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ABSTRACT—Micro-endemic species are at greater risk of extinction because of their small populations and limited
distribution. We conducted a breeding population survey of 3 little-known Mexican endemic bird species: Rose-bellied
Bunting (Passerina rositae), Cinnamon-tailed Sparrow (Peucaea sumichrasti), and Orange-breasted Bunting (Passerina
lechlancherii) in Sierra Tolistoque, Oaxaca. The purpose of the survey was to (a) determine the population density and size of
these 3 species in the Sierra Tolistoque, (b) estimate the relative importance of various landscape features for each species,
and (c) provide more rigorous scientific information to aid in the conservation and management of these species. In the case
of Rose-bellied Bunting, we aimed to assess whether it prefers ravines over other landscape types during the breeding
seasons, as stated in previous studies. Between late May and June 2012, we conducted point counts (7 =209) throughout the
southern slope of the Sierra Tolistoque on the Pacific slope of the Isthmus of Tehuantepec, in Oaxaca, Mexico. Overall bird
density was 0.98 birds/ha for Rose-bellied Bunting, 0.547 birds/ha for Orange-breasted Bunting, and 0.514 birds/ha for
Cinnamon-tailed Sparrow. The estimated population in each landscape category showed that despite the existence of subtle
interspecific preferences, hillsides are the major reservoirs for the 3 species. Rose-bellied Bunting did not occur in greater
density in ravines compared to hillsides, which comprised more than twice the area of ravines. The importance of the Sierra
Tolistoque for the long-term conservation of the 2 micro-endemic species is crucial considering our population estimates
suggest that ~30% of the estimated world population of Rose-bellied Bunting and Cinnamon-tailed Sparrow are found within
the range of the Sierra Tolistoque. Received 6 September 2016. Accepted 21 September 2017.
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Densidad y estimaciones poblacionales del Colorin Azulrosa (Passerina rositae), Zacatonero Istmefo (Peucaea
sumichrasti), y Colorin Pecho Naranja (Passerina lechlancherii) en la Sierra de Tolistoque, Oaxaca, México

RESUMEN (Spanish)—Las especies micro-endémicas se encuentran en mayor riesgo de extincion debido a sus pequefios tamafios
poblacionales y su distribucion limitada. Nosotros realizamos una estimacion de la poblacion reproductiva de 3 especies endémicas de México

poco conocidas: el Colorin Azulrosa (Passerina rositae), el
Zacatonero Istmeio (Peucaea sumichrasti), y el Colorin Pecho

1 o . .
Tierra de Aves A.C., Lomas de Bezares, Mexico City, Naranja (Passerina lechlancherii) en la Sierra de Tolistoque,

Mexico Oaxaca. Los objetivos del estudio fueron: (a) determinar la
2 Kiekari Terra A.C., Rancho Kiekari, Xico, Veracruz,  densidad poblacional y tamafio de estas 3 especies en la Sierra
Mexico Tolistoque, (b) estimar la importancia relativa de los diferentes
* Bird Conservancy of the Rockies, Brighton, CO, clementos del paisaje para cada especie, y (¢) proveer de mas
USA. informacion cientifica rigurosa para ayudar a los fines de

. . conservacion y manejo de estas especies. En el caso del Colorin
* Corresponding author: vanellusva@gmail.com y J P
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Azulrosa, evaluamos si esta prefiere las cafiadas sobre otros tipos de paisajes durante la temporada reproductiva, tal y como se asevera en
publicaciones previas. Entre finales de mayo y junio del 2012, conducimos puntos de conteo (n =209) a través de la ladera sur de la Sierra de
Tolistoque en la vertiente pacifica del Istmo de Tehuantepec, en Oaxaca, México. La densidad general fue de 0.98 individuos/ha para el
Colorin Azulrosa, 0.547 para el Colorin Pecho Naranja, y 0.514 para el Zacatonero Istmefio. La poblacion estimada en cada categoria del
paisaje mostro que, a pesar de la existencia de preferencias sutiles interespecificas, las colinas son los mayores reservorios para las 3 especies.
El Colorin Azulrosa no se encontré en mayores densidades dentro de las cafiadas en comparacion con las colinas, las cuales representan el
doble de area que las canadas en el area de estudio. La importancia de la Sierra Tolistoque para la conservacion a largo plazo de estas 2
especies micro-endémicas es crucial considerando que nuestros estimadores poblacionales sugieren que ~30% de la poblacion mundial
estimada de Colorin Azulrosa y el Zacatonero Istmefio se encuentra dentro del area que representa la Sierra de Tolistoque.

Palabras clave: areas protegidas, aves, energia edlica, Istmo de Tehuantepec, micro-endemismo, parque edlico, selva caducifolia.

The Isthmus of Tehuantepec (IT) in southern
Mexico is a biologically important region that
supports high avian species richness and ende-
mism and offers some excellent opportunities for
biodiversity conservation, particularly in the dry
lowlands of the Pacific slope (Peterson et al.
2003, McAndrews and Montejo-Diaz 2010). The
IT has been considered by several authors as a
distinct biogeographic province based on the
endemic bird taxa found in the area (Smith 1941,
Goldman and Moore 1945, Alvarez-Castafieda
and de Lachica 1974, Garcia-Trejo and Navarro
2004, Barber and Klicka 2010). Two such
species, Rose-bellied Bunting (Passerina rositae)
and Cinnamon-tailed Sparrow (Peucea sumi-
chrasti), stand out as the most representative
endemic species of the province, which also
supports other endemic species of western
Mexico, such as the Orange-breasted Bunting
(Passerina lechlancherii) and Citreoline Trogon
(Trogon citreolus), among others.

Despite its small geography, the Pacific slope of
the Isthmus of Tehuantepec has the largest extent
of tropical deciduous forest in Oaxaca (Meave et
al. 2012), including part of the Chimalapas region,
one of the best-preserved and most biodiverse
forest areas in all of Mesoamerica (Peterson et al.
2003); however, no federal designations of
protected areas have been made since 1995 when
La Sepultura Biosphere Reserve was designated in
the state of Chiapas.

A recent assessment identified a few of
communal and private conservation initiatives,
from which Sierra Tolistoque in Juchitan, Oaxaca,
stands out as a novel “hotspot” for bird watchers
targeting the Rose-bellied Bunting and tourists
attracted by the natural springs. Despite the
importance of community conservation initiatives,
however, the current level of protection is
inadequate because of the lack of sustained
funding and the isolated and patchy distribution

of the initiatives (Meave et al. 2012). Recent land
use changes, including the construction of a new
highway network (NSS Oaxaca 2017), expansion
of agave plantations for production of mezcal,
extensive increases in cattle pastures, new sor-
ghum fields, growing industrial complexes mainly
linked to the petroleum port of Salina Cruz (Meave
et al. 2012), and, of particular concern, commer-
cial-scale wind energy developments, are further
fragmenting and reducing native habitats (AM-
DEE 2016). These activities threaten the persis-
tence of the tropical dry forest on the Pacific slope
of the IT and its rich and endemic biodiversity
(Meave et al. 2012).

Species with small populations and restricted
ranges are particularly sensitive to habitat loss and
degradation. Improved knowledge of their distri-
bution, abundance, and habitat use is needed to
effectively manage and conserve such species in
the IT. We conducted a breeding population survey
of 3 Mexican-endemic bird species: Rose-bellied
Bunting, Cinnamon-tailed Sparrow, and Orange-
breasted Bunting. The Rose-bellied Bunting is a
charismatic micro-endemic passerine. Adult males
have a diagnostic electric-blue coloration, broken
white eye-ring, and reddish-pink mottling on the
chest, becoming salmon-pink on the belly and vent
(Brewer 2017). They inhabit moist to semiarid
thorn-forest, dense deciduous forest, and semi-
humid deciduous gallery woodland within hilly
areas at 150-800 m a.s.l. in the southern part of the
IT region (Monroy-Ojeda et al. 2013, Brewer
2017). Despite being locally common within its
limited range, it is listed as Threatened (SEM-
ARNAT 2010) because of its small range and the
possibility that its populations may be in decline
owing to habitat loss and degradation, human
extraction, hurricane side-effects, and infrastruc-
ture development (Arizmendi Arriaga 2006, Brew-
er 2017).
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Cinnamon-tailed Sparrow is one of the most
restricted avian species in Mexico, with a distribu-
tion range of ~9,700 km? (Wolf 1977), limited to
the Pacific slope of southeastern Oaxaca and
extreme southwestern Chiapas. It inhabits slightly
open areas in arid tropical scrub (with Jatropha and
Ipomoea trees) up to 6 m tall and thickets and
grassy clearings (Rising 2017). The total popula-
tion estimate is <50,000 individuals, estimated to
be almost 50% of the original number (Berlanga et
al. 2010, Partners in Flight 2017). It is listed as
Endangered (SEMARNAT 2010).

Orange-breasted Bunting is a colorful cardinalid
endemic to the tropical dry forest of the Pacific
coast of Mexico. It inhabits arid and semiarid
deciduous thorn-forest, brushy deciduous wood-
land, field edges, and overgrown clearings (Howell
and Web 1995). It is found from sea level up to
1,200 m, but mostly below 900 m. It is largely
sedentary but may move to riparian forest patches
during the dry season (Brewer and de Juana 2011).
This species is not globally threatened, but its
populations are believed to be declining because of
habitat degradation and capture for the caged-bird
trade.

Sierra Tolistoque in Juchitan, Oaxaca, was
selected as the study site because (1) it represents
one of the largest blocks of contiguous habitat in
the center of distribution of the Rose-bellied
Bunting and Cinnamon-tailed Sparrow; (2) it is a
proposed area for large-scale wind farm develop-
ment, which is expanding rapidly in the region; (3)
it is part of a cluster of communal protected areas
owned by indigenous local communities; and (4) it
has become an important birdwatching destination,
increasing the importance of ecotourism as a
source of local revenue. The purpose of this
survey was to (a) estimate the population density
and size of the 3 focal species in the Sierra
Tolistoque, (b) determine the relative importance
of topography and landscape features for each
species, and (c¢) provide scientific information for
the conservation and management of the focal
species, including for environmental assessments
required for evaluating land use change permits in
Mexico. In the specific case of Rose-bellied
Bunting, we also wanted to assess whether it is
most abundant in ravines during the breeding
season, as stated in previous studies (Pérez-
Sanchez et al. 2011).
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Methods
Study area

We conducted point-transects (Buckland et al.
2001) in the Sierra Tolistoque (elevation range
150-800 m a.s.l.; Binford 1989), a small (8,000
ha) mountain range with a west—east orientation
located on the Pacific slope of the Isthmus of
Tehuantepec in Oaxaca, Mexico. This region is
characterized by a warm subhumid climate (Garcia
1988), with an average annual temperature of 27.4
°C (Trejo 2004). Tropical deciduous forest with an
average canopy height of 7 m is present along the
hillsides. Tropical semi-deciduous forests also
exist but are restricted mainly to ravines and
alluvial plains where relative humidity is higher
(INEGI 2000, Rzedowski 2006).

The study area was delineated in ArcView 3.2 by
creating a polygon that included the Sierra Tolisto-
que and a buffer area (~500 ha) of surrounding lower
elevations. Based on field survey data, we identified
5 distinct landscape categories that corresponded to
differences in habitat features and extrapolated these
to the entire study area: “lowlands” at the base of the
mountain range, “foothills” between the lowlands
and steeper slopes of the mountain range, “ravines”
that dissect the mountain range and include the
extreme slopes and gorges from the stream edge to
the transition to more navigable hillsides, “hillsides”
that include the hillsides and hilltops of the mountain
range, and “transition hillside/ravines” that include
the ecotone between these 2 strata (Fig. 1).

Sampling

We used a 500 m regular grid to establish
random transect starting points at the base of the
Sierra Tolistoque. Between late May and June
2012, we conducted 20 point-transects throughout
the southern slope of the sierra and conducted
counts (n =209) at intervals of ~150 m. Each day
we climbed from the lowest point to the highest/
farthest point, conducting an average of 10 point
counts per day, from sunrise until 5 h thereafter.
Occasionally, point count locations were modified
slightly in the field to avoid obstacles or hazards.
We timed sampling to coincide with the peak
breeding season for the 3 species (Brewer and de
Juana 2011, Brewer 2017, Rising 2017). Territorial
behavior was displayed by all 3 species, and
nesting was observed in the case of Rose-bellied
Bunting (Monroy-Ojeda et al. 2013).
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Figure 1. The Sierra Tolistoque study area, Oaxaca, Mexico, including elevational gradient and landscape categories.

We conducted 5 min point counts, during which
all visual and aural detections of the 3 target
species were recorded. The radial distance to the
original position of each bird was measured using
a laser range finder. No audio stimuli were used
that could modify the detection probability of the
birds. All point counts were conducted and
distances measured by a single observer. After
each point-count survey was finished, the observer
recorded the type of vegetation and landscape
category.

Data analysis

We used the analysis software Distance 6.0
(Thomas et al. 2010) to estimate detection
probabilities and density using our point-count
data. Analysis of distance data was accomplished
by fitting a detection function to the distribution of
recorded distances. We obtained more than the
minimum 80 independent detections for all 3 target
species and thus had sufficient data to estimate
densities for these species. We fit a half-normal
key function and hazard rate key function with
cosine series expansions and up to 2 adjustment

terms to the distribution of distances for each
species (Buckland et al. 2001). We used Akaike’s
information criterion corrected for small sample
size and model selection theory to select the most
parsimonious detection function for each species
(Burnham and Anderson 2002).

Density estimates were post-stratified by land-
scape category. To estimate the area of each
landscape category, we determined the number of
15 X 15 m pixels that each category covered in the
study area polygon and multiplied the area of each
pixel times the number of pixels per category.
Estimated population per landscape category was
obtained by multiplying the estimated species
density by the area of each stratum in the polygon.
The relative importance per landscape category is
directly related to the estimated population per
landscape category.

Results

During the 209 point counts, we recorded 291
Rose-bellied Buntings, 185 Orange-breasted Bun-
tings, and 147 Cinnamon-tailed Sparrows. The
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Table 1. Estimated breeding density (and upper and lower 95% confidence intervals) for 3 endemic bird species in each

landscape category in the Sierra Tolistoque, Oaxaca.

Density (birds/ha)

Landscape category Rose-bellied Bunting

Orange-breasted Bunting Cinnamon-tailed Sparrow

Foothills 0.18 (0.13-0.251)

Hillsides 2.923 (2.112-4.046)
Ravines 2.447 (1.768-3.387)
Transition hillside/ravines 0.181 (0.130 -0.251)
Lowlands 0.203 (0.147-0.282)

Overall density 0.980 (0.729-1.317)

0.663 (0.560-0.785)
1.327 (1.122-1.570)
0.259 (0.218-0.306)
0.048 (0.040-0.057)
0.437 (0.369-0.517)
0.547 (0.463-0.647)

0.446 (0.350-0.567)
0.998 (0.784-1.270)
0.254 (0.200-0.324)
0.106 (0.083-0.135)
0.764 (0.600-0.973)
0.514 (0.404-0.654)

average number of individuals observed per point
count was 1.39 (SD 1.27) for Rose-bellied
Bunting, 0.88 (0.979) for Orange-breasted Bun-
ting, and 0.70 (0.98) for Cinnamon-tailed Sparrow.
Overall density in the Sierra Tolistoque was 0.98
birds/ha for Rose-bellied Bunting, 0.547 birds/ha
for Orange-breasted Bunting, and 0.514 birds/ha
for Cinnamon-tailed Sparrow (Table 1). The
highest density estimates for all 3 species were
on hillsides. The landscape category with the
second highest density estimate was different for
each species: ravines for Rose-bellied Bunting,
foothills for Orange-breasted Bunting, and low-
lands for Cinnamon-tailed Sparrow (Table 1). The
distribution of point counts among the categories
was as follows: lowlands (n = 25), foothills (n =
31), hillsides (n = 82), ravines (n = 66), and
transition hillside/ravines (n = 5).

The area estimates for each landscape category
based on the classified raster cell (15 X 15 m)
count resulted in a total study area of 8,176 ha
(363,421 cells): 376 ha correspond to foothills
(16,714 cells), 3,908 ha (173,717 cells) to
hillsides, 1,772 ha (78,773 cells) to ravines,
1,639 ha (72,865 cells) to transition areas going

from hillsides to ravines, and 481 ha (21,365 cells)
to surrounding lowlands (Table 2). The estimated
population per landscape category showed that
despite small differences in density among the
strata, hillsides are the major reservoirs for the 3
species in the Sierra Tolistoque (Table 2), followed
by ravines. Interestingly, the density between the 2
micro-endemic species is markedly different;
Cinnamon-tailed Sparrow is more abundant in
lowlands and foothills and Rose-bellied Bunting is
more abundant in hillsides and ravines.

Discussion

This study represents the first population size
and density estimates generated using robust
sampling and analytical procedures for these 3
endemic species in any part of their range.
Previously, researchers estimated the relative
abundance of Orange-breasted Bunting in locali-
ties of Jalisco (Loera et al. 2011) and Chiapas
(Altamirano et al. 2002), Rose-bellied Bunting in
Chiapas (Altamirano et al. 2002), and Cinnamon-
tailed Sparrow in Oaxaca (Lazo-Sanchez 2010,
Villegas-Patraca et al. 2012). Arizmendi Arriaga

Table 2. Estimated population per landscape category (and upper and lower 95% confidence intervals) for 3 endemic bird

species in the Sierra Tolistoque, Oaxaca.

Estimated population size

Landscape category Area (ha) Rose-bellied Bunting Orange-breasted Bunting Cinnamon-tailed Sparrow
Foothills 376 68 (49-94) 249 (210-295) 168 (132-213)
Hillsides 3,908 11,424 (8,254-15,813) 5,186 (4,385-6,136) 3,900 (3,064-4,964)
Ravines 1,772 4,337 (3,133-6,002) 459 (386-542) 450 (354-574)
Transition hillside/ravines 1,639 297 (213-411) 79 (66-93) 174 (136-221)
Lowlands 481 98 (70-136) 210 (177-249) 364 (289-468)
TOTAL 8,176 16,244 (11,719-22,456) 6,183 (5,224-7,315) 5,056 (3,975-6,440)
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(2006) evaluated the conservation status of
populations of several Passerina species in
Mexico, including Rose-bellied Bunting and
Orange-breasted Bunting, but no density estimates
or relative abundance data were provided. Meth-
odological differences in abundance estimation by
various authors, such as the use of mist netting
(Loera et al. 2011), the use of acoustic alluring
(Altamirano et al. 2002), and incomparable
population parameters (Lazo-Sanchez 2010, Ville-
gas-Patraca et al. 2012) prevent us from comparing
densities of the species sampled in the Sierra
Tolistoque with populations elsewhere.

In the case of Rose-bellied Bunting, we
specifically wanted to assess whether they pre-
ferred ravines over other landscape types, consid-
ering that Pérez-Sanchez et al. (2011) stated that
the species mostly uses ravines for nesting. This
assertion was based on the number of nests they
found; however, they focused their nest searches
mainly in ravines (Monroy-Ojeda et al. 2013), thus
biasing their conclusion. We found little support
for that hypothesis; population density during the
breeding season did not differ between ravines
(with tropical semi-deciduous forests) and hillsides
(with tropical deciduous forests). The results of our
study suggest the hillsides in the Sierra Tolistoque
are likely more important for the species, consid-
ering that the area of hillsides compared to ravines
is at least 2.2 times larger and supports 70.4% of
the estimated study area population.

The importance of hillsides is even clearer for
the other 2 species, given that 83.9% and 77.1% of
the estimated study area populations of the
Orange-breasted Bunting and Cinnamon-tailed
Sparrow, respectively, are found on hillsides.
Further population density estimates should be
made to compare different times of year (e.g.,
breeding vs. nonbreeding seasons; wet vs. dry
seasons) and different conditions of the habitat
(e.g., primary forest vs. degraded/fragmented
habitat), especially given observational data that
suggest Rose-bellied and Orange-breasted Bun-
tings may use different types or attributes of the
habitat depending on the time/season of year (AM-
O and MG, pers. obs.). In the case of the
Cinnamon-tailed Sparrow, Lazo-Sanchez (2010)
estimated density in an area surrounding our study
site and found 5.27 birds/ha in lowland undis-
turbed tropical deciduous forest, 1.11 birds/ha in a
mixed habitat consisting of cropland and tropical

The Wilson Journal of Ornithology « Vol. 130, No. 2, June 2018

deciduous forest, and 0.55 birds/ha in pasture land.
Despite using different approaches for measuring
density, both Lazo-Sanchez (2010) and our study
found the highest densities of the Cinnamon-tailed
Sparrow in undisturbed forested habitats.

Considering how little is known of the 3
species, these insights into differential densities
across landscapes provide important guidance for
managing and conserving their populations. Future
natural history studies should focus on under-
standing seasonal movements and habitat use
throughout the year and on the impacts of habitat
loss and fragmentation.

Conservation issues

The importance of the Sierra Tolistoque for the
long-term conservation of the 2 micro-endemic
species is crucial considering our population
estimates suggest that ~30% of the estimated
world populations of Rose-bellied Bunting and
Cinnamon-tailed Sparrow (Partners in Flight 2017)
are found there. The loss or fragmentation of
habitat in Sierra Tolistoque could have consider-
able consequences for these species given that they
prefer extensive, undisturbed forested sites (Alta-
mirano et al. 2002, Pérez-Sanchez et al. 2011).

Modeled scenarios (Arizmendi Arriaga 2006)
showed that Rose-bellied Bunting populations
could be reduced by 15-43%, solely from the
incidence of hurricanes in the area. Moreover,
significant reductions in population should be
expected as habitat loss continues due to anthro-
pogenic land use, especially in the lowlands.
Changes such as clearing land for grazing and
agriculture and the construction of a new 80 km
highway (Oaxaca-Istmo; NSS Oaxaca 2017),
together with the intensive and extensive devel-
opment of wind farms in the area (AMDEE 2016),
represent an unprecedented and potentially severe
threat for endemic species in the IT region. For
these reasons, the conservation of remaining large
tracts of intact habitat is even more important.
Future territorial planning and/or development
plans should aim to conserve all well-preserved
habitat and biological corridors. Hillsides represent
the major population reservoirs for the 3 species
within the Sierra Tolistoque, and likely elsewhere
within their range, especially for the Rose-bellied
Bunting.
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Considering the necessity to preserve these
species and the area of tropical deciduous forest
they require in the IT region, the current extent of
protected habitat provided by Natural Protected
Areas is insufficient. Meave et al. (2012) also
concluded that the voluntary natural protected
areas approach has not proven adequate to
preserve Oaxaca’s tropical dry forests and the
species that depend on them. A larger area, similar
in concept to Mexico’s Biosphere Reserves with
legal restrictions on land use change in key
habitats, is necessary to effectively conserve these
forest-dependent bird species. Currently, La Se-
pultura Biosphere Reserve in Chiapas represents
the only federally protected area where both Rose-
bellied Bunting and Orange-breasted Bunting can
be found; however, the potential habitat for Rose-
bellied Bunting and Orange-breasted Bunting
represents only 4.2% and 3.4% of the reserve
surface (167,309 ha), respectively (Gonzalez-
Ortega 2000, Gonzalez-Ortega et al. 2002). In
Oaxaca, the communal and private areas for
conservation—where owners voluntarily commit
their lands as protected areas—constitute the only
form of protected areas where the 3 species can be
found. In Sierra Tolistoque, the communal pro-
tected areas are owned by indigenous groups and
cover an area of 5,299.65 ha (i.e., Zona de Uso
Comun Rio Verde del Cerro Tolistoque, Zona de
Uso Comun en Ojo de Agua del Cerro Tolistoque,
Zona de Uso Comun en Cerro Bandera de la Sierra
Tolistoque, Zonas 1 y 2 del Area de Uso Comun,
Area de Uso Comtn Cerro El Chilar; Ortega-del
Valle et al. 2010). Operationally, these conserva-
tion areas lack funds and personnel that could
ensure the conservation measures stated in the
management plans, so their effectiveness to
maintain biodiversity and conserving habitats is
unproven. However, considering the major role
that local communities play in the conservation
and use of the habitat, further support should focus
on funding and enhancing participatory commu-
nity-based conservation initiatives.

Considering the information presented here, we
suggest a strong biological justification exists to
protect the whole extent of the Sierra Tolistoque.
In addition to the importance of this site to our
focal species, the region is part of one of the most
important bird migration corridors in North
America (Zalles and Bildstein 2000) and is crossed
by millions of Swainson’s Hawk (Buteo swainso-
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ni) and Turkey Vulture (Cathartes aura) during
fall and spring migration (Fuller et al. 1998,
Bildstein 2004, Ruelas-Insunza 2010, Villegas-
Patraca et al. 2014). The area is also home to at
least 169 bird species (Berlanga et al. 2008),
including the Mexican endemic West Mexican
Chachalaca (Ortalis poliocephala), Yellow-winged
Cacique (Cassiculus melanicterus), and Beautiful
Hummingbird (Calothorax pulcher) (AM-0O, pers.
obs.). In addition, the Sierra Tolistoque supports
mature forests of the nationally threatened ponytail
palm (Beucarnea recurvata) and other listed
species of reptiles and mammals, such as the
Oaxacan spiny-tailed iguana (Ctenosaura oaxaca-
na) and the Geoffroy’s spider monkey (Ateles
geoffroyi; SEMARNAT 2010).

The urgent need to protect the habitats of the
species in this study within the Sierra Tolistoque
becomes even more important under the proposed
mass establishment of wind turbines throughout
the Isthmus of Tehuantepec (McAndrews et al.
2008, AMDEE 2016). The IT region has the
greatest potential for wind energy yield in the
country and one of the greatest in the world; as of
2016, 20 wind farms, one located 2 km southeast
of the Sierra Tolistoque, were already operating in
the region, producing 1,751.47 MW of energy
(AMDEE 2016). The future establishment of wind
farms and supporting infrastructure in the Sierra
Tolistoque would almost certainly negatively
affect resident endemic and migratory species
through habitat degradation and fragmentation, as
well as potential collisions with wind turbines on a
massive scale, whereas the protection of the Sierra
Tolistoque could provide a future stronghold for
the conservation of these species.

Acknowledgments

We thank R. Deschamps who provided the funds for the
research realization (pajareando.com). We thank E. Young-
berg for her help with the Distance analysis. We thank
Yansa for helping us with the logistic effort and special
thanks to Vicente Vasquez from Ixtepec Community. We
thank the editor and 2 anonymous reviewers for their
constructive comments, which helped us to improve the
manuscript.

Literature cited

Alvarez-Castafieda ST, de Lachica F. 1974. Zoogeografia de
los Vertebrados de México. [Zoogeography of the
Vertebrates of Mexico] In: El escenario geografico,
recursos naturales [The geographic scenery, natural

Downloaded From: https://bioone.org/journals/The-Wilson-Journal-of-Ornithology on 29 Oct 2019
Terms of Use: https://bioone.org/terms-of-uselAccess provided by Colorado State University



360

resources]. Instituto Nacional de Antropologia e
Historia; p. 217-302.

Arizmendi Arriaga MC. 2006. Evaluacion del estado de
conservacion de las poblaciones de Passerina ciris, P.
leclancherii, P. amoena, P. rositae, P. caerulea,
Cardinalis cardinalis 'y C. sinuatus en México:
recomendaciones para su conservacion y aprovecha-
miento sustentable. [Assesment of the conservation
status of the populations of Passerina ciris, P.
leclancherii, P. amoena, P. rositae, P. caerulea,
Cardinalis cardinalis 'y C. sinuatus in Mexico:
recommendations for their conservation and use]
Informe final Proyecto No. DS003. SNIB-CONABIO.
Mexico DF, Mexico.

Arriaga-Cabrera L, Espinoza-Rodriguez JM, Aguilar-Zuniga
C, Martinez-Romero E, Gomez-Mendoza L, Loa-Loza
E. 2000. Regiones terrestres prioritarias de México
[Priority land regions of Mexico]. Comision Nacional
para el Conocimiento y Uso de la Biodiversidad,
Meéxico DF, México.

[AMDEE] Asociacion Mexicana de Energia Edlica. 2016.
Capacidad Instalada de Energia Eodlica en México
[Wind energy installed capacity in Mexico]; [accessed
17 Feb 2016]. http://www.amdee.org/parques-eolicos-
mexico

Barber BR, Klicka J. 2010. Two pulses of diversification
across the Isthmus of Tehuantepec in a montane
Mexican bird fauna. Proceedings of the Royal Society
of London B. 277:2675-2681.

Berlanga H, Kennedy JA, Rich TD, Arizmendi MC,
Beardmore CJ, et al. 2010. Conservando a nuestras
aves compartidas: la vision trinacional de Compaiieros
en Vuelo para la conservacion de las aves terrestres
[Saving our shared birds: Partners in Flight Tri-
National Vision for Landbird Conservation]. Ithaca
(NY): Cornell Lab of Ornithology.

Berlanga H, Rodriguez-Contreras V, Oliveras de Ita A,
Escobar M, Rodriguez L, et al. 2008. Red de
Conocimientos sobre las Aves de México (AVESMX)
[Birds of Mexico Knowledge Network]. CONABIO.

Bildstein KL. 2004. Raptor migration in the Neotropics:
patterns, processes, and consequences. Ornitologia
Neotropica. 15:83-99.

Binford LC. 1989. A distributional survey of the birds of the
Mexican state of Oaxaca. Ornithological Monographs.
43:1-418.

BirdLife International. 2015. Country profile: Mexico
[accessed 14 Oct 2015]. http://www.birdlife.org/
datazone/country/mexico

BirdLife International. 2017. Important bird areas factsheet:
Istmo de Tehuantepec-Mar Muerto; [accessed 15 Aug
2017]. http://www.birdlife.org

Brewer D. 2017. Rose-bellied Bunting (Passerina rositae).
In: del Hoyo J, Elliott A, Sargatal J, Christie DA, de
Juana, editors. Handbook of the birds of the world
alive. Barcelona (Spain): Lynx Edicions; [accessed 16
Aug 2017]. http://www.hbw.com/node/62219

Brewer D, de Juana E. 2011. Orange-breasted Bunting
(Passerina leclancherii). In: del Hoyo J, Elliott A,
Sargatal J, Christie DA, de Juana, editors. Handbook of
the birds of the world alive. Barcelona (Spain): Lynx

The Wilson Journal of Ornithology « Vol. 130, No. 2, June 2018

Edicions; [accessed 17 Jul 2014]. http://www.hbw.com/
node/62220

Buckland ST, Anderson DR, Burnham KP, Laake JL,
Borchers DL, Thomas L. 2001. Introduction to distance
sampling: estimating abundance of biological popula-
tions. Oxford (UK): Oxford University Press.

Burnham KP, Anderson DR. 2002. Model selection and
multimodel inference: a practical information-theoretic
approach. New York (NY): Springer-Verlag.

Fuller MR, Seegar WS, Schueck LS. 1998. Routes and
travel rates of migrating Peregrine Falcons Falco
peregrinus and Swainson’s Hawks Buteo swainsoni in
the Western Hemisphere. Journal of Avian Biology.
29:433-440.

Garcia E. 1988. Modificaciones al sistema de clasificacion
climatica de Koppen (para adaptarlo a las condiciones
de la Republica Mexicana) [Modifications to the
Koppen climate classification (to adapt it to the
Mexican Republic conditions)]. Offset Larios S.A.
México DF; p. 46-52.

Garcia-Trejo EA, Navarro AG. 2004. Patrones bio-
geograficos de la riqueza de especies y el endemismo
de la avifauna en el oeste de México [Biogeographic
patterns of avian species richness and endemism in
West Mexico]. Acta Zoologica Mexicana. 20:167-185.

Goldman EA, Moore RT. 1945. The biotic provinces of
Mexico. Journal of Mammalogy. 26:347-360.

Gonzalez-Ortega MAA. 2000. Distribucion potencial de
Passerina rositae. Extraido del proyecto r006: Ocur-
rencia, distribucion y abundancia del género Passerina
en la Reserva de la Biosfera La Sepultura, Chiapas.
Escala 1:1000000 [Potential distribution of Passerina
rositae. Excerpted from project R006: Occurrence,
distribution and abundance of the genus Passerina in
the La Sepultura Biosphere Reserve, Chiapas. Scale
1:1000000]. Instituto de Historia Natural del Estado de
Chiapas, Departamento de Areas Naturales. Financiado
por la Comision Nacional para el Conocimiento y Uso
de la Biodiversidad (CONABIO). México, DF.

Gonzalez-Ortega MAA, Martin-Gomez MF, Cartas GJ.
2002. Ocurrencia, distribucion y abundancia del género
Passerina en la reserva de la Biosfera La Sepultura,
Chiapas [Occurrence, distribution and abundance of the
Passerina genus in the La Sepultura Biosphere
Reserve]. Acta Zoologica Mexicana. 85:169—180.

Howell SNG, Webb S. 1995. A guide to the birds of Mexico
and northern Central America. New York (NY): Oxford
University Press.

[INEGI] Instituto Nacional de Estadistica, Geografia e
Informatica. 2000. Informacion por entidad federativa
[Information per Federal State]; [accessed 1 Sep 2017].
http://www.beta.inegi.org.mx/app/estatal/

Lazo-Sanchez C. 2010. Estimacion de la densidad pobla-
cional de Aimophila sumichrasti en la selva baja
caducifolia en Ixtepec, Juchitan, Oaxaca [Aimophila
sumichrasti population density estimation in the
tropical deciduous forest of Ixtepec, Juchitan, Oaxacal].
Informe final de residencia profesional Instituto
Teconologico del Valle de Oaxaca. Xoxocotlan,
Oaxaca.

Downloaded From: https://bioone.org/journals/The-Wilson-Journal-of-Ornithology on 29 Oct 2019
Terms of Use: https://bioone.org/terms-of-uselAccess provided by Colorado State University



Monroy-Ojeda et al. » Density and population estimates of Mexican buntings

Loera-Casillas J, Rost J, Contreras-Martinez S, Gomez-
Llamas JC. 2011. Abundancia estacional del colorin
pecho naranja (Passerina leclancherii) en bosques
riberefios del occidente de México [Seasonal abun-
dance of the Orange-breasted Bunting (Passerina
leclancherii) in the riberine forest of western Mexico].
Ornitologia Neotropical. 11:187-194.

McAndrews AE, Montejo-Diaz JE, Alducin-Chavez GD.
2008. First description of the egg and notes on the nest
of the Cinnamon-tailed Sparrow (dimophila sumi-
chrasti). Ornitologia Neotropical. 19:123-127.

McAndrews AE, Montejo-Diaz JE. 2010. Birds from the
Plains of Tehuantepec, Oaxaca, Mexico. Southwestern
Naturalist. 55:569-575.

Meave JA, Romero-Romero MA, Salas-Morales SH, Pérez-
Garcia EA, Gallardo-Cruz JA. 2012. Diversidad,
amenazas y oportunidades para la conservacion del
bosque tropical caducifolio en el estado de Oaxaca,
Meéxico [Diversity, threats and opportunities for the
tropical deciduous forest conservation in the state of
Oaxaca, Mexico]. Ecosistemas. 21:85-100.

Monroy-Ojeda A, Grosselet M, Ruiz G. 2013. Further
contributions on the description of the nest, eggs, and
nesting habitat of the Mexican micro-endemic and near
threatened Rose-bellied Bunting (Passerina rositae).
Huitzil. 14:146-149.

NSS Oaxaca. 2017. Anuncian Gobernador Murat y SCT
nuevas inversiones para las carreteras Oaxaca-Costa y
Oaxaca-Istmo [Governor Murat and SCT Announce
New Investments for Oaxaca-Costa and Oaxaca-
Isthmus Highways]; [accessed 15 Aug 2017]. https:/
www.nssoaxaca.com/2017/02/15/anuncian-
gobernador-murat-y-sct-nuevas-inversiones-para-las-
carreteras-oaxaca-costa-y-oaxaca-istmo/

Ortega-del Valle D, Sanchez G, Solano C, Huerta MA, Meza
V, Galindo-Leal C. 2010. Areas de Conservacion
Certificadas en el estado de Oaxaca [Certified Conser-
vation Areas in Oaxaca]. WWF-CONANP. Oaxaca,
Meéxico.

Partners in Flight. 2017. Avian conservation assessment
database, version 2017; [accessed 23 Aug 2017]. http://
pif.birdconservancy.org/ACAD

Pérez-Sanchez C, Villegas-Patraca R, MacGregor-Fors I.
2011. Detailed description of the nest, eggs, and habitat
of the micro-endemic, near threatened Rose-bellied
Bunting (Passerina rositae). Ornitologia Neotropical.
22:569-576.

Peterson AT, Navarro-Sigiienza AG. 1999. Species concepts
and setting conservation priorities: a Mexican case
study. In: Proceedings XXII International Ornitholog-
ical Congress, Durban, South Africa.

Peterson AT, Navarro-Sigiienza A, Hernandez-Bafios BE,
Escalona-Segura G, Rebon-Gallardo F, et al. 2003. The
Chimalapas Region, Oaxaca, Mexico: a high-priority

361

region for bird conservation in Mesoamerica. Bird
Conservation International. 13:227-253.

Rising J. 2017. Cinnamon-tailed Sparrow (Peucaea sumi-
chrasti). In: del Hoyo J, Elliott A, Sargatal J, Christie
DA, de Juana, editors. Handbook of the birds of the
world alive. Barcelona (Spain): Lynx Edicions; [ac-
cesssed 16 Aug 2017]. http://www.hbw.com/node/
61949

Ruelas-Insunza E. 2010. Aves rapaces migratorias [Migra-
tory birds of prey]. CONABIO. Biodiversitas. 2:11-15.

Rzedowski J. 2006. Vegetacion de México [Vegetation of
Mexico]. CONABIO. Mexico City, Mexico.

[SEMARNAT] Secretaria de Medio Ambiente y Recursos
Naturales. 2010. Norma Oficial Mexicana NOM- 059-
Semarnat-2010. Proteccion ambiental, especies nativas
de México de flora y fauna silvestres, categorias de
riesgo y especificaciones para su inclusion, exclusion o
cambio. Lista de especies en riesgo [Official Mexican
Normativity NOM-059-2010-Semarnat-2010.Environ-
mental protection, wild flora and fauna native species
of Mexico, risk categories and specifications for their
inclusion, exclusion or change. List of species at risk].
Diario Oficial de la Federacion, 30 diciembre 2010.

Smith H. 1941. Las provincias bidticas de México, segun la
distribucion geografica de las lagartijas del género
Sceloporus [Biotic provinces of Mexico, according to
the geographic distribution of the Sceloporus lizzards].
Anales de la Escuela Nacional de Ciencias Biologicas.
2:103-110.

Thomas L, Buckland ST, Rexstad EA, Laake JL, Strindberg
S, et al. 2010. Distance software: design and analysis of
distance sampling surveys for estimating population
size. Journal of Applied Ecology. 47:5-14.

Trejo 1. 2004. Clima [Climate]. In: Garcia-Mendoza Al,
Ordofiez MJ, Briones-Salas M, editors. Biodiversidad
de Oaxaca [Oaxaca biodiversity]. Universidad Nacio-
nal Autéonoma de México, Fondo Oaxaquefio para la
Conservacion de la Naturaleza y WWE, México DF,
México; p. 67-85.

Villegas-Patraca R, Cabrera-Cruz SA, Herrera-Alsina L.
2014. Soaring migratory birds avoid wind farm in the
Isthmus of Tehuantepec, Southern Mexico. PLOS
ONE. 9:€92462. doi:10.1371/journal.pone.0092462

Villegas-Patraca R, MacGregor-Fors I, Ortiz-Martinez T,
Pérez-Sanchez CE, Herrera-Alsina L, Muiioz-Robles
C. 2012. Bird-community shifts in relation to wind
farms: a case of study comparing wind farms,
croplands, and secondary forests in southern Mexico.
Condor. 114:711-719.

Wolf L. 1977. Species relationship in the avian genus
Aimophila. Ornithological Monographs. 23:1-220.
Zalles JI, Bildstein KL. 2000. Raptor watch: a global
directory of raptor migration sites. Cambridge (UK):

BirdLife International.

Downloaded From: https://bioone.org/journals/The-Wilson-Journal-of-Ornithology on 29 Oct 2019
Terms of Use: https://bioone.org/terms-of-uselAccess provided by Colorado State University



