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AsstracT—TLittle information is available regarding the distribution of the endangered black-capped vireo
(Vireo atricapilla) on its wintering grounds along the Pacific slope of mainland Mexico. We surveyed 62 sites
from October 2011 to January 2012 to identify previously undocumented wintering locations for the black-
capped vireo. We located 66 individuals at 31 sites (47%) in seven states, including Michoacan, Guerrero, and
Oaxaca, where there have been few surveys for black-capped vireos. Vireos occupied sites between 12 and
1,328 m, with slopes <23°. We detected vireos at 67% of dry forest and 17% of pine-oak (Pinus-Quercus) forest
survey sites. Occupied locations were commonly characterized as deciduous, semideciduous, or agricultural
lands and other disturbed areas. We found no evidence of latitudinal segregation in this species on its
wintering grounds. These observations contribute to our understanding of the distribution and ecology of
wintering black-capped vireos.

ResumEN—Hay poca informacion disponible sobre la distribucion del vireo de gorra negra (Vireo
atricapilla)en peligro de extinciéon en sus areas de invernacion a lo largo de la vertiente del Pacifico de la
parte continental de México. Muestreamos 62 sitios de octubre del 2011 a enero del 2012 con el propésito de
identificar nuevas localidades de invernacién del vireo de gorra negra. Localizamos 66 individuos en 31 sitios
(47%) en siete estados, incluyendo Michoacan, Guerrero, y Oaxaca, donde se han realizado pocos muestreos
para vireos de gorra negra. Los vireos ocuparon sitios entre 12 a 1,328 m, con pendientes <23°. Detectamos
vireos en 67% de los sitios en bosques secos y en 17% de los sitios en bosques de pino-encino (Pinus-Quercus).
Lugares ocupados se caracterizaron comtinmente como caducifolia, subcaducifolia, o tierras agricolas y otras
areas perturbadas. No encontramos ninguna evidencia de segregacion latitudinal en esta especie en sus areas
de invernacion. Estas observaciones contribuyen a nuestro conocimiento de la distribucién y ecologia de de
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vireos de gorra negra en el invierno.

More than 300 migratory bird species breed in the
continental United States and Canada and migrate to
tropical destinations in Latin America and the Caribbean
each fall. Population declines in many of these Neotrop-
ical migrants were first reported in the 1970s (e.g.,
Aldrich and Robbins, 1970; Temple and Temple, 1976;
Briggs and Crisswell, 1979), and determining factors
driving declines has become a major research focus in the
years since (e.g., Terborgh, 1980; Ballard et al., 2003;
Faaborg et al.,, 2010). The black-capped vireo (Vireo
atricapilla) is an endangered Neotropical songbird that
breeds in Oklahoma, Texas, and eastern Mexico and
winters exclusively along the Pacific slope of Mexico
(Ratzlaff, 1987; Secretaria de Medio Ambiente y Recursos
Naturales, 2002, 2010). On their breeding grounds,
habitat loss and nest parasitism by brown-headed cow-
birds (Moluthrus ater) threaten black-capped vireo popu-

lations (Ratzlaff, 1987; United States Fish and Wildlife
Service, 1991).

Like other Neotropical migrants, black-capped vireos
spend a considerable portion of their annual life cycle on
the wintering grounds, arriving as early as August
(Graber, 1957) and remaining as late as April (Sullivan
et al., 2009). Most of the previous research efforts for
black-capped vireos have focused on breeding periods,
and information regarding the distribution, habitat
requirements, and threats to black-capped vireos during
nonbreeding periods is limited (Wilkins et al., 2006;
United States Fish and Wildlife Service, 2007). Under-
standing Neotropical migratory bird distributions and
ecology throughout the year is necessary for successful
conservation (Terborgh, 1980; Martin et al., 2007), and
obtaining this information is a high priority for managing
black-capped vireo recovery in the United States and
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Fi6. 1—Map of Mexican states surveyed for wintering black-capped vireos (Vireo atricapilla) in 2011-2012.

Mexico (United States Fish and Wildlife Service, 1991,
2007; Wilkins et al., 2006).

Wilkins et al. (2006:10) described the extent of the
wintering range as “an elongated and patchily distributed
area along the Pacific slopes of the Sierra Madre
Occidental Mountains in Mexico, extending from south-
ern Sonora to Oaxaca” (Fig. 1). Occasional reports exist
outside of this range, but most are considered accidental
or migratory (i.e., one in Hidalgo [Marshall et al., 1985],
one in Mexico [Escalona et al., 1995], two in Sonora
[Russell and Morrison, 1996], one in eastern Michoacan
[MacGregor-Fors et al., 2012]). Most records of wintering
black-capped vireos have come from Sinaloa and Nayarit
in the northern portion of the range, which Graber
(1961) described as the center of the winter range. Until
recently, however, most research on wintering black-
capped vireos was conducted in these states (Graber,
1961; Marshall et al., 1985; Gonzalez-Medina et al., 2009),
and observations regarding the winter distribution of the
species may be biased according to survey effort.

Most reports of black-capped vireos south of Sinaloa
and Nayarit consist of occasional net captures or
detections as part of general avian studies (i.e., Davis,
1960; Schaldach, 1963; Phillips, 1966; Binford, 1989;
Hutto, 1992; Vega Rivera et al., 2011). Similarly, there are
few museum specimens collected in the central and
southern portions of the range (three in Colima, five in
Jalisco, one in Michoacan, one in Guerrero, and three in
Oaxaca as indicated in Powell, 2013). However, from 2002
to 2004, Powell (2013) conducted the first range-wide
survey of wintering black-capped vireos. He observed
black-capped vireos in both the northern and central
portions of their wintering range, but not in the
southernmost states of Michoacan, Guerrero, and Oaxa-
ca. Like Graber (1961), Powell (2013) suggested black-
capped vireos might be less common in these southern
states during winter than in other parts of their wintering
range.

Vega Rivera et al. (2011) developed a model to predict
the potential distribution of black-capped vireos across
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their wintering range. Their model suggested the
wintering range of the black-capped vireo could extend
further inland in some states than previously proposed
(Wilkins et al., 2006) and that it might also include more
lowland coastal areas. Despite few observations recorded
from the southern states, the Vega Rivera et al. (2011)
model suggested these states might contain the largest
area of potential habitat. In 2011-2012, we conducted a
range-wide survey of black-capped vireos on their
wintering grounds in Mexico. Given the rarity of records
from the wintering range, particularly in the southern
states, our study provides new information on the
distribution of black-capped vireos that could lead to
improved winter-distribution models as well as a better
understanding of habitat requirements and threats
outside of the breeding period.

MATERIALS AND METHODS—Study Area—We conducted surveys
across the wintering range of the black-capped vireo in all
Pacific coastal states from Sinaloa south to Oaxaca (Fig. 1) in
Mexico. We used a niche-based MaxEnt model of the vireo’s
potential winter distribution (S. Sarkar, pers. comm.) to guide
site selection. We identified potential survey locations with a
>10% probability of suitable habitat according to the model.
From among the potential sites, we selected survey locations that
were >1.5 km from previously documented black-capped vireos
and where lack of access, security, or habitat did not prohibit
searches.

Climate varies geographically across the winter range of the
vireo. The states of Guerrero and Oaxaca receive more rainfall
annually and in the early months of the wintering season than
other states within the wintering range of the black-capped
vireo, and temperatures in these southern states remain
relatively constant throughout the nonbreeding season (Hij-
mans et al., 2005). Temperatures become somewhat cooler over
time in winter in the northern states, which also experience
greater monthly rainfall as the season progresses (Hijmans et al.,
2005). Jalisco and Colima, in the center of the winter range,
remain relatively warm and dry during the nonbreeding season
(Hijmans et al., 2005).

Collection and Analysis of Data—Black-capped vireos begin
migrating to the wintering grounds in August and September
(Gryzbowski, 1995). We began surveys on 16 October 2011 in
Oaxaca and traveled north to Sinaloa before returning south
again on 28 November 2011. We completed our final survey in
Oaxaca on 27 January 2012, well before black-capped vireos
begin migrating to the breeding grounds (Gryzbowski, 1995).
We conducted all surveys between sunrise and 1300h. We walked
slowly at each study location, actively searching for black-capped
vireos or mixed-species flocks of which black-capped vireos
could have been a part. At randomly selected points and
whenever encountering a mixed-species flock, we stopped for 5-
20 min and looked and listened for black-capped vireos. If no
black-capped vireos were detected using these methods, we used
brief playbacks of black-capped vireo songs mixed with calls of
ferruginous pygmy-owls (Glaucidium brasilianum) to elicit re-
sponses. Survey points were located approximately 100-300 m
apart. Variation in the length of time at or distance between
points was a reflection of topography, bird activity, or both.

At each point, we recorded the date, time, location, and bird
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species present. If we detected black-capped vireos, we recorded
the number and, if possible, the sex of individuals. It is difficult
to reliably age and sex wintering black-capped vireos by sight
with the exception of after-second-year (ASY) males (Pyle, 1997;
pers. observ.), so we classified individuals as ASY males or others
(i.e., females and younger males) as in Gonzalez-Medina et al.
(2009) and Powell (2013). We also examined the legs of all
black-capped vireos detected to determine whether they had
bands, but did not observe any banded individuals.

We extracted topographic information (i.e., elevation,
slope, aspect) for each survey point from the ASTER Global
Digital Elevation Model (United States National Aeronautics
and Space Agency and Japan’s Ministry of Economy, Trade,
and Industry, http://eros.usgs.gov/#/Find_Data/
Products_and_Data_Available/Aster) using ArcMap v. 10.2
(Environmental Systems Research Institute, Redlands, Cali-
fornia). We compared elevation and slope at detection and
nondetection points using Mann-Whitney—Wilcoxon tests.
When we identified differences, we calculated the magnitude
of the difference by using a correlation coefficient (Cohen,
1988; Fritz et al., 2011) and the Hodges-Lehmann estimator
with 95% confidence interval (CI) to aid in our evaluation of
results. Aspect refers to the direction of the slope at a
particular site (e.g., south-facing slope). We created eight
aspect categories (N, NE, E, SE, S, SW, W, NW) and compared
the frequency of each at detection and nondetection points
by using a Fisher’s exact test. We calculated effect size as
Cramer’s V when P < 0.10. To reduce overlap and increase
the likelihood of independence between survey points, we
took a subset of all points and included only points that were
>200 m apart in our analyses.

We also extracted information on ecoregions (Olson et al.,
2001) and land cover (Instituto Nacional de Estadistica Geo-
grafia e Informatica, 2005) to describe landscapes at our survey
locations. We compared landscapes using Fisher’s exact tests
and conducted post hoc pairwise comparisons with Bonferroni-
corrected P values to determine significance when appropriate.
We calculated effect size as Cramer’s Vwhen P < 0.10. Lastly, we
used a Mann-Whitney U rank-sum test ranked by latitude to
examine the geographic distribution of ASY males and others
across the range by using all detection points. We also
determined whether ASY males or others were detected more
than expected by region (north, central, south; Table 1) by
using % tests. We conducted all statistical analyses in R v. 3.1.1
(R Core Team, Vienna, Austria).

ResuLrs—We spent 466 survey hours searching for
black-capped vireos from 16 October 2011 to 27 January
2012 (Table 1), sampling 1,382 points at 62 locations in
seven states from Sinaloa in the north to Oaxaca in the
south. We detected 66 black-capped vireos at 59 points
from 31 locations (Table 1). Just over one-half (53%) of
all black-capped vireos detected were ASY males (Table
1). We located black-capped vireos in all states surveyed.
Relative to survey effort, there was a significant difference
with frequency of detection in the northern and central
states being greater compared to the southern states (y*
=11.97, df=1, P < 0.01, V= 0.10), but not between the
northern and central states relative to each other (y* =
0.00, df = 1, P =099, V = 0.01). Our northernmost
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TaBLE 1—Total number of hours, locations, and points surveyed for black-capped vireos (Vireo atricapilla) on their wintering
grounds in Mexico in 2011-2012, including number of detections by location and by point and number of individuals and after-
second-year (ASY) males by state.

Locations Points
Total no. of Total no. of

Region State Hours Sampled With detection Sampled With detection individuals detected ASY males detected
North Sinaloa 57 8 6 191 10 11 7
North Nayarit 67 9 4 148 10 11 9
Central Jalisco 99 11 9 314 22 26 9
Central Colima 40 5 2 93 3 4 3
South Michoacan 65 9 4 166 6 6 3
South Guerrero 53 9 1 226 1 1 1
South Oaxaca 85 11 5 244 7 7 3

Total 466 62 31 1,382 59 66 35
detection was at 24°52’03''N, 107°13'53"'W (elevation 147 Forests within these ecoregions can be further delin-

m) in Sinaloa and our southernmost detection at  eated into more specific land-cover types based on
15°43'04"'N, 96°26'45""W (elevation 287 m) in Oaxaca  ecological characteristics. Fifteen of our survey sites were
(Fig. 1). Of special interest were 14 detections in the  disturbed (i.e., agricultural, pasturelands, or associated
three southernmost states, where few searches for black- secondary forests), 15 were temperate forests (i.e., pine,
capped vireos have previously been conducted (Table 2). oak, mixed, cloud), and 32 were tropical forests (i.e.,

We surveyed points ranging in elevation from 8 to  deciduous, semideciduous; Instituto Nacional de Estadis-
2,505 m (mean = 574 m, CI = 511-638 m) and tica Geografia e Informatica, 2005). We detected black-
encountered black-capped vireos at elevations from 12 capped vireos at 47% (n = 7) of the disturbed sites, 20%
to 1,328 m (mean = 387 m, CI = 277-498 m). Elevation (n = 3) of the temperate forest sites, and 66% (n =21) of
did not differ between detection and nondetection points tropical forest sites. Low-level cattle grazing and fruit and
(W= 8977.5; P = 0.25). Survey points ranged in slope  vegetable plantations (e.g., coconut [Cocos], pineapple
from 0 to 43° (mean = 10.9°, CI = 10.1-11.7°); we did not [Ananas], coffee [ Coffeal, corn [Zea], mango [ Mangifera])
detect black-capped vireos at points with slopes greater  often characterized disturbed locations with black-capped
than 23° (mean = 8.2°, CI = 6.7-9.8°). When comparing  vireos. The likelihood of detecting black-capped vireos
points at all survey locations, slopes were less steep at  varied significantly depending on land-cover type (Fish-

detection than nondetection points (W = 9,740; P = er’s exact test P = 0.02, V= 0.37); post hoc pairwise tests
0.03); however, the magnitude of this effect was small (r=  showed a significant difference in detection only between
—0.11, Hodges-Lehmann estimator = 2.1°, CI = 0.22-  temperate and tropical forest sites (Fisher’s exact test P <

4.13°). In contrast, when comparing points only at  0.01, V= 0.43), with the likelihood of recording a black-
locations where we detected black-capped vireos, we  capped vireo being greater in tropical forest sites.

found no difference in slope at detection and non- We detected more ASY males than other black-capped
detection points (W = 3,717.5; P = 0.47). Survey points  vireos in the north and more others than ASY males in the
were evenly distributed among aspect categories (x> =  central states (Table 1). However, the locations of ASY
4.88, df = 7, P = 0.68), and we found no difference in males ()(2 =1.2,df=1, P= 0.55) and others (x2 =1.68, df
direction between detection and nondetection points =1, P= 0.43) by region were no different than expected
overall (Fisher’s exact test P= 0.13, V= 0.18) or between = by chance given our survey effort, and we found no
north- and south-facing slopes specifically (x* =298, df= latitudinal differences between ASY males and other
1, P=0.08, V= 0.10). black-capped vireos (U = 488.5, Z= 0.69, P = 0.49).
Sixty-eight percent (n = 42) of survey locations

occurred in dry forest ecoregions, 29% (n = 18) in Discussion—We observed black-capped vireos in all
pine-oak (Quercus-Pinus) forest ecoregions, and 3% (n = coastal states from Sinaloa south to Oaxaca. There are no

2) in mangrove forest ecoregions (Olson et al., 2001). We winter records north or south of those reported in this
detected black-capped vireos at 67% (n = 28) of dry forest ~ paper, with the exception of reports by Russell and
sites and 17% (n =3) of pine-oak forest sites. We did not ~ Morrison (1996) in Sonora, which likely represent
detect the species at either mangrove forest site. We  accidental or migratory birds (Powell, 2013). Although
detected black-capped vireos in dry forest ecoregions  most of our detections were in the northern (36%) and
significantly more than we did in pine-oak forest  central (45%) portions of the wintering range, we also
ecoregions given survey effort (Fisher’s exact test P < detected black-capped vireos in the southernmost states
0.001, V= 0.46). of Michoacan, Guerrero, and Oaxaca, where only one
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TaBLE 2—Date and location for black-capped vireos (Vireo atricapilla) detected in 2011-2012 in three southernmost states of their
wintering range in Mexico.

State Latitude Longitude Elevation (m) Date
Michoacan 18°29'16"'N 103°30"12"W 95 6 January 2012°
Michoacan 18°21'25"'N 103°18'25""W 408 5 January 2012
Michoacan 18°21'10"'N 103°18'26""W 408 5 January 2012°
Michoacan 18°13'38"'N 103°02'11"W 343 4 January 2012
Michoacan 18°12'06”N 103°04'08"'W 73 4 January 2012
Michoacan 18°05’39"'N 102°17'39"'W 203 18 December 2011*
Guerrero 18°03'29"'N 102°08'40"'W 98 19 December 2011*
Oaxaca 15°56'16"'N 96°21'21"W 961 27 January 2012*
Oaxaca 15°56'10"'N 96°21'01"W 781 27 January 2012
Oaxaca 15°5328"'N 96°12/29""W 318 26 January 20127
Oaxaca 15°47'31"'N 96°02'51"W 0 23 January 2012
Oaxaca 15°45'17"'N 96°09'18"'W 79 21 January 2012
Oaxaca 15°44’51"'N 96°10'06"'W 9 21 January 2012*
Oaxaca 15°43'04"'N 96°26'45""W 287 19 January 2012

* Indicates after-second-year male.

other study (Powell, 2013) has previously focused on this
species. All of our detections in the southern states
occurred in lowland coastal areas, indicating that these
areas might be of importance for wintering black-capped
vireos.

Survey effort in the three southernmost states was
comparable to effort in all other states combined, yet we
encountered approximately 35 and 55% fewer black-
capped vireos in the southern states than in the northern
and central states, respectively. Like others (Graber, 1961;
Powell, 2013), our observations suggest occupancy by
black-capped vireos may well be lower in the southern
states. However, logistical constraints (e.g., lack of roads,
steep slopes) and personal-security issues restricted our
choice of survey locations in these states, which may have
biased our results. In particular, we were limited in our
access to coastal sites in Guerrero, although we were able
to visit several inland areas that Vega Rivera et al. (2011)
identified as potentially suitable for black-capped vireos.
These areas were higher in elevation (1,500-2,500 m) and
characterized by either pine-oak forests or heavily
modified agricultural areas. Only 17% of the Vega Rivera
et al. (2011) model included elevations >1,250 m, and
only 8% of black-capped vireos detected by Powell (2013)
were at higher elevations. Similarly, we found few
individuals at higher elevations and, based on experience,
suspect that high-elevation, inland sites in Guerrero offer
little potential in terms of suitable habitat for wintering
black-capped vireos.

The wintering range of the black-capped vireo is
primarily comprised of tropical dry forests, although
black-capped vireos do occupy pine-oak forests to a lesser
extent (Graber, 1961; Vega Rivera et al., 2011; Powell,
2013). Dry forests are deciduous forests found <2,000 m
and characterized by short trees (8-12 m), dense
undergrowth, low rainfall, and marked seasonality (Rze-

dowski, 1978; Trejo-Vazquez, 1999). Presently, 27% of dry
forests in Mexico remain intact (Trejo and Dirzo, 2000),
and only 0.2% of dry forest land is protected (Portillo-
Quintero and Sanchez-Azofeifa, 2010). Dry forests are
regularly cleared for agriculture and cattle grazing
(Janzen, 1988), and dry forests in Mexico may be
especially vulnerable to conversion for these land uses
(Miles et al., 2006). However, clearing of dry forests is less
intense with increasing slope (Trejo and Dirzo, 2000;
Portillo-Quintero and Sanchez-Azofeifa, 2010).

Powell (2013) found that black-capped vireos in the
northern and central states tended to use steeper, more
southern-facing slopes. McFarland et al. (2013) similarly
detected black-capped vireos more frequently on steeper
slopes on their breeding grounds in Texas; however, the
pattern was not consistent across the breeding range.
When examining points from all survey locations, we
found that slopes at detection points were less steep,
although the magnitude of the difference was small and
limited to a few degrees. We did not detect a difference in
the use of slopes when we limited analysis to locations
with known occupancy. Dry forests in Mexico are
climatically and topographically diverse and exhibit
significant geographic variation in vegetation structure
and species composition (Trejo and Dirzo, 2000). Black-
capped vireos are more flexible in their use of habitat on
the wintering grounds than on the breeding grounds
(Graber, 1961; Gonzalez-Medina et al., 2009; Powell,
2013) and, where use of steeper slopes is observed, it is
likely the result of local climate and land-use factors and
not a range-wide characteristic.

Hutto (1992) suggested black-capped vireos were likely
restricted to undisturbed tropical deciduous forests.
However, his assessment was based on a single individual
captured in a protected area. We detected black-capped
vireos at 47% of the disturbed sites surveyed, which were
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typically characterized by low-level cattle grazing, fruit and
vegetable plantations (e.g., coconut, pineapple, coffee,
corn, mango), or secondary forests associated with these
land uses. Disturbed locations occupied by black-capped
vireos tended to be shaded and in proximity to deciduous
or semideciduous forests. Our observations are consistent
with those of Vega Rivera et al. (2011), who suggested that
black-capped vireos might not be restricted in their use of
disturbed habitats so long as those areas are part of
heterogeneous landscapes that include nearby forest
patches.

Seasonal habitat segregation by different classes (e.g.,
age, sex, behavior) of Neotropical birds is well docu-
mented (e.g., Lynch et al., 1985; Lopez Ornat and
Greenberg, 1990; Sherry and Holmes, 1996). Birds can
occupy different latitudes because of social dominance by
one class (Ketterson and Nolan, 1976; Gauthreaux, 1978;
Lynch et al., 1985; Marra, 2000) or because of habitat
specialization between classes (Lynch et al., 1985; Morton,
1990). This segregation can complicate interpretations of
habitat use and can have consequences for population
dynamics (Rodenhouse et al., 1997, Marra et al., 1998;
Komar et al., 2005). Powell (2013) observed a significant
difference in the distribution of ASY males compared to
other black-capped vireos on the wintering grounds, but
we found no evidence to support latitudinal segregation
in our study. Additional research is needed to determine
whether segregation on the wintering grounds occurs in
this species.

Our surveys identified new wintering locations for
black-capped vireos across their wintering range. Al-
though our objective was not specifically to test the Vega
Rivera et al. (2011) distribution model, we confirmed
their prediction that black-capped vireos use lowland
coastal areas, particularly in the southern part of the
winter range, and that the species will use disturbed areas
in some instances. The new locations we provide can be
used to improve future distribution models of wintering
black-capped vireos and to help in the development of
management guidelines. Powell (2013) contributed sig-
nificantly to our understanding of fine-scale habitat use
by wintering black-capped vireos in the northern and
central portions of the winter range, but measurements
associated with habitat quality, threats, and areas of
concentration are still needed range wide.
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