The Auk 122(2):464-478, 2005
© The American Ornithologists’ Union, 2005.
Printed in USA.
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GENETICS: A COMPARISON OF NORTH AMERICAN FORMS AND
MIGRATORY HABITS
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AssTrACT.—We assessed the effects of range disjunction, migratory habit, colo-
niality, and habitat structure on the genetic differentiation of North American
Burrowing Owl (Athene cunicularia) populations. Burrowing Owls in North America
comprise two forms or subspecies: A. c. floridana in Florida, separated by ~1,500 km
from the western form, A. c. hypugaea, which ranges from Texas to California and
north to southern Canada. Burrowing Owls tend to be loosely colonial, and both
the Florida populations and southerly populations of A. c. hypugaea from California
to Texas are nonmigratory. To assess genetic structure, we examined 201 indi-
viduals from nine western and six Florida populations at seven highly variable
microsatellite DNA loci. Mean gene diversity (H, ) was higher in the west than in
Florida (0.539 and 0.341, respectively; P < 0.05). Populations within subspecies were
essentially panmictic (A. c. floridana: 6 = 0.038, p = 0.014; A. c. hypugaea: 6 = 0.014,
p =0.009) and even genetic differentiation across subspecies was modest (6 = 0.051,
p = 0.014). Nevertheless, the western and Florida forms were easily distinguished
by any of several criteria, such as allelic absences in Florida, assignment tests, and
well-supported branches on the inferred phylogenetic tree. Genetic differentiation
was at least twice as great in resident Florida (6 = 0.038) and California (6 = 0.021)

_ populations as in migratory western populations (6 = 0.012), though 95% confi-
dence intervals of theta estimates overlapped. We found no evidence of a genetic
bottleneck that would result in evolutionary disequilibrium within subspecies. In
the west, high observed heterozygosity values and evidence of gene flow suggest
that population declines and patchy habitat, which currently imperil this species
throughout much of its range, have not led to inbreeding or biologically meaningful
genetic differentiation among the sampled populations. Received 21 December 2003,
accepted 12 September 2004.
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Genética Poblacional de Athene cunicularia: Una Comparacion entre las Formas de
Norteamérica y Entre Habitos Migratorios

ResuMmEeN. —Determinamos los efectos de las disyunciones del rango, de los
hdbitos migratorios, de la colonialidad y de la estructura del habitat sobre la
diferenciacién genética de poblaciones de Athene cunicularia. En Norteamérica esta
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especie comprende dos formas o subespecies: A. c. floridana en Florida, separada
por ~1500 km de la forma del oeste, A. c. hypugaea, que se distribuye desde Texas
hasta California y hacia el norte hasta el sur de Canada. Athene cunicularia tiende a
ser semi-colonial y tanto las poblaciones de Florida como las poblaciones surefias
de A. c¢. hypugaea de California hasta Texas no son migratorias. Para determinar la
estructura genética, examinamos siete loci variables de ADN microsatelital en 201
individuos de nueve poblaciones del oeste y de seis poblaciones de Florida. La
diversidad genética promedio (H, ) fue mayor en la poblacion del oeste que en la
de Florida (0.539 y 0.341, respectivamente; P < 0.05). Las poblaciones dentro de las
subespecies fueron esencialmente panmicticas (A. c. floridana: 6 = 0.038, p = 0.014;
A. c. hypugaea: 6 = 0.014, p = 0.009), e incluso la diferenciacién entre las subespecies
fue modesta (6 =0.051, p =0.014). Sin embargo, las formas del oeste y las de Florida se
distinguieron facilmente por cualquiera de varios criterios, tales como la ausencia de
alelos en Florida, pruebas de asignacion, y ramas fuertemente apoyadas en el arbol
filogenético inferido. La diferenciacion genética fue por lo menos dos veces mayor
en las poblaciones residentes de Florida (8 = 0.038) y California (6 = 0.021) que en
las poblaciones migratorias del oeste (6 = 0.012), aunque los intervalos de confianza
del 95% de las estimaciones de zeta se sobrepusieron. No encontramos evidencia de
un cuello de botella que podria resultar en un desequilibrio evolutivo dentro de las
subespecies. En el oeste, los valores altos de heterocigocidad y la evidencia de flujo
génico sugieren que las disminuciones poblacionales y la fragmentacion del habitat,
que actualmente amenaza a esta especie a través de gran parte de su rango, no han
causado endogamia o alguna diferenciacion genética biolégicamente significativa

465

entre las poblaciones muestreadas.

SENSITIVE POPULATION GENETICS tools, such as
microsatellite DNA markers, can reveal fine-
scale differentiation and provide insights into
population connectivity and demographics,
characteristics that are often difficult to assess
through field studies (Koenig et al. 1996). Range
disjunctions and degree of philopatry are among
the host of factors that can drive differentiation
among populations. Those forces may be impor-
tant in determining the genetic structure of the
Burrowing Owl (Athene cunicularia), a grassland
species that tends to occur in a patchy distribu-
tion on the landscape and was traditionally
considered fairly philopatric. Here, we assess
the influence of those forces and, to a lesser
extent, the influence of coloniality and habitat
structure on the genetic structure of popula-
tions of Burrowing Owls in the United States.
The North American forms have at times been
classified as distinct subspecies (e.g. American
Ornithologists” Union 1983)—A. c. hypugaea in
western North America (hereafter referred to as
“the western form”) and A. c. floridana in Florida
(“the Florida form”). The range of the western
form stretches from northern Mexico through
Texas and California in the south and from
Washington and North Dakota in the north,

with populations extending into three of the
western Canadian provinces (Fig. 1).

The western form comprises three main
population types, including migratory, resident,
and nonbreeding (Fig. 1). Most individuals that
breed in the United States and Canada migrate
south during September and October and
return north in March and April, though tim-
ing can vary and little is known about migra-
tion routes and destinations (Haug et al. 1993).
A small percentage of Burrowing Owls from
migratory populations may remain on their
breeding grounds year-round (e.g. Martin 1973,
Butts 1976). Individuals of resident populations
in southern California, northern Mexico, and
Florida breed and overwinter in an area with-
out a significant migration (Haug et al. 1993);
whereas nonbreeding populations in Mexico
consist of individuals from migratory popula-
tions during the winter months.

Breeding populations of the western form are
separated from the Florida form by ~1,500 km.
Desmond et al. (2001) found a mitochondrial
cytochrome-b sequence divergence of 0.7%
across that range disjunction, which leads to
an estimate of 350,000 years since divergence.
The range disjunction is similar to that found
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Fic. 1. Burrowing Owl distribution in North America and Mexico, including A. c. hypugaea in the
west and A. c. floridana in Florida. Six migratory and nine resident populations were sampled for

genetic analyses.

between the Western Scrub-Jay (Aphelocoma
californica) and the Florida Scrub-Jay (A. coerule-
scens), which are currently considered distinct
species (American Ornithologists” Union 1995).
In contrast to the sequence divergence between
the western and Florida forms of Burrowing
Owl, Desmond et al. (2001) found no sequence
differences among three individuals from
Nebraska, California, and Baja California.

High philopatry will tend to lead to low
gene flow and increased differentiation among
populations. Migratory habit is related to
philopatry, because resident species of birds
tend to have lower dispersal rates than migra-
tory species (Paradis et al. 1998). Millsap and
Bear (1997) found a much higher re-encounter
rate for banded Burrowing Owls in a resident
Florida population (41%, n = 601) than did Lutz
and Plumpton (1999) for a migratory Colorado

population (8%, n = 555). Mean natal dispersal
distance was much lower in the Florida popula-
tion than in a migratory Manitoba population
(Haug et al. 1993), and breeding-site fidelity
was much higher in the Florida population as
compared with migratory populations. Finally,
mate fidelity was very high in Florida (92%,
n = 59 pairs), whereas migration tends to sepa-
rate breeding pairs in migratory populations
(Lutz and Plumpton 1999), a trend that may be
applicable to the resident and migratory popu-
lations of partially migratory species (i.e. those
with resident and migratory components). On
the basis of the evidence just presented, we pre-
dicted that genetic differentiation would be more
pronounced in resident California and Florida
populations than in migratory populations.
Two additional factors that may promote
genetic differentiation among populations
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are colonial breeding and the landscape-level
structure of breeding habitat. Burrowing Owls
tend to nest in loose aggregations or colonies,
though they also nest as single pairs. Friesen
(1997) suggested that coloniality may contribute
to differentiation among colonial waterbirds by
producing geographic clumping, with individ-
uals more likely to return and breed with indi-
viduals in their natal or neighboring colonies.
Habitat structure may also play a role in pat-
terns of differentiation, even among taxonomi-
cally similar groups. McDonald et al. (1999)
showed that gene flow was considerably higher
in Western Scrub-Jays than in Florida Scrub-
Jays, which was attributable, at least in part, to
the patchy, discontinuous nature of the sand-
pine scrub habitat to which the Florida species
is restricted. Burrowing Owl habitat in Florida
has been historically restricted to the prairies of
central Florida, whereas suitable habitat for the
Western Burrowing Owl has historically been
more extensive and well connected.

Burrowing Owls have been declining in
many parts of their range, particularly at the
periphery (Wellicome and Holroyd 2001).
Gene flow among declining populations may
decrease as a result of limited recruitment and
the extirpation of stepping-stone populations.
Those declines raise the prospect of an increase
in inbreeding levels, with exacerbating effects
on population decline. Tentative support for
that scenario comes from the work of Johnson
(1997a), who found high homozygosity in mini-
satellite DNA profiles for a declining popula-
tion in Davis, California, that went extinct a few
years after completion of the study. Any factors
that might limit gene flow among populations
may therefore have important conservation
implications.

Here, we assess the genetic structure of pop-
ulations of Burrowing Owls from California,
Wyoming, Utah, Idaho, and Florida using mic-
rosatellite DNA. We examine how range disjunc-
tion, migratory habit, coloniality, and habitat
structure may influence the genetic structure.
We ask three major questions: (1) Do Florida
and western forms show genetic differentiation
among populations within forms, and does
the degree or pattern of genetic differentiation
differ between forms? (2) Do behavioral differ-
ences associated with migratory habit lead to
discernible differences in the degree of differen-
tiation among populations? (3) Do populations
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show evidence of inbreeding, as measured by
Wright's (1978) fixation index, F, ?

METHODS
SAMPLE COLLECTION

Between 29 May 1998 and 17 July 1999, we
captured Burrowing Owls from four eastern
Wyoming populations (Fig. 1). Burrowing
Owls were located primarily through sur-
veys of historical nesting sites identified in
the Wyoming Game and Fish Department’s
Wildlife Observation System, a database of
wildlife sightings reported by biologists and
the general public. Male Burrowing Owls
were located during daylight hours through
playbacks of male territorial coo coo calls (Haug
and Didiuk 1993) projected from a megaphone.
Call playbacks elicited male territorial behavior,
including bobbing, flying, and the “white-and-
tall” stance, all of which increase the visibility
of the male (Haug and Didiuk 1993). Male and
female adults were trapped using bal-chatri
traps (Berger and Mueller 1959) modified for
capturing Burrowing Owls (Bloom 1987), and
most juveniles were captured on noose carpet
traps (Barrentine and Ewing 1988). To minimize
sampling of related individuals between years,
we did not sample 1998 sites again in 1999.
Individuals captured in 1999 nested >10 km
from previously sampled areas.

Captured individuals were banded with a
federal aluminum leg band and were sexed
using coloration and behavioral criteria.
Females tended to have more distinct breast-
barring and darker coloration (Haug et al.
1993) and were more closely associated with the
primary nest burrow. Approximately 100 pL of
blood were collected using ulnar venipuncture
and stored in 1.0 mL of lysis buffer (Seutin et al.
1991). Blood samples were stored at 10°C until
they could be processed. Collaborators gener-
ously donated samples from all other locations
(Fig. 1; see Acknowledgments).

LABORATORY METHODS

DNA was extracted from blood samples using
QIAmp DNA Blood Mini Kits (Qiagen, Valencia,
California). Twenty-two microsatellite primer
pairs developed from a Burrowing Owl genomic
library (Korfanta et al. 2002) were screened for
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