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Introduction
“Indicator” species of natural habitat quality are potentially useful tools for managers of biodiversity (Rohlf
1991). Predators are often considered indicators because they are at the top of food webs and need wide
home-range areas to function. Predators play an important role in ecosystems because they can determine the
community structure patterns of their prey (Menge et al.
1994). In addition, predators, including facultative scavengers, have been used as “umbrella” species in world
conservation strategies because their protection may facilitate the conservation of great portions of unaltered
habitats (Simberloff 1987).
Raptors, here defined to include New World vultures,
Falconiformes, and Strigiformes, have been considered
good indicators of habitat quality because of their sensitivity to human disturbance and environmental contamination (Newton 1979; Taylor 1984). Population declines
of some raptor species indicate dysfunctional ecosystems because population dynamics of top-order predators often reflect the nature of the ecosystems they inhabit (Newton 1979; Greene 1988; Olendorff et al.
1989; Burnham et al. 1990; Terborgh 1992). Thus, it has
been recommended that raptors should be included in
the management and conservation plans of any region,
especially for threatened habitats (Olendorff et al. 1989;
Burnham et al. 1990). The use of raptors as indicator
species has been particularly advocated for tropical forests (Thiollay 1989, 1996). Their role as indicators of
habitat naturalness in Neotropical areas, however, remains controversial.
Raptors may benefit from some human activities (Vannini 1989; Bird et al. 1996). Some raptors may be oppor-
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tunistic when habitat changes occur because new feeding sources and nesting structures become available
(Donázar et al. 1993a). We examined how local breeding and wintering raptor populations are affected by human activities in the desert of Baja California, until recently one of the most undisturbed areas in the world.
Habitat changes have occurred along the peninsula over
the last 10 years, especially in the southern part of Baja
California, mostly because of increasing human activity
(Masey & Palacios 1994). Because management plans for
the region may include extensive land-use changes
throughout Baja California (OEA-SEDESOL-INE 1993),
data on the potential effects of these changes on the status and distribution of vertebrates should be considered.
Because most raptors are considered sensitive species,
we expected that populations of most species of raptors
would be negatively affected by anthropogenic changes
in the environment.

Study Area
We studied raptors in the Cape region of Baja California,
Mexico (Fig. 1), from 3 to 15 December 1993 and 29
April to 9 May 1994. Topographically, the area consists
of plains and small hills intersected by occasionally
flooded flat streams. The elevation is from 0 to 250 m.
This zone is characterized by low precipitation (150.6
mm of rain annually), a winter rainy season, and an annual
mean temperature between 22.18 C and 23.48 C. The
study area has sarcocaulescent scrub vegetation—plants
with gross stems—structurally dominated by such treelike plants as the giant cardon cactus (Pachycereus pringlei, P. pecten; average height 7 m), mesquite (Prosopis
articulata; average height 5 m), palo verde (Cercidium
microphyllum; average height 5 m), plum tree (Cyrtocarpa edulis; average height 6 m), copal (Bursera spp.;
average height 4 m), and a variety of plants 1–3 m in height,
such as the dagger cactus (Stenocereus gummosus),
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Figure 1. The Cape region of Baja California peninsula showing the patchy distribution of towns and
crop fields. The study area is in the square; observation points are designated by stars. The size of towns
and crop fields is not to scale, but the size of the
squares represents a comparative size among them.

Adam’s tree (Fouquieria diguetii), lomboy ( Jatropha cinerea), and cholla (Opuntia cholla) (Wiggins 1980). Most
natural vegetation in southern Baja California remains undisturbed.
Today, Baja California Sur has the lowest human density of all of Mexico (4 people/km2; Instituto Nacional de
Estadística, Geografía e Informática 1991). Small towns
and ranches, mainly devoted to livestock, are sparsely
distributed throughout the region (Fig. 1). Irrigated agricultural lands in southern Baja range from 4 to 20 ha and
support crop fields with alfalfa, chili, vegetables, and
maize. Thus, agricultural lands represent small gaps with
patchy distribution in the desert scrub vegetation. La
Paz, with 160,000 people, is the only large town, and
Cabo San Lucas–San José del Cabo, with 18,000 people,
are the only medium-sized towns. There are also several
towns of fewer than 500 people. In the future, large development plans are expected because a recent law allows land acquisition by foreigners, and the Cape region
has drawn the attention of developers and natural resources agencies as an economically strategic area for
the State of Baja California Sur.

To determine if there were differences in the abundance
and habitat use of raptors associated with human activity, we used 1:50,000 scale maps of the Instituto Nacional de Estadística, Geografía, e Informática to select observational points in the following categories: (1) areas
with natural vegetation within 3 km of a town and not
containing crop fields closer than 10 km from the town
(TNC); (2) areas containing crop fields within 10 km of a
town (TC); (3) crop fields surrounded by natural vegetation more than 10 km from a town, but small ranches
could be present (NTC); and (4) areas more than 10 km
from towns or crops with only natural vegetation
(NTNC). Towns and crops in selected categories were
visible from observational points. The choice of the sites
for every category was made as a function of the distribution and shape of towns and crops in Baja California
Sur. The distances between categories were also defined
based on the wide range of foraging movements of most
raptors (Newton 1979).
We selected 12 observation points in the study area,
three in each of the four habitat types (Fig. 1). Four observers were involved in all observations, with each
point being visited by each observer once. To estimate
the use of the area by every raptor species, counts were
made on four different days at each observation point.
Observers visited each point either in the morning
(0800–1200 hours) or the afternoon (1500–1900 hours).
Every day, four single-point surveys were done in the
morning and four in the afternoon. Each single-point survey lasted 3 hours, for a total of 12 hours of observation
at each point. A previous test, and the respective accumulative frequency curve, proved the 3-hour sessions to
be enough to record all species foraging in the area. The
observer looked in a predetermined fixed direction and
recorded the number of raptors sighted in a 1808 field of
view. Only the birds perching or foraging within the
fixed direction were recorded. Individuals just crossing
the area for a short time were not recorded. Special attention was given to avoiding double countings when
raptors were first in view and flew behind the observer
to then return into view. We considered the number of
contacts to be a measure of the degree of use of a habitat
by raptors. Observers first scanned without binoculars
and then used 103 binoculars to identify the raptors
they detected. Observers were initially randomly assigned to the observation points and rotated on consecutive days until the four censuses at each point were completed. The study was conducted in December 1993 and
again in May 1994 (each with 144 hours of observation),
for a total of 288 hours of observation.
Analysis of variance did not detect significant differences related to observers or time of the day (F tests,
p . 0.05) in the mean number of contacts for all raptors
in the Cape region. Therefore, we pooled all data from
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observational points for every raptor species. A generalized linear model (GLM; McCullagh & Nelder 1983;
Nichols 1989) was used to determine whether species
richness and the abundance of raptors were different
among the four categories of human-affected areas we
defined. We specifically used a GLM factorial model adjusted with the factors towns (presence-absence) and
crops (presence-absence), and their interaction fitted
with the program GLM (Crawley 1993). The GLMs allowed us to fit a log-linear model and permitted us to assume that the error distribution would follow a Poisson
distribution and not a normal distribution because the
data were counts (Donázar et al. 1993b). We used a log
link for the number of species and for the number of
contacts detected at each observation point (the 12
hours pooled) in both the winter and spring. The significance of each factor (towns, crops) and its interaction
was tested by sequential elimination from the full model
and by comparing the increase in scaled deviance with a
chi-square distribution with one degree of freedom.
When the minimum adequate model showed overdispersion (ratio of residual deviance to degrees of freedom
is greater than one; Crawley 1993), we scaled the deviance of the model by dividing the model deviance by the
Pearson chi-square. Each interaction or factor was eliminated from the model in turn. The one that produced
the smallest nonsignificant increase in deviance was
eliminated, and the procedure was repeated until the in-

teraction or factors in the model produced a significant
increase in deviance when eliminated.
We used a repeated-measures analysis of variance (SAS
Institute 1985; Potvin et al. 1990) to determine whether
every raptor species was differentially using the four categories of human-affected areas. Raptor species were
considered in repeated measures as the subject for the
four habitat types (TNC, TC, NTC, NTNC). Twelve measures (4 observers 3 3 observation points) per habitat
type were used. Analyses were performed also including
the season as a factor (spring, winter). We did not include in the analyses raptors with less than five contacts.

Results
We detected 8 species of raptors during the spring and 12
during the winter (Table 1). Only 4 nonresident species
overwintered in the area (Northern Harrier, Circus cyaneus; Sharp-shinned Hawk, Accipiter striatus; Cooper’s
Hawk, Accipiter cooperi; and Merlin, Falco columbarius).
The number of contacts in winter versus spring also suggests that the resident populations of Turkey Vultures (Cathartes aura), American Kestrels (Falco sparverius), Peregrine Falcons (F. peregrinus), and Red-tailed Hawks (Buteo
jamaicensis) were bolstered by migrants from the north.
Species richness did not differ among points in spring
or winter. Species richness in spring was not significantly

Table 1. Mean number of contacts (6SE) per habitat type of raptors in the winter and spring of 1993–1994 in the Cape region,
Baja, California.a

Winter
Turkey Vulture
White-tailed Kite
Northern Harrier
Sharp-shinned Hawk
Cooper’s Hawkd
Zone-tailed Hawkd
Red-tailed Hawk
Crested Caracara
American Kestrel
Merlin
Peregrine Falcon
Harris’ Hawkd
Spring
Turkey Vulture
White-tailed Hawk
Zone-tailed Hawkd
Red-tailed Hawk
Crested Caracara
American Kestrel
Peregrine Falcon
Harris’ Hawk

T, NC

T, C

NT, C

NT, NC

F

pb

80.2 6 34.1
0
0.3 6 0.4
0.2 6 0.3
0
1
0.3 6 0.6
4.0 6 4.3
1.3 6 1.0
0.2 6 0.3
0.08 6 0.1
0

65.9 6 18.6
0
1.1 6 0.6
0.5 6 0.7
2
0
1.9 6 0.9
36.8 612.2
7.1 6 3.2
0.9 6 1.1
0.7 6 0.7
1

35.9 6 13.4
7.8 6 4.6
3.5 6 2.4
0.8 6 0.9
0
0
1.7 6 1.3
7.5 6 1.7
4.9 6 1.7
0.7 6 0.8
0.2 6 0.3
1

41.3 6 16.7
0
0.08 6 0.1
1.2 6 1.1
1
0
2.0 6 2.0
7.4 6 1.9
2.2 6 0.9
0.08 6 0.2
0
0

1.17
25.74
3.66
0.83
—
—
3.48
17.78
5.74
0.91
1.92
—

0.3804
0.0002
0.0633c
0.5117
—
—
0.0705b
0.0007
0.0215
0.4795
0.2057
—

47.3 6 8.6
0
1
0.3 6 0.3
3.1 6 1.6
0.8 6 0.6
0
0.8 6 1.1

45.9 6 6.9
0.4 6 0.3
0
0.2 6 0.2
16.3 6 6.2
2.0 6 1.2
0.3 6 0.4
0

18.7 6 10.7
0.5 6 0.7
0
0.08 6 0.1
3.7 6 1.6
1.4 6 0.8
0.08 6 0.1
0.3 6 0.6

17.6 6 6.8
0
0
0.4 6 0.6
2.9 6 6.2
0.8 6 0.6
0
0.5 6 0.6

8.40
1.71
—
0.64
2.72
0.57
2.03
0.85

0.0075
0.2418
—
0.6099
0.1147
0.6476
0.1879
0.5042

a
Numbers are for sites categorized as towns without surrounding crop fields (T, NC), crop fields near towns (T, C), crop fields far from towns
(NT, C), and natural vegetation (NT, NC).
b
Significant values are for a , 0.05.
c
Marginally significant.
d
Species with less than five contacts; total contacts.

affected by towns (increase in deviance [ID] 5 0.286),
crop fields (ID 5 0.071), or winter (towns, ID 5 0.297;
crop fields, ID 5 2.095). Raptor abundance, however,
was higher near towns in both spring and winter (spring:
towns, F1,10 5 42.03, p , 0.001; crop fields, F1,10 5
1.349, p . 0.05; winter: towns, F1,10 5 6.459, p , 0.05;
crop fields, F1,10 5 0.441, p . 0.05; models scaled because of significant overdispersion). Most of this difference appears to be caused by Turkey Vultures, especially
in spring. When Turkey Vultures were eliminated from
the analysis, the spring abundance of raptors was not affected by towns or crop fields. In the winter the number
of contacts of all species was higher only in the proximity
of crops (spring: towns, F1,10 5 2.74, p . 0.05; crop
fields, F1,10 5 3.901, p . 0.05; winter: towns, F1,10 5
14.65, p . 0.05; crop fields, F1,10 5 48.22, p , 0.001;
models scaled because of significant overdispersion).
Only Turkey Vultures used the four categories of human-affected areas differently in the spring (Table 1).
In the winter, the Crested Caracara (Caracara plancus), American Kestrel, Red-tailed Hawk, White-tailed
Kite (Elanus leucurus), and Northern Harrier used the
human-affected areas differently (Table 1).
Turkey Vultures (both seasons) and Harris’ Hawks
(Parabuteo unicinctus; in spring) were seen near towns
more frequently than expected, although this was significant only for Turkey Vultures in spring. Red-tailed
Hawks avoided towns (marginally significant, Table 1).
Most species used the town–no crop category less frequently than the other habitat types, especially strictly
migrant species (Table 1).
The Crested Caracara and American Kestrel hunted
preferentially over crops associated with towns in the
winter season. Turkey Vultures, Northern Harriers, and
Harris’ Hawks were recorded less frequently in this habitat (Table 1).
The Northern Harrier and the White-tailed Kite reached
the highest average number of contacts during winter in
the crops-away-from-town category (Table 1). Northern
Harriers used alfalfa and maize crops, and White-tailed
Kites used chili, alfalfa, tomato, and maize crops.
Sharp-shinned Hawks used the natural habitat type
(NTNC) more frequently, although not significantly (Table 1). Red-tailed Hawks in winter used this category
more than expected (marginally significant, Table 1).

Discussion
Raptors appeared not to be good indicators of environmental change in this scrub habitat because they readily
adapted to human-modified habitats. Neither raptor species richness nor raptor diversity had clear patterns of distribution related to habitat transformations in Baja California. In fact, the lowest raptor abundance was detected on
the natural sarcocaulescent scrub vegetation, presumably

because it lacked the open habitats favored by some species for foraging. The Turkey Vulture seemed to be the
species most favored by the changes in the desert of Baja,
particularly by the increasing growth of small towns. This
has been reported for vultures in many other areas
(Wilbur & Jackson 1983; Donázar 1992).
The highest densities of raptors in Baja seemed to occur in fragmented habitats with gaps containing crop
fields. Those areas near towns and with crop fields attracted a high number of Crested Caracaras, American
Kestrels, and Peregrine Falcons during the breeding season. In zones where they are not disturbed, Crested Caracaras are known to be associated with centers of human activity such as slaughterhouses, henhouses, and
garbage sites (Rodríguez-Estrella 1996). They feed on
carrion and on invertebrates and vertebrates (RodríguezEstrella & Rivera 1997). The Crested Caracara takes advantage of areas combining human settlements and crop
fields. Cultivated areas are of singular importance to the
recent range expansion of, for example, the White-tailed
Kite in Baja California (Rodríguez-Estrella et al. 1995).
Our results show that the populations of most raptors
have not declined as a result of the small-to-moderate
loss of pristine sarcocaulescent scrub in Baja California
Sur. In other temperate and tropical zones of America
and Europe, moderate land transformations have also induced an increase in raptor diversity and abundance
(Vannini 1989; Donázar et al. 1993a). These results seem
to contradict those found by Thiollay (1989, 1996) in
tropical rainforests, where raptors were good indicators
of environmental changes. Differences may be due to
the fact that raptor communities in temperate regions
contain more generalist species, whereas most tropical
raptors are forest specialists with narrow niche breadths
and have a low degree of tolerance of human-altered
woodlands (Thiollay 1996).
The effects of habitat alteration may change if the size
of the agricultural patches, currently at less than 10 ha, increases or if a shift in agricultural crops occurs (Erichsen
et al. 1996). Currently, raptors use the unaltered adjacent
areas for nesting (Rodríguez-Estrella 1996, unpublished
data), exploiting opportunistically the small transformed
patches of “agriculture lands” and using these patches, almost exclusively, for hunting prey. If the size of the
human-altered patches increases, as is expected from agriculture and urban policies, the suitable habitat for nesting
and feeding would diminish. Thus, a decline of raptor
populations could occur, even for opportunistic species
(Newton 1979; Donázar et al. 1993b; Vickery et al. 1994).
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