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ABSTRACT 
Burrowing Owls (Athene cunicularia) are species of concern because of their decline.  

One proposed cause for this decline is winter habitat condition.  In order to determine if this is 
indeed a cause of decline, owls from Kirtland Air Force Base were equipped with radio 
transmitters in order to locate their winter grounds.  During the 2006 breeding season, collar 
transmitters were attached to 28 juvenile owls.  Dispersal surveys were conducted on Kirtland 
Air Force Base to determine timing and behaviors. 

Efforts to locate owls on their winter grounds in México were conducted by low flying 
aircraft and by ground surveys.  Fourteen days of aerial surveys were conducted from October 13 
to October 28, 2006.  A total of 6398.4 kilometers were surveyed by air over the eight states of 
Chihuahua, Durango, Zacatecas, Aguascalientes, San Luis Potosí, Coahuila, Guanajuato, and 
Jalisco.  No transmitter signals were detected by air.  Eighteen days of ground surveys were 
conducted from October 12 to October 29, 2006.  A total of 141.41 hours covering 4,668 
kilometers were surveyed by ground in the eight states of Hidalgo, Guanajuato, Zacatecas, San 
Luis Potosí, Aguascalientes, Estado de México, Querétaro, and Jalisco.  No transmitter signals 
were detected by ground.   

Threats to owls in México include habitat loss due to advancement of agriculture, illegal 
trade of owls for cultural and religious beliefs, widespread and unregulated use of pesticides, and 
the loss of burrowing mammals. 

A habitat analysis was conducted using the data collected by Envirological Services and 
collaborators in the winter of 2005 and 2006.  The analysis suggests that xerophilous scrubland 
with halophyte vegetation and agricultural lands are selected by Burrowing Owls in the northern 
central region of the high plateau of México.  In the northeastern region of this plateau, 
xerophilous scrubland with halophilous vegetation was selected, while areas with desert 
microphilous scrublands were evaded. 

Telemetry studies will again be conducted in 2007.  Coded transmitters will be attached 
to 30 owls from Kirtland Air Force Base, and aerial and ground surveys will take place during 
the winter of 2007 and 2008. 

 
 
INTRODUCTION  

The Burrowing Owl (Athene cunicularia) is federally listed by the United States Fish and 
Wildlife Service as a Species of National Conservation Concern (USFWS 2003).  In New 
Mexico, they are listed as a high responsibility species by New Mexico Partners in Flight 
(NMPIF 2003).  Declines in Burrowing Owl populations are documented throughout the West, 
including studies conducted in New Mexico (Arrowood et al. 2001, Holroyd et al. 2001, Murphy 
et al. 2001).  On Kirtland Air Force Base (KAFB), the population of owls increased slightly in 
2005 and 2006, but since monitoring efforts began in 1998, an overall decrease has been 
documented. 

Several proposed mechanisms may be involved in this decline, including high predation 
rates, habitat loss, the decrease in burrowing mammals, drought, rearrangement of the 
population, and alterations in their migration and over-winter habitats.  Although winter habitats 
are often cited as a possible cause for the decline of the Burrowing Owl, not much is known 
about where these owls are spending their winter.  This is the second year of a five-year study 
attempting to locate wintering grounds of the owls that breed in New Mexico. 
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Burrowing Owls range from southern and southwestern Canada throughout the western 
United States to México.  In México, Burrowing Owl habitat is found in arid and semi-arid zones 
as well as other open areas and agricultural fields in the Mexican Plateau.  Biologist and 
collaborator Salvador Medina conducted an analysis of Burrowing Owl habitat in México, using 
data compiled and reported by Envirological Services in 2005 and 2006.  His analysis is included 
in this paper. 

During the 2006 breeding season, owls from Kirtland Air Force Base were outfitted with 
radio transmitters and attempts were made to locate them in México by low flying aircraft and by 
receivers on the ground.  By learning more about where owls from Kirtland Air Force Base are 
spending their winter, we can determine if winter habitat conditions are contributing to their 
decline. 
 
 
STUDY AREA 
 México is a country with high diversity of landscape.  Coastal plains extend along the 
east and west coastlines.  Agriculture and Tropical Deciduous Forest characterize these lowlands 
as well as Tamaulipan Brushland on the northeast coast and Sonoran Desert on the northwest 
coast.  The lowlands rise sharply to the mountains of the Sierra Madre Occidental in the West 
and the Sierra Madre Oriental in the East.  These ranges run north to south with the highest peaks 
reaching heights of 3700 meters (above 12,000 feet). 

Between these two mountain ranges, there is the high plateau of México.  This is a vast 
high elevation arid plateau in the center of the country that extends through central and northern 
México. To the south of the plateau, running east to west across the middle part of the country, 
there is the Trans-Mexican Volcanic Belt which joins with the two south ends of the mountain 
ranges.  This volcanic belt contains the highest peaks in México (and three of the top ten peaks in 
North America) reaching heights of 5636 meters (18,491 feet).  
 �The north and northwest coast of México is primarily desert, which is prime habitat for 
Burrowing Owls.  The Chihuahuan Desert is found in the high plateau bordered by the two 
mountain ranges, with its southern border extending into Zacatecas, Aguascalientes, and San 
Luis Potosí states.  The elevation of the Chihuahuan Desert ranges from 600 meters to 1675 
meters (1970 feet to 5500 feet).  Because much of this desert is located at higher elevations, 
summers are quite hot with winter temperatures cold.  The average annual temperature ranges 
from 14° Celsius to 23° Celsius. 

Microphilous scrublands (small leaved scrublands) are the dominant vegetation type of 
the Chihuahuan Desert, which include creosote bush (Larrea tridentate) and tarbush (Flourensia 
cernua).  Characteristic succulents of the xerophilous scrubland (desert or arid scrubland) 
include yuccas (Yucca elata, Yucca torreyi), agaves (Agave spp.), and a variety of small to 
medium sized cacti.  Common grass species (some associated with halophile or saline soil 
vegetation areas) include black grama (Bouteloua eriopoda) and tobosa grass (Hilaria mutica).  
Other plant species include bear grass (Nolina spp.), sotol (Dasylirion sp.), candelilla (Euphorbia 
antisyphilitica), ocotillo (Fouquieria spendens), and prickly pear (Opuntia spp.).� 

The ecoregion of the Chuihuahuan Desert is comprised of the following three regions: 
�  Trans Pecos Chihuahuan (Desierto de Transpecos) covers the northwest of Coahuila, northeast 
of Chihuahua, western Texas, and southeastern New Mexico.  
�  Mapimian Chihuahuan Desert (Desierto o Bolsón de Mapimí) is located in the northeast of 
Durango, southeast of Chihuahua, and central and west of Coahuila states. 
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�  Saladan Chihuahuan Desert (Desierto o Bolsón del Salado), or what is also considered south of 
the Chihuahuan Desert, is comprised of northeastern Jalisco, northeastern Aguascalientes, east 
and north of Zacatecas, central and eastern Durango, south of Coahuila, southwestern Nuevo 
León, southwestern Tamaulipas, and central and northern San Luis Potosí (MacMahon 1998). 
 Throughout the entire Chihuahuan Desert, grasslands with scattered bushes and short 
trees and cacti dominate the landscape.  Some of the main grass species are: slender grama 
(Bouteloua repens), blue grama (Bouteloua gracilis), black speargrass (Heteropogon contortus), 
salt grass (Distichlis spicata), and plains lovegrass (Eragrostis intermedia).  These grasslands are 
distributed mostly in the Mapimí Chihuahuan Desert and with a higher density in the Saladan 
Chihuahuan Desert at the south end of the plateau. 
 The Chihuahuan Desert gradually merges into Thornscrub to the south.  This is a 
transitional area between the desert and Tropical Forest biomes.  Thornscrub is composed of 
drought deciduous trees and shrubs.  The Chihuahuan Desert also merges into Tamaulipan 
Brushland to the east, which is dense and woody but also thorny and semi-arid.  The lowland 
Thornscrub and Tamaulipan Brushland then join the Tropical Deciduous Forest that lines the 
east and west coasts of southern México.  Although these last habitat types are not ideal for 
Burrowing Owls, cattle grazing and agriculture have produced clearings, which may offer flat 
open spaces for Burrowing Owls.  
 
 
METHODS 
Transmitters  

Thirty radio collar transmitters were used for this study.  All transmitters were 
programmed within the 172.000 to 172.999 frequency (Appendix A).  In compliance with the 
state permit, the weight of the transmitters could not exceed three percent of the owl body weight 
(New Mexico Department of Game and Fish, 2006).  The weight of the lightest transmitters 
available at the time was between 3.5 and 3.8 grams.  Therefore these transmitters could only be 
attached to owls weighing at least 117 grams.  The size of the transmitters also limited the 
battery life of the radios to a minimum of four months.  Therefore, surveys in the winter grounds 
were conducted within four months after the transmitters were deployed. 

Studies have associated backpack transmitters on Burrowing Owls to an increase in 
mortality (Gervais et al. 2006).  Also, previous studies that mounted transmitters on adults 
suggest adults may have difficulty adapting to the equipment (Gervais et al. 2004), while studies 
with juveniles suggest no effect (Clayton and Schmutz 1999, Conway and Garcia 2005).  In this 
study, collar transmitters were attached to juvenile Burrowing Owls. 

While attaching transmitters, health measurements were taken from each owl to 
determine physical condition.  Only owls that were determined to be in good physical condition 
(according to weight, fat levels, feather condition, parasites) were equipped with a transmitter.  
Elastic collars were placed around the neck of the owl, knotted in place, and the knot was glued 
to prevent it from loosening (Images A).  Owls were monitored daily to be certain they were 
adapting to the transmitter.  Once this was determined, owls were monitored four to five times a 
week in July, twice a week in August, and weekly in September to determine dispersal behavior, 
movements, and timing. 
 
 
 



 7 

Ham operators 
Contact was made with the amateur radio (ham) operator community to solicit assistance 

in listening for transmitter signals.  Volunteers were provided a list of the frequencies, and 
received regular email updates about the timing of the dispersal of owls from KAFB.  Volunteers 
were requested from Texas, New Mexico, Arizona, and California. 

 
Flight surveys 
 Flights were conducted by Environmental Flying Services (www.eflying.org) based out 
of Tucson, Arizona.  The telemetry equipment on board was operated by an Envirological 
Services biologist.  Flights began in the early hours of the day when the weather patterns were 
most stable.  Flights were limited to 400 miles in length and 4 hours in duration due to the fuel 
capacity of the plane.  Flight plans were produced beforehand, using results of wintering owl 
surveys and identification of suitable habitat gathered from previous ground surveys by 
Envirological Services and collaborators.  This data was supplemented with aerial images and 
topographic maps.  Flight plans were produced using GIS software (Map Source version 3.02, 
Garmin Corp. 1999).  When necessary, flight plans were modified in the air due to unexpected 
conditions (such as weather or unsuitable habitat).  The flight plans were loaded each day into 
the plane’s GPS unit, enabling the pilot to fly on the established route. 
 
Ground surveys 
 Ground surveys were conducted in part to augment flight surveys.  If a signal was located 
from the air, approximate GPS locations would be taken, and the ground team would drive to the 
area to relocate the owl and gather precise information, such as habitat condition, health of the 
owl, behavior, etc. 
 Ground surveys were also conducted to cover more area.  To survey for owls by car, 
areas that historically hosted populations of wintering Burrowing Owls as well as areas with 
suitable habitat for owls were driven.  Surveys were conducted on all types of secondary roads 
(paved, dirt, and two-track) while avoiding heavily traveled highways where owls were less 
likely to be found.  Vehicle speeds never exceeded 50mph, and were most often slower.  Surveys 
were conducted mostly by day but also by night.  With an omni-directional antenna attached on 
top of the vehicle, surveys could be conducted whenever the car was in use.  When driving 
through good habitat, vantage points were selected to scan 360 degrees.  These scans were made 
from outside the car with a more powerful 3-element Yagi antenna. 
 A predetermined route was prepared for each travel day using aerial images from Google 
Earth (version 4.0.1693), topographic maps (World Aeronautical Chart), and road maps of 
Mexico (Guia Roji 2001 & 2005).  This plan was modified whenever required to incorporate 
new areas that had the proper habitat structure for wintering Burrowing Owls. 
 
Materials and equipment 
 Model PD-2C transmitters (Holohil Systems Ltd) with a specified minimum lifespan of 
four months were purchased.  Transmitters had an elastic collar attachment and whip antenna 
(Images A). 
 Aerial surveys in México were conducted in a 1958 Cessna 182.  For the flight surveys, 
an SRX 400 receiver (Lotek Wireless) was used.  Two 4-element Yagi antennas (Lotek 
Wireless) were mounted on the wings of the plane (Images B).  A switch box was attached to the 
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receiver to separate the incoming signal from each of the wing antennas if a radio signal was 
detected. 

Surveys by ground in México were conducted in a Jeep Liberty.  For ground surveys, an 
R-1000 receiver (Communications Specialists, Inc.) was used.  To minimize noise and 
interference while surveying in the car, the receiver was connected to airplane-style headphones.  
For surveying while in motion, an omni directional whip antenna (Radiall / Larson Antenna 
Technologies) was attached with a magnet mount to the top of the vehicle.  For surveying from 
vantage points, a 3-element Yagi antenna (Communications Specialists, Inc.) was used (Images 
B). 
 
Winter habitat analysis  

A habitat analysis was conducted using the data collected in México during the winter of 
2005.  Vector files were generated based on the GPS data that ES staff and collaborators 
recorded during their work in the field.  The data was obtained in the states of Chihuahua, 
Coahuila, Durango, Zacatecas, Aguascalientes, Jalisco, San Luis Potosí, Estado de México, 
Puebla, and Veracruz.  
These records were classified at a regional level as follows: 

a) Northern central region: within zone 13 of the UTM coordinates, comprised of 
Southeastern Chihuahua, Southwestern Coahuila, Durango, Southeastern Zacatecas, 
Southeastern Aguascalientes, and Central and Northeastern Jalisco (Map 7). 

b) Northeastern region: within zone 14 of the UTM coordinates, comprised of Eastern and 
Southeastern Chihuahua, Northern San Luis Potosi, and Southeastern Zacatecas (Map 8). 

c) Southern region: within zone 14 of the UTM coordinates, comprised of Northwestern 
Estado de Mexico, Central-Eastern Puebla, and Central-Western Veracruz (Map 9). 
A platform in ARC-VIEW ® 3.2 was used to construct the geographical information 

system (GIS).  UTM was the employed projection using NAD-83 datum.  Records for each 
region were separated by month (November and December 2005, January 2006). 

The data was entered in the GIS in order to locate the survey transects and the owl 
locations.  Buffer zones were generated around the transects by using the lateral distance scanned 
reported by each observer, which was usually 100 to 200 meters depending on the relief and 
vegetation. 

In order to determine the types of vegetation present in study areas, INEGI vegetation 
and soil maps were used (series 2 at a scale of 1:250,000).  The vegetation types of the buffer 
zones were determined.  These areas were considered available habitat, and were considered a 
random selection, as the choice of transect locations was random.  Two components that were 
required to carry out an analysis of use versus availability were obtained: 

a) The available habitat, determined by the percentage of different vegetation types in the 
buffer zones, and 

b) The used habitat, determined by the percentage of owl records in each vegetation type. 
A comparison was made using the proportions of the available habitat versus the used habitat 

by the Burrowing Owls.  The hypothesis was tested by Chi Square Goodness of Fit, with a 
significance level =0.01, utilizing the statistical X2

L reported by Manly et al. (1993).  The null 
hypothesis is that the different vegetation types are used in proportion to their availability.  If the 
H0 was rejected, then using Bonferroni trust intervals at 95% it was determined if there was 
evidence of selection or evasion to the selectivity indexes Wi (Manly et al. 1993), on which, if 
the interval is bigger than 1 denotes selection and if the interval is less than 1 the evasion is 
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denoted.  An interval between 0 and 1, indicates that the selection of a habitat is proportional to 
its availability.  The magnitude of the selection or the evasion was determined using the Jacobs 
Index (D’), in which the maximum selection value is 1 and the maximum evasion level is -1 
(Manly et al. 1993). 
 
 
RESULTS 
Breeding grounds 
 Of the 30 transmitters purchased, two were non-functional upon arrival.  Therefore, 28 
transmitters were attached to owls.  Transmitters were attached to juveniles from 17 different 
burrows from different areas of the military base (Map 1).  Transmitters were deployed 
beginning on June 23 and concluding on August 2, 2006.  Transmitters were attached to owls 
weighing between 118g and 147g with an age range of approximately 26 to 44 days (Appendix 
A).  All owls seemed to accept the radio collar without prolonged nuisance.  Owls biting the 
radio and tugging on the collar were commonly observed the morning after attachment.  After 
the first day, this behavior was rarely observed. 

To trap juvenile owls within the necessary weight range, they had to be trapped at an 
older age than they were trapped in past years on KAFB.  Juveniles had to be aged accurately, 
and because they were fledglings and preparing for dispersal, trapping was more difficult and 
often required numerous attempts and different techniques. 
 
Detection of the radio transmitters 
 In order to determine the distance at which the radio transmitters could be detected, a test 
flight and test drive were completed.  By ground, the omni directional whip antenna recorded a 
minimal distance of 0.8 kilometers (0.5 miles).  The 3-element Yagi antenna recorded a distance 
of a minimum of 1.5 kilometers (1 mile).  And the 4-element Yagi antenna recorded a distance of 
1.5 to 2.4 kilometres (1 to 1.5 miles).  By air, the 4-element Yagi antennas recorded a distance of 
8 kilometres (5 miles) at 800 meters in height (2500 ft). 
 
Dispersal 
 The 28 owls with transmitters were monitored from the day after they were radio tagged 
until they left the base on dispersal or migration.  Surveys for owls with transmitters were 
conducted in the cantonment area (including Doris Road, Club Road, and around the family 
campground), landfill area, Four Hills area, golf course area, Peacekeeper, and horse stables.  
Monitoring began on July 24 and continued until September 29, then began again on November 
21 and continued until December 14.  Surveys in KUMSC were conducted on December 14. 

From the data gathered, it was found that owls showed different dispersal patterns, 
timing, and behaviors.  Some individuals left their natal burrow area as young fledglings and 
were not located again on base.  Others left their natal burrow area but were relocated in other 
zones within the perimeter of the base or outside of the base, or relocated in their nest burrow 
area.  The various movement patterns were irregular (Appendix B).  Some individual owls 
remained on base into the fall and one owl remained for the winter (observations in December 
and January).  Habitat of several areas inside and outside of the military base boundaries was 
used. 
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During dispersal surveys, a failed transmitter was discovered on July 24.  The radio 
stopped working one month after being placed on an owl from burrow 121 in the landfill area.  
The transmitter was observed on the owl, but the signal was no longer detected. 

On August 25 an owl was found dead.  The owl’s signal was detected and transmitter 
subsequently located during a survey period.  This owl was recovered north of the golf course, 
within 400 meters southwest of its natal burrow 120.  Based on the data collected when the owl 
was trapped, this owl would have been approximately 99-101 days old on August 25.  It was 
determined by the remains that the owl was preyed upon by a raptor. 
 Another owl was found dead on November 28.  Prior to the discovery, the last recorded 
observation of this particular owl was on August 25; therefore it was assumed that the owl had 
dispersed.  This mortality was discovered near the southwest corner of Pennsylvania and 
Ordinance, 740 meters southwest from its natal burrow 144.  This owl would have been 
approximately 177-179 days old on November 28. 
 A third mortality was discovered on February 7.  This owl was from burrow 122 and was 
over wintering on the edge of the family camp ground, and was last observed on January 30.  
This owl would have been approximately 260-261 days old on February 7.  It was determined by 
the remains that the owl was preyed upon by a coyote. 
 Surveys for wintering owls were conducted on Holloman Air Force Base on December 
14.  No owls with transmitters were detected. 
 
HAM operators 

Information about this project was posted on multiple ham radio websites (Appendix C).  
Numerous parties from across the United States were interested enough to contact Envirological 
Services for additional information.  However, no owl signals were reported by ham operators. 
 
Flight surveys 

6398.4 kilometers were surveyed by air (Table 1) over territories of the 8 Mexican states 
of Chihuahua, Durango, Zacatecas, Aguascalientes, San Luis Potosí, Coahuila, Guanajuato, and 
Jalisco (Maps 3,4,5,6).  Fourteen days of flight surveys were conducted from October 13 to 
October 28, with 3 days of flights canceled due to inclement weather.  No transmitter signals 
were detected by air. 
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Table 1. Summary of flight dates, departure and arrival cities, area surveyed, number of survey hours, and 
kilometers surveyed in México, October 2006. 
Track Date Departure 

City 
Arrival City Area Surveyed Hours Kilometers 

01 Oct 13 Juarez  Juarez Northern Chihuahua state through the sand 
dunes of Samalayuca, and also the natural 
grasslands and industrialized agricultural 
regions of Janos. 

3.00 579.2 

02 Oct 14 Juarez Chihuahua Central Chihuahua state through the 
grasslands that are mixed with agriculture 
and livestock grazing. 

1.60 299.3 

03 Oct 15 Chihuahua  Torreon Across the dense and industrialized 
agricultural fields of southern Chihuahua 
and also the contrasting barren desert and 
grazing regions of the Bolson de Mapimí. 

2.63 494.2 

04 Oct 16 Torreon  Torreon Short flight in order to cover the south end 
of the Mapimí desert. 

1.82 352.7 

05 Oct 17 Torreon Durango Over the numerous valleys bordered by the 
edge of the Sierra Madre Occidental and 
the traditionally worked small farms of 
central and eastern Durango state. 

3.20 605.8 

06 Oct 18 Durango Aguascalientes Covering the extensive flats of eastern 
Durango and northern Zacatecas, which 
contain moderate to low agricultural usage 
mixed with extensive grazing towards the 
east of this region, and also the northeast 
elevated mesas of Aguascalientes state 
which mostly were covered by native 
desert vegetation. 

3.13 649.5 

07 Oct 19 Aguascalientes Aguascalientes Covering the entire state’s mesas, both the 
low elevation center and higher elevation 
west, with moderate to low agriculture and 
mostly dominated by natural vegetation. 

2.72 536.2 

08 Oct 20 Aguascalientes San Luis Potosí Covering the south east corner of 
Aguascalientes and the west mesas of San 
Luis Potosí where less agriculture and 
more livestock grazing is found. 

0.97 178.1 

09 Oct 21 San Luis Potosí San Luis Potosí Flying over the southwest and south 
regions of San Luis Potosí where 
agriculture was always present in the flat 
low areas and cattle and natural grasslands 
where seen in the high mesas and foothills. 

2.00 382.1 

10 Oct 21 San Luis Potosí Zacatecas In San Luis Potosí at the intersections of 
Aguascalientes, Zacatecas, San Luis 
Potosí, Guanajuato and Queretaro where 
all the flats and foothills are used for 
agriculture due to the influence of bigger 
cities. 

1.57 294.1 
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11 Oct 24 Zacatecas  Torreon Several days of bad weather due to 

Hurricane Paul prevented the crew from 
flying Oct 22 and 23. This region contains 
habitat of the structure and composition as 
described for northeast Zacatecas. South of 
Torreon the terrain is broken by many 
mountain ridges alternated with valleys 
with some agriculture and natural habitat. 

1.68 350.9 

12 Oct 25 Torreon Torreon On this day the plane had an electrical 
failure and therefore the survey was 
cancelled. The plane had to be brought 
back to Torreon airport for inspection and 
repairs.   

0.88 119.2 

13 Oct 26 Torreon Chihuahua These are valleys with scarce vegetation 
and not much agriculture nor cattle 
grazing. The relief of this region was 
broken by mountain ridges but contained 
extensive valleys between each ridge. 

3.43 616.0 

14 Oct 27 Chihuahua Chihuahua This Sinuous terrain alternates extensive 
grasslands of the east area of Chihuahua 
state with some degree of livestock 
grazing. This flight covered the low 
elevation valley along the border between 
Chihuahua and Texas and the high valleys 
of the east Chihuahuan desert. 

2.15 397.4 

15 Oct 27 Chihuahua Chihuahua Due to a failure in the plane’s electric 
system the same route was separated in 
two different tracks. Tracks 14 and 15 are 
the same route. 

1.07 213.4 

16 Oct 28 Chihuahua Juarez Due to plane failures the crew was 
obligated to fly straight to Juarez from 
Chihuahua instead of the area around 
Casas Grandes in the southwest end of 
Chihuahua state. 

1.50 330.3 

Total 14    33.35 6398.4 



 13 

Ground surveys 
The ground surveys focused on the southern region of the high plateau of central México.  

Due to the proximity to Mexico City and the related high air traffic, as well as unstable weather 
in the area due to the approaching Hurricane Paul and Tropical Storm Norman, it was not 
feasible or permissible to access this area by plane.  This region was surveyed instead by ground, 
including the eight states of Hidalgo, Guanajuato, Zacatecas, San Luis Potosí, Aguascalientes, 
Estado de México, Querétaro, and Jalisco (Map 2).  Ground surveys were conducted every day 
starting October 12 through October 29.   A total of 141.41 hours covering 4,668 kilometers 
were surveyed by ground (Table 2).  No transmitter signals were detected by ground. 

 
 

Table 2. Summary of states visited during ground surveys, survey hours, and kilometers 
surveyed in México, October 2006. 

State Hours Kilometers 
San Luis Potosí 48.58 1429 
Guanajuato 20.25 628 
Hidalgo 20.25 609 
Zacatecas 18.25 588 
Jalisco 9.5 435 
Aguascalientes 7.33 388 
Querétaro 9.33 344 
México 7.92 247 

Total 141.41 4668 
 

 
Nine Burrowing Owls were located during the surveys by car (Table 3).  Two owls were 

located in the state of Guanajuato, northeast of the city of Irapuato, and southwest of the town of 
Valencianita.  The habitat was a mix of agave plantation, corn plantation, and short grassland 
mixed with acacia and some trees.  In the surrounding area, there was still much agriculture but it 
was mixed with some grassland. 

Another owl was located in Zacatecas.  This habitat was overgrazed grassland surrounded 
by agriculture, and no burrows were seen. 

Six other owls were found in the state of México.  Three of the six were found in the 
dried up lake bed that surrounds a salty lake waterfowl reserve in Texcoco.  The owls were using 
pipes and other man made burrows.  Two other owls were observed in a grassland area of 
Texcoco that was surrounded by agriculture.  One more owl was found in the same area but 
using a sewer enclosure. 
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Table 3. Owl locations, México, October 2006. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Winter habitat analysis  

From the data gathered in 2005, a habitat analysis was produced using the 335 wintering 
owl locations that were recorded.  Habitat use varied among both regions and sampling periods 
(Appendix D). 

 
Northern central region 

In November 2005, the 812.5 kilometers of transects surveyed 708.33 hectares of 
available habitat, and 6 owls were recorded.  The available habitat was composed of 6 vegetation 
types and land uses, of which only the sites with no apparent vegetation and agricultural lands 
were used by Burrowing Owls.  There was no evidence of selection or evasion, and these areas 
were utilized in proportion to their availability (p>0.05). 

In December 2005, the 505.2 kilometers of transects surveyed 10,101.80 hectares of 
available habitat, and 33 owls were recorded.  The available habitat was composed of 17 
vegetation types and land uses.  Evidence was found of selection of xerophilous scrubland 
(desert or arid scrubland) with halophilous vegetation (saline soil vegetation), as well as 
agricultural lands (p<0.05). 

In January 2006, the 318.8 kilometers of transects surveyed 6,410.28 hectares of 
available habitat, and 28 owls were recorded.  The available habitat was composed of 19 
vegetation types and land uses.  Again, there was evidence of selection of xerophilous scrubland 
with halophilous vegetation (p<0.05). 
 
Northeastern region 

In November 2005, the 64.0 kilometers of transects surveyed 1,692.8 hectares of 
available habitat, and 8 owls were recorded.  The available habitat was composed of 8 vegetation 
types and land uses.  Only halophilous vegetation and desert microphilous scrublands (small 
leaved scrublands) were used in proportion to their availability (p>0.05).  There was no evidence 
of selection or evasion. 

In December 2005, the 86.3 kilometers of transects surveyed 1750.6 hectares of available 
habitat, and 62 owls were recorded.  The available habitat was composed of 7 vegetation types 
and land uses.  There was evidence of selection of xerophilous scrubland with halophilous 
vegetation (p<0.05), while areas with desert microphilous scrublands were evaded (p<0.05), and 

State Location UTM’s in NAD 27 Central 
Guanajuato NE of Irapuato 14Q 0260738E 2293900N 
Guanajuato NE of Irapuato 14Q 0260738E 2293900N 
Zacatecas North of Ojuelos --- 

Estado de México Texcoco 14Q 500601E 2154158N 
Estado de México Texcoco 14Q 500601E 2154158N 
Estado de México Texcoco 14Q 500601E 2154158N 
Estado de México Texcoco 14Q 505705E 2159286N 
Estado de México Texcoco 14Q 505705E 2159286N 
Estado de México Texcoco 14Q 505705E 2159286N 
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induced grasslands and desert rosetophilous scrublands (rosette leaved scrublands) were utilized 
in proportion to their availability (p>0.05). 

In January 2006, the 37.0 kilometers of transects surveyed 942.9 hectares of available 
habitat, and 21 owls were recorded.  The available habitat was composed of 7 vegetation types 
and land uses.  Use was only recorded in proportion to their availability (p>0.5) for areas with 
desert microphilous and rosetophilous scrublands, as well as areas of xerophilous scrubland with 
halophilous vegetation. 
 
Southern region 

In November 2005, the 52.3 kilometers of transects surveyed 1,628.9 hectares of 
available habitat, and 22 owls were recorded.  The available habitat was composed of 3 
vegetation types and land uses.  Halophilous grasslands, agricultural lands, and areas without 
apparent vegetation were used in proportion to their availability (p>0.5). 

In December 2005, the 178.5 kilometers of transects surveyed 7,129.7 hectares of 
available habitat, and 14 owls were recorded.  The available habitat was composed of 10 
vegetation types and land uses.  Only agricultural lands, areas without apparent vegetation, and 
halophilous vegetation were used in proportion to their availability (p>0.5). 

Finally, in January 2006, the 16.8 kilometers of transects surveyed 671.6 hectares of 
available habitat, and 10 owls were recorded.  The available habitat was composed of 3 
vegetation types and land uses.  Halophilous grasslands and agricultural lands were used in 
proportion to their availability. 
 
 
DISCUSSION 
Records of Burrowing Owls in México 

During the 2006 surveys, only nine owls were observed in México, compared to the 105 
owls that Envirological Services located in 2005.  This difference was likely a result of the 
change in study design.  In 2005, the objective was to look for owls by walking appropriate 
habitat and surveying slowly by car.  In 2006, the primary goal was to cover a large area 
listening for radio signals from owls with telemetry units.  Although ES staff continued to scan 
visually for owls, the same amount of effort was not placed on detecting them by sight. 
 
Habitat surveyed by ground 
 The areas of south central México surveyed by ground are characterized by high 
elevation valleys surrounded by mountains.  These valleys range from small in size near the 
volcanic belt to the south, to vast flats further north.  Burrowing Owls here are associated with 
ground squirrels.  Burrows created by kangaroo rats, moles, rabbits, physical depressions, cracks, 
crevices, drainage pipes, and sewage enclosures are also used (McDonnell and Cruz-Carretero 
2006).  The following is a description of habitat condition observed by ground in south central 
México, categorized by state (Images C). 
 
Hidalgo state 

North of the town of Tizayúca and south of Pachuca there are flat lands surrounded by 
mountains, although the valleys contain mostly agriculture.  Some agrochemical signs were 
observed in these farmlands. 
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Northwest of Pachuca there are rolling plains.  Northwest of the small town San Agustin 
Tlaxiaca there is a large area of native grassland mixed with corn, agave natural fences, prickly 
pears, and large, verdant desert vegetation.  South of the road from Actopan to Mixquiahuala 
there are suitable flat lands, but north of the road it is more hilly and treed.  In other areas to the 
west and northwest of Pachuca there is much agriculture and some agrochemical signs.  

The rest of Hidalgo that was surveyed by ground was not good quality habitat for 
Burrowing Owls.  The thorn forest west of Ixmiquilpan and south of Highway 45 was very hilly 
and also densely vegetated with prickly pears and other short trees.  To the west there was more 
open space, but it was sloping and the elevation was quite high.  Areas north of Highway 45 and 
Jonacapa were also poor owl habitat.  However, just north of Highway 45 there was some bare 
ground mixed with agriculture, but further north it became forested hills with some mining. 
 
Queretaro state 

Around Tequisquiapan there are a few areas of good habitat.  There are patches where 
clay was extracted leaving burrows along slopes near agricultural areas.  Northwest of Vizarron 
the elevation climbs to 2000 meters (6500 feet), and there are areas of bare ground in this high 
desert sloping plateau.  Heading further north, the elevation climbs to 2500 meters (8500 feet) in 
Pinal de Amoles as the road passes through the mountains and cloud forest of the Biosphere 
Reserve of Sierra Gorda.  This part of Queretaro is not suitable for Burrowing Owls.  The most 
appropriate habitat in Queretaro was in the southern agricultural region, closest to the heavily 
populated regions of México state. 
 
San Luis Potosí state 

In the southern part of the state, around San Ciro de Acosta and to the northwest, there 
was a valley full of agriculture with no space to burrow on the edges, and no burrows were 
observed.  To the west, around Cañada Grande, there is also mostly agriculture.  The desert 
habitat began to look suitable for Burrowing Owls northeast of the city of San Luis Potosí.  This 
area’s vegetation was predominantly yucca and mesquite with some bare patches.   

Southwest of Charcas towards San Rafael there were rolling hills at a high elevation with 
grass groundcover, shrubs, cactus, and tall yuccas.  Heading south to El Cedazo, the vegetation is 
dominated by creosote bush and yuccas, with plenty of burrows.  In some places the vegetation 
seems too dense, but in other places it is open enough for Burrowing Owls.  South to El Grullo 
the vegetation is still dominated by creosote bush, but it is also more open and there are plenty of 
burrows.  This area of San Luis Potosí is great habitat for owls. 

Further southeast towards Los Remedios and Agua de Enmedio there is also great habitat.  
In places the creosote bush is mixed will tall yuccas and the vegetation is too dense for owls.  
But this valley is very large, and there are many areas of short grassland and burrows. 

North of Saldaña through Tolosa and Santa Gertrudis the habitat is shrubby and hilly.  
North of Santa Gertrudis, the road heads down to the valley around Cruces.  The habitat here is 
excellent and widespread, with short grassland mixed with dispersed creosote bush and many 
burrows.  West through El Toro and Yoliatl the vegetation is mostly creosote bush mixed with 
agriculture.  There is more agriculture around the towns of Yoliatl and Zaragoza to the south.  
South of Salinas de Hidalgo and Highway 49 there are areas of short grass due to overgrazing.  
This area may be appropriate for owls, but also may lack prey species. 

The western region of San Luis Potosí is quite bushy in areas, however short grass with 
many clusters of burrows were observed in some locations.  In the fields around Hernández there 
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were many burrows, along with patches of good vegetation throughout El Barril and Chuparrosa 
toward Highway 54. 

Northwest of Chuparrosa and south of Illescas there are caustic flats.  Many grasshoppers 
were observed as well as plenty of burrows on very short raised dirt banks.  Ground squirrels 
were also observed.  The habitat around the caustic flats is characterized by tall, dense creosote 
bush which looked inappropriate for Burrowing Owls. 

East through Gomez and Santa Matilde the vegetation is dense creosote bush.  There 
were some open patches near Villa Santo Domingo.   Further east it continues to be creosote 
forest, although there are some areas of shorter, more widely dispersed bushes.  Around San Juan 
del Tuzal the creosote bushes are less densely spaced, and there are reports of Burrowing Owls.  
On the road to Tuzal, we observed many burrows. 

South of the city of San Luis Potosí there were grasslands mixed with shrubs and 
agricultural fields. 
 
Zacatecas state 

In southeast Zacatecas, on the road through the town of Mezquital in San Luis Potosí and 
through Pino Suárez and La Estrella in Zacatecas there is suitable Burrowing Owl habitat on the 
mesa.  The dominant vegetation is prickly pear cactus mixed with short grasses, bare patches, tall 
yuccas, and small lakes.  As the road heads down into the valley around the towns of Jaula de 
Abajo and El Sitio, there is either agriculture or overgrazed habitat, and no burrows were seen.  
Agrochemical signs were observed near Zacatecas city. 

The area around El Nigromante, southeast of Loreto, is excellent habitat.  The habitat is 
characterized by short grass and large prickly pear cactus.  Further east in the valley north of 
Ojuelos, there is mostly agriculture.  One owl was observed here at a burrow surrounded by 
overgrazed pasture. 
 
Guanajuato state 

In northwestern Guanajuato, there is suitable habitat toward Laguna de Guadalupe and 
also west of Ocampo.  In both places the grassland is mixed with open spaces, tall prickly pears, 
and small lakes.  Agriculture is still quite common, but patches of natural habitat remain. 

Suitable natural habitat and much agriculture were found around Irapuato.  Northeast of 
Irapuato and southwest of Valencianita, two owls were observed. The habitat was a mix of agave 
plantation, corn plantation, short grassland with acacia, and some trees. 

West of Silao towards Romita is mostly agriculture, although some edge remains with 
short grasses, acacia, and some bare patches.   One large grassland area was located west of the 
airport and the highway. 

In central Guanajuato there are short grasslands mixed with shrubs and also agriculture.  
West towards Dolores Hidalgo and south through Jamaica there are nice grasslands, but 
approaching Los Rodriguez and south to San Miguel de Allende there is more agriculture. 
 
Jalisco state 

In northeast Jalisco, west of Ojuelos and north of Chinampas, the road curves east and 
there is an Ejido (land worked by the community) that is not over planted, therefore leaving 
rolling grasslands of good habitat that borders a small shallow lake.  East Jalisco is hilly and 
quite bushy with tall grasses in all directions from San Juan de Los Lagos. 
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Aguascalientes state 
In east Aguascalientes, the town of Palo Alto is surrounded mostly by agriculture and 

some grassland.  Burrowing Owls here have used burrows in the sides of ditches dug for and 
used as water tanks, as well as natural burrows.  Near the city, there were some agrochemical 
signs. 
 
State of México 

In the state of México, north of the city of Texcoco there are grasslands and wetlands.  In 
Texcoco, six owls were observed.  Although Texcoco is located in a heavily populated area of 
México, there are many records of breeding and wintering owls in this region.  Appropriate 
habitat of this region includes a 9,000 hectare dried-up lakebed reserve, extensive grasslands, and 
pastures and agricultural lands. 
 
Aerial surveys  

Six states of the north and west high plateau of México were surveyed by plane, 
including Chihuahua, Durango, Zacatecas, Aguascalientes, San Luis Potosí, and Coahuila, as 
well as small areas of Guanajuato and Jalisco.  Due to weather and restrictions, air space of the 
southern regions of the high plateau (Mexico City Airport and surrounding areas) was not 
surveyed.  This area is comprised of Veracruz, Puebla, Tlaxcala, Hidalgo, and Mexico states. 

Near the end of the survey, the plane had an electrical failure, and therefore the last 
surveys were cancelled.  The plane was brought back to Torreon airport for inspection and 
repairs.  Several days of bad weather, due to Hurricane Paul and Tropical Storm Norman, 
excluded the crew from flying over the northeast region of México, including the prairie dog 
colonies of Nuevo León, north of San Luis Potosí, and southern and central Coahuila. 

In the Chihuahuan Desert of north central México that was surveyed by air, Burrowing 
Owls are also associated with Mexican prairie dogs, black-tailed prairie dogs, and desert 
tortoises, as well as ground squirrels.  The following is a description of habitat condition 
observed by air in north central México, broken down by state (Images D). 
 
Chihuahua state 

Chihuahua is one of the largest states in México.  Along with Coahuila, it covers the 
north extension of the Chihuahuan Desert. 
  The areas of northern Chihuahua, through the sand dunes of Samalayuca and its natural 
grasslands, are regions of excellent habitat for Burrowing Owls.  Nevertheless, the industrialized 
agricultural of Janos is an increasing concern due to the speed at which agriculture is advancing 
over the few remaining areas that are suitable for owls (Ceballos et al. 1993). 

The central portion of the state contains grasslands mixed with heavy agriculture and 
livestock grazing, compounded by the highest concentration of people in the state.  Most of the 
active agricultural lands were observed around the suburban and rural areas of the cities of 
Chihuahua and Delicias. 

The heavy agriculture found across the central part of the state extends towards southern 
Chihuahua.  Here the dense and industrialized agricultural fields are found in contrast with the 
adjacent barren desert and free range grazing regions of the Biosphere Reserve of Bolsón de 
Mapimí. 
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The relief of eastern Chihuahua is sinuous and alternates extensive grasslands with some 
degree of livestock grazing.  The flight covered the low elevation valley along the border 
between Chihuahua and Texas and the high valleys of the eastern Chihuahuan Desert. 

At the end of the aerial surveys, the crew was forced due to plane failures to fly straight 
to Juarez from Chihuahua City, instead of flying the area around Casas Grandes in southwestern 
Chihuahua. 
 
Durango state 

The west of Durango contains the mountains of the Sierra Madre Occidental.  The central 
and northern regions of the state are much less mountainous, but still contain terrain broken by 
mountains, with numerous ridges separated by vast flat areas of grasslands and agriculture. 

The valley of Laguna de Santiaguillo (150 kilometers north of Durango City) is 
completely covered by agriculture.  The valley opens to natural habitat to the southeast.  These 
fields were not producing in the winter, which may mean fewer disturbances for wintering owls, 
but machinery was observed plowing the fields for the spring. 

In the north and east, the flats were less disturbed and had scattered trees.  The Bolsón de 
Mapimí Desert was part of this less disturbed habitat.  Numerous valleys are located here, 
bordered by the edge of the Sierra Madre Occidental.  In these valleys there are the traditionally 
worked small farms of central and eastern Durango. 
 
Zacatecas state  

The extensive north valley of Zacatecas borders Durango, Coahuila and San Luis Potosí.  
Except for a small region in the northwest, most of the valley is dedicated to cattle grazing, with 
poor and scarce vegetation. 

Towards the south, seasonal agricultural fields are found.  These fields are worked in a 
traditional manner without the use of heavy machinery or irrigation systems.  Due to the 
proximity of the city of Zacatecas, there is more agriculture in the southern portion of these flats, 
with abundant ponds and water reservoirs.  Nevertheless, the natural or non-agricultural areas 
were vast.  Historically, Zacatecas hosted prairie dog populations, but the populations have been 
exterminated by local ranchers and habitat loss (Ceballos et al. 1993, SEMARNAT). 
 
Aguascalientes state 

Aguascalientes is one of the smallest states of México.  The aerial routes allowed for 
coverage of the entire state’s mesas.  The low elevation flats in the center of the state presented a 
higher level of agriculture activity.  The higher elevation mesas to the west and east presented 
moderate to low agriculture, and were mostly dominated by natural vegetation. 
 
San Luis Potosí state 

The southeast corner of Aguascalientes and the west mesas of San Luis Potosí contain 
less agriculture and more livestock grazing.  San Luis Potosí is an important state for industry 
and agriculture, and its proximity to Mexico City makes it an economically active region.  
Especially in the south and southwest, agriculture was always present in the flat low areas and 
cattle and natural grasslands were seen in the high mesas and foothills.  Little or no natural 
habitat is left in the valleys, leaving only patches of natural habitat in the less desirable foothills 
for wintering Burrowing Owls. 
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The habitat quality and amount available improves towards the north half of the state 
where there is no agriculture and grazing is sparse.  In this region, creosote bush and yuccas form 
vegetation clusters separated by barren patches of ground.  The north end of San Luis Potosí 
hosts prairie dog colonies.  Unfortunately, surveys over these colonies were not conducted due to 
inclement weather.  
 
Coahuila state 

The southwest of Coahuila close to Torreon City, and the north of Coahuila on the way to 
Chihuahua City, were the regions of Coahuila that were surveyed.  These regions contain poor 
and limited habitat due to overgrazing.  This area is characterized by flat and slightly hilly 
country with some mountain ridges interspersed over this vast area.  The primary disturbance is 
cattle grazing. 

South of Torreon, the relief is broken by many mountain ridges that contained small 
valleys between each ridge alternated with some agriculture or cattle grazing and natural habitat. 
 
Areas / states not visited 

Nuevo León and Coahuila presented high potential for this initiative.  In this region of 
México, there are some of the largest remaining prairie dog colonies in the world.  Wintering 
Burrowing Owls were observed commonly here by ES and collaborators during the national 
surveys in 2005 and 2006.  The flights over these areas were canceled due to the influence of 
Hurricane Paul, which hit these territories and made it impossible for the aircraft to fly due to 
adverse conditions.  Moreover, near the end of the survey period, the aircraft had a failure in the 
electrical system making the flights in this region impossible. 

The south region of México is another important area that was not surveyed by air due to 
hurricane season conditions and no plane access near Mexico City.  During the surveys carried 
out in 2005, the area of Llanos del Carmen between Puebla and Tlaxcala states presented some 
of the highest densities of owls observed during the winter surveys.  Llanos de Tlachaloya in 
Toluca, México and Texcoco Valley, México are two other southern regions with records of 
wintering owls that were not flown. 

The remaining prairie dog colonies to the west of Janos, Chihuahua were scheduled to be 
surveyed at the end of the sampling period.  The technical difficulties with the plane forced an 
early ending of the survey, and this area was also not flown. 
 
Conservation issues 

Habitat loss in México is a major concern, according to the observations carried out by 
both aerial and ground surveys.  In most of the valleys towards the south end of the high plateau, 
especially close to Mexico City and other major urban areas, the natural landscape has been 
turned into agriculture.  The foothills have some remaining owl habitat, but they are sloping and 
often overgrown with vegetation.  It was common to observe valleys of continuous agriculture 
fields, of all productive stages ranging from active, producing fields to abandoned, worn down 
plots that had bare, poor vegetation after years of agricultural production.  While these areas may 
still be used by owls, human maintenance activities along with the added danger of roads 
contribute to direct mortality and loss of nesting burrows (Coulumbe 1971, Rosenberg and Haley 
2004, Catlin and Rosenberg 2006). 

 



 21 

The illegal trade of owls is also a concern.  During the ground surveys, ES spoke to many 
individuals throughout the communities, including military, waiters, ranchers, and farmers.  
When we said we were looking for owls, the assumption was we were looking to take or to 
purchase Burrowing Owls.  It appears to be an assumption that whenever someone looks for 
wildlife, it is always to take.  In México, especially in rural or suburban areas, this is accepted.  
This is a widespread part of the culture or custom; having wildlife species as pets, and often for 
religious and cultural beliefs.  Bird species are recurrent for this use. 

Some of the take of owls is related to religious or cultural beliefs.  Especially in rural 
areas, the cultural roots of native Mexican heritage have kept alive the deity of Tlacatecolotl (the 
owl god).  This deity represents the good and the evil.  It is identified as a shaman, wizard, or 
holy man and some people believe that this deity has the ability to kill or spell with its call or 
song. 

In some parts of México where magic is a source of healing and “sacred” owls are kept as 
a way to be protected against bad omens, the holy men use these owls to cause good or evil to 
any person.  It is believed that these holy men can transform into owls at night, called 
nahualismo (Baez et al. 2001).  Nahualismo is understood as the ability of a human being to 
transform into any desired animal.  These are some examples of why the take of owls may occur, 
and also why the take of owls is accepted.   

The unregulated and widespread use of pesticides in agricultural fields is also a cause for 
concern.  The use of agrochemicals has been documented in the fields that have been surveyed 
by ES staff and collaborators.  Observations of dead birds and intoxicated rodents in regions of 
northern Mexico, and Burrowing Owls wintering in agricultural fields that present heavy 
agrochemical usage have been recorded (McDonnell and Cruz-Carretero 2006).  Owls associated 
with agriculture increase their risk of exposure to agrochemicals, which may impair their 
reproduction and survival.  Owls may be at risk from direct exposure to chemicals or by 
consuming prey that is contaminated.  Contaminants have been found to bioaccumulate to 
dangerous levels in accipiters, falcons, and owls (Blus 1996, Jarman et al. 1993).  Agricultural 
chemicals have been implicated in the direct mortality of burrowing owls (James and Fox 1987), 
and pesticide exposure may pose a threat to owl populations (Gervais et al. 2000). 

Finally, the loss of burrowing mammals in México is a conservation concern.  The 
historic distribution of prairie dogs extended from southern Canada to Northern Mexico, where 
millions of hectares were occupied by the species (Hall 1981, Anderson et al. 1986).  During the 
last part of the 20th century, their distribution and abundance were drastically reduced by human 
activities.  Habitat destruction, poisoning, and sylvatic plague are among the main reported 
causes for the decline of prairie dogs in Mexico (Bailey 1932, Ceballos and Wilson 1985, 
Anderson et al. 1986, Cully, 1989).  Throughout the ground survey observations, ES staff 
documented only occasional sightings of burrowing mammals, such as prairie dogs, ground 
squirrels, rabbits, and others.  Ranchers and farmers may eliminate these species of mammals if 
they assume they are harmful pests for their crops (pers. comm.).  The availability of burrows is 
a factor of critical importance for Burrowing Owls (Coulumbe 1971, Haug et al. 1993). 
 
Winter habitat analysis  

The analysis suggests that xerophilous scrubland with halophyte vegetation and 
agricultural lands are selected by Burrowing Owls in the northern central region of the high 
plateau of México.  In the northeastern region of this plateau, xerophilous scrubland with 
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halophilous vegetation was selected, while areas with desert microphilous scrublands were 
evaded. 
 
Problems and limitations of the telemetry system and survey techniques  

Of the 30 radio collars purchased, two radios were not functioning at the time of 
deployment, one radio stopped working one month after being mounted on a Burrowing Owl, 
and two more Burrowing Owls died before migration.  This left the pool of radio-tagged owls at 
26, with an expected battery life extending through October. 

Due to the use of VHF radio transmitters, signal pulses transmitted only every 0.6 
seconds, and the list of 26 transmitters had to be scanned through each one. The scanning time 
for each of the radios was set at 3 seconds per transmitter, allowing two pulses to be heard for 
each frequency during a complete scan.  So the scanning cycle for all frequencies took 78 
seconds from the car and from the plane.  This meant there was a possibility that a signal could 
be missed when the receiver was on a different frequency. 

The radio transmitters had a short battery life (minimum of 4 months).  Because of this 
stipulation, surveys had to occur in the fall, which is hurricane season in Mexico.  Even though 
most owls left KAFB in August, it is unknown whether they go directly to their winter grounds, 
or stop over along the way.  Survey success rates may have been higher had they been conducted 
in winter months. 

Also, the radio transmitters had a short to medium signal strength (8 kilometres at 800 
meters in height from the air, 0.8 to 1.5 kilometers from the ground).  This meant in order to 
receive the transmitter signal, the plane or the car had to be within these distances from the owl.  
A stronger signal strength may have been beneficial. 

One of the main areas of interest (NE Mexico - Valle del Tokio, La Soledad, La 
Hediondilla, La Trinidad, etc.) was not surveyed either by air or by ground.  Also the west 
portion of Janos, Chihuahua that does contain well-established prairie dog colonies was omitted 
from scheduled surveys due to the previously mentioned problems with the plane and weather.  It 
is possible that this negatively impacted the discovery of radio tagged Burrowing Owls. 

In order to overcome these issues, a new generation of coded transmitters with a more 
powerful signal and a longer battery life will be used during 2007 and 2008.  Coded transmitters 
allow up to 200 radios tuned into the same frequency, with receiver capabilities to identify each 
signal separately.  These coded transmitters will solve the risk of missing signals because of the 
need to scan through all frequencies, as all of the radios can be detected by the receiver while it 
is tuned to the one frequency.  Coded transmitters also can be set to 12 hours on, 12 hours off, 
extending the battery life to 13 months.  This will allow surveys to occur in a less active weather 
season during winter months. 
 
Future plans of Envirological Services, Inc. 

• Attach radio transmitters to 30 Burrowing Owls during the 2007 breeding season on 
Kirtland Air Force Base, and then attempt to locate the tagged owls on their winter 
grounds in México by ground and by airplane in the winter of 2007 and 2008. 

• Use coded transmitters which will eliminate the risk of missing signals while scanning, 
will increase the signal strength to six kilometers, and will increase the battery life to 13 
months. 

• Study the dispersal of owls with telemetry units inside KAFB and on adjacent lands. 
• Contact ham operators to scan for owl frequencies again in 2007 and 2008. 
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• Develop a GIS to be used during over flights in 2007 and 2008. 
• Continue to identify Burrowing Owl wintering grounds through the collaborative 

monitoring efforts already in place throughout México. 
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Appendix A. Burrowing Owl telemetry data on Kirtland Air Force Base, Albuquerque, New Mexico, 2006. 
  

  Date 
Burrow 

No. Age 
Wing Pit 
Fat (0-3) 

Para-
sites Age (days) 

Owl 
Weight(g) 

Transmitter 
Serial # 

Transmitter 
Frequency 

Transmitter 
Pulse (s) 

Transmitter 
Weight (g) 

1 23-Jun-06 121 HY 3 N over 38 133.3 104113 172.438 0.60 3.8 
2 23-Jun-06 120 HY 1 N 36-38 130.9 104114 172.460 0.59 3.7 
3 23-Jun-06 131 HY 1 N over 35 122.4 104103 172.098 0.59 3.6 
4 23-Jun-06 131 HY 1 N over 35 125.2 104111 172.331 0.59 3.7 
5 25-Jun-06 137 HY 2 fleas 40 143.8 104119 172.645 0.60 3.7 
6 25-Jun-06 122 HY 2 fleas 33-34 128.1 104115 172.475 0.61 3.6 
7 25-Jun-06 134 HY 2 fleas 42-44 138.7 104121 172.723 0.63 3.7 
8 25-Jun-06 134 HY 1 N 40-42 121.5 104118 172.622 0.60 3.6 
9 25-Jun-06 73 HY 1 fleas 32 130.1 104130 172.981 0.60 3.7 
10 26-Jun-06 68 HY 1 N 30-32 130.4 104109 172.259 0.59 3.6 
11 27-Jun-06 48 HY 3 N 30-32 135.7 104129 172.964 0.61 3.7 
12 27-Jun-06 68 HY 2 N 35-37 143.4 104126 172.863 0.59 3.7 
13 27-Jun-06 125 HY 1 N 40-42 135.4 104124 172.821 0.59 3.7 
14 27-Jun-06 125 HY 1 N 40-42 118.4 104102 172.068 0.63 3.5 
15 28-Jun-06 152 HY 1 N 38 135.1 104125 172.847 0.58 3.7 
16 28-Jun-06 152 HY 1 N 34 135.6 104122 172.741 0.61 3.7 
17 30-Jun-06 95 HY 2 N 36-38 140.4 104106 172.169 0.59 3.6 
18 30-Jun-06 144 HY 1 N 26-28 119.3 104101 172.018 0.60 3.5 
19 30-Jun-06 103 HY 2 N 36-38 140.1 104108 172.239 0.61 3.6 
20 30-Jun-06 103 HY 2 N 36-38 143.2 104110 172.282 0.60 3.6 
21 3-Jul-06 122 HY 1 fleas over 40 135.5 104120 172.701 0.60 3.6 
22 4-Jul-06 131 HY 2 N over 44 138.6 104123 172.781 0.60 3.6 
23 04-Jul-06 131 HY 1 N over 44 146.9 104128 172.901 0.60 3.6 
24 10-Jul-06 130 HY 2 N 36 140.5 104107 172.209 0.63 3.5 
25 10-Jul-06 136 HY 1 N 38-40 132.5 104117 172.572 0.61 3.5 
26 10-Jul-06 136 HY 1 N 38-40 147.0 104105 172.147 0.61 3.7 
27 1-Aug-06 135 HY 2 N 38-40 121.5 104104 172.119 0.60 3.7 
28 2-Aug-06 135 HY 1 N 38-40 124.0 104116 172.501 0.61 3.6 
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Color / USFWS # 

(right leg) top / bottom color (left leg) Start End  
Zone 

(NAD 27) Easting Northing Comments 

1 Pink / Hot Pink Hot Pink / 844-66067 2159 2216 13 S 361505 3877210   
2 Hot Pink / 844-66076 White / Black 2223 2240 13 S 361241 3877120 Aug 25 - found dead near golf course apparently preyed on by raptor 

3 Hot Pink / 934-28201 Dark Green / Pink 2243 2253 13 S 356334 3879655   
4 Hot Pink / 934-28202 Dark Green / White 2253 2309 13 S 356334 3879655   
5 Hot Pink / 934-28205 Orange / Dark Blue 2134 2201 13 S 359359 3881329   
6 Hot Pink / 934-28206 Dark Green / Red 2201 2222 13 S 359879 3881313 Overwintered, Feb 7 found dead by coyote near family campground  

7 Hot Pink / 844-66088 Pink / Pink 2222 2234 13 S 359810 3880123   
8 Hot Pink / 844-66085 Light Blue / Light Blue 2238 2248 13 S 359810 3880123   
9 Hot Pink / 934-28208 Dark Blue / Black 2318 2337 13 S 357874 3878686   
10 Hot Pink / 934-28215 Red / Pink 2015 2040 13 S 358091 3879132   
11 Hot Pink / 934-28217 Black / Green 2104 2119 13 S 358194 3879044   
12 Hot Pink / 934-28218 White / Dark Blue 2121 2142 13 S 358091 3879132   
13 Hot Pink / 844-66080 Light Green / White 2155 2208 13 S 358199 3878878   
14 Hot Pink / 844-66082 White / Light Blue 2209 2221 13 S 358199 3878878   
15 Hot Pink / 934-28222 Red / Red 2204 2210 13 S 361783 3877581   
16 Hot Pink / 934-28220 Orange / Black 2210 2225 13 S 361783 3877581   
17 Hot Pink / 934-28225 White / Hot Pink 2137 2157 13 S 357801 3878784   
18 Hot Pink / 934-28226 Dark Blue / Red 2200 2213 13 S 358387 3878900 Nov 28 - found dead on SW corner of Penn and Ordinance near B84 

19 Hot Pink / 844-66100 Light Blue / Light Green 2228 2244 13 S 356987 3879148   
20 Hot Pink / 844-66099 Dark Green / Light Blue 2245 2254 13 S 356987 3879148   
21 Hot Pink / 934-28227 Green / Green 1950 2005 13 S 359879 3881313   
22 Hot Pink / 934-28228 Purple / Dark Blue 743 802 13 S 356334 3879655   
23 Hot Pink / 934-28204 Dark Blue / Hot Pink 804 814 13 S 356334 3879655   
24 Hot Pink / 934-28230 Purple / Black 2101 2117 13 S 357825 3879242   
25 Hot Pink / 934-28302 Light Green / Light Green 2119 2138 13 S 357865 3879083   
26 Hot Pink / 934-28301 Hot Pink / Purple 2141 2205 13 S 357865 3879083   
27 Hot Pink / 934-28309 Green / Hot Pink 2122 2140 13 S 356042 3879658   
28 Hot Pink / 934-28310 Black / Purple 2109 2114 13 S 356042 3879658   
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Appendix B. Burrowing Owl dispersal data, Kirtland Air Force Base, Albuquerque, New Mexico, 2006. 
 
Solid color indicates located on KAFB, white indicates not located on KAFB 
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Appendix C. Ham operator internet publications, 2006. 
From:  http://www.homingin.com/ 
Homing In 
Joe Moell 
Burrowing Owls -- New Radiotracking Research in Southwestern States Summer/Fall 2006 

On 17 July 2006, e-mail arrived from Kirsten McDonnell, 
Chief Biologist of Envirological Services, Incorporated.  

"Envirological Services is a small non-profit located in New 
Mexico. We are contracted through Kirtland Air Force Base 
(Albuquerque, New Mexico) to study and monitor the 
population of Burrowing Owls located on the base property. As 
you know, Burrowing Owls are a species of concern because of 
their declining numbers, and in order to determine if their 
migration and winter habitats are a cause for this decline, we 
need to learn more about where these owls are traveling for the 
winter.  

"On Kirtland Air Force Base this summer, we have attached 28 
transmitters and will be flying over Mexico in October in a 
Cesna 182 to search for their signals. All tag frequencies are 
between 172 and 173 MHz. Last winter we drove through 21 states of Mexico searching for owl 
territories and also had a group of Mexican collaborators conducting surveys for owls, to give us 
more information for this year flying.  

"Our owls probably will leave on migration in August and the transmitter signals should last into 
December. We are not sure where the owls will go. From Albuquerque, it is possible they may 
head southeast or southwest towards the coasts, or possibly they will take a more traditional 
migratory route to the south. For this reason it will be helpful to have people from all over the 
southwest (New Mexico, Texas, Arizona, California) searching for their signals. I know you 
have been of great help on other similar projects, and we would really appreciate your help on 
this one."  

Update 1 September 2006: "Twenty-four owls have left the Air Force base so far. Please 
monitor for these owls now! The remaining four are expected to depart soon, depending upon 
weather conditions."  

Update 30 September 2006: "Our last three owls have left. One kept leaving and coming back, 
now I think he is gone for good. We also had bad news, twice. We have found one of our 
transmittered owls dead, we believe it was preyed upon by a raptor because the skull had marks 
from a beak and no feathers were chewed as a mammal would have done. We recovered the 
transmitter and the bands, that was a sad day. Also, we had one equipment failure. We had been 
seeing the owl with the transmitter attached, but could detect no signal."  

The frequencies of departed owls have been sent to all Biotrackers mail list subscribers. At the 
request of US Fish and Wildlife Service, please do not repost these frequencies on Web sites.  
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If you hear a tag signal, make careful note of the date, time, exact frequency, your location, and 
any unusual signal characteristics. Make tape recordings and/or digital audio files if you can, for 
analysis and verification.  

As they are received, further project updates will be posted in this Homing In Web site. 

From:  http://www.arnewsline.org/ 

Amateur Radio Newsline 

THAT FINAL ITEM: ITS BURROWING OWL TIME AGAIN 

And finally this week, its owl time once again. Of coarse we are referring to those famed 
Burrowing Owls that are making ham radio news again. Newsline's Joe Moell, K0OV, with the 
story:  

Back in 1998, a researcher in Canada asked for help in locating some radio-tagged Burrowing 
Owls that had migrated from their study site in Saskatchewan. Aircraft had been unable to follow 
them due to bad weather. So began the first of many efforts by some hams and scanner 
enthusiasts to help biologists find their wayward study animals. Since then, we've been involved 
in research on several species of birds and bats.  

This summer, two bird studies need ham help. A non-profit organization in New Mexico wants 
to find out what happens to the population of Burrowing Owls that spend summer months in the 
grasslands of Kirtland Air Force Base. They have radiotagged 28 of them to see if they go east 
toward Texas, west to California, or south to Mexico. They will start moving any day now, so 
get your receiver and antenna ready.  

About the same time, researchers at two Toronto universities will be radiotagging twenty young 
Purple Martins at a breeding colony in Edinboro, Pennsylvania. They are expected to start south 
in August, but where will they spend the winter?  

For the radio tag frequencies, plus more information on how you can help the scientists from the 
comfort of your hamshack, point your Web browser to www.homingin.com. That's homingin, as 
one word, homingin.com. Thanks in advance for your help. From southern California, where 
we'll be listening for those owls from Albuquerque, this is Joe Moell K-zero-Oscar-Victor for 
Amateur Radio Newsline. 

Again that website is www.homingin.com. 

 
From:  www.arrl.org 
The National Association for Amateur Radio 

 
Hams, monitoring enthusiasts invited to aid wildlife researchers (Jul 25, 
2006) -- Wildlife researchers areasking radio amateurs and VHF monitoring 
enthusiasts to help listen for radio tag signals from migrating birds. A non-
profit organization in New Mexico wants to find the wintering grounds of 
the Burrowing owl, which summers in the grasslands of Kirtland Air Force 
Base. "Twenty-eight of the birds have been fitted with pulsing radio-tags 
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near 172 MHz, and attempts will be made to track them by aircraft to see if they go east toward 
Texas, west to California, or south to Mexico," says ARRL Amateur Radio Direction Finding 
(ARDF) Coordinator Joe Moell, K0OV. "It's likely that aircraft will lose contact with most of the 
owls, so volunteers throughout southwestern states and northern Mexico are being asked to listen 
for them." Moell said July 25 that the birds "will start moving any day now." Meanwhile, 
researchers at two Toronto universities are radiotagging 20 young purple martins at a breeding 
colony in Edinboro, Pennsylvania. "These beautiful birds are expected to start flying south in 
mid-August, probably to winter grounds in South America," Moell says. "Hams in southern 
states from Texas through Florida are asked to be listening and possibly detect the flyovers." He 
says those living in the migration zones and can receive 172 MHz signals can help. "If you have 
radio-direction finding equipment for VHF, so much the better," he adds. Moell's "Homing In" 
Web site has much more information on these projects. [Joe Moell, K0OV,Photo]  
 
 
From:  www.eham.net 
Ham Radio on the Net 
Joe Moell 
Hams Monitor Migrating Birds: 

After a one-year hiatus, ham operators are again being asked to help wildlife researchers by 
listening for radio tag signals from migrating birds. Two projects are about to start:  

1. A non-profit organization in New Mexico wants to find the wintering grounds of the 
Burrowing Owls that spend summer months in the grasslands of Kirtland Air Force Base. 
Twenty-eight of the birds have been fitted with pulsing radio-tags near 172 MHz and attempts 
will be made to track them by aircraft to see if they go east toward Texas, west to California, or 
south to Mexico. It's likely that aircraft will lose contact with most of the owls, so volunteers 
throughout southwestern states and northern Mexico are needed to listen for them. They will 
start moving any day now.  

2. Researchers at two Toronto universities will soon be radiotagging twenty young Purple 
Martins at a breeding colony in Edinboro, Pennsylvania. These beautiful birds are expected to 
start flying south in mid-August, probably to winter grounds in South America. Listeners in 
southern states from Texas through Florida are asked to monitor and possibly detect the flyovers.  

If you live in the target areas and can receive 172 MHz signals, you could help. If you have 
radio-direction finding equipment for VHF, so much the better. The Homing In Web site has 
more information on these projects, including frequencies and suggestions for equipment and 
antennas. It includes a page that describes the unique characteristics of wildlife tags to help 
listeners distinguish them from other signals they may encounter at 172 MHz  

Thanks in advance for your help.
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Appendix D.  Habitat analysis by Salvador Medina of data gathered during 2005-2006 winter surveys in Mexico.  
 
Northern central region of Mexico, November, 2005 

Proportion of 
available habitat / 

Proporción de 
hábitat disponible 

Proportion of used 
habitat / Proporción 
de hábitat utilizado 

Selection Index / 
Índice de 

Selectividad 

Bonferroni Confidence Interval 
of the selection index / Intervalo 

de Confianza Bonferroni del 
Índice de Selectividad (� i = 

ôi/pi) 

Jacobs Index / 
Indice de 

Jacobs (1974) 
VEGETATION TYPE / TIPOS DE VEGETACION 

pi ôi � i = ôi/pi Inferior Superior Di 

Interpretation / 
Interpretación 

Without vegetation / Sin vegetación aparente 0.224 0.500 2.231 0.000 4.626 0.552 = 

Agricultural areas / Áreas agropecuarias 0.489 0.500 1.023 0.000 2.120 0.022 = 
Flooding zones or water bodies / Zonas inundables o 
cuerpos de agua 0.002 0.000 0.000 0.000 0.000 -1.000 - 

Non-native grassland / Pastizales inducidos 0.097 0.000 0.000 0.000 0.000 -1.000 - 
Xerophilous scrublands with halophyte vegetation  
/ Matorral xerófilo, vegetación Halófila 

0.105 0.000 0.000 0.000 0.000 -1.000 - 

Tropical deciduos lowland forest w/second growth brush / 
Selva Baja Caducifolia con vegetación secundaria 
arbustiva 

0.083 0.000 0.000 0.000 0.000 -1.000 - 

Liberty � roporc / Grados de libertad: 5, aaaa = 0.01, X2
L= 4.948. + indicates selection / indica selección, - indicates � roporc / indica evasión, = indicates � roporcional use to disponibility /  indica 

uso proporcional a disponibilidad.  

 
 
Northern central region of Mexico, December, 2005 

Proportion of 
available habitat / 

Proporción de 
hábitat disponible 

Proportion of used 
habitat / Proporción 
de hábitat utilizado 

Selection Index / 
Índice de 

Selectividad 

Bonferroni Confidence Interval 
of the selection index / Intervalo 

de Confianza Bonferroni del 
Índice de Selectividad (� i = 

ôi/pi) 

Jacobs Index / 
Indice de 

Jacobs (1974) 
VEGETATION TYPE / TIPOS DE VEGETACION 

pi ôi � i = ôi/pi Inferior Superior Di 

Interpretation / 
Interpretación 

Xerophilous scrublands with halophyte vegetation  
/ Matorral xerófilo, vegetación Halófila 

0.004 0.273 66.666 10.571 122.761 0.978 + 

Agricultural zones / Áreas agropecuarias 0.480 0.727 1.517 1.038 1.995 0.487 + 
Flooding zones or water bodies / Zonas inundables o 
cuerpos de agua 

0.005 0.000 0.000 0.000 0.000 -1.000 - 

Crasicaule shrub / Matorral crasicaule 0.055 0.000 0.000 0.000 0.000 -1.000 - 

Microphilous desert shrub / Matorral desértico micrófilo 0.066 0.000 0.000 0.000 0.000 -1.000 - 

Mezquite Other types) / Mezquital (otros tipos) 0.007 0.000 0.000 0.000 0.000 -1.000 - 

Mezquite (xerophilous) / Mezquital (xerófilo) 0.017 0.000 0.000 0.000 0.000 -1.000 - 

HallophilousGrassland / Pastizales Halófilos 0.049 0.000 0.000 0.000 0.000 -1.000 - 

Non-native grassland / Pastizales inducidos 0.018 0.000 0.000 0.000 0.000 -1.000 - 

Native grassland / Pastizales naturales 0.180 0.000 0.000 0.000 0.000 -1.000 - 

Hidriphilous vegetation / Vegetación hidrófila 0.005 0.000 0.000 0.000 0.000 -1.000 - 

Tascate forest w/ second growth brush / Bosque de 
táscate con vegetación secundaria arbustiva 0.007 0.000 0.000 0.000 0.000 -1.000 - 
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Oak forest w/ second growth brush / Bosque de encino 
con vegetación secundaria arbustiva 

0.003 0.000 0.000 0.000 0.000 -1.000 - 

Oak-Pine forest w/ second growth brush / Bosque de 
encino pino con vegetación secundaria arbustiva 

0.005 0.000 0.000 0.000 0.000 -1.000 - 

Crasicaule shrub w/ second growth brush / Matorral 
crasicaule con vegetación secundaria arbustiva 

0.008 0.000 0.000 0.000 0.000 -1.000 - 

Native grassland w/ second growth brush / Pastizales 
naturales con vegetación secundaria arbustiva 

0.067 0.000 0.000 0.000 0.000 -1.000 - 

Urban zone / Zona urbana 0.025 0.000 0.000 0.000 0.000 -1.000 - 

Liberty degrees / Grados de libertad: 16, aaaa = 0.01, X2
L= 95.592. + indicates selection / indica selección,  - indicates evasion / indica evasión, = indicates proportional use to disponibility /  

indica uso proporcional a disponibilidad.  
 
 
Northern central region of Mexico, January, 2006 

Proportion of 
available habitat / 

Proporción de 
hábitat disponible 

Proportion of used 
habitat / Proporción 
de hábitat utilizado 

Selection Index / 
Índice de 

Selectividad 

Bonferroni Confidence Interval 
of the selection index / Intervalo 

de Confianza Bonferroni del 
Índice de Selectividad (� i = 

ôi/pi) 

Jacobs Index / 
Indice de 

Jacobs (1974) 
VEGETATION TYPE / TIPOS DE VEGETACION 

pi ôi � i = ôi/pi Inferior Superior Di 

Interpretation / 
Interpretación 

Xerophilous scrublands with halophilous vegetation  
/ Matorral xerófilo, vegetación Halófila 

0.009 0.286 31.221 3.234 59.209 0.955 + 

Tropical deciduos lowland forest w/second growth brush / 
Selva Baja Caducifolia con vegetación secundaria 
arbustiva 

0.009 0.036 4.099 -7.976 16.173 0.616 = 

Urban zone / Zona urbana 0.019 0.036 1.885 -3.668 7.437 0.314 = 

Crasicaule shrub / Matorral crasicaule 0.039 0.071 1.855 -1.937 5.647 0.315 = 

Non-native grassland / Pastizales inducidos 0.022 0.036 1.659 -3.229 6.547 0.255 = 

Agricultural areas / Áreas agropecuarias 0.306 0.429 1.399 0.483 2.314 0.259 = 

Microphilous desert shrub / Matorral desértico micrófilo 0.144 0.107 0.745 -0.474 1.964 -0.167 = 

Without vegetation / Sin vegetación aparente 0.018 0.000 0.000 0.000 0.000 -1.000 - 
Flooding zones or water bodies / Zonas inundables o 
cuerpos de agua 

0.000 0.000 0.000 0.000 0.000 -1.000 - 

Rosetophilous desert shrub / Matorral desértico rosetófilo 0.120 0.000 0.000 0.000 0.000 -1.000 - 

HallophilousGrassland / Pastizales Halófilos 0.039 0.000 0.000 0.000 0.000 -1.000 - 

Native grassland / Pastizales naturales 0.025 0.000 0.000 0.000 0.000 -1.000 - 

Tascate forest w/ second growth brush / Bosque de 
táscate con vegetación secundaria arbustiva 

0.011 0.000 0.000 0.000 0.000 -1.000 - 

Oak forest w/ second growth brush / Bosque de encino 
con vegetación secundaria arbustiva 

0.015 0.000 0.000 0.000 0.000 -1.000 - 

Crasicaule shrub w/ second growth brush / Matorral 
crasicaule con vegetación secundaria arbustiva 

0.004 0.000 0.000 0.000 0.000 -1.000 - 

Microphilous desert shrub w/ second growth brush / 
Matorral desértico micrófilo con vegetación secundaria 
arbustiva 

0.139 0.000 0.000 0.000 0.000 -1.000 - 



 34 

Rosetophilous desert shrub w/ second growth brush / 
Matorral desértico rosetófilo con vegetación secundaria 
arbustiva 

0.016 0.000 0.000 0.000 0.000 -1.000 - 

HallophilousGrassland w/ second growth brush / 
Pastizales Halófilos con vegetación secundaria arbustiva 

0.055 0.000 0.000 0.000 0.000 -1.000 - 

Native grassland w/ second growth brush / Pastizales 
naturales con vegetación secundaria arbustiva 

0.011 0.000 0.000 0.000 0.000 -1.000 - 

Liberty degrees / Grados de libertad: 18, aaaa = 0.01, X2
L= 68.912. + indicates selection / indica selección,  - indicates evasion / indica evasión, = indicates proportional use to disponibility /  

indica uso proporcional a disponibilidad. 

 
 

Northeastern region, November, 2005  

Proportion of 
available habitat / 

Proporción de 
hábitat disponible 

Proportion of 
used habitat / 
Proporción de 

hábitat utilizado 

Selection Index (Manly, 
1972) available /used 
proportion / Índice de 
Selectividad (Manly, 
1972) -proporción 

disponible/utilizado- 

Bonferroni Confidence Interval 
of the selection index / 
Intervalo de Confianza 

Bonferroni del Índice de 
Selectividad (� i = ôi/pi) 

Jacobs Index / 
Indice de Jacobs 

(1974) 

VEGETATION TYPE / TIPOS DE VEGETACION 

pi ôi � i = ôi/pi Inferior Superior Di 

Interpretation / 
Interpretación 

Xerophilous scrublands with halophilous vegetation  
/ Matorral xerófilo, vegetación Halófila 0.186 0.625 3.366 0.840 5.891 0.759 = 

Microphilous desert shrub / Matorral desértico micrófilo 0.372 0.250 0.673 -0.456 1.802 -0.279 = 

Crasicuale shrub / Matorral crasicaule 0.328 0.125 0.381 -0.595 1.357 -0.547 = 
Flooding zones or water bodies / Zonas inundables o 
cuerpos de agua 0.000 0.000 0.000 0.000 0.000 -1.000 - 

Agricultural areas / Áreas agropecuarias 0.083 0.000 0.000 0.000 0.000 -1.000 - 

Halophilous grassland / Pastizales Halófilos 0.000 0.000 0.000 0.000 0.000 -1.000 - 
Microphilous desert shrub w/ second growth brush / 
Matorral desértico micrófilo con vegetación secundaria 
arbustiva 0.028 0.000 0.000 0.000 0.000 -1.000 - 

Urban zone / Zona urbana 0.003 0.000 0.000 0.000 0.000 -1.000 - 

Liberty degrees / Grados de libertad: 7, aaaa = 0.01, X2
L= 10.552. + indicates selection / indica selección,  - indicates evasion / indica evasión, = indicates proportional use to disponibility /  indica 

uso proporcional a disponibilidad.  

 
 

Northeastern region, December, 2005  

Proportion of 
available habitat / 

Proporción de 
hábitat disponible 

Proportion of used 
habitat / 

Proporción de 
hábitat utilizado 

Selection Index (Manly, 
1972) available /used 
proportion / Índice de 
Selectividad (Manly, 
1972) -proporción 

disponible/utilizado- 

Bonferroni Confidence Interval of 
the selection index / Intervalo de 
Confianza Bonferroni del Índice 

de Selectividad (� i = ôi/pi) 

Jacobs Index 
/ Indice de 

Jacobs 
(1974) 

VEGETATION TYPE / TIPOS DE VEGETACION 

pi ôi � i = ôi/pi Inferior Superior Di 

Interpretation / 
Interpretación 
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Xerophilous scrublands with halophilous vegetation  
/ Matorral xerófilo, vegetación Halófila 

0.424 0.694 1.637 1.266 2.009 0.510 + 

Rosetophilous desert shrub / Matorral desértico rosetófilo 0.011 0.016 1.406 -2.345 5.157 0.171 = 

Non-native grassland / Pastizales inducidos 0.321 0.242 0.753 0.298 1.208 -0.195 = 

Microphilous desert shrub / Matorral desértico micrófilo 0.122 0.048 0.397 -0.204 0.998 -0.464 - 

Pine forest w/ second growth brush / Bosque de pino con 
vegetación secundaria arbustiva 

0.006 0.000 0.000 0.000 0.000 -1.000 - 

Crasicuale shrub / Matorral crasicaule 0.073 0.000 0.000 0.000 0.000 -1.000 - 

Agricultural areas / Áreas agropecuarias 0.042 0.000 0.000 0.000 0.000 -1.000 - 

Liberty degrees / Grados de libertad: 6, aaaa = 0.01, X2
L=29.031. + indicates selection / indica selección, - indicates evasion / indica evasión, = indicates p roportional use to disponibility /  indica 

uso proporcional a disponibilidad.  

 
 

Northeastern region, January, 2006  

Proportion of 
available habitat / 

Proporción de 
hábitat disponible 

Proportion of used 
habitat / 

Proporción de 
hábitat utilizado 

Selection Index (Manly, 
1972) available /used 
proportion / Índice de 
Selectividad (Manly, 
1972) -proporción 

disponible/utilizado- 

Bonferroni Confidence Interval of 
the selection index / Intervalo de 
Confianza Bonferroni del Índice 

de Selectividad (� i = ôi/pi) 

Jacobs Index 
/ Indice de 

Jacobs 
(1974) 

VEGETATION TYPE / TIPOS DE VEGETACION 

pi ôi � i = ôi/pi Inferior Superior Di 

Interpretation / 
Interpretación 

Xerophilous scrublands with halophilous vegetation  
/ Matorral xerófilo, vegetación Halófila 0.384 0.524 1.363 0.634 2.091 0.276 = 

Microphilous desert shrub / Matorral desértico micrófilo 0.193 0.190 0.989 -0.154 2.132 -0.007 = 

Non-native grassland / Pastizales inducidos 0.373 0.286 0.766 0.087 1.446 -0.195 = 

Agricultural areas / Áreas agropecuarias 0.039 0.000 0.000 0.000 0.000 -1.000 - 

Rosetophilous desert shrub / Matorral desértico rosetófilo 0.011 0.000 0.000 0.000 0.000 -1.000 - 

Liberty degrees / Grados de libertad: 4, aaaa = 0.01, X2
L= 3.524. + indicates selection / indica selección, - indicates evasion / indica evasión, = indicates p roportional use to disponibility /  indica 

uso proporcional a disponibilidad.  

 
 

Southern region, November, 2005 

Proportion of 
available habitat / 

Proporción de 
hábitat disponible 

Proportion of used 
habitat / Proporción 
de hábitat utilizado 

Selection Index (Manly, 1972) available 
/used proportion / Índice de 

Selectividad (Manly, 1972) -proporción 
disponible/utilizado- 

Bonferroni Confidence Interval of the 
selection index / Intervalo de Confianza 

Bonferroni del Índice de Selectividad (� i = 
ôi/pi) 

Jacobs 
Index / 

Indice de 
Jacobs 
(1974) 

VEGETATION TYPE / TIPOS 
DE VEGETACION 

pi ôi � i = ôi/pi Inferior Superior Di 

Interpretation / 
Interpretación 

Halophilous grassland / 
Pastizales Halófilos 0.301 0.409 1.361 0.527 2.194 0.234 = 
Without vegetation / Sin 
vegetación aparente 0.248 0.273 1.098 0.184 2.011 0.063 = 

Agricultural areas / Áreas 0.451 0.318 0.706 0.179 1.232 -0.275 = 
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agropecuarias 

Liberty degrees / Grados de libertad: 2, aaaa = 0.01, X2
L=1.782. + indicates selection / indica selección, -  indicates evasion / indica evasión, = indicates pr oportional use to disponibility /  indica 

uso proporcional a disponibilidad. 

 
        

Southern region, December, 2005 

Proportion of 
available habitat / 

Proporción de 
hábitat disponible 

Proportion of used 
habitat / Proporción 
de hábitat utilizado 

Selection Index (Manly, 1972) available 
/used proportion / Índice de 

Selectividad (Manly, 1972) -proporción 
disponible/utilizado- 

Bonferroni Confidence Interval of the 
selection index / Intervalo de Confianza 

Bonferroni del Índice de Selectividad (� i = 
ôi/pi) 

Jacobs 
Index / 

Indice de 
Jacobs 
(1974) 

VEGETATION TYPE / TIPOS 
DE VEGETACION 

pi ôi � i = ôi/pi Inferior Superior Di 

Interpretation / 
Interpretación 

Halophilous grassland / 
Pastizales Halófilos 0.077 0.286 3.727 -0.699 8.152 0.656 = 
Without vegetation / Sin 
vegetación aparente 0.081 0.143 1.762 -1.480 5.005 0.308 = 
Agricultural areas / Áreas 
agropecuarias 0.643 0.571 0.888 0.310 1.466 -0.150 = 

Pine forest / Bosque de Pino 0.002 0.000 0.000 0.000 0.000 -1.000 - 
Pine-oak forest / Bosque de 
Pino Encino 0.038 0.000 0.000 0.000 0.000 -1.000 - 
Flooding zones or water 
bodies / Zonas inundables o 
cuerpos de agua 0.001 0.000 0.000 0.000 0.000 -1.000 - 
Rosetophilous desert shrub / 
Matorral desértico rosetófilo 0.054 0.000 0.000 0.000 0.000 -1.000 - 
Non-native grassland / 
Pastizales inducidos 0.064 0.000 0.000 0.000 0.000 -1.000 - 
Pine-oak forest w/ second 
growth brush / Bosque de pino 
encino con vegetación 
secundaria arbustiva 0.011 0.000 0.000 0.000 0.000 -1.000 - 

Urban zone / Zona urbana 0.029 0.000 0.000 0.000 0.000 -1.000 - 

Liberty degrees / Grados de libertad: 9, aaaa = 0.01, X2
L= 10.890. + indicates selection / indica selección,  - indicates evasion / indica evasión, = indicates proportional use to disponibility /  

indica uso proporcional a disponibilidad. 

 
        

Southern region, January, 2006 

Proportion of 
available habitat / 

Proporción de 
hábitat disponible 

Proportion of used 
habitat / Proporción 
de hábitat utilizado 

Selection Index (Manly, 1972) available 
/used proportion / Índice de 

Selectividad (Manly, 1972) -proporción 
disponible/utilizado- 

Bonferroni Confidence Interval of the 
selection index / Intervalo de Confianza 

Bonferroni del Índice de Selectividad (� i = 
ôi/pi) 

Jacobs 
Index / 

Indice de 
Jacobs 
(1974) 

VEGETATION TYPE / TIPOS 
DE VEGETACION 

pi ôi � i = ôi/pi Inferior Superior Di 

Interpretation / 
Interpretación 

Halophilous grassland / 
Pastizales Halófilos 0.291 0.400 1.373 0.102 2.644 0.237 = 
Agricultural areas / Áreas 
agropecuarias 0.650 0.600 0.923 0.353 1.492 -0.107 = 
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Without vegetation / Sin 
vegetación aparente 0.058 0.000 0.000 0.000 0.000 -1.000 - 

Liberty degrees / Grados de libertad: 2, aaaa = 0.01, X2
L= 1.572. + indicates selection / indica selección, - indicates evasion / indica evasión, = indicates p roportional use to disponibility /  indica 

uso proporcional a disponibilidad. 
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Images A. Attaching radio transmitters to Burrowing Owls on Kirtland Air Force Base, Albuquerque, New 
Mexico, 2006. 
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Images B. Telemetry equipment for surveys by air and by ground in México, 2006. 
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Images C. Habitat surveyed by ground in México, 2007. 
Hidalgo 
Grasslands and agriculture south of Pachuca       Native grassland of northwest of Pachuca  

  Sloping, high elevation plateau west of Ixmiquilpan 

 
 
Queretaro 
High desert bare ground northwest of Vizarron 
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San Luis Potosí 
Agricultural valley of San Ciro de Acosta   Desert habitat northeast of the city of San Luis Potosí 

   
Grass groundcover southwest of Charcas    El Cedazo, creosote bush with many burrows 

   
Vast valley, creosote, and yuccas near Los Remedios    Grassland north of Agua de Enmedio 
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Valley around Cruces           Road to Cruces, many burrows on side of road 

 
 
Overgrazed grassland south of Salinas de Hidalgo             Fields around Hernández with clustered burrows 

 
 
Caustic flats south of Illescas 
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Zacatecas 
Habitat on mesa between Pino Suárez and La Estrella     More habitat on mesa 

 
 
Short grassland southeast of Loreto 

 
 
Guanajuato 
Grassland northeast of Irapuato         Owl burrow northeast of Irapuato     
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Grassland west of Silao airport         Agave plantation with burrows  

 
 
Jalisco 
Owl habitat and shallow lake north of Chinampas       Shrubland of East Jalisco 

 
 
Aguascalientes 
Burrows on the sides of a water ditch near Palo Alto 

 



 45 

Estado de México 
Grassland and pasture of Texcoco                                  Artificial burrows in dried-up lakebed of Texcoco 

 
 
 
 
 
 
  



 46 

Images D. Habitat surveyed by air in México, 2007. 
Chihuahua 
Sand dunes of Samalayuca in northern Chihuahua  Natural grasslands of northern Chihuahua 

 
Mechanized agricultural fields of Janos, Chihuahua  
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Agricultural fields of Delicias in central Chihuahua 

 
 
Bolson de Mapimi Desert in Southern Chihuahua and northern Durango 

 
 
Eastern Chihuahua Desert is sinuous and alternates extensive grasslands with some degree of livestock grazing.  
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Durango 
Central and northern Durango presented ridges separated by vast flat areas of grasslands and agriculture. 

 
 
The valley of Laguna de Santiaguillo is covered by agriculture. The fields were not producing, but machinery 
was observed plowing the fields for the spring. 

 
In the north and east, the flatlands are less disturbed and had scattered trees.  In these valleys, there are 
traditionally worked small farms. 
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Zacatecas 
North Zacatecas is dedicated to cattle grazing, with poor and scarce vegetation.  

 
 
To the south, seasonal agriculture fields are worked without heavy machinery or irrigation systems.   

 
 
The south flats present more agriculture with abundant water reservoirs. 
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Aguascalientes 
One of the smallest states of México, the aerial routes allowed coverage of the entire state’s mesas.  

 
  
The low elevation flats in central Aguascalientes presented a higher level of agriculture activity.  The higher 
elevation mesas to the west and east presented moderate to low agriculture. 

 
San Luis Potosí 
The west mesas of San Luis Potosí contained less agriculture and more livestock grazing.   
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San Luis Potosí is an important state for industry and agriculture. Agriculture was always present in the flat low 
areas and cattle and natural grasslands where seen in the high mesas and foothills.  

 

 
 
The habitat quality and amount available improves towards the north.  In this region, creosote bush and yuccas 
form vegetation clusters separated by barren patches of ground 
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Coahuila 
The southwest and north of Coahuila were the surveyed regions.  These regions contain habitat of poor and 
scarce vegetation due to overgrazing.  The primary disturbance is cattle grazing.  

 
 
South of Torreon, the relief is broken by many mountain ridges that contained small valleys between each ridge 
alternated with some agriculture or cattle grazing and natural habitat. 
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Map 6:  Habitat analysis - Northern central region of México 
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Map 7:  Habitat analysis - Northeastern region of México  
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Map 8:  habitat analysis - Southern region of México 
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