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    Age-based differentiation in the timing of
avian migration can influence subsequent
habitat use and, therefore, reproductive suc-
cess. Delayed migration of subadult males
may result from interspecific competition on
the wintering grounds for food resources if
younger males do not have sufficient energy to
migrate as early as their older counterparts
(Marra et al. 1998, Stewart et al. 2002).
Younger males may also migrate to the breed-
ing grounds later when food resources are bet-
ter (Francis and Cooke 1986, Stewart et al.
2002) and the potential for encountering harsh
springtime conditions (e.g., cold spring rains
and wind) is relatively low. Although the
causes of delayed migration of younger males

are speculative, such delays can affect access
to habitat on the breeding grounds whereby
first-year males are excluded from locations
occupied by males that migrated earlier (Fran-
cis and Cooke 1986, Lanyon and Thompson
1986, Stewart et al. 2002). Additionally, older
males may force younger males into areas
where they are less likely to attract females
(Van Horne 1983, Breitwisch 1989, Sherry and
Holmes 1989, Bayne 2000). These types of
age-based behavioral differences may explain
why some older birds exhibit higher reproduc-
tive success than younger birds (Sæther 1990,
Martin 1995, Lozano et al. 1996). Such dif -
ferentiation could result in a proportion of
the population that delays migration to the
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DOES AGE STRUCTURE INFLUENCE GOLDEN-CHEEKED WARBLER
RESPONSES ACROSS AREAS OF HIGH AND LOW DENSITY?

Hannah L. Pruett1, Ashley M. Long2, Heather A. Mathewson2,3, and Michael L. Morrison1,4

     ABSTRACT.—Age-based differentiation in the timing of avian migration can influence subsequent habitat use and,
therefore, reproductive success. Over 2 breeding seasons, we compared arrival dates, pairing success, and fledging
success for second-year (SY) and after-second-year (ASY) federally endangered Golden-cheeked Warblers (Setophaga
chrysoparia) occupying areas of low (n = 9 sites) and high (n = 10 sites) warbler density. Male warblers arrived on
low-density sites on average 6 days later (11 March) than high-density sites (5 March). Male warblers that established
territories on low-density sites tended to be younger than male warblers that established territories on high-density sites.
Overall pairing and fledging success were similar across low- and high-density sites, but overall pairing and fledging
success were lower for SY males compared to ASY males; no SY birds fledged young on low-density sites. We found no
difference in pairing or fledging success for ASY males at low- and high-density sites. For some species, habitat that sup-
ports fewer birds may be of lower quality. However, warblers in our study area fledged young at low- and high-density
sites. As such, low-density sites may fill an important role in conservation efforts for this species.

     RESUMEN.—La diferenciación basada en la edad al momento de la migración de las aves puede influir en el uso
posterior del hábitat y, por lo tanto, en el éxito reproductivo. Durante dos temporadas reproductivas, comparamos las
fechas de llegada, el éxito de apareamiento y el éxito de volantones del nido en el segundo año, y después del segundo
año, del chipe dorsinegro (Setophaga chrysoparia) en peligro de extinción, ocupando áreas de baja (n = 9 sitios) y de alta
(n = 10 sitios) densidad. En promedio, los chipes dorsinegros macho llegaron a sitios de baja densidad 6 días después
(11 de marzo) que a los sitios de alta densidad (5 de marzo). Los chipes dorsinegros macho que se establecieron en sitios
de baja densidad tendieron a ser más jóvenes que los de sitios de alta densidad. En general, el éxito de apareamiento y el
éxito de volantones fue similar tanto en los sitios de baja como de alta densidad, pero el éxito de apareamiento y de éxito
de volantones fue menor para los chipes dorsinegros macho durante el segundo año cuando se lo comparó con el éxito que
tuvieron luego del segundo año; las aves jóvenes de sitios de baja densidad no dejaron exitosamente el nido durante
el segundo año. No encontramos diferencias en el éxito de apareamiento o en el éxito de volantones en aves macho en
sitios de baja y de alta densidad, después del segundo año. En algunas especies, los hábitats conformados por menos can-
tidad de aves pueden ser de menor calidad; sin embargo, los chipes dorsinegros de nuestra área de estudio abandonaron
el nido siendo jóvenes en sitios de baja y de alta densidad. Como tal, los sitios de baja densidad pueden tener un papel
importante en los esfuerzos de conservación para esta especie.
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breeding grounds only to end up in habitats
where they have lower productivity. There-
fore, under standing differences in habitat use
and productivity across age classes may help
inform conservation of prioritized species.
    The Golden-cheeked Warbler (Setophaga
chrysoparia, hereafter warbler) is an endan-
gered insectivorous songbird that breeds
exclusively in central Texas (Ladd and Gass
1999). Warblers require the bark of mature
Ashe juniper ( Juniperus ashei) for nesting
(Pulich 1965, Ladd and Gass 1999). Habitat
factors such as patch size (Collier et al. 2010,
Butcher et al. 2010, Mathewson et al. 2012),
patch configuration (Peak and Thompson
2013, 2014), canopy cover (Magness et al. 2006,
Farrell et al. 2012), and tree species composi-
tion (Marshall et al. 2013) influence warbler
occurrence, density, and reproductive success.
For example, Butcher et al. (2010) found that
small patches of habitat typically have fewer
birds in them, and though warblers will pair
in smaller patches, those birds that pair tend
not to fledge young. In addition, Marshall et
al. (2013) found that warbler reproductive
success varied between warbler habitat domi-
nated by Texas oak (Quercus buckleyi) and
warbler habitat dominated by post oak (Quer-
cus stellata), which they linked to arthropod
abundance on the 2 tree species.
    Jette et al. (1998) suggested that second-
year (SY) male warblers were less likely to
pair than after-second-year (ASY) males, but
once paired, SY and ASY males exhibited simi-
lar fledging success. Researchers for the City
of Austin (2013) found that sites with relatively
lower warbler densities (<0.10 territories/ha)
had a higher proportion of SY males than sites
with higher densities. They also showed that
although pairing success was similar, fledging
success was substantially lower on low-density
sites compared to all sites combined. Thus,
because there is evidence to suggest that war-
bler habitat use and reproductive success vary
by bird age and site density, more detailed
information on how age structure influences
warbler responses in areas of high and low war-
bler density may assist with recovery efforts
for this species.
    We first used knowledge of warbler–habitat
relationships to locate sites we predicted
would have low and high warbler density.
Over 2 breeding seasons, we collected data
to confirm warbler density at our sites, to

identify timing of arrival on our low- and high-
density sites, and to estimate warbler pairing
and fledging success in relation to age at our
low- and high-density sites. We predicted that
ASY males would arrive on the breeding
grounds first and select areas of high density,
resulting in a higher proportion of ASY males
on sites with high warbler density. We hypothe-
sized that sites with high warbler density
would also satisfy the conditions of high
habitat quality (e.g., large patch size, high tree
density), which would result in higher pairing
and fledging success on high-density sites.
Conversely, we predicted that SY males would
arrive later on the breeding grounds, resulting
in a higher proportion of SY males on sites
with low warbler density. We hypothesized
that if warbler density and habitat quality
were positively related, male warblers on low-
density sites would have lower pairing and
fledging success compared to warblers at
high-density sites.

METHODS

Study Area

    We conducted our study in east central
Texas along the eastern portion of the war-
bler’s breeding range. In 2012, we located
sites (see below) in Bell County, within the
Cross Timbers and Prairies ecoregion, an area
characterized by limestone-capped buttes and
mesas interspersed with grassland savannahs
and woodland (Butler 2014). Tree species
common to warbler habitat in this region
include Ashe juniper, Texas oak, live oak
(Quercus virginiana), and various other hard-
woods (Hatch 2014). In the Cross Timbers and
Prairies ecogion, mean temperatures during
the warbler breeding season (March–June)
typically range from 14.8 °C to 26.7 °C, and
cumulative precipitation during this period
averages 31.2 cm (NOAA 2014).
    During the second year of our study (2013),
we located sites (see below) in Travis and
Hays counties within the Edwards Plateau
ecoregion, an area characterized by steep
limestone hills and woodlands. Woody vege-
tation on the Edwards Plateau is dominated
by Ashe juniper, live oak, shin oak (Quercus
sinuata), and mesquite (Prosopis glandulosa)
(Hatch 2014). During the warbler breeding
season, mean temperatures in this ecoregion
typically range from 15.2 °C to 26.3 °C, and
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cumulative precipitation during this period
averages 36.3 cm (NOAA 2014).
    We selected sites in different regions each
year to increase our sample size (independent
sites) in order to potentially observe a wider
range of responses from warblers (e.g., war-
bler responses to habitat-specific covariates
not measured, such as variation in vegetation
characteristics or predator assemblage), thus
further expanding the applicability of our
results.

Site Selection

    A habitat model developed by Collier et al.
(2012) assigned predicted patch occupancy
values to all habitat patches within the war-
bler’s breeding range based on the associated
patch size and landscape composition. We
used this model to select patches of warbler
habitat that we predicted would have low
and high densities of warblers during our
study. Because site occupancy by the Golden-
cheeked Warbler substantially declines when
habitat patches are <20 ha (Baccus et al. 2007,
Butcher et al. 2010), all patches included in
our initial selection process were >20 ha and
had a minimum predicted occupancy of 0.60
as identified by Collier et al. (2012). We chose
0.60 because we wanted to limit our surveys
to patches where warblers would likely occur
but not necessarily occur in high numbers at
all sites.
    Proximity to occupied patches can also
influence whether warblers occupy a patch,
because males of this species are more likely
to establish territories near other males (Cam-
pomizzi et al. 2008, Farrell et al. 2012). In
addition, small patches of warbler habitat are
more likely to be occupied if they are close
to larger occupied patches (USFWS 1996,
Peterson 2001, TNC 2002, Mathewson et al.
2012). Furthermore, the approximate distance
at which songs can be heard by conspecifics is
250 m. As such, patches we identified for
potential inclusion in our study were also at
least 250 m from a patch >200 ha to limit
potential influences of conspecific attraction
and the aforementioned factors related to
patch proximity (Naguib 1996, Forman 2000,
Farrell et al. 2012).
    After implementing selection criteria asso-
ciated with the probability of occurrence,
patch size, and distance to the nearest patch,
we further predicted which patches would

have low and high warbler density using habi-
tat characteristics known to influence warbler
productivity. In a portion of the warbler’s
breeding range that includes our 2012 study
area in Bell County, Marshall et al. (2013)
found that ecosite (i.e., land units that share
similar soils and vegetation) was the best
predictor of warbler productivity. More
specifically, they found that warbler territories
located on Low Stony Hill ecosites had up to
30% higher productivity than warbler terri-
tories established on Redlands ecosites. Thus,
we used ecosite to assist with patch selection
in this region. Ecosite delineations in Travis
and Hays Counties are less discrete than in
Bell County, so we used information on the
presence and number of male warblers detected
during previous studies (Pruett et al. 2013,
Robinson 2013) to assist with patch selection
in this region.
    Given these selection criteria, in 2012 the
patches we predicted would have low war-
bler density had a predicted probability of
occurrence >0.60 (Collier et al. 2012), were
20–100 ha, were at least 250 m from a patch
>200 ha, and occurred on Redlands ecosites.
Application of these criteria to the landscape
resulted in 10 patches with predicted low
density, and we received permission from land -
owners to access 4 of those patches. In some
instances, the patches spanned more than one
property and we were not able to access the
entire patch. Therefore, we use the term “site”
to indicate the area surveyed within a patch
(i.e., n = 4 low-density sites in 2012; x– = 81
ha). In 2013, the patches we predicted would
have low warbler density were similar with
regard to the probability of occupancy, patch
size, and distance from the nearest patch.
They also had a relatively small number of
warblers based on previously collected data
(Pruett et al. 2013, Robinson 2013). Applica-
tion of the selection criteria re sulted in 12
patches, and we surveyed 9 low-density sites
in 2013 (x– = 36 ha).
    There are often a large number of warblers
within large contiguous habitat patches. As
such, the patches we predicted would have
high density in 2012 had a predicted proba-
bility of occurrence >0.60 (Collier et al. 2012),
were >1000 ha, were at least 250 m from a
patch >200 ha, and occurred on Low Stony
Hill ecosites. Within each of these patches
we randomly selected four 81-ha high-density
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sites to correspond with the number and mean
size of low density sites we selected in 2012.
Because warblers are sensitive to edge effects
(Peak 2007, Peak and Thompson 2013, 2014),
all high-density sites were ≥100 m away from
the edge of the patch. We used similar patch
selection criteria for high-density sites in
2013, but we used previously collected data
instead of ecosite delineations to predict
which patches would have high warbler den-
sity. Application of the criteria to the land-
scape resulted in seven 36-ha sites within the
Barton Creek Habitat Preserve (>1600 ha) in
Austin, Texas.
    Temperatures in 2012 were on average
3.4 °C warmer than average (17.2 °C to 29.7 °C,
NOAA 2014; Pruett 2014, fig. 2). In 2012, pre-
cipitation in March (20.5 cm) was 4 times as
much as the average rainfall (5.1 cm) for that
month over the past 67 years, and April was
drier than observed in historical records
(NOAA 2014; Pruett 2014, fig. 3). In 2013, tem-
peratures were 1.6 °C warmer than previously
observed averages; however, precipitation in
2013 was 8.1 cm below average (NOAA 2014).

Arrival Date

    We surveyed each site daily at the begin-
ning of each warbler breeding season to
determine male arrival dates. The earliest
documented arrival of male warblers at the
breeding grounds is 28 February at Fort
Hood (Groce et al. 2010). Therefore, we began
our daily surveys on 29 February 2012 and
25 February 2013. During our daily surveys,
we walked parallel transects spaced approxi-
mately 150 m apart across each site. We
recorded the date and location where we first
detected a male warbler within the site, and
we ceased daily surveys after each initial
detection. We continued to survey sites every
7–10 days to locate individual warblers for
banding, territory mapping, and territory
monitoring activities (see below). We consid-
ered the site occupied if we detected at least
one male within the site. We considered the
site unoccupied if we did not detect a male
warbler within one month of daily surveys.

Banding and Aging

    We began target-netting male warblers
upon initial detection at a site. We used terri-
torial songs to attract males to the net. We did
not attempt to capture an individual male

warbler for more than 30 min as specified by
our USFWS permit (TE195248-6). We banded
birds with a USGS aluminum band and up to
3 colored plastic bands. This resulted in a
unique band color combination for each
banded bird, which facilitated identification of
warblers throughout the season. We aged
individuals in-hand using plumage character-
istics described by Pyle (1997). We continued
banding until we had marked all birds in each
study site or until 1 June because warblers
may complete their first prebasic molt within
a month of fledging young (Gass 1996).

Confirmation of Site Categorizations

    We used point counts in 2012 and territory
mapping in 2013 to determine whether our
predictions regarding warbler density at our
study sites were correct. We did not conduct
point counts in 2013 because we were able
to map and monitor all males in each of our
study sites (see below), making estimations of
warbler density unnecessary. From mid-March
to mid-April in 2012, we conducted 4 single-
observer point counts at point count stations
that we systematically distributed across each
site. Each point count station was ≥350 m
from the nearest other station and at least
100 m from the edge of the patch (Collier et
al. 2010). This resulted in 5–8 point count
stations on our 4 low-density sites and 5 point
count stations on each of our 4 high-density
sites. During point counts, we recorded the
distance (m) and direction (degrees) to each
male warbler that we detected within a 100-m-
radius circle over a 5-min survey period. To
calculate density from point count data col-
lected in 2012, we divided the total number
of male warblers detected per point count by
the area of the point count circle (3.14 ha). We
then calculated average warbler density across
the number of visits per point (i.e., 4). Next,
we calculated average warbler density across
points to obtain a warbler density estimate
for each site.
    In both years, we began territory mapping
and monitoring in mid-March once behavioral
observations indicated that male warblers
had established territories (e.g., presence of a
female). We visited each territory every 7 to
10 days until behavioral observations (e.g., no
food carrying) indicated that breeding activi-
ties were complete (late June/early July). In
2012, we mapped and monitored all males
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identified at our 4 low-density sites. Given the
size of (x– = 81 ha) and the large number of
birds on our high-density sites, in 2012 we
randomly selected approximately 25% of the
total number of males identified on our 4
high-density sites to map and monitor for the
purposes of this project. In 2013, we mapped
and monitored all males identified on our 9
low-density and 7 high-density sites. During
each territory mapping and monitoring visit in
2012 and 2013, we recorded the location of
each male using a handheld Global Position-
ing System (GPS) unit every 2 min for as long
as we could maintain visual contact with the
bird or for a maximum of 30 min. We ceased
mapping activities when we observed ≥1 fledg-
ling with an adult in the territory. We used
our GPS locations to construct minimum con-
vex polygons (MCP) for each territorial male
monitored in 2012 and 2013. In 2013, we cal-
culated male warbler density as the number
of MCPs divided by the area of the site.
    During our territory mapping activities, we
recorded behavioral observations of birds to
determine the reproductive status of each
territorial male (e.g., Marshall et al. 2013,
Stewart et al. 2014). We also opportunistically
searched for nests in each territory to supple-
ment our behavioral observations. We consid-
ered males observed in the same location for
more than 4 weeks to have successfully estab-
lished a territory. We considered males paired
if we observed a female with the male within
an established territory. We also considered
males paired if we observed evidence of nest
building within the established territory (i.e.,
food carrying or nest material carrying by
either sex). We considered males reproduc-
tively successful if we observed the male or
pair with ≥1 fledgling at least once during our
territory mapping and monitoring visits. We
calculated pairing success by dividing the
number of territorial males observed with a
female by the total number of territories at
the site. We calculated fledging success by
dividing the number of territories that fledged
young by the total number of territories at
the site.

Data Analysis

    We pooled most data we collected in 2012
and 2013 for analyses purposes because we
assumed if age-based behavioral differentia-
tion occurred it would be evident regardless

of spatial or temporal factors at our study
sites. Weather patterns varied from historical
weather patterns for the study sites. However,
they did not occur outside the normal range of
conditions (Pruett 2014). We set a = 0.05 and
used R software (R Core Team 2013) for all
statistical tests.
    We considered low-density sites to have a
warbler density <0.10 male warblers/ha. We
first calculated warbler density and reassigned
sites to the appropriate low (≤0.10) or high
(>0.10) category if our site selection assump-
tions were incorrect. For this step, we exam-
ined density data separately for 2012 and 2013,
given the differences in estimation methods
between the 2 years (Zar 1999). For each year,
we present the mean, range, and magnitude of
difference between the low- and high-density
sites. We used a t test to compare mean war-
bler arrival dates (formatted as Julian dates) to
sites with low and high warbler density (Zar
1999, pp. 122–129). We could not examine age
of the first birds that arrived to each site
because we did not have enough field effort to
capture and age every bird as it arrived
while continuing to monitor other sites for
warbler arrival dates. We used Fisher’s exact
test to compare the ratio of SY to ASY males
at sites with low and high density (Zar 1999,
pp. 543–555). We used Fisher’s exact tests to
compare the ratios of pairing and fledging
success for SY and ASY males and to compare
the ratios of pairing and fledging success for
SY and ASY males on sites with low and high
densities (Zar 1999, pp. 543–555).

RESULTS

Site Selection

     In 2012, our site selection criteria accurately
identified sites with low and high densities.
However, we excluded 3 sites we predicted to
have low male warbler density because we did
not detect any warblers on the sites during
transect surveys. Using our point count data,
we estimated that the low-density site had
0.08 male warblers/ha and that the 4 high-
density sites had an average of 0.37 male
warblers/ha (range 0.30–0.46 male warblers/ha).
As such, high-density sites had about 4.6 times
more male warblers than the low-density site.
In 2013, we excluded one site we predicted
would have low male warbler density because
we did not detect any warblers during our
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transect surveys. In addition, 3 of the 7 sites
we predicted would have high density had
≤0.10 male warblers/ha and 2 of the sites we
predicted would have low density had >0.10
male warblers/ha. We recategorized our sites
accordingly. Mean male warbler density at our
8 low-density sites was 0.05 male warblers/ha
(range 0.03–0.10 male warblers/ha) and mean
male warbler density at our 6 high-density sites
was 0.17 male warblers/ha (range 0.14–0.19
male warblers/ha). As such, high-density sites
had approximately 3.4 times more male war-
blers than low-density sites. We pooled data
across years for subsequent analyses, resulting
in comparisons between 9 low-density sites
and 10 high-density sites.

Arrival Date

    In both years, we detected (first sightings)
male warblers on high-density sites (2 March
2012 and 28 February 2013) before we de -
tected them on low-density sites (7 March
2012 and 6 March 2013). On average, male
warblers arrived at high-density sites 6 days
earlier than they arrived at low-density sites
(t = −3.96, df = 16.43, P < 0.01; Pruett
2014, fig. 4).

Banding and Aging

    We banded and aged 18 male warblers as
ASY (7 in 2012, 11 in 2013) and 12 male war-
blers as SY (7 in 2012, 5 in 2013). We caught
most birds (73%) on high-density sites and
the remaining birds on low-density sites. We
found no significant difference in the propor-
tion of SY to ASY males between sites with
low and high warbler densities (P = 0.21).

Productivity Estimate

    We monitored 86 warbler territories across
19 sites, which included 17 territories on low-
density sites and 69 territories on high-density
sites. Overall pairing success was higher on
high-density sites (80%) compared to low-
density sites (65%), but the difference was
not statistically significant (P = 0.21). The pro-
portion of territories that fledged young was
similar on low- (59%) and high-density sites
(59%) (P = 1.0). We aged 26 (9 SY males and
17 ASY males) of the 86 territorial males.
Overall pairing success for SY males (44%)
was significantly lower than pairing success
for ASY males (80%) (P = 0.03). Overall fledg-
ing success for SY males (22%) was also sig-

nificantly lower than fledging success for ASY
males (71%) (P = 0.04). None of the 4 SY
males on low-density sites paired, and 4 of 5
SY males (80%) on high-density sites paired.
Though the difference in pairing success for
SY males on low-density sites (0%) compared
to SY males on high-density sites (80%) was
statistically significant (P = 0.05), and the
difference in fledging success for SY males on
low-density sites (0%) compared to SY males
on high-density sites (40%) was not significant
(P = 0.44), no SY birds fledged young on low-
density sites. All 3 ASY males on low-density
sites paired and 86% of ASY males on high-
density sites paired. Two of the 3 ASY males
that paired on low-density sites fledged young
(67%) and 71% of ASY males on high-density
sites fledged young. We found no difference in
pairing (P = 1.0) or fledging success (P = 0.52)
for ASY males at low- and high-density sites.

DISCUSSION

    Golden-cheeked Warblers are similar to
other passerine species that show differences
in reproductive success by age (Sæther 1990,
Martin 1995, Lozano et al. 1996). We found
that older males had higher pairing and fledg-
ing success than their younger counterparts.
Additionally, warbler density at our study sites
appeared to influence the pairing success of
warblers based on their age, whereby young
males experienced a disadvantage regarding
pairing success. However, males of both age
classes inhabited low-density patches during
the breeding season, and we found no differ-
ences in the age structure or fledging success
of SY and ASY warblers between our study
sites. Although our sample size was low, our
results indicate that low-density sites may fill
an important role in conservation efforts for
this species.
    Warblers, like most bird species, display
biparental care of young (Gass 1996), and
passerine nests with higher male involvement
have higher fledging success (Møller 2000).
Lozano et al. (1996) suggested that the lower
productivity of SY male American Redstarts
(Setophaga ruticilla) was due to their lack of
local knowledge to assist in territory placement.
Because they arrive on the breeding grounds
later, SY males initiate nesting behaviors later
and this may reduce the number of possible
nesting attempts (Lozano et al. 1996). Other
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studies have also suggested that productivity
might improve with age due to overall improve-
ments such as foraging efficiency, intraspecific
competition, or predator avoidance (Nol and
Smith 1987, Daunt et al. 2007) that then
enables the male to expend energy on attend-
ing to nestlings.
    Our data show that ASY males were
equally capable of pairing and fledging
young on low-density sites and high-density
sites. However, SY males did not fledge any
young on low-density sites because they did
not attract a female. SY males only con-
tributed to the next generation when they
established territories on high-density sites.
This suggests a pattern of decreased pairing
success for young males on sites with low
density, indicating that it is not only the age of
the male but also where the male establishes
a territory that can determine whether his
breeding season is successful. More data
would help elucidate this pattern.
    Although male age apparently influenced
the success of each breeding attempt, the age
of the female may also influence productivity.
Females may use criteria independent from
males, such as potential for nest predation,
forage availability, or competition, to select
breeding sites, which could subsequently
influence the pairing success of male birds
(Fontaine and Martin 2006). Female Golden-
cheeked Warblers select the nesting sites
within the territories (Ladd and Gass 1999),
and the experience of the female may influ-
ence her nest placement decisions. Each nest
placement would be subjected to different
levels of vulnerability to predation, which
would lower productivity, or proximity to
foraging substrate, which may increase the
birds’ productivity. Female selection deci-
sions are not well studied due to the low
detection rates of female warblers (Hayden
and Tazik 1991, Jette et al. 1998); however,
this information is likely relevant to all pro-
ductivity measures for the species.
    The arrival date of warblers on our study
sites was characteristic of previously docu-
mented patterns of warbler arrival. Early-
arriving warblers have been observed as early
as 28 February on Fort Hood but usually
arrive in early to mid-March (Groce et al.
2010). However, we additionally observed that
warblers arrived on high-density sites before
they were observed on low-density sites.

This indicates that a particular suite of site
characteristics made those sites more attrac-
tive to male warblers than low-density sites
occupied later in the season. Local knowledge
may play a role in male settlement decisions
since ASY males typically display high site
fidelity and have been observed returning to
the same breeding areas as they used in previ-
ous years (Maas 1998, City of Austin 2013),
but SY males have been observed dispersing
long distances away from their hatching-year
(HY) sites (Jette et al. 1998, Maas 1998, City
of Austin 2013). Because productivity increases
with increasing patch size (Coldren 1998,
Butcher et al. 2010), large patches may be
occupied first. Maas (1998) found that after-
hatching-year (AHY) birds are more likely to
return to large patches (>700 ha), although
there is no information on whether previous
years’ breeding success influences future set-
tlement decisions (Groce et al. 2010). Conspe-
cific attraction may also play a role in male site
selection (Farrell et al. 2012) as males tend to
settle near other males, so high-density sites
may be more likely to attract additional males
than an empty patch of potential habitat.
     Rockwell et al. (2012) cited numerous studies
that reported a negative relationship between
delayed arrival and reproductive success.
Although we did not collect data on the age of
the first bird to arrive to each study site, we
did find differences in arrival based on terri-
tory density within the study site. We did not
find differences in reproductive success though,
which suggests that despite delayed arrival to
the low-density sites, productivity was not
influenced by that delay.
    Roughly 90% of the patches in the war-
bler’s breeding range have a low predicted
occupancy (Collier et al. 2012), and many of
these patches are relatively small. Typically, it
is recommended to maintain large patches of
habitat to support sustainable breeding popu-
lations of warblers; however, warblers are not
restricted from breeding on smaller patches
(Butcher et al. 2010). Additionally, Farrell et al.
(2012) showed that Golden-cheeked Warblers
can be induced to occupy and then success-
fully breed on low-density sites (see also
Campomizzi et al. 2008). Our research indi-
cates that older males have similar territory
success regardless of differences in territory
density. In places where older males estab-
lished territories, they were able to successfully
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breed. So, although it is important to maintain
large tracts of potential habitat, smaller
patches are also utilized by breeding warblers
and should be considered in conservation
planning across broad spatial extents.
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