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ABSTRACT 

In the Sonoran desert, Elf Owls (Micrathene whitneyi) are 

secondary cavity nesters in saguaro cactus (Cereus giganteus). Summer 

habitat of Elf Owls and nest site selection were examined at Saguaro 

National Monument, Rincon Mountain Unit, during 1983 and 1984. Elf Owls 

were censused by spot-mapping on 9 10-ha plots. Owl density was 

compared to coverage of perennial plants by height class and saguaro 

density by size class. Density of Elf Owls was positively correlated 

with the largest size class of saguaros (r = 0.64, p < 0.05). 

Vegetation around nests (n = 67) was compared to vegetation around 

random sites (n = 111) within 2 major vegetation series. In both 

vegetation series, there were higher numbers of large saguaros around 

nest sites than around random sites (p < 0.05). Nests in the mixed 

grass-mixed shrub series had a higher percent cover (p < 0.01) of 

perennial plants greater than 250 an in height and thus a higher cover 

of all perennial plants (p < 0.01) than random sites. In both 

vegetation series, apparently, any saguaro with a cavity was a potential 

Elf Owl nest site. 

x 



INTRODUCTION 

In the Sonoran Desert, Elf Owls (Micrathene whitneyi) nest in 

holes in saguaro (Cereus giganteus) and cardon (Cereus pringlei) cactus 

which have been excavated by Gila Woodpeckers (Melanerpes uropygialis) 

or Northern Flickers (Colaptes auratus). They also nest in the Madrean 

evergreen woodland in southern Arizona and Sonora, and the Sinaloan 

deciduous forests in Sonora and Sinaloa (Ligon 1968). In the United 

States, Elf Owls breed throughout most of southern Arizona and 

southwestern New Mexico (Ligon 1961, Phillips et al. 1964). They also 

occur in low numbers along the lower Colorado River where they occupy 

remnant stands of cottonwoods (Populus sp.) and willows (Salix sp.) 

(Cardiff 1978, Gould 1979). The winter range of Elf Owls, known only 

from a few sightings and specimens, appears to extend from Oaxaca west 

to southwestern Michoacan and from Morelos south to Guerrero. 

The subspecies of Elf Owl found in Arizona is M. w. whitneyi. 

Another subspecies, idonea, extends its breeding range north to 

the Big Bend Region of Texas and may share the winter range of M. w. 

whitneyi. Two other subspecies, M^ w^ sanfordi of Baja California, and 

M. w. graysoni of Isla Socorro, Revillagigedo Group, Baja California 

Sur, are thought to be permanent residents (Ligon 1968). 

1 
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Little information is known about the habitat requirements of 

Elf Owls outside of the Madrean evergreen woodland (Ligon 1968). This 

study was designed to examine Elf Owl habitat and nest site selection in 

the Sonoran Desert portion of the breeding range. The objectives were 

to: 1) test for associations between breeding density of Elf Owls and 

measured characteristics of the perennial vegetation, and 2) to 

determine the vegetation characteristics that distinguish nest sites 

from random sites. 



STUDY AREA AND METHODS 

The study was conducted in the portion of the Rincon Mountain 

Unit of Saguaro National Monument, Arizona (Fig. 1). Because Elf Owls 

nest in holes in saguaro cactus, only the area below 1249 m in elevation 

(the approximate upper elevation range of saguaro) was examined. This 

is an area of approximately 59 km^. 

I identified vegetation types following the divisions of Brown, 

Lowe, and Pase (1977) (Fig. 2) (also see Brown and Lowe, 1974, and 

Brown, 1982). Vegetation in the study area is in the Arizona Upland 

Subdivision of the Sonoran Desert. Below 1067 m in elevation on the 

bajada of the Rincon Mountains is the paloverde-mixed cacti series. This 

series is dominated by foothill paloverde (Cercidium microphyllum) and 

mesquite (prosopis juliflora) (approximately 38 km^). The 

topography of the paloverde-mixed cacti is gently rolling hills. Above 

1067 m is the mixed grass-mixed shrub series (approximately 19 km^). 

Dominant plants are burroweed (Haplopappus laricifolius) and foothill 

paloverde. The mixed grass-mixed shrub series covers the steep, rocky 

western foothills of the Rincon Mountains. 

Most of the study area, especially the gently rolling 

paloverde-mixed cacti area, was heavily grazed by cattle from the early 

1900's until 1958. Portions were grazed until 1978 (H. Coss, pers. 

comm.). 

3 
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Figure 1. Location of Saguaro National Monument, Arizona. 
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Figure 2. Western portion of Saguaro National Monument, Rincon 
Mountain Unit, showing vegetation types according to Brown, Lowe, 
and Pase (1977). 

Locations of the 9 10-ha plots are shown (A - I). 
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I established 9 10-ha plots (316.2 m x 316.2 m) according to a 

stratified random design (Fig. 2). The plot boundaries were marked with 

surveyor's flagging and reflective tags. 

Cover of perennial shrubs was measured on these plots using 

Canfield's (1941) line intercept method. Twelve to 17 random points 

were located on each plot depending on the variability of the 

vegetation. At each point, I established 2 perpendicular 30 m transects 

intersecting at the 15 m mark. Compass orientation of the transects was 

selected randomly. Vegetation was placed into 1 of 2 height classes: 

less than 250 cm in height or greater than or equal to 250 cm in height. 

These height classes were selected because tall vegetation was used most 

often for roosting, hunting perches, and landing areas by adults prior 

to feeding nestlings. (Average cover for each species measured by 

vegetation type is presented in Appendix A.) 

Saguaros within 20 m of the plot center were counted and placed 

into 5 classes based on height, and the length and number of arms (Fig. 

3). Presence or absence of cavities in each saguaro was noted. 

I measured the height and cavity entrance orientation of all 

cavities on 4 of the plots. Cavities were identified from ground 

observation only; height measurements were made with a clinometer. 

Elf Owls were censused using the spot-mapping method (Williams 

1936, Kendeigh 1944, Robbins 1970). I visited each plot at least 5 times 

between late March and mid-May, 1984. A taped call was used to elicit 

Elf Owl responses (Johnson et al. 1981). The censuses were scheduled so 

that each plot was visited at different times of the night. However, 

each plot was visited at least twice during the periods just after dark 



5m 

4m 

3m 

h \V 

Figure 3. Saguaro Classes. 

Classes of saguaros based on size and number of arms: class 1: saguaros less than or equal to 
3 m in height (saguaros of this size do not yet possess arms); class 2: greater than or equal 
to 3 m in height with no arms, buds (less than 6 cm in length) are permissible; class 3: 
greater than or equal to 4 m in height and possess arms less than 1 m in length; class 4: at 
least 5 m in height, 1-2 arms greater than or equal to 1 m in length; class 5: at least 5 m 
in height, at least 3 arms greater than or equal to 1 HI in length. 

-o 
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or just before daylight when territorial activity was most intense. Owl 

response was best during periods when the moon was full or nearly full 

(Johnson et al. 1979). 

I located. 67 Elf Owl nests between March and July in 1983 and 

1984. Initially, nests were found by investigating cavities within known 

territories. Later, nests were easily located by listening for 

nestlings calling from cavities (Ligon 1968). (See Appendix B for a 

comparative discussion of Elf Owl census techniques.) In 1984, I 

checked the nests found in 1983 for reoccupancy. 

Vegetation surrounding each of the nests was measured as 

described for random points. Transect lines were placed so that the nest 

saguaro was at the intersection of the 2 lines. Height of each of the 

nest cavities was measured using a clinometer. Compass orientation of 

the cavity entrance and the position of the nest cavity, either in an 

arm or main stem of the saguaro, was noted. 



RESULTS 

Elf Owl Abundance and Vegetation Characteristics 

The number of nests on each of the 9 plots (range = 0-4) was 

ranked with each of 9 vegetation characteristics (characteristics are 

identified in Tables 1 and 2). Associations were tested with Spearman's 

rank correlation coefficient (Gibbons 1976). Only the number of 

saguaros in class 5 showed a significant positive association (r = 0.64, 

p < 0.05). 

Nest Site Selection 

Use of Cavities 

Nest heights ranged from 3.4 to 10.9 m, and averaged 6.3 m (n = 

62, d = 1.7). Forty-six percent were located in saguaro arms and 54 % 

were in the mainstem. Heights of available cavities sampled ranged from 

2.9 to 11.9 m, and averaged 6.5 m (n = 133, d - 1.7). Comparison of 

nest cavities and available cavities by height class revealed a slight 

preference for lower cavities, although Elf Owls used cavities in every 

height class (X2 = 9.0, p = 0.4) (Fig. 4). 

Compass orientation of the available cavities (n = 133) was 

random (X2 = 0.6, p = 0.9, 5 df) (Baschelet 1965). Compass orientation 

of nest cavity entrances also was random (X2 = 1.92, 0.9 > p > 0.8, 5 

df) (Fig. 5). 

In 1984, 16 of the 29 (55 %) Elf Owl nests found in 1983 were 

reoccupied. 

9 
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Table 1. Comparison of the average number of saguaros within 20 m of 
Elf Owl nest sites and random sites in two vegetation series at Saguaro 
National Monument, Arizona. 

Paloverde-mixed cacti Mixed grass-mixed shrub 

Saguaro3 

class 

Nest 
sites, 
(51) 

Random 
sites 
(76) tc 

Nest 
sites 
(16) 

Random 
sites 
(35) t 

1 0.9 1.1 0.7 2.8 6.0 1.8* 

2 1.0 0.5 -2.0* 1.8 2.8 -0.4 

3 0.7 0.6 -0.8 0.9 0.6 -1.3 

4 0.2 0.1 -1.0 0.1 0.1 0.6 

5 0.8 0.4 -2.9** 0.4 0.1 -1.9* 

Total 
Saguaros 

3.4 2.6 -1.8* 6.2 9.7 0.8 

aClass 1 saguaros: <3m in height, no arms; class 2: >3m, no arms; 
class 3: >4m, arms present, but not >lm in length; class 4: >5m, arms 
>lm in length, but not more than 2 arms of this length; class 5: >5m, 
>3 arms >lm in length. Total saguaros counted: random points, n = 538; 
nest sites, n = 344. 

u 
Sample size 

cStudents t-test approximation for samples with unequal variances 
(Steel and Torrie 1960). I transformed the saguaro counts before 
testing according to the method of Bartlett (1947). * - p < 0.05, 
** - p < 0.01. 
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Table 2. Comparison of percent cover of perennial vegetation around 
Elf Owl nest sites and random sites in two vegetation series at Saguaro 
National Monument, Arizona. 

Paloverde-mixed cacti Mixed grass-mixed shrub 

Vegetation 
height 

Nest 
sites 
(51)a 

Randan 
sites 
(76) t* 

Nest 
sites 
(16) 

Randan 
sites 
(35) t 

> 250 cm 15.3° 12.6 1.5 13.7 5.1 3.9** 

< 250 cm 26.4 27.0 0.4 30.1 28.9 0.4 

Total 
Ground Cover 

41.7 39.7 1.0 43.8 34.1 2.5** 

aSample size 

^Students t-test approximation for samples with unequal variances / 
(Steel and Torrie 1960). ** - p < 0.01 

cPercent cover measured using Canfield's (1941) line intercept 
method (60 m transects). 



12 

E L F  O W L  N E S T S  

O  A V A I L A B L E  C A V I T I E S  
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Figure 4. Comparison of Elf Owl nest heights (n = 62) with available 
cavity heights (n = 133) at Saguaro National Monument, Arizona (X = 
9.01, p = 0.4, df = 9). 

Five nest saguaros fell over before nest heights were measured. 



Figure 5. Nest opening orientation of 61 Elf Owl nests at Saguaro 
National Monument, Arizona. 

The cavity entrances are randomly oriented (X^ = 1.92, p > 0.8, 
df = 5). Six nest saguaros fell before opening orientations were 
measured. 
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Use of Saguaros 

Availability and use of cavities as nest sites were compared by 

saguaro class. Data from both vegetation series were combined for this 

analysis. Elf Owls used nest cavities in saguaros by class in 

approximately the same proportions that the cavities occurred by class 

(Fig. 6). Most cavities and nests occurred in class 5 saguaros. This 

distribution was skewed in relation to the availability of saguaros in 

both vegetation types (Fig. 7). 

Vegetation Around Nest Sites and Random Sites 

Vegetation around nest sites was compared to that around random 

sites in each vegetation series. Plot F (Fig. 2) was excluded from the 

analysis of the paloverde-mixed cacti series because only two saguaros 

occurred in the plot and neither contained a cavity; thus there were no 

nest sites for Elf Owls. 

The only differences in vegetation between random sites and nest 

sites in the paloverde-mixed cacti series were that the total number of 

saguaros and the number of saguaros in classes 2 and 5 were higher 

(p < 0.05) around nests (Table 1). 

Nest sites in the mixed grass-mixed shrub series had a 

higher percent cover (p < 0.01) of perennial plants greater than 250 cm 

in height and thus a higher cover (p < 0.01) of all perennial plants 

than random sites (Table 2). (A list of plants which were measured at 

heights greater than or equal to 250 cm in height is in Appendix A). 

Nest sites in this series also had more saguaros in class 5 (p < 0.05), 

and fewer saguaros in class 1 (p < 0.05) than at random sites (Table 1). 
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Figure 6. Availability and use of cavities as Elf Owl nest sites by 
saguaro class, Saguaro National Monument, Arizona. 

Saguaro classes are described in Figure 3. Cavity availability data 
is from counts of cavities located within 20 m of 111 random points. 
A G-test (Sokal and Rohlf 1981) was used for comparison (G = 7.13, 
p < 0.5). 
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Figure 7. Availability and use of saguaros as nest sites by Elf Owls 
at Saguaro National Monument, Arizona. 

Saguaro classes are described in Figure 3. G-tests (Sokal and Rohlf 
1981) were used for comparison, (paloverde-mixed cacti series: G = 
106.9, p < 0.1; mixed grass-mixed shrub series: <3 = 179.7, p < 0.1) 



DISCUSSION 

In both vegetation series, there were higher numbers of large 

saguaros around nest sites than around random sites; and in the 

paloverde-mixed cacti series there was a higher number of class 2 

saguaros around nests. I believe that these differences were a result 

of saguaro distribution (saguaros appeared to be clumped), and probably 

have little impact on selection of nest sites by Elf Owls. However, it 

is possible that holes in the large saguaros that generally surround 

nests could provide additional roost sites. 

Most Elf Owl nests in the mixed grass-mixed shrub series were in 

riparian zones. Riparian zones make up only a small percentage of the 

area in this series and support relatively lush perennial shrubby 

vegetation and most of the large saguaros. As a result, there were more 

tall shrubs, total shrub cover, and large saguaros around the nest sites 

than around the random sites. The differences in the size and percent 

cover of shrubs were probably a response to the larger water supply, and 

may not necessarily be a factor in Elf Owl nest site selection. In 

addition, the importance of tall shrubs to Elf Owls is difficult to 

assess because of the association between saguaros and tall shrubs. 

Saguaros often germinate in the protection of a nurse plant (Steenbergh 

and Lowe 1977). Large saguaros may be more abundant in riparian zones 

because these provide protection from lightning strikes and high winds. 

The higher number of class 1 saguaros around random sites in this series 

17 
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is probably a result of better conditions for saguaro germination on 

the rocky upland areas (Steenbergh and Lowe 1983). 

In both vegetation series, apparently, any saguaro with a cavity 

was a potential Elf Owl nest. Data on the availability and use of 

cavities by saguaro class, cavity height, and cavity opening orientation 

support this conclusion. However, there may be a slight preference for 

cavities four to six meters in height, although cavities of every 

available height were used. 

In contrast to my findings of random compass orientation, Korol 

and Hutto (1984) and Inouye et al. (1981) found that active nest 

cavities of Gila Woodpeckers in saguaros at Organ Pipe Cactus National 

Monument, Arizona primarily faced northwest. However, considerable 

scatter in the orientation of the nest entrances was found. Korol and 

Hutto (1984) noted that the orientation of all of the available 

cavities, both active and inactive, also was significantly northwest 

oriented, but with a greater dispersion about the mean. 

Of interest is that Gila Woodpeckers and Northern Flickers, and 

subsequently Elf Owls, nested primarily in class 5 saguaros. Korol and 

Hutto (1984) also found that Gila Woodpeckers excavate more cavities in 

tall saguaros and saguaros with arms. I propose 3 possible explanations 

for this selection. First, class 5 saguaros are taller and may provide 

sites for nest cavities that are higher and less vulnerable to 

predation. Second, class 5 saguaros are the oldest saguaros and may 

have physical characteristics that facilitate woodpecker excavation. 



Lastly, class 5 saguaros have been available to woodpeckers for the 

longest period of time. 

Changes of the Saguaro Population 

Analysis of both nest site selection and Elf Owl summer habitat 

has shown that a cavity in a large saguaro was the most important factor 

for Elf Owl nesting. The population of saguaros on the study area has 

changed dramatically in the past 60 years. One of the most significant 

changes is that many of the large saguaros in dense stands for which the 

national monument was established have died. A number of possible 

reasons for this decline have been proposed (Wilder and Wilder 1939, 

Hastings and Turner 1965, Steenbergh and Lowe 1976, 1977, 1983). Wilder 

and Wilder (1939) were the first to propose that vegetation cover 

removed by grazing allowed better foraging for rodents. The resulting 

increased population of rodents, they speculated, would consume more 

saguaro seeds and young saguaros. Hastings and Turner (1965) proposed 

that increased aridity throughout the Southwest in the last 100 years 

caused a decline in numbers of saguaros. Steenbergh and Lowe (1977) 

have proposed that large saguaros have been killed by freezing on .the 

temperature-delineated northeastern boundary of the saguaro's range, as 

well as lightning strikes and being blown down by high winds. Several 

catastrophic freezes in the last century (Bowers 1981) have killed many 

saguaros, but large, old saguaros are especially vulnerable to freezing 

because the diameter of the upper stem narrows with age (Steenbergh and 

Lowe 1983). This allows the growing tip to freeze more easily. Of the 



67 Elf Owl nest saguaros located in this study, 6 (8.9 %) died and fell 

between April, 1983 and December, 1984. 

Steenbergh and Lowe (1977) also thought that livestock grazing 

influenced the structure of the saguaro population. Grazing has reduced 

numbers of class 1, 2, and 3 saguaros which otherwise might replace the 

class 5 saguaros. Livestock grazing removes ground cover that is 

essential for saguaro germination. Removal of cover plants increases 

the vulnerability of young saguaros to freezing, trampling by livestock, 

and consumption by rodents and birds (Steenbergh and Lowe 1977). The 

slightly higher number of class 1 saguaros than class 2, 3, or 4 

saguaros in both paloverde-mixed cacti and mixed grass-mixed shrub 

series may be a result of the increased saguaro germination since the 

end of grazing. Prior to the establishment of Saguaro National Monument 

in 1933, many saguaros between 10 and 30 years old (7 to 127 cm in 

height) were removed for yard landscaping (Steenbergh and Lowe 1977). 

Removal of this size of saguaro in the 1930's corresponds to current 

class 2 and 3 saguaros; and there are now fewer class 2 and 3 saguaros. 

Cutting of mesquite and paloverde for use as fuel wood in lime 

kilns in the first part of this century also may have contributed to the 

lower numbers of young saguaros by removing protective cover. The 

current structure of sizes of saguaros within the paloverde-mixed cacti 

series insures that the decline in numbers of large saguaros will 

continue into the middle of the next century (Steenbergh and Lowe 1983). 

As the size structure of the saguaro population changes, and 

there are fewer large saguaros, what will happen to Elf Owl populations? 

Gila Woodpeckers and Northern Flickers may begin to excavate cavities in 



21 

the smaller saguaros, as they have in portions of southern Arizona where 

saguaro stands are less dense (pers. observation), if woodpeckers 

excavate cavities in smaller saguaros, Elf Owl numbers will not change. 

In any event, because Elf Owls nest in other vegetation types, such as 

Madrean evergreen woodland, I believe that the changes in saguaro class 

structure pose no threat to Elf Owl populations except locally. 



APPENDIX A 

PERENNIAL PLANTS 

The perennial plant information contained in this appendix was 

obtained from 111 60-m Canfield line intercept transects analyzed at 

Saguaro National Monument, Rincon Mountain Unit, between December, 1983 

and March, 1984. Species identification and identification as 

perennials follows Benson and Darrow (1981). Benson (1974) was used as 

the authority for the family Cactaceae. 

List of Perennial plants 

ACANTHACEAE - acanthus family 
Anisacanthus thurberi 

AMARYLLIDACEAE - amaryllis family 
Agave palmeri 
Agave schottii 

BUXACEAE - box family 
Simmondsia chinensis 

CACTACEAE - cactus family 
Cereus giganteus 
Cereus greggii 
Echinocereus fasciculatus 
Ferocactus wislizeni 
Mammillaria microcarpa 
Opuntia arbuscula 
Opuntia bigelovii 
Opuntia fulgida 
Opuntia leptocaulis 
Opuntia phaeacantha 
Opuntia versicolor 
Opuntia violacea 

CHENOPODIACEAE - goosefoot family 
Atriplex canescens 
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COMPOSITAE - sunflower family 
Ambrosia ambrosiodes 
Ambrosia deltoidea 
Artanisia ludoviciana 
Bacchnris sarothroides 
Bahia absinthifolia 
Brickellia coulteri 
Bncelia farinosa 
Gutierrezia sarothrae 
Haplopappus laricifolius 
Haplopappus tenuisectus 
Hymenoclea monogyra 
Hymenoclea salsola 
Porphyllum gracile 
Psilostrophe cooperi 
Viguiera deltoidea 
Zinnia acerosa 

CROSSOSOMATACEAE - crossosoma family 
Crossosoma bigelovii 

EPHEDRACEAE - joint-fir family 
Ephedra trifurca 

EUPHORBIACEAE - spurge family 
Jatropha cardiophylla 

POUQUIERIACEAE - ocotillo family 
Pouquieria splendens 

LABIATAE - mint family 
Hyptis emoryi 

LEGUMINOSAE - pea family 

Caesalpiniodeae - senna subfamily 
Cassia covesii 
Cercidium floridum 
Cercidium microphyllum 
Krameria grayi 

Mimosoideae - mimosa subfamily 
Acacia angustissima 
Acacia constricta 
Acacia greggii 
Calliandra eriophylla 
Lysiloma thornberi 
prosopis juliflora 



Papilionoideae - bean subfamily 
Dalea pulchra 
Coursetia glandulosa 

LILIACEAE - lily family 
Dasylirion wheeleri 
Yucca thornberi 

MALPIGHIACEAE - malpighia family 
Janusia gracilis 

MALVACEAE - mallow family 
Abutilon californicum 
Abutilon pringlei 
Gossypium thurberi 

POLYGONACEAE - buckwheat family 
Eriogonum wrightii 

RHAMNACEAE - buckthorn family 
Ceanothus integerrimus 
Condalia warnocki var. kearneyana 
Ziziphus obtusifolia 

ROSACEAE - rose family 
Vauquelinia californica 

SOLANACEAE - nightshade family 
Lycium berlandieri 

ULMACEAE - elm family 
Celtis tala var. pallida 

VERBENACEAE - verbena family 
Aloysia wrightii 

ZYGOPHYLLACEAE - caltrop family 
Larrea tridentata 



LIST OF PERENNIAL PLANTS 

Greater than or equal to 250 cm tall 

Acacia constricta 
Celtis tala var. pallida 
Cercidium floridum 
Cercidium microphyllum 
Cereus giganteus 
Condalia warnocki var. kearneyana 
Fouquieria splendens 
Larrea tridentata 
Opuntia arbuscula 
prosopis juliflora 
Ziziphus obtusifolia 
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PALOVERDE-MIXED CACTI - PERENNIAL PLANT LIST AND PERCENT COVERAGE 

Percent coverage is an average of measurements from plots A, B, C, D, and G. 

Larrea tridentata 8.4 
Prosopis juliflora 7.9 
Acacia constricta 4.7 
Cercidium microphyllun 3.7 
Haplopappus tenuisectus 3.5 
Zinnia acerosa 2.5 
Opuntia phaeacantha 1.7 
Psilostrophe cooperi 0.96 
Acacia greggii 0.96 
Gutierrezia sarothrae 0.88 
Opuntia violacea 0.54 
Celtis tala var. pallida 0.54 
Condalia warnocki var. kearneyana 0.5 
Atriplex canescens 0.33 
Opuntia fulgida 0.3 
Ferocactus wislizeni 0.28 
Ziziphus obtusifolia 0.25 
Porophyllum gracile 0.24 
Opuntia leptocaulis 0.21 
Opuntia versicolor 0.2 
Hymenoclea salsola 0.2 
Ephedra trifurea 0.19 
Ambrosia deltoidea 0.17 
Lycium berlandieri 0.17 
Bahia absinthifolia 0.14 
Fouquieria splendens 0.13 
Opuntia arbuscula 0.11 
Encelia farinosa 0.08 
Haplopappus laricifolius 0.05 
Brickellia coulteri 0.01 
Anisacanthus thurberi 0.01 
Eriogonum wrightii trace 
Echinocereus fasciculatus trace 
Mammillaria microcarpa trace 
Cereus greggii trace 

Total 40.02 
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PALOVERDE-MIXED CACTI WITHOUT SAGUAROS -

PERENNIAL PLANT LIST AND PERCENT COVERAGE 

Percent coverage is from transects made on plot F. 

Opuntia phaeacantha 7.4 
Larrea tridentata 6.6 
Cercidium microphyllum 5.6 
Acacia constricta 3.5 
Zinnia acerosa 3.3 
Encelia farinosa 2.5 
Bahia absinthifolia 2.2 
psilostrophe cooperi 2.1 
Prosopis juliflora 0.83 
Acacia greggii 0.6 
Opuntia versicolor 0.34 
Haplopappus tenuisectus 0.34 
Celtis tala var. pallida 0.3 
Opuntia fulgida 0.23 
Lycium berlandieri 0.19 
Ephedra trifurea 0.19 
porophyllum gracile 0.08 
Ferocactus wislizeni 0.04 
Opuntia leptocaulis 0.04 
Calliandra eriophylla 0.01 

Total 36.42 
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MIXED GRASS-MIXED SHRUB - PERENNIAL PLANT LIST AND PERCENT COVERAGE 

Percent coverage is an average between plots E, I, and J 

Haplopappus laricifolius 4.4 
Cercidium microphyllum 4.4 
Encelia farinosa 3.6 
prosopis juliflora 3.4 
Acacia greggii 3.0 
Fouquieria splendens 2.9 
Janusia gracilis 2.5 
Eriogonvsn wrightii 2.2 
Calliandra eriophylla 1.9 
Jatropha cardiophylla . 1.3 
Coursetia glandulosa 1.2 
Opuntia phaeacantha 1.2 
Celtis tala var. pallida 1.1 
Lyciun berlandieri 0.79 
Ambrosia ambrosiodes 0.74 
Dalea pulchra 0.7 
Dasylirion wheeleri 0.66 
Abutilon pringlei 0.66 
Agave schottii 0.57 
Vauquelinia californica 0.53 
Opuntia versicolor 0.53 
Opuntia bigelovii 0.44 
Acacia constricta 0.43 
Hyptis emoryi 0.39 
Crossosoma bigelovii 0.32 
Ferocactus wislizeni 0.31 
Brickellia coulteri 0.31 
Artemisia ludoviciana 0.26 
Gossypium thurberi 0.22 
Haplopappus tenuisectus 0.22 
Anisacanthus thurberi 0.1 
Opuntia fulgida 0.09 
Opuntia violacea 0.09 
Viguiera deltoidea 0.06 
AbutiIon cali fornicum 0.04 
Agave palmeri 0.02 
Zinnia acerosa 0.01 
Cassia covesii 0.01 
Ceanothus integerrimus 0.01 
Mammillaria microcarpa 0.004 

Total 41.564 
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APPENDIX B 

A COMPARISON OF CENSUS TECHNIQUES FOR ELF CWLS 

Density of breeding birds is usually estimated by counting the 

number of territories, such as spot-mapping (Williams 1936, Kendeigh 

1944, Robbins 1970), censusing birds along strip transects (Amman and 

Baldwin 1960, Emlen 1971), and counting nests (Bull and Meslow 1977, 

Reynolds and Wight 1978). I surveyed breeding. Elf Owls (Micrathene 

whitneyi) using the spot-map method and by counting nests. In this 

note, I compare the results and discuss the advantages and disadvantages 

of each method. 

Study Area and Methods 

The study area was the Rincon Mountain Unit of Saguaro National 

Monument, Arizona. I placed 9 10-ha plots in 3 vegetation types 

according to a stratified random design. Because Elf Owls nest in 

holes in saguaro cactus, all of the plots were placed below 1249 m in 

elevation (the upper elevation range of saguaro cactus). Spot-mapping 

was completed between 30 March and 23 May 1984. Nest were counted 

between 18 June and 9 July 1984. 

I modified the spot-map method for use with owls by playing a 

taped call periodically to illicit calling as I walked throughout each 

plot. Each plot was visited at least 5 times. Surveys were arranged so 

that each plot was visited at least twice during the period just after 

dark or just before dawn when territorial activity is most intense. 
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Territorial activity appeared to be strongest when tire moon is full or 

nearly full, regardless of the time of the census. 

Elf owl nests are easily located by listening for tire nestlings 

calling from the nests when the young birds are about 2 weeks old (Ligon 

1968). Adult Elf Owls bring prey items to the nestlings about every 5 

minutes; the nestlings may be heard from as much as 100 m away. I 

visited each plot at least twice listening for calling nestlings; once 

in late June and once in early July to find both early and late nests. 

Results and Discussion 

Results from spot-mapping and counting nests were similar; the 

number of nests matched the number of territories on all but one plot 

(Table 3). I believe that a nesting attempt failed on Plot B. The 

average number of territorial males noted during a single visit to a 

plot while spot-mapping Elf Owls consistently overestimated the number 

of territories. The average difference over the 9 plots was 1.7 more 

territorial male owls in a single visit than Elf Owl nests (p < 0.01, 

t = 6.2, 8 df). This inaccuracy is probably due to the presence of non-

breeding male Elf Owls which may call during the late March through mid-

May period but never nest successfully. In addition, the owls may be 

attracted to the taped call and be drawn in from an adjoining area or 

counted twice. 

The spot-map methods has a number of reported disadvantages. 

Spot-mapping does not distinguish between paired and unpaired birds 

(Franzreb 1976) and because of this it is thought to overestimate the 

number of breeding birds in an area (Dickson 1978, Connor et al. 1983). 
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The interpretation of the number of territories is sometimes difficult 

(Best 1975). I did not find these to be significant problems in this 

study. 

Spot-mapping is the most time-consuming of the 2 methods used. 

At least 5 visits to a study area per breeding season are recommended 

(Kendeigh 1944). Increasing the number of visits increases the accuracy 

of the census (Svensson 1979). I recommend locating nests as the 

easiest and most efficient method of censusing Elf Owls. However, this 

method would not be as efficient for other species whose nests are 

difficult to locate, or as accurate in years when rest losses were 

higher than those I observed. 
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Table 3. A comparison of the number of Elf Owl territories, the 
average number of territorial male Elf Owls per census, and the 
number of Elf Owl nests found on 9 10-ha plots at Saguaro National 
Monument, Arizona. 

Census 
Type 

spot-map spot-map nest count 

Plot 

no. 
territories 

ave. no. 
terr. <J<J/census 

no. 
nests 

A 4 5.4 4 

B 3 4.0 2 

C 2 2.8 2 

D 3 5.7 3 

E 3 5.3 3 

F 0 0.2 0 

G 2 4.3 2 

I 0 1.3 0 

J 2 4.3 2 



APPENDIX C 

ELF CWLS ON PRIVATE LAND ADJACENT TO SAGUARO NATIONAL MONUMENT 

In addition to my thesis research, I censused Elf Owls off 

Saguaro National Monument on adjacent private land. The objective of 

this project was to investigate the possibility of a continued study of 

Elf Owl nesting habitat on private land in and around Tucson, Arizona. 

This census work off the National Monument established that a study of 

Elf Owls using techniques similar to my thesis project was possible in 

suburban areas. 

Methods 

On 26 June 1984 I censused a total of 10.5 ha of private 

property with boundaries on or near Saguaro National Monument, Rincon 

Mountain Unit, Arizona. All of the private property was near the 

northwest corner of the Monument. The vegetation in this area is mainly 

paloverde-mixed cacti and mesquite series. This portion of Tucson is 

currently zoned for private residences only, and no more than 1 single 

family home for every 1.21 ha. The area I censused had a density of 

0.47 homes/ ha and 0.75 buildlings/ ha. Most homes in this area are 

quite large, and many have swimming pools and private stables on the 

property. Native vegetation has been largely retained except for areas 

right around the main dwelling. Because of the similarity of the 

vegetation to the adjacent National Monument, I determined that I could 

census Elf Owl nests in late June without further vegetation analysis. 
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Private landowners permitted me to work at night on their property in 

May and early June. I censused Elf Owl nests by listening at the base 

of each saguaro for calling nestlings. 

Results 

Two Elf Owl nests were located, 1 approximately 10 m from a 

private residence, and the other just across a dirt road from a stable 

and approximately 35 m from a home. One of the landowners told me that 

a saguaro 3 m from his dining room window was used as an Elf Owl nest 

during 1982 and 1983. 

Discussion 

This limited census cannot predict trends of Elf Owl nesting 

density near suburban homesites. The findings do suggest, however, that 

Elf Owls will nest near residences where native vegetation is 

essentially intact. Elf Owls do not nest in metropolitan Tucson. A 

study to examine Elf Owl populations in areas of different building and 

home densities and varying amounts of native vegetation would show where 

Elf Owls no longer nest. The study design could mimic my thesis design, 

and large, randomly-placed plots could be set in areas of certain 

building density. Vegetation measurements and Elf Owl censusing would 

follow. If a continuum of of building density and native vegetation was 

examined, the critical requirements for Elf Owl nesting would be found. 
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