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Abstract The Sierra Madre sparrow Xenospiza baileyi,
categorized as Endangered on the IUCN Red List, is
endemic to Mexico. The subalpine bunch grasslands
of the Transverse Volcanic Belt in the south of the Valley
of Mexico are the last remaining habitat of this species.
We conducted a detailed survey for the Sierra Madre
sparrow using the point count method, and then des-
cribed the species’ habitat using a phytosociological
approach. The two sets of information were pooled into
a single analytical framework to identify priority habitats
for the species. Eight vegetation communities were dis-
tinguished. The Festuca lugens-Muhlenbergia quadridentata
and Stipa ichu bunch grassland communities had the
highest densities of the Sierra Madre sparrow. Intensive

burning and grazing activities and agricultural encroa-
chment have restricted sparrow occupancy. Landscape
analysis helped to delineate core grassland areas for the
species and grassland strips and islands that could
potentially act as habitat corridors. From the information
generated in this study, which was shared with the local
communities, we are establishing a participatory socio-
ecological investigation for conservation of the Sierra
Madre sparrow’s habitat.

Keywords Festuca lugens, grassland birds, Mexico,
Milpa Alta, San Juan Tlacotenco, Xenospiza baileyi.
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Identification of priority habitats for conservation of the Sierra Madre
sparrow Xenospiza baileyi in Mexico

Leonardo Cabrera-García, José Alejandro Velázquez Montes and Martha Elena Escamilla Weinmann

Introduction

Habitat loss and fragmentation are recognized as the
main threats to biodiversity (Mayr, 2000), and innova-
tive, participatory and adaptive methods are urgently
required to slow down the loss of species (Velázquez
et al., 2003). The endemic Mexican Sierra Madre sparrow
Xenospiza baileyi (Bangs, 1931) is known only from Sierra
Madre Occidental (the high mountains of southern
Durango and northern Jalisco) and the south-central
Transverse Volcanic Belt (in the Distrito Federal-Morelos
Estate; Collar et al., 1992; Cabrera, 1999). The northern
range of the species’ habitat has been transformed into
agricultural lands and therefore the subalpine bunch
grasslands of the Transverse Volcanic Belt are the last
remaining habitat for Xenospiza baileyi (Cabrera &
Navarro-Sigüenza, 2000). Areas of subalpine bunch

grassland have been reduced by 50% in the last 10 years
(Cabrera, 1999; Velázquez & Romero, 1999; González,
2000) and are fragmented and disturbed as a conse-
quence of agricultural encroachment (mainly cultivation
of oats and potatoes), intensification of livestock pro-
duction, inappropriate fire management, exotic tree
plantations, and urban expansion of Mexico City.

Most studies of the Sierra Madre sparrow have con-
cerned its taxonomy, distribution and natural history
(Pitelka, 1947; Dickerman et al., 1967; Oliveras de Ita
et al., 2001) and mostly in only one locality, La Cima, near
Mexico City. La Cima was previously considered to be
the only site inhabited by the Sierra Madre sparrow
(Wilson & Ceballos-Lascurain, 1993), although there had
not been a systematic survey for the species. Because
of the limited availability of suitable habitat, the Sierra
Madre sparrow is both a high conservation and research
priority (BirdLife International, 2000). Inappropriate
management is causing a continuing and rapid decline
and it is therefore categorized as Endangered on the
IUCN Red List (IUCN, 2004). Here we present the results
of a detailed survey for the Sierra Madre sparrow,
describe its habitat, and present a landscape analysis for
the prioritization of conservation areas for the species.

Study area

The altitude of the southern Valley of Mexico is 2,950–
3,600 m (Velázquez & Romero, 1999; Fig. 1). Climate is
temperate, sub-humid, mild to cool, with a mean annual
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temperature of c. 16dC and a mean annual rainfall of
c. 800 mm. The area has c. 3,000 plant and 350 vertebrate
species (Fa & Morales, 1993; Velázquez & Romero, 1999).
Subalpine bunch grasslands or zacatonales (the regional
vernacular name of bunch grassland) are restricted to flat
valley bottoms with little or no tree cover (Rzedowski,
1978). Land tenure on the zacatonales is principally
communal. Traditional governance institutions regulate
access and use of natural resources for community
members. Main land uses and managerial practices are
livestock grazing (cows and sheep). Grasslands have
traditionally been burned by local herders to produce
fresh pasture. The communities also rely on the grass-
lands for mushrooms, medicinal plants, and materials
for construction and craft products for sale and trade.

Methods

Estimates of Sierra Madre sparrow abundance

We systematically surveyed the whole southern region
of the Valley of Mexico (>1,000 km2) in the summer
of 1998 to determine the occurrence of the Sierra Madre
sparrow. The abundance of the Sierra Madre sparrow
was estimated using the fixed-radius point count method
(sensu Hutto et al., 1986) in a total of 120 plots. Plots were
located in a net-like design, 200 m apart, and surveyed
from sunrise until 10.00 in all directions (sensu Freemark
& Rogers, 1995), avoiding extremely rainy or windy
days. All plots were geo-referenced. Vocalizations of
the Sierra Madre sparrow within a plot were taken as
evidence of the species’ presence. The total number of
individual birds observed or heard and mean bird

abundance per plot in each vegetation community (see
below) were used to define the habitat of the Sierra
Madre sparrow, following Freemark & Rogers (1995),
Velázquez (1993), Velázquez & Heil (1996) and Huff et al.
(2000).

Vegetation survey

In areas where we located the Sierra Madre sparrow we
carried out vegetation surveys, from September 1998 to
September 1999, using the phytosociological method of
Braun-Blanquet (1932), modified for this type of survey
(Velázquez, 1993). A stratified random strategy was used
to sample all distinctive plant communities (subalpine
grasslands, agricultural fields and pine forest). Relevés
were established on identifiable grassland units fol-
lowing homogeneity criteria (Velázquez, 1993). In total
68 relevés were surveyed (Müeller-Dombois &
Ellenberg, 1974). The number of relevés per physiogno-
mic type varied in accordance with the proportional area
occupied and the species richness accumulation criteria
(Velázquez, 1993). The relevés were 10 * 10 m in all plant
communities, with the exception of some linear grass-
land remnants, where the size was c. 42 m2. In each relevé
the following data were gathered: a complete list of the
vascular plant species, an estimation of the percentage
cover of each species, of rock, litter, bare ground, and of
each vegetation layer. All habitat disturbance factors
(grazing, burning and trampling) were noted. Grazing
was considered to be present if traces were seen. Burning
was considered to be present if ash traces were found in
the vegetation or on the ground. Trampling was consid-
ered to be present if soil had cow or sheep footprints

Fig. 1 The study area in the southern Valley of Mexico, with location of bunch grasslands and other land cover types.
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and/or there was evidence of compacted soil. The loca-
tion of each relevé was determined with a global
positioning system. Vascular plant specimens were iden-
tified and deposited in the Herbarium Agustína Batalla
(FCME, UNAM, México, D.F.).

Landscape analysis

A set of 25 aerial photographs (1997; scale 1:35,000) was
interpreted to delineate land cover types, following
Haines-Young et al. (1993). From the aerial photographs
we drew a geo-referenced and oriented photo mosaic,
which we ground-truthed by noting the position of three
identifiable landscape elements (e.g. road intersection,
field edge or other topographic feature) per photograph
using a global positioning system. Three main physiog-
nomic vegetation types were identified in the photo-
graphs: subalpine bunch grassland, agricultural fields
and pine forest. The phytosociological relevé positions
were linked to the physiognomic types to construct
a vegetation map (sensu Velázquez, 1993). The final vege-
tation map, produced with the geographical information
system ArcView 3.2 (ESRI, Redmond, USA) included
forest cover, bunch grassland, agriculture and human
settlements. All fixed-radius point count plots of the
Sierra Madre sparrow (see above) were pooled into three
abundance categories according to the total number of
individuals observed: high (>40 individuals), medium
(1–39) and absent. These layers were overlain on the
vegetation map, which was then used to delineate key
areas for conservation.

Statistical analysis

Two-way indicator species analysis (TWINSPAN; Hill,
1979; Hill & Gauch, 1980; McCune & Mefford, 1995) was
used to define plant communities. To examine the assem-
blage of plant species defining each plant community the
relevés and species were sorted and arranged into
a phytosociological table (Braun-Blanquet, 1932). Data
on physiognomy, species composition, disturbance and
ecology were used to characterize each plant community.

A Canonical Correspondence Analysis (CCA) was per-
formed on the phytosociological table to examine the
environmental variables that influence the distribution
of the plant communities (ter Braak, 1987; McCune &
Mefford, 1995) and therefore the distribution of the spar-
row (sensu Velázquez & Heil, 1996). The number of
sparrows recorded in the fixed-radius point count plots
in each plant community was pooled and a Kruskal-
Wallis test used to determine whether the total number
of individuals differed between plant communities.
Differences were validated using resampling procedures
(Mooney & Duval, 1993; Davidson & Hinkley, 1997),

following recommendations from other bird studies
(Huff et al., 2000; Lusk et al., 2003). We computed mean
Sierra Madre sparrow abundance per survey plot
and 95% confidence intervals from 1,000 resampling
iterations using the software Pop Tools (Hood, 2003).

Sharing information at the local level

Milpa Alta and San Juan Tlacotenco local community key
members and local environmental authorities were
contacted at the beginning of the study to inform them
about the conservation status of the Sierra Madre spar-
row and about our research. Results from our study, such
as key areas for sparrow conservation, species’ habitat
preferences and habitat impacts from current land use
practices were communicated in summer 2001 to local
stakeholders using a variety of participatory techniques
(Mukherjee, 1993) such as talks, meetings and field trips.

Results

The Sierra Madre sparrow’s habitat can be defined as
a mosaic of subalpine bunch grassland communities and
man-made land cover types such as crops. A total of 169
vascular plant species were recorded (Appendix). Phy-
siognomically, the Sierra Madre sparrow habitat can be
described as semi-open bunch grassland of 1 m in height
and with spikes taller than 2 m (Plate 1). Grassland cover
is 5–95% depending on land use intensity. Litter covers
c. 5% of the ground, whereas shrubs and trees are poor
and scarcely represented in the sparrow’s habitat. The
main disturbance variables identified in the grasslands
were fire evidence, trampling and grazing, with 90, 15
and 10% cover, respectively, within the whole region.

Eight plant communities were delimited within the
Sierra Madre sparrow’s current range. The attributes and
differences that characterize each community are given
in Table 1, and the floristic composition of each commu-
nity in the phytosociological table (Appendix). The total

Plate 1 Typical Sierra Madre sparrow habitat. L. Cabrera-García,
2001.
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number of sparrows observed varied significantly
between plant communities (x2 =17.10, df = 7, P = 0.01).
The most important plant communities for the sparrow,
i.e. those in which the greatest number of sparrows were
observed and that had the highest mean bird density
per point count plot, were Festuca lugens-Muhlenbergia
quadridentata (Community IV) and Stipa ichu (V). The
Sierra Madre sparrow was rarely found within other
bunch grassland plant communities (Table 1). Only five
individuals were recorded in the Avena sativa-Brassica
campestris community (VIII), and the species was absent
from the Pinus montezumae-Ribes ciliatum (I) and Verbena
teucrifolia communities (VII). The sparrow avoided sites
of intensive grazing, particularly those transformed into
grazing prairies with little or no bunch grass coverage.

Canonical correspondence analysis (Fig. 2) indicated a
good segregation of the plant communities. The first two
axes accounted for 58% of the total variance. Axis 1 dif-
ferentiated the bunch grassland communities from agri-
cultural landscapes. Plant species richness and fire were
the variables most strongly related to this axis (r= 0.69
and r= 0.66, respectively). Axis 1 also indicates a gradi-
ent within the grassland communities, from richest and
continuous bunch grassland areas to less diverse and
highly fragmented grassland patches. Communities IV

and V, with the highest sparrow densities, were the
richest and most continuous grassland areas. Distur-
bance variables other than fire were significantly corre-
lated with Axis 2 (grazing cover r= 0.98, ground plant
cover r= 0.96).

Community IV occurs mainly in the Milpa Alta-San
Juan Tlacotenco lands where the largest area of continu-
ous bunch grassland remains. Community V predomi-
nates in reduced, disturbed and fragmented patches,
mainly at La Cima and El Capulin. Communities II
(Senecio cinerarioides-Muhlenbergia macroura) and III
(Cheilanthes pyramidalis) are grassland remnants distri-
buted mostly in the northern area where agriculture and
road expansion have displaced grassland types. Commu-
nity VI (Piptochaetium seleri-Cheilanthes hirsuta) occurs on
prominent lava outcrops embedded in the plains covered
by bunch grasses of Community IV.

By looking at the spatial distribution of vegetation
communities and the abundance of the Sierra Madre
sparrow three main series of areas were identified as pri-
orities for the sparrow’s conservation: (1) the grasslands
in Milpa Alta–San Juan Tlacotenco (Community V), (2)
the patches in La Cima and El Capulin (Community IV),
and (3) the grassland strips (Community II) and grass-
land islands (Community III). The latter two are impor-
tant because of their potential to act as corridors to
connect the Sierra Madre sparrow populations of Milpa
Alta to La Cima and El Capulin.

Discussion

The habitat of the Sierra Madre sparrow is the last rem-
nant of the typical subalpine bunch grasslands of the
southern Valley of Mexico (Rzedowski, 1978; Cabrera,
1999). The description provided here of the grassland
areas occupied by the Sierra Madre sparrow broadens
the conservation possibilities for the species. Our survey
also demonstrates the strong relationship between
a specific grassland type and the abundance of this
sparrow.

The Sierra Madre sparrow has a strong affinity for the
Festuca lugens-Muhlenbergia quadridentata and Stipa ichu
communities. F. lugens is one of the tallest grass species
in the region, with a dense cover (>80%) and occupying
large areas. It is a key requirement for Sierra Madre
sparrow reproduction (L. Cabrera-García & G. Seutin,
unpubl. data). The Milpa Alta–San Juan Tlacotenco com-
munal lands may represent the last core area of this grass
species in the central part of Mexico and, as a conse-
quence, the last refuge of any significant size for the
Sierra Madre sparrow. Although activities such as soil
extraction, overgrazing and agriculture expansion have
displaced native grass species in the Stipa ichu commu-
nity, there is evidence that the sparrow still breeds there
(Oliveras et al., 2001).

Fig. 2 Ordination diagram produced by canonical correspondence
analysis of the phytosociological table (Appendix) showing the
eight vegetation communities and variation in habitat structure.
Sierra Madre sparrow coordinates represents bird species habitat
preferences. Vegetation communities (Table 1) are: I, Pinus
montezumae-Ribes ciliatum; II, Senecio cinerarioides-Muhlenbergia
macroura; III, Cheilanthes pyramidalis; IV, Stipa ichu; V, Festuca
lugens-Muhlenbergia quadridentata; VI, Piptochaetium seleri –
Cheilanthes hirsuta; VII, Verbena teucrifolia-Muhlenbergia vaginata;
VIII; Avena sativa-Brassica campestris. Environmental variables that
significantly explain (P < 0.01) variation in the data are indicated
at the end of each arrow, the length of which is proportional to
the degree of influence of each variable. Eigenvalues are:
Axis I = 0.778 (accounting for 33% of the variation in the data),
Axis II = 0.586 (accounting for 25% of the variation in the data).
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Communities II, III and VI are also important because
they include bunch grass species that make them suitable
for the Sierra Madre sparrow. Both structurally (the pre-
sence of bunch grass species) and spatially (their location
and arrangement), these communities may play an
important role in the population dynamics of the Sierra
Madre sparrow in this heterogeneous landscape (Haire
et al., 2000; Bajema & Lima, 2001; Fletcher & Koford,
2002).

The elimination of bunch grasses during the creation of
new agricultural fields, or their progressive elimination
through excessive fires, contribute to the degradation
and disappearance of this unique ecosystem and its asso-
ciated endemic species. Because local land use practices
have shaped this ecosystem and because of the commu-
nal tenure system of the zacatonales, an integrative and
participative grassland co-management perspective has
been recommended to promote the maintenance of this
ecosystem and at the same time ensure continuation
of local livelihoods (Berkes, 2004; Cabrera & Frias, 2004;
Roe & Elliott, 2004; Castillo et al., 2005).

From the information generated in this study, which
was shared with the local communities of Milpa Alta and
San Juan Tlacotenco, we are establishing a participatory
socio-ecological investigation for conservation of the
Sierra Madre sparrow’s habitat. Preliminary findings
(L. Cabrera-García, unpubl. data; Cabrera & Frias, 2004)
indicate that herders from these villages have traditional
ecological knowledge (sensu Berkes et al., 2000) for local
grassland management and conservation. Fire is set in
the Milpa Alta–San Juan Tlacotenco communal lands in
rotation every 2–3 years to create a mosaic of grassland
conditions (recently burned, 1 year of post-fire recovery,
and >2 years without fire) that offers green pasture
for active use whilst other grassland recovers. Thus, the
influence of fire on the distribution of the Sierra Madre
sparrow and the grasslands may reflect the effects
of this management practice in the maintenance of the
grassland community across the entire landscape. An
appropriate fire co-management programme within
social, spatial and temporal frameworks must be a prio-
rity action, in coordination with local communities, to
preserve, restore and maintain this ecosystem and its
associated traditional land use practices.
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