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ABSTRACT 

On the Colorado Plateau, environments occupied by Mexican spotted owls {Strix 

occidentalis lucida) receive intense levels of recreational activity that could adversely effect 

their behavior and reproductive success. Any spatial restrictions on recreational activities in 

these narrow canyons would likely eliminate all recreational activity within a given canyon. 

We assessec*. changes to activity budgets and nest attendance caused by hikers (Chapter 1) 

and examined factors that influenced flush responses of roosting owls to hikers (Chapter 2). 

We conclude that high levels of recreational activity in nesting habitat may be detrimental to 

Mexican spotted owls and recommend a 20S-m radius buffer zone around occupied nests. 

Based on responses of roosting owls to hikers, we established response thresholds as a basis 

for exploring management options that will maximize protection of owls and minimize 

restrictions to recreationists. 
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CHAPTER 1 - EXPERIMENTAL EFFECTS OF RECREATION ON ACTIVITY 

BUDGETS OF MEXICAN SPOTTED OWLS 

ABSTRACT 

On the Colorado Plateau, environments occupied by Mexican spotted owls {Strix 

occidentalis lucida) receive intense levels of recreational activity which might adversely 

effect their behavior and reproductive success. To assess the effects of backcountry hikers, 

we quantified changes in owl activity budgets in response to experimental levels of 

recreation In canyons of southern Utah in 1997 and 1998. During each of 14 trials, we 

observed owls for a 12-hr disturbance period during which a single person hiked past a nest 

every 15 min, and a 12-hr control period during which no hiking occurred near nests. We 

examined differences in duration and frequency of 8 breeding behaviors as well as frequency 

and type of vocalizations between disturbance and control periods. In general, activity 

budgets of owls did not change markedly when hikers were near nests (Wilks' A. = 1.22, 

P = 0.30), although during disturbance periods, females decreased the amount of time they 

handled prey by 57% (F, ,1 = 3.66, P = 0.059) as well as the amount of time they performed 

daylight maintenance behaviors by 30% (F, ,0 = 6.84, P = 0.026). Further, hikers caused 

both females and males to increase the frequency of contact vocalizations by 58% 

(F| ,3 = 4.31, P = 0.058) and 534% (F, g = 10.75, P = 0.011), respectively. We found 

evidence that the order in which we applied treatments at nests (control-disturbance or 

disturbance-control) influenced owl behavior (Wilks' k = 9.52, P < 0.0001), suggesting 

observers may have affected owl responses. We conclude that high levels of short-duration 
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recreational hiking in nesting habitat may be detrimental to nesting Mexican spotted owls 

and recommend a 20S-m radius buffer zone around occupied nests during the breeding 

season. 

INTRODUCTION 

Effects of humans on wildlife are pervasive. The most widespread effects likely 

result from changes to habitat, and have been relatively well studied. Effects of recreational 

activity, however, are a growing concern (Knight and Cole 1995) as participation in outdoor 

recreational activities in the Unites States has increased >10% per year since the 19S0's 

(Walsh 1986). Further, nonconsumptive wildiife-related activities are projected to increase 

fi-om 63 to 142% during the next 50 years (Flather and Cordell 1995), suggesting that the 

frequency of interactions between wildlife and humans will increase accordingly. Effects of 

these encounters on wildlife are complex and have both short- and long-term consequences 

on individual organisms, populations, and communities (Knight and Cole 1991). 

Diurnal raptors are sensitive to disturbance from recreation and show a variety of 

adverse responses including altered activity budgets (Steidl and Anthony 1999), decreased 

reproductive success (White and Thurow 1985), decreased nest attendance and prey delivery 

rates (Fernandez and Azkona 1993, Steidl and Anthony 1999), altered habitat use (Knight et 

al. 1991), and nest-site selection (van derZande and Verstrael 1985). Responses of 

nocturnal raptors to recreation, however, have not been well studied due to difficulties 

locating owls and observing behavioral responses at night. There is, however, evidence 

suggesting that Strigiformes respond adversely to human distiubances. Activity budgets of 
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burrowing owls {Athene cunicularia) changed in response to vehicular traffic (Plumpton 

and Lutz 1993) and prey delivery rates of Mexican spotted owls {Strix occidentalis lucida) 

decreased in response to noise disturbances (Delaney et al. 1999). 

Mexican spotted owls are a federally threatened subspecies (USDI 1993) and the 

spatially-isolated populations on the Colorado Plateau overlap with areas of intense 

recreational activity (USDI 1995). Owls nest, roost, and forage in narrow, steep-walled, 

rocky canyons of the Plateau (Rinkevich and Gutierrez 1996, Willey 1998) where 

recreational activities such as hiking and off-road vehicle use are concentrated along canyon 

bottoms. Further, recreational activity on the Plateau is highest fi-om March to October 

(Zion National Park, unpubl. data), which overlaps with the breeding season of the owls 

(Willey 1998). This spatial and temporal overlap exacerbates interactions between owls and 

humans, and could adversely affect Mexican spotted owls in a variety of ways (USDI 1995). 

We designed a manipulative experiment to assess effects of recreation on behavior of 

nesting owls. Specifically, we examined activity budgets, nest attendance, and vocalizations 

of spotted owls in response to hikers in nesting territories. 

STUDY AREA 

In 1997 and 1998 we studied nesting owls in riparian areas of Canyonlands and 

Capitol ReefNational Parks (N. P.) of Utah. Vegetation in Canyonlands N. P. (1160 to 

2160 m) was dominated by pinyon pine {Pinus edulis) and Utah juniper (Juniperus 

osteosperma), and in Capitol ReefN. P. (II50 to 2500 m) by pinyon pine, Utah juniper, 

ponderosa pine {Pinus ponderosa), and boxelder (Acer negundo). 
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IVIETHODS 

Experimental Design 

To assess the influence of hikers on breeding behavior of owls in nesting territories, 

we used a 2-period change-over design (Grizzle 1965), in which every experimental unit 

(nest) received both a control and a disturbance treatment; this design eliminates inter-nest 

variability. During control treatments an observer was the only human present near a nest. 

During disturbance treatments a field assistant hiked past the nest once every IS min. The 

order of treatment application was randomized (control before disturbance or disturbance 

before control). At each nest, treatment sets were applied successively to reduce variability 

due to nesting stage within each nest. We measured activity budgets, nest attendance, and 

vocalizations as response variables. 

Each control and each disturbance treatment consisted of 3 time periods, each 4 hrs 

in duration. A morning period was centered on sunrise, a midday period was centered on the 

midpoint of daylight hours, and an evening period was centered on sunset. We determined 

randomly the time period during which to begin observations, then applied each treatment 

through all time periods. For example, if midday control was selected randomly as the 

starting treatment and time period, the sequence applied was midday control, evening 

control, morning control, midday disturbance, evening disturbance, and morning 

disturbance. We performed 14 treatment sets at 10 different nests; repeated observations at 

the same nest (n = 4) were separated by weeks and assumed statistically independent. 

We located observation points behind natural cover and used the same location for both 
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treatments. We minimized noise, movement, and use of lights during observations, and did 

not follow owls that flew out of sight. For observations in the dark, we used a generation 3 

night-vision viewer. 

Behavioral Observations 

Because activities of breeding female spotted owls are concentrated at nests 

(Forsman et al. 1984), we used nests as the focal point for observations. During the nesting 

period (early April through early June), we recorded duration and frequency of 8 mutually 

exclusive behaviors of both male and female owls; active - hopping, moving, or bobbing on 

a perch; alert - eyes open or head moving; prey handling - consuming or manipulating a 

food item or feeding young; flying; incubating - covering eggs or nestlings; maintenance -

preening, allopreening, preening nestlings, or maintaining nest; resting • roosting with eyes 

closed; and out-of-sight - all time spent out-of-sight of the observer. In addition, we 

recorded duration and the frequency of nest attendance bouts, which we defined as an owl 

being present at the nest structure, regardless of behavior. Lastly, we recorded frequency of 

10 different vocalizations (Forsman et al. 1984). We did not distinguish between contact 

and agitated contact calls, and combined agitated location, alarm, bark series, chitter, 

cooing, nest, and single note calls into a single category because they occuned rarely. 

Statistical Analyses 

The 2-period change-over design allows estimation of both a treatment effect and a 

sequence (order-of-observation) effect for each response. A treatment effect is the difference 

in behavior between disturbance and control attributable to the applied disturbance (1 hiker 
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every IS min). A sequence efTect is the difference in behavior attributable to the order in 

which treatments were applied. We used multivariate analysis of variance (MANOVA) to 

assess changes in overall activity budgets and univariate analysis of variance (ANOVA) to 

assess changes in apportionment of individual behaviors in activity budgets, behavioral 

frequency, nest attendance, and vocalization frequency due to treatment and sequence 

effects. We used Fisher's exact tests to compare timing of vocalizations. 

Because behavioral patterns of females and males differed markedly, we analyzed 

activity budgets, nest attendance, and vocalizations separately for each sex. We also 

analyzed behavioral changes caused by treatments for each time period separately and for all 

time periods combined. We excluded midday observation periods for males fi'om analyses, 

because males were observed rarely during midday (11% of observations). Further, we 

restricted analyses to behaviors that occurred at least once per time period at a given nest 

(e.g., if a female at a nest did not perform a behavior during both morning control and 

morning distiu'bance that behavior was excluded). Excluding these instances provided better 

estimation of changes that actually occurred due to treatments and improved the distribution 

of data to conform with statistical assumptions. We used transformations as necessary to 

better meet assumptions of statistical tests. 

RESULTS 

All nests observed were located in rock cavities or rock ledges on cliff walls 11 to 

68 m (x± SE; 29.9 ± 5.8 m, n = 10) above canyon bottoms. Routes used by experimental 

hikers during disturbance treatments passed beneath nests at distances between 11 and 64 m 
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away from nests (34.0 ± 5.6 m, n = 10). Observation points were located between 37 to 

180 m from nests (96.2 ± 11.9 m,« = 10). 

Activity Budgets 

Hikers caused changes in the way female owls apportioned time among behaviors 

during midday (Wilks A, = 0.23, F, 7 = 3.31, P = 0.068) and evening time periods 

(Wilks A, = 0.27, F, 7 = 2.73, P = 0.10) relative to controls, but not during morning time 

periods (P = 0.14) (Table l.l). Specifically, when hikers were present females decreased 

maintenance behaviors during midday by 30.0% (F,,,o = 6.84, P = 0.026) and prey handling 

by 56.6% during all time periods combined (F,j4 = 6.27, P = 0.017). Other behaviors 

changed little relative to controls (Table 1.1). Although female time budgets changed, the 

frequency with which they performed behaviors did not change in response to hikers 

(/• > 0.15 for all behaviors in each time period) (Fig. 1.1). 

Males did not change time apportioned among behaviors {P > 0.71 for all time 

periods), the time they performed individual behaviors (P > 0.28 for all behaviors in each 

time period) (Table 1.2), or frequency of behaviors relative to controls {P > 0.73 for all 

behaviors in each time period) (Fig. 1.2). Males, however, were out-of-sight an average of 

95.4% of the time in morning, 91.8% in midday, and 90.9% in the evening. Even after 

excluding time out-of-sight from calculations, the time males allotted to each behavior did 

not change with hikers present {P > 0.23 for all behaviors in each time period). 

We found evidence that the order in which treatments were applied affected behavior 

of females. Apportionment of time to alert, prey handling, and maintenance behaviors 
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increased when the disturbance was applied before control relative to when the control was 

applied before disturbance [P < 0.05 for each behavior). Likewise, frequency of alert, 

maintenance, and incubating behaviors also increased (P < 0.0001 for each behavior). In 

contrast, time allotted to incubation and flight (P < 0.084 for both behaviors) and frequency 

of flight (P = 0.016) decreased with this sequence (Table 1.3). We found no 

order-of-observation effect in male owls for either apportionment of time (P > 0.15 for all 

behaviors in each time period) or fi-equency of behaviors {P > 0.42 for all behaviors in each 

time period) (Table 1.3). 

Nest Attendance 

There was moderate evidence suggesting that hikers caused females to increase the 

number of nest attendance bouts by 24% during evening periods (F, ,3 = 3.96, P = 0.068). 

Time allotted to nest attendance, however, did not change appreciably in each time period 

(Table 1.4). Similarly, males did not change time allotted to nest attendance (? > 0.13 for 

all time periods) or frequency of nest attendance bouts {P > 0.5 for all time periods) 

(Table 1.4). Nest attendance by males and females combined did not change in allotted time 

(P > 0.19 for all time periods) or frequency of bouts {P > 0.32 for all time periods). 

Females did not show an order-of-observation effect for either tune allotted to or 

frequency of nest attendance bouts (P > 0.14 for all time periods). Males however, attended 

nests 726% more frequently when the disturbance was applied before control during evening 

periods (F, ,0 = 4.50, P = 0.060). 
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Vocalizations 

Both males and females increased vocalization frequency when hikers were present 

during evening periods. Females increased contact calling by 58% (F, ,3 = 4.31, /* = 0.058), 

and males increased contact calling by 534 % (F,»= 10.75, P = 0.011) and series location 

calling by 227% (F, j, = 4.85, P = 0.049). Four-note location and other vocalizations did 

not change appreciably with hikers present (Figs. 1.3 and 1.4). 

Presence of hikers did not substantially change the likelihood of females vocalizing 

before males (Fisher's exact test, P > 0.25 for morning and evening periods; midday 

observations excluded due to small sample size), nor timing of the first vocalization in 

females {P > 0.25 for all time periods). Males, however, delayed the start of vocalizations 

when hikers were present by an average of 24.1 min during morning treatment periods 

relative to controls (95% C.I. 5.7 to 42.5 min) (F, j, = 9.07, P = 0.010), though timing did 

not change during other time periods {P > 0.69 for each period). 

DISCUSSION 

Although hikers caused small changes to the overall activity budgets of owls, hikers 

caused severe declines in several important activities that could adversely affect reproductive 

success of owls. In particular, females apportioned 57% less time to handling prey when 

hikers were present in canyons. There are two possible explanations for this observation: 

females could have spent less time eating the same quantity of food (eating at a faster rate) 

or if females ate at the same rate, they ate less food when hikers were present. Previous 

work suggests that human disturbances near nests can result in lower quantities of prey being 
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delivered and consumed at raptor nests. For example, the amount of prey delivered and 

consumed at bald eagle {Haliaeetus leucocephalus) nests decreased in response to humans 

camped near nests (Steidl and Anthony 1999) and at Mexican spotted owls nests in response 

to noise disturbance near nests (Delaney et ai. 1999). Food consumption by both nestling 

and adult raptors during nesting is positively correlated with brood size (Korpimaki 1989), 

growth rate and mass of nestlings (Bortolotti 1989, Lacombe et al. 1994), and nestling 

survival (Wiehn and Korpimaki 1997), as well as lower rates of nestling and fledgling 

predation in many bird species (Yom-Tov 1974, Arcese and Smith 1988, Ward and 

Kennedy 1996). We suggest that a 57% decrease in prey handling of owls represents a 

serious reduction in energy intake when hikers are present. 

The amount of time females allocated to maintenance behaviors, including self 

preening, preening nestlings, allopreening, and maintaining the nest, decreased by 30% in 

response to hikers. This decrease occurred during midday, the most likely time for hikers to 

be in canyons. Preening cleans and improves flexibility and insulating properties of feathers 

and adults often assume this duty for nestlings too young to preen themselves. Decreased 

time allotted to these activities could decrease the health of owls and possibly interrupt social 

interactions among birds. 

Female Mexican spotted owls responded to hikers more than males, suggesting that 

females were more sensitive to this disturbance. Because males were out-of-sight for >90% 

of all time periods, we had less information by which to evaluate their responses to hikers. 

We do know, however, that when males were visible, their activity budgets did not change 
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appreciably in response to hikers. Because females attend nests almost exclusively, egg and 

nestling survival depend largely on their behavior. Survival rates of juvenile spotted owls 

are low (< 29%) (White et al. 1995), with predation and starvation the most common 

sources of mortality (Forsman et al. 1984, Ganey et al. 1998). Any reduction in nestling 

vigor either through reduced energy intake, parental care, or a combination of both, may 

make fledged juveniles more susceptible to these sources of mortality. 

Hikers caused both males and females to increase vocalization frequency during the 

evening relative to control. Specifically, frequency of contact calls that are used for 

communication between sexes (Forsman et al. 1984) increased in both sexes. Males also 

increased the fi'equency of series-location calls, which are used in territorial disputes and 

between paired individuals (Forsman et al. 1984). Increases in vocalizations in response to 

disturbance has also been found in bald eagles (Steidl and Anthony 1999) and marsh 

harriers {Circus aeruginosus) (Fernandez and Azkona 1993) and likely reflects increased 

agitation. 

When we applied disturbance treatments before controls, we observed an increase in 

alert and maintenance behaviors and a decrease in incubating and flight behaviors in female 

owls compared to when we applied control before disturbance. That is, after a given 

treatment, female responses were "carried over" into the following phase effectively 

reducing the magnitude of the effect size we observed (Jones and Kenward 1989). Because 

the observer was present at both treatment levels, we believe that the treatment effect we 
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observed can be interpreted as the minimum responses of owls to hikers. In the absence of 

this carry over, owl responses to hikers would likely have been more extreme. 

MANAGEMENT IMPLICATIONS 

Any restrictions on recreational activities in owl territories should be considered on a 

site-specific basis. Specifically, we recommend implementing restrictions on recreational 

activity if a canyon is occupied by a pair of owls shortly before the nesting season and the 

canyon receives high levels of recreational use. In our experiment, a single hiker passed owl 

nests 4 times per hr, causing decreases in time allotted to prey handling and maintenance 

behaviors. This rate of human use approximates 48,1-way hikers through a canyon or 24 

round-trip hikers per day. We did not establish a recreational-use threshold at which owls 

responded negatively to hikers, so we define one-half of the studied treatment level 

(2 passes/hr) as high use. During our study, most canyons occupied by spotted owls in this 

region received < 0.1 recreationists per hr (Swarthout and Steidl, unpubl. data). 

Restrictions could include both spatial and temporal buffers around nests, as well as 

limits on the total number of hikers allowed in a canyon per day. To protect owls from 

chainsaw and helicopter noise, Delaney et al. (1999) recommended a lOS-m hemispherical 

buffer zone. This could serve as a conservative starting point because hikers create less 

noise than mechanical disturbances. We suggest adding an additional 100 m to the radius of 

the buffer to provide protection for males that often roost away from nests. This 205-m 

radius buffer, centered on the nest, will likely visually shield nesting females from hikers. 

Restrictions should begin during the prenesting phase (mid-March) in all canyons with both 
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owl pairs and high levels of recreational activity, and continue at least until young fledge 

(beginning of June), or owls are found to be not nesting during a particular season. For 

canyons with low levels of recreational use we do not recommend imposing further 

restrictions 
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Table 1.1. Time apportioned to behaviors (x min/day) and % change due to treatment, for 
female Mexican spotted owls with hikers present (disturbance) and not present (control), 
Colorado Plateau, 1997-98. 

Control Disturbance 

Time Behavior X SE X SE % Change^ P 

Morning Active 0.0 - 1.0 1.00 - -

Alert 16.2 3.91 16.3 4.03 0.6 0.98 

Prey handling 6.5 2.93 2.1 0.96 -67.7 0.22 

Maintenance 5.2 1.12 7.2 1.91 38.5 0.41 

Flight 0.3 0.08 0.7 0.27 133.3 0.24 

Incubating 70.5 8.53 68.7 8.51 -2.6 0.46 

Resting 15.7 9.07 11.5 3.48 -26.8 0.80 

Out-of-sight 10.1 4.78 13.4 5.50 32.7 0.13 

Midday Active 1.9 0.75 0.1 0.11 -94.7 -

Alert 13.1 2.95 14.7 3.58 12.2 0.32 

Prey handling 5.5 2.00 2.6 1.38 -52.8 0.35 

Maintenance 9.7 1.58 6.8 1.15 -29.9 0.03 

Flight 0.0 - 0.0 - 0.0 -

Incubating 77.0 5.28 78.0 5.38 1.3 0.67 

Resting 34.0 16.52 43.3 14.14 27.4 -

Out-of-sight 41.7 35.84 39.4 24.38 -5.5 -

Evening Active 0.9 0.27 0.9 0.75 0.0 -

Alert 18.6 3.43 18.7 3.56 0.5 0.99 

Prey handling 6.3 1.79 3.2 1.31 -49.2 0.09 

Maintenance 5.8 1.27 5.9 1.51 1.7 0.96 
^rom control = ([control - disturbance]/ control) x 100 
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Time Behavior 

Control Disturbance 

SE SE % Change^ P 

Evening Flight 

Incubating 

Resting 

Out-of-sight 

0.6 0.10 

60.2 8.67 

10.4 8.34 

18.8 6.85 

0.7 0.14 

61.4 8.32 

12.1 10.63 

19.1 6.75 

16.7 

2.0 

16.3 

1.6 

0.25 

0.60 

0.44 
^rom control = ([control - disturbance]/ control) x 100 
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Table 1.2. Time apportioned to behaviors (ic min/day) and % change due to treatment, for 
male Mexican spotted owls with hikers present (disturbance) and not present (control), 
Colorado Plateau, 1997-98. 

Control Disturbance 

Time Behavior X SE X SE % Change^ P 

Morning Active 0.2 - 0.4 - 100.0 -

Alert 2.2 1.02 2.3 0.73 5.9 0.28 

Prey handling 0.7 0.52 0.2 0.21 -71.2 -

Maintenance 0.2 0.15 3.6 3.61 2306.1 -

Flight 0.4 0.10 0.4 0.07 7.9 0.94 

Incubating 0.0 - 0.0 - 0.0 -

Resting 14.4 14.44 3.2 1.64 -77.8 0.53 

Out-of-sight 94.4 3.11 96.4 1.31 2.2 0.68 

Evening Active 0.9 0.58 0.9 0.53 -9.5 0.93 

Alert 4.5 1.67 4.5 1.84 -0.4 0.84 

Prey handling 0.0 - 0.2 - 100.0 -

Maintenance 2.7 1.79 1.9 0.97 -29.5 0.77 

Flight 0.5 0.14 0.5 0.12 10.9 0.82 

Incubating 0.0 - 0.0 - 0.0 -

Resting 18.4 10.79 11.6 8.67 -37.0 0.58 

Out-oP-sight 89.8 5.14 92.0 3.85 2.5 0.90 

^rom control = ([control - disturbance]/ control) x 100 



Table 1.3. Changes in time (x min/day) apportioned to, frequency (.t no./day) of behaviors, and % change due to order-of-
observation of treatments for Mexican spotted owls, Colorado Plateau, 1997-98. 

Time apportioned Frequency 

Sex Behavior Difference % Change' P Difference % Change' P 

Female Active 0.08 -15.5 0.80 0.67 -42.7 0.55 

Alert -4.57 33.2 0.031 -7.71 76.3 0.0001 

Prey handling -2.50 93.4 0.050 0.0 - -

Maintenance -2.58 52.6 0.0077 -0.53 33.6 0.0001 

Flight 0.10 -15.6 0.084 1.16 -37.2 0.016 

Incubating 11.32 -15.0 0.0063 -8.35 137.8 0.0001 

Resting -0.29 92.3 0.64 2.61 -48.0 0.29 

Out-of-sight 0.10 -23.1 0.48 0.08 -3.2 0.62 

Male Active -0.18 23.5 0.85 0.20 -16.7 0.84 

Alert 0.12 -25.7 0.21 -0.04 4.7 0.72 

Prey handling 0.73 -87.4 0.15 0.50 -50.0 0.50 

Maintenance -2.66 125.5 0.32 -0.34 49.8 0.42 

Flight 0.02 -3.9 0.93 0.05 -5.3 0.83 
'From control before disturbance = ([control before disturbance - disturbance before control] / 

control before disturbance) x 100 



Table 1.3. Continued. 

Sex Behavior 

Time apportioned Frequency 

Sex Behavior Difference % Change^ P Difference % Change^ P 

Male Incubating o
 

0
 

1 

- 0.0 - -

Resting 0.19 -98.0 0.19 -0.6 88.0 0.45 

Out-of-sight -0.06 1.8 0.64 0.02 -2.3 0.78 
^From control before disturbance = ([control before disturbance - disturbance before control] / 

control before disturbance) x 100 
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Table 1.4. Time apportioned to nest attendance (* min/day) and % change due to treatment 
for Mexican spotted owls with hikers present (disturbance) and not present (control), 
Colorado Plateau, 1997-98. 

Control Disturbance 

Sex Time X SB X SE % Change^ P 

Female Morning 92.2 4.12 86.9 7.07 -5.7 0.22 

Midday 100.0 0.0 100.0 0.0 0.0 -

Evening 86.2 4.35 83.1 6.80 -3.6 0.50 

Male Morning 0.3 0.08 1.0 0.43 296.0 0.13 

Midday - - - - - -

Evening 5.2 4.61 10.7 6.37 106.9 0.33 

^From control to disturbance ([control - disturbance]/control) x 100 
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Figure 1.1. Average frequency of behaviors of female Mexican spotted owls per time 
period (mean ± SE) with hikers present (disturbance) and not present (control), Colorado 
Plateau, 1997-98. 
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Figure 1.2. Average frequency of behaviors of male Mexican spotted owls per time period 
(mean ± SE) with hikers present (disturbance) and not present (control), Colorado Plateau, 
1997-98. 
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Figure 1.3. Average number of calls by female Mexican spotted owls per time period (mean ± SE) with 
hikers present (disturbance) and not present (control), Colorado Plateau 1997-98. * Indicates P = 0.058. 
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Figure 1.4. Average number of calls by male Mexican spotted owls per time period (mean ± SE) with hikers 
present (disturbance) and not present (control), Colorado Plateau 1997-98. * Indicates P < 0.049. 
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CHAPTER 2 - FLUSH RESPONSES OF MEXICAN SPOTTED OWLS 

TO RECREATIONISTS 

ABSTRACT 

Mexican spotted owls (Strix occidentalis lucida) on the Colorado Plateau occupy 

narrow canyons that are subject to intense levels of recreational activity. Due to the confines 

of canyon walls, spatial restrictions on recreational activities in canyons occupied by owls 

would likely eliminate all recreational activity within these canyons. We assessed factors 

that influenced flush response (flush or not flush), flush distance, avoidance flight distance, 

and behavioral changes of owls in response to a single hiker that approached roosting owls at 

I step/sec. Increased perch height decreased the likelihood that adults (odds ratio = 0.09) 

and juveniles (odds ratio = 0.17) would flush in response to the approaching hiker; having 

flushed previously that day increased the likelihood of adults flushing on subsequent 

approaches (odds ratio = 6.83). We found that juveniles and adults were unlikely to flush at 

distances ^ 12 m and ^24 m, respectively, nor was either age-class likely to alter behavior in 

response to the approaching hiker at distances 2 55 m. We used these thresholds to explore 

management options to maximize protection for owls and minimize recreational restrictions. 

INTRODUCTION 

Participation in outdoor recreation is predicted to exceed increases in public areas at 

which to pursue these activities (Flather and Cordell 1995). Subsequently, intensity of 

recreational activities on available lands will increase, causing an increase in interactions 

between wildlife and humans. These interactions can affect individual organisms and entire 
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populations adversely and in complex ways with both immediate (increased stress, altered 

behavior) and long-term consequences (decreased survival and reproduction) (Knight and 

Cole 1991). Diurnal raptors are particularly sensitive to disturbance from recreationists, 

especially when nesting and roosting (Holmes et al. 1993, Steidl and Anthony 1996), where 

effects observed include decreased reproductive success (White and Thurow 1985), nest 

attendance, prey delivery rates (Fernandez and Azkona 1993, Steidl and Anthony 1999), 

and altered foraging behavior (Knight et al. 1991, McGarigal et al. 1991). In particular, 

pedestrian activities have been found to be more disruptive than vehicular activities 

(Belanger and Bedard 1989, McGarigal et al. 1991, Holmes et al. 1993). Protection 

measures suggested to mitigate effects on sensitive species include spatial and temporal 

restrictions on the amount of recreational activity allowed near key habitats (i.e., nest sites, 

foraging areas) and during critical time periods (i.e., nesting season, migratory stopovers) 

(Richardson and Miller 1997). 

Canyons of the Colorado Plateau draw millions of recreationists each year where 

hiking is a common activity. Within these canyons, however, hiking is restricted largely to 

canyon bottoms which concentrates hikers in narrow riparian habitats and can pose a serious 

threat to sensitive riparian obligate species. Due to the confines of canyon walls, buffer 

zones to protect these organisms may effectively eliminate recreation from entire canyon 

systems. 

Mexican spotted owls (Strix occidentalis lucida) are a federally threatened 

subspecies (USDI1993). Populations on the Colorado Plateau occupy steep-walled, rocky 
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canyons (Willey 1998) that provide cool microclimates for nesting and roosting sites 

(Barrows 1981, Rinkevich and Gutierrez 1996). Many canyons, particularly those in 

National Parks (N. P.), are subject to intense recreational activity (USDI 1995) that peaks 

from March to October (Zion N. P., unpubl. data) and coincides with the nesting season of 

the owls (Willey 1998). This spatial and temporal overlap of human and owl use of canyons 

exacerbates interactions between owls and recreationists and could adversely affect Mexican 

spotted owls in these regions (USDI 1995). 

We examined factors influencing responses of owls to hikers in canyons. We were 

interested specifically in identifying factors that affected rates of flush response and flushing 

distances, distances of avoidance flights, duration of owl responses, as well as establishing a 

quantitative basis for creating thresholds beyond which owls would be unlikely to respond to 

hikers. 

STUDY AREA 

In 1997 and 1998 we surveyed Mexican spotted owl territories in southern Utah and 

northern Arizona to locate owls for this experiment. In Utah, we experimented with owls in 

Zion, Capitol Reef, and Canyonlands N. P.s; in Arizona, we experimented with owls on the 

Navajo Nation. All owls were located in riparian areas. 

Owls in Canyonlands N. P. (1160 to 2160 m) were located in slickrock canyons of 

Cedar Mesa sandstone, with pinyon pine {Pinus edulis), and Utah juniper (Juniperus 

osteosperma) the dominant vegetation. Owls in Capitol ReefN. P. (1150 to 2500 m) were 

located in slickrock canyons of Navajo and Kayenta sandstone, with pinyon pine, Utah 
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juniper, ponderosa pine {Pinusponderosa), and boxelder (Acer negundo) the dominant 

vegetation. Owls in Zion N. P. (1100 to 2650 m) and the Navajo Nation (1220 to 2990 m) 

were located in slickrock canyons of Navajo sandstone, with ponderosa pine, boxelder, 

Douglas-fir (Pseudolsuga menziesii), and white fir {Abies concolor), and Gambel oak 

(Quercus gambellf) the dominant vegetation in both areas. 

METHODS 

We located roosting owls visually during daylight hours. A single hiker then 

approached owls directly at 1 step per sec until the owl flushed or the hiker reached a point 

directly beneath the perched owl. If an owl did not flush on the first approach, we allowed it 

to return to and remain in its predisturbance behavioral state for ^5 min, then approached 

the owl again up to a maximum of 3 approaches. If adults flushed, we allowed them to 

return to a predisturbance state for ^5 min after flushing and approached them again to 

assess the effects of repeated approaches on owl responses. We did not approach juveniles 

after the first flush response because of our concern for their well being. 

We recorded 5 responses of owls to the approaching hiker: time to initial response -

time from start of approach to first visible head or eye movement; response distance • 

distance from hiker to owl at initial flush distance - distance from hiker to owl 

when flushed; distance - distance of avoidance flight; and response duration - elapsed 

time from initial response to resumption of predisturbance behavior for s I min (this 1-min 

was not included in response duration). We recorded and examined the influence of 

disturbance context (Steidl and Anthony 1996) for each human-owl encounter (Table 2.1). 
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We measured distances >15 m with an electronic range-finder and distances <15 m with a 

tape measure. 

Statistical Analyses 

We analyzed data for adult and juvenile owls separately. We used logistic 

regression to identify factors affecting flush responses (flush or not) for the first approach per 

day and for subsequent approaches separately. We used multiple linear regression to 

identify factors affecting flush distance, flight distance, and response duration. For both age 

classes, we first fit full models containing all variables (Table 2.1), then systematically 

eliminated variables with little explanatory power (P > 0.05) using drop-in-deviance tests 

and extra sum-of-squares F-tests for logistic and multiple linear regression, respectively. We 

used paired /-tests to assess if owls used a higher perch after being flushed and 2-sample 

r-tests to compare responses between adults and juveniles. Data were transformed as 

necessary to meet assumptions of statistical tests and all parameter estimates are reported as 

means ± I SE. 

We established threshold distances as the distances at which 95% of adults and 

juveniles responded to approaching hikers based on both initial and flush responses 

(McGarigal et al. 1991). We based these thresholds on cumulative frequencies of responses 

to disturbance, which included only owls that responded to the disturbance. This approach is 

likely more sensitive and conservative than using response rates based on owls that both 

responded and did not respond to disturbance (Stalmaster and Newman 1978). 



37 

RESULTS 

Flush Response 

Adults owls flushed in response to 42% of approaches by a single hiker (n = 129) 

with 95% of all adults flushing s9 ni from the hiker (Fig. 2.1). The likelihood of adults 

flushing when flrst approached decreased strongly with increasing perch height and 

increased if owls were perched in trees rather than on cliffs. Having flushed previously 

increased the odds of flushing on subsequent approaches 6.8 fold (Table 2.2). Juvenile owls 

flushed in response to 39% of approaches (« = 166), with 95% of all juveniles flushing £6 m 

from the hiker (Fig. 2.1). The likelihood of juveniles flushing on the first approach per day 

decreased strongly with increasing perch height (x'los = 21.44, P < 0.0001, 

odds ratio = 0.17) and decreased slightly with increasing age (x'los = 9.32, P < 0.0023, 

odds ratio = 0.96). 

Flush Distance and Avoidance Flights 

Often the flrst visible response to hikers involved owls becoming alert and watching 

the approaching hiker. We found moderate evidence that juveniles reacted at greater 

distances (23.0 i 1.27 m) than adults (21.1 ± 1.43 m) (r,69 = 1.77, P = 0.078) when first 

approached, however, 95% of both adults and juveniles that responded became alert within 

55 m (Fig. 2.2). Adults flushed at considerably farther distances from hikers (7.8 ± 1.12 m, 

n = 40) than juveniles (3.1 ± 0.98 m, n = 54) (t^ = 3.12, /* = 0.0024), with 95% of flushes 

occurring within 24 m and 12 m, respectively (Fig.2.3). Flush distance for adults increased 

with increasing perch height (slope = 0.39 ± 0.18 m, = 2.14, P = 0.039), and was higher 
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in 1997 (13.0 ± 3.70 m) than 1998 (5.7 ± 1.20 m) = 2.19, P = 0.035), whereas flush 

distance of juveniles was not influenced strongly by any factor we measured (Table 2.1) 

(Full Model: F,2j8 = 1.29, P = 0.26). 

There was no appreciable difference in average length of avoidance flights between 

adults (26.5 ± 3.56 m, n = 42) and juveniles (24.1 ± 3.14 m,« = 54) = 0.61, P = 0.26) 

(Fig. 2.4). Length of adult avoidance flights was influenced only by study year = 2.06, 

P = 0.046), with longer flights in 1997 (36.6 ±7.01 m,n= 14) than 1998 (19.0 ± 3.47 m, 

n = 25); juvenile avoidance flights however, increased with increasing perch height 

(slope = 0.55 ± 0.21 m, = 2.70, P = 0.0095) and also were longer in 1997 

(37.6 ± 5.28 m, rt = 20) than 1998 (16.1 ± 1.87 m,« = 34) (/52 = 4.32, P < 0.0001). 

Adults perched in higher locations (5.5 ± 0.43 m) than juveniles (4.5 ± 0.37 m) 

(/,g2= 2.73, P = 0.0068), suggesting that juveniles may be more vulnerable to disturbance 

than adults. Both adults and juveniles perched higher after being flushed (adults; 

1.3 ± 0.70 m higher, paired Mest, ^40= 1.87, 1-tailed P = 0.035; and juveniles: 2.0 ± 0.44 m 

higher, paired /-test, /57=4.52, 1-tailed P < 0.0001). 

Response Duration and Vocalizations 

The time for juveniles to return to predisturbance behavior (response duration) 

(403.6 ± 38.35 sec,« = 77) was somewhat longer than adults (348.5 ± 42.41 sec, n = 63) 

(r,3g = 1.94, P = 0.054), likely because juveniles became alert at greater distances than 

adults. Response duration in both adults and juveniles was influenced by many factors, of 

which being flushed previously had the strongest influence (Table 2.3). 
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Owls responded to hikers in more than one way, with 11% of adults and 23% of 

juveniles vocalizing in response to first being approached by a hiker. Birds that flushed were 

more likely to vocalize with 20% of flushed adults (x'gi = 7.26, P = 0.03, 

odds ratio = 10.24) and 36% of flushed juveniles vocalizing (X"io8~ 9.07, P = 0.0026, 

odds ratio = 4.18). 

DISCUSSION 

Perch height was the predominant factor influencing whether or not owls flushed in 

response to an approaching hiker; as owls perched higher, they were less likely to flush. 

This relationship between perch height and flush response has been identified in other raptors 

(Holmes et al. 1993, Steidl and Anthony 1996). Further, the distance at which adults 

flushed and the duration of their response increased with increasing perch height. Higher 

perches afford greater visibility of approaching disturbances at greater distances which has 

been shown to increase flush response rate and flush distance in bald eagles {Haliaeetus 

leucocephalus) (Steidl and Anthony 1996). 

There are direct costs associated with responding to disturbance, such as energetic 

demands of avoidance flight and lost time that would be allocated to other activities. 

Mexican spotted owls have a nanow thermal neutral zone (Ganey et al. 1993) and 

consequently are found in cool microclimates (Rinkevich and Gutierrez 1996). Energetic 

demands due to avoidance flights increase heat production, which may be exacerbated by 

flying during the day, and which could increase heat-related stress. Flushed owls vacate 

their selected roosts that likely meet their thermoregulation requirements and may be forced 
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to occupy roosts that may not meet these demands as effectively. In one case, we observed a 

flushed owl begin gular fluttering on a secondary perch. Flushing potentially exposes owls 

to predation from diurnal predators such as peregrine falcons {Falco peregrinus) and 

harassment from common ravens (Corvus corax), both of which are common in areas 

occupied by owls. Although we avoided approaching owls in the presence of these birds, on 

3 occasions we observed ravens harass owls after being flushed. 

MANAGEMENT IMPLICATIONS 

The appropriate strategy employed to protect Mexican spotted owls from effects of 

recreational activity will depend on management objectives for the species and recreational 

demands for the shared wilderness resource. Canyon systems present a particular challenge 

because the concentration of recreational activity increases potential conflicts with wildlife, 

yet even the smallest buffers could effectively exclude all recreational activity within narrow 

canyons. For example, using a 205-m-radius buffer zone to reduce disturbance to nesting 

Mexican spotted owls from hikers (Chapter 1) would limit access completely in all canyons 

used by nesting owls in our study. 

There are 2 owl responses to hikers that we measured that provide information to 

establish meaningful buffer zones: initial response and flush response. We found that 93% 

of adults and juveniles became alert to approaching hikers at a distance of approximately 

55 m (Fig. 2.2). Establishing buffer distances based on initial responses is the most 

conservative option and would also fLuiction to exclude flush responses from virtually all 

owls. Secondarily, this distance would eliminate recreational activity from 80% of all 
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canyons occupied by owls (Table 2.4). Establishing a buffer zone based on 95% of flush 

responses in juveniles is the least conservative option, would exclude 80% of adult flush 

responses (Fig. 2.2), and would eliminate recreational activity from 25% of canyons 

occupied by owls (Table 2.4). Ideally, buffers should be placed around commonly used 

roosting sites, which may change among years and even within years, to minimize 

unnecessary restrictions on recreationists. Practically, however, we recommend buffers be 

considered on a site-speciflc basis for each occupied Mexican spotted owl territory in high-

use canyons, which we define as receiving 2 2 hiker per hr (Chapter 1). Although many 

canyons occupied by owls were used by hikers, most received little use (sO.l hikers/hr), and 

few hikers ventured to remote portions of canyons used as roosting locations (Swarthout and 

Steidl unpubi. data). The process used to establish these buffer zones could be used for any 

desired management scenario, and extends the options of mangers to protect a threatened 

species, yet allows flexibility to accommodate recreational demands for canyon access. 
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Table 2.1. Factors examined to assess responses of Mexican spotted owls to single hikers, 
Colorado Plateau, 1997-98. 

Factor 

Perch height (m)" 

Perch substrate (cliff or tree)* 

Perch cover (yes or no)' 

Canyon height (m)' 

Canyon width (m)" 

Canyon use-level (high or low)" 

Beginning distance of approach * 

Time of day (morning or evening)' 

Year' 

Temperature (°C)' 

Sex (adults only)' 

Number of other owls in vicinity' 

Age (juveniles only)' 

Closest approach (m)** 

Flush response (yes or no)' 

Previously flushed'' 
'Examined for flush response, flush distance, flight distance, response duration 
''Examined for flight distance, response duration 
"Examined for response duration 
''Examined for flush response 
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Table 2.2. Factors that influenced (P < 0.05) flush response of adult Mexican spotted owls 
to single hikers, Colorado Plateau, 1997-98. 

Approach n Factor Odds Ratio X- P 

First approach 81 Perch height (In) 0.09 23.3 <0.0001 

Perch substrate 1.91 4.4 0.036 

Time of day 0.57 4.5 0.034 

Subsequent approaches 45 Previously flushed 6.83 20.2 <0.0001 



Table 2.3. Factors that influenced (P < 0.05) response duration (sec) of adult and juvenile Mexican spotted owls to single 
hikers, Colorado Plateau, 1997-98. 

Age class n Factor Parameter estimate SE t P 

Adult 62 Flush response -221.1 39.71 5.57 <0.0001 

Perch height (In) 125.8 51.00 2.47 0.017 

Perch cover -119.6 50.26 2.38 0.021 

Year -132.5 36.03 3.68 0.0005 

Intercept -90.7 101.97 0.90 0.37 

Juvenile 75 Flush response -159.2 32.96 4.83 <0.0001 

Perch substrate 85.9 33.40 2.57 0.012 

Canyon height (In) -97.0 32.57 2.98 0.004 

Number of other owls in vicinity -83.4 36.40 2.29 0.025 

Intercept 819.8 134.35 6.10 0.0001 



Table 2.4. Management options to minimize effects of hikers on Mexican spotted owls on the Colorado Plateau. 

Management Level Buffer Zone Other Consequences 

95% of alert response ^55m Exclude 100% of observed flush responses. 

Exclude access to 80% of canyons. 

95% of adult flush response ^24m Exclude 100% of juvenile flush responses, 70% of adult alert, and 

60% of juvenile alert responses. 

Exclude access to 50% of canyons. 

95% of juvenile flush response 212m Exclude 80% of adult flush responses, 20% of adult alert, and 12% of 

juvenile alert responses. 

Exclude access to 25% of canyons. 
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Figure 2.1. Closest distances single hikers approached adult and juvenile Mexican spotted 
owls, and the % of owls that flushed, Colorado Plateau, 1997-1998. 
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Figure 2.2. Distances at which adult and juvenile Mexican spotted owls initially 
responded to single hikers, Colorado Plateau, 1997-98. 
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Figure 2.3. Distances at which aduU and juvenile Mexican spotted owls flushed in 
response to single hikers, Colorado Plateau, 1997-1998. 
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Figure 2.4. Distribution of avoidance flights in adult and juvenile Mexican spotted 
owls, Colorado Plateau, 1997-98. 

••1 Adults 
I I Juveniles 

JL r n i 
10 20 30 40 50 60 70 80 90+ 

Flight Distance (m) 



50 

LITERATURE CITED 

Arcese, P., and J. N. Smith. 1988. Effects of population density and supplemental food on 
reproduction in song sparrows. Journal of Animal Ecology 57:119-136. 

Barrows, C. W. 1981. Roost selection by spotted owls; an adaptation to heat stress. 
Condor 83:302-309. 

Belanger, L., and J. B^dard. 1989. Response of staging greater snow geese to disturbance. 
Journal of Wildlife Management 53:713-719. 

Bortolotti, G. R. 1989. Factors influencing the growth of bald eagles in north central 
Saskatchewan. Canadian Journal of Zoology 67:606-611. 

Delaney, D. K., T. G. Grubb, P. Beier, L. L. Pater, and M. H. Reiser. 1999. Effects of 
helicopter noise on Mexican spotted owls. Journal of Wildlife Management 
63:60-76. 

Fernandez, C., and P. Azkona. 1993. Human disturbance affects parental care of marsh 
harriers and nutritional status of nestlings. Journal of Wildlife Management 
57:602-608. 

Flather, C. H., and H. K. Cordell. 1995. Outdoor recreation: historical and anticipated 
trends. Pages3-16/nR.L. Knight and K. J. Gutzwiller, editors. Wildlife and 
recreationists: coexistence through management and research. Island Press, 
Washington, D.C., USA. 

Forsman, E. D., E. C. Meslow, and H. M. Wight. 1984. Distribution and biology of the 
spotted owl in Oregon. Wildlife Monographs 87. 

Ganey, J. L., R. P. Balda, and R. M. JCing. 1993. Metabolic rate and evaporative water loss 
of Mexican spotted and great homed owls. Wilson Bulletin 105:^5-656. 

Ganey, J. L, W. M. Block, J. BC. Dywer, B. E. Strohmeyer, and J. S. Jenness. 1998. 
Dispersal movements and survival rates of juvenile Mexican spotted owls in northern 
Arizona. Wilson Bulletin 110:206-217. 

Grizzle, J. E. 1965. The two-period change-over design and its use in clinical trials. 
Biometrics 21:467-480. 

Holmes, T. L., R. L. Knight, L. Stegall, and G. R. Craig. 1993. Responses of wintering 
grassland raptors to human disturbance. Wildlife Society Bulletin 21:461 -468. 



51 

Jones, B., and M. G. Kenward. 1989. Design and analysis of cross-over trials. Monographs 
on Statistics and Applied Probability 37. Chapman and Hall, New York, New York, 
USA. 

Knight, R. L., and D. N. Cole. 1991. Effects of recreational activity on wildlife in 
wildlands. Transaction of the North American Wildlife and Natural Resource 
Conference 56:238-247. 

Knight, R. L., and D. N. Cole. 1995. Wildlife responses to recreationists. Pages 51-69/« 
R. L. Knight and K. J. Gutzwiller, editors. Wildlife and recreationists: coexistence 
through management and research. Island Press, Washington, D.C., USA. 

Knight, R. L., D. P. Anderson, and N. V. Marr. 1991. Responses of an avian scavenging 
guild to anglers. Biological Conservation 56:195-205. 

Korpimaki, E. 1989. Breeding performance of Tengmalm owl (Aegolius funereus) - effects 
of supplementary feeding in a peak vole year. Ibis 131:51-56. 

Lacombe, D., D. M. Bird, and K. A. Hibbard. 1994. Influence of reduced food availability 
on growth of captive American kestrels. Canadian Journal of Zoology 
72:2084-2089. 

McGarigal, K., R. G. Anthony, and F. B. Issacs. 1991. Interactions of humans and bald 
eagles on the Columbia river estuary. Wildlife Monographs 115. 

Plumpton, D. L., and R. S. Lutz. 1993. Influence of vehicular traffic on time budgets of 
nesting burrowing owls. Journal of Wildlife Management 57:612-616. 

Richardson, C. T., and C. K. Miller. 1997. Recommendations for protecting raptors from 
human disturbance: a review. Wildlife Society Bulletin 26:269-273. 

Rinkevich, S. E., and R. J. Gutierrez. 1996. Mexican spotted owl habitat characteristics in 
Zion National Park. Journal of Raptor Research 30:74-78. 

Stalmaster, M. V., and J. R. Newman. 1978. Behavioral responses of wintering bald eagles 
to human activity. Journal of Wildlife Management 42:506-513. 

Steidl, R. J., and R. G. Anthony. 1996. Responses of bald eagles to human activity during 
the sunmier in interior Alaska. Ecological Applications 6:482-491. 

Steidl, R. J., and R. G. Anthony. 1999. Experimental effects of human activity on breeding 
bald eagles. Ecological Applications. In press. 



52 

U.S.D.I. Fish and Wildlife Service. 1993. Endangered and threatened wildlife and plants; 
final rule to list the Mexican spotted owl as a threatened species. Federal Register 
58:14248-14271. 

U.S.D.I. Fish and Wildlife Service. 1995. Recovery plan for the Mexican spotted owl: 
Volume I. Albuquerque, New Mexico, USA. 

van der Zande, A. N., and T. J. Verstraei. 1985. Impacts of outdoor recreation upon nest-
site choice and breeding success of the kestrel Falco tinnunculus. Ardea 73:90-98. 

Walsh, R.G. 1986. Recreation economic decisions: comparing benefits and costs. Venture 
Publishing, State College, Pennsylvania, USA. 

Ward, J. M., and P. L. Kennedy. 1996. Effects of supplemental food on size and survival of 
juvenile Northern goshawks. Auk 113:200-208. 

White, C. M., and T. L. Thurow. 1985. Reproduction of ferruginous hawks exposed to 
controlled disturbance. Condor 87:14-22. 

White, G. C., A. B. Franklin, and J. P. Ward Jr. 1995. Pages 1-25 in U.S.D.I. Fish and 
Wildlife Service. Mexican spotted owl recovery plan. Volume H. Albuquerque, 
New Mexico, USA. 

Wiehn, J., and E. Korpimaki. 1997. Food limitation on brood size: experimental evidence 
in the Eurasian kestrel. Ecology 78:2043-2050. 

Willey, D. W. 1998. Movements and habitat utilization by Mexican spotted owls within the 
canyonlands of Utah. Dissertation. Northern Arizona University, Flagstaff, Arizona, 
USA. 

Yom-Tov, Y. 1974. The effect of food and predation on breeding density and success, 
clutch size, and laying date of the crow (Corvus corone). Journal of Animal 
Ecology 43:479-498. 


