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 The Center for Biological Diversity and Defenders of Wildlife hereby formally petition 
the U.S. Fish and Wildlife Service (also “Service”) to list one of the following entities of cactus 
ferruginous pygmy-owl: 1) the Arizona distinct population segment (“DPS”) of the cactus 
ferruginous pygmy-owl; 2) the Sonoran Desert DPS of the cactus ferruginous pygmy-owl; or 3) 
the western subspecies of cactus ferruginous pygmy-owl (G. ridgwayi cactorum) as a threatened 
or endangered species under the Endangered Species Act (“ESA”), 16 U.S.C. §§ 1531-1544.  
Petitioners also seek emergency protection for any of the three petitioned pygmy-owl entities and 
designation of critical habitat concurrent with any listing decision. 
 
 Petitioners file this petition pursuant to § 553(e) of the Administrative Procedure Act 
(“APA”), 5 U.S.C. §§ 551-559 and § 1533(b)(3) of the ESA, and 50 C.F.R. part 424.14, which 
grant interested parties the right to petition for issuance of a rule from the Assistant Secretary of 
the Interior. 
 
 Petitioners request the Service emergency list the pygmy-owl, which is threatened with 
imminent extinction in the U.S.  The Service has the authority to promulgate an emergency 
listing rule for any species when an emergency exists that poses a significant risk to the species. 
16 U.S.C. §1533(b)(7).  Such rule shall take effect immediately upon publication in the Federal 
Register, and shall be effective for a maximum of 240 days.  Id.  
 
 Petitioners request designation of critical habitat for the pygmy-owl as required by 16 
U.S.C. 1533(b)(6)(C), 50 C.F.R. 424.12, and pursuant to the Administrative Procedures Act (5 
U.S.C. 553). 
 
 Endangered Species Act “critical habitat” protections are a crucial tool to recover 
endangered species.  A peer-reviewed study in the April 2005 issue of BioScience, “The 
Effectiveness of the Endangered Species Act: A Quantitative Analysis,” concludes that species 
with critical habitat for two or more years are more than twice as likely to have improving 
population trends than species without.  Critical habitat is particularly important for the pygmy-
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owl because there are so few individuals of the species left in Arizona.  Development project 
proponents and responsible federal agencies routinely take advantage of this desperate situation 
by denying that particular projects will result in any harm and dismissing any responsibility to 
mitigate impacts or improve the status of the species.  For example, the U.S. Army Corps of 
Engineers has steadfastly denied that development projects near Tucson may affect the pygmy-
owl unless the species is either present or critical habitat is designated on a particular property. 
The existence of designated critical habitat at a particular project site provides virtually 
irrefutable proof that the project “may affect” the species, thereby triggering formal ESA section 
7 consultation duties by responsible federal agencies.  Pygmy-owl critical habitat has also 
provided essential guidance in identifying development project mitigation standards under the 
Pima County government’s Sonoran Desert Conservation Plan and Multiple Species 
Conservation Plan as a means to balance long-term pygmy-owl conservation with reasonable 
future urban development. 
 
 Petitioners recognize this petition sets in motion a specific process placing definite 
response requirements on the Service and very specific time constraints upon those responses. 
 
 The Center for Biological Diversity is a non-profit environmental organization 
dedicated to protecting endangered species and wild places through science, policy, education, 
and environmental law.  The Center submits this petition on its own behalf and on behalf of its 
members and staff, with an interest in protecting the pygmy-owl and its habitat. 
 
 Defenders of Wildlife is dedicated to the protection of all native wild animals and plants 
in their natural communities. We focus our programs on what scientists consider two of the most 
serious environmental threats to the planet: the accelerating rate of extinction of species and the 
associated loss of biological diversity, and habitat alteration and destruction. 
 
 Failure to grant the petitioned action will adversely affect the aesthetic, recreational, 
commercial, research, and scientific interests of members of the Center for Biological Diversity, 
Defenders of Wildlife, and of the citizens of the United States. 
 
Respectfully submitted, 
 
/s/ 
Noah Greenwald 
 
 
 
 
 
 
 
 
 
 
 



 iv

Executive Summary 
 
In Arizona, U.S. and Sonora, Mexico, the cactus ferruginous pygmy-owl is highly endangered by 
habitat destruction and other factors.  The species was formerly listed under the Endangered 
Species Act as a distinct population segment in Arizona, but following a court decision that the 
U.S. Fish and Wildlife Service (FWS) had not properly demonstrated that the population is 
significant to the taxon as a whole, the agency elected to delist the species.  In doing so, 
however, FWS failed to consider whether the Arizona population is significant to the taxon 
because it represents the only population of the subspecies (Glaucidium ridgwayi cactorum) in 
the continental U.S. like other populations protected under the Endangered Species Act, 
including the bald eagle, gray wolf, and grizzly bear, or to consider whether another entity 
should be protected, including the population occupying both Arizona and Sonora (“Sonoran 
Desert Population”), which qualifies as a distinct population because it occurs in a unique 
ecological setting, its loss would result in a significant gap in the range of the species, and it is 
markedly different in its genetic characteristics.  FWS also failed to consider protection for the 
subspecies G. ridgwayi cactorum, which is threatened or endangered in a significant portion of 
its range.  The following petition requests that FWS consider listing one of these three entities 
because they meet three of the five factors for consideration as a threatened or endangered 
species: 
 
The Present or threatened destruction, modification or curtailment of the cactus ferruginous 
pygmy-owl’s habitat or range. 
 
The cactus ferruginous pygmy-owl was historically common in riparian woodlands across much 
of southern Arizona.  With the loss of at least 85% of Arizona’s riparian areas to livestock 
grazing, water withdrawal, development and other factors, the pygmy-owl has largely 
disappeared from the state’s few remaining riverside forests.  Today, the species is found in 
small numbers primarily in upland habitats, including Sonoran desertscrub and semidesert 
grasslands, where it is threatened by urban development in both Arizona and Sonora, where 
human populations are rapidly expanding, and the loss of essential habitat components that 
follow conversion of native vegetation to African buffelgrass (Pennisetum ciliare) either to 
support livestock grazing or by subsequent spread and invasion.  These factors have greatly 
reduced available habitat for pygmy-owls and are continuing to result in rapid loss and 
fragmentation of habitat. 
 
Other natural or manmade factors affecting the continued existence of the cactus ferruginous 
pygmy-owl 
 
Historically, fires were not a frequent occurrence in Sonoran desertscrub occupied by pygmy-
owls.  With the invasion of buffelgrass and other fire-dependent non-native grasses, fire has 
become more common and poses a direct threat to pygmy-owl habitat because most native desert 
plants are not adapted to fire.  In particular, saguaro cacti, that provide nest cavities essential to 
pygmy-owls, are often killed or weakened by fire.  
 
Populations of pygmy-owls in Arizona are exceedingly small and isolated.  To date, no more 
than 41 adult pygmy-owls have been detected in any one breeding season despite extensive 
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survey effort.  Many sites recently occupied by pygmy-owls in Arizona are separated from one 
another and from populations in Mexico by large expanses of unsuitable habitat.  Likewise, in 
northern Sonora, pygmy-owls are declining, not abundant and separated from potentially larger 
populations in southern Sonora and Sinaloa.  Small isolated populations are vulnerable to 
extinction from both demographic factors, such as random shifts in gender ratio and loss of 
genetic diversity, and stochastic factors, such as drought, storms or fire, that result in loss of 
individuals.    
 
Inadequacy of existing regulatory mechanisms to protect the cactus ferruginous pygmy-owl 
 
Endangered status provided substantial protection for the pygmy-owl, requiring FWS oversight 
of most urban development projects, which were then required to avoid adverse impacts to the 
pygmy-owl through land protection, research and other mitigation.  With delisting of the pygmy-
owl, these requirements have disappeared and extensive development of pygmy-owl habitat is 
either ongoing or in planning.   
 
Although not finalized, the pygmy-owl may receive some protection under Pima County’s multi-
species habitat conservation plan, which proposes to protect areas, including some pygmy-owl 
habitat, through direct acquisition, conservation easements, and stipulations on zoning variances.  
At this time, funding has not been secured for acquisition of habitat or conservation easements, 
nor have willing sellers been identified and thus, there is little certainty that these measures will 
protect sufficient habitat to allow the survival or recovery of the pygmy-owl.  Stipulating that 
landowners protect habitat in exchange for changes in their zoning permits could result in some 
habitat protection.  Such actions, however, are at the voluntary discretion of the county and thus 
as above, there is no guarantee that sufficient habitat will be protected to ensure the pygmy-owl’s 
viability. 
 
No other law, regulation or policy provides substantial protection for pygmy-owl habitat.    
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I. Description and Systematics 
 
 A. Physical Description 
 
Cactus ferruginous pygmy-owls are small diurnal owls, approximately 14-18 centimeters long.  
Males average 62 grams, and females average 75 grams.  The pygmy-owl is reddish-brown 
overall, with a cream-colored belly streaked with reddish-brown.  Some individuals are grayish, 
rather than reddish-brown.  The crown is lightly streaked, and paired black-and-white spots on 
the nape suggest eyes.  There are no ear tufts, and the eyes are yellow. The tail is relatively long 
for an owl and is colored reddish-brown with darker brown bars (Ridgway 1914).   
 
 B. Taxonomic Classification 
 
Until recently, all ferruginous pygmy-owls in North, Central and South America were classified 
as one species: Glaucidium brasilianum (AOU 1957, USFWS 1997 - 62 Fed. Reg. at 10730).  
Genetic analyzes, however, revealed that G. brasilianum is paraphyletic, with North American 
and South American clades representing two distinct groups that should be recognized as distinct 
species: 1) Glaucidium ridgwayi in North and Central America, and 2) Glaucidium brasilianum 
in South America.  The two species differ in vocalizations, morphology, genetics and ecology 
(Heidrich et al. 1995, König et al. 1999, Proudfoot et al. 2005a, Proudfoot et al. 2006).  Within 
North America, genetic analyses also suggest a further division of G. ridgwayi into two 
subspecies or phylospecies, one found in Arizona, Sonora and Sinaloa and a second in Texas-
Tamaulipas and the remainder of states in Mexico (Proudfoot et al. 2006).  Proudfoot et al. 
(2006) conclude: 
 

“Patterns of mtDNA variation also provide strong evidence of two genetically distinct 
units in North America, one in Arizona, Sonora, and Sinaloa, and the other in Texas, 
Tamaulipas, and regions of South-Central Mexico. These results are congruent with 
earlier taxonomic studies that recognized birds from these regions as distinct subspecies 
(van Rossem 1937; Peters 1940; Phillips 1966; König et al. 1999). Using revised 
nomenclature, the Arizona, Sonora, and Sinaloa group and the other group in Texas, 
Tamaulipas, and regions of South-Central Mexico, would be recognized as G. r. 
cactorum and G. r. ridgwayi, respectively. The separation is probably the consequence of 
northern expansion of the pygmy-owl range and barriers to gene flow provided by the 
Sierra Madre Occidental and the Sierra Madre Oriental, because pygmy-owls rarely occur 
above 1300 m (Proudfoot and Johnson 2000).” 

       
Following Proudfoot et al. (2006) and others, we refer to the western subspecies as G. ridgwayi 
cactorum throughout this petition. 
 
Proudfoot et al. (2006) also found evidence of genetic differentiation between pygmy-owls in 
Arizona and Sonora and Sinaloa, concluding: 
 

“Based on the haplotypic separation that exists between the pygmy-owl populations of 
Arizona, Texas, and regions of South-Central Mexico, data from this study do not 
indicate genetic isolation between the distinct populations in the US and those 
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immediately across the border in either Sonora or Tamaulipas, Mexico. However, 
because NCA implies some restricted gene flow between the Arizona-Sonora and Sinaloa 
population, caution should be demonstrated when developing management plans for 
endangered pygmy-owls in Arizona. For example, management agencies may consider 
excluding the Sinaloan group when estimating potential gene flow, immigration through 
dispersal, and projected recovery of pygmy-owls in Arizona. Because genetic data 
provide a snap-shot of the past and recognition of genetically distinct units plays only one 
role in conservation policy (Barrowclough 1992), current demographic data should also 
be considered in developing management policies for pygmy-owls in Arizona.” 

 
These findings suggest that the western subspecies may be further divided into two management 
units and indeed, Proudfoot (2005) concluded:   
 

“analysis of mtDNA and nuclear DNA implies some restricted gene flow between the 
Arizona-Sonora and Sinaloa population.  Based on these results, I recommend that the 
United States Fish and Wildlife Service recognize current biological information and 
ascertain the distribution of what seems to be a genetically fragmented population in 
Arizona and Sonora before removing the pygmy-owl from the endangered species list.” 
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Figure 1.  The range of Glaucidium ridgwayi with the western subspecies cactorum depicted in 
yellow and the Sonoran Desert population depicted with diagonal lines.  
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II. Distinct Population Segments 
 
The term “species” is defined broadly under the ESA to include “any subspecies of fish or 
wildlife or plants and any distinct population segment of any species of vertebrate fish or wildlife 
which interbreeds when mature.”  16 U.S.C. § 1532 (16). 
 
The Service and NOAA Fisheries have published a policy to define a “distinct population 
segment” for the purposes of listing, delisting, and reclassifying species under the ESA.  61 Fed. 
Reg. 4722 (February 7, 1996).  Under this policy, a population segment must be found to be both 
“discrete” and “significant” to be recognized as a DPS.  The Sonoran Desert and the Arizona 
populations of the Pygmy-owl meet both of these tests, and thus are listable entities under the 
ESA.   
 
A. The Sonoran Desert Population qualifies as a DPS 
 
A review by the Arizona Ecological Services Field Office of FWS dated November 25, 2003 and 
attached to this petition concluded that the “Sonoran Desert Biome population segment” meets 
both the discreteness and significance criteria for designation as a DPS and defined the 
boundaries of the population as such (FWS 2003): 
 

“In our analysis of potential DPS boundaries for the pygmy-owl, this division presented a 
logical DPS boundary based on ecological conditions, pygmy-owl distribution and 
genetics.  The boundaries of the Sonoran Desert Biome population segment (SDBPS) 
include all areas below 4,000 feet elevation that fall within the Sonoran Desert and 
Semidesert Grassland biotic communities in Arizona and Sonora, Mexico.  Within these 
communities, riparian and xeroriparian communities are also included.” 

 
The following discussion unequivocally demonstrates that the Sonoran Desert population should 
be recognized as a DPS. 
 
 1. Discreteness 
 
Under the DPS Policy, a population segment is discrete if it satisfies either one of the following 
criteria: 
 
1.  It is markedly separated from other populations of the same taxon as a consequence of 
physical, physiological, ecological, or behavioral factors. Quantitative measures of genetic or 
morphological discontinuity may provide evidence of this separation.  The policy further 
clarifies that a population need not have “absolute reproductive isolation” to be recognized as 
discrete. 
 
2.  It is delimited by international governmental boundaries within which differences in control 
of exploitation, management of habitat, conservation status, or regulatory mechanisms exist that 
are significant in light of section 4(a)(1)(D) of the Act.  61 Fed. Reg. 4725.   
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The Sonoran Desert population of pygmy-owls is markedly separated from other populations of 
the same taxon (subspecies cactorum, as well as the eastern Population) by physical, ecological 
and behavioral differences.   
 

i. Geographic separation 
 
Extensive pygmy-owls surveys in Sonora document a marked separation between pygmy-owls in 
northern Sonora and Arizona and pygmy-owls in southern Sonora and Sinaloa.  Based on a 
survey of over 2800 stations along 1100 kilometers of transects throughout Sonora in 2000 and 
2001, Flesch (2003a) identified an area in central Sonora where because of lack of suitable 
habitat, such as large columnar cacti and nesting cavities, there are few pygmy-owls (Flesch 
2003a, Figure 2).  Lack of habitat is caused by a combination of extensive agricultural 
development in central Sonora, including massive conversion of native vegetation to buffelgrass, 
and urban development centered in the city of Hermosillo (FWS 2003), and low abundance of 
columnar cacti as subtropical vegetation transitions into temperate regions of the Sonoran Desert.  
The Sonoran Desert population is also geographically separated from eastern populations of the 
pygmy-owl found in Texas and central and southern Mexico by the Sierra Madre and other 
mountain ranges.  In support of these conclusions, FWS (2003) concluded: 
 

“In summary, the SDBPS is physically separated from the southern portion of the WPS 
[western population segment] by the lack of pygmy-owl habitat in central Sonora that is 
being exacerbated by agricultural conversion, urban development, and the conversion of 
native vegetation to buffelgrass for livestock grazing.  The SDBPS is physically 
separated both geographically and elevationally from the EPS [eastern population 
segment] by the altitudinal mountains and highlands of the Sierra Madre Occidental and 
Oriental and the Mexican Plateau, including the Chihuahuan desert, as described above.” 

 
This information indicates that pygmy-owls in Arizona and northern Sonora are geographically 
separated from pygmy-owls in southern Sonora and Sinaloa by lack of habitat. 
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Figure 2.  Range of the Sonoran Desert population based on surveys by Flesch (2003a). 
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ii. Reproductive Isolation 
 
Genetic information provides further evidence for discreteness of the Sonoran Desert population.   
Proudfoot (2005) summarizes genetic data from recent research presented in Proudfoot et al. 
(2006) as follows: 
 

“[B]ecause nested clade analysis implies some restricted gene flow between the 
Arizona-Sonora and Sinaloa population, and results from nuclear DNA indicate a recent 
bottleneck or founder event in populations in Arizona and Sonora, thus providing further 
evidence of a lack of gene flow between populations in the U.S. and those in Mexico, 
caution should be demonstrated when developing management plans for endangered 
pygmy-owls in Arizona.  For example, management agencies may consider excluding the 
Sinaloan group when estimating potential gene flow, immigration through dispersal, and 
projected recovery of pygmy-owls in Arizona.  Nevertheless, if the separation between 
Sonora and Sinaloa is valid, and not the effect of limited sampling, the Arizona-Sonora 
group should be considered a distinct management unit.” 

 
iii. Ecological Separation 

 
The overall ecological conditions in the range of the Sonoran Desert population are significantly 
different from the conditions found in the rest of the range of the taxon and with southern Sonora 
and Sinaloa in particular (Proudfoot and Johnson 2000, Flesch 2003a, Flesch and Steidl 2005).  
In northern Sonora, vegetation is comprised of the Arizona Upland subdivision of the Sonoran 
Desert and Semidesert Grassland (Brown 1982, Flesch 2003a).  Uplands in the Arizona Uplands 
subdivision are dominated by open woodland and scrub of short leguminous trees and shrubs 
(Flesch 2003a).  Uplands in Semidesert Grassland are dominated by open woodland and 
savannah of mesquite and sub-shrubs.  Id.  Riparian areas in both vegetation communities are 
dominated by woodlands of mesquite and acacia.  Id.  Saguaro cacti, which often contain cavities 
excavated by woodpeckers and used by pygmy-owls, occurs in both vegetation communities.  Id.  
In contrast, pygmy-owls in southern Sonora, Sinaloa and farther south occupy Sinaloan 
thornscrub and tropical deciduous forest, more tropical vegetation communities that vary 
markedly in structure and composition from habitat to the north.  Id.  Indeed, FWS (2003) 
conluded: 
 

“Within the WPS, the SDBPS occurs in a unique ecological setting.  Pygmy-owls within 
the SDBPS are all found within Sonoran Desertscrub or Semidesert Grassland biotic 
communities and associated riparian and xeroriparian communities.  All owls outside the 
SDBPS occur within the more tropical Sinaloan thornscrub and Sinaloan deciduous forest 
community types and associated riparian types (Brown 1994, Phillips and Comus 2000).  
These vegetation communities differ significantly in species composition, vegetation 
structure, temperature, humidity, precipitation and soils (http://mexicochannel.net/maps 
(soils, vegetation, temperature, and climate maps).”   
 

Combined, these data indicate the Sonoran Desert population is discrete based on geographic, 
reproductive and ecological separation.  Although limited reproductive interchange may be 
occurring, this does not preclude the population being considered discrete. 
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 2. Significance 
 
Under the DPS policy, a population will be considered significant based on, but not limited to, 
the following factors: 
 
1.  Persistence of the discrete population segment in an ecological setting unusual or unique for 
the taxon, 
 
2.  Evidence that loss of the discrete population segment would result in a significant gap in the 
range of a taxon, 
 
3.  Evidence that the discrete population segment represents the only surviving natural 
occurrence of a taxon that may be more abundant elsewhere as an introduced population outside 
its historic range, or 
 
4.  Evidence that the discrete population segment differs markedly from other populations of the 
species in its genetic characteristics. 
 
The Sonoran Desert population of the pygmy-owl meets three of the non-inclusive “significance” 
criteria. 
 

i. The Sonoran Desert population occupies a unique ecological setting 
 
The Sonoran Desert population occurs within Sonoran desertscrub and Semidesert Grassland 
vegetation communities and associated riparian and xeroriparian areas (Cartron et al. 2000b, 
Proudfoot and Johnson 2000, Leopold 1950, Brown 1994, Phillips and Comus 2000).  In 
southern Sonora, Sinaloa, and Nayarit, in contrast, pygmy-owls occur within subtropical 
thornscrub, thornforest, and tropical deciduous and semideciduous forest and associated riparian 
areas (Leopold 1950, Brown 1994, Phillips and Comus 2000) and thus, vegetation communities 
occupied by the Sonoran Desert population are unique for the taxon. 
 
Flesch (2003a) found distinct and quantifiable differences in vegetation composition between 
vegetation communities occupied by the Sonoran Desert population and areas further south.  In 
riparian area, for example, Flesch (2003a) concludes; “composition of riparian vegetation at 
occupied stations varied among vegetation communities.”  Likewise, in upland areas, Flesch 
(2003) concludes: 
 

“In desertscrub and grasslands of northern Sonora, microphyllous species dominated 
upland vegetation.  Sinaloan thornscrub and deciduous forest included numerous 
broadleaf species, however”.   

 
And: 
 

“In northern regions, understory species were characterized by subshrubs and grass 
mixed with woody shrubs, hackberry, and succulents.  In southern regions, understory 
species were composed of more large woody shrubs and short trees and mamoa.” 
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Because vegetation composition and structure influences perch sites, flight space and 
configuration, prey composition and availability, nest site abundance and location, pygmy-owls 
in all likelihood have local adaptations that would not make them easily transferable between 
these areas. 
  
Differences in climate also demonstrate the Sonoran Desert population occurs in a unique 
setting.  The Sonoran Desert population extends roughly four degrees latitude farther north than 
the population of pygmy-owls on the eastern Coastal Plain of Mexico.  As a result, conditions 
within the Sonoran Desert population’s range are cooler and drier than in the rest of the range of 
the taxon.  Climate in the area occupied by the Sonoran Desert population is arid to very arid, 
while those areas outside the Sonoran desert are typically moister, with tropical or sub-tropical 
climates.  Based on these differences, FWS (2003) concluded: 
 

“The SDBPS occurs in a unique ecological setting when compared to the remainder of 
the WPS.  The SDBPS occurs at the northern end of the WPS distribution and is subject 
to unique climatic conditions.  The SDBPS occupies an area that is cooler and drier than 
the southern portion of the WPS.  Vegetation communities within the SDBPS are desert-
like, consisting of Sonoran desertscrub and semidesert grasslands.  In contrast, the 
southern portion of the WPS is characterized by warmer, wetter conditions classified as 
tropical or subtropical, represented by Sinaloan thornscrub and deciduous forest.” 
 

FWS (2003) also concluded that the Sonoran Desert population occurs in a unique ecological 
setting because of rapid changes in vegetation within the Biome, including conversion to 
buffelgrass and mining, determining: 
 

“This creates a unique ecological setting of diminishing and changing native vegetation 
communities on a scale not seen throughout the remainder of the WPS or within the EPS.  
Genetic diversity is the key to population persistence in the face of a changing 
environment.  The SDBPS contains a point of documented genetic divergence subject to 
ongoing environmental changes.” 

 
ii. Loss of the Sonoran Desert Population Will Result in a Significant Gap in 
the Range of the Taxon.   

 
The Sonoran Desert DPS occupies south-central Arizona and northern Sonora, which accounts 
for roughly 49% of the range of the subspecies cactorum (Proudfoot and Johnson 2000, 
Proudfoot 2005, figure 2).  Loss of the Sonoran Desert population would create a significant gap 
in the range of the taxon under the definition upheld by the Ninth Circuit (“We defer to the FWS' 
interpretation of a ‘gap at the end of the fence’ because it is not plainly erroneous.  Even the loss 
of a peripheral population, however small, would create an empty geographic space in the range 
of the taxon.”  NAHB v. Norton, 340 F.3d at 846).   
 
The Sonoran Desert population represents a peripheral population, the loss of which would result 
in the reduction of genetic variability, which in turn would reduce the species ability to adapt to 
changing environmental conditions and increase the likelihood of extinction. Genetic divergence 
tends to occur at the periphery of a species' range (Lesica and Allendorf 1995).  This genetic 
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divergence allows adaptation of the species as a whole in the face of environmental change.  
Loss of genetic diversity translates into a loss of fitness, or reproductive success, for the species 
(Meffe and Carroll 1997).  The peripheral nature of the Sonoran Desert population increases the 
potential for the population to further diverge from populations in southern Sonora, Sinaloa and 
further south.  Resistance to environmental change and genetic distinction often allow peripheral 
populations to persist when core populations are extirpated (Channell and Lomolino 2000a, 
2000b, Lomolino and Channell 1995).  In the face of changing environmental conditions, what 
constitutes a peripheral population today could be the center of the species’ range in the future 
(Nielsen et al. 2001).  Peripheral populations survive more frequently than do core populations 
when species undergo dramatic reductions in their range (>75%; Channell and Lomolino 2001).  
Therefore, the Sonoran Desert population is significant to the taxon. 
 
FWS (2003), likewise, concluded: 
 

“The loss of the SDBPS represents a significant gap in range of the WPS.  The SDBPS 
represents approximately 50% of the WPS.  Given the evidence presented by Proudfoot 
and Slack (2001), showing that the WPS is a potentially distinct subspecies, the loss of 
the SDBPS would represent approximately 50% of the range of the taxon.  Regardless of 
the scale of analysis, the loss of the SDBPS would result in a significant gap in the range 
of the WPS and the taxon as a whole.  Given the unique ecological setting within which 
the SDBPS occurs, the significance of this gap is solidified.” 
 

Loss of the Sonoran Desert population would also create a significant gap in the taxon as a whole 
with FWS (2003) having concluded: 
 

“As the range of the taxon is currently defined, the SDBPS represents approximately 25% 
of the range of the taxon.  Genetic evidence is presented (Proudfoot and Slack 2001) 
suggesting that the WPS is a distinct subspecies of pygmy-owl.1  The significance of the 
SDBPS to the taxon is stepped up by an entire level when this is considered.” 
 

Thus, loss of the Sonoran Desert population would create a significant gap in the range of either 
the subspecies cactorum (alternately recognized as the WPS) or the taxon as a whole, including 
the EPS. 
 

iii. The Sonoran Desert DPS differs markedly in its genetic characteristics  
from Other Pygmy-owls 

 
Proudfoot et al. (2006) documented restricted gene-flow between Sinaloa and the Sonoran Desert 
population, suggesting marked differences in genetic characteristics and a recent genetic 
bottleneck for Arizona and Sonora owls.  Proudfoot et al. (2006) concludes: 
 

“because NCA implies some restricted gene flow between the Arizona-Sonora and 
Sinaloa population, caution should be demonstrated when developing management plans 
for endangered pygmy-owls in Arizona. For example, management agencies may 

                                                 
1 Publication of Proudfoot et al. 2006 provides substantial evidence for recognition of the subspecies.  
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consider excluding the Sinaloan group when estimating potential gene flow, immigration 
through dispersal, and projected recovery of pygmy-owls in Arizona.” 

 
Proudfoot et al. (2006) found substantially less genetic diversity in Arizona and Sonora 
populations than further south, stating:   
 

“with only three haplotypes in Arizona, one haplotype in Texas, and 27 haplotypes in 
Mexico, results from this study indicate northern expansion and recent colonization of 
Arizona, Sonora, and Sinaloa, and Texas and Tamaulipas, with low levels of divergence 
reflecting a recent common ancestry (Hewitt 2000). Based on estimates derived from 
MDIV, dates for divergence time for the Arizona/Sonora/Sinaloa populations and 
Texas/Tamaulipas/South Central Mexico populations range between 1.04 and 3.14 myr.” 
 

Similar information was recently used by FWS to conclude the Yellowstone population of the 
Grizzly Bear has marked genetic characteristics with the agency concluding: 
 

“Several genetics studies have confirmed the uniqueness of grizzly bears in the 
Yellowstone area. The Yellowstone area population has been isolated from other grizzly 
bear populations for approximately 100 years or more (Miller and Waits 2003). 
Yellowstone grizzly bears have the lowest relative heterozygosity of any continental 
grizzly population yet investigated (Paetkau et al. 1998; Waits et al. 1998b). Only Kodiak 
Island grizzly bears, a different subspecies (Ursus arctos middendorfi), have lower 
heterozygosity scores (26.5 percent), reflecting as much as 12,000 years of separation 
from mainland populations (Paetkau et al. 1998; Waits et al. 1998b). Miller and Waits 
(2003) conclude that gene flow between the Yellowstone area and the closest remaining 
population was limited prior to the arrival of European settlers but could only speculate 
as to the reasons behind this historical separation. The apparent long-term difference in 
heterozygosity between Yellowstone and other Montana populations indicates a unique 
set of circumstances in which limited movement between these areas has resulted in a 
markedly different genetic situation for the Yellowstone population” (Federal Register: 
November 17, 2005, Volume 70, Number 221, Page 69853-69884). 

 
In sum, the best available information indicates that the Sonoran Desert population is significant 
because it occurs in a unique ecological setting, its loss would create a significant gap in range, 
and it differs markedly from other pygmy-owl populations. 
 
B. The Arizona Population qualifies as a DPS 
 
Alternately, the Service could reinstate listing of the Arizona DPS based on the following 
information. 
 
 1. Discreteness 
 
The Arizona DPS is discrete because it is delimited by international governmental boundaries 
within which differences in control of exploitation, management of habitat, conservation status, 
or regulatory mechanisms exist that are significant in light of section 4(a)(1)(D) of the Act.  
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Currently, pygmy-owls in Sonora receive little protection and are subject to rampant habitat loss 
from livestock grazing, conversion to bufflegrass and other factors (Flesch and Steidl 2006a).   
 
 2. Significance 
 
The Arizona DPS is significant for all of the same reasons as the Sonoran Desert population.  
Like the Sonoran Desert population, the Arizona DPS occurs in a unique ecological setting and 
differs markedly in its genetic characteristics from pygmy-owls in Sinaloa and elsewhere in the 
species range.  Loss of the Arizona DPS would also create a significant gap in the species range, 
resulting in loss of roughly a third of the subspecies range, and half of the species range in the 
Sonoran Desert. 
 
The Arizona DPS is also significant because it represents the entire range of G. ridgwayi 
cactorum in the U.S.  The Service has listed several species, including the bald eagle, gray wolf, 
Canada lynx, and grizzly bear to avoid extinction of these species in the U.S. This is consistent 
with the purposes of the Endangered Species Act, which declared that preservation of the 
Nation’s imperiled species is of “esthetic, ecological, educational, historical, recreational, and 
scientific value to the Nation and its people.” 16 U.S.C. § 1531(a)(3).  Congress cited the case of 
the bald eagle throughout the legislative history as an example of why it is necessary to list a 
DPS of a species when it is threatened with extinction in the U.S., although common in Canada 
and Alaska.  Clearly, Congress intended the Service to list DPS of species to avoid loss of those 
species from the nation. 
 
C.  The subspecies G. ridgwayi cactorum is a listable entity and should be listed because it is 
threatened or endangered in a significant portion of range. 
 
Should FWS determine that neither the Arizona or Sonoran Desert populations qualify as distinct 
population segments, there is no question that the subspecies G. ridgwayi cactorum qualifies as a 
listable entity under the Act and thus should be listed because it is threatened or endangered in a 
significant portion of its range, including at a minimum all of its range in Arizona and northern 
Sonora which is roughly 49% of the range of the subspecies.    
 
III.  Ecology and Biology of the Pygmy-owl in the Sonoran Desert 
 
A. Nesting 
 
The pygmy-owl begins nesting activities in late winter to early spring.  The presence of large 
saguaros or other columnar cacti, or large trees with cavities created by woodpeckers is a key 
factor influencing pygmy-owl nesting (most recently Flesch 2003a, b, Flesch and Steidl 2002).    
Females lay between 3 and 7 eggs and incubates for approximately 28 days; the young fledge 
about 28 days after hatching. (Bent 1938, Heintzelman 1979, Proudfoot and Johnson 2000).       
 
B. Calling and Foraging 
 
Flesch (2003b) found that perch substrates used for calling were generally the largest trees 
available and that individuals called from the upper third of trees.  Calling also occurs from 
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inside cavities, which may aid advertisement of potential nest cavities to females (Proudfoot and 
Johnson 2000, Flesch 2003b).  
 
The pygmy-owl’s diverse diet includes birds, lizards, insects, small mammals (Bendire 1888, 
Sutton 1951, Sprunt 1955, Earhart and Johnson 1970, Oberholser 1974), and frogs (Proudfoot et 
al. 1994b).  Flesch (2003b) stated that the same vegetation patches and perch substrates used for 
calling are also likely preferred for foraging. 
 
C. Distribution 
 
Based on recognition of G. ridgwayi by Proudfoot et al. (2006), the distribution of the cactus 
ferruginous pygmy-owl includes the lowlands from southeastern Texas to Tamaulipas and 
Nuevo Leon in northeastern Mexico, and from central Arizona south to Michoacan in lowland 
western Mexico, of which Sonora and Sinaloa has been recognized as the subspecies G.r. 
cactorum (Cartron et al. 2000, Proudfoot et al. 2006).  The separate species, G. brasilianum, 
extends through South America as far as Argentina and is considered common in much of its 
range (Johnsgard 1988, Cartron et al. 2000). 
 
D. Habitat Requirements 
 
In the Sonoran Desert, pygmy-owls occur in three distinct vegetation types: riparian woodlands, 
Sonoran Desertscrub, and semidesert grasslands (Wilcox et al. 1999, Cartron et al. 2000b, Flesch 
2003a, b).  Although quantitative studies with a sufficient sample size to fully characterize 
pygmy-owl habitat have not been conducted in Arizona, habitat descriptions and data from 
hundreds of occupied sites in Sonora (Flesch 2003a, Flesch and Steidl 2002) indicate these areas 
share several features that are important to pygmy-owls, including a mix of woodland vegetation 
or dense scrub and openings, combined with one or more large columnar cacti or tall trees with 
cavities.  In all three vegetation types, these characteristics are often found in association with 
washes or other riparian habitats.  In Sonora, for example, Flesch (2003a) concluded: 
 

“All areas occupied by owls supported large columnar cacti or large trees with cavity 
potential and either scrub, woodland or forest vegetation with woody trees ≥2 m tall.  In 
the Sonoran Desert, pygmy-owls occupied upland desertscrub or savannah with woody 
trees and saguaros, riparian woodland, or well-developed desertscrub along drainages.  In 
semidesert grasslands, pygmy-owls occupied mesquite woodland or dense savannah 
associated with one or more drainages and upland savannah or scrub with scattered trees 
or shrubs and saguaros.” 

 
Wilcox et al. (2000) found that pygmy-owl nesting and perching sites had greater vegetation 
density and diversity, greater stem densities at upper canopy levels, and a greater degree of 
canopy layering than random sites, although in most cases these differences were not statistically 
significant.  Flesch (2003b) found that pygmy-owl calling sites were typically the tallest trees 
and surrounded by moderately dense, patchy vegetation.  These findings suggest that pygmy-
owls require mature vegetation that does not occur everywhere on the landscape.  Indeed, FWS 
(2005) concluded: 
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“While there are hundreds of thousands of acres of Sonoran desertscrub, not all of this 
plant community is vegetatively suitable for pygmy-owls.  Preliminary habitat 
assessment data appear to indicate that those areas of Sonoran desertscrub characterized 
by high plant species diversity, high structural diversity, and the presence of tall canopy 
are the areas being used by pygmy-owls.  These areas are typically located along 
drainages and wash systems, or in areas with better soil and moisture conditions, such as 
bajadas.  The occurrence of these areas is more limited than overall distribution of 
Sonoran desertscrub.” 

 
Dense woodland vegetation likely provides cover from predators, thermal extremes, and habitat 
for key prey species, and openings likely provide areas where prey is visible and there is flight 
space for pygmy-owls to capture prey.  Such characteristics are often found in association with 
desert washes, where xeroriparian vegetation provides abundant cover, but the surrounding area 
provides sufficient openings for foraging.  Flesch (2003b), for example, concluded:  
 

“Vegetation cover in occupied woodlands was moderate and patchy, and vegetation 
volume near the ground was often moderate around perch substrates.  This structure 
provided good horizontal and vertical visibility that may be important for the perch-and-
pounce or sit-and-wait hunting strategies of pygmy-owls.  Woodlands along drainages 
provided cover for hunting, roosting, and escape, whereas saguaros and desertscrub 
vegetation in uplands contributed potential nest and roost cavities and cover.” 

 
As an obligate-cavity nester, pygmy-owls require cacti or trees large with one or more cavities.  
Tall cacti and trees also provide perching sites for foraging and calling (Wilcox et al. 1999, 
Cartron et al. 2000, Flesch 2003a, b).  The requirement for these structures further accentuates 
the pygmy-owl’s dependence on riparian or xeroriparian habitats, which in some landscapes 
contain the only available tall structures.  Cartron et al. (2000) concluded: 
 

“Thus, nest location may strongly reflect nest cavity availability.  Historical records 
suggest that in riparian areas, mesquite, a hard wood less readily excavated by Gila 
woodpeckers and northern flickers, was less frequently used than softwood trees (Hunter 
1988).  With the loss and alteration of riparian areas in Arizona, saguaros may now 
provide the most available source of cavities for nesting; most recent nest sites have, in 
fact, been located in saguaro cavities.  However, two nests monitored in 1999 were 
located in eucalyptus and an Arizona ash.  The eucalyptus was an integral component of 
an exotic landscape, but the ash was in an ephemeral wash surrounded by uplands of 
mesquite/grassland vegetation with no available saguaros.  The only cavities in the area 
were in the large trees along the wash.  Within certain portions of the cactus ferruginous 
pygmy-owl’s range in Arizona, riparian and xeroriparian vegetation communities may 
still contain the only available pygmy-owl nest sites.” 

 
In sum, the pygmy-owl’s dependence on a combination of patchy, dense vegetation, and large 
structures frequently associated with drainages, make the species highly sensitive to activities 
that result in vegetation clearing, changes in drainage patterns, or loss of cavity-harboring 
structures, such as columnar cacti or tall trees.   
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E. Population Status 
 
The Sonoran Desert population of pygmy-owls has severely declined in Arizona, is declining in 
northern Sonora Mexico and is threatened by multiple factors across its range.  According to 
numerous accounts, the pygmy-owl was historically quite common in south-central Arizona, 
particularly in riparian forests and bosques along the state’s rivers (Bendire 1888, Fisher 1983, 
Breninger 1898, Gilman 1909, Bent 1938, Johnson et al. 2000).  Johnson et al. (2000), for 
example, note that after their discovery in 1872, pygmy-owls were frequently collected and 
considered common: 
 

“During the next five decades, naturalists collected many specimens of this owl and 
typically described the subspecies as common or fairly common along some streams and 
rivers of central and southern Arizona.” 
 

With the rampant destruction of Arizona’s riparian forests and woodlands, the pygmy-owl 
declined sharply (Davis and Russell 1979, Johnson et al. 1979, Monson and Phillips 1981, 
AGFD 1988a, Johnson-Duncan et al. 1988, and Millsap and Johnson 1988, Johnson et al. 2000).  
Johnson et al. (2000) conclude: 
 

“Evidence of a sharp population decline dating back to the early 20th century exists for 
the Phoenix area, including the lower Salt River.  Along the lower and middle Gila 
Valley, a severe population decline is also apparent but its timing is uncertain.  In 
southern Arizona, changes in the overall status of the owl are more difficult to detect in 
part due to the lack of baseline information.  However, along Rillito Creek and the Santa 
Cruz River in particular, an early population decline is also probable.  Along these two 
rivers, and along the Salt and Gila rivers, the owl’s population decline could have 
coincided with intensive woodcutting and the construction of the first dams, causing 
deforestation and reduced waterflow early in the 20th century.” 

 
Loss of pygmy-owls from riparian forests of southern Arizona resulted in the truncation of the 
population’s range.  Pygmy-owls were reported to be present as far north as New River, 35 miles 
north of Phoenix (Fisher 1893), whereas pygmy-owls currently cannot be found further north 
than Northwest Tucson, where they have declined to a single male owl and have not nested in 
several years.  Further, pygmy-owls and their habitat has been eliminated from all of the major 
rivers of southern Arizona, with the possible exception of the lower San Pedro River.   
  
Today, pygmy-owls primarily occur in Sonoran desertscrub, where surveys indicate the 
population is critically small and near extinction.  During the 1970s and 1980s reports of pygmy-
owls were sporadic and widely spaced, but included many areas where the species no longer 
occurs, such as Sabino Canyon, the confluence of the Salt and Verde Rivers, and Sonoita Creek, 
Dudleyville Crossing and Aravaipa Creek on the Lower San Pedro River (Hunter 1988).  The 
small number of reports in combination with the ease of detection of the species and interest by 
birders, led Hunter (1988) to conclude: 

 
“There may be additional unpublished reports of the species in Arizona, but the species is 
highly sought after by the bird-watching community and such reports invariably surface 



 16

on ‘birding hotlines.’  In addition, the species is relatively easy to detect as it is active in 
the daytime and is often found calling in the early morning hours or is found being 
scolded by songbirds.  The dramatic increase of bird-watching during the last 20 years in 
central and southern Arizona, resulting in less than twenty documented reports, provides 
compelling evidence of the restriction from much of the historical range of this species.”  

 
Interest and concern for the pygmy-owl grew in the 1990s with surveys for the species begun in 
1990 in Organ Pipes National Monument, filing of a petition to list the pygmy-owl as threatened 
or endangered under the Endangered Species Act in 1992 (Galvin et al. 1992), and the beginning 
of extensive broadcast surveys for the species in 1993, where observers broadcast recorded 
vocalizations to locate pygmy-owls.  Despite substantially increased survey effort, known 
pygmy-owls remain few with 41 individuals being the most found in any year (Abbate 1996, 
1998, 1999, Richardson et al. 2000, FWS 2003, FWS 2004, FWS 2005)(Table 1).    
 
Table 1.  Numbers of adult pygmy-owls documented in Arizona 1993-2001.   

Year Adult pygmy-owls 
1993 2 
1994 2 
1995 7 
1996 15-18 
1997 8 
1998 15 
1999 41 
2000 30 
2001 36 
2002 24 
2003 21 
2004 20 

 
The few number of owls documented in Arizona is far below minimum thresholds for population 
viability (e.g. Gilpin and Soule 1986).  More birds may be present on Tohono O’odham lands, 
but given unknowns about their numbers or management of these areas, and the patchy and 
potentially limited distribution of the species’ habitat, these lands cannot be assumed to harbor 
sufficient birds to rescue Arizona populations.  Indeed, Richardson et al. (2000) conclude 
 

“While there is a considerable amount of potentially suitable cactus ferruginous pygmy-
owl habitat that remains unsurveyed, we have learned the following information about 
the distribution of cactus ferruginous pygmy-owls within Arizona: 1) despite increased 
survey efforts and an increased number of cactus ferruginous pygmy-owl detections, the 
Arizona population of cactus ferruginous pygmy-owls appears small; 2) the currently 
known population of cactus ferruginous pygmy-owls occurs chiefly in desertscrub 
habitats rather than riparian habitats reported in historical accounts; 3) the population of 
cactus ferruginous pygmy-owls appears patchily distributed across suitable habitat with 
population pockets occurring in southwest Tucson; southern Pinal County, the Altar 
Valley, Organ Pipe Cactus National Monument, and the Tohono O’odham Reservation.” 
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It should be noted that in proposing to delist the subspecies, FWS in no way concluded that 
pygmy-owls in Arizona are secure and viable.   
 
Pygmy-owls have also declined in northern Sonora, Mexico where like Arizona, pygmy-owls 
primarily occur in Sonoran desertscrub and grassland with appropriate nest structures (Flesch 
and Steidl 2005, Flesch and Steidl 2006a and b, Flesch 2007).  Flesch and Steidl (2006a) 
surveyed randomly selected transects, totaling just under 54 km, in northern Sonora, Mexico for 
pygmy-owls between 2000-2004 and identified a decline in owl abundance that averaged -7% 
per year.  Based on this analysis, Flesch and Steidl (2006a) determined that pygmy-owls in 
northern Sonora declined by an estimated 37 percent from 2000 to 2004 and concluded:   
 

“Should this apparent decline continue, recovery strategies that rely on pygmy-owls from 
Sonora could be jeopardized as will continued persistence of pygmy-owl populations in 
northern Sonora.” 
 

Flesch and Steidl (2006b) note that determining whether these declines result from “short-term 
natural variation” or represent “a long-term systematic decline” will take further study, and 
further note that observed declines are strongly influenced by the year 2000 when a higher 
number of birds were observed, but ultimately conclude: 
 

“Nonetheless, because pygmy-owl populations have declined to endangered levels in 
Arizona, we believe that the decline we observed in northern Mexico is cause for concern 
and continued study.” 

  
Observed declines continued in 2006 with Flesch (2007) concluding: 
 

“In 2006, I surveyed all 54 km of transects that had been surveyed each year since 2000, 
determined occupancy in 102 territories, and monitored 47 nests within 110 km of 
Arizona. Abundance of pygmy-owls was similar to that observed in 2005 and has 
declined by an average of 4.4 ± 1.9% (± SE) per year (P = 0.0027) since 2000, a 26% 
decline over 7 years. Further, territory occupancy declined 3.2 ±1.2% per year (P = 
0.010) between 2002 and 2006 or 13% over 5 years, providing additional evidence that 
populations of pygmy-owls have recently declined in northern Sonora.”  
 

That observed declines represent a true decline in the population is bolstered by an observed 
correspondence between abundance and occupancy with Flesch (2007) concluding: 
 

“Importantly, the similarity of trends in occupancy and abundance provides an additional 
line of evidence that pygmy-owls are declining in northern Sonora. Should this apparent 
decline continue, recovery strategies in Arizona that rely on pygmy-owls from Sonora 
will be jeopardized as will the persistence of pygmy-owls in northern Sonora.” 

 
 
Populations in Sonora are also severely threatened by habitat loss with Flesch and Steidl (2006a) 
concluding: 
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“Numerous threats to pygmy-owl habitat exist in northern Sonora, however, including 
woodcutting, vegetation clearing for agriculture or buffelgrass (Pennisetum ciliare), and 
overgrazing, and there are few regulatory mechanisms in place to protect habitat.” 
 

These threats have resulted in habitat loss over large expanses of northwest Mexico.  For 
example, an estimated 1.2 million hectares have been intentionally cleared and planted with 
buffelgrass and most remaining pygmy-owl habitat in Sonora is slated by the government for 
clearing (Burquez et al. 1998).  The combination of massive habitat loss and observed declines 
indicates the pygmy-owl is severely threatened in Sonora, Mexico.  Thus, the Sonoran Desert 
population is threatened throughout all or a significant portion of its range. 
 
IV. The Sonoran Desert Distinct Population Segment Qualifies as a Threatened or 
Endangered species under the Endangered Species Act 
 
The Service is required to determine, based solely on the basis of the best scientific and 
commercial data available, whether a species is endangered or threatened because of any of the 
following factors: (1) the present or threatened destruction, modification, or curtailment of its 
habitat or range; (2) overutilization for commercial, recreational, scientific or educational 
purposes; (3) disease or predation; (4) the inadequacy of existing regulatory mechanisms; or (5) 
other natural or manmade factors affecting its continued existence. 16 U.S.C. §1533(a)(1) and 
1533(b). 
 
The Sonoran Desert population of pygmy-owls is at risk of extinction now or in the foreseeable 
future because of the present or threatened destruction of habitat or range, an inadequacy of 
existing regulations and to a lesser extent other factors.  FWS (2005), for example, concluded for 
Arizona: 
 

“The pygmy-owl is threatened by present and potential future destruction and 
modification of its habitat throughout a significant portion of its range in Arizona.  One 
of the most urgent threats to pygmy-owls in Arizona continues to be the loss and 
fragmentation of habitat…  There are currently no provisions under Arizona statute 
addressing the destruction or alteration of pygmy-owl habitat.” 

 
A. The Present or Threatened Destruction, Modification, or Curtailment of its Habitat or 
Range 
 
Numerous threats to pygmy-owl habitat exist in Arizona and Sonora, including urban sprawl, 
woodcutting, vegetation clearing for agriculture, livestock grazing, and exotic plant species 
invasion (Abouhaider 1992, Burquez and Martinez-Yrizar 1997, Burquez et al. 1998, 
Abouhaider and McPherson 1999, Flesch 2003a, FWS 2005, Flesch and Steidl 2006a).  Loss and 
fragmentation of habitat have led to loss of pygmy-owls from portions of their range and likely 
caused declines in abundance in the United States and Sonora (Hunter 1988, Milsap and Johnson 
1988, Johnson et al. 2000, Flesch and Steidl 2005).   
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i. Riparian forest destruction 
 
Evidence indicates that the widespread destruction of riparian woodlands throughout Arizona 
and Sonora led to a decline in the pygmy-owl’s range and declines in abundance (Hunter 1988, 
Milsap and Johnson 1988, Burquez and Martinez-Yrizar 1997, Johnson et al. 2000).  It is 
estimated that between 85 to 90% of riparian bottomland forests in the southwestern United 
States have been modified or lost; these alterations and losses are attributed to woodcutting, 
urban and agricultural encroachment, water diversion and impoundment, channelization, 
groundwater pumping, livestock overgrazing, and hydrologic changes resulting from various 
land-use practices (e.g., Phillips et al. 1964, Carothers 1977, Kusler 1985, Jahrsdoerfer and 
Leslie 1988, USFWS 1988, 1997, U.S. GAO 1988, Szaro 1989, Dahl 1990, State of Arizona 
1990, Bahre 1991).  Likewise, in Sonora there has been widespread destruction of riparian 
habitats for agriculture and other uses.  Burquez and Martinez-Yrizar (1997), for example, 
concluded about riparian habitats in Mexico: 
 

“Although agricultural development in the desert was relatively small in scale and 
confined to areas with a shallow water table, nonetheless it had seriously affected riparian 
habitats by the end of the nineteenth century.  After many years of low rates of 
population increase, growth in Sonora has accelerated rapidly.  The coastal plain did not 
play a significant role in development until the appropriation of the vast underground 
aquifers in the Rio Concepcion, Rio Sonora, and Rio Matape basins in the late 1940s.  
The deltas of the Rio Mayo and Rio Yaqui were not extensively altered until the 
construction of dams upriver in the 1940s, 1950s, and 1960s.  These reservoirs opened 
the way to further growth through the generation of electricity and the stimulus to rapid 
expansion of agriculture.  By the late 1970s the deltas were almost entirely converted to 
agriculture.  Within a few years of intensive development, huge expanses of natural 
vegetation had been cleared.  The vast mesquite forests of the Llanos de San Juan 
Bautista, in the delta of the Rio Sonora, disappeared with the colonization of the Costa de 
Hermosillo irrigation district…  In the Rio Yaqui and Rio Mayo deltas, more than 
1,000,000 ha of mesquite, cottonwood, and willow riparian forests and coastal thorn-
scrub disappeared once dams upriver started to operate.” 

 
In recent decades, riparian woodlands have continued to be modified and destroyed by 
agricultural development, mesquite logging, livestock grazing, groundwater pumping, urban 
expansion, and general watershed degradation (Phillips et al. 1964, Brown et al. 1977, State of 
Arizona 1990, Bahre 1991, Stromberg et al. 1992, Stromberg 1993a, 1993b, Burquez and 
Martinez-Yrizar 1997).  The human population in both Arizona and Sonora continues to grow at 
a rapid rate with concurrent demand for water.  In Arizona, for example, population growth in 
Sierra Vista is known to be depleting the aquifer that supports perennial flow in the San Pedro 
River and if growth is not curbed and serious conservation measures not implemented, will likely 
result in drying of the river and loss of the riparian habitats it currently supports. 
Likewise in Mexico, woodcutting in the Rio Magdelena watershed associated with one of the 
larger human populations of any watersheds in northern Mexico has likely resulted in reduced 
pygmy-owl occupancy.  Flesch and Steidl (2006b) concluded: 
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“Territory occupancy was at least 21% lower in the Rio Magdelena watershed than in any 
of the 6 other watersheds we studied. Such variation may be related to differences in 
habitat characteristics that explained variation in trends in abundance among years 
(Flesch and Steidl 2006). For example, the cumulative effects of land-use activities by 
humans (mainly woodcutting and agriculture) were associated with greater declines in 
abundance between 2000 and 2004 (Flesch and Steidl 2006). Land use by humans is 
especially intense in the Rio Magdelena watershed that harbors a larger human 
population than any of the other watersheds we studied, which likely reduces habitat 
quality for pygmy-owls.” 

 
ii. Urban sprawl   

 
Urban sprawl is a serious threat to the continued existence of the pygmy-owl in both Arizona and 
Sonora (FWS 2005, Burquez and Martinez-Yrizar 1997).  Pima County, where most remaining 
pygmy-owls in Arizona reside, is one of the fastest growing counties in the U.S. with the 
counties’ population expected to increase from 889,000 to 1,200,000 (26%) by 2020 (SDCP 
2004).  Likewise in Sonora, the population is growing rapidly with Burquez and Martinez-Yrizar 
(1997) observing that urban centers in the deserts of Sonora have grown “exponentially.”  Of 
particular concern, Burquez and Martinez-Yrizar (1997) document that urban sprawl in Sonora 
has in several cases eclipsed preserves: 
 

“Urban development has also taken its toll on nature reserves.  Three of them have 
already disappeared through the ignorance and complacency of local authorities.  The 
Arroyo Los Nogales and the Zona Protectora Forestal de Hermosillo were buried in 
oblivion and later integrated into urban centers.  Recently, the reserve that the Centro 
Ecologico de Sonora had been endowed by a former governor was cleared to promote 
urban development by a subsequent governor.” 

 
Urban sprawl affects pygmy-owls and there habitat in several ways.  Housing development 
results in the direct removal of nesting and perching structures, such as saguaro cactus, in the 
footprint of the houses, yards and driveways created during development.  Housing development 
also indirectly impacts pygmy-owls and their habitat by increasing road networks and traffic, 
introducing house cats, and altering hydrological patterns (FWS 2004).   Discussing the impacts 
of roads and road networks, for example, FWS (2004) concluded: 
 

“The presence of transportation infrastructure (i.e. roads) often degrades and fragments 
habitat, and given that such infrastructure is typically part of a network or system, the 
effects are often synergistic and widespread (Seiler 2001). Where such features are 
already present, the initial adverse effects of new residential development are the result of 
increased use of that infrastructure. Roads present a mortality hazard to pygmy-owls. 
While narrower roads or wider roads with medians that incorporate trees can minimize 
the risk of mortality, it cannot be eliminated. Further, the risk of vehicle-strike mortality 
is likely related to the number of vehicles using the road; a greater number of vehicles (or 
a greater frequency of use) can reasonably be expected to increase the probability that a 
pygmy-owl will be struck. Given the pygmy-owl’s rarity and patchy distribution, any 
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vehicle strike mortality could have serious adverse consequences to a regional 
subpopulation.” 
 

Although documenting bird mortality or injury is quite difficult, Cartron et al. (2000a) note that a 
pygmy-owl “nesting near a house,” was rescued after colliding with a car window.  The bird 
survived, but suffered cerebral hemorrhage.  Based on this and other observations, they 
concluded that “human related factors may be a significant cause of owl mortality.”    
 
Another source of mortality for pygmy-owls in association with urban sprawl is house cats.  One 
adult owl and a juvenile were killed by a house cat in Texas (Cartron et al. 2000a).  Based on 
existing studies, FWS (2004) determined that house cats will travel up to 0.6 miles into adjacent 
habitat and thus determined that housing development impacts an area the size of the 
development plus this additional distance.   
 
Finally, housing development can affect pygmy-owls by altering drainage patterns thereby 
altering the distribution, quantity and quality of xeroriparian vegetation depended on by the owl.  
Direct construction in, or channelization of washes can result in destruction and loss of 
xeroriparian habitat with direct impacts on the pygmy-owl.  Likewise, construction of roads that 
bisect washes or construction of houses between washes can result in increases in the velocity of 
flow, resulting in scour of vegetation, which again results in the direct loss of pygmy-owl habitat 
(FWS 2004).   
 
In contrast to the above impacts, Cartron et al. (2000b) observed that there may be some 
association between pygmy-owls and low density housing development, noting that “[i]n the 
Tucson area, which supports many of the known owls (Feller and Corman 1993, Lesh and 
Corman 1995), documented habitat occupancy is higher in low density (one house per 3.3 acres 
or more) residential areas,” and further that this may be because of increased vegetation density 
due to irrigation and the presence of large, ornamental trees.  Cartron et al. (2000b) also 
observed, however, that: “[r]ecent survey efforts have resulted in an increased number of owl 
detection in areas with little or no residential development,” and further that: “[s]tatewide, there 
are now more known nests in non-residential areas than in residential areas.”  If increased 
vegetation density associated with low density housing does attract pygmy-owls, which is very 
much uncertain, it is quite possible that that such habitat may be a sink for the pygmy-owl 
because of the increased risk of mortality from collision, house cats and other factors.  
Regardless of uncertainty about the effects of low density housing development on pygmy-owls, 
much development occurring within the range of the species is not low-density and thus has 
known negative impacts on the species, as discussed above (FWS 2004).  Indeed, FWS (2004) 
concluded: 
 

“One of the most urgent threats to pygmy-owls in Arizona continues to be the loss and 
fragmentation of habitat (U.S. Fish and Wildlife Service 1997, Abbate et al. 1999). The 
complete removal of vegetation and natural features required for many large-scale and 
high-density developments directly and indirectly affects the pygmy-owl (Abbate et al. 
1999).” 
 
 



 22

iii. Buffelgrass Conversion and Invasion 
 

In large portions of Sonora, native vegetation has been purposefully converted to African 
buffelgrass (Pennisetum ciliaris) to provide forage for livestock, which in combination with 
spread of buffelgrass into adjacent areas, including portions of Arizona, is leading to massive 
loss of pygmy-owl habitat.  Burquez et al. (1998) note that buffelgrass: 
 

“is the dominant herbaceous plant in large tracts of the Southwestern USA and northern 
Mexico (8-10 million ha according to Cox 1991).  In the Sonoran Desert it is actively 
invading natural desertscrub and thornscrub communities.  Buffelgrass, 30 years after its 
introduction to NW Mexico, is altering the landscape at a fast pace.”  
 

In Sonora, lands are actively being cleared for buffelgrass with Burquez et al. (1998) concluding: 
 

“Sonora has now more than 600,000 ha officially planted with buffelgrass.  The 
government provides subsidies for desertscrub clearings for buffel, and permits are issued 
annually to increase their extent.  Clearings are usually larger than officially granted, and 
many areas are converted illegally without government permits.  These factors give a 
conservative estimate of about 1.2 million ha deliberately cleared in the state of Sonora…  
The area proposed by government agencies [for conversion to buffelgrass] cover most of 
the Sonoran Desert subdivision Plains of Sonora, portions of the foothills of Sonora, and 
tropical deciduous forests.” 
 

Conversion to and invasion by buffelgrass results in the direct loss and fragmentation of pygmy-
owl habitat by eliminating large columnar cacti and other vegetation required by pygmy-owls for 
nesting, perching and cover, likely reducing prey, and increasing fire frequency (Flesch 2003a).   
In many areas, buffelgrass is permanently maintained through prescribed fire and in some cases 
plowing (Burquez and Martinez-Yrizar 1997), effectively preventing recovery of vegetation 
necessary for pygmy-owl habitat.    
 
Where vegetation is not actively cleared and bufflegrass has invaded on its own, large cacti and 
other vegetation utilized by the pygmy-owl are frequently lost in subsequent fires carried by the 
non-native.  Many desert trees, shrubs, and cacti, including saguaros, are poorly adapted to fire 
and cannot withstand buffelgrass fires; those that survive a fire generally still suffer severe 
damage and are eliminated in subsequent fires (Burquez-Montijo et al. 2002).  Esque et al. 
(2000) reported mortality of adult saguaros in excess of 20 percent after a fire in desertscrub at 
Saguaro National Park.  In areas where naturalized stands of buffelgrass are becoming dominant, 
natural fire cycles begin within a few years following colonization, which enlarges the affected 
area by eliminating the desert and thornscrub species and providing new seed sources (Burquez-
Montijo et al. 2002).  Thus, the introduction of buffelgrass into fire-intolerant desert 
communities results in a permanent conversion to a buffelgrass savanna with reduced plant cover 
and diversity (Van Devender and Dimmit 2000), containing stands of nonnative weeds and 
relatively few native desertscrub species (e.g. Encelia farinose, Simmondsia California, and 
Acacia greggii) that are tolerant of fire.   
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Although it has not been directly studied, conversion to bufflegrass likely also severely impacts 
many of the pygmy-owl’s prey species, potentially resulting in a decrease in prey abundance.  
Burquez and Martinez-Yrizar (1997) reported that: 

 
“Paired samples on neighboring plots with and without introduced buffelgrass show an 
order of magnitude decrease in species numbers, and a fourfold decrease in standing crop 
biomass.” 

 
It seems highly unlikely that losses in species diversity and overall productivity of this 
magnitude would not impact pygmy-owl prey abundance. 
 
Buffelgrass is just one of many invasive plant and animal species that are threatening ecosystems 
in the Southwest (Minckley and Deacon 1991; Rosen et al., 1994, Bahre 1995, Stromberg and 
Chew 1997).  Biological invasions, such as that of buffelgrass, are now rated among the top ten 
threats to the integrity of Sonoran Desert ecosytems (Nabhan 2000).  Desert habitats are 
described as being relatively “open” to colonization by exotics compared with grasslands and 
woodlands because ground cover is so sparse (Esque and Schwalbe 2002).  As with buffelgrass, 
these other non-native species are reducing vegetation diversity and structure and altering fire 
regimes with concurrent impacts on pygmy-owl habitat. 
 
 iv. Livestock Grazing 
 
In addition to the severe impacts caused by conversion of land to buffelgrass to provide forage 
for cattle, livestock grazing directly impacts pygmy-owl habitat by eliminating riparian habitat, 
reducing saguaro establishment and by spreading non-native species.  Livestock grazing results 
in the direct removal of riparian vegetation through browsing, trampling and changes in channel 
morphology, and has been a primary factor in the loss of most riparian woodlands in the 
Southwest (Schulz and Leininger 1990, Armour et al. 1991, Fleishner 1994, Krueper 1996, 
Ohmart 1994 and 1996, Belsky et al. 1999).   
 
In uplands, studies show that livestock grazing negatively affects saguaro regeneration.  
Abouhaider (1992) compared paired adjacent plots in Saguaro National Monument, where one 
plot had not been grazed since 1958 and the other had not been grazed since 1978, and concluded 
that:  
 

“Data analysis indicated that significantly more young saguaros existed on the area free 
of grazing the longest (20 years longer).”   
 

All of the variation between the two plots was in the youngest age class (11-20 years), reflecting 
the fact that livestock grazing retards saguaro regeneration.  With prolonged grazing, lack of 
regeneration will overtime result in decline and loss of saguaros from the landscape.   
 
Flesch (personal communication) found that at fine scales pygmy-owls may select areas with 
more bare ground, which can be created by livestock grazing, probably because prey is more 
vulnerable in such areas.  Given the pervasiveness of livestock grazing in Arizona and Sonora, 
the above impacts on saguaros and riparian vegetation, and the fact that nest sites in saguaros and 
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large riparian trees are limiting for pygmy-owls in many areas, however, livestock grazing has 
likely resulted in loss and degradation of pygmy-owl habitat over a majority of the landscape.     
 
 v. Border wall 
 
Recent plans by the U.S. to construct a wall along the Mexican border to impede illegal 
migration may impact the ability of pygmy owls to move from Mexico to Arizona and vice 
versa, thereby limiting gene flow and ensuring that birds from Mexico will not be able to 
supplement the Arizona population.  This will almost certainly increase risk of extinction in the 
U.S., leading to a substantial range loss for the Sonoran Desert population.  Flesch (2007), for 
example, concluded: 
 

“In addition to habitat management, enhancing and maintaining landscape permeability 
should foster movement and immigration of pygmy-owls from Sonora to Arizona. 
Pygmy-owls often fly short distances just above the ground when crossing vegetation 
openings both during natal dispersal and when traversing their home ranges (Flesch and 
Steidl 2007a). Recent plans to replace permeable wire fences and vehicle barriers with 
tall impermeable walls along the U.S.-Mexican border may limit movements by pygmy-
owls and other species (Segee and Neeley 2006, Cohn 2007).” 

 
B. Overutilization for Commercial, Recreational, Scientific, or Educational Purposes 
 

i. Disturbance by Human Activity   
 
Although overall pygmy-owls are very tolerant of humans, there is some evidence that 
professional and recreational birding tours may disturb individual pygmy-owls, particularly those 
in proximity to large human population centers, and disturbance by humans may cause individual 
pygmy-owls to lose reproductive fitness or vacate a territory.  This is unlikely a major factor in 
pygmy-owl declines past or present. 
 
C. Disease or Predation 
 

i. Disease 
 
Hematozoa (blood parasites) may cause neonatal bacterial diarrhea, marginal anemia, and 
septicemia (Hunter et al. 1987), reducing survival and recruitment of birds.  However, no 
evidence of hematozoa in pygmy-owls in Texas (Proudfoot and Radomski 1997) or Arizona has 
been recorded (Proudfoot unpubl. data).  Trichomoniasis can cause mortality of raptors (Boal et 
al. 1998) that ingest infected prey.  Most species of raptors in the Tucson area, including small 
owls such as screech-owls and elf owls, have had documented cases of trichomoniasis (AGFD 
unpubl. data).  House finches and doves are prey items for pygmy-owls in Arizona and are 
carriers of trichomoniasis (Abbate et al. 1999).  Recent investigations in Texas and Arizona have 
indicated the regular occurrence of avian parasites in the materials inside of pygmy-owl nest 
cavities. The numbers of parasites may be high enough to impact nestling pygmy-owls 
(Proudfoot et al. 2005b).  The West Nile Virus (WNV) is causing significant mortality in nearly 
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all bird species and continues to spread across North America, and constitutes a grave threat to 
pygmy-owls. 
 

ii. Predation 
 
Pygmy-owls are susceptible to predation from a wide variety of species.  In Texas, eggs and 
nestlings were depredated by racoons (Procyon lotor) and bullsnakes (Pituophis melanoleucus), 
and adults were killed by great horned owls (Bubo virginianus), Harris' hawks (Parabuteo 
unicinctus), Cooper’s hawks Accipiter cooperii), and eastern screech-owls (Otus asio) 
(Proudfoot and Johnson 2000, G. Proudfoot unpubl. data).  Many of these same predators are 
suspected to have taken pygmy-owls in Arizona (Abbate et al. 2000, AGFD unpubl. data).  
Pygmy-owls are particularly vulnerable to predation and other threats during and shortly after 
fledging (Abbate et al. 1999).  AGFD telemetry monitoring in 2002 indicated at least four of the 
nine young produced that year were eaten by predators prior to or shortly after dispersal during a 
year when tree species failed to leaf out due to drought conditions (AGFD unpubl. data).  These 
observations, in conjunction with observations from previous years indicate cover near nest sites 
may be important for young to fledge successfully (Abbate et al. 1999, Wilcox et al. 1999, 
Wilcox et al. 2000).   
 
D. The Inadequacy of Existing Regulatory Mechanisms 
 
As a listed endangered species under the Endangered Species Act, the cactus ferruginous pygmy-
owl formerly received substantial protection in Arizona.  Under the Act, federal agencies are 
prohibited from permitting, funding, or carrying out actions that jeopardize the continued 
existence of any endangered species, and have affirmative duties to use their authorities to 
recover endangered species.  To ensure this occurs, the Act requires federal agencies to consult 
with FWS when their actions may affect endangered species.  These requirements provided 
substantial protection for the pygmy-owl.  As of July 12, 2005, FWS evaluated 871 actions with 
potential impacts on the pygmy-owl in Arizona.  In all of these cases, FWS determined whether 
or not projects were likely to adversely affect the pygmy-owl, and in cases where there were 
likely to be impacts, required or recommended mitigations to reduce or remove these impacts 
(FWS 2005).   
 
As a listed species, the pygmy-owl benefited from designation of critical habitat, which greatly 
expanded the above consultation requirements by prohibiting federal agencies from permitting, 
funding, or carrying out actions that adversely modify critical habitat.  This prohibition applied 
to private lands where development or other actions modified waterways because such action 
requires a federal permit from the Army Corps of Engineers under the Clean Water Act and thus 
required private landowners to mitigate their impacts on the pygmy-owl and its habitat by 
conducting surveys, modifying development plans and other actions.  Given the pygmy-owl’s 
association with riparian and xeroriparian areas, these protections were particularly important.  
Critical habitat also provided local governments, private landowners and others important 
information about the pygmy-owl’s habitat needs and indeed, Pima County substantially relied 
on pygmy-owl critical habitat when identifying conservation areas for the “Sonoran Desert 
Conservation Plan” and “multi-species habitat conservation plan.”   
 



 26

Listing of the pygmy-owl also prohibited individuals from taking pygmy-owls, which includes 
any action that would “harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect” 
pygmy-owls.  Because take has been interpreted to include habitat protection, this prohibition 
provided further protection to the pygmy-owl’s habitat. 
 
With delisting of the pygmy-owl, these protections and resulting mitigations have disappeared.  
As discussed below, no other law or regulation provides a similar degree of protection and the 
pygmy-owl is at substantially increased risk of extinction. 
 

i.  U.S. Federal Law 
 
In the absence of protection under the Endangered Species Act, the pygmy-owl receives little 
protection from other federal laws or regulations.  The ferruginous pygmy-owl is protected under 
the Migratory Bird Treaty Act (“MBTA”).  16 U.S.C. §§ 703-712.  The MBTA prohibits “take” 
of any migratory bird.  “Take” is defined as: “to pursue, hunt, shoot, wound, kill, trap, capture, or 
collect, or attempt to pursue, hunt, shoot, wound, kill, trap, capture, or collect.”  However, unlike 
the ESA, there are no provisions in the MBTA for preventing habitat destruction unless direct 
mortality or destruction of active nests occurs.   Under the National Environmental Policy Act 
(NEPA), federal agencies must consider the impacts of their actions on the environment, 
including the pygmy-owl and its habitat.  However, NEPA fails to require that environmentally 
benign alternatives are selected or that impacts to pygmy-owls or their habitat are avoided, and 
thus fails to provide substantial protection.  No other federal law or regulation provides 
substantial protection to the pygmy-owl. 
 

ii. Arizona State Law 
 
The State of Arizona lists the ferruginous pygmy-owl (subspecies not defined) as endangered 
(AGFD 1988).  However, this designation does not provide special regulatory protection.  
Arizona regulates the capture, handling, transportation, and take of most wildlife, including G. b. 
cactorum, through game laws, special licenses, and permits for scientific investigation.  There 
are no provisions for habitat protection under Arizona endangered species law. 
 
 iii.  Local conservation mechanisms 
 
Sonoran Desert Conservation Plan / Multiple Species Conservation Plan.  Before discussing 
proposed protections for the pygmy-owl under the Sonoran Desert Multiple Species 
Conservation Plan (MSCP), it is important to note that when considering whether or not to list a 
species, the Fish and Wildlife Service is not to consider promised or future management actions, 
but instead only the current management and status of the species.  In numerous cases, FWS has 
been forced by judicial action to reverse decisions not to list species because they relied on 
promised management actions, including decisions over the Barton Spring’s salamander, Queen 
Charlotte goshawk, jaguar, Alexander Archipelago wolf and coho salmon.  This is not merely a 
legalistic technicality.  There is good reason for considering only the current management and 
status.  States, Federal agencies and private interests can easily promise to protect and recover 
species in order to avoid or delay a listing that they consider potentially controversial, but there 
is no way of knowing whether they will follow through on their promises or whether their 
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actions will result in recovery.  To protect species from ongoing destruction, modification or 
curtailment of habitat or range, listing under the Act is required while management actions are 
being tested.  If it turns out promised management actions result in substantial recovery, then at 
that point they can be incorporated into a recovery plan for the species.  In response to the above 
court decisions, FWS has developed a policy for evaluating the contribution of conservation 
efforts towards negating the need for listing, which identifies criteria for determining the 
certainty a conservation effort will be implemented and whether it is likely to be effective (FR: 
March 28, 2003 V. 68, No. 60).  We have considered this policy when evaluating ongoing 
conservation efforts, and understand that FWS must do the same when considering listing of the 
Sonoran Desert population of the pygmy-owl.  Clearly, the pygmy-owl is experiencing ongoing 
habitat destruction that is placing it in danger of extinction and thus requires protection as an 
endangered species, regardless of untested and promised management actions.   
 
Pima County’s Multiple Species Conservation Plan includes the pygmy-owl on its list of 
“covered species based on provision of several conservation measures.  Under the MSCP, Pima 
County would protect habitat for the owl (and 35 other covered species) through acquisition of 
land and conservation easements, State land leases, and protection and management of these and 
other existing conserved land (e.g. County parks).  Overall, there is little certainty that the MSCP 
will be implemented or effective. 
 
The County plans to protect the pygmy-owl through continued discretionary application of its 
“Conservation Lands System” (CLS).  The CLS requires varying percentages of habitat 
protection on private lands where there has been a requested increased zoning density depending 
on the property’s location in the CLS categories (e.g. Biological Core Management Area, 
Multiple Use Management Area, etc).  The County would also protect the pygmy-owl by 
implementing several “special conditions, management, and monitoring directives” in addition to 
the Conservation Lands System including prioritizing protection of and acquiring priority owl 
habitat and supporting and participating in owl research and experiments.   
 
Pima County’s MSCP is not yet final and so many related conservation commitments cannot be 
assured.  Some elements of the MSCP such as application of the Conservation Lands System to 
proposed new development would also only occur at the discretion of the Board of Supervisors 
even after approval of the MSCP. 
 
The County has promised to acquire pygmy-owl habitat proactively and to fill any gaps left by 
discretionary implementation of the CLS.  But the County has not yet established a funding 
mechanism for the specific purpose of pygmy-owl conservation and is not likely to do so in the 
future.  The County has also actively directed acquisitions away from occupied pygmy-owl 
habitat in areas with significant development pressure. 
 
Acquisition of important habitat for a broad range of species would likely continue with funding 
under a 2004 “Habitat Protection Priority Areas” bond.  But important pygmy-owl habitat and 
known locations were never included as criteria for identifying the Habitat Protection Priority 
Areas so any benefits to the species are likely to be more accidental than designed. 
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Other directives for pygmy-owl special conditions, management, and monitoring have not yet 
been identified as of filing of this petition.  Crucial pygmy-owl conservation conditions such as 
required surveys prior to approval of development projects, required avoidance of occupied 
pygmy-owl habitat, in-kind mitigation for any unavoidable development impacts to occupied 
pygmy-owl habitat, and pygmy-owl specific protective management measures are not included 
in the MSCP.  
 

iv. Mexican Law 
 
The national species protection law in Mexico, NORMA, does not list the ferruginous pygmy-
owl as a protected species and the pygmy-owl receives no other protection under Mexican law. 
 
 v. Conclusion 
 
In sum, the pygmy-owl is not receiving substantial protection in either the U.S. or Mexico and 
needs the protections of the Act to avoid extinction.  Although Pima County’s MSCP may 
eventually provide some protection to the pygmy-owl in Pima County, such protection is 
uncertain and its effectiveness unknown because it has yet to be implemented, funding yet to be 
identified and much of its provisions discretionary.  The MSCP also provides no protection to 
pygmy-owls outside of Pima County, including the species’ substantial range in Mexico.  For 
these and other reasons, the pygmy-owl should again be listed as an endangered species under 
the Endangered Species Act. 
 
E. Other Natural or Manmade Factors Affecting its Continued Existence 
 

i. Genetic Stochasticity 
 
Low genetic variability can lead to a reduction in reproductive success and environmental 
adaptability.  Caughley and Gunn (1996) note that small populations can become extinct entirely 
by chance even when their members are healthy and the environment favorable.  The pairing of 
siblings or parents with their offspring is rare in raptors, only 18 cases have been recorded 
(Carlson et al. 1998).  Four of the seven incestuous species listed by Carlson et al. (1998) include 
barn owls, burrowing owls (Athene cunicularia), screech-owls, and spotted owls (Strix 
occidentalis).  In 1998 and 1999, two cases of sibling pygmy-owls pairing and breeding were 
documented (Abbate et al. 1999).  Additional cases of sibling pairings have been documented in 
2001 and 2002 (AGFD unpubl. data).  These unusual pairings likely resulted from extremely low 
numbers of available mates within range of dispersal, and/or from barriers (including 
fragmentation of habitat) that create dispersal bottlenecks and funnel dispersing owls into the 
same area.  Further, because the pygmy-owl is nonmigratory, there may be an additional 
limitation on the flow of genetic material between populations which may reduce the chance of 
demographic and genetic rescue through recruitment from adjacent populations.  Proudfoot and 
Slack (2001) found that average haplotype diversity among pygmy-owls in Arizona (e.g., 
Northwest Tucson) was low relative to pygmy-owls in Sonora, Mexico. They speculated that the 
lack of genetic diversity in pygmy-owls in Arizona may have been a product of “founder events” 
(i.e., a small number of owls immigrating to an area and starting a population). 
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ii. Fire and non-native species invasions 
 
Fires can negatively affect pygmy-owls by altering their habitat (Abbate et al. 1999).  Of 
particular concern is the introduction of fire into Sonoran Desertscrub communities invaded by 
buffelgrass.  Sonoran Desertscrub is not adapted to fire, as native grasses do not provide the 
necessary fine fuels.  Recent introduction and spread of nonnative annual plants, such as 
cheatgrass (Bromus sp.), Mediterranean grass (Schismus barbatus), and Sahara mustard 
(Barassica tournefortii); as well as the perennial buffelgrass, increase fire frequency and 
intensity in desertscrub communities (Minnich 1994).  When nonnative annual plants dry during 
annual dry seasons or droughts, they can form continuous stands of fine fuels that carry fire.  
These fine fuels have resulted in increased fire frequency in desertscrub (Rogers and Steele 
1980, Schmidt and Rogers 1988, Minnich 1994).   
 
Once established, alien grasses, such as buffelgrass, suppress the regeneration of key desert 
species by setting in motion a grass/fire cycle by providing the fine fuel necessary to initiate and 
propagate fire (d'Antonio and Vitousek 1992).  Alien grasses recover more rapidly than native 
species following such fires and cause a further increase in susceptibility to fire (D'Antonio and 
Vitousek 1992).  Theoretically, if subsequent fires were prevented, it might take as long as 
twenty years for the total plant density to recover, and much longer for plant species composition 
to recover (Esque and Schwalbe 2002). 
 
Many desert trees, shrubs, and cacti, including saguaros, are poorly adapted to fire and cannot 
withstand fires.  Those that survive a fire generally still suffer severe damage and are eliminated 
in subsequent fires (Burquez-Montijo et al. 2002).  Esque et al. (2000) reported mortality of adult 
saguaros in excess of 20 percent after a fire in desertscrub at Saguaro National Park.  Loss of 
saguaros in particular, as well as other native desert vegetation, results in severe degradation and 
loss of pygmy-owl habitat. 
  
V. Critical Habitat Should be Designated for the Pygmy-owl 
 

i. Critical Habitat is Beneficial to Listed Species 
 
Critical habitat is defined by Section 3 of the ESA as: 
 
(i) the specific areas within the geographical area occupied by the species, 
at the time it is listed in accordance with the provisions of section 1533 of this title, on which are 
found those physical or biological features (I) essential to the conservation of the species and (II) 
which may require special management considerations or protection; and 
  
(ii) specific areas outside the geographical area occupied by the species at the time it is listed in 
accordance with the provisions of section 1533 of this title, upon a determination by the 
Secretary that such areas are essential for the conservation of the species.16 U.S.C. §1532(5).   
 
Therefore, critical habitat should ensure an adequate amount of protected habitat in a spatial 
configuration that allows for the long-term survival and recovery of the species, including a 
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network of interconnected reserves that provide for self-sustaining populations, genetic 
interchange, migration and dispersal. These are basic tenets of conservation biology. 
  
The designation and protection of critical habitat “provide[s] a means whereby the ecosystems 
upon which endangered species and threatened species depend may be conserved.”  16 U.S.C. 
§1536(a)(2).  The designation of critical habitat provides listed species with additional 
protections under Section 7 of the ESA.  The Section 7 consultation requirements provide that no 
action authorized, funded, or carried out by any federal agency will “jeopardize the continued 
existence of any endangered species or threatened species or result in the destruction or adverse 
modification of [critical habitat].”  16 U.S.C. §1536(a)(2) (emph. added).  A more scrutinizing 
level of consultation is conducted when habitat is designated as “critical.”  If critical habitat is 
involved in the consultation, the project must not impede recovery of the species.  In comparison, 
a project that may affect a species’ occupied habitat that is not officially designated as “critical 
habitat” must only show that its impact on that habitat will not jeopardize the continued 
existence of the species. 
  
Several courts of appeal have recently invalidated the Service’s position that critical habitat does 
not provide additional benefit above and beyond listing alone, holding that such a position 
violates congressional intent and the plain language of the Act. These rulings have emphasized 
that critical habitat provides additional protection to species, primarily through the requirement 
that actions not impede recovery and through the protection of unoccupied habitat, and thus it 
adds an additional layer of protection to the consultation requirement. See, e.g. Gifford Pinchot 
Task Force v. U.S. Fish and Wildlife Serv., 378 F.3d 1059, 1069-1070 (9th Cir. 2004); Sierra 
Club v. U.S. Fish and Wildlife Serv., 245 F.3d 434, 441-42 (5th Cir. 2001); N.M. Cattle Growers 
Ass'n v. United States Fish and Wildlife Serv., 248 F.3d 1277, 1283 & n. 2 (10th Cir. 2001) 
(holding invalid the Service’s regulation defining destruction or adverse modification of critical 
habitat in terms of impeding the recovery and survival of a species and determining jeopardy 
consultation is not functionally equivalent to consultation under the destruction/adverse 
modification standard). These cases should lie to rest further efforts on the part of the Service to 
argue that critical habitat is irrelevant. 
  
The Ninth Circuit’s decision reiterated that recovery is a key purpose of the Endangered Species 
Act, one that is largely implemented through the critical habitat provisions of the Act.  The court 
noted that the Service had been operating under regulations that failed to acknowledge the 
crucial and distinct role of critical habitat: “That the agency was operating under a regulation that 
we now hold was impermissible has an inescapable bearing on the requisite showing of whether 
the [Service] considered recovery in its critical habitat inquiry.” Gifford Pinchot at 1071.  
  
Critical habitat designation also protects species by helping to define the meaning of “harm” 
under Section 9 of the ESA, which prohibits unlawful “take” of listed species, including harming 
the species through habitat degradation.  Although “take” through habitat degradation is not 
expressly limited to harm to “critical habitat,” it is practically much easier to demonstrate the 
significance of the impact to a species’ habitat where that habitat has already been deemed 
“essential,” or “critical,” to the species’ continued survival.  See Palila v. Hawaii Department of 
Land and Natural Resources, 852 F. 2d 1106 (9th Cir. 1988). 
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Critical habitat also helps species by providing for agency accountability through the citizen suit 
provision of the Act.  The citizen suit provision permits members of the public to seek judicial 
review of the agency’s compliance with its mandatory statutory duty to consider the habitat 
needs of imperiled species.  Also, the designation of critical habitat provides valuable 
information for the implementation of recovery plans. 
 
Endangered Species Act “critical habitat” protections are a crucial tool to recover endangered 
species.  A peer-reviewed study in the April 2005 issue of BioScience, “The Effectiveness of the 
Endangered Species Act: A Quantitative Analysis,” concludes that species with critical habitat 
for two or more years are more than twice as likely to have improving population trends than 
species without.  Critical habitat is particularly important for the pygmy-owl because there are so 
few individuals of the species left in Arizona.  Development project proponents and responsible 
federal agencies routinely take advantage of this desperate situation by denying that particular 
projects will result in any harm and dismissing any responsibility to mitigate impacts or improve 
the status of the species.  For example, the U.S. Army Corps of Engineers has steadfastly denied 
that development projects near Tucson may affect the pygmy-owl unless the species is either 
present or critical habitat is designated on a particular property. The existence of designated 
critical habitat at a particular project site provides virtually irrefutable proof that the project “may 
affect” the species, thereby triggering formal ESA section 7 consultation duties by responsible 
federal agencies.  Pygmy-owl critical habitat has also provided essential guidance in identifying 
development project mitigation standards under the Pima County government’s Sonoran Desert 
Conservation Plan and Multiple Species Conservation Plan as a means to balance long-term 
pygmy-owl conservation with reasonable future urban development. 
  
In sum, critical habitat is a separate and additional requirement of the Act that provides important 
protections for listed species not otherwise provided by law.  Without critical habitat designated 
with recovery as the goal, the pygmy-owl’s chances of persisting and recovering are greatly 
diminished. 
 
VI.  Processing of this Petition 
 
Petitioners request that the Service use its authority pursuant to Section 4(b)(7) of the 
Endangered Species Act (ESA), 16 U.S.C. § 1533(b)(7), and 5 U.S.C. § 533(e) to emergency list 
either the Sonoran Desert DPS, Arizona DPS or western subspecies of the pygmy-owl as 
endangered and to initiate a rulemaking to make that emergency designation permanent.  Pygmy-
owls in Arizona are at critically low numbers with imminent threats to the remaining vestiges of 
habitat and populations in Sonora are declining and threatened by severe habitat loss and 
conversion.  This dwindling population and the imminent threats constitute an emergency posing 
a significant risk to the well-being of this species.  Immediate action to protect these populations 
is necessary.   
  
This petition is submitted under the provisions of the ESA, 16 U.S.C. §§1531 et seq., 50 C.F.R. 
424.14, and the APA, 5 U.S.C. §533.  The Service is bound to process this petition within a 
predetermined time frame as defined by CFR 424.14(c).  The regulations require the Service to 
make a finding within 90 days of receipt of this petition as to whether the petition presents 
substantial scientific information indicating that the emergency listing may be warranted.  The 
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finding shall be promptly published in the Federal Register.  50 CFR 424.14(c)(1).  If warranted 
for emergency listing, the Service must immediately list the species as an endangered species.  
Within 12 months of receiving this petition, the Service is required to determine how it will 
proceed with the permanent listing, and shall promptly publish notice of such intention in the 
Federal Register.  50 CFR 424.14(c)(3).  Petitioner fully expects the Service to comply with 
these mandatory deadlines. 
 
 
D. Noah Greenwald 
Conservation Biologist 
Center for Biological Diversity  
917 SW Oak St. Suite 413 
Portland, OR 97205  
503-484-7495 
 
VII. References Cited 
 
Abbate, D., A. Ditty, S. Richardson, and R. Olding. 1996. Cactus ferruginous pygmy-owl survey 
and nest monitoring in the Tucson Basin area, Arizona: 1996. Final Rep. Internal Enhance. 
#U95503, Arizona Game and Fish Dept., Phoenix. 
 
Abbate, D., S. Richardson, R. Wilcox, M. Terrio, and S. Belhumeur. 1999. Cactus ferruginous 
pygmy-owl investigations in Pima and Pinal counties, Arizona: 1997-1998. Arizona Game and 
Fish Dept. Reg. 5 Wildl. Prog., Phoenix. 
 
Abbate, D.J., W.S. Richardson, R.L. Wilcox, and S. Lantz. 2000. Cactus ferruginous pygmy-owl 
investigations in Pima and Pinal Counties, Arizona: 1999. Reg. V Wldlf. Prog. Arizona Game 
and Fish Dept. Tucson. 
 
Abbitt, R.J.F. and J.M. Scott. 2001. Examining differences between recovered and declining 
endangered species. Conserv. Biol. 15(5): 1274 - 1284. 
 
Abbott, L.B. and McPherson, G.R. 1999. Nonnative grasses in southern Arizona: historical and 
contemporary perspectives. Pp. 3-6 in A century of parks in southern Arizona. Second 
conference on research and resource management in southern Arizona national park areas: May 
5-7, 1998 (L. Benson and B. Gebow, eds.). Natl Park Serv., U.S.G.S., Phoenix, AZ. 
 
Abouhaider, F. 1989. Influence of livestock grazing on saguaro seedling establishment. M.S. 
Thesis, Arizona State Univ., Tempe, AZ. 
 
Abouhaider, F. 1992. Influence of livestock grazing on saguaro seedling establishment. Pp. 57-
61 in Proceedings of the Symposium on Research in Saguaro National Monument (C.P. Stone 
and E.S. Bellantoni, eds.). Tucson, AZ. 
 
Armour, C. L., D. A. Duff, , and W. Elmore. 1991. The effects of livestock grazing on riparian 
and stream ecosystems.  Fisheries 16(1):7-11. 



 33

 
Arriaga, L, AE Castellanos, E Moreno, and J Alarcon.  2004.  Potential ecological distribution of 
alien invasive species and risk assessment: a case study of buffel grass in arid regions of Mexico.  
Conservation Biology 18: 1504-1514. 
 
Angermeier, P.L. and J.R. Karr. 1994. Biological integrity versus biological diversity as policy 
directives. BioScience 44:690-697. 
 
AOU (American Ornithologists Union). 1957. Checklist of North American birds. 5th ed. Am. 
Ornithol. Union, Baltimore, MD. 
 
Arizona Game and Fish Department. 1996. Arizona’s Species of Special Concern. Phoenix, 
Arizona. 22 pp. 
 
Bahre, C.J. 1987. Wild hay harvesting in southern Arizona: a casualty of the march of progress. 
J. Ariz. Hist. 28:69-78. 
 
Bahre, C.J. 1991. A legacy of change: historic human impact on vegetation in the Arizona 
borderlands. Univ. Arizona Press, Tucson. 
 
Bahre, C.J. 1995. Human impacts on the grasslands of southeastern Arizona. Pages 230-264 in 
M.P. McClaran and T.R. VanDevender (eds.), The Desert Grassland, University of Arizona 
Press, Tucson. 
 
Bahre, C.J. and M.L. Shelton. 1993. Historic vegetation change, mesquite increases, and climate 
in southeastern Arizona. J. Biogeog. 20:489-504. 
 
Banks, R.C. 1979. Human-related mortality of birds in the United States. USDI, Fish and Wildl. 
Serv. Spec. Sci. Rep. Wildl. 215. 
 
Beissinger, S.R. and M.I. Westphal. 1998. On the use of demographic models of population 
viability in endangered species management. J. Wildl. Manage. 62:821-841. 
 
Belsky, A. J., A. Matzke, and S. Uselman.  1999.  Survey of livestock influences on stream and  
riparian ecosystems in the western United States.  Journal of Soil and Water Conservation 
54(1):419-431.   
 
Belnap, J. 1990. Microbiotic crusts: their role in past and present ecosystems. Park Science 
10(3):3-4. 
 
Belsky, A.J., A. Matzke, and S. Uselman. 1999. Survey of livestock influences on stream and 
riparian ecosystems in the western United States. J. Soil and Water Conserv. (first quarter 
1999):419-431. 
 
Bendire, C.E. 1888. Notes on the habits, nests and eggs of the genus Glaucidium boie. Auk 
5:366-372. 



 34

 
Bendire, C.E. 1892. Life histories of North American birds with special reference to their 
breeding habits and eggs. U.S. Nat. Mus. Spec. Bull. 1. 
 
Bent, A.C. 1938. Life histories of North American birds of prey, part 2. U.S. Natl. Mus. Bull. 
170. 
 
Binford, L.C. 1989. A distributional survey of the birds of the Mexican state of Oaxaca. 
Ornithol. Monog. no. 43. Am. Ornithol. Union, Washington, D.C. 
 
Blake, J.G., G.E. Niemi, and J.A. Hanowski. 1992.  Drought and annual variation in bird 
populations.  Pages 419-430 in J.M. Hagan and D.W. Johnson, editors.  Ecology and 
conservation of neotropical migrant landbirds. Smithsonian Institution Press, Washington, D.C., 
USA. 
 
Boal, C. W. , R. W. Mannan, and K. S. Hudelson. 1998. Trichomoniasis in Cooper’s hawks from 
Arizona. J. Wildl. Diseases 34:590-593. 
 
Bock, C.E. and J.H. Bock. 1988. Grassland birds in southeastern Arizona: impacts of fire, 
grazing, and alien vegetation. Internatl. Counc. for Bird Protec. Tech. Publ. 7:43-58. 
 
Bock, C.E. and J.H. Bock. 1993. Cover of perennial grasses in southeastern Arizona in relation 
to livestock grazing. Cons. Biol. 7:371-377. 
 
Boyce, M.S. 1992. Population viability analysis. Ann. Rev. Ecol. Syst. 23:481-506. 
 
Boyce, M.S. 1993. Population viability analysis and adaptive management for threatened and 
endangered species. Trans. 58th North Amer. Wildl. Res. Conf. 58:520-527. 
 
Boyle, S.A. and F.B. Samson. 1985. Effects of nonconsumptive recreation on wildlife: a review. 
Wildl. Society Bull. 13:110-116. 
 
Branson, F.A. 1985. Vegetation changes on western rangelands. Range Monograph 2, Soc. 
Range Manage., Denver, CO. 
 
Breninger, G.F. 1898. The ferruginous pygmy-owl. Osprey 2(10):128. 
 
Brown, D.E. (ed). 1982. Biotic communities of the American Southwest--United States and 
Mexico. Desert Plants 4:1-342. 
 
Brown, D.E. 1994. Biotic Communities of the Southwestern United States and Northwestern 
Mexico. University of Utah Press, Salt Lake City, Utah. 342 pp. 
 
Brown, D.E, C.H. Lowe, and J.F. Hausler. 1977. Southwestern riparian communities: their biotic 
importance and management in Arizona. Pp. 201-211 in Importance, preservation, and 
management of riparian habitats: symposium (R.R. Johnson and D.A. Jones (tech. coords.). 



 35

GTR-RM-43; USDA For. Serv., Rocky Mountain Forest and Range Exper. Stat., Fort Collins, 
CO. 
 
Brown, J.R. and S. Archer. 1989. Woody plant invasion of grasslands: establishment of honey 
mesquite (Prosopis glandulosa var. glandulosa) on sites differing in herbaceous biomass and 
grazing history. Oecologia 80:19-26. 
 
Brown, J.H.. 1984. On the relationship between abundance and distribution of species. The 
American Naturalist 124: 255-279. 
 
Burquez, A. and A. Martinez-Yrizar. 1997. Conservation and landscape transformation in 
Sonora, Mexico. Journal of the Southwest 39(3&4): 370-389. 
 
Burquez-Montijo A., M.E. Miller, and A. Martinez-Yrizar. 2002. Mexican grasslands, 
thornscrub, and the transformation of the Sonoran Desert by invasive exotic buffelgrass 
(Pennisetum ciliare). In B. Tellman (ed.) Invasive exotic species in the Sonoran region. The 
University of Arizona Press and the Arizona-Sonora Desert Museum, Tucson. pp. 126-146.    
 
Burton, J.A. (ed.). 1984. Owls of the world. 2nd ed. Tanager Books, Dover NH. 
 
Cade, T.J. and S.A. Temple. 1995. Management of threatened bird species: evaluation of the 
hands-on approach. Ibis 137:S161-S172. 
 
Carlson, P.C., W.S. Lahaye, and A.B. Franklin. 1998. Incestuous behavior in spotted owls. 
Wilson Bull., 110:562-564. 
 
Carothers, S.W. 1977. Importance, preservation, and management of riparian habitats: an 
overview. Pp. 2-4 in Importance, preservation, and management of riparian habitats: a 
symposium (R.R. Johnson and D.A. Jones, tech. coords.). GTR-RM-43; USDA For. Serv., 
Rocky Mountain Forest and Range Exper. Stat., Fort Collins, CO. 
 
Carson, H.L. 1959. Genetic conditions which promote or retard the formation of species. Cold 
Spring Harbor Symposium in Quantitative Biology 24: 87-105. 
 
Cartron, J. E. and D. M. Finch (eds.). 2000. Ecology and conservation of the cactus ferruginous 
pygmy-owl in Arizona. RMRS-GTR-43. USDA Forest Serv., Rocky Mountain Res. Stat., 
Ogden, UT. 
 
Cartron, J.E., W.S. Richardson, and G.A. Proudfoot. 2000a. The cactus ferruginous pygmy-owl” 
taxonomy, distribution, and natural history.  Pp. 5-15 in J.E. Cartron and D. M. Finch (eds.) 
Ecology and conservation of the cactus ferruginous pygmy-owl in Arizona. RMRS-GTR-43. 
USDA Forest Serv., Rocky Mountain Res. Stat., Ogden, UT. 
 
Cartron, J.E., S.H. Soleson, S. Russell, G.A. Proudfoot, and W.S. Richardson. 2000b. The 
ferruginous pygmy-owl in the tropics and at the northern end of its range: habitat relationships 
and requirements. Pp. 47-53 in J.E. Cartron and D.M. Finch (eds.), Ecology and conservation of 



 36

the cactus ferruginous pygmy-owl in Arizona. RMRS-GTR-43. USDA For. Serv., Rocky 
Mountain Research Station, Ogden, UT. 
 
Castellanos, A, F Yanes, and D Valdez-Zamudio.  2002.  Drought-tolerant exotic buffelgrass and 
desertification.  In: B. Tellman (ed.), Weeds across borders: proceedings of a North American 
conference, Arizona-Sonora Desert Museum, Tucson. 
 
Caughley, G. and A. Gunn. 1996. Conservation biology in theory and practice. Blackwell 
Science Inc. 
 
Caughley, G., D. Grice, R. Barker, and B. Brown. 1988. The edge of the range. Journal of 
Animal Ecology 57: 771-775. 
 
Chaney, E., W. Elmore, and W.S. Platts. 1990. Livestock grazing on western riparian areas. 
Produced for Environ. Protect. Agency by Northwest Resource Info. Cntr., Inc., Eagle, ID. 45 
pp. 
 
Channell, R. and M. Lomolino. 2000a. Dynamic biogeography and conservation of endangered 
species. Nature 403: 84-86. 
 
Channell, R. and M. Lomolino. 2000b. Trajectories of extinction: spatial dynamics of contraction 
of geographic range. Journal of Biogeography 27: 169-179. 
 
Churcher, P.B. and J.H. Lawton. 1987. Predation by domestic cats in an English village. J. Zool. 
London 212:439-455. 
 
Clark, R.J., D.G. Smith, and L.H. Kelso. 1978. Working bibliography of owls of the world. Natl. 
Wildl. Fed. Raptor Info. Ctr. Washington, DC. 
 
Cline, K.W. 1988. Raptor nest and roost management in the southeast. Pp. 175-188 in Proc. of 
the southeast raptor management symposium and workshop. Virginia Polytechnic Inst. and State 
Univ., Blacksburg, 14-16 September, 1988. 
 
Cox, J.R., M.H. Martin, F.A. Ibarra, J.H. Fourie, N.F.G. Retham, and D.G. Wilcox. 1988. The 
influence of climate and soils on the distribution of four African grasses. Journal of Range 
Management 41: 127-139. 
 
Curnutt, J.C., S.L. Pimm, and B.A. Maurer. 1996. Population variability in sparrows in space and 
time. Oikos 76: 131-144. 
 
D’Antoniio, C.M. and P.M. Vitousek. 1992. Biological invasions by exotic grasses, the grass/fire 
cycle, and global change.  Annual Review of Ecology, Evolution, and Systematics 23: 63-87. 
 
Dahl, T.E. 1990. Wetland losses in the United States, 1780s to 1980s. USDI Fish and Wildl. 
Serv., Washington, D.C. 13 pp. 
 



 37

Davis, G.P. Jr. 1982. Man and wildlife in Arizona: the American exploration period, 1824-1865. 
Arizona Game and Fish Department, Phoenix, Arizona. 
 
Davis, W.A. and S.M. Russell. 1979. Birds in southeastern Arizona. Tucson Audubon Soc., 
Tucson, AZ. 
 
Davis, W.A. and S.M. Russell. 1984. Birds in southeastern Arizona. 2nd ed. Tucson Audubon 
Soc., Tucson, AZ. 
 
Davis, W.A. and S.M. Russell. 1990. Birds in southeastern Arizona. 3rd ed. Tucson Audubon 
Soc., Tucson, AZ. 
 
Dunne, J. 1989. Cryptogamic soil crusts in arid ecosystems. Rangelands 11(4):180-183. 
 
Esque, T.C., C.R. Schwalbe, P.J. Anning and W.L. Halvorson. 2000. Exotics grasses, long-lived 
species and managing desert landscapes: a case history at Saguaro National Park. Page 20, in 
Program and Abstracts, Creative Cooperation in Resource Management, Third Conference on 
Research and Resource Management in the Southwestern Deserts, Tucson, May, 2000. 
 
Esque, T.C. and C.R. Schwalbe. 2002. Alien grasses and their relationships to fire and biotic 
change in Sonoran Desertscub In B. Tellman (ed.) Invasive exotic species in the Sonoran region. 
University of Arizona Press and Arizona-Sonoran Desert Museum.   
 
Esque, TC, CR Schwalbe, DF Haines, and WL Halvorson.  2004.  Saguaros under seige: 
invasive species and fire.  Desert Plants 20(1): 49-55. 
 
Falls, B.A. 1973. Noteworthy bird records from south Texas (Kennedy County). Southwest. Nat. 
18:244-247. 
 
Fisher, A.K. 1893. The hawks and owls of the United States in their relation to agriculture. U.S. 
Dept. of Agriculture Division of Ornithology and Mammalogy Bulletin 3: 1-210, U.S. Gov. 
Print. Off., Washington D.C. 
 
Fleischner, T.L. 1994. Ecological costs of livestock grazing in western North America. Conserv. 
Biol. 8(3):629-644. 
 
Flesch, A.D. 1999. Cactus ferruginous pygmy-owl surveys and nest monitoring on and around 
the Buenos Aires National Wildlife Refuge, Altar Valley, Arizona. A report to USDI Fish and 
Wildl. Serv., FWS Coop. Agreement No. 1448-00002-99-G943. 21 pp. 
 
Flesch, A.D. 2003a. Distribution, abundance, and habitat of cactus ferruginous pygmy-owls in 
Sonora, Mexico. M.S. Thesis. University of Arizona, Tucson, AZ. 161 pp.   
 
Flesch, A.D. 2003b. Perch-site selection and spatial use by cactus ferruginous pygmy-owls in 
south-central Arizona. Journal of Raptor Research 37: 151-157. 
 



 38

Flesch, A.D. 2007.  Population and Demographic Trends of Ferruginous Pygmy-owls in 
Northern Sonora Mexico and Implications for Recovery in Arizona.  Draft Final Report.  School 
of Natural Resources, University of Arizona, Tucson, AZ. 
 
Flesch, A.D. and R.J. Steidl. 2000. Distribution, habitat and relative abundance of cactus 
ferruginous pygmy-owls in Sonora, Mexico: 2000 annual report. School of Renewable Natural 
Resources, University of Arizona, Tucson, Arizona. 
 
Flesch, A.D. and R.J. Steidl. 2001.  Cactus ferruginous pygmy-owl and nongame bird surveys on 
the Cabeza Prieta National Wildlife Refuge, 2001.  Final Report to U.S. Fish and Wildlife 
Service, Cabeza Prieta National Wildlife Refuge, Ajo, Arizona.  USFWS Cooperative 
Agreement No. 1448-20181-00-G918. 
 
Flesch, A.D. and R.J. Steidl. 2002.  Nest-site selection by cactus ferruginous pygmy-owls in 
northern Sonora, Mexico.  Final report to Sonoran Joint Venture, Migratory Bird Office, U.S. 
Fish and Wildlife Service, Tucson, Arizona.  USFWS Cooperative Agreement No. 1448-201181-
01-J862. 
 
Flesch, A.D. and R.J. Steidl.  2005. Association between roadways and cactus ferruginous 
pygmy-owls in northern Sonora, Mexico.  2004-2005 Annual Report to Arizona Dept. of 
Transportation, Tucson, Arizona.  A.G. Contract No. KR02-1957TRN JPA 02-156. 
 
Flesch, A.D. and R.J. Steidl. 2006a. Population trends and implications for monitoring cactus 
ferruginous pygmy-owls in northern Mexico. Journal of Wildlife Management 70(3): 867-871. 
 
Flesch, A.D. and R.J. Steidl. 2006b.  Population trends of ferruginous pygmy-owls in northern 
Mexico and implications for Tumacacori and other Arizona national park units.  Final Report.  
School of Natural Resources, University of Arizona, Tucson, AZ. 
 
Flesch, A.D.  2007.  Population and Demographic Trends of Ferruginous Pygmy-owls in 
Northern Sonora Mexico and Implications for Recovery in Arizona.  School of Natural 
Resources, University of Arizona, Tucson, AZ.   
 
Franklin, KA, K Lyons, PL Naglere, D Lampkin, EP Glenn, F Molina-Freaner, T Markow, and 
AR Huete.  2005. (accepted for publication July 2005).  Buffelgrass (Pennisetum ciliare) land 
conversion and productivity in the Plains of Sonora, Mexico.  Biological Conservation.  
 
Freethy, R. 1992. Owls: a guide for ornithologists. Bishopsgate Press Ltd., Kent, England. 
 
Friedmann H., L. Griscom, and R.T. Moore. 1950. Birds of Mexico. Part I. Pac. Coast Avifauna 
29. 
 
Gash, J.H.C., C.A. Nobre, J.M. Roberts and R.L. Victoria. 1996. Amazonian deforestation and 
climate. John Wiley and Sons, Chichester, U.K. 611 pp. 
 



 39

Gehlbach, F.R. 1994. The Eastern Screech-owl, life history, ecology, and behavior in the suburbs 
and countryside. Texas A&M Univ. Press, College Station. 
 
Gifford, G.F. and R.R. Hawkins. 1978. Hydrologic impact of grazing on infiltration: a critical 
review. Water Resources Res. 14:305-313. 
Gilman, M.F. 1909. Some owls along the Gila River in Arizona. Condor 11:145-150. 
 
Glendening, G.E. 1952. Some quantitative data on the increase of mesquite and cactus on a 
desert grassland range in southern Arizona. Ecology 33(3):319-328. 
 
Glinski, R.L. 1998. Conservation of Arizona raptors in The Raptors of Arizona, R.L. Glinski, 
editor. The University of Arizona Press, Tucson, Arizona. 
 
Griscom, L. and M.S. Crosby. 1926. Birds of the Brownsville region, southern Texas. Auk 
43:18-36. 
 
Grossman, M.L. and J. Hamlet. 1964. Birds of prey of the world. Bonanza Books, New York.  
 
Grumbine, R.E. 1994. What is ecosystem management? Conserv. Biology 8:27-38.  
 
Gryimek, H.C.B. (ed.). 1972. Gryimek's animal life encyclopedia. Van Nostrand Reinhold Co., 
New York. 
 
Harris, M.P. 1984. The puffin. T & A D Poyser, Calton, Staffordshire, England. 
 
Harris Environmental Group, Inc. 1998. Cactus ferruginous pygmy-owl 1998 survey of southern 
Arizona. Rep. to U.S. Fish and Wildl. Serv., Phoenix, AZ. 39pp. 
 
Harris Environmental Group, Inc., R.B. Duncan and Assoc., and Dames and Moore. 1999. Pima 
County cactus ferruginous pygmy-owl 1999 survey. Contract # 07-26-H-125828-0499. Prepared 
for County Administrators Office, Pima County. Tucson, AZ. 
 
Haskell, H.S. 1945. Effects of conservative grazing on a desert grassland range as shown by 
vegetational analysis. M.S. thesis, Univ. of Arizona. 
 
Hawks, T. 2001. Grazing and the endangered masked bobwhite quail in Sonora, Mexico.  
Western Gamebird Alliance, http://www.gamebird-alliance.org/maskedpaper.html. 
 
Hensley, M.M. 1954. Ecological relations of the breeding bird population of the desert biome in 
Arizona. Ecological Monographs 24: 185-207. 
 
Hocking, D., M. Ounsted, M. Gorman, D. Hill, V. Keller, and M.A. Baker. 1992. Examination of 
the effects of disturbance on birds with reference to its importance in ecological assessments. J. 
Environ. Manage. 36:253-286. 
 



 40

Holechek, J.L., R.D. Pieper, and C.H. Herbel. 1998. Range management: principles and 
practices. 3rd ed. Prentice-Hall, Upper Saddle River, N.J. Holling, C.S. (ed.). 1978. Adaptive 
environmental assessment and management. Wiley, New York. 
Houghton, J.T., L.G. Micra Filbo, B.A. Callander, N. Harris, A. Kattenberg, and K. Maskell. 
1996. Climate change 1995: the science of climate change. Published for the Intergovernmental 
Panel on climate change. Cambridge University Press, Cambridge. 
Howard, R. and A. Moore. 1991. A complete checklist of the birds of the world. 2nd ed. 
Academic Press, New York. 
 
Hubbard, J.P. 1977. Importance of riparian ecosystems: biotic considerations. Pp. 14-18 in 
Importance, preservation, and management of riparian habitat: a symposium (R.R. Johnson and 
D.A. Jones, tech. coords.). RM-43; USDA For. Serv., Rocky Mountain Forest and Range Exper. 
Stat., Fort Collins, CO. 
 
Hubbard, J.P. 1978. Revised check-list of the birds of New Mexico. N. M. Ornithol. Soc. Publ. 6. 
 
Humphrey, R.R. and L.A. Mehrhoff. 1958. Vegetation changes on a southern Arizona grassland 
range. Ecology 39:720-726. 
 
Humphrey, R.R. 1958. The desert grassland: a history of vegetational change and an analysis of 
causes. Bot. Review 24:193-252. 
 
Hunter, W.C. 1988. Status of the cactus ferruginous pygmy-owl (Glaucidium brasilianum 
cactorum) in the United States and Northern Mexico. Unpubl. rep., USDI Fish and Wildl. Serv., 
Phoenix, AZ. 
 
Hunter, W.C., R.D. Ohmart, and B.W. Anderson. 1987. Status of breeding riparian-obligate birds 
in southwestern riverine systems. Pp. 10-18 in Management and preservation of endangered 
birds in riparian ecosystems (S. A. Laymon, ed.). West. Birds 18:1-96. 
 
Ibarra, M.A., J.R. Cox, M.H. Martin, T.A. Crow and C.A. Call. 1995. Predicting buffelgrass 
survival across a geographical and environmental gradient. Journal of Range Management 48: 
53-59.   
 
Jahrsdoerfer, S.E. and D.M. Leslie, Jr. 1988. Tamaulipan brushland of the Lower Rio Grande 
Valley of South Texas: description, human impacts, and management options. USDI Fish and 
Wildl. Serv. Biol. Rep. 88(36). 
 
Johnsgard, P.A. 1988. North American owls. Smithson. Inst. Press, Washington D.C. 
 
Johnson, R.R. and J.M. Simpson. 1971. Important birds from Blue Point Cottonwoods, Maricopa 
County, Arizona. Condor 73:379-380. 
 
Johnson, R.R., L.T. Haight, and J.M. Simpson. 1979. Owl populations and species status in the 
southwestern United States. Pp. 40-59 in Owls of the west: their ecology and conservation (P. 



 41

Schaffer and S.M. Ehler, eds.). Proceed. Natl. Audubon Soc. Symposium, George Whittel 
Education Center, Tiburon, CA. 
 
Johnson, R.R. and S.W. Carothers. 1982. Riparian habitats and recreation: interrelationships and 
impacts in the Southwest and Rocky Mountain region. Eisenhower Cons. Bull. No. 12; USDA 
For. Serv., Rocky Mtn. For. and Range Exp. Stn., Ft. Collins, CO. 
 
Johnson, R.R. and L.T. Haight. 1985. Status of the Ferruginous Pygmy-owl in the southwestern 
United States. 103rd meeting of Am. Ornithol. Union, 7-10 Oct., Tempe, AZ (Abstr. 145). 
 
Johnson, R.R., L.T. Haight, and J.M. Simpson. 1987. Endangered habitats versus endangered 
species: a management challenge. Pp. 89-96 in Management and preservation of endangered 
birds in riparian ecosystems (S. A. Laymon, ed.). West. Birds 18:1-96. 
 
Johnson, R.R. and L.T. Haight. 1998. Survey on the Tonto National Forest, Maricopa County, 
Arizona for the cactus ferruginous pygmy-owl (Glaucidium brasilianum cactorum): a Federally 
designated endangered species in Arizona. Unpubl. rep., Tonto Nat. For. files, Mesa, AZ. 
 
Johnson, R. R., J.-L. E. Cartron, L. T. Haight, R. B. Duncan, and K. J. Kingsley. 2000. A 
historical perspective on the population decline of the cactus ferruginous pygmy-owl in Arizona. 
Pp. 17-26 in J.-L. E. Cartron and D. M. Finch. Ecology and conservation of the cactus 
ferruginous pygmy-owl in Arizona. General Technical Report RMRS-GTR-43. U.S. Department 
of Agriculture, Forest Service, Rocky Mountain Research Station, Ogden, Utah. 
 
Johnson, R.R., J.L. Cartron, L.T. Haight, R.B. Duncan, and K.J. Kingsley. 2003. Cactus 
ferruginous pygmy-owl in Arizona, 1872-1971. Southwest Naturalist 48(3): 389-401. 
 
Johnson-Duncan, E.E., D.K. Duncan, and R.R. Johnson. 1988. Small nesting raptors as 
indicators of change in the southwest desert. Pp. 232-236 in Proceedings of the Southwest Raptor 
Management Symposium and Workshop (R.L. Glinski et al., eds.). Natl. Wildl. Fed., 
Washington, D.C. 
 
Jones, K.B. 1981. Effects of grazing on lizard abundance and diversity in western Arizona. 
Southwest. Nat. 26:107-115. 
 
Jones, K.B. 1988. Distribution and habitat associations of herpetofauna in Arizona: comparisons 
by habitat type. Pp. 109-128 in Management of amphibians, reptiles, and small mammals in 
North America (R.C. Szaro, K.E. Stevenson, and D.R. Patton, tech. coords.). GTRRM-166; 
USDA For. Serv., Rocky Mountain Forest and Range Exper. Stat., Fort Collins, CO. 
 
Klem, D.A. 1979. Biology of collisions between birds and windows. Ph.D. diss. Southern Illinois 
Univ. 
 
Knight, R.L. and D.N. Cole. 1995. Wildlife responses to recreationists. Pp. 51-69 in Wildlife and 
recreationists: coexistence through management and research (R.L. Knight and K.J. Gutzwiller, 
eds). Island Press, Washington D.C. 



 42

 
Konig, C. 1993. Pygmy-owl in the Black Forest. Re-introduction News 7:8-10. 
 
Konig, C. and M. Wink. 1995. A new subspecies of Ferruginous Pygmy-owl from Argentina: 
Glaucidium brasilianum stranecki n. ssp. J. Ornithol. 136:461-465. 
 
Konig, C., F. Weick, and J.H. Becking. 1999. Owls: a guide to the owls of the world. Yale Univ. 
Press, New Haven, CT. 
 
Krueper, D.J. 1993. Effects of land use practices on western riparian ecosystems. Pp. 321-330 in 
Status and management of neotropical migratory birds, September 21-25, 1992, Estes Park, CO. 
(D.M. Finch and P.W. Stengel, tech. coords.). GTR-RM-229; USDA For. Serv., Rocky 
Mountain Forest and Range Exper. Stat. Fort Collins, CO. 
 
Krueper, D.J. 1996. Effects of livestock management on southwestern riparian ecosystems. Pp. 
281-301 in Desired future conditions for southwestern riparian ecosystems: bringing interests 
and concerns together. Sept. 18-22, 199, Albuquerque, NM. (D.M. Finch and P.W. Stengel, tech. 
coords.). GTR-RM-GTR-272; USDA For. Serv., Rocky Mountain Forest and Range Exper. Stat. 
Fort Collins, CO. 
 
Kusler, J.A. 1985. A call for action: protection of riparian habitat in the arid and semi-arid West. 
Pp. 6-8 in Riparian ecosystems and their management: reconciling conflicting uses, first North 
American Riparian Conference (R.R. Johnson et al., tech. coords.). GTR-RM-120; USDA For. 
Serv., Rocky Mountain Forest and Range Exper. Stat., Fort Collins, CO. 
 
Lawton, J.H. 1993. Range, population abundance and conservation. Trends in Ecology and 
Evolution 8: 409-413. 
 
Lee, K.N. and J. Lawrence. 1986. Adaptive management: learning from the Columbia River 
Basin fish and wildlife program. Environ. Law 16:431-460. 
 
LeFranc, M.M. Jr. and B.A. Millsap. 1984. A summary of state and federal agency raptor 
management programs. Wildl. Soc. Bull. 12:274-282. 
 
Leopold, A.S. 1950. Vegetation Zones in Mexico. Ecology 31: 507-518. 
 
Lessica, P. and F.W. Allendorf. 1995. When are peripheral populations valuable for 
conservation? Conservation Biology 9: 753-760. 
 
Levin, D.A. 1993. Local speciation in plants: the rule not the exception. Systematic Botany 18: 
197-208. 
 
Lincer, J. 1975. DDE-induced eggshell thinning in the American kestrel. A comparison of the 
field situation with laboratory results. J. Appl. Ecol. 12:781-793. 
 



 43

Lomolino, M.V. and R. Channell. 1995. Splendid isolation: patterns of range collapse in 
endangered mammals. Journal of Mammalogy 76: 335-347. 
 
Lusby, G.C. 1970. Hydrologic and biotic effects of grazing vs. non-grazing near Grand Junction, 
Colorado. J. Range Manage. 23:256-260. 
 
Martin, S.C., and D.R. Cable. 1974. Managing semidesert grass-shrub ranges: vegetation 
responses to precipitation, grazing, soil texture, and mesquite control. U.S. Dept. Agric. Tech. 
Bull. 1480. 
 
Mayr, E. 1963. Animal species and evolution. Harvard University Press. Cambridge 
Massachusetts. 
 
McLaughlin, S.P. and J.E. Bowers. 1982. Effects of wildfire on the Sonoran desert plant 
community. Ecology 61:246-24. 
 
McNamee, G.  1996.  The Grass that ate Sonora.  Tucson Weekly, Apr 18-24. 
 
Medin, D.E and W.P. Clary. 1989. Small mammal populations in a grazed and ungrazed riparian 
habitat in Nevada. Research paper INT-413. U.S. Forest Serv., Intermountain Res. Stat., Ogden, 
UT. 
 
Meffe, G.K. and C.R. Carroll (eds.). 1997. Principles of conservation biology. Sinauer 
Associates, Inc. Sunderland, Mass. 
 
Mehrhoff, L.A. 1955. Vegetation changes on a southern Arizona grassland range--an analysis of 
causes. M.S. thesis. Univ. of Arizona. 
 
Millsap, B.A. and R.R. Johnson. 1988. Status report: Ferruginous pygmy-owl. pp. 137-139 in 
Southwest raptor management symposium and workshop proceedings (R.L. Glinski, B. G. 
Pendleton, M. B. Moss, M. N. La Franc, Jr., B. A. Millsap, and S. W. Hoffman, eds.). Natl. 
Wildl. Fed. Washington, DC. 
 
Minckley, W.L. and J.E. Deacon (eds.). 1991. Battle Against Extinction: Native Fish 
Management in the American West. University of Arizona Press, Tucson. 571 pp. 
 
Minnich, R.A.  1994. Postfire succession in desertscub communities of southern California.  
Pages 93-112 in Fletcher-Jones, A. (ed.), Proc. of Desert Tortoise Council Symposium. 
 
Monson, G. and A.R. Phillips. 1981. Annotated checklist of the birds of Arizona. 2nd ed. Univ. 
of Arizona Press, Tucson. 
 
Monson, G. 1998. Ferruginous pygmy-owl. Pp. 159-161 in The raptors of Arizona (R. L. 
Glinski, ed.). Univ. of Arizona Press, Tucson. 
 



 44

Mueller, H.C. 1986. The evolution of reversed sexual dimorphism in owls: an empirical analysis 
of possible selective factors. Wilson Bull. 98:387-406. 
 
Nabhan, G.P. 2000. Biodiversity: The variety of life that sustains our own. In S.J. Phillips and 
P.W. Comus (eds.) A Natural History of the Sonoran Desert. Arizona-Sonora Desert Museum 
Press and University of California Press.  
 
Nabhan, G.P. and A.R. Holdsworth. 1999. State of the desert biome: uniqueness, biodiversity, 
threats and the adequacy of protection in the Sonoran bioregion. Arizona-Sonora Desert 
Museum, Tucson, AZ. 79 pp. 
 
National Association of Home Builders v. Norton, No. 00-0903-PHX-SRB, slip op. (D. Arizona 
September 19, 2001). 
 
National Association of Home Builders v. Norton, 340 F.3d 835 (9th Cir. 2003). 
 
Navarro, A. 1988. Areas en el estado de Sonora con potencial para praderas de temporal. 
Fomento Ganadero (Nov-Dic): 18-23. 
 
Newton, I. 1979. Population ecology of raptors. Poyser Ltd., Hertfordshire, England. 
 
Nielsen, J.L., J.M. Scott and J.L. Ayerigg. 2001. Endangered species and peripheral populations: 
cause for conservation. Endangered Species Update 18: 194-196. 
 
NORMA. 2001. Proteccion ambiental: Especies nativas de Mexico de flora y fauna silvestres – 
Categorias de riesgo y especificaciones par su inclusion, exclusion, o cambrio – Lista de especies 
en riesgo.  March 6, 2002. 
 
Noss, R.F. 1993. The wildlands project: land conservation strategy in The Wildlands Project: 
Plotting a North American Wilderness Recovery Strategy. Wild Earth Special Issue. 
 
Noss, R.F and A.Y. Cooperrider. 1994. Saving nature's legacy: protecting and restoring 
biodiversity. Island Press, Washington, D.C. 
 
Noss, R.F. and B. Csuti. 1994. Habitat fragmentation. Pp. 237-264 in Principles of conservation 
biology (G.K. Meffe and C.R. Caroll, eds.). Sinauer Assoc., Sunderland, MA. 
 
Oberholser, H.C. 1974. The bird life of Texas (E.B. Kincaid, Jr., ed.). Vol. I. Univ. of Texas 
Press, Austin. 
 
Ohmart, R.D., 1994. The effects of human-induced changes on the avifauna of western riparian 
habitats. in A century of avifaunal change in western North America. Stud. Avian Biol. 15:273-
285. 
 



 45

Ohmart, R.D. 1996. Historical and present impacts of livestock grazing on fish and wildlife 
resources in western riparian habitats. Pp. 246-279 in Rangeland wildlife (P.R. Krausman, ed.). 
Soc. Range Manage., Denver, CO. 
 
Pase, C.P. and E.F. Layser. 1977. Classification of riparian habitat in the southwest. Pp. 5-9 in 
Importance, preservation, and management of riparian habitat: a symposium (R.R. Johnson and 
D.A. Jones, tech. coords.). Gen. Tech. Rep. GTR-RM-43; USDA For. Serv., Rocky Mountain 
Forest and Range Exper. Stat., Fort Collins, CO. 
 
Peters, J.L. 1940. Check-list of birds of the world. Vol. IV. Harvard Univ. Press., Cambridge, 
MS. 
 
Phillips, A.R., J.T. Marshall, Jr., and G. Monson. 1964. The birds of Arizona. Univ. of Arizona 
Press, Tucson. 
 
Phillips, A.R. 1966. Further systematic notes on Mexican birds. Bull. Br. Ornithol. Club 86: 86 - 
90. 
 
Phillips, S.J. and P.W. Comus, (eds.). 2000. A natural history of the Sonoran desert. Arizona-
Sonora Desert Museum Press. Tucson, Arizona. 628 pp. 
 
Proudfoot, G.A. 1996. Natural History of the cactus ferruginous pygmy-owl. M.S. Thesis, Texas 
A&M Univ.-Kingsville. 
 
Proudfoot, G.A. 2005.  Comment submitted to U.S. Fish & Wildlife Service, Arizona Ecological 
Services Field Office on September 19, 2005 regarding the proposed rule to de-list the Arizona 
DPS of cactus ferruginous pygmy-owl, 70 Fed. Reg. 44547 (August 3, 2005). 
 
Proudfoot, G.A. and S.L. Beasom. 1996. Responsiveness of cactus ferruginous pygmy-owls to 
broadcasted conspecific calls. Wildl. Soc. Bull. 24:294-297. 
 
Proudfoot, G.A. and S.L. Beasom. 1997. Food habits of nesting ferruginous pygmy-owls in 
southern Texas. Wilson Bull. 109:741-748. 
 
Proudfoot, G.A. and A.A. Radomski. 1997. Absence of hematozoa from ferruginous pygmy-
owls (Glaucidium brasilianum) in southern Texas. J. Helminthol. Soc. Wash. 64:154-156. 
 
Proudfoot, G.A. and R.R. Johnson. 2000. Ferruginous Pygmy-owl (Glaucidium brasilianum). In 
The Birds of North America, no. 498 (A. Poole and F. Gill, eds.). Birds of North America, Inc., 
Philadelphia, PA. 
 
Proudfoot, G.A. and R.D. Slack. 2001. Comparisons of ferruginous pygmy-owl mtDNA at local 
and international scales. Report to Charles H. Huckelberry, Pima County, Contract Agreement 
#07-30-T-125759-0399. 
 



 46

Proudfoot, G.A., Honeycutt R.L., Slack R.D. 2005a.  Development and characterization of 
microsatellite DNA primers for ferruginous pygmy-owls (Glaucidium brasilianum).  Molecular 
Ecology Notes, 5, 90-92. 
 
Proudfoot, G. A., J. L. Usener, and P. D. Teel. 2005b. Ferruginous Pygmy-Owls, new host for 
Protocalliphora sialia in Arizona. Wilson Bulletin 117:185-188. 
 
Proudfoot, G. A., R. L. Honeycutt, and R. D. Slack.  2006.  Mitochondrial DNA variation and 
phylogeography of the Ferrugnious Pygmy-Owl (Glaucidium brasilianum). Conservation 
Genetics 7:1-12.  
Pyle, P. 1997. Identification guide to North American birds. Slate Creek Press. 
 
Rauzi, F. and F.M. Smith. 1973. Infiltration rates: three soils with three grazing levels in 
northeastern Colorado. J. Range Manage. 26:126-129. 
 
Reed, J.M., D.D. Murphy, and P.F. Brussard. 1998. Efficacy of population viability analysis. 
Wildl. Soc. Bull. 26:244-251. 
 
Richardson, C.T and C.K. Miller. 1997. Recommendations for protecting raptors from human 
disturbance: a review. Wldlf. Soc. Bull. 25:634-638. 
 
Richardson, W.S., J.E. Cartron, D.J. Krueper, L. Turner, and T.H. Skinner.  2000.  The status of 
the cactus ferruginous pygmy-owl in Arizona: population surveys and habitat assessment.  In J.E. 
Cartron and D.M. Finch (eds.), Ecology and conservation of the cactus ferruginous pygmy-owl 
in Arizona. RMRS-GTR-43. USDA For. Serv., Rocky Mountain Research Station, Ogden, UT. 
 
Ridgway, R. 1914. The birds of North and Middle America: a descriptive catalogue. U.S. Natl. 
Mus. Bull. 50 (pt.1). 
 
Robinette, D. 1990. Tohono O'odham range history. Rangelands 12(6):296-300. 
 
Rogers, G.F. and J. Steele. 1980. Sonoran desert fire ecology. In Proc. of the Fire History 
Workshop, October 20-24, 1980, Tucson, AZ. Rocky Mountain Forest and Range Experiment 
Station General Technical Report, RM-81. USDA Fort Collins, CO. 
 
Rosen, P.C., C.R. Schwalbe, D.A. Parizek, P.A. Holm and C.H. Lowe. 1994. Introduced aquatic 
vertebrates in the Chiricahua region: Effects of declining native ranid frogs. In Biodiversity and 
management of the Madrean Archipelago: the sky islands of the southwestern United States and 
northwestern Mexico. Pp. 251-261. USDA Forest Service General Technical Report RM-GTR-
264.  
 
Rosenberg, K.V., R.D. Ohmart, W.C. Hunter and B.W. Anderson. 1991. Birds of the lower 
Colorado River Valley. Univ. of Arizona Press, Tucson. 
 
Russell, S.M. and G. Monson. 1998. The birds of Sonora. Univ. of Arizona Press, Tucson. 
 



 47

Rutman, S. 1999. Dirt is not cheap: livestock grazing and a legacy of accelerated erosion on 
Organ Pipe Cactus National Monument. Pp. 99-101 in A century of parks in southern Arizona. 
Second conference on research and resource management in southern Arizona national park 
areas May 5-7, 1998, (L. Benson and B. Gebow, eds.). Natl Park Serv., U.S.G.S. Phoenix, AZ. 
 
Rutman, S. and L. Dickson. 2002. Management of buffelgrass on Organ Pipe Cactus National 
Monument, Arizona. Pp. 311-318 in B.Tellman (ed.), Invasive Exotic Species in the Sonoran 
region. University of Arizona Press and Arizona-Sonora Desert Museum, Tucson. 
 
Ruyle, G. 1999. The range site concept: rangeland site potential. On-line at: 
http://ag.arizona.edu/oals/agnic/siteguides/concept.html. 
 
Saab, V.A. 1998. Effects of recreational activity and livestock grazing on habitat use by breeding 
birds in cottonwood forests along the South Fork Snake River. U.S.D.I., Idaho Bur. Land 
Manage. Tech. Bull. no. 98-17. 
 
Saunders, D.A., R.J. Hobbs, and C.R. Margules. 1991. Biological consequences of ecosystem 
fragmentation: a review. Conserv. Biology. 5:18-32. 
 
Schaldach, W.J., Jr. 1963. The avifauna of Colima and adjacent Jalisco, Mexico. W. Fdn. Of 
Vert. Zool. 1 (1):1-100. 
 
Scherzinger, W. 1977. Small owls in aviaries. Avic. Mag. 83:18-21. 
 
Schulz, T. T., and W.C. Leininger. 1990. Differences in riparian vegetation structure  
between grazed areas and exclosures. Journal of Range Management 43(4): 295- 
299. 
 
Scott, J.M. and J.W. Carpenter. 1987. Release of captive-reared or translocated endangered 
birds: what do we need to know? Auk 104(3):544-545. 
 
Sibley, C.G. and B.L. Monroe. 1990. Distribution and taxonomy of birds of the world. Yale 
Univ. Press, New Haven, CN. 
 
Sick, H. 1993. Birds in Brazil: a natural history. Princeton Univ. Press, Princeton, N.J. 
 
Simpson, G.G. 1994. Tempo and mode in evolution. Columbia University Press. New York. 
 
Skagen, S.K., R.L. Knight, and G.H. Orians. 1991. Human disturbance of an avian scavenging 
guild. Ecol. Applic. 1:215-225. 
 
Snyder, N.F. and H.A. Snyder. 1975. Raptors in range habitat. Pp. 190-209 in Proc. symposium 
on management of food and range habitat for nongame birds (D.R. Smith., tech. coord.). USDA 
Forest Serv. GTR-W0-1. 
 



 48

Stamp, N.E. and R.D. Ohmart. 1979. Rodents of desert shrub and riparian woodland habitats in 
the Sonoran desert. Southwest. Nat. 24:279-289. 
 
State of Arizona. 1990. Final report and recommendations of the Governor's riparian habitat task 
force. Executive Order 89-16. Streams and riparian resources. October 1990. Phoenix, AZ. 28 
pp. 
 
Steenberg, W.F. and C.H. Lowe. 1977. Ecology of the saguaro: II, reproduction, germination, 
establishment, growth, and survival of the young plant. Natl Park Serv. Sci. Monogr. Ser. 8. U.S. 
Gov. Print. Off., Washington, D.C. 
Steenberg, W.F. and C.H. Lowe. 1983. Ecology of the saguaro: III, growth and demography. 
Natl Park Serv. Sci. Monogr. Ser. 17. U.S. Gov. Print. Off., Washington, D.C. 
 
Stevens, L.B., B.T. Brown, J.M. Simpson, and R.R. Johnson. 1977. The importance of riparian 
habitat to migrating birds. Pp. 156-164 in Importance, preservation, and management of riparian 
habitat: a symposium (R.R. Johnson and D.A. Jones, tech. coords.). GTR-RM-43; USDA Forest 
Serv., Rocky Mountain Forest and Range Exper. Stat., Fort Collins, CO. 
 
Stillwell, J. and N. Stillwell. 1954. Notes on the call of ferruginous pygmy-owl. Wilson Bull. 
66:152. 
 
Stromberg, J.C. 1993a. Fremont cottonwood-Goodding willow riparian forests: a review of their 
ecology, threats, and recovery potential. J. Ariz.-Nev. Acad. Sci. 26:97-110. 
 
Stromberg, J.C. 1993b. Riparian mesquite forests: a review of their ecology, threats, and 
recovery potential. J. Ariz.-Nev. Acad. Sci. 27:111-124. 
 
Stromberg, J.C., J.A. Tress, J.D. Wilkins, and S.D. Clark. 1992. Response of velvet mesquite to 
groundwater decline. J. Arid Environ. 23:45-58. 
 
Stromberg, J.C. and M.K. Chew. 1997. Herbaceous exotics in Arizona’s riparian ecosystems. 
Desert Plants 1997(2): 11-17. 
 
Sutton, G.M. 1951. Mexican birds: first impressions. Univ. of Oklahoma Press, Norman. 
 
Swarth, H.S. 1905. Summer birds of the Papago Indian Reservation and of the Santa Rita 
Mountains, Arizona. Condor 7:22-28. 
 
Swarth, H.S. 1914. A distributional list of the birds of Arizona. Pac. Coast Avifauna 10. 
 
Szaro, R.C. 1989. Riparian forest and scrubland community types of Arizona and New Mexico. 
Desert Plants 9:70-138. 
 
Taylor, B.L. 1995. The reliability of using population viability analysis for risk classification of 
species. Conserv. Biol. 9:551-558. 
 



 49

Temple, S.A. 1986. Predicting impacts of habitat fragmentation on forest birds: a comparison of 
two models. Pp. 301-304 in Wildlife 2000: modeling habitat relationships of terrestrial 
vertebrates (J. Verner, M.L. Morrison, and C.J. Ralph, eds.). Univ. Wisconsin Press, Madison. 
 
Tewes, M.E. 1995. Status of the ferruginous pygmy-owl in southern Texas and northeast 
Mexico. Proj. Rep. 2, Job 25, Texas Parks and Wildl. Dept. and Texas A&M Univ.-Kingsville. 
 
Tibbitts, T.J. and L.L. Dickson. 1999. The cactus ferruginous pygmy-owl in Organ Pipe Cactus 
National Monument: status, ecology, and management. in A century of parks in southern 
Arizona. Second conference on research and resource management in southern Arizona national 
park areas May 5-7, 1998, (L. Benson and B. Gebow, eds.). Natl Park Serv., U.S. Geological 
Survey, Phoenix, AZ. 
 
Tress, J.A.  2005.  Comments on the proposed rule to delist the Arizona DPS of the cactus 
ferruginous pygmy-owl.  WestLand Resources, Inc.  Tucson, AZ. 
 
U.S. Fish and Wildlife Service (USFWS). 1988. Riparian habitat: an unrecognized resource. 
Pamphlet. 
 
U.S. Fish and Wildlife Service. 1990. Policy and guidelines for planning and coordinating 
recovery of endangered and threatened species. USDI, Washington, D.C. 
 
U.S. Fish and Wildlife Service. 1992. Recovery plan handbook. Albuquerque, NM.. 
 
U.S. Fish and Wildlife Service. 1993. Endangered and threatened wildlife and plants; Notice of 
90-day Finding on Petition to list the cactus ferruginous pygmy-owl in Arizona. Fed. Regist. 
58:13045-13048. 
 
U.S. Fish and Wildlife Service. 1994a. Endangered and threatened wildlife and plants; Proposed 
rule to list the cactus ferruginous pygmy-owl as endangered in Arizona and threatened in Texas. 
Fed. Regist. 59:63975-63986. 
 
U.S. Fish and Wildlife Service. 1994b. Desert tortoise (Mojave population) recovery plan. 
Portland, OR. 
 
U.S. Fish and Wildlife Service. 1995. Recovery plan for the Mexican spotted owl: Vol. I. 
Albuquerque, NM. 
 
U.S. Fish and Wildlife Service. 1996. Policy regarding the recognition of distinct vertebrate 
population segments under the Endangered Species Act. Fed. Regist. 61:4722-4725. 
 
U.S. Fish and Wildlife Service. 1997. Endangered and threatened wildlife and plants; 
Determination of endangered status for the cactus ferruginous pygmy-owl in Arizona. Fed. 
Regist. 62:10730-10747. 
 



 50

U.S. Fish and Wildlife Service. 1998. Endangered and threatened wildlife and plants; Proposed 
determination of critical habitat for the cactus ferruginous pygmy-owl in Arizona. Fed. Regist. 
63:71820-71838. 
 
U.S. Fish and Wildlife Service. 1999. Endangered and threatened wildlife and plants; 
Designation of critical habitat for the cactus ferruginous pygmy-owl (Glaucidium brasilianum 
cactorum). Fed. Regist. 64:37419-37440. 
 
U.S. Fish and Wildlife Service. 2000. Notice of availability: recommended guidance for private 
landowners concerning the cactus ferruginous pygmy-owl; and the cactus ferruginous pygmy-
owl survey protocol. Fed. Regist. 65: 14999-15002. 
U.S. Fish and Wildlife Service. 2003.   White Paper: Significance of the western population(s) of 
the Cactus ferruginous pygmy-owl.  Primary author Scott Richardson, U.S. Fish and Wildlife 
Service.  Administrative record get case cite from J. Rylander.   
 
U.S. Fish and Wildlife Service.  2004.  Biological opinion on the effects of the Arcturas Linda 
Vista Limited Partnership’s proposed development in the Town of Marana, Pima County, 
Arizona.  December 21, 2004.  AESO/SE 2-21-03-F-0495.  Phoenix, Arizona. 
 
U.S. Fish and Wildlife Service. 2005.  Biological opinion for the construction of Route 232 on 
Tohono O’odham Nation, Pima County, Arizona.  AESO/SE 2-21-05-F-0262.  July 12, 2005.  
Phoenix, AZ.  
 
U.S. General Accounting Office (USGAO). 1988. Public rangelands: some riparian areas 
restored but widespread improvement will be slow. Rep. to Congress. Requesters, U.S. General 
Accounting Office, Washington D.C. 
 
Van Devender, T.R. and M.A. Dimmit. 2000. Desert Grasses. In S.J. Phillips and P.W. Comus 
(eds.), A Natural History of the Sonoran Desert. Arizona-Sonora Desert Museum and University 
of California Press. 
 
Van Rossem, A.J. 1937. The ferruginous pygmy-owl of northwestern Mexico and Arizona. Proc. 
Biol. Soc. Wash. 51:27-28.  
 
Van Rossem, A.J. 1945. A distributional survey of the birds of Sonora, Mexico. Occas. Pap. 
Mus. Zool. La. St. Univ. 21:1-379. 
 
Walters, C.J. 1986. Adaptive management of renewable resources. McGraw- Hill. New York. 
 
Walters, C.J. and C.S. Holling. 1990. Large-scale management experiments and learning by 
doing. Ecology 71:2060-2068. 
 
Ward, JP.  2003.  Estimating the potential distribution of buffelgrass in Saguaro National Park, 
Arizona: illustration of a conservation planning tool in the age of biotic homogenization.  
Masters thesis.  University of Arizona.  124 pages. 
 



 51

Watson J. and D.R. Landslow. 1989. Can food supply explain variation in nesting density and 
among breeding success amongst golden eagles (Aquila chrysaetos)? Pp. 181-186 in Raptors in 
the modern world (B.U. Meyburg and R.D. Chancellor, eds.). Proc. of the third world conf. on 
birds of prey and owls. 22-27 March 1987. 
 
Wauer, R.H., P.C. Palmer, and A. Windham. 1993. The ferruginous pygmy-owl in southern 
Texas. Am. Birds 47:1071-1075. 
 
Westland Resources. 2001. Biological assessment for Butterfly Mountain prepared for the 
Environmental Protection Agency, Region 9. 
 
Wetmore, A. 1926. Observations on the birds of Argentina, Paraguay, Uruguay, and Chile. U.S. 
Nat. Mus. Bull. 133. 
 
Whitcomb, R.F., C.S. Robbins, J.F. Lynch, B.L. Whitcomb, M.K. Kimkiewkz, and D. Bystrak. 
1981. Effects of forest fragmentation in avifauna of eastern deciduous forest. Pp. 125-205 in 
Forest island dynamics in man-dominated landscapes (R.L. Burgess and D.M. Sharpe, eds.). 
Springer Verlag, NY. 310 pp. 
 
Wilcove, D.S., C.H. McLellan, and A.P. Dobson. 1986. Habitat fragmentation in the temperate 
zone. Pp. 237-256 in Conservation biology: the science of scarcity and diversity (M.E. Soule, 
ed.). Sinauer Assoc., Sutherland, MA. 
 
Wilcox, R.L., W.S. Richardson, and D. Abbate. 1999. Habitat characteristics of occupied cactus 
ferruginous pygmy-owl (Glaucidium brasilianum cactorum) sites at the suburban/rural interface 
of north Tucson, Arizona. Rep. to Arizona Game and Fish Dept., Phoenix. 30pp. 
 
Wilcox, R.L., W.S. Richardson, D. Abbate. 2000. Habitat selection by cactus ferruginous 
pygmy-owls in southern Arizona – preliminary results. Region V Wldlf. Prog. Rep. Arizona 
Game and Fish Dept., Tucson. 
 
Willard, F.C. 1912. A week a field in southern Arizona. Condor 14:53-63. 
 
Williams, D.G. and Z. Baruch. 2000. African grass invasion in the Americas: ecosystem 
consequences and the role of ecophysiology.  Biological Invasions 2: 123-140. 
 
Wilson, E.O. 1989. Threats to biodiversity. Sci. American. 261(3):108-116. 
 
Wilson, R.C., Narog, M.G., Corcoran, B.M., and Koonce, A.L. 1996. Postfire saguaro injury in 
Arizona's Sonoran Desert. Pp. 247-252 in Effects of fire on Madrean Province Ecosystems--a 
symposium proceedings. March 11-15, 1996; Tucson, AZ (P.F. Ffolliott, et al., eds.). RM-GTR 
289; USDA For. Serv., Rocky Mountain Forest and Range Exper. Stat., Fort Collins, CO. 
 
Yetman, D. and A. Burquez. 1994. Buffelgrass – Sonoran Desert nightmare. The Arizona 
Riparian Council Newsletter 7(3): 1-10. 


