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ABSTRACT 

 

 

SEASONAL HABITAT REQUIREMENTS AND USE BY THE WESTERN 

 

BURROWING OWL (ATHENE CUNICULARIA HYPUGAEA) IN THE 

 
NORTHERN SACRAMENTO VALLEY, CALIFORNIA 

by 

 

© Michelle A. Ocken  

 

Master of Science in Biological Sciences  

 

California State University, Chico 

 

Fall 2017 

The western burrowing owl (Athene cunicularia hypugaea) is a small fossorial owl found 

in the western United States, Canada and northern Mexico (Shuford and Gardali 2008). 

Populations in northern California have suffered recent declines, and a better understanding of 

their habitat requirements is needed in order to make better management decisions (Wellicome 

and Holroyd 2001). For this study I described internal and external characteristics found in owl 

burrow sites in the northern Sacramento Valley, California in the fall and winter months. I 

measured and recorded a variety of characteristics at 17 locations confirmed to be utilized by 

burrowing owls. I used iButton® data loggers to record internal humidity and temperature 

throughout the day for multiple years. I calculated means by season and semidiurnal period and 

compared them to ambient means. The physical attributes I recorded included burrow entrance 

direction, burrow type, distance to water, type of water source, whether the area was grazed, and 

whether burrowing mammals were present. Using a 1-m2 quadrat, I recorded vegetation height 

and density three meters in front of, behind and to each side of each burrow entrance and 

calculated the means for each site. I also utilized student research assistants to conduct visual 



 

x 

 

occupancy surveys to determine the season(s) of usage for each burrow. Observations were 

summarized for burrow types.  

All sites were on or near land grazed by cattle in the winter. Natural burrows were all 

located in cut-banks of seasonal drainages. Seventy-one percent of all burrows were located 

within 6.55 m of water in the winter. Natural burrow internal temperature means were 

consistently higher in the mornings and lower in the evenings than ambient conditions for every 

season, except for winter, which was slightly higher. Artificial burrows and rock piles displayed 

a similar pattern but were consistent across seasons. Culvert temperature means were higher than 

ambient means in all seasons and semidiurnal periods except for spring which showed lower 

internal means than the ambient means. The greatest difference between internal and ambient 

temperature means was 10.35° C (SD=2.83) for artificial burrows (n=676). 

Internal relative humidity [rH] means tended to be higher than ambient means for all 

natural and culvert sites. For artificial burrows, internal rH means were lower in the A.M. and 

higher in the P.M. than ambient means for every season. Internal humidity means for rock pile 

burrows were higher than ambient means in the P.M. The greatest difference between internal 

and ambient relative humidity means was 55.17% (SD=26.15) for natural burrows (n=763). 
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CHAPTER I 

INTRODUCTION 

 

The burrowing owl (Athene cunicularia) is a small, long legged fossorial owl that occupies 

burrows often created by mammals, such as ground squirrels, badgers, coyotes and prairie dogs 

(Coulombe 1971, Zarn 1974, Haug et al. 1993). Breeding habitat in California is typically open 

grassland with short, sparse vegetation, gentle slopes, and well-drained soils (Haug et al. 1993). 

This owl is widely distributed throughout western North America, Florida, the Bahamas, and 

Central and South America (Shuford and Gardali 2008). There are two subspecies found in 

North America: the Florida burrowing owl (Athene cunicularia floridana), found in Florida and 

the Bahamas, and the western burrowing owl (Athene cunicularia hypugaea), found throughout 

the remainder of their range, and the focus of this study.  

Somveille et al. (2015) found that avian distribution during the non-breeding season was 

linked to avoidance of harsh winter conditions and connectivity to breeding grounds. The costs 

of migration increase with distance from breeding grounds (Somveille et al. 2015). The 

burrowing owl is semi-migratory, with A. c. floridana and the southerly populations of A. c. 

hypugaea maintaining mostly resident status (Haug et al. 1993).  According to James and Ethier 

(1989) and Klute et al. (2003), California is considered an important wintering ground for 

migrants which breed in North America. Most studies on habitat requirements for this owl focus 

on the breeding season; there are few published studies on winter habitat, with the exception of 

two studies conducted in Texas (Williford et al. 2009, Holroyd et al. 2010) and one in southern 

Nevada (Greger and Hall 2009). While breeding habitat is intrinsically important to the survival 
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of the species, winter habitat may play just as important a role. If conditions are not favorable on 

wintering grounds, or if other factors negatively impact migration, an owl may not reach its 

breeding grounds or be able to reproduce once it arrives (Wellicome et al. 2014). There are 

currently no data published on winter habitat requirements for burrowing owls in the northern 

Sacramento Valley [NSV]. The species has been experiencing declines over much of its range 

for the last several years (Wellicome and Holroyd 2001). The Institute of Bird Populations 

attempted to quantify the breeding population of burrowing owls in California from 1991-93 and 

again from 2006-2007 using citizen science volunteers. These studies showed a nearly 11% 

decline in burrowing owls throughout their summer breeding range, with the most precipitous 

declines in the San Francisco Bay Area and also near Bakersfield (Wilkerson and Siegel 2011). 

In northern California, the decline is largely due to anthropogenic habitat loss and fragmentation 

(Restani et al. 2008). Human caused habitat fragmentation has been linked to practices such as 

conversion of grasslands to cropland or urban areas, and burrowing mammal control (Moulton et 

al. 2006). Other factors that likely contribute to declines include wind turbine strikes and 

agricultural pesticide use (Gervais and Anthony 2003, Poulin et al. 2005, Smallwood et al. 2007, 

Engleman et al. 2012). 

Although breeding habitat characteristics are fairly well understood, winter requirements 

have not been studied in the NSV. For this reason, I studied, and describe here, winter habitat of 

the western burrowing owl in the NSV. With a better understanding of those requirements, 

conservation minded land managers may be able to make wise management decisions when they 

relate to burrowing owl habitat.  
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Species Status 

In 1994 the western burrowing owl was designated by the U. S. Fish and Wildlife Service 

[FWS] as a Category 2 species for consideration as Threatened or Endangered under the 

Endangered Species Act [ESA] of 1972 (Klute et al. 2003). In 1996, that designation was 

rescinded. In 2002, the FWS then designated the owl as a National Bird of Conservation 

Concern, which remains its current national status (Klute et al. 2003). The California Department 

of Fish and Wildlife [CDFW] designated this species as a California Bird Species of Special 

Concern in 1992 (Shuford and Gardali 2008). While neither of these designations confer any 

special legal protections, the western burrowing owl is protected under the Migratory Bird Treaty 

Act of 1918. It is listed as Endangered throughout its range in Canada and Threatened in Mexico 

(Klute et al. 2003). Florida listed the Florida burrowing owl as Threatened in 2016 (Florida Fish 

and Wildlife Conservation Commission 2017). The western burrowing owl is state listed as 

Endangered in Minnesota and Threatened in Colorado. It is also considered a Species of Special 

Concern in Montana, Oklahoma, Oregon, Utah, Washington, and Wyoming (Klute et al. 2003).  

Natural History and Ecology 

Burrowing owls are considered a grassland specialist (Klute et al. 2003). They seldom 

excavate their own burrow, relying on mammals such as ground squirrels, prairie dogs, badgers, 

foxes, and coyotes, which provide burrows for breeding and winter refuge (Klute et al. 2003, 

Poulin et al. 2005). They will also utilize artificial burrows in the absence of natural burrows. 

Smith and Belthoff (2001) found that burrowing owls prefer artificial burrows with large nest 

chambers and small entrance tunnels. Good burrowing owl habitat is generally described as 

being open with short vegetation and available burrows (Coulombe 1971, Zarn 1974, Haug et al. 

1993, Klute et al. 2003). 
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In North America, the western burrowing owl ranges from Texas to California and from 

Canada to northern Mexico (Korfanta et al. 2005). Its overall range in California has not changed 

dramatically since 1945, but Gervais et al. (2008) reported that locally, distributions within the 

state have undergone significant changes. They reported that regions experiencing rapid 

urbanization have experienced declines and local extirpations of the owls, whereas areas in 

southeastern California, have experienced sizable population increases. This is likely due to the 

extensive land conversion that has taken place in the Imperial Valley over the last 100 years, to 

agricultural croplands that provide both habitat in the form of ground squirrel burrows and a 

stable prey base, such as small rodents, which are often associated with the crops (Moulton et al. 

2006, Manning and Kaler 2011). Most owls throughout the state occur on privately held pasture 

land, which makes them difficult to monitor (DeSante et al. 1997, Shuford and Gardali 2008). 

Populations in northern California are likely both migratory and resident, while populations in 

southern California are largely resident (Martin 1973, Korfanta et al. 2005, Chromczak et al. 

2016). This species is also quite philopatric, exhibiting strong nest site fidelity (Ronan 2002). 

Site fidelity decreases in winter, as owls are reported to “roam” (Zarn 1974). Resident owls 

banded in the San Francisco Bay Area were found to occasionally move relatively short 

distances (0.26—3.88 km) from breeding sites to wintering sites (Chromczak et al. 2016). 

Studies have shown that large scale abiotic factors such as soil characteristics and climate 

provide the greatest predictive accuracy of home-range selection by burrowing owls (Stevens et 

al. 2011). The reason for this may be that these factors also influence agricultural practices and 

grassland distribution, which could affect resource availability (Stevens et al. 2011). 

Burrowing owl diet consists primarily of insects (e.g., beetles, crickets, and grasshoppers), 

small rodents, reptiles, amphibians, and even birds (Silva et al. 1995, Gervais et al. 2000). Poulin 
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et al. (2001) found that burrowing owls had a numerical and functional response to increases in 

vole (Microtus spp.) populations, suggesting that voles may play an important role in their 

survival and reproductive success (Gervais and Anthony 2003). 

Conservation Concerns 

In addition to the threats discussed earlier, burrowing owls face continued threats from 

anthropogenic manipulation of the environment. For example, the Altamont Pass Wind Resource 

Area claims the lives of approximately 600 burrowing owls annually due to wind turbine strikes 

(Smallwood et al. 2013). McCullough-Hennessy et al. (2016) reported that changes in grassland 

composition to non-native annual species and reductions in the distribution and abundance of 

ecosystem engineers like the California ground squirrel (Otospermophilus beecheyi) are primary 

factors for burrowing owl declines in California. Ground squirrels physically change their 

environment through burrow excavation and herbivory, which creates a favorable habitat for 

burrowing owls (Machiote et al. 2004). Other anthropogenic effects, such as exposure to 

rodenticides and insecticides, have been shown to negatively impact owl populations (Engleman 

et al. 2012, Justice-Allen and Lloyd 2017). The Central Valley (of which the Sacramento Valley 

is part), is projected to reach a human population of over 10 million by 2040, which could result 

in the loss of large tracts of open space, eliminating additional habitat for this species (Shuford 

and Gardali 2008). 

Study Area 

My study area consisted of 17 locations known to be used by burrowing owl in the winter 

months, in Butte and Tehama Counties, California, and covered 1600 km2 (Fig. 1). Butte and 

Tehama Counties occupy the northeast portion of the Northern Sacramento Valley [NSV]. Much 

of this area consists of open grassland habitat primarily used for cattle grazing. It is bordered on 
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the east by the Sierra Nevada and Cascade ranges, to the north by the Cascades, and to the west 

by the Coast Ranges. Floristically, it is primarily a Valley Grassland, which, pre-European 

settlement, was largely comprised of perennial bunch grasses, such as purple needle grass (Stipa 

pulchra), bluegrass (Poa spp.), and three-awn (Aristida sp.) (Ornduff et al. 2003). Today, most 

of the native bunch grasses have been replaced by exotic annual grasses and cultivated crops, 

such as a variety of orchard and row crops, as well as rice (Ornduff et al. 2003). The terrain in 

the valley is mostly flat with a gently sloping topography. Drainages in this habitat often create 

cut-banks, into which burrows are often constructed.  
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                Figure 1. The location of the study sites represented in this study in the 

      northern Sacramento Valley, California. 

 

Land management varied across sites and included conservation management, private-

agricultural, and county maintained water conveyances. The Nature Conservancy [TNC], the 

largest non-governmental conservation organization in the world, manages 29.4% of the sites in 

this study at the 1,862 km2 Vina Plains Preserve, 21 kilometers north of Chico. The site is 
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managed for the conservation of vernal pool grasslands (Kareiva et al. 2014). There were natural 

[NB] and artificial burrows [AB] at Vina Plains (sites NB1, NB2, NB6, AB1, and AB2). Private, 

agricultural lands comprised 47.1% of the sites. They consisted of mostly cattle pasture (sites NB 

3, NB4, NB5, AB3, and AB4) and rock-pile [RP] habitat at the edge of an olive orchard (sites 

RP1, RP2, and RP3).  

Williford et al. (2009) reported the use of culverts by burrowing owls in winter in southern 

Texas. The culverts used in my study were all located under county maintained roads, and were 

managed by their appropriate counties. Culverts [CU] represented 23.5% of the study sites. 

Culvert diameter ranged from 61 cm to 122 cm. The 61-cm culvert was located on a moderately 

traveled gravel road in Butte County. The 122-cm culverts typically had 1-2 similar culverts 

immediately adjacent to them, and were placed under minimally traveled paved roads in Tehama 

County. The sites associated with this category are CU1, CU2, CU3 and CU4. Cattle grazing 

occurred within 10 m of each culvert. 
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CHAPTER II 

METHODS 

I conducted surveys year-round at pre-determined sites of known burrowing owl 

occupancy or use in Butte and Tehama Counties, from July 2012 to March 2015. To identify 

locations of reported burrowing owl activity, I contacted local Audubon Society chapters, birding 

clubs, and citizen science databases, such as eBird and the California Natural Diversity Database 

[CNDDB]. I also relied on personal observations to identify burrowing owl locations. Twenty-

eight sites were originally chosen for this study, ranging throughout five counties (Butte, Colusa, 

Glenn, Tehama, and Yuba). Six of those sites were discarded because permission to access was 

not granted.  

I confirmed usage at each site through personal observation before the start of the 

investigation. Once I confirmed site utilization, I requested permission from local landowners 

and managers for access to each site. Presence-absence surveys began as soon as access was 

granted. 

I categorized and named each location based on the following physical characteristic types:  

 Natural Burrow [NB]: non-anthropogenic burrow located in cut-bank of seasonal drainage  

 Artificial Burrow [AB]: burrow created and installed for the purpose of burrowing owl use 

 Rock-pile [RP]: burrow located within an anthropogenic pile of boulders  

 Culvert [CU]: road culvert used by burrowing owl for cover or protection 
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Internal Burrow Data 

To record the relative internal environment of each burrow, an iButton® DS1923 data 

logger from Maxim Incorporated was used to record relative humidity [rH] and temperature [T]. 

A housing was created using 1.9-cm PVC couplings and end caps to hold the iButtons. The 

couplers were double female (Dura D2466) with six 5 mm holes drilled along the circumference 

on the centerline to allow for air flow. The coupler was capped with a 1.9-cm male screw-on end 

piece (Dura D2464). A 15-mm hole was drilled through the end of each cap for air flow. The 

housing was then painted dark brown to camouflage it better within its surroundings.   

 I programmed the iButton in the field to record rH and T (°C) at 4-hr intervals. Recording 

times were 2400, 0400, 0800, 1200, 1600, and 2000. I chose these times in an attempt to capture 

the natural progression of highs and lows for each day, while maintaining consistency in timing 

throughout the year. Once a data logger was programmed, I placed it in the prepared housing. I 

secured a 180 cm length of 16 gauge wire to the housing at one end. The other end of the wire 

was secured to a 15-cm metal spike. I secured the spike to the ground just outside the opening of 

the burrow and placed the data logger (in its housing) as far back into the entrance of the burrow 

as it would reach (approximately 180 cm). I secured the wire as close to the edge of the burrow 

wall as possible so that it did not present an obstacle for owls.  

Data Processing 

 Using the Trifacta Wrangler software tool, I transformed the data retrieved from the data 

loggers.  I extracted all measurements for 0400 (A.M.) and 1600 (P.M.) for further analysis. I 

chose these times to best represent likely extremes in both relative humidity and temperature 

(high-low). Diurnal fluctuations of rH and T did not follow the same pattern, so for simplicity, 
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these data are identified as A.M. and P.M. instead of high and low. I calculated means for 

morning and afternoon readings by season. Seasons were defined as follows: December – 

February = winter, March – May = spring, June – August = summer, and September – November 

= autumn. I obtained ambient humidity and temperature measurements from the nearest airports 

for comparison with internal burrow readings. Airports record weather data hourly, and so they 

proved to be the most reliable sources for this kind of data. I used data from the Chico Municipal 

Airport for the northernmost sites and Oroville Municipal Airport for the southern sites. Both 

airports are located in open grassland areas similar to my study sites. Distances ranged from 7-24 

km from the study sites for the northern area and 10-22 km for the southern area.  

 The means for rH and T were calculated for each season and for A.M. and P.M. within 

each burrow type. Ambient means were also calculated for the above parameters and subtracted 

from the corresponding internal means. These differences represent the differential between 

internal and ambient conditions for each burrow type.  

Presence-Absence Surveys 

To determine seasonal occupancy I utilized a team of student research assistants to conduct 

presence-absence surveys. Team size fluctuated throughout the study period, and was adjusted to 

ensure sufficient coverage of all sites throughout the seasons.  

Timing 

We conducted surveys once a week during migration (typically August-September and 

February-March) and twice monthly outside of migration. Surveys were conducted in either the 

morning or the evening. Morning surveys were conducted within 4 hours after sunrise. Timing of 

evening surveys differed between winter and summer. Winter evening surveys were conducted 
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within 4 hours before sunset and summer surveys were conducted within 3 hours before sunset 

due to afternoon heat concerns. I chose this timing to increase detection probability, and to 

coincide with periods when owls were more likely to be active outside of their burrows (in 

daylight hours) and more easily detected (Conway et al. 2008). Detection probability decreases 

significantly during periods of rain or heavy wind (≥16 km/h); we did not conduct surveys 

during these conditions (Conway et al. 2008). Very light precipitation did not preclude surveys. 

Duration 

Each survey was conducted for 20-min at each site. We recorded weather data and 

disturbance level and type upon arrival at each site. Most sites were viewable from a road and so, 

wherever possible, we conducted the first 5 minutes of observation from within a vehicle to 

minimize disturbance. After 5 minutes, we exited the vehicle, if necessary, and moved around 

the burrow to gain a better view. If an owl was detected, we retreated back to the vehicle to limit 

disturbance. At the end of 20 minutes, we finalized and recorded all observations. 

Data recorded 

Weather data recorded during each visit included temperature (°C), wind (using the 

Beaufort scale), percent cloud cover, and precipitation (light, moderate, or heavy). Disturbance 

levels were determined based upon the activity level and disturbance type in the area around the 

burrow, and were recorded as low, moderate, or heavy. Typical activities included traffic on 

nearby roads, cattle grazing, or the presence of the observer. If we reported a disturbance, we 

provided further explanation on the field data sheet. Due to the subjective nature of these data, I 

did not use them in my final analysis. When we detected an owl, we recorded the location at first 

sighting (e.g., at burrow entrance, on top of burrow) and any behavioral observations. The same 

data were recorded for each additional owl observed at the site. 
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Safety Precautions 

In order to minimize impacts, we took special precautions to ensure an owl’s safety. For 

instance, if a predator was detected in the vicinity at the time of the survey, we terminated the 

survey immediately, and conducted a make-up survey within 4-days of the aborted attempt, 

regardless of whether or not an owl was observed prior to the detection of the predator. If, in 

searching for an owl, one was flushed from a hidden location, we immediately left the area to 

allow the owl to relocate cover. Additionally, if an owl displayed signs of alarm (crouching in 

cover while looking at the observer, rapidly scanning the area, bobbing its head, etc.), we 

retreated from the area, sometimes returning to the vehicle. 

External Burrow Data 

External burrow data were also collected at each site. I characterized burrow type as 

Natural, Artificial, Rock Pile, or Culvert (see definitions at the beginning of this chapter). I 

classified land use for each site into three management categories: conservation management, 

private agriculture-pasture, and county road maintenance. Using a standard compass, I 

determined the orientation of each burrow entrance. The presence or absence of burrowing 

mammals, and whether the area was grazed were also recorded. Distance to the nearest water 

source and type (permanent or seasonal) were also recorded.   

Vegetation Surveys 

To determine the dominant vegetation type, average vegetation height, and density of 

cover, the following protocol was used: A 1-m2 quadrat, made out of PVC pipe, was used to 

describe vegetation data in front of, behind and to the sides of each burrow. The quadrat was 

divided at the 0.5-m mark on each side as shown in Figure 2 to facilitate density estimations. 
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To begin, I placed the quadrat at the mouth of the burrow entrance, in the #1 position 

(Figure 3). I used three categories for ground cover: bare ground, defined as an area devoid of 

vegetation, grass, and forb.  For each category, I recorded the estimated average height (cm) and 

percent cover. I then moved the quadrat one meter forward (Fig. 3), to the #2 position, and 

recorded the above data again. This was done one more time, to the #3 position, for a total of 

three square meters of vegetation data in the area directly in front of the burrow entrance. I then 

turned clockwise 90°, positions #4-6, and recorded the vegetation for 3 m. I repeated this at 90° 

to record the vegetation behind the burrow entrance, positions #7-9, and at 90° again, positions 

#10-12, to record vegetation to the left of the burrow entrance (Fig. 3). I then calculated the 

overall means for percent cover of each type as well as vegetation heights.

 

Figure 2. One-meter2 quadrat used to measure 

vegetation type and density. 

      
 

      Figure 3. Plot map illustrating direction             

and order of vegetation measurements in 

relation to burrow entrance. Numbers and 

arrows indicate order of progression. 
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CHAPTER III 

 

RESULTS 

 Wintering burrowing owls in the NSV were found to use 4 different habitats: natural 

burrows, artificial burrows, rock piles, and culverts. Data were collected at 17 sites throughout 

Butte and Tehama Counties. Mean values were calculated for each site and sample numbers (n) 

represent the number of measurements (rH or T) for each burrow type within the relevant 

categories (e.g., season and semidiurnal period, or vegetation height). Negative results represent 

lower rH or T and positive results represent higher rH or T within burrows, compared to ambient 

conditions. 

 Most burrow entrances (71%) were oriented to the west, northwest and northeast, between 

256 and 360 degrees and 0 and 30 degrees (Fig. 4).  

 

 
  Figure 4. Burrow entrance aspect in degrees, overlaid onto a compass to  

illustrate the various orientations of burrow entrances on the landscape. 
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Natural Burrows 

All natural burrows were located in cut-banks of seasonal drainages with no apparent 

burrowing mammals at or near the burrows. Fifty percent of the burrows were on private cattle 

ranches, and 50% were on land managed by TNC; all were grazed by cattle in the winter. Most 

natural burrow entrances were oriented to the northwest or northeast (Figure 4). All but one 

burrow were within 3 m of water during the wet season. All burrow entrance openings were 

round to laterally oblong in shape, and varied in height from 16-63 cm (Table 2).  

Burrowing owl occupancy was observed in the fall and winter for all sites, and year-round 

at 75% of these sites. No breeding was observed during the study. However, breeding was 

confirmed at one natural burrow the year prior to the start of this study (2011), and at another 

natural burrow the year following the study, in Spring 2015. The maximum number of owls we 

observed at any natural burrow was two. 

 In all natural burrow sites relative humidity [rH] means were consistently higher than 

ambient humidity means across all seasons and semidiurnal periods (A.M. or P.M.) (Fig. 9). The 

greatest difference between internal and ambient rH means occurred in the spring P. M. (�̅� = 

55.17%, SD = 26.15%, n = 763) (Table 2).  

Mean temperatures within natural burrows were warmer than ambient conditions across all 

seasons in the A. M., whereas, in the P.M., internal temperature means tended to be cooler than 

ambient means for all seasons except winter (Fig. 10). Winter temperature mean differential 

(n=891) was 0.71 °C (SD=4.41 °C), which was also the lowest differential for all means. The 

greatest difference between internal and ambient temperature means occurred in the summer 

P.M. (n=868) with �̅�= -6.85 °C (SD=2.67 °C) (Table 1).  
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 Mean vegetation heights surrounding natural burrows ranged from 22.9 cm (SD = 16.1 cm) 

to 23.8 cm (SD = 15.9 cm) for forbs (n = 62) and grasses (n = 56), respectively.  I found that bare 

ground was the dominant mean ground cover at 67%, followed by grass at 23% and forbs at 10% 

for this burrow type (Fig. 5). 

 

 
              Figure 5: Mean percentage of ground cover surrounding natural  

            burrows for 3 m2 in front, behind, and to each side. 

 

 

Table 1: Greatest differences between internal and ambient means for relative humidity and temperature 

and in which season and time they occurred. 

 

Burrow type 

Greatest mean T 

differential (°C) 
Season and 

Time 

Greatest mean rH 

differential (%) 

Season and 

Time 

Natural -6.85 Summer P. M. 55.17 Spring P. M. 

Artificial 10.36 Summer A. M. 42.01 Spring P. M 

Rock pile 6.80 Summer A. M. 43.34 Spring P. M 

Culvert 3.37 Autumn A. M. 21.32 Spring P. M 
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Table 2. Physical attributes and seasonal usage of fall-winter burrowing owl burrows, by type, in 2012-

2015. F = autumn, W = winter, SP = spring and SU = summer. 

 

Site 

Burrow 

entrance 

orientation 

in compass 

degrees 

Dist. to 

water 

(m) 

Type of 

water 

source 

Burrow 

entrance 

height 

(cm) 

Burrow 

entrance 

shape 

Max # 

owls 

observed 

*Seasons 

occupied 

Natural Burrows 

NB 

1 18 2.81 Seasonal 34 

laterally 

oblong 2 F, W, SP, SU 

NB 

2 98 2.34 Seasonal 19 round 2 F, W, SP, SU 

NB 

3 128 23.23 Seasonal 16 round 1 F, W, SP, SU 

NB 

4 342 0.81 Seasonal 63 

 laterally 

oblong 2 F, W, SP, SU 

NB 

5 331 1.14 Seasonal 23 

laterally 

oblong 2 F, W, SP 

NB 

6 30 2.86 Seasonal 27 

laterally 

oblong 1 F, W, SP 

Artificial Burrows 

AB 

1 300 59.08 Seasonal 15 round 3 F, W, SU 

AB 

2 152 24.79 Seasonal 15 round 3 F, W, SP, SU 

AB 

3 316 48.23 Seasonal 15 round 1 F, W 

AB 

4 315 44.75 Seasonal 15 round 1 F, W 

Rock Pile 

RP 1 268 4.27 Seasonal 18 irregular 3 F, W 

RP 2 270 6.55 Seasonal 25 irregular 3 F, W 

RP 3 226 1.38 Seasonal 20 irregular 3 F, W 

Culvert 

CU 

1 273 0 Seasonal 122 round 1 F, W, SU 

CU 

2 248 0 Seasonal 122 round 1 F, W 

CU 

3 256 0 Seasonal 122 round 1 F, W 

CU 

4 281 0 Seasonal 61 round 1 F, W, SP 
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Artificial Burrows 

 

 Artificial burrow sites were on land that allowed winter cattle grazing. Two of these 

sites were on private land and two were managed by TNC. Seventy-five percent of the artificial 

burrow entrances faced northwest (Fig. 4). All artificial burrow entrance openings were round 

and 15 cm in diameter (Table 2). 

We observed owls at all artificial burrow sites during the fall and winter, and 50% of the 

sites year-round. No burrowing mammals were observed at any of these sites, and no breeding 

was documented during the study. The maximum number of owls observed at any artificial 

burrow was 3. On this occasion, the owls were observed moving between adjacent burrows. 

The differential for mean rH in artificial burrows indicated that internal humidity was 

lower than ambient humidity in the A.M., regardless of season (Fig. 9). An opposite trend was 

shown in the P.M., with higher internal humidity than ambient conditions across all seasons. 

(Fig. 9). The greatest difference between internal rH and ambient occurred in the spring P.M. (n 

= 502) �̅� = 42.0%, SD = 12.08% (Table 1). 

 Temperature differences showed an opposite trend. Internal temperature means were 

warmer (higher) than ambient means in the A. M. and cooler (lower) in the P. M. for all seasons 

(Fig. 10). The greatest difference between internal and ambient temperature occurred in the 

autumn A. M. (n=764), �̅�= -24.47 °C (SD=12.63 °C) (Table 1).  

 Mean grass height (n = 48) was 28.3 cm (SD = 6.3 cm), and the mean forb height (n = 48) 

was 21.8 cm (SD = 8.6 cm). Ground cover consisted of 39% bare ground, 34% grass and 27 % 

forbs (Fig. 6). 
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         Figure 6: Mean percentage of ground cover surrounding artificial  

         burrows for 3 m2 in front, behind, and to each side. 

 

Rock Piles 

 These burrows were located in the same series of rock piles, which was approximately 96 

m long. Burrow entrances were not well defined (gaps between boulders), and were of irregular 

shape and size, ranging from 18-25 cm. The rock pile was oriented north-south near a gravel 

road adjacent to an olive orchard. Cattle were not present within the area but were observed 

grazing within 10 m of the rock pile. I recorded at least two species of burrowing mammals, 

including California ground squirrel and desert cottontail (Sylvilagus audubonii). We did not 

observe any evidence of breeding at these sites, and the maximum number of owls observed 

during any survey was three. The owls were observed moving from one burrow to another and 

only during the fall and winter. 

 For rock piles, internal rH means tended to be greater than ambient means with the 

exception of autumn A. M. and summer A. M. (Fig. 9). The mean differential for rH in autumn 

A. M. (n=546) was -7.84% (SD=14.37%), and summer A. M. (n=522) mean was -9.66%, 

(SD=17.95%), indicating lower internal humidity means for these time categories. The greatest 
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difference between internal and ambient humidity occurred in spring P.M. (n=312), �̅�=43.34%, 

(SD=14.88%) (Table 1). 

 Temperatures tended to follow the same trend as the previous burrow types with higher 

internal temperatures in the A.M. and lower temperatures in the P.M., relative to ambient 

measurements (Fig. 10). The largest difference between internal and ambient temperatures for 

rock piles occurred in the summer A. M. (n = 522) �̅� = 6.80 °C (SD = 6.23 °C).   

 The dominant ground cover type at these sites was bare ground at 94%, followed by 5% 

grass and 1% forb (Fig. 7). I calculated mean grass height (n = 14) to be 48.5 cm, (SD = 9.6 cm) 

and forb height (n = 5) was determined to be 32.4 cm (SD = 15.9 cm). 

 

 
          Figure 7: Mean percentage of ground cover surrounding rock  

          piles for 3 m2 in front, behind, and to each side. 

 

Culverts 

 Culverts used by burrowing owls in this study do not represent the typical burrow 

structure used by this species. They are open-ended and do not provide an enclosed chamber as 
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do other types already documented here. These “burrows” are large, cylindrical, culverts ranging 

in diameter from 61 cm to 122 cm. Culverts are made of corrugated steel pipes and act as water 

conduits for seasonal drainages under roadways. These sites were located near grazed cattle 

pastures, but cattle were excluded from the immediate area of these sites. No burrowing 

mammals were observed at any of these sites. Burrowing owl observations occurred primarily 

during the fall and winter, and breeding activity was not documented by my team at culverts 

(Table 2).  

In most cases, culverts showed higher internal means for humidity and internal temperature 

means inside of culverts were also higher when compared to ambient means for all seasons 

except for spring (Fig. 9 and 10). 

 Bare ground comprised 60% of the ground cover near culverts, followed by 27% grass and 

13% forbs (Fig. 8). Mean grass height (n=30) was 56.2 cm (SD = 11.5 cm), and mean forb height 

(n = 31) was 34.6 cm (SD = 13.5 cm). 

 

 
  Figure 8: Mean percentage of ground cover surrounding  

 culverts for 3 m2  in front of, behind, and to each side. 
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Figure 9.  Internal rH mean – ambient rH mean for each burrow type. Positive results indicate higher internal humidity, while negative 

results indicate lower internal humidity when compared to the ambient mean. Error bars are 1 standard deviation. 
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Figure 10.  Internal temperature mean – ambient temperature mean for each burrow type. Positive results indicate higher  

internal temperature compared to ambient temperature, while negative results indicate lower internal temp., when compared  

to the ambient mean. Error bars are 1 standard deviation.
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CHAPTER IV 

DISCUSSION 

All natural burrows were located in cut-banks along seasonal drainages. All but one of the 

burrows in this category (83%) occurred within 2.86 m of water during winter; 71% of all 

burrows, across types, were located within 6.55 m of a water source. This association with water 

is an interesting characteristic of natural burrows in this region and its importance is yet to be 

determined. Birds of prey, such as owls, often rely on the body fluids of their prey to satisfy most 

of their water intake needs (Gill 1990). However, Coulombe (1971) reported that burrowing owls 

were observed, on several occasions, drinking water from free water sources. This occurred 

regardless of ambient temperatures, but most frequently when ambient temperature was 30 °C or 

higher (Coulombe 1971). He suggested that the owls drink water for thermoregulation in hot 

temperatures. It is suggestive that close proximity to water may enhance the attractiveness of 

burrows to potential owl users. Beebe et al. (2014) stated that “owl occupancy was positively 

associated with soil type and canal water presence” in Phoenix, Arizona. All water sources 

recorded in this study were seasonal and were dry by late summer when temperatures peaked. 

Small mammal abundance may be greater within 50 m of a water source (Switalski and Bateman 

2017). Could close proximity to water enhance the availability of prey or add protection from 

predators in the fall and winter? Further study is needed to determine which characteristics of 

these cut-banks are of greatest importance to owls.  

Internally, natural burrows showed higher humidity than ambient conditions across all 

seasons and semidiurnal periods. The greatest differences occurred in the P.M. (Fig. 10). This 

could be important, especially in the summer months, when nesting. Although no breeding   
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activity was observed during this study, the only sites that were confirmed to support breeding 

outside of the study period were in natural burrows. Burrow temperatures tended to be higher 

than ambient readings in the mornings, but lower than ambient readings in the late afternoons for 

these burrows. This is what you would expect for burrows that are insulated by earth and would 

therefore have a moderating effect on internal conditions. Many organisms manipulate their 

surroundings, creating microhabitats that provide environmental buffers as well as protection 

from predators (Coulombe 1971, Bronner 1992, Miller et al. 2009). Temperature and humidity 

modulation in burrow microclimates has been documented for several burrowing species, 

including the Mojave desert tortoise (Gopherus agassizii), house mouse (Mus musculus), and 

gall-forming arthropods such as the California gall wasp (Andricus quercuscalifornicus), to name 

a few (Bulova 2002, Avenant and Smith 2003, and Miller et al. 2009). Desert tortoise burrows 

provided lower temperatures and considerably higher humidity than ambient conditions. This 

likely resulted in lower evaporative water loss in the tortoise (Bulova 2002). California gall wasp 

larvae were able to modify their surroundings significantly by the induction of the gall, which 

increased internal humidity by around 40% in immature galls (Miller et al. 2009). The increased 

humidity relative to ambient conditions provided a microenvironment favorable to developing 

larvae (Miller et al. 2009). Avenant and Smith (2003) found that temperatures in house mouse 

burrows on Marion Island, South Africa, fluctuated less inside the burrows compared to ambient 

conditions. This was also true for most burrow sites in this study. In general, all burrow types 

showed warmer temperature means internally (A.M.) compared to ambient means, and 

conversely, showed cooler temperature means (P.M.) than ambient high temperature means. 

Artificial burrows showed the greatest differences from ambient means while culverts showed 

the lowest difference.   
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It is unclear if burrow entrance orientation is an important factor in burrow choice. Slightly 

more than half (59%) of burrow site entrances faced between 268° and 360° (west, northwest 

and northeast). Orientation could provide protection from cold winter winds. Avenant and Smith 

(2003) found that house mouse burrow entrances generally faced away from prevailing winds. 

The prevailing winds within the NSV between October and December were reported by the 

National Oceanic and Atmospheric Administration [NOAA] (1998) to primarily come from the 

north-northwest for the southern portion of the NSV and northwest for the northern portion of 

the study area. This suggests that burrow orientation may not be an important factor in protection 

from winter winds.  

Artificial burrows could be an important management tool in attempts to provide additional 

habitat for the western burrowing owl. This study shows usage of habitat by burrowing owls 

primarily in winter, with moderate use in the spring and summer months. Artificial burrow sites 

associated with spring and summer use are also associated with the presence of natural burrows.  

In general, artificial burrows tended to have an insulating effect on ambient temperatures 

similar to that seen in natural burrows. Burrow temperature means were higher in the morning 

and lower in the afternoon compared to ambient means. Overall, internal relative humidity 

means were lower in the morning and higher in the afternoon relative to ambient means.  

Artificial burrows are designed to mimic natural burrows although they may fall short of 

the needs of their target species. For instance, they may be installed too deep or too shallow, the 

aspect may be in the wrong orientation, or it may be prone to flooding. Nevertheless, this study 

showed that burrowing owls selected these sites frequently. All sites were occupied in the fall 

and winter, which suggests that these burrows may provide important winter habitat.  
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Rock-piles represent a small portion of both available and utilized habitat, and were only 

occupied in the fall and winter. It is possible that the cavities present in such piles create refugia 

for owls with convenient perches nearby from which to be vigilant. The presence of burrowing 

mammals at this site could suggest that burrows are more extensive than they appear to be.  

The temperature and relative humidity differentials for rock piles followed similar patterns 

as the previous two burrow types. Rock piles contain many gaps that are formed between rocks 

that may allow ambient weather conditions to assert a greater influence internally. However, 

internal relative humidity means in the afternoon were consistently higher than external means 

for all seasons. Like the previous two burrow types, internal temperature means were higher in 

the morning and lower in the afternoon than ambient means.  

These sites are also located extremely close to a seasonal water source which occurs in a 

depression to one side of the rock pile (west side) which accumulates rain and does not flow. 

This could explain the high rH differential which occurs during the winter and spring. The 

proximity of the pools is such that is likely that the soil beneath the rock piles remain saturated 

for most of the winter and spring, even when the surrounding soil appears dry. Once the pools 

dry up, the soil under the piles would also dry up, allowing the humidity to decrease. 

Culverts had little effect on moderating internal humidity and temperature from ambient 

conditions. While there was some evidence of moderation, the differences were likely tempered 

by the size and open nature of the culverts which allows for more air to pass through than the 

other burrow types.  

The primary reason for use by owls during the fall and winter months may have little to do 

with a culvert’s ability to protect the owl from extreme weather. In fact, culverts would often 

flood and owls were not observed during these periods. Once the site had drained sufficiently, an 
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owl would often be seen back at the culvert. It is unknown where owls would temporarily 

relocate to or why they would choose to use a location that floods regularly. Perhaps there are 

other features of this landscape, not revealed by this study, which would better explain culvert 

utilization. A simple explanation is that there are not enough suitable burrows available during 

the fall and winter to accommodate the winter population. Future studies may help to better 

understand this behavior.  

Management Implications 

 This study was designed to provide a baseline understanding of landscape types and 

features known to be used by burrowing owls in the fall and winter. This is the only such study 

within the NSV. Understanding where and when one might find burrowing owls in the NSV is 

the first step to developing valuable management plans and making sound management 

recommendations. There are several actions suggested by this study that could be employed by 

land managers interested in creating or maintaining habitat for burrowing owls. 

Land managers should consider protecting large tracts of grasslands and grazing cattle for 

sound vegetation management. Managers might also consider limiting burrowing mammal 

control measures. This could help to minimize secondary poisoning or accidental shooting, and 

may lead to more potential burrow habitat. Bylo et al. (2014) found that increased grazing 

intensity increased ground squirrel burrow counts. If adequate burrow habitat is not present, 

artificial burrows may serve to mitigate for this deficiency.  

Care should be taken in considering the design and placement of artificial burrows. 

Artificial burrows need regular maintenance to ensure accessibility, such as mowing or grazing. 

This study suggests that proximity to water sources during the fall and winter may be an 

important factor in habitat selection.  
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Land managers are encouraged to maintain rock and debris piles on their land. If a pile 

needs to be removed, it is suggested that it first be surveyed for the presence of owls, especially 

in the fall and winter. To mitigate for the loss of this habitat, artificial burrows may be placed 

nearby. 

Workers and land managers should be aware that owls may be present at road culverts and 

should take steps to minimize disturbance. Providing artificial burrows near culverts with known 

owl use may provide a better alternative in the fall and winter. Care should also be taken to 

minimize disturbance when conducting maintenance.  
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