al. 2007). We obtained tissue samples from institutions listed in

the Appendix (1.1).

AMPLIFICATION AND SEQUENCING
We extracted DNA from muscle tissue and feathers using the QIAamp DNA extraction
kit (Qiagen) and, for feathers, a modified protocol from Taberlet and Bouvet (1991). We
amplified the entire ND2 mitochondrial gene (1041 bp) via polymerase chain reaction
using published and unpublished primers: L5215 (Hackett 1996), H6313 (Johnson and
Sorenson 1998), and internal ND2-HUMS525 (5’- CCGAAAAATCCTAGCCTTCT-3).
All amplifications used 20 pl reactions on an MJ Research Model PTC-200 Peltier
thermal cycler and the protocols of Hackett (1996). We used electrophoresis on low-
melting-point agarose gels to visualize PCR products. Typically, we observed a single
amplification product, which was cut from the gel and cleaned using GELase™ Agarose
Gel-Digesting Preparation and the “Fast Protocol” method (Epicentre Technologies,
Madison, Wisconsin).

Purified amplification products were cycle-sequenced using the ABI Big Dye
Terminator Cycle Sequencing Kit with QuiagenTaq Polymerase (Applied Biosystems,
Inc., Forest City, CA) and the aforementioned primers for 25 cycles under the following

conditions: 96° C for 10s, 50° C for 15s, and 60° C for 4 min. The cycle-sequencing



product was purified over Centri-Sep columns (Princeton Separations, Inc., Adelphia,
NJ). Following ethanol precipitation, we resuspended sequencing products in Template
Suppression Reagent (Applied Biosystems), and fragments were visualized on an ABI

Prism 3130 automated sequencer (PE Applied Biosystems).

PHYLOGENETIC ANALYSES

We aligned sequence data by eye using Sequencher 4.6 (Gene Codes Corporation, Ann
Arbor, MI). Only data with clean chromatograms with a high signal to noise ratio and
without double peaks (which would indicate co-amplification of mitochondrial and
nuclear loci) were used. Aligned sequences were visualized in MacClade 4.06 (Sinauer
Associates, Inc., Sunderland, MA) to identify reading frames.

We reconstructed phylogenies using maximum likelihood (ML) methods in
GARLI version 0.951 (Zwickl 2006) and Bayesian methods in MrBayes 3.1 (Ronquist
and Huelsenbeck 2003). Following analyses using the data from 20 closely related
hummingbird species, we designated A. yucatanensis and A. rutila as our outgroup taxa
in all subsequent phylogenetic analyses.

We determined the model of molecular evolution for both ML and Bayesian
analyses using the Akaike information criterion (AIC; Akaike 1973, Posada and Buckley
2004) in ModelTest (Posada and Crandall 1998). An HKY + G model of molecular
evolution (Hasegawa et al. 1985) was selected as the best fit (-In L = 3078.0569), with

the following parameters: unequal base frequencies (A = 0.3175,C=0.3323,and G =

e S S0 AL G NS DMK A EEAE m e e e = -
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0.1079), transition/transversion ratio = 12.6573, and shape parameter = 0.1069. We
assessed node support in the likelihood tree using 1000 ML bootstrap iterations.
Bayesian analyses using the HKY + G model of molecular evolution had
parameters estimated in a preliminary run using flat parameters. In addition, we also ran
analyses under the HKY + specific sites (SS) model, in which the data were partitioned
by codon site. We ran four Markov Chains for 10,000,000 generations, sampling one tree
every 10,000 generations. Approximately 30,000 generations were required for the
Markov chains to reach convergent and stable likelihood values. We therefore set the
burnin to 30,000 and constructed a strict consensus tree using the remaining 997 trees in
PAUP* (ver. 4b10, Swofford 1999). Node support in the Bayesian tree was assessed

using posterior probabilities.

HISTORICAL DEMOGRAPHIC ANALYSES

We made inferences of demographic expansion using estimates of Fu’s Fyand Romis-
Onsins and Rozas’ (2002) R;, calculated using dnaSP 4.2 (Rozas et al. 2003). We applied
these statistical analyses at several levels: Entire Range, Middle America, South America,
island populations, and major clades resolved by phylogenetic analyses. Statistical
significance values for the estimates were calculated based on 1000 coalescent
simulations using a model of constant population size (Rozas et al. 2003). Mismatch
distributions were also calculated to compare demographic histories of the major clades.
We calculated the expected frequencies of the number of nucleotide substitutions under a

model of rapid expansion and the frequencies of randomly chosen individuals differing
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by a given number of nucleotides using dnaSP 4.0 (Rozas et al. 2003). Observed and

expected frequencies were then plotted into mismatch distributions, and smoothness of
the Poisson distributions were calculated using Harpending’s (1994) raggedness index,
which compares the observed and expected distributions to quantify the smoothness of
the distribution of observed pairwise differences. We calculated statistical significance

for these analyses based on coalescent simulations.

RESULTS

We obtained 1041 bp ND2 data from 95 individual A. tzacatl ranging from southern
Mexico to south-central Ecuador and representing each of the three historically-accepted
subspecies (Appendix 1.1). Fully 259 of 1041 (24.8%) sites were variable, and of these
131 (50.5%) were parsimony-informative; 52 unique haplotypes were present.
PHYLOGENETIC ANALYSES

Maximum likelihood analysis resulted in a single most likely tree (-In L = -3301.4247),
with 4. tzacat! forming a monophyletic clade in relation to the outgroup taxa. As was
previously established by McGuire et al. (2007), the genus Amazilia as currently
recognized does not represent a monophyletic group. In the phylogeny produced by
McGuire et al. (2007), A. tzacatl was placed sister to A. rutila, but their study did not
include A. yucatanensis. When the latter was added to McGuire et al.’s (2007) ND2 data,
ML analysis showed that the 4. tzacat! clade was part of a strongly supported clade
containing 4. yucatanensis and A. rutila, with A. tzacatl and A. yucatanensis sister to one

another (not shown). Within 4. tzacatl, ML analysis resulted in three well-supported
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(bootstrap > 85%) clades (Pacific Slope of Panama, Atlantic Slope of Middle America,
and South America) and a moderately supported Isla Coiba clade (64% bootstrap support;
Figure 1.2). Relationships among these clades were not well resolved; they effectively
comprised a polytomy.

The South American clade, encompassing the eastern Darien province of Panama
and south-central Ecuador (Figure 1.2) was well supported, although its placement as
sister to the rest of the group had low bootstrap support (51%). Due to lack of support this
node was collapsed (Figure 1.2).

The well supported (85% bootstrap support) Pacific Slope clade was divided into
two sister clades that differed by 0.67% uncorrected sequence divergence (Figure 1.2).
One consisted of Pacific Panamanian populations (94% bootstrap support) from the
Azuero Peninsula to the Burica Peninsula on the border of Costa Rica, and the other was
represented by populations spanning the eastern Darien province of Panama.

The Atlantic Slope clade, representing populations from southern Mexico to
central Panama, was well supported (94% bootstrap support). 4. ¢ handleyi, endemic to
Isla Escudo de Veraguas, Panama, formed a moderately supported (60%) monophyletic
clade, but it was nested within the larger Atlantic Slope clade, differing by 3 fixed base
pairs (bp; Figure 1.2). The Pacific Slope and Atlantic Slope clades differed by 1.2%
uncorrected sequence divergence.

The remaining Isla Coiba clade was moderately supported (64% bootstrap

support). In addition to including all the individuals from Isla Coiba, this clade also
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included a single individual from the highlands of northern Costa Rica, but this clade did
not include individuals from the adjacent mainland of Panama.

Bayesian analyses also recovered the four principle clades found in maximum
likelihood (ML) analyses. Relationships among these clades were well supported, with
posterior probabilities ranging from 0.90 to 1.0 (Figure 1.2). Topological differences
between Bayesian and ML analyses only existed at more terminal, poorly-supported
nodes. The differences occurring near branch tips were most likely due to few

informative characters between closely-related haplotypes.

RANGE EXPANSION
Recent fieldwork by the University of Alaska Museum (UAM) and the Smithsonian
Tropical Research Institute (STRI) has raised questions about the allopatric distribution
of the Middle and South American populations of 4. fzacatl. In 2003, two A. tzacatl were
collected at Pifias Bay in the eastern Darien province of Panama. In 1945 and 1946, an
extensive two-month survey of this locality did not find 4. tzacatl (Wetmore 1946, 1959).
In 2005, three A. tzacatl were collected at the Cana Ecotourism Lodge in the Darien. In
1982 a month-long survey of the avifauna in and around Cana did not find 4. zacat/
(Robbins et al. 1985). Thus, the recently collected specimens appear to represent a range
expansion into eastern Darien by 4. tzacat!.

The five Darien specimens from the eastern edge of the province were split
between the Pacific and South American clades and were 1.45% divergent (uncorrected

sequence divergence). Thus, phylogenetic reconstructions showed that the Darien is
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being colonized by both Middle and South American clades (Figure 1.2), with different
individuals collected from a single locality representing the most divergent clades found

in our study.

HISTORICAL DEMOGRAPHIC ANALYSES

Populations from mainland Middle America, representing specimens from both the
Pacific and Atlantic slopes, comprised the only group that had significant (P < 0.05)
negative Fu’s F and R, values, suggesting a rapid demographic expansion. The non-
significant values for the remaining groups suggested relatively stable demographic
histories for these lineages (Table 1.1). In our analyses, the Pacific Slope group was the
only one to have a significantly low (P < 0.05) raggedness value, suggesting a
demographic expansion (Table 1.1). In addition, the mismatch distributions for the
Middle American, Atlantic Slope, and Pacific slope groups were the only distributions

showing the characteristics of a smooth Poisson distribution.

DISCUSSION

TAXONOMIC SIGNAL

Phylogenetic analyses recovered three well-supported clades and one moderately-
supported clade. The relatively high level of divergence (1.4%) between Middle and

South American clades is reflected in the recognized differentiation between the South

American and Middle American subspecies A. t. jucunda and A. t. tzacatl.
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The nominate subspecies (4. t. zacatl), which is distributed throughout Middle
America, did not form a monophyletic clade. Specimens representing A. t. tzacatl were
included in three separate clades: Pacific Slope, Atlantic Slope, and Isla Coiba. 4. ¢.
handleyi, the Panamanian island endemic, represented a unique haplogroup, differing by
3 fixed bp differences from Atlantic Slope haplotypes of A4. ¢. tzacatl (Figure 1.2).
Because Isla Escudo de Veraguas only separated from the mainland of Panama 8,900
years ago (Summers et al. 1997), low levels of differentiation between 4. . tzacat! and A.
t. handleyi were expected. Because mtDNA data do not constitute a test of subspecies
validity (being unconnected to the phenotypic characters used to describe subspecies), we
make no subspecific taxonomic recommendations from this study. We can observe,
however, that present subspecific designations in Middle America do not adequately
reflect the species’ evolutionary history as revealed by mtDNA. Further population-level
work on the Atlantic and Pacific slope populations with additional genotypic and

phenotypic data could help clarify this apparent discrepancy.

PHYLOGENETIC STRUCTURE

Phylogenetic reconstruction placed 4. tzacat! in a clade containing A. yucatanensis and A.
rutila, both of which are restricted to Middle America (Schuchmann 1999). This
association suggests a possible Middle American origin for 4. zacatl, but the inclusion of
the purported sister species, A. castaneiventris, which was only recently rediscovered
after 25 years (Cortes-Herrera et al. 2004), is needed to substantiate the sister relationship

between A. zacatl and A. yucatanensis suggested by our data.
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Within A4. tzacatl, phylogenetic reconstruction placed the South American
subspecies A. t. jucunda sister to the entire group, although this placement was not well
supported, and demographic analyses showed that specimens from mainland Middle
America represented a demographic expansion. Sufficient specimens were not available
to examine the genetic demographic history of the species’ South American distribution;
thus, we were unable to determine whether the South American populations were
historically stable. The significant R; and Fu’s F; values from demographic analyses
support Weller and Schuchmann’s (1999) assertion that A. tzacatl originated in South
America and subsequently expanded into Middle America; however intrageneric
relationships may contradict the results of the demographic analyses. Thus, more
extensive sampling within the species’ South American distribution and the inclusion of
A. castaneiventris will be required to fully test this hypothesis.

Specimens from Isla Coiba, off the Pacific coast of western Panama, comprised a
unique clade that was least divergent (0.5%) from the Pacific Slope haplogroup and
equally divergent (0.7%) from the South American and Atlantic Slope haplogroups. But
the Isla Coiba clade included a single individual from the highlands of northern Costa
Rica, with the remaining individuals from the Pacific slope of northern Costa Rica nested
within the Atlantic Slope clade (Figure 1.2). The inclusion of this individual suggests the
possible placement of this clade as sister to the Atlantic Slope. The Isla Coiba population
may represent an early colonization of the Pacific slope by the species.

Evidence of morphological variation between the Pacific and Atlantic slopes of

Middle America has yet to be described or observed, but the relatively high level of
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genetic divergence (1.2%) suggests that the two populations, Atlantic and Pacific, have
been isolated for a considerable period. Secondary contact between these two populations
is seen only near Santa Fe, Veraguas, Panama, which lies within a low section of the
Cordillera Central at 1200 m elevation. In addition, specimens from the lowlands of
northern Costa Rica near the northern limits of the Cordillera Central were nested within
the Atlantic Slope clade (Figure 1.2). The relatively high level of sequence divergence
between specimens from the Atlantic and Pacific slopes, the occurrence of Atlantic Slope
haplotypes at the northern extent of the mountain range, and the single area of secondary
contact suggest that the Cordillera Central represents a fairly effective long-term barrier

to gene flow in this species.

RECENT DARIEN RANGE EXPANSION

Our finding that recent specimens from the Darien represent both Middle and South
American haplotypes suggests that an historic gap between these populations/subspecies
has recently been colonized, bringing formerly allopatric populations into parapatry and
even syntopy. This recent colonization of the densely forested eastern Darien by an open-
country generalist may be correlated with forest cover change. Development of the Pan-
American Highway has caused increases in logging and agriculture, and Dasmahapatra et
al. (2002) suggested that this habitat change facilitated the movement of a hybrid zone
between two Anartia butterfly species. Forests in Colombia have also undergone
increased development; between 1930 and 1980, areas covered with pasture increased

from 26% to 53% (Vina and Cavelier 1999). This suggests a trend toward conversion of
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mature tropical forest into pastures for cattle and ranching. Changes in forest cover in
both eastern Panama and Colombia may have facilitated 4. tzacat!’s recent colonization
of the Darien.

In sum, Amazilia tzacatl is a monophyletic clade in relation to its closest relatives
and exhibits four genetic clades: Atlantic and Pacific slopes of Middle America, South
America, and Isla Coiba (the latter perhaps an early colonization of the Pacific Slope
from the Atlantic Slope). To some extent the mtDNA clades corresponded with
recognized subspecies, but there was disagreement as well, especially in the well-
supported Atlantic and Pacific slope mtDNA clades, which are presently considered to be
the nominate form A. ¢. tzacatl. The Escudo Island form is probably not a full biological
species. Two contact zones are identified, both in Panama. One is between Atlantic Slope
and Pacific Slope clades in Middle America, and the other, in the Darien, between Pacific
Slope and South American clades; the latter appears to be recent. The syntopic
occurrence in Darien, Panama of individuals from the deepest genetic split in the species
suggests reproductive compatibility is retained between them. Thus, no cryptic species

seem to occur within this taxon, neither phylogenetic nor biological.
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Figure 1.1 Geographic distribution of Amatzilia tzacatl. Shaded areas delineate the species’
range, and sampling localities are represented by the symbols in the legend, with each symbol
corresponding to clades recovered in phylogenetic reconstructions.














































































































































































